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2-deoxy-2-I'8Flfluorodeoxyglucose (FDG) positron emission tomography (PET) gained
an impressive role in the diagnostic management of many oncological diseases, even
though its use in imaging prostate cancer (PC) is limited to selected cases, mostly
advanced stage of PC and selection for prostate specific antigen membrane (PSMA)
radioligand therapy (RLT). In the past years, several PET tracers have been developed
for both staging and restaging PC. The three most employed PET molecules in daily
practice are [''Cl or ['®FIF-Choline, ['®FIF-Fluciclovine (Anti-1- amino-3-[18FIFluorocy-
clobutane-1-Carboxylic Acid, also known as (Anti-['8FIFACBC), [°®GalGa-PSMA and
recently FDA approved the first Fluorinated PSMA-based named ['8FIF-DCFPyl. Each
one has its own physiological and peculiarity which are worth exploring. Moreover, an
increasing number of case reports and studies have reported tracers’ variants, pitfalls,
or even non-prostatic diseases (benign and malignant) incidentally detected. In prostate
oncology, PET can be performed with several indications in different stages of disease,
as highlighted in the EAU Guidelines on PC. A correct scan interpretation depends on
the knowledge of both the physiological distribution of the tracers and the uptake of pos-
sible variants and pitfalls. The aim of this critical review is to provide a comprehensive
knowledge of physiological distribution of these three tracers, as well as an updated
overview of variants and pitfalls.
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availability of several PET radiopharmaceuticals. Recent
approval by international regulatory agencies of PET tracers
is not far behind.”” More recently, during the revision of the
manuscript, FDA approved [18F|F-DCFPyL as PSMA PET
tracer for PC (after [°®Ga]Ga-PSMA-11 approval in European
Union in December 2020)*" While FDG-PET is the pillar of
molecular imaging, its utility for PC is limited to prognostica-
tion of the disease’ and to select clinical scenarios such as in
restaging advanced metastatic castration-resistant disease” or
poorly differentiated and/or aggressive neuroendocrine his-
tology.”® As compared to MRI or even to 11C-Choline,

Introduction

rostate cancer (PC) is the most common malignancy in

men.' Conventional imaging with computed tomogra-
phy (CT), magnetic resonance imaging (MRI) and bone scin-
tigraphy has significant limitations in the evaluation of PC.
Positron emission tomography (PET) for imaging PC has
been spread worldwide due to both technological improve-
ments on PET systems (e.g. PET/MRI systems) and increased
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FDG-PET demonstrated an inferior sensitivity in staging PC
(31% vs 88% vs 73%, respectively).” Moreover, detection
rate of FDG-PET is still inadequate even in a setting of bio-
chemical recurrent PC. One explanation of these results is
due to the fact that FDG uptake often overlap in some benign
conditions, such as benign hypertrophy, prostatitis, or even
in normal prostate. Still, some lesions may be masked by the
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presence of radiotracer in the urinary tract.” However, On
the contrary, FDG-PET demonstrated a potential prognostic
role, showing a direct correlation between SUVs and aggres-
sive disease and/or treatment failure.'” The limited-role of
FDG-PET in the evaluation of PC led to developing other
radiotracers for PET imaging of PC with alternative molecular
mechanisms. Of those with clinical interest, only Choline
(labelled with either 'F and ''C), Fluciclovine and PSMA
ligands gained wide-ranging and extensive diffusion. This
critical review aims at providing a comprehensive overview
of physiological uptake and of the most frequently detected
variants and pitfalls when employing PET with Choline, Flu-
ciclovine and PSMA for PC imaging.

Choline

Radiolabeled Choline as a PET tracer, has potential clinical
utility in a number of disease and cancer types even if it is
mostly employed worldwide for PC imaging.''~'" Choline is
a natural molecule normally metabolized to phosphatidylcho-
line by the action of choline kinase. In cancer as well as some
other benign processes, an abnormal modulation of cell
enzymes leads to increased levels of choline precursors and
also breakdown of products of membrane phospholipids.
Three PET tracers are most commonly used, ['®F]F-methyl-
choline (FCH), [IBF]F—ethylchohne and [*'C]C-choline.

Choline PET tracers are not PC specific nor cancer specific,
as an increased choline metabolism can be detected in a vari-
ety of benign (inflammatory and infectious) and neoplastic
processes.

Physiological Uptake

The uptake and phosphorylation of FCH is similar to that of
[''C]C-Choline and superior to that of ['®F]F-ethylcholine
and to other choline analogues'® (Fig. 1 Al and A2). Fluori-
nated choline tracers have a long half-life (110 minutes) that
allows their distribution in centers without on-site cyclotron

’
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and simplifying the daily routine. The drawback is a signifi-
cant urinary excretion, limiting the exploration of several
anatomical districts such ureters, bladder, urethra and, most
important, the prostate fossa, where the sensitivity of this
imaging procedure is impaired. On the other hand, [''C]C-
Choline has a shorter half-life (20 minutes), requiring an on-
site cyclotron for its production and application and a fast
patients management; conversely it has rapid blood clearance
and low rate of radioactive urine in the urinary tract.'’
Beyond the isotope employed and the subsequent behavior
on the genitourinary system, the most relevant physiological
uptake of labelled choline is in the liver and pancreas. Mod-
erate uptake is seen in the salivary glands and the spleen.
Sites of variable physiological distribution are the pituitary
gland, the choroid plexus, the small bowel, colon, testicles
and bone marrow'® (Fig. 1A).

Prostate Cancer

Although better performing than FDG, CT and bone scan for
PC recurrence, Choline is not specifically recommended by
guidelines,'” due to its limited performance, especially for
low PSA values (nodal recurrence detection rate was 40% for
PSA values < Ing/mL, 43% for a PSA-value 1-<2 ng/ml,
60% for a PSA-value 2-<3 ng/ml and 70% for a PSA-value
>or= 3 ng/ml).” However, this tracer is routinely employed
in staging and re-staging PC whenever PSMA is not available.

Benign Conditions

Choline compounds exhibit increased uptake in inflamma-
tory, especially acute, processes, which may potentially affect
tumor specificity. One possible explanation of this phenome-
non, similarly to tumor cells, is the upregulation of choline
kinase in macrophages, which in turn leads to an increased
synthesis of macrophage-membrane phosphatidylcho-
line.”" > One other possible explanation is that increased
membrane permeability secondary to phlogistic hyperemia
yields passive diffusion of choline.”’

C

Figure 1 Maximum Intensity Projection (MIP) with [HC]C—Choline(Al), 18E_Choline (A2), 18E_Fluciclovine (B) and
[°®Ga]Ga-PSMA-11 (C), showing physiological distribution.
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Figure 2

C]C-CholinePET in a 63 year-old man with biochemical relapse after RP and adjuvant pelvic radiation ther-

apy, with PSA 1.8 ng/mL. Many focal and bilateral uptakes are shown in correspondence of inguinal and external iliac
bilateral lymph nodes. Symmetric and bilateral patterns are compatible with benign condition (inflammatory). Shown
are MIP (A), coronal (B, C) and transaxial (D, E) fused and low-dose CT images.

The esophagus, mediastinal and inguinal lymph nodes
occasionally show choline accumulation. This is probably
due to the presence of inflammatory processes (Fig. 2). Sar-
coidosis can be detected incidentally by using Choline PET,
showing symmetrical multifocal uptake within lymph nodes
in the mediastinum and within pulmonary nodules.”"*” Dif-
fuse thyroid uptake was observed in case of thyroiditis and
hyperthyroidism.”® Sites of recent trauma and bone fracture
may also have increased choline accumulation.”®

Paget’s disease, a chronic bone disorder of unknown origin
with typical increased bone turnover which results in cortical
and trabeculae thickening and bone expansion, has been
described as a tricky finding mimicking PC bony metastases
with mild to moderate Choline activity.”’

Choline increased uptake has been described in parathy-
roid adenomas,”” which exhibit choline-kinase overexpres-
sion (similarly to inflammation processes).”” ' Moreover,
increased levels of parathormone seem to influence choline-
kinase overexpression. Interestingly, FCH has demonstrated
good detection accuracy in the diagnosis of parathyroid
hyperplasia or multiple and/or ectopic adenomas, even in
small lesions, thus acquiring importance for non-invasive
preoperatively detection of the lesions in patients with mild
increase of parathormone or even with normal calcemia and
negative or discordant first-line tests (i.e. ultrasounds and
sestamibi scan).’” Adrenal adenomas presenting as hypo-
dense CT nodules related to high fat content may show
increased choline uptake’” (Fig. 3).

Malignant Conditions

Although Choline tracers show normal liver uptake, readers
should be aware in evaluating patients with PC, while the
presence of metabolic hepatic lesions might be correlated
either with PC metastases’” or with occult hepatocellular

carcinoma.”” Meningiomas show Choline uptake with a
favorable tumor-to-background ratio due to the relatively
very low uptake in brain parenchyma.’® A study by Vicente
et al. demonstrated a direct correlation among FCH uptake,
tumor grade and patient prognosis.”’ A clinical application
through the identification of tumor relapse from radiation
induced necrosis in gliomas is suggested.”” Several malignan-
cies show Choline uptake, e.g. lymphoma, thymoma, esoph-
ageal carcinoma and lymph node metastases.”” "’ A careful
assessment of these findings thorough clinical correlation is
needed to avoid misinterpretation with inflammatory disease
or PC metastases. Abnormal and focal uptake can be found
in the colon, resulting in both colic adenomatosis and colon
cancer.””

Readers should be aware of incidental increased Choline
uptake in the bladder, which might unveil malignant

Figure 3 [''C]C-Choline MIP (A), axial PET/CT (B) and low-dose
CT (O) of an adrenal adenoma, appearing as a left adrenal mass
(arrows), with same density of normal parenchyma and with severe
tracer uptake.
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lesions.*" Taking the advantage of ''C-labeled choline rapid
blood clearance and high tumor-to-background ratio in the
urinary tract, this tracer has been reported to be useful diag-
nostic tool for primary staging of bladder cancer.”

Another possible incidental pitfall are lytic bone lesions
with increased Choline uptake, which are mostly correlated
with multiple myeloma rather than PC metastases.””"**
Even if Choline PET is not used in clinical practice for the
management of patients with multiple myeloma, it appears
to be more sensitive than FDG PET/CT for the detection of
bony myelomatous lesions. ***”

FACBC Fluciclovine

FDA-approved and commercially available ['®F]F-Fluciclo-
vine (anti-l-amino-B-lSF-ﬂu-(anti-l-amino-3-18F-ﬂu-orocy-
clobutane-1-carboxylic acid; also known as FACBC) is a
synthetic amino acid analog PET tracer, whose transmem-
brane transport is mediated by alanine-serine-cysteine trans-
porter (ASCT) and L-type amino acid transporter (LAT),
which are highly expressed in aggressive tumors.”””" Fluci-
clovine PET is authorized for use in the Furopean Union”
and is mostly employed in re-staging patients with recurrent
PC, while it has a limited role in local staging PC, due to a
significant overlap of uptake between malignant and benign
prostate lesions.””

Physiological Uptake

Amino acids and amino acid transporters are globally repre-
sented in the body, thus explaining how Fluciclovine is phys-
iologically distributed in various organs (Fig. 1B). The most
relevant physiological uptake of labelled Fluciclovine is in
pancreas and liver; less intense uptake is observed in salivary
and pituitary gland. Gastric, bowel and colonic activity is
usually variable mild to moderate. Bone marrow shows a het-
erogeneous pattern uptake, thus resulting in a complex back-
ground for the evaluation of bone metastases. Skeletal
muscles have initial mild activity, increasing and even sur-
passing that of marrow with time. Mild to moderate uptake
is also seen in the spleen and renal parenchyma, sometimes
increased in the proximal collecting system. Adrenals as well
are mildly visualized and sometimes physiological asymmet-
ric uptake is seen. Bladder activity is usually absent or infe-
rior to the blood pool, sometimes, increased uptake is
observed, which may affect the sensitivity in the prostate
fossa in primary PC local staging. a delayed pelvic acquisition
in prone position or after bladder emptying may improve the
reading. Other sites of physiological uptake are the myocar-
dium (similar to muscle), salivary glands, Waldeyer’s ring,
thyroid, breast, scalp, brain and pituitary. Lung uptake is
normally absent or less than blood pool.”*°

Prostate Cancer

Fluciclovine has been approved in May 2016 by the U.S.
Food and Drug Administration (FDA) in May of 2016 for

imaging of suspected prostate cancer recurrence following
primary treatment.”” It has also been authorized in European
Union for PC recurrence.”” In a multicentric study evaluating
nearly 600 patients with PC recurrence, Fluciclovine detec-
tion rate was about 68% (38% in the prostate/bed, 33% in
pelvich lymph node regions, 26% in extra-pelvic regions)
and more than 40% for PSA values < 1ng/mL. Overall PPV
was 62% (72% and 92% for prostate/bed and extraprostatic
disease, respectively).§8 In comparison with M C]C-Choline,
a single-center study demonstrated slightly superiority of
Fluciclovine in recurrent PC (Choline vs Fluciclovine sensi-
tivity was 32% and 37%, specificity was 40% and 67%, PPV
was 90% and 97%, NPV was 3% and 4%, and accuracy was
32% and 38%, respectively.).”” In evaluating primary PC,
Fluciclovine has a limited role due to a significant overlap of
uptake between malignant and benign prostate lesions.””

Benign Conditions

Fluciclovine uptake, being involved in amino acids transport,
which is upregulated by many oncological and non-oncologi-
cal processes, has been largely demonstrated in many infec-
tions, inflammatory and other benign diseases. In fact, ASCT
and L amino-acid transport systems, which are targeted by
Fluciclovine, are overexpressed in activated T or B cells, thus
explaining the uptake in inflammation processes, even lower
compared to that seen with ['®F]F-FDG because of less
uptake ratios to activate macrophages and granulocytes.”!
Moreover, Fluciclovine seems to show higher uptake in
chronic inflammation rather than in acute processes, as dem-
onstrated in a pre-clinical study” and also in humans.”’
Inflammation findings with high Fluciclovine uptake include
pulmonary hilar, axillary and inguinal lymph nodes (which
are mostly non-specific) (Fig. 4), even though in certain cases
a subtle inflammatory process has been demonstrated, such
as bowel ringworm infection, inflammatory skin lesions,
musculoskeletal inflammation.” Attention must be paid in
the assessment of prostate disease, while non-malignant
uptake might be observed with benign prostatic hyperplasia
or in chronic (less in acute) inflammation.”” Mild and diffuse
uptake has also been observed after radiation therapy.”*
Increased uptake of Fluciclovine in dilated superior sagittal
sinus is a physiologic normal variant reported in literature
and it is probably caused by tracer accumulation in the blood
pool.”” Another physiologic variant of Fluciclovine uptake
has been observed in patients with pituitary adenoma,
meningioma, osteoid osteoma and adrenal gland adenoma.
Conversely, absent uptake was observed in simple renal
cysts, as well as benign hepatic cysts and hemangiomas.”*

Malignant Conditions

PC aside, many studies have shown optimal brain tumor
detection with amino acid PET tracers, which seem more
sensitive than ['®F]F-FDG PET or even MRIL°® Fluciclovine
in particular, demonstrated an optimal performance in stag-
ing glioma as compared to similar tracers like [''C]C-Methio-
nine, due to its lower background uptake that leads to greater
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Figure 4 Primary staging '®F-Fluciclovine-PET in a 65-year-old man
with PC. MIP (A) and coronal images (fused, B; low-dose CT, C)
show bilateral, enlarged inguinal lymph nodes with increased
uptake (arrows). These findings are consistent with chronic inflam-
matory process (courtesy of Dr. Lucia Zanoni, principal investigator
of the project “'®F-FACBC PET/CT for staging high risk prostate
cancer” funded by “Programma di ricerca Regione- Universita 2013-
Area 1 “Ricerca Innovativa ”, Bando “Alessandro Liberati-Giovani
Ricercatori” (grant number PRUA1GR-2013-00000171).

lesion contrast and improved detection rate. Moreover, Fluci-
clovine can potentially distinguish between low-grade and
high-grade astrocytomas, even if a small cohort of patients
was considered.”” A recent study by Michaud et al. demon-
strated that Fluciclovine can detect recurrent and progressive
gliomas, even with negative MRI, with better contrast (due to
lower uptake in normal brain) as compared to standard ''C-
Methionine; even if not been currently demonstrated,
authors also hypothesize that Fluciclovine may be superior
to contrast MRI in differentiating tumor recurrence/progres-
sion from pseudo-progression findings, namely post-necrosis
and/or inflammation.””

Fluciclovine has demonstrated, even though with a limited
number of patients, optimistic results as a potential tracer for
breast malignancy, showing significantly higher uptake both
in invasive lobular breast cancer and invasive ductal breast
cancer, as compared to benign lesions. Moreover, high Fluci-
clovine uptake was observed in most aggressive triple-nega-
tive breast cancer.”’ Gynecomastia in rare cases can lead to a
focal area of uptake, thus making it indistinguishable from
breast cancer.”’

Fluciclovine has been reported to be a potential tracer in
evaluating lung masses. A study by Amzat et al. explored the
usefulness of Fluciclovine in characterizing pulmonary
lesions and thus detecting primary lung cancer in a small
cohort of 10 patients. Fluciclovine was able to differentiate
between malignant and benign, i.e. inflammatory and well
differentiated carcinoid lesions.”" These results are supported
by Takeuchi et al. who demonstrated the presence of LAT1
transporter (targeted by Fluciclovine) is highly expressed in
lung carcinoma and is even associated with pathologic state
and worse prognosis.”

A single case of incidental neuroendocrine tumour show-
ing Fluciclovine uptake in lungs and liver (later confirmed by
octreotide SPECT/CT) in a patient studied for recurrence of
PC has been reported in the literature.”” This phenomenon
can be explained by the overexpression of amino acid trans-
port LAT-1 (targeted from Fluciclovine) in some neuroendo-
crine tumors, such as pheochromocytoma, medullary
thyroid carcinoma and lung carcinoid.”*"°

Due to its little uptake in the kidneys (lower than FDG),
Fluciclovine tracer has been studied in evaluating renal
masses. Fluciclovine demonstrated significant higher uptake
in papillary cell tumors, while it was not useful in visualizing
clear cell renal carcinoma.’”

Other anecdotal pitfalls of Fluciclovine have been reported
in literature regarding incidental findings of colonic neopla-
sia, squamous cell carcinoma of the scalp, hematological dis-
orders (Fig. 5), desmoid tumors, oropharyngeal squamous
cell carcinoma and recurrent malignant melanoma in patients
imaged for PC.”""%~%

PSMA

PSMA is a type II transmembrane glycoprotein encoded by
the folate hydrolase 1 (FOLH1) gene.”' PSMA-PET demon-
strated the highest diagnostic value in imaging PC, as com-
pared with other PET tracers. PSMA is highly expressed on
the cell surface in PC cells and it correlates with tumor grade,
higher PSA values and prognosis.””

The most used PSMA-tracer is gallium [*®*Ga]Ga-PSMA-
11 and its analogs [°®*Ga]Ga-PSMA-HBED-CC, [*®Ga]Ga-
HBED-PSMA, and [**Ga]Ga-DKFZ-PSMA-11 which have
the higher tumor-to-background contrast. Other radio-
tracers include [°®Ga]Ga-PSMA-I&T,® [°®Ga]Ga-THP-
PSMA,®" 'SF—DCFPyL,"® and ['®F]F-PSMA-1007°°.
Both °®Ga and '®F PSMA are FDA approved,”” while a
waiver of the use of [*®Ga]Ga-PSMA-11 was granted by
the European Union in 2019.%% Although similar, fluori-
nated PSMA tracers seem highly promising as compared to
°%Ga-labeled tracers, due to longer half-life, higher pro-
duction capacity and improved image resolution related to
lower energy positron emissions and possibly improved
detection rate.”

Despite the term PSMA seems to be related only to pros-
tate gland, the expression of this molecule has been studied
in many other normal tissues, as well as in various benign
and malignant pathologies.

Physiological Distribution

The physiological distribution of [**Ga]Ga-PSMA reflects its
expression and excretory pathways in normal tissues
(Fig. 1C). Kidneys, ureters and bladder show very high
uptake because [*®Ga]Ga-PSMA is mainly excreted renally.”
This result might generate difficulty in some patients in
assessing abdominal and pelvic nodes beside the urinary tract
or even in the prostate bed. To overcome this issue, adminis-
tration of diuretics, delayed imaging or use of intravenous
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Figure 5 ['®F]E-Fluciclovine-PET in a 58-year-old man with biochemical relapse after radical prostatectomy and PSA
0.45 ng/mL (MIP, A). Diffuse, faint uptake in bone marrow was observed and in enlarged mediastinal lymph nodes (fused
transaxial image, B). Biopsy was consistent with chronic lymphocytic leukemia. [*®F]F-Fluciclovine-PET in a 71 year-old
man with PSA 2.0 ng/mL after radical prostatectomy and incidental finding of mild uptake in the spleen that appears
enlarged (MIP, C), consistent with idiopathic myelofibrosis (courtesy of Dr Cristina Nanni, principal investigator of the
project entitled “ANTI—3—18F—FACBC(antil—amino—3—ISF—ﬂuorocyclobutane—l—carboxylic acid) in comparison to [''clc-
CholinePET/CT in the evaluation of patients with prostate cancer radically treated and with rising PSA,"Programma di
ricerca Regione- Universita 2010-2012-Area 1 "Ricerca Innovativa ", Bando "Alessandro Liberati"-Giovani Ricercatori").

contrast materials can be helpful in discriminating urinary
activity from pathological findings.”!

Parotid, submandibular and lacrimal glands normally
show high uptake, probably due to both expression and non-
specific excretion of [°8Ga]Ga-PSMA.”> Due to its salivary
excretion, [*®Ga]Ga-PSMA mild uptake has been observed in
oropharyngeal, laryngeal and esophageal tract.”’ Another
common site of physiological uptake is the first tract of small
bowel (duodenum), in the liver and in the spleen. Lower
uptake is commonly seen in the ganglion Schwann cells of
sympathetic ganglia, namely celiac, stellate, presacral gan-
glia.”” Sometimes these physiological findings might be mis-
interpreted with pathological lymph nodes, which potentially
can be located in proximity to these structures. Bialek and
colleagues compared morphologic and [*®Ga]Ga-PSMA-
11 PET/MRI uptake of celiac ganglia (CG) in 120 patients.
Interestingly, although in the vast majority of patients PSMA
uptake in CG was above the cutoff usually considered for PC
lymph nodes metastases (i.e. SUVmax above or equal to 2),
the main features for appropriate detection of CG were mor-
phology and location, which are worthy to be learned. Nor-
mally, non-suspected CGs are thin (i.e. short-axis diameter
less than 10 mm) and linear-shaped. By contrast, typical mis-
taking CGs appear thicker (i.e. short-axis diameter more or
equal to 10mm) nodular, oval and longitudinal (i.e. longitu-
dinal nodular, longitudinal thick or longitudinal with oval
parts) shape. CGs location seemed to be the main feature in
discriminating CG: they usually lie between D12 and L2,
most of right GC are located below and caudal to the right
adrenal gland, whereas left CG usually lies in proximity of
the left adrenal gland.”" Fluorinated PSMA have similar dis-
tribution to Gallium radiolabeled tracers, having the advan-
tage of lack of renal excretion and low urinary activity (if we

consider th-PSMA and PSMA-1007), thus increasing the
accuracy for lesions near the urinary tract.””

In evaluating PC, a small percentage of PSMA-PET shows
absent or faint uptake, reflecting low PSMA expression. Neu-
roendocrine differentiated PCs do not express PSMA and are
associated with aggressive behavior and worse prognosis’ ™"
(Fig. 6). Usually, expression of PSMA at metastasis reflects
PSMA avidity in the primary tumor. However, recent histo-
chemistry analysis demonstrated both intratumor and inter-
patient heterogeneity between primary tumor and
metastases.”” False-negative findings of absent PSMA uptake
might be also seen in patients with advanced castration-resis-
tant metastatic disease, where multiple-lines or chemother-
apy inhibit PSMA expression. Interestingly androgen-
deprivation therapy (ADT) may influence PSMA expression,
as reported by many studies, although results are heteroge-
neous or even contradictory. In general, short-term ADT
seems to increase PSMA expression in some patients, while
long-term ADT might exhibit the opposite effect.””

Summarizing, once acknowledged the sites of physiologi-
cal uptake of PSMA and any factor that may influence PSMA
expression (well differentiated neuroendocrine histotype,
ADT, chemotherapy) any focal and intense uptake has to be
considered pathological finding PC-related.

However, PSMA is overexpressed in many other tumors,
showing lower or even non-focal intensity as compared to
PC lesions.

Prostate Cancer

In primary staging PC, PSMA demonstrated higher detection
rate for pelvic lymph nodes and distant metastasis as com-
pared to standard imaging (sensibility 85% [74—96] vs 38%
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Figure 6 Staging [°8Ga]Ga-PSMA-11 in a 72 year-old, RP and pelvic
lymph node dissection GS 4+3, showing homogeneous prostate
gland uptake (fused and PET transaxial images, A and B), with
exception to a circumscribed area of absent uptake in the right lobe
(arrows). Patient underwent radical prostatectomy and this finding
was related to PC with neuroendocrine differentiation. Despite the
fact that neuroendocrine differentiation is not so common, the
reader should be aware of this potential missing interpretation of a
negative finding in primary staging of PC.

[24—52] vs) and specificity (98% [95—100] vs 91%
[85—97]), with subsequent clinical management changes.””
Moreover, PSMA showed higher detection rate in restaging
PC patients, in particular with low PSA values (91.7% for
PSA levels > 2 ng/mL, 82.1% for PSA levels 1-1.99 ng/mL,
62.8% for PSA levels 0.5—0.99 ng/mL, 58.7% for PSA levels
0.2—0.49 ng/mL, and 63.6% (7/11) for PSA levels < 0.2 ng/
mL). """ Recent EAU Guidelines (2020) recommend
PSMA PET/CT for men with a persistent PSA > 0.2 ng/mL

AR

and suitable for treatments.'” Patients with multi-metastatic
castration-resistant PC (mCRPC) may also benefit from
radioligand therapy with '""Lu-PSMA.'"> A head-to-head
comparison between [8Ga]Ga-PSMA and Fluciclovine in
recurrent PC showed a superior detection rate of the rformer
tracer, being able to disease in 50% more patients and addi-
tional lymph node metastasis in 20% of the patients.'””

Benign Conditions

PSMA uptake is frequently observed in both acute and
chronic processes (Fig. 7). Granulomatous diseases and sar-
coidosis in particular, which is a chronic multi-system granu-
lomatous inflammatory disease, have been reported in the
literature to show increased PSMA uptake. However, the pre-
cise molecular mechanism of PSMA uptake in granulomatous
disease is still on debate.”’

As mentioned before, PSMA uptake is frequently seen in
ganglia; moreover, some benign tumors of neurogenic origin
may show PSMA activity. These include meningioma, schwan-
nomas and peripheral nerve sheath tumor. Rarely meningioma
may become host for metastasis of a secondary non prostate
tumor (more often lung and breast cancer), as reported by few
cases in the literature.'”* As a general statement, any increased
PSMA uptake in meningiomas is worth to be further character-
ized with imaging or even histopathology.'””

Any osteoblastic activity may show low and/or moderate
PSMA uptake. These conditions include osteoarthritis, frac-
tures, fibrous dysplasia, degenerative changes. Paget’s disease
may also resemble bone metastasis. In case of uncertainty,
conventional imaging techniques (bone scintigraphy, CT,
MRI) are required to discriminate benign bone lesions from
PC metastase.”' Rauscher et al. compared ['®F]F-PSMA-1007
PET and [*®GalGa-PSMA-11 PET in two large series of
patients showing respectively 369 and 178 PSMA-ligand-
positive lesions. ['8F]F-PSMA-1007 PET revealed five times

Figure 7 [*°GalGa-PSMA-11 performed in a patient with active Crohn disease. Diffuse and moderate intestinal uptake
was observed (MIP, A), especially in terminal ileum, which is typically involved, in correspondence of bowel wall thick-
ening (coronal and transaxial fused and low-dose CT images, B, C, D, F; PET transaxial image, E).
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Figure 8 [8Ga]Ga-PSMA-11 (MIP, A: fused and low-CT transaxial
images, B and C) showing intense and focal uptake in the superior
splenic pole, in correspondence of a centimetric hypodense area
(arrows). This was a case of splenic angioma confirmed with ultra-
sonography.

more benign lesions than did [°8Ga]Ga-PSMA-11 PET, espe-
cially in the bones.'”

Hemangiomas usually show increased PSMA uptake, due
to the high number of endothelial cells and vascular density;
these incidental findings were observed in the liver, verte-
brae, spleen (Fig. 8) and abdominal skin. 107109

A conspicuous number of other cases of non-prostatic
increased PSMA uptake in soft tissues has been reported.
These findings included desmoid tumor, fasciitis nodularis,
intramuscular myxoma, acrochordon, dermatofibroma and
pseudoangiomatous stromal hyperplasia.''*~ """ Although
rare, patients with von Recklinghausen disease might exhibit
increased PSMA uptake in cutaneous fibromas''” (Fig. 9).

Figure 9 [°®Ga]Ga-PSMA-11 in a 72-year-old man with von Reck-
linghausen disease (i.e. type 1 neurofibromatosis) and biochemical
relapse after radical prostatectomy and radiation therapy. Multiple,
avid subcutaneous fibromas are observed in the scalp (MIP, fused
and low-dose CT images, A,B,C). Otherwise, PET was negative for
any PC metastases.

Malignant Conditions

Many other malignant tumors exhibit increased PSMA
uptake, more possibly related to tumor neo-angiogenesis
(Fig. 10 and 11). Renal cell carcinoma (RCC), which is char-
acterized by high PSMA expression on the endothelial cell
membrane, is one of the first incidental findings reported in
the literature,''© so that recent studies propose this tracer for
the diagnostic work-up of RCC especially those with clear

Figure 10 [*®Ga]Ga-PSMA-11 (MIP, A) with incidental finding of mild, patchy uptake in a large right adrenal mass
(arrows in coronal and transaxial fused and low-dose CT images, B, C, D, E) subsequently confirmed to be adrenal car-

cinoma by histopathology.
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Figure 11 [°8Ga]Ga-PSMA-11 showing mild and diffuse uptake in
mediastinum (arrow in MIP, A). An incidental avid mass was
detected in the posterior mediastinum, adjacent to esophagus
(arrows in fused and low-dose CT images, B and C). Biopsy was
compatible with non-Hodgkin B lymphoma.

cell histotype, with promising results.''” Hepatocellular car-
cinoma (HCC), which is the third most frequent cause of
cancer-related death worldwide, has demonstrated signifi-
cant PSMA expression at immunohistochemistry on its neo-
vasculature, thus making it feasible for PSMA-PET
evaluation.'’” In a recent study by Hirmas et al. forty patients
with imaging consistent with HCC were evaluated with addi-
tional PSMA-PET. [*8Ga]Ga-PSMA-11 PET demonstrated
higher accuracy than CT in the detection of HCC metastases
and was associated with management change in about half of
the patients.'

Several benign and malignant pancreatic lesions show
PSMA uptake, spacing from papillary mucinous neoplasm,'"”
to serous cystadenoma'*” and neuroendocrine tumor.'*'

Many other incidental findings of malignancies with high
PSMA expression are reported in the literature, leading to a
growing number of studies aimed to explore the potential
role of PSMA-PET in these tumors. A recent review by
Sheikhbahaei and colleagues reported several studies of
PSMA in adenocarcinoma of urinary bladder, glioblastoma,
breast carcinoma, gastric and colorectal cancer (Fig. 12),
malignant epithelioid hemangioendothelioma of the liver,
adenoid cystic carcinoma of the salivary gland, thymic carci-
noma,'”” multiple myeloma, papillary thyroid carcinomas
and sarcomatous transformation of fibrous dysplasia.' "’

Despite the promising results, larger, prospective trials are
needed to validate the potential role of PSMA-PET in the
evaluation of non-prostatic malignancies.

Conclusion

The widespread use of the presented tracers for PC requires
an awareness about potential pitfalls reported in the literature
and to acquire familiarity with normal distribution and

Figure 12 [°®Ga]Ga-PSMA-11 MIP (A), fused and low-dose images
(B and C) showing intensely avid PSMA uptake in a case of colon
adenocarcinoma (mass in internal bowel wall, arrows) and with
mediastinal metastasis from PC.

possible variants. Although mainly employed in PC, Choline
Fluciclovine and PSMA PET tracers are able to detect many
other pathologies. Deep knowledge of tracers’ behavior is
mandatory as well as the full patient history and those char-
acteristics suggesting a higher risk for metastatic disease on
PET images, e.g. PSA kinetics and pathological staging, in
order to provide the best diagnostic information for the
patient. The conspicuous amount of incidental reporting and
the growing number of studies aimed to explore the potential
role of these radiotracers in different pathologies, suggest
their potential role in the diagnosis of other malignancies.

References

1. Siegel RL, Miller KD, Fuchs HE, et al: Cancer Statistics, 2021. CA: A
Cancer Journal for Clinicians, 71. Wiley, 7-33, 2021

2. FDA Approves First PSMA-Targeted PET Imaging Drug for Men with
Prostate Cancer | FDA.

3. FDA approves new diagnostic imaging agent to detect recurrent pros-
tate cancer | FDA cited 2021]. Available from: https://www.fda.gov/
news-events/press-announcements/fda-approves-new-diagnostic-
imaging-agent-detect-recurrent-prostate-cancer

4. FDA Approves 18F-DCFPyL as First PSMA PET Imaging Agent Avail-
able for Prostate Cancer. Available from: https://www.cancernetwork.
com/view/fda-approves-18f-dcfpyl-as-first-psma-pet-imaging-agent-
available-for-prostate-cancer

5. Jadvar H, Velez EM, Desai B, et al: Prediction of time to hormonal
treatment failure in metastatic castration-sensitive prostate cancer with
18F-FDG PET/CT. Journal of Nuclear Medicine . Society of Nuclear
Medicine Inc. 60:1524-1530, 2019

6. Jadvar H: Imaging evaluation of prostate cancer with 18F- fluorodeox-
yglucose PET/CT: Utility and limitations. European Journal of Nuclear
Medicine and Molecular Imaging. Eur ] Nucl Med Mol Imaging; 2013

7. Jadvar H, Desai B, Ji L, et al: Baseline 18F-FDG PET/CT parameters as
imaging biomarkers of overall survival in castrate-resistant metastatic
prostate cancer. Journal of Nuclear Medicine. Society of Nuclear Medi-
cine; 54:1195-1201, 2013

8. Bakht MK, Lovnicki JM, Tubman J, et al: Differential expression of glu-
cose transporters and hexokinases in prostate cancer with a neuroen-
docrine gene signature: A mechanistic perspective for 18 F-FDG


http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0001
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0001
https://www.fda.gov/news-events/press-announcements/fda-approves-new-diagnostic-imaging-agent-detect-recurrent-prostate-cancer
https://www.fda.gov/news-events/press-announcements/fda-approves-new-diagnostic-imaging-agent-detect-recurrent-prostate-cancer
https://www.fda.gov/news-events/press-announcements/fda-approves-new-diagnostic-imaging-agent-detect-recurrent-prostate-cancer
https://www.cancernetwork.com/view/fda-approves-18f-dcfpyl-as-first-psma-pet-imaging-agent-available-for-prostate-cancer
https://www.cancernetwork.com/view/fda-approves-18f-dcfpyl-as-first-psma-pet-imaging-agent-available-for-prostate-cancer
https://www.cancernetwork.com/view/fda-approves-18f-dcfpyl-as-first-psma-pet-imaging-agent-available-for-prostate-cancer
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0005
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0005
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0005
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0005
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0006
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0006
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0006
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0007
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0007
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0007
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0007
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0008
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0008
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0008

R. Mei et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

imaging of PSMA-suppressed tumors. Journal of Nuclear Medicine.

Society of Nuclear Medicine Inc. 61:904-910, 2020
. Watanabe H, Kanematsu M, Kondo H, et al: Preoperative detection of
prostate cancer: A comparison with 11C-choline PET, 18F-fluoro-
deoxyglucose PET and MR imaging. Journal of Magnetic Resonance
Imaging. ] Magn Reson Imaging 31:1151-1156, 2010
Oyama N, Akino H, Suzuki Y, et al: Prognostic value of 2-deoxy-2-[F-
18]fluoro-D-glucose positron emission tomography imaging for
patients with prostate cancer. Molecular Imaging and Biology. Mol
Imaging Biol; 4:99-104, 2002
Evangelista L, Ravelli I, Magnani F, et al: 18F-choline PET/CT and
PET/MRI in primary and recurrent hyperparathyroidism: a systematic
review of the literature. Annals of Nuclear Medicine. Springer, 601-
619, 2020
Hara T, Kosaka N, Shinoura N, et al: PET Imaging of Brain Tumor
with [methyl-11C]Choline. Journal of Nuclear Medicine 38, 1997
Hara T, Inagaki K, Kosaka N, et al: Sensitive Detection of Mediastinal
Lymph Node Metastasis of Lung Cancer with 11C-Choline PET. Jour-
nal of Nuclear Medicine: 41, 2000
Umbehr MH, Muntener M, Hany T, et al: The role of 11C-choline and
18F-fluorocholine positron emission tomography (PET) and PET/CT
in prostate cancer: A systematic review and meta-analysis. European
Urology. Elsevier, 106-117, 2013
Glunde K, Bhujwalla ZM, Ronen SM: Choline metabolism in malig-
nant transformation. Nature Reviews Cancer. Nat Rev Cancer: 835-
848, 2011
DeGrado TR, Baldwin SW, Wang S, et al: Synthesis and Evaluation of
18F-Labeled Choline Analogs as Oncologic PET Tracers. Journal of
Nuclear Medicine: 42, 2001
Farolfi A, Hadaschik B, Hamdy FC, et al: Positron Emission Tomogra-
phy and Whole-body Magnetic Resonance Imaging for Metastasis-
directed Therapy in Hormone-sensitive Oligometastatic Prostate Can-
cer After Primary Radical Treatment: A Systematic Review. European
Urology Oncology. Elsevier BV, 2021
Haroon A, Zanoni L, Celli M, et al: Multicenter study evaluating
extraprostatic uptake of 11C-choline, 18F-methylcholine, and 18F-
ethylcholine in male patients: Physiological distribution, statistical dif-
ferences, imaging pearls, and normal variants. Nuclear Medicine Com-
munications. Lippincott Williams and Wilkins; 36:1065-1075, 2015
Mottet N, van den Bergh RCN, Briers E, et al: EAU-EANM-ESTRO-
ESUR-SIOG Guidelines on Prostate Cancer—2020 Update. Part 1:
Screening, Diagnosis, and Local Treatment with Curative Intent. Euro-
pean Urology. Elsevier B.V.: 243-262, 2021
Krause BJ, Souvatzoglou M, Tuncel M, et al: The detection rate of
[11C]Choline-PET/CT depends on the serum PSA-value in patients
with biochemical recurrence of prostate cancer. European Journal of
Nuclear Medicine and Molecular Imaging. Eur ] Nucl Med Mol Imag-
ing 35:18-23, 2008
. Wyss MT, Weber B, Honer M, et al: 18F-choline in experimental soft
tissue infection assessed with autoradiography and high-resolution
PET. European Journal of Nuclear Medicine and Molecular Imaging
31:312-316, 2004
Snider SA, Margison KD, Ghorbani P, et al: Choline transport links
macrophage phospholipid metabolism and inflammation. Journal of
Biological Chemistry 293:11600-11611, 2018
de Jong 1], Pruim J, Elsinga PH, et al: Visualisation of bladder cancer
using 11C-choline PET: First clinical experience. European Journal of
Nuclear Medicine 29:1283-1288, 2002
Takesh M, Haberkorn U, Strauss LG, et al: Incidental detection and
monitoring of spontaneous recovery of sarcoidosis via fluorine-18-flu-
oroethyl-choline positron emission tomography/computed tomogra-
phy. Hellenic journal of nuclear medicine. Greece 15:63-65, 2012
Calabria F, Chiaravalloti A, Ciccio C, et al: PET/CT with 18F—choline:
Physiological whole bio-distribution in male and female subjects and
diagnostic pitfalls on 1000 prostate cancer patients: 18F—choline PET/
CT bio-distribution and pitfalls. A southern Italian experience. Nuclear
Medicine and Biology. Elsevier Inc. 51:40-54, 2017
Schillaci O, Calabria F, Tavolozza M, et al: 18F-choline PET/CT physi-
ological distribution and pitfalls in image interpretation: Experience in

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

80 patients with prostate cancer. Nuclear Medicine Communications.
Nucl Med Commun; 31:39-45, 2010

Leitch CE, Goenka AH, Howe BM, et al: Imaging features of Paget's
disease on 11C choline PET/CT. American journal of nuclear medicine
and molecular imaging 7:105-110, 2017

Mapelli P, Busnardo E, Magnani P, et al: Incidental finding of parathy-
roid adenoma with 11C-choline PET/CT. Clinical Nuclear Medicine.
Clin Nucl Med; 37:593-595, 2012

Lu M, Kjellin H, Fotouhi O, et al: Molecular profiles of oxyphilic and
chief cell parathyroid adenoma. Molecular and Cellular Endocrinol-
ogy. Elsevier Ireland Ltd; 470:84-95, 2018. Available from: https://
pubmed.ncbi.nlm.nih.gov/28986304/

Ishizuka T, Kajita K, Kamikubo K, et al: Phospholipid/Ca2+-depen-
dent Protein Kinase Activity in Human Parathyroid Adenoma. Endo-
crinologia Japonica . Endocrinol Jpn; 34:965-968, 1987

Beheshti M, Hehenwarter L, Paymani Z, et al: 18F-Fluorocholine PET/
CT in the assessment of primary hyperparathyroidism compared with
99mTe-MIBI or 99mTe-tetrofosmin SPECT/CT: a prospective dual-cen-
tre study in 100 patients. European Journal of Nuclear Medicine and
Molecular Imaging, 45. Springer Berlin Heidelberg, 1762-1771, 2018
Boccalatte LA, Higuera F, Gomez NL, et al: Usefulness of 18F-fluoro-
choline positron emission tomography-computed tomography in
locating lesions in hyperparathyroidism: A systematic review. JAMA
Otolaryngology - Head and Neck Surgery. American Medical Associa-
tion, 743-750, 2019

Imperiale A, Cabral JF, Rust E, et al: 18F-fluorocholine uptake in a
case of adrenal incidentaloma: possible diagnostic pitfall or potential
tool for adrenocortical tumors characterization? Clinical nuclear medi-
cine. Clin Nucl Med: 38,2013

Ghedini P, Bossert I, Zanoni L, et al: Liver metastases from prostate
cancer at 11C-Choline PET/CT: a multicenter, retrospective analysis.
European Journal of Nuclear Medicine and Molecular Imaging.
Springer Berlin Heidelberg 45:751-758, 2018

Filippi L, Schillaci O, Bagni O: Recent advances in PET probes for
hepatocellular carcinoma characterization. Expert Review of Medical
Devices: 341-350, 2019

Giovacchini G, Fallanca F, Landoni C, et al: C-11 choline versus F-18
fluorodeoxyglucose for imaging meningiomas: An initial experience.
Clinical Nuclear Medicine. Clin Nucl Med 34:7-10, 2009

Garcia Vicente AM, Pérez-Beteta J, Amo-Salas M, et al: 18F-Fluorocho-
line PET/CT in the Prediction of Molecular Subtypes and Prognosis for
Gliomas. Clinical Nuclear Medicine . Lippincott Williams and Wilkins
44:E548-E558, 2019

Gao L, Xu W, Li T, et al. Accuracy of 11C-choline positron emission
tomography in differentiating glioma recurrence from radiation necro-
sis: A systematic review and meta-analysis. Medicine (United States).
Lippincott Williams and Wilkins; 2018.

Calabria F, Chiaravalloti A, Schillaci O: 18F-choline PET/CT pitfalls in
image interpretation: An update on 300 examined patients with prostate
cancer. Clinical Nuclear Medicine 39:122-130, 2014

Calabria F, D'Auria S, Sannino P, et al: A case of thymoma detected by
18F-choline positron emission tomography/computed tomography .
European Journal of Nuclear Medicine and Molecular Imaging. Eur ]
Nucl Med Mol Imaging: 602, 2011

de Leiris N, Riou L, Leenhardt J, et al: 18F-Choline and 18F-FDG PET/
CT in a Patient with Diffuse Large B-Cell Lymphoma and Recurrent
Prostate Cancer. Clinical Nuclear Medicine. Lippincott Williams and
Wilkins 43:E471-E472, 2018

Calabria F, D'Auria S, Sannino P, et al: A case of thymoma detected by
18F-choline positron emission tomography/computed tomography.
European Journal of Nuclear Medicine and Molecular Imaging. Eur ]
Nucl Med Mol Imaging: 602, 2011

Bertagna F, Bertoli M, Treglia G, et al: Incidental 11C-choline PET/CT
uptake due to esophageal carcinoma in a patient studied for prostate
cancer. Clinical Nuclear Medicine. Lippincott Williams and Wilkins
39:e442-e444, 2014

Parekh A, Hagan I, Capaldi L, et al: Incidental papillary bladder carci-
noma on 18F-Fluoromethylcholine PET/CT undertaken to evaluate
prostate malignancy. Clinical Nuclear Medicine 42:721-722, 2017


http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0008
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0008
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0009
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0009
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0009
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0009
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0010
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0010
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0010
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0010
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0011
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0011
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0011
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0011
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0012
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0012
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0013
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0013
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0013
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0014
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0014
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0014
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0014
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0015
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0015
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0015
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0016
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0016
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0016
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0017
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0017
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0017
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0017
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0017
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0018
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0018
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0018
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0018
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0018
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0019
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0019
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0019
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0019
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0020
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0020
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0020
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0020
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0020
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0021
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0021
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0021
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0021
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0022
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0022
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0022
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0023
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0023
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0023
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0024
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0024
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0024
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0024
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0025
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0025
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0025
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0025
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0025
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0026
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0026
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0026
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0026
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0027
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0027
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0027
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0028
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0028
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0028
https://pubmed.ncbi.nlm.nih.gov/28986304/
https://pubmed.ncbi.nlm.nih.gov/28986304/
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0030
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0030
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0030
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0031
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0031
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0031
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0031
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0031
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0032
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0032
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0032
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0032
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0032
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0033
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0033
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0033
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0033
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0034
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0034
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0034
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0034
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0035
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0035
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0035
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0036
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0036
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0036
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0037
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0037
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0037
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0037
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0039
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0039
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0039
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0040
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0040
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0040
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0040
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0041
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0041
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0041
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0041
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0042
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0042
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0042
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0042
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0043
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0043
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0043
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0043
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0044
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0044
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0044

PET/CT Variants and Pitfalls in Prostate Cancer: What You Might See on PET and Should Never Forget 631

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

de Jong 1, Pruim J, Elsinga PH, et al: Visualisation of bladder cancer
using 11C-choline PET: First clinical experience. European Journal of
Nuclear Medicine 29:1283-1288, 2002

Florimonte L, Orunesu E, Castellani M, et al: 18F-choline PET/CT-
positive lytic bone lesions in prostate cancer and accidental myeloma
detection. Clinical Nuclear Medicine 41:394-396, 2016

Ambrosini V, Farsad M, Nanni C, et al: Incidental finding of an 11C-
choline PET-positive solitary plasmacytoma lesion. European Journal
of Nuclear Medicine and Molecular Imaging. Eur J Nucl Med Mol
Imaging 33:1522, 2006

Nanni C, Zamagni E, Cavo M, et al: 11C-choline vs. 18F-FDG PET/CT
in assessing bone involvement in patients with multiple myeloma.
World Journal of Surgical Oncology . World J Surg Oncol: 5, 2007
Cassou-Mounat T, Balogova S, Nataf V, et al: 18F-fluorocholine versus
18F-fluorodeoxyglucose for PET/CT imaging in patients with sus-
pected relapsing or progressive multiple myeloma: a pilot study. Euro-
pean Journal of Nuclear Medicine and Molecular Imaging 43:1995-
2004, 2016

Fuchs BC, Bode BP: Amino acid transporters ASCT2 and LAT1 in can-
cer: Partners in crime? Seminars in Cancer Biology: 254-266, 2005
Morgan T, Koreckij T, Corey E: Targeted Therapy for Advanced Pros-
tate Cancer: Inhibition of the PI3K/Ak/mTOR Pathway. Current Can-
cer Drug Targets, 9. Bentham Science Publishers Ltd., 237-249, 2009
Axumin | European Medicines Agency. Available from: https://www.
ema.europa.ew/en/medicines/human/EPAR/axumin

Turkbey B, Mena E, Shih J, et al: Localized prostate cancer detection
with 18F FACBC PET/CT: Comparison with MR imaging and histo-
pathologic analysis. Radiology. Radiological Society of North America
Inc. 270:849-856, 2014

Schuster DM, Nanni C, Fanti S, et al: Anti-1-amino-3-18F-fluorocyclo-
butane-1-carboxylic acid: physiologic uptake patterns, incidental find-
ings, and variants that may simulate disease Journal of nuclear
medicine: official publication Society of Nuclear Medicine 55:1986-
1992, 2014

Nye JA, Schuster DM, Yu W, et al: Biodistribution and Radiation
Dosimetry of the Synthetic Nonmetabolized Amino Acid Analogue
Anti-18 F-FACBC in Humans. J Nucl Med 48:1017-1020, 2007
McParland BJ, Wall A, Johansson S, et al: The clinical safety, biodistri-
bution and internal radiation dosimetry of [18F]fluciclovine in healthy
adult volunteers. European Journal of Nuclear Medicine and Molecular
Imaging. Eur ] Nucl Med Mol Imaging 40:1256-1264, 2013

Axumin (fluciclovine F 18) Injection. Available from: https:/www.
accessdata.fda.gov/drugsatfda_docs/nda/2016/2080540rig1s000TOC.
cfm

Bach-Gansmo T, Nanni C, Nieh PT, et al: Multisite Experience of the
Safety, Detection Rate and Diagnostic Performance of Fluciclovine (18
F) Positron Emission Tomography/Computerized Tomography Imag-
ing in the Staging of Biochemically Recurrent Prostate Cancer. Journal
of Urology. Elsevier Inc. 197:676-683, 2017

Nanni C, Zanoni L, Pultrone C, et al: 18F-FACBC (antil-amino-3-18F-
fluorocyclobutane-1-carboxylic acid) versus 11C-choline PET/CT in
prostate cancer relapse: results of a prospective trial. European Journal
of Nuclear Medicine and Molecular Imaging 43:1601-1610, 2016
Turkbey B, Mena E, Shih J, et al: Localized prostate cancer detection
with 18F FACBC PET/CT: Comparison with MR imaging and histo-
pathologic analysis. Radiology 270:849-856, 2014

Oka S, Okudaira H, Ono M, et al: Differences in transport mechanisms
of trans-1-amino-3-[18F]fluorocyclobutanecarboxylic acid in inflam-
mation, prostate cancer, and glioma cells: Comparison with L-
[methyl-11C]methionine  and  2-deoxy-2-[18F]fluoro-D-glucose
16:322-329, 2014

Kanagawa M, Doi Y, Oka S, et al: Comparison of trans-1-amino-3-
[18F]fluorocyclobutanecarboxylic acid (anti-[18F]FACBC) accumula-
tion in lymph node prostate cancer metastasis and lymphadenitis in
rats. Nuclear Medicine and Biology 41:545-551, 2014

Zanoni L, Mei R, Bianchi L, et al: The role of [18f]fluciclovine PET/CT
in the characterization of high-risk primary prostate cancer: Compari-
son with [11c]choline PET/CT and histopathological analysis. Cancers.
MDPI AG: 13,2021

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Schiavina R, Concetti S, Brunocilla E, et al: First case of F-FACBC PET/
CT-guided salvage retroperitoneal lymph node dissection for disease
relapse after radical prostatectomy for prostate cancer and negative
11C-Choline PET/CT: New imaging techniques may expand pioneer-
ing approaches. Urol Int 92:242-245, 2014

Oldan JD, Miller SM, Barnes A, et al: Trapping of 18F-Fluciclovine
(FACBC) in superior sagittal sinus. Clinical Nuclear Medicine 44:48-
49,2019

Albert NL, Weller M, Suchorska B, et al: Response Assessment in
Neuro-Oncology working group and European Association for
Neuro-Oncology recommendations for the clinical use of PET
imaging in gliomas. Neuro-Oncology. Oxford University Press,
1199-1208, 2016

Tsuyuguchi N, Terakawa Y, Uda T, et al: Diagnosis of Brain Tumors
Using Amino Acid Transport PET Imaging with 18F-fluciclovine: A
Comparative Study with L-methyl-11C-methionine PET Imaging. Asia
oceania journal of nuclear medicine and biology. Asia Ocean J Nucl
Med Biol 5:85-94, 2017

Michaud L, Beattie BJ, Akhurst T, et al: 18F-Fluciclovine (18F-FACBC)
PET imaging of recurrent brain tumors. European Journal of Nuclear
Medicine and Molecular Imaging, 47. Springer, 1353-1367, 2020
Mcconathy J: 18F-Fluciclovine (FACBC) and its potential use for
breast cancer imaging. Journal of Nuclear Medicine: 1329-1330, 2016
Winter AM, Osman M, Bennett DL: Atypical gynecomastia mimicking
breast malignancy on mammography, sonography, and 18F-fluciclo-
vine PET/CT in the setting of biochemical recurrence of prostate can-
cer. Breast Journal 26:1805-1807, 2020

Amzat R, Taleghani P, Miller DL, et al: Pilot Study of the utility of the
synthetic pet amino-acid radiotracer anti-1-amino-3-[18f]fluorocyclo-
butane-1-carboxylic acid for the noninvasive imaging of pulmonary
lesions. Molecular Imaging and Biology 15:633-643, 2013

Takeuchi K, Ogata S, Nakanishi K, et al: LAT1 expression in non-
small-cell lung carcinomas: Analyses by semiquantitative reverse tran-
scription-PCR (237 cases) and immunohistochemistry (295 cases).
Lung Cancer 68:58-65, 2010

Balazova Z, Cerny 1, Vyskovsky P: Incidental Accumulation of Fluci-
clovine in Neuroendocrine Tumour in a Patient with Oncological
Duplicity. Case Reports in Oncology . S. Karger AG 13:431-435, 2020
Hafliger P, Charles RP: The I-type amino acid transporter LAT1—an
emerging target in cancer. International Journal of Molecular Sciences.
MDPI AG, 2019

Barollo S, Bertazza L, Watutantrige-Fernando S, et al: Overexpression
of L-Type amino acid transporter 1 (LAT1) and 2 (LAT2): Novel
markers of neuroendocrine tumors. Public Library of Science: 11,
2016

Kaira K, Oriuchi N, Imai H, et al: Expression of L-type amino acid
transporter 1 (LAT1) in neuroendocrine tumors of the lung. Pathology
Research and Practice 204:553-561, 2008

Schuster DM, Nye JA, Nieh PT, et al. Initial Experience with the Radio-
tracer Anti-l1-amino-3-[18 F]Fluorocyclobutane-1-Carboxylic Acid
(Anti-[18 F]JFACBC) with PET in Renal Carcinoma. 2009;

Baiomy A, Jensen CT, Ward JF, et al: Incidental 18F-Fluciclovine
Uptake in a Desmoid Tumor Detected in a Patient Undergoing PET/
CT Imaging for Prostate Cancer. Clinical Nuclear Medicine 2020. Pub-
lish Ah:2020-2022

Raghavan K, Wen KW, Small EJ, et al: Incidentally Detected Oropha-
ryngeal Squamous Cell Carcinoma on 18F-Fluciclovine PET/CT. Clini-
cal Nuclear Medicine 44:E367-E369, 2019

Teoh EJ, Tsakok MT, Bradley KM, et al: Recurrent Malignant Mela-
noma Detected on 18F-Fluciclovine PET/CT Imaging for Prostate Can-
cer. Clinical nuclear medicine. Clin Nucl Med 42:803-804, 2017

Foss C A, Mease R C, Cho S'Y, et al: GCPII Imaging and Cancer. Cur-
rent Medicinal Chemistry 19:1346-1359, 2012

Perera M, Papa N, Roberts M, et al: Gallium-68 Prostate-specific Mem-
brane Antigen Positron Emission Tomography in Advanced Prostate
Cancer—Updated Diagnostic Utility, Sensitivity, Specificity, and Dis-
tribution of Prostate-specific Membrane Antigen-avid Lesions: A Sys-
tematic Review and Meta-analysis. European Urology. Elsevier B.V.:
403-417, 2020


http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0045
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0045
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0045
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0046
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0046
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0046
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0047
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0047
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0047
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0047
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0048
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0048
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0048
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0049
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0049
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0049
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0049
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0049
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0050
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0050
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0051
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0051
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0051
https://www.ema.europa.eu/en/medicines/human/EPAR/axumin
https://www.ema.europa.eu/en/medicines/human/EPAR/axumin
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0053
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0053
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0053
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0053
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0054
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0054
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0054
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0054
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0054
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0055
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0055
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0055
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0056
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0056
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0056
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0056
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/208054Orig1s000TOC.cfm
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/208054Orig1s000TOC.cfm
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/208054Orig1s000TOC.cfm
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0058
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0058
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0058
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0058
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0058
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0059
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0059
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0059
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0059
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0060
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0060
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0060
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0061
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0061
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0061
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0061
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0061
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0062
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0062
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0062
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0062
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0063
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0063
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0063
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0063
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0064
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0064
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0064
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0064
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0064
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0065
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0065
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0065
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0066
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0066
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0066
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0066
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0066
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0067
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0067
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0067
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0067
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0067
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0068
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0068
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0068
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0069
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0069
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0070
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0070
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0070
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0070
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0071
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0071
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0071
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0071
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0072
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0072
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0072
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0072
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0073
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0073
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0073
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0073
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0074
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0074
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0074
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0075
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0075
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0075
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0075
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0076
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0076
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0076
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0078
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0078
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0078
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0078
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0079
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0079
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0079
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0080
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0080
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0080
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0081
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0081
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0082
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0082
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0082
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0082
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0082
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0082

632

R. Mei et al.

83

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

. Weineisen M, Schottelius M, Simecek J, et al: 68Ga-and 177Lu-labeled
PSMA i and T: Optimization of a PSMA-targeted theranostic concept
and first proof-of-concept human studies. Journal of Nuclear Medicine
56:1169-1176, 2015

Hofman MS, Eu P, Jackson P, et al: Cold kit for prostate-Specific mem-
brane antigen (PSMA) PET imaging: Phase 1 study of 68Ga-Tris
(Hydroxypyridinone)-PSMA PET/CT in patients with prostate cancer.
Journal of Nuclear Medicine 59:625-631, 2018

Szabo Z, Mena E, Rowe SP, et al: Initial Evaluation of [18F]DCFPyL for
Prostate-Specific Membrane Antigen (PSMA)-Targeted PET Imaging of
Prostate Cancer. Molecular Imaging and Biology. Springer New York
LLC 17:565-574, 2015

Dietlein M, Kobe C, Kuhnert G, et al: Comparison of [18F]DCFPyL and
[68GalGa-PSMA-HBED-CC  for PSMA-PET Imaging in Patients with
Relapsed Prostate Cancer. Molecular Imaging and Biology 17:575-584,
2015

Giesel FL, Hadaschik B, Cardinale J, et al: F-18 labelled PSMA-1007:
biodistribution, radiation dosimetry and histopathological validation
of tumor lesions in prostate cancer patients. European Journal of
Nuclear Medicine and Molecular Imaging 44:678-688, 2017
Medicines Agency E. European Medicines Agency decision. Available
from: www.ema.europa.eu/contact

Sheikhbahaei S, Afshar-Oromieh A, Eiber M, et al: Pearls and pitfalls in
clinical interpretation of prostate-specific membrane antigen (PSMA)-
targeted PET imaging. European Journal of Nuclear Medicine and
Molecular Imaging. European Journal of Nuclear Medicine and Molec-
ular Imaging 44:2117-2136, 2017

Hofman MS, Iravani A: Gallium-68 Prostate-Specific Membrane Anti-
gen PET Imaging. PET Clinics. W.B. Saunders: 219-234, 2017
Hofman MS, Hicks RJ, Maurer T, et al: Prostate-specific Membrane
Antigen PET: Clinical Utility in Prostate Cancer, Normal Patterns,
Pearls, and Pitfalls. Radiographics : a review publication of the. Radio-
logical Society of North America, Inc. 38:200-217, 2018

Prasad V, Steffen IG, Diederichs G, et al: Biodistribution of [68Gal]
PSMA-HBED-CC in Patients with Prostate Cancer: Characterization of
Uptake in Normal Organs and Tumour Lesions. Molecular Imaging
and Biology 18:428-436, 2016

Lambertini A, Castellucci P, Farolfi A, et al: Pictorial essay: normal var-
iants, lesions, and pitfalls in 68Ga-PSMA PET imaging of prostate can-
cer. Clinical and Translational Imaging, 6. Springer International
Publishing, 239-247, 2018

Bialek EJ, Malkowski B: Celiac ganglia: can they be misinterpreted on
multimodal 68 Ga-PSMA-11 PET/MR? Nuclear Medicine Communica-
tions 40:175-184, 2019

Rahbar K, Weckesser M, Ahmadzadehfar H, et al: Advantage of 18F-
PSMA-1007 over 68Ga-PSMA-11 PET imaging for differentiation of
local recurrence vs. urinary tracer excretion. European Journal of
Nuclear Medicine and Molecular Imaging 45:1076-1077, 2018
Luickerath K, Wei L, Fendler WP, et al: Preclinical evaluation of PSMA
expression in response to androgen receptor blockade for theranostics
in prostate cancer. EJNMMI Research 8, 2018

Chen S, Cheung SK, Wong KN, et al: 68Ga-DOTATOC and 68Ga-
PSMA PET/CT Unmasked a Case of Prostate Cancer With Neuroendo-
crine Differentiation. Clinical nuclear medicine. Clin Nucl Med
41:959-960, 2016

Paschalis A, Sheehan B, Riisnaes R, et al: Prostate-specific Membrane
Antigen Heterogeneity and DNA Repair Defects in Prostate Cancer.
European Urology 76:469-478, 2019

Hofman MS, Lawrentschuk N, Francis RJ, et al: Articles Prostate-specific
membrane antigen PET-CT in patients with high-risk prostate cancer
before curative-intent surgery or radiotherapy (proPSMA): a prospective,
randomised, multi-centre study. The Lancet 6736:1-9, 2020

Perry E, Talwar A, Taubman K, et al: [18F]DCFPyL PET/CT in detec-
tion and localization of recurrent prostate cancer following prostatec-
tomy including low PSA < 0.5 ng/mL. European Journal of Nuclear
Medicine and Molecular Imaging 2021

Farolfi A, Gafita A, Calais J, et al: 68Ga-PSMA-11 Positron Emission
Tomography Detects Residual Prostate Cancer after Prostatectomy in a
Multicenter Retrospective Study. Journal of Urology 202:1174-1180, 2019

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Farolfi A, Calderoni L, Mattana F, et al: Current and emerging clinical
applications of PSMA-PET diagnostic imaging for prostate cancer.
Journal of Nuclear Medicine 2021

Calais J, Fendler WP, Herrmann K, et al: Head-to-head comparison of
68 Ga-PSMA-11 PET/CT and 18 F-Fluciclovine PET/CT in a case series
of 10 patients with prostate cancer recurrence. Journal of Nuclear
Medicine 2017

Guraya SS, Prayson RA: Metastatic prostatic adenocarcinoma with
neuroendocrine differentiation to meningioma. Journal of Clinical
Neuroscience. Churchill Livingstone: 30-32, 2016

Sasikumar A, Joy A, Pillai MRA, et al: Diagnostic Value of 68Ga PSMA-
11 PET/CT Imaging of Brain Tumors - Preliminary Analysis. Clinical
Nuclear Medicine 42:e41-e48, 2017

Rauscher I, Kronke M, Konig M, et al: Matched-pair comparison of
68Ga-PSMA-11 PET/CT and 18F-PSMA-1007 PET/CT: Frequency of
pitfalls and detection efficacy in biochemical recurrence after radical
prostatectomy. Journal of Nuclear Medicine. Society of Nuclear Medi-
cine Inc. 61:51-57, 2020

Bhardwaj H, Stephens M, Bhatt M, et al: Prostate-Specific Membrane
Antigen PET/CT Findings for Hepatic Hemangioma. Clinical nuclear
medicine. Clin Nucl Med 41:968-969, 2016

Artigas C, Otte FX, Lemort M, et al: Vertebral Hemangioma Mimicking
Bone Metastasis in 68Ga-PSMA Ligand PET/CT. Clinical Nuclear Med-
icine 42:368-370, 2017

Jochumsen MR, Vendelbo MH, Hoyer S, et al: Subcutaneous lobular
capillary hemangioma on 68Ga-PSMA PET/CT. Clinical Nuclear Medi-
cine 42:e214-e215, 2017

Sheikhbahaei S, Werner RA, Solnes LB, et al: Prostate-Specific Mem-
brane Antigen (PSMA)-Targeted PET Imaging of Prostate Cancer: An
Update on Important Pitfalls. Seminars in Nuclear Medicine 49:255-
270, 2019

Zacho HD, Nielsen JB, Dettmann K, et al: 68Ga-PSMA PET/CT uptake
in intramuscular myxoma imitates prostate cancer metastasis. Clinical
Nuclear Medicine 42:487-488, 2017

Malik D, Basher RK, Mittal BR, et al: 68 GA-PSMA expression in pseu-
doangiomatous stromal hyperplasia of the breast. Clinical Nuclear
Medicine 42:58-60, 2016

Aydin F, Akcal A, Unal B, et al: 68Ga-PSMA Uptake by Dermatofi-
broma in a Patient with Prostate Cancer. Clinical Nuclear Medicine
42:358-360, 2017

Henninger M, Maurer T, Hacker C, et al: 68Ga-PSMA PET/MR Show-
ing Intense PSMA Uptake in Nodular Fasciitis Mimicking Prostate
Cancer Metastasis. Clinical nuclear medicine . Clin Nucl Med 41:
e443-e444, 2016

Gulhane B, Ramsay S, Fong W: 68Ga-PSMA Uptake in Neurofibromas
Demonstrated on PET/CT in a Patient With Neurofibromatosis Type
1. Clinical Nuclear Medicine 42:776-778, 2017

Einspieler I, Tauber R, Maurer T, et al: 68Ga Prostate-Specific Mem-
brane Antigen Uptake in Renal Cell Cancer Lymph Node Metastases.
Clinical Nuclear Medicine 41:¢261-e262, 2016

Rhee H, Blazak J, Tham CM, et al: Pilot study: use of gallium-68 PSMA
PET for detection of metastatic lesions in patients with renal tumour.
EJNMMI Research 6:76, 2016

Nader Hirmas A, Leyh C, Sraieb M, et al: [68 Ga]Ga-PSMA-11 PET/CT
improves tumor detection and impacts management in patients with
hepatocellular carcinoma. Journal of Nuclear Medicine 2021

Calabro D, Zanoni L, Mosconi C, et al: Incidental finding of [68Ga]Ga-
PSMA-avid intraductal papillary mucinous neoplasm. European Jour-
nal of Nuclear Medicine and Molecular Imaging 2021

Chan M, Schembri GP, Hsiao E: Serous cystadenoma of the pancreas
showing uptake on 68Ga PSMA PET/CT. Clinical Nuclear Medicine
42:56-57, 2016

Demirkol MO, Kiremit MC, Acar O, et al: False-Positive Pancreatic
Uptake Detected on 68Ga-PSMA PET/CT. Clinical Nuclear Medicine
42:475-e477, 2017

Farolfi A, Ceci F, Graziani T, et al: Incidental Detection of Basaloid
Thymic Carcinoma With 68Ga-PSMA-11 PET/CT in a Patient With
Recurrent Prostate Cancer. Clinical Genitourinary Cancer 16:e497-
€499, 2018


http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0083
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0083
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0083
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0083
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0084
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0084
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0084
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0084
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0085
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0085
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0085
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0085
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0086
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0086
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0086
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0086
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0087
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0087
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0087
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0087
http://www.ema.europa.eu/contact
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0089
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0089
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0089
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0089
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0089
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0090
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0090
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0091
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0091
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0091
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0091
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0092
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0092
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0092
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0092
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0093
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0093
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0093
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0093
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0094
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0094
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0094
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0095
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0095
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0095
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0095
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0096
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0096
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0096
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0097
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0097
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0097
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0097
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0098
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0098
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0098
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0099
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0099
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0099
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0099
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0100
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0100
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0100
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0100
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0100
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0101
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0101
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0101
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0102
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0102
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0102
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0103
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0103
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0103
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0103
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0104
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0104
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0104
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0105
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0105
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0105
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0106
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0106
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0106
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0106
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0106
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0107
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0107
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0107
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0108
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0108
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0108
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0109
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0109
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0109
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0110
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0110
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0110
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0110
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0111
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0111
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0111
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0112
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0112
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0112
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0113
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0113
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0113
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0114
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0114
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0114
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0114
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0115
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0115
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0115
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0116
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0116
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0116
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0117
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0117
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0117
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0118
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0118
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0118
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0119
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0119
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0119
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0120
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0120
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0120
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0121
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0121
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0121
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0122
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0122
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0122
http://refhub.elsevier.com/S0001-2998(21)00048-9/sbref0122

	PET/CT Variants and Pitfalls in Prostate Cancer: What You Might See on PET and Should Never Forget
	Introduction
	Choline
	Physiological Uptake
	Prostate Cancer
	Benign Conditions
	Malignant Conditions

	FACBC Fluciclovine
	Physiological Uptake
	Prostate Cancer
	Benign Conditions
	Malignant Conditions

	PSMA
	Physiological Distribution
	Prostate Cancer
	Benign Conditions
	Malignant Conditions

	Conclusion
	References


