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prostate cancer molecular imaging requires imagers and clinicians alike to be aware of the
increasing number of potential interpretive pitfalls that have been reported. This review
summarizes and illustrates the spectrum of benign and malignant nonprostatic conditions
with high PSMA-radiotracer uptake that may be mistaken for sites of prostate cancer and
also discusses potential false negatives. We discuss the recent literature on the effect of
androgen deprivation therapy on lesion detection. Furthermore, we briefly review the
recently proposed structured reporting systems for the standardized interpretation of
PSMA-targeted PET that can guide both imaging specialists and referring clinicians in the
appropriate interpretation and work-up of pitfalls.
Semin Nucl Med 49:255-270 © 2019 Elsevier Inc. All rights reserved.
Introduction

Prostate-specific membrane antigen (PSMA), also known
as glutamate carboxypeptidase II, is a type II transmem-

brane glycoprotein1. PSMA is weakly expressed in normal
prostate tissue, overexpressed in prostate cancer, and expres-
sion levels are directly associated with prostate cancer
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aggressiveness.2 Over the last decade, multiple radiolabeled
small molecules, most of which have been based on a urea
scaffold, have been developed and have shown high affinity
to the extracellular domain active site of PSMA.3,4 The intro-
duction of 68Ga- and 18F-labeled PSMA-targeted ligands has
resulted in a paradigm shift in the imaging of prostate cancer.
A number of studies have confirmed the high detection rate
and excellent diagnostic performance of PSMA-targeted PET
for imaging men with prostate cancer.5,6

Despite the improved diagnostic performance of PSMA-
targeted agents relative to other methods of imaging prostate
cancer, an increasing number of studies have been published
describing various benign and nonprostate malignant condi-
tions that may give rise to increased PSMA-radiotracer
uptake. Recognition of potential sources of false-positive and
false-negative findings is important for accurate interpreta-
tion of PSMA-targeted PET imaging studies.7

This manuscript aims to update our previous review on
the potential interpretative pitfalls of PSMA-targeted PET
imaging.7 A spectrum of benign and malignant nonprostatic
PSMA-avid lesions, common sources of false positive and
false negative PSMA-targeted PET imaging, and the effect of
androgen deprivation therapy on PSMA expression will be
discussed. In addition, we will discuss the recently proposed
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structured reporting and data systems in interpretation of
PSMA-targeted PET imaging, which provide frameworks
through which an interpreting imaging specialist’s confi-
dence in a given finding can be communicated.
Figure 1 Maximum intensity projection image from a 66-year-old man
undergoing restaging for prostate cancer demonstrating the typical
biodistribution for most PSMA-targeted radiotracers (in this case,
18F-DCFPyL). Uptake is noted in the lacrimal glands, major salivary
glands, liver, spleen, kidneys, bowel, ureters, and urinary bladder.
General Pitfalls in Clinical
Interpretation of PSMA-targeted
PET Imaging
Physiologic Biodistribution
Currently, 68Ga-PSMA-HBED-CC (also known as 68Ga-
PSMA-11 or sometimes simply as 68Ga-PSMA) is the most
widely used radiotracer in clinical practice.8 However, there
has been aln increasing interest in the clinical use of
18F-labeled, PSMA-targeted PET imaging agents (eg,
18F-DCFBC, 18F-DCFPyL, 18F-PSMA-1007), due to their
favorable physical properties, higher production capacity,
and improved imaging characteristics.9

Biodistribution studies on 68Ga-PSMA-11 and
18F-DCFPyL-PSMA showed high radiotracer uptake in the
renal cortex, duodenum, ileum, parotid, submandibular
glands, lacrimal glands, all major salivary glands, liver,
and spleen8,10,11 (Fig. 1). Significant radiotracer accumula-
tion can be observed in the ureters and urinary bladder as
these radiotracers have high rates of renal excretion.11

Another 18F-labeled PSMA ligand, 18F-PSMA-1007, with
primarily hepatobiliary clearance, has been recently intro-
duced.12 Compared to 18F-DCFPyL, 18F-PSMA-1007 shows
significantly lower uptake in the kidneys, urinary bladder,
and lacrimal glands and higher uptake in the liver, gallblad-
der, spleen, pancreas, muscle, submandibular glands, and
sublingual glands.12,13 Nonurinary excretion of 18F-PSMA-
1007 might be advantageous for delineation of local recur-
rence or pelvic lymph node metastases.13

Radiopharmaceutical radiolysis causing excessive free
68Ga-citrate has been reported as a rare potential technical
pitfall affecting the biodistribution of 68Ga-PSMA.14 In a
recent case report, Hod, et al demonstrated altered biodistri-
bution of 68Ga-PSMA with high vascular activity in large ves-
sels including the aorta, inferior vena cava, subclavian, iliac
and femoral vessels and heart due to free 68Ga-citrate.14
Benign PSMA-Avid Pathologies on PSMA-
Targeted PET Imaging
Lymph Node Involvement and Interpretive Pitfalls
Lymph nodes are the second most common site of metastases in
prostate cancer.15 PSMA-targeted PET imaging is superior to con-
ventional imaging in the assessment of lymph node metastases,
even at low prostate specific antigen levels and in the detection of
small volume metastases (maximum diameter less than 1 cm).16

A recent meta-analysis confirmed high sensitivity (80%) and
specificity (97%) of 68Ga-PSMA-11 PET/CT in the assessment of
lymph node metastases in prostate cancer patients.5

Several studies that have demonstrated increased uptake of
68Ga-PSMA-11 or 18F DCFPyL in ganglia of the sympathetic
trunk, may serve as a potential source of misinterpreta-
tion.17-21 Approximately 97%-98.5% of patients undergoing
PSMA-targeted PET imaging have at least one sympathetic
ganglion with visually discernible PSMA uptake above back-
ground.17,20 68Ga-PSMA-11 uptake in sympathetic ganglia is
more frequently observed in cervical ganglia, followed by
coeliac, stellate, and sacral ganglia.20 The pattern of 18F-
DCFPyL PSMA-uptake is slightly different with a descending
frequency of radiotracer accumulation in lumbar ganglia, fol-
lowed by cervical, stellate, coeliac, and sacral ganglia17

(Fig. 2). A detailed summary of these studies is provided in
Table 1. Again, these findings can represent an important
diagnostic pitfall in the interpretation of PSMA-targeted PET
imaging, as they can potentially be misinterpreted as metasta-
ses to non-regional lymph nodes.7 This may lead to the mis-
diagnosis of metastatic disease in patients with localized
primary prostate cancer and could change the therapeutic
management from curative surgical treatment to a systemic
hormonal and/or chemotherapy.

As the sympathetic trunk runs along the vertebra, benign
PSMA uptake in sympathetic ganglia can also be mistaken
with bone metastasis, particularly if there is slight



Figure 2 (A) Coronal, attenuation-correction CT, (B) coronal 18F-
DCFPyL PET, and (C) coronal 18F-DCFPyL PET/CT images through
the neck and upper chest of a 66-year-old man presenting for stag-
ing of high-risk prostate cancer and demonstrating radiotracer
uptake in the cervical dorsal root ganglia and cervicothoracic/stellate
ganglia (red arrowheads). (D) Axial, attenuation-correction CT, (E)
axial 18F-DCFPyL PET and (F) axial 18F-DCFPyL PET/CT images
through the upper abdomen showing radiotracer uptake in the left
celiac ganglion (red arrowheads). (G) Sagittal, attenuation-correc-
tion CT, (H) sagittal 18F-DCFPyL PET, and (I) sagittal 18F-DCFPyL
PET/CT images to the left of midline demonstrating uptake in lum-
bar dorsal root ganglia (red arrowhead).

Table 1 Pattern of PSMA-Radiotracer Uptake in the Sympathe

Study Tracer
Number of
Patients

Rischpler C, 2018 68Ga-PSMA-11 407 prostate
cancer

Werner R, 2017 18F-DCFPyL
PSMA

76 prostate
cancer, 22 RCC

Kanthan GL, 2017 68Ga-PSMA-11 100 prostate cancer

Krohn T, 2015 68Ga-PSMA-11 86 prostate cancer
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misregistration between the PET and CT acquisitions or if the
uptake is distinctly unilateral.17

The intensity of PSMA-ligand uptake, localization and
configuration of the lesion help to differentiate between the
physiologic uptake of sympathetic ganglia and adjacent
lymph node metastases. Ganglia predominantly exhibit a
band-shaped configuration (71.2%) and rarely have nodular
appearance (2%). Lymph node metastases show significantly
more intense uptake, more often show teardrop or nodular
configuration, and rarely exhibit a band shaped appearance.
(1.1%).20 In addition, patients who exhibit high PSMA-
ligand uptake in one ganglion are more likely to have another
ganglion with increased uptake.17,20

Another recent study suggested that benign PSMA-tracer
uptake can be seen in the mediastinal or para-aortic thoracic
lymph nodes, as well as lymph nodes with follicular hyper-
plasia.22 In contrast to the lymph node metastases in prostate
cancer, mediastinal/para-aortic lymph nodes often occur iso-
lated, and usually present with significantly lower radiotracer
uptake (Fig. 3), which mostly decreases over time.22 In a
recent study by Afshar-Oromieh, et al, approximately 18.4%
and 7.9% of patients without lymph node metastases pre-
sented with at least one PSMA-positive mediastinal lymph
node at 1 hour p.i., and 3 hours p.i., respectively.22 The
authors recommended conducting additional late scans (eg,
at 3 hours p.i) in cases of questionable PSMA-positive lymph
nodes, as the majority of lymph node metastases present
with increasing radiotracer uptake over time.22
Bone Involvement
Bone is the most common site of distant metastasis in prostate
cancer and occurs in approximately 70%-84% of patients with
advanced prostate cancer.15 PSMA-targeted PET is an invalu-
able technique in assessing the extent of bone metastases in
men with prostate cancer.5 PSMA-targeted PET is found to be
ain Ganglia

east One
glion With
iotracer
ake

Prevalence of Positive
Ganglia

SUVmax

(Mean § SD)

/407
.5%)

>Cervical ganglia (91.8%) 2.4 § 0.6

>Celiac ganglia (89.4%) 2.9 § 0.8
>Sacral ganglia (45.5%) 1.7 § 0.5

8
.9%)

>Lumbar ganglia (76.5%) 1.76 § 0.31

>Cervical ganglia (71.4%) 1.82 § 0.34
>Stellate ganglia (61.2%) 1.67 § 0.47
>Celiac ganglia (58.2%) 1.77 § 0.59
>Sacral ganglia (8.2%) 1.91 § 0.45

reported >Celiac ganglia (45/100
right, 81/ 100 left)

2.6 right, 2.7 left

>Stellate ganglia (54/100
right, 74/100 left)

2.2 right, 2.4 left

5 (89.4%) Coeliac ganglia 2.97 § 0.88



Figure 3 (A) Axial, attenuation-correction CT, (B) axial 18F-DCFPyL PET, and (C) axial 18F-DCFPyL PET/CT images
through the chest from a 63-year-old man with low PSA (0.3 ng/mL) biochemical recurrence. Mild radiotracer uptake
is seen in right hilar and subcarinal lymph nodes (red arrowheads), most likely reflecting a granulomatous or other
inflammatory process and almost certainly not related to patient’s underlying prostate cancer.
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superior to 99mTc- bone scintigraphy and anatomic imaging, as
it can identify more skeletal lesions, bone marrow seeding and
osteolytic metastases, ll of which can be missed by conven-
tional imaging modalities.23,24

As discussed in our previous review,7 increased PSMA-
radiotracer uptake has been reported in a number of benign
bone pathologies, in the setting of increased vascularity,
bone remodeling, and reparative processes25 (Fig. 4). This
can lead to the erroneous identification of metastatic bone
disease (Stage cM1b). Correlation with clinical history, the
CT portion of the PET/CT, or other advanced imaging usu-
ally allows confident differentiation of prostate cancer bone
metastases from benign bone abnormalities.7

A commonly encountered cause of bone uptake in patients
undergoing PSMA-targeted PET is healing bone fractures7

and degenerative bone changes.26,27 Several case studies
have described increased 68Ga-PSMA-11 and 18F-DCFPyL
uptake in healing vertebral body compression fractures,
sacral fractures, rib fractures, and distal radius fracture.28-31

Paget bone disease has been known to simulate prostate cancer
bone metastases in patients undergoing PET imaging with multi-
ple different radiopharmaceuticals including 68Ga-PSMA-11,
Na18F, 18F-fluorocholine, and 11C-choline.32,33 Paget’s bone dis-
ease, also known as osteitis deformans, is a chronic metabolic
bone disease that commonly affects the axial skeleton, and is
Figure 4 (A) Sagittal, attenuation-correction CT, (B) sagitta
18F-DCFPyL PET and (C) sagittal 18F-DCFPyL PET/CT images at
midline in a 62-year-old man presenting for re-staging of prostate
cancer. Note the linear radiotracer uptake at a superior endplate L1
compression fracture; the uptake lacks the focality that would be
typical for a pathologic fracture.
l

characterized by increased osseous turnover and disorganized
remodeling.34 The imaging appearance of Paget disease is depen-
dent on the disease stage.35

Increased uptake of 18F-DCFPyL and 68Ga-PSMA-11
uptake have been described in cases of Paget disease with
involvement of pelvic bones, sacrum, humeral head, and
phalanx.28,33,36-39 On PSMA-targeted PET imaging, Paget
disease can demonstrate moderate to intense radiotracer
uptake, sometimes with a heterogeneous pattern.

Benign fibrous dysplasia with mild focal 68Ga-PSMA-11
uptake has been described in two case reports in the rib and
an iliac bone, with pathology confirmation.40,41 A recent
case report suggested that PSMA-targeted PET has the poten-
tial to map tumor neoangiogenesis to differentiate areas of
malignant transformation in fibrous dysplasia.42 In a patient
with a history of skull fibrous dysplasia, intense 68Ga-PSMA
uptake was observed in the areas of sarcomatous changes,
with only minimally increased uptake in the region of benign
fibrous dysplasia.42

Diffuse 68Ga-PSMA bone uptake has been recently
described in a patient with anemia43 (Fig. 5). Table 2 sum-
marizes the published case reports on benign bone lesions
with PSMA-targeted radiotracer uptake.

Pulmonary Involvement
Thoracic metastases are one of the uncommon sites of extra-
nodal metastases in patients with prostate cancer, after bone
and liver metastases, although involvement of the lungs can
be seen in advanced disease.15

Recent studies suggested that there is a high heterogeneity
in 68Ga-PSMA radiotracer uptake in pulmonary metastases
from prostate cancer.44 The majority of lung metastases from
prostate cancer highly overexpressed PSMA, while a relevant
number of metastases showed faint to no PSMA-targeted
radiotracer uptake, and therefore are not detected directly by
68Ga-PSMA PET.44-46

Several case reports have demonstrated moderate PSMA-
targeted radiotracer uptake in benign lung pathologies
including pulmonary opacities, bronchiectasis,47 nonob-
structive middle lobe syndrome,48 pneumoconiosis,49-51 and
granulomatous inflammatory diseases.52-54 It is therefore not
always possible to discriminate reliably between pulmonary
metastases from prostate cancer, primary lung carcinoma,
and benign pulmonary opacities based only on the SUV anal-
ysis of PSMA-targeted PET imaging.55



Figure 5 (A) Axial, attenuation-correction CT, (B) axial 18F-DCFPyL PET, and (C) axial 18F-DCFPyL PET/CT
images through the pelvis from a 71-year-old man with chronic anemia and activated bone marrow that shows
diffuse, mildly increased radiotracer uptake. (A) Axial, attenuation-correction CT, (B) axial 18F-DCFPyL PET,
and (C) axial 18F-DCFPyL PET/CT images from the pelvis of a 59-year-old man with normal hemoglobin level
and without activated bone marrow. No significant radiotracer uptake is visualized within the bone marrow.
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As mentioned above, PSMA radiotracer uptake has been
reported in infectious (reactivated tuberculosis as well as
tubercular calvarial and lung lesions)54,55 and noninfectious
granulomatous diseases, in patients with known or active
mediastinal, pulmonary, or abdominal (spleen, liver lesions)
sarcoidosis,52,53,56,57 and Wegener’s granulomatous.58

PSMA-uptake in the granulomatous diseases can be in part
explained by PSMA expression in neovasculature associated
with tissue regeneration and repair.25 However, the exact
mechanism of increased PSMA-radiotracer uptake in benign
pulmonary opacities is not yet completely understood. It has
been suggested that increased capillary permeability caused
by inflammation can result in a higher radiotracer activity in
the interstitial space.
Moderate to intense 68Ga-PSMA-11 uptake has been

reported in pneumoconiosis, including pulmonary beryllio-
sis, anthracosilicosis, and anthracnosis.49-51 In a recent
report, 68Ga-PSMA uptake was noted in hilar and mediasti-
nal lymphadenopathy (SUVmax up to 44.3), with fibrotic
and nodular pulmonary parenchymal changes (SUVmax up
to 21.2) that were compatible with chronic beryllium lung
disease on histopathology.51

Benign Neurogenic Tumors
PSMA-radiotracer uptake has been reported in several benign
neurogenic tumors including meningiomas,59,60 schwanno-
mas61-66 (Fig. 6), paragangliomas,67 and neurofibromas.68 A
summary of these studies is provided in Table 2.
Ischemic stroke is another cause of false-positive radio-

tracer uptake on PSMA-targeted PET imaging, which can
potentially mimic brain metastases. Increased 68Ga-PSMA-11
uptake in subacute cerebral and cerebellar infarcts have been
described in three case-reports of patients with prostate can-
cer undergoing restaging PSMA-targeted PET/CT.69-71 It has
been suggested that increased permeability of the blood-
brain barrier can lead to higher radiotracer uptake in areas of
ischemic stroke.

Increased 18F-DCFPyL-PSMA uptake has been reported in
a case of cerebral radionecrosis.72 Of note, the patient had a
history of metastatic castration-resistant prostate cancer with
external beam radiation to a dural based lesion 6 years prior
to the restaging PSMA-targeted imaging, with 18F-FDG PET/
CT, brain CT, and MRI suggestive of cerebral radionecrosis
with underlying myelinolysis.72

Lack of PSMA-radiotracer uptake in normal brain paren-
chyma results in excellent visualization of PSMA-avid brain
metastases, as it can provide high target-to-background
ratios.73 However, PSMA radiotracer uptake in the brain
should be interpreted with caution, as the above benign
pathologies,74,75 as well as gliomas,73,76 can mimic distant
metastases from prostate cancer.

Benign Vascular Tumors and Soft Tissue Lesions
Several case reports have shown the incidental intense
PSMA-radiotracer uptake in patients with benign vascular
tumors such as benign hepatic and vertebral hemangiomas
and a subcutaneous capillary hemangioma.77,78

PSMA-targeted radiotracer uptake has also been reported
in a variety of benign soft tissue lesions including the des-
moid tumor,79 nodular fascitis,80 intramuscular myxoma,81

angiolipoma,82 acrochordone,83 dermatofibroma,84 and
pseudoangiomatous stromal hyperplasia.85

Mild to moderate PSMA-uptake in the glandular tissue of
the breast has been reported in patients with gynecomas-
tia86,87 (Fig. 7). This pitfall is particularly important as many
prostate cancer patients had androgen deprivation either by
medical or surgical castration prior to the PSMA-targeted
PET imaging which can induce gynecomastia.



Table 2 Spectrum of Reported Benign Pathologies With PSMA-Uptake on PSMA-Targeted PET Imaging, That Can Mimick
Prostate Cancer Metastases

Pathology Radiotracer

Bone Paget disease28,33,36-39 68Ga-PSMA-11, 18F-DCFPyL
Fibrous dysplasia40,41 68Ga-PSMA-11
Degenerative changes 68Ga-PSMA-11
Schmorl’s node27

Lumbar osteophytes)26

Healing fracture7,28-31 68Ga-PSMA-11, 18F-DCFPyL, 18F-PSMA-1007
Lung Benign lung opacities and bronchiectasis47 68Ga-PSMA-11

Non obstructive middle lobe syndrome48 68Ga-PSMA-11
Granulomatous diseases 68Ga-PSMA-11, 18F-DCFPyL
Sarcoidosis (mediastinal, pulmonary, or
abdominal)52,53,56,57

Wegner granulomatosis58

Pneumoconiosis 68Ga-PSMA-11
Anthracosis, Anthracosilicosis49,50

Chronic berylliosis51

Tuberculosis (eg, reactivated tuberculosis,
tubercular calvarial and lung lesions)54,55

68Ga-PSMA-11

Benign soft tissue
lesions

Hemangioma 68Ga-PSMA-11

Vertebral hemangioma with/without extra
osseous extension77,75

Subcutaneous lobular capillary
hemangioma74

Benign liver hemangioma78

Intramuscular myxoma81

Desmoid tumor79 68Ga-PSMA-11
Nodular fasciitis80 68Ga-PSMA-11
Acrochordon83 68Ga-PSMA-11
Dermatofibroma84 68Ga-PSMA-11
Angiolipoma, multiple subcutaneous
lesions82

68Ga-PSMA-11

Gynecomastia86,87 68Ga-PSMA-11
Pseudo-angiomatous stromal hyperplasia of
breast85

68Ga-PSMA-11

Benign neurogenic
tumors/pathologies

Benign peripheral nerve sheath tumor (PNST) 68Ga-PSMA-11

Paravertebral schwannoma62,65

Pelvic mass-schwannoma61

Para esophageal Schwannoma66

PNST, soft tissue density in the left
adductor64

Neurofibromatosis type 168

Meningioma59,60 68Ga-PSMA-11
Paraganglioma of the urinary bladder67 68Ga-PSMA-11
Cerebral and cerebellar infarction69-71 68Ga-PSMA-11
Cerebral radionecrosis72 18F-DCFPyL

Gastrointestinal Pancreatic serous cystadenoma92 68Ga-PSMA-11
Intrapancreatic accessory spleen93

Diverticulum of the sigmoid colon94

Inflammatory changes in distal esophagus95

Benign hyperplastic polyp in distal
esophagus95

Adrenal Adrenal adenoma88,97 68Ga-PSMA-11, 18F-DCFPyL
Pheochromocytoma89

Enlarged adrenal gland without nodular
hyperplasia91

Miscellaneous Senile seminal vesicle amyloidosis90 68Ga-PSMA-11
Follicular thyroid adenoma96 68Ga-PSMA-11
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Figure 6 (A) Axial, T1, postcontrast magnetic resonance image of the brain of an 80-year-old man demonstrating a
peripherally enhancing, centrally cystic lesion at the left cerebellopontine angle (red arrowhead), consistent with a ves-
tibular schwannoma. This lesion demonstrates PSMA-targeted radiotracer uptake on (B) axial 18F-DCFPyL PET and
(C) axial 18F-DCFPyL PET/CT images through the brain (red arrowheads).
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A summary of published case reports describing the high
PSMA-radiotracer uptake in other benign pathologies is pro-
vided in Table 2.88-97
Malignant PSMA-Avid Pathologies Other
Than Prostate Cancer
PSMA expression in the tumor neovascular of a wide range of
nonprostatic malignancies has been shown through numer-
ous immunohistochemistry and clinical studies.98 With
increased clinical use of PSMA-targeted PET in the work up
of prostate cancer, an expanding number of case reports has
demonstrated the incidental detection of nonprostatic syn-
chronous tumors with high PSMA-uptake.42,55,73,76,99-142

A summary of published case reports on nonprostatic malig-
nant entities that show uptake on PSMA-ligand PET imaging
is provided in Table 3.
The role of PSMA-targeted imaging in nonprostatic can-

cers has been discussed in detail in a previous review.98

A number of recent pilot studies support the potential role of
PSMA-targeted PET imaging in the work-up of patients with
renal cell carcinoma128,143-147 (Fig. 8), thyroid cancer,105

breast cancer,123 and hepatocellular carcinoma.110 68Ga-
PSMA-11 PET-CT appears to be superior to 18F-FDG PET-
Figure 7 (A) Maximum intensity projection PET image, and (B
PET, and (D) axial 18F-DCFPyL PET/CT images through the ch
cer manifest as multiple abdominal and pelvic lymph nodes a
Note the moderate uptake in gynecomastia (red arrowheads).
CT in imaging patients with HCC (n = 7)110 and metastatic
differentiated thyroid cancer (n = 10).105 Compared to con-
ventional imaging, the superior performance of 18F-DCFPyL
or 68Ga-PSMA-11 PET imaging in the detection of metastases
in advanced RCC has been shown in multiple studies.128,143

The nonexclusivity of PSMA avidity can potentially pave
the way to expand the PSMA theranostic concept outside of
prostate cancer.148 However, further studies with larger
numbers of patients are needed to validate these results.
Loss of PSMA Expression in Prostate Cancer
Prostate cancer with neuroendocrine differentiation (NEPC)
has been increasingly reported as a common cause of false
negative PSMA-targeted PET/CT.149-152 The use of potent
antiandrogens, loss of P53, and lineage plasticity all contrib-
ute to the significant suppression of PSMA and increasing
prevalence of NEPC.153-155

NEPC is most frequently observed in the advanced stages
of disease and is associated with frequent visceral metasta-
ses.153 Under androgen deprivation therapy, tumors progress
to castration-resistant prostate cancer and can subsequently
develop the neuroendocrine phenotype.155 This phenome-
non is associated with significant decline in the expression of
) axial attenuation-correction CT, (C) axial 18F-DCFPyL
est from a 65-year-old man with recurrent prostate can-
nd peritoneal implants as visualized on the MIP in (A).



Table 3 Summary of Published Case Reports on Nonprostatic
Malignant Entities With PSMA-Uptake on PSMA-Targeted
PET Imaging

Malignancy

Hematologic Follicular lymphoma: increased
uptake in lymph nodes99,100

Multiple myeloma101,112

Thyroid Metastatic differentiated thyroid
cancer105

Follicular and papillary thyroid
carcinoma102-104,137

Medullary thyroid cancer106

Gastrointestinal Gastrointestinal stromal tumor with
gastric origin107,108

Signet ring cell gastric carcinoma118

Colorectal
adenocarcinoma114,115,117

Metastatic small bowel carcinoid
tumor116

Hepatocellular carcinoma110,111,113

Combined hepatocellular
cholangiocarcinoma119

Pancreatic neuroendocrine
tumor109,138

Head and neck Oropharynx squamous cell
carcinoma (tongue)120

Adenoid cystic carcinoma of the
maxillary sinus130

Breast Ductal and lobular breast
carcinoma123,139,142

Triple-negative bilateral breast
carcinoma140

Brain Metastatic Intracranial
hemangiopericytoma131

Glioblastoma multiform, anaplastic
astrocytoma76

Recurrent gliomas73

Genitourinary Metastatic renal cell
carcinoma125,126,128,143-147

Metastatic urothelial carcinoma of
ureter127

Urinary bladder adenocarcinoma129

Metastatic penile squamous cell
carcinoma124

Lung Primary lung cancer55,141

Metastatic nonsmall cell lung
cancer134

Malignant pleural mesothelioma133

Miscellaneous Osteosarcoma42

Metastatic malignant melanoma132

Thymoma135

Liposarcoma136

Metastatic adrenocortical
carcinoma121
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androgen receptor, PSMA, PSA, and also with increased
expression of neuroendocrine tumor markers such as
somatostatin receptor, chromogranin A, synaptophysin,
CD56, and NSE.156

Thus far, several case reports have described the loss of
PSMA-targeted radiotracer uptake or only faint radiotracer
uptake in different subtypes of NEPC including its rare vari-
ant small cell carcinoma of the prostate.149,150,157,158

Growing number of reports have suggested the alternative
use of somatostatin receptor-targeted PET (eg, 68Ga-DOTA-
NOC, or 68Ga-DOTATATE), and to a lesser extend 18F-FDG
PET, in the restaging and management of patients with
NEPC.151,152,158-160 Imaging surveillance with somatostatin
receptor-targeted PET can potentially be considered for early
detection of neuroendocrine transformation, particularly in
advanced prostate cancer patients being treated with andro-
gen deprivation. Further studies need to evaluate the indica-
tions and possibility of somatostatin receptor-targeted
radionuclide therapy in patients with NEPC.

Intertumoral heterogeneity of 68Ga-PSMA-11 uptake in
sites of prostate cancer metastases (eg, pulmonary metasta-
ses) have been reported in a number of studies.44,150 Inter-
estingly, there have been reports that prostate cancer
metastatic lesions can demonstrate metabolic heterogeneity
with variable radiotracer uptake on 18F-FDG, somatostatin
receptor-targeted, and PSMA-targeted PET imaging.161,44

This can be at least partially explained in some cases by the
degree and extent of neuroendocrine differentiation.

Tosoian et al, showed highly variable 18F-DCFPyL uptake
in known sites of prostate cancer metastases, with no radio-
tracer uptake in liver metastases and moderate uptake in the
peritoneal metastases in a patient with NEPC.150 Lesion-
specific genomic and histologic analysis showed neuroendo-
crine differentiation in the liver lesions with a mixed
neuroendocrine/adenocarcinoma phenotype in the perito-
neal metastases.150

The loss of PSMA expression has been also described in a
case of castration resistant acinar prostate adenocarcinoma
after docetaxel-based chemotherapy162 (Fig. 9). In that case,
PSMA-targeted PET/CT showed decreased radiotracer uptake
in all lesions. Subsequent 18F-FDG-PET/CT revealed a differ-
ent radiotracer distribution pattern with strongly 18F-FDG-
avid new bone and lymph node metastases. Histological
analysis showed progressive dedifferentiation with the reten-
tion of acinar features. Immunohistochemical analyses con-
firmed the loss of PSMA expression with no expression of
neuroendocrine markers.162
Effect of Prior Androgen Deprivation Therapy
on Lesion Detection
The temporal relationship between androgen deprivation
therapy and PSMA expression has been explored in several
recent studies in mouse xenograft models and a limited num-
ber of clinical patients with prostate cancer. These studies
have suggested that, at least in the short term, inhibition of
androgen receptor can increase PSMA expression in prostate
cancer metastases.163,164

Hope et al reported a 1.5-2-fold increase in PSMA uptake
in mouse xenografts bearing androgen sensitive human pros-
tate adenocarcinoma 4 days after treatment with both orchi-
ectomy and antiandrogen therapy with apalutamide.
Similarly, 68Ga-PSMA PET/CT imaging 4 weeks after the



Figure 9 (A) Axial, attenuation-correction CT, (B) axial 18F-DCFPyL PET, and (C) axial 18F-DCFPyL PET/CT images
through the abdomen in a 62-year-old man with metastatic prostate cancer demonstrating large retroperitoneal lymph
nodes that lack significant radiotracer uptake (red arrowheads). Subsequent biopsy confirmed adenocarcinoma with-
out neuroendocrine differentiation but with relatively little PSMA expression.

Figure 8 (A) Axial, T1, postcontrast magnetic resonance image, (B) axial 18F-DCFPyL PET and, (C) axial 18F-DCFPyL
PET/CT images of the brain from a 40-year-old woman with history of metastatic clear cell renal cell carcinoma. The
enhancing focus in the left frontal lobe (red arrowhead in (A)) is consistent with a site of metastatic disease, and this
lesion has focal radiotracer uptake (read arrowheads in (B) and (C)). Postsurgical changes from prior left frontal crani-
otomy for resection of another metastatic lesion are also present.
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initiation of androgen deprivation therapy in a patient with
castration-sensitive prostate cancer showed a 7-fold increase
in radiotracer uptake of known lesions with visualization of
several additional lesions.164

Another study on mouse xenografts bearing human castra-
tion resistant prostate cancer confirmed the upregulation of
PSMA expression in response to androgen deprivation ther-
apy, evident by flow cytometry and 68Ga-PSMA-11 PET
imaging. 68Ga-PSMA-11 PET/CT imaging performed on days
23, 29, 34, and 39 postandrogen deprivation therapy with
enzalutamide, showed up to 2.3-fold increase in PSMA-
targeted radiotracer uptake.163

Zacho et al suggested a presence of the bone flare phenom-
enon to androgen deprivation therapy on 68Ga-PSMA PET/
CT in a patient with hormone-sensitive prostate cancer.165

Imaging 6 weeks after the initiation of androgen deprivation
therapy showed complete regression in size and uptake of
most PSMA-avid lymph nodes, with increased PSMA-
targeted radiotracer uptake in known bone metastases and
several new sclerotic bone lesions with moderate to high
uptake.165 A decrease in PSA level and skeletal PSMA-
radiotracer uptake were observed 13 weeks after the initia-
tion of androgen deprivation therapy.165 Similarly, a recent
case report showed bone flare phenomenon on 18F DCFPyL
PET/CT in a patient with castration-resistant prostate cancer
10 weeks after Enzalutamide therapy (second-generation
antiandrogen).166
Chemical castration is typically achieved within 3-4 weeks
after starting androgen deprivation therapy, however it is
highly variable depending on the agent used.164,167 How-
ever, the precise temporal relationship between initiation of
androgen deprivation therapy and PSMA upregulation needs
to be further investigated. The optimal timing of PSMA-
targeted PET to assess therapy response is essential to reduce
the false positive uptake of PSMA after androgen deprivation
therapy and improve the specificity.

It has been proposed that blocking of the androgen sig-
naling axis may lead to PSMA upregulation and, conse-
quently, more effective PSMA radioligand therapies.163 A
recent study by L€uckerath et al compared the efficacy of
PSMA-targeted radioligand therapy with 177Lu-PSMA-617
and a combination of androgen antagonism and radioligand
therapy with enzalutamide + 177Lu-PSMA617 in prostate
cancer mouse xenografts. They showed that enzalutamide-
induced PSMA expression does not retard tumor growth
more profoundly than 177Lu-PSMA-617 alone, with no
significant change in the overall survival of two groups.163
Standardized Reporting Systems for
Interpretation of PSMA-Targeted Imaging
With increased adoption of PSMA-targeted PET/CT imaging
and radioligand therapy in clinical trials, it is crucial to have



Table 4 The Molecular Imaging-RADS Classification Schema

MI-RADS Classification Work-Up

1 1A Lesions without radiotracer uptake that are definitively benign
(characterized by biopsy or anatomic imaging)

Definitively benign No PRRT

1B Lesions with radiotracer uptake that are definitively benign
(characterized by biopsy or anatomic imaging)

No PRRT

2 Low level radiotracer uptake in bone or soft tissue sites that would
be Atypical for metastatic prostate cancer/NETs

Likely benign No PRRT

3 3A Equivocal radiotracer uptake in soft tissue lesions in a distribution
typical for prostate cancer/NETs

Equivocal Biopsy, Alternatively
follow-up imaging*

3B Equivocal radiotracer uptake in bone lesions that are not clearly
benign

3C High radiotracer uptake in lesions that would be atypical for
prostate cancer/NET but may represent a nonprostate
cancer/NETs malignancy

3D Lesion without radiotracer uptake but concerning for the presence
of malignancy on anatomic imaging

4 High radiotracer uptake in site typical of prostate cancer/NETs but
lack a definitive anatomic abnormality

Highly likely prostate
cancer/NETs

Eligible for PRRT

5 High radiotracer uptake in site typical for prostate cancer/NETs
with corresponding anatomic findings

Definitively prostate
cancer/NETs

Eligible for PRRT

NETs, neuroendocrine tumors; PRRT, peptide receptor radionuclide therapy.
*MI-RADS-3A: Biopsy (if targetable for biopsy). Alternatively, progression on follow-up imaging can confirm the diagnosis (initial follow-up period

of 3-6 months).
MI-RADS-3B: Comparison to bone scan, 18F NaF PET, or tumor-protocol MR images may be helpful. Bone biopsy or alternatively follow-up

imaging to confirm progression (initial follow-up period of 3-6 months).
MI-RADS-3C and 3D: Biopsy to confirm diagnosis histologically is often preferred, although organ-specific follow-up imaging may be done.

264 S. Sheikhbahaei et al.
a standardized approach for image interpretation. Over the
last 2 years, several standardized framework systems for
the interpretation of molecular imaging studies have been
proposed. These include the NETPET score for the interpre-
tation of combined somatostatin receptor (SSTR) and
18F-FDG PET/CT in metastatic neuroendocrine tumors
(NETs),168 molecular imaging tumor-node-metastasis system
(miTNM) version 1.0,20 PSMA reporting and data system
(PSMA-RADS) version 1.0,166,169 SSTR-RADS version
1.0,170 and subsequently molecular imaging reporting and
data systems (MI-RADS) for the interpretation of two most
commonly used classes of theranostic PET imaging probes,
those targeting PSMA and SSTR.171
mi-TNM
The miTNM, version 1.0 was proposed by Eiber et al in 2018
as a structured reporting framework for the interpretation of
PSMA-ligand PET/CT or PET/MRI.20 The miTNM classifica-
tion organizes findings in comprehensible categories based
on the TNM classification, that is, the extent of local tumor,
involvement of pelvic lymph nodes, and the presence of dis-
tant metastases; pattern of disease distribution. The system
also incorporates a measure of PSMA expression, the miP-
SMA score, and conveys a level of certainty.20

PSMA expression level is determined visually and in rela-
tion to the mean uptake in the blood pool, parotid gland,
and liver (or spleen for PSMA ligands with liver-dominant
excretion). miPSMA is scored using a 4-point scale, defined
as score 0 (uptake below the blood pool), score 1 (uptake
equal to or above blood pool and lower than liver), score 2
(uptake equal to or above liver* and lower than parotid
gland), score 3 (uptake equal to or above parotid gland),
with these levels of uptake corresponding to no, low, inter-
mediate, or high PSMA expression, respectively.20
MI-RADS
In 2018, Rowe et al proposed a structured reporting and data
system, termed PSMA-RADs, for interpretation of PSMA-tar-
geted PET imaging in prostate cancer.166,169 Later, SSTR-
RADS were proposed for interpretation of SSTR-targeted
imaging in NETs.170 Both classification systems have similar
structures and were subsequently combined under the
umbrella term of MI-RADS. MI-RADS serve as a standardized
assessment for both diagnosis and treatment planning in
prostate cancer and NETs.171 The goal of this structured
framework is to avoid the pitfalls described above by assign-
ing a level of certainty to a given finding.

The MI-RADS classification is based on the site of involve-
ment, and the intensity of radiotracer uptake, using a
five-point scale with higher numbers indicating a greater
probability of prostate cancer/ NETs involvement.171 Table 4
summarizes the MI-RADS classification schema.

The radiotracer-specific details, normal biodistribution,
and common pitfalls of PSMA- and SSTR-targeted imaging
were considered to define each category.171 Thus, this classi-
fication can convey the level of confidence of the imaging
specialist on the presence of a prostate cancer/NETs lesions
and the potential need for any additional work-up.169,171 A
recent study showed an excellent interobserver agreement in
interpretation of 18F-DCFPyL PET/CT using the PSMA-
RADS classification scheme.172
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The most complex MI-RADs category, is MI-RADS-3 or
indeterminate findings. MI-RADS-3 is divided in to 4 subca-
tegories171: MI-RADS-3A and MI-RADS-3B represent soft tis-
sue or bone lesions with equivocal radiotracer uptake with
uncertainty whether a given lesion is compatible with pros-
tate cancer/NETs. MI-RADS-3C represents high radiotracer
uptake in lesions that would be atypical for Prostate cancer/
NET, and may suggest the presence of another PSMA- or
SSTR-avid malignancy. Lesions without radiotracer uptake
but suspicious for malignancy on anatomic imaging are cate-
gorized as MI-RADS-3D. MI-RADS-3D may indicate non-
PSMA or SSTR-avid malignancies or aggressive tumors such
as NEPC.171

Yin, et al followed a series of indeterminate PSMA-RADS-
3A and PSMA-RADS-3B lesions to determine how frequently
they manifest as true positive prostate cancer malignancy on
the follow-up imaging (median follow-up 10 months).173

Approximately 75.0% of PSMA-RADS-3A lymph node
lesions and 21.4% of PSMA-RADS-3B bone lesions demon-
strated changes on subsequent imaging compatible with the
presence of prostate cancer.173 The presence of additional
definitive sites of prostate cancer (PSMA-RADS-4 and PSMA-
RADS-5 lesions), increased the likelihood that indeterminate
lesions would manifest as true positive on follow-up.173
Conclusions
The continuing adoption of PSMA-targeted PET for prostate
cancer molecular imaging requires imagers and clinicians
alike to be aware of the increasing number of potential inter-
pretive pitfalls that have been reported. Furthermore, new
structured reporting systems will help communicate the level
of confidence that sites of uptake represent prostate cancer
and will guide the selection of work-up options for indeter-
minate findings, although more work is necessary to validate
such systems. In addition to our previous review on this
topic,7 this update can serve as a valuable reference for
known PSMA-targeted PET pitfalls.
References
1. Foss CA, Mease RC, Cho SY, et al: GCPII imaging and cancer. Curr

Med Chem 19:1346-1359, 2012. https://doi.org/10.1148/CDT-EPUB-
20120203-009. [pii]

2. Marchal C, Redondo M, Padilla M, et al: Expression of prostate specific
membrane antigen (PSMA) in prostatic adenocarcinoma and prostatic
intraepithelial neoplasia. Histol Histopathol 19:715-718, 2004

3. Maurer T, Eiber M, Schwaiger M, et al: Current use of PSMA-PET in
prostate cancer management. Nat Rev Urol 13:226-235, 2016. https://
doi.org/10.1148/nrurol.2016.26. [pii] 10.1038/nrurol.2016.26

4. Hofman MS, Hicks RJ, Maurer T, et al: Prostate-specific Membrane
antigen PET: Clinical utility in prostate cancer, normal patterns, pearls,
and pitfalls. Radiographics 38:200-217, 2018. https://doi.org/10.1148/
rg.2018170108

5. Perera M, Papa N, Christidis D, et al: Sensitivity, specificity, and predictors
of positive 68Ga-prostate-specific membrane antigen positron emission
tomography in advanced prostate cancer: A systematic review and meta-
analysis. Eur Urol 70:926-937, 2016. https://doi.org/10.1148/S0302-
2838(16)30293-7. [pii] 10.1016/j.eururo.2016.06.021

6. Eiber M, Maurer T, Souvatzoglou M, et al: Evaluation of hybrid (6)(8)
Ga-PSMA ligand PET/CT in 248 patients with biochemical recurrence
after radical prostatectomy. J Nucl Med 56:668-674, 2015. https://doi.
org/10.1148/jnumed.115.154153. [pii] 10.2967/jnumed.115.154153

7. Sheikhbahaei S, Afshar-Oromieh A, Eiber M, et al: Pearls and pitfalls in
clinical interpretation of prostate-specific membrane antigen (PSMA)-
targeted PET imaging. Eur J Nucl Med Mol Imaging 44:2117-2136,
2017. https://doi.org/10.1007/s00259-017-3780-7

8. Afshar-Oromieh A, Malcher A, Eder M, et al: PET imaging with a
[68Ga]gallium-labelled PSMA ligand for the diagnosis of prostate can-
cer: Biodistribution in humans and first evaluation of tumour lesions.
Eur J Nucl Med Mol Imaging 40:486-495, 2013. https://doi.org/
10.1007/s00259-012-2298-2

9. Sanchez-Crespo A: Comparison of gallium-68 and fluorine-18 imaging
characteristics in positron emission tomography. Appl Radiat Isot
76:55-62, 2013. https://doi.org/10.1007/S0969-8043(12)00470-8.
[pii] 10.1016/j.apradiso.2012.06.034

10. Chen Y, Pullambhatla M, Foss CA, et al: 2-(3-{1-carboxy-5-[(6-[18F]
fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pen tanedioic
acid, [18F]DCFPyL, a PSMA-based PET imaging agent for prostate
cancer. Clin Cancer Res 17:7645-7653, 2011. https://doi.org/10.1007/
1078-0432.CCR-11-1357. [pii] 10.1158/1078-0432.CCR-11-1357

11. Pfob CH, Ziegler S, Graner FP, et al: Biodistribution and radiation
dosimetry of (68)Ga-PSMA HBED CC-a PSMA specific probe for PET
imaging of prostate cancer. Eur J Nucl Med Mol Imaging 43:1962-
1970, 2016. https://doi.org/10.1007/s00259-016-3424-3. 10.1007/
s00259-016-3424-3 [pii]

12. Cardinale J, Schafer M, Benesova M, et al: Preclinical Evaluation of
18F-PSMA-1007, a new prostate-specific membrane antigen ligand for
prostate cancer imaging. J Nucl Med 58:425-431, 2017. https://doi.
org/10.2967/jnumed.116.181768. [pii] 10.2967/jnumed.116.181768

13. Giesel FL, Will L, Lawal I, et al: Intraindividual comparison of (18)F-
PSMA-1007 and (18)F-DCFPyL PET/CT in the prospective evaluation
of patients with newly diagnosed prostate carcinoma: A pilot study.
J Nucl Med 59:1076-1080, 2018. https://doi.org/10.2967/jnumed.
117.204669

14. Hod N, Anconina R, Levin D, et al: Technical pitfall in 68Ga-prostate
specific membrane antigen imaging: Altered biodistribution caused by
free 68Ga-citrate due to radiolysis showing increased vascular activity.
Clin Nucl Med 43:e203-e205, 2018. https://doi.org/10.1097/
RLU.0000000000002087

15. Gandaglia G, Abdollah F, Schiffmann J, et al: Distribution of metastatic
sites in patients with prostate cancer: A population-based analysis.
Prostate 74:210-216, 2014. https://doi.org/10.1002/pros.22742

16. Maurer T, Gschwend JE, Rauscher I, et al: Diagnostic efficacy of (68)
gallium-PSMA positron emission tomography compared to conven-
tional imaging for lymph node staging of 130 consecutive patients
with intermediate to high risk prostate cancer. J Urol 195:1436-1443,
2016. https://doi.org/10.1016/j.juro.2015.12.025

17. Werner RA, Sheikhbahaei S, Jones KM, et al: Patterns of uptake of
prostate-specific membrane antigen (PSMA)-targeted (18)F-DCFPyL in
peripheral ganglia. Ann Nucl Med 31:696-702, 2017. https://doi.org/
10.1007/s12149-017-1201-4

18. Beheshti M, Rezaee A, Langsteger W: 68Ga-PSMA-HBED uptake
on cervicothoracic (stellate) ganglia, a common pitfall on PET/CT.
Clin Nucl Med 42:195-196, 2017. https://doi.org/10.1097/RLU.
0000000000001518

19. Kanthan GL, Hsiao E, Vu D, et al: Uptake in sympathetic ganglia on
(68) Ga-PSMA-HBED PET/CT: A potential pitfall in scan interpreta-
tion. J Med Imaging Radiat Oncol 61:732-738, 2017. https://doi.org/
10.1111/1754-9485.12622

20. Rischpler C, Beck TI, Okamoto S, Schlitter AM, Knorr K, Schwaiger M,
et al: (68)Ga-PSMA-HBED-CC uptake in cervical, celiac, and sacral ganglia
as an important pitfall in prostate cancer PET imaging. J Nucl Med
59:1406-1411, 2018. https://doi.org/10.2967/jnumed.117.204677

21. Krohn T, Verburg FA, Pufe T, et al: [(68)Ga]PSMA-HBED uptake mim-
icking lymph node metastasis in coeliac ganglia: An important pitfall in
clinical practice. Eur J Nucl Med Mol Imaging 42:210-214, 2015.
https://doi.org/10.1007/s00259-014-2915-3

22. Afshar-Oromieh A, Sattler LP, Steiger K, et al: Tracer uptake in medias-
tinal and paraaortal thoracic lymph nodes as a potential pitfall in image

https://doi.org/10.1148/CDT-EPUB-20120203-009
https://doi.org/10.1148/CDT-EPUB-20120203-009
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0002
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0002
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0002
https://doi.org/10.1148/nrurol.2016.26
https://doi.org/10.1148/rg.2018170108
https://doi.org/10.1148/rg.2018170108
https://doi.org/10.1148/S0302-2838(16)30293-7
https://doi.org/10.1148/S0302-2838(16)30293-7
https://doi.org/10.1148/jnumed.115.154153
https://doi.org/10.1007/s00259-017-3780-7
https://doi.org/10.1007/s00259-012-2298-2
https://doi.org/10.1007/S0969-8043(12)00470-8
https://doi.org/10.1007/S0969-8043(12)00470-8
https://doi.org/10.1007/1078-0432.CCR-11-1357
https://doi.org/10.1007/1078-0432.CCR-11-1357
https://doi.org/10.1007/s00259-016-3424-3
https://doi.org/10.1007/s00259-016-3424-3
https://doi.org/10.2967/jnumed.116.181768
https://doi.org/10.2967/jnumed.<?A3B2 re 3j?>117.204669
https://doi.org/10.2967/jnumed.<?A3B2 re 3j?>117.204669
https://doi.org/10.1097/RLU.0000000000002087
https://doi.org/10.1097/RLU.0000000000002087
https://doi.org/10.1002/pros.22742
https://doi.org/10.1016/j.juro.2015.12.025
https://doi.org/10.1007/s12149-017-1201-4
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001518
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001518
https://doi.org/10.1111/1754-9485.12622
https://doi.org/10.2967/jnumed.117.204677
https://doi.org/10.1007/s00259-014-2915-3


266 S. Sheikhbahaei et al.
interpretation of PSMA ligand PET/CT. Eur J Nucl Med Mol Imaging
45:1179-1187, 2018. https://doi.org/10.1007/s00259-018-3965-8

23. Lengana T, Lawal IO, Boshomane TG, et al: (68)Ga-PSMA PET/CT
replacing bone scan in the initial staging of skeletal metastasis in pros-
tate cancer: A fait accompli? Clin Genitourin Cancer 16:392-401,
2018. https://doi.org/10.1016/j.clgc.2018.07.009

24. Janssen JC, Woythal N, Meissner S, et al: [(68)Ga]PSMA-HBED-CC
uptake in osteolytic, osteoblastic, and bone marrow metastases of pros-
tate cancer patients. Mol Imaging Biol 19:933-943, 2017. https://doi.
org/10.1007/s11307-017-1101-y

25. Gordon IO, Tretiakova MS, Noffsinger AE, et al: Prostate-specific
membrane antigen expression in regeneration and repair. Mod Pathol
21:1421-1427, 2008. https://doi.org/10.1007/modpathol2008143.
[pii] 10.1038/modpathol.2008.143

26. Sahoo MK, Ahlawat K, Yadav R, et al: Schmorl’s node: Confusion
still persists in 68Ga-prostate-specific membrane antigen ligand
PET/CT. Clin Nucl Med 43:679-681, 2018. https://doi.org/10.
1097/RLU.0000000000002196

27. Jochumsen MR, Madsen MA, Gammelgaard L, et al: Lumbar osteo-
phyte avid on 68Ga-prostate-specific membrane antigen PET/CT.
Clin Nucl Med 43:456-457, 2018. https://doi.org/10.1097/RLU.
0000000000002065

28. Bourgeois S, Gykiere P, Goethals L, et al: Aspecific uptake of 68GA-
PSMA in paget disease of the bone. Clin Nucl Med 41:877-878, 2016.
https://doi.org/10.1097/RLU.0000000000001335

29. Hoberuck S, Michler E, Kaiser D, et al: Prostate-specific membrane antigen
expression in distal radius fracture. Clin Nucl Med 43:611-613, 2018.
https://doi.org/10.1097/RLU.0000000000002156

30. Panagiotidis E, Paschali A, Giannoula E, et al: Rib Fractures mimicking
bone metastases in 18F-PSMA-1007 PET/CT for prostate cancer. Clin
Nucl Med 2018. https://doi.org/10.1097/RLU.0000000000002354

31. Vamadevan S, Le K, Bui C, et al: Incidental PSMA uptake in an undis-
placed fracture of a vertebral body. Clin Nucl Med 2017. https://doi.
org/10.1097/RLU.0000000000001599

32. Leitch CE, Goenka AH, Howe BM, et al: Imaging features of Paget’s dis-
ease on (11)C choline PET/CT. Am J Nucl Med Mol Imaging 7:105-110,
2017

33. Derlin T, Weiberg D, Sohns JM: Multitracer molecular imaging of Paget
disease targeting bone remodeling, fatty acid metabolism, and PSMA
expression on PET/CT. Clin Nucl Med 41:991-992, 2016. https://doi.
org/10.1097/RLU.0000000000001413

34. Tu SM, Som A, Tu B, et al: Effect of Paget’s disease of bone (osteitis
deformans) on the progression of prostate cancer bone metastasis.
Br J Cancer 107:646-651, 2012. https://doi.org/10.1097/bjc2012315.
[pii] 10.1038/bjc.2012.315

35. Smith SE, Murphey MD, Motamedi K, et al: From the archives of the
AFIP. Radiologic spectrum of Paget disease of bone and its complica-
tions with pathologic correlation. Radiographics 22:1191-1216, 2002.
https://doi.org/10.1148/radiographics.22.5.g02se281191

36. Rowe SP, Deville C, Paller C, et al: Uptake of 18F-DCFPyL in Paget’s
disease of bone, an important potential pitfall in clinical interpretation
of PSMA PET studies. Tomography 1:81-84, 2016. https://doi.org/
10.18383/j.tom.2015.00169

37. Artigas C, Alexiou J, Garcia C, et al: Paget bone disease demonstrated
on (68)Ga-PSMA ligand PET/CT. Eur J Nucl Med Mol Imaging
43:195-196, 2016. https://doi.org/10.1007/s00259-015-3236-x.
10.1007/s00259-015-3236-x [pii]

38. Blazak JK, Thomas P: Paget disease: A potential pitfall in PSMA PET for
prostate cancer. Clin Nucl Med 41:699-700, 2016. https://doi.org/
10.1097/RLU.0000000000001296

39. Sasikumar A, Joy A, Nanabala R, et al: 68Ga-PSMA PET/CT false-posi-
tive tracer uptake in Paget disease. Clin Nucl Med 41:e454-e455,
2016. https://doi.org/10.1097/RLU.0000000000001340

40. De Coster L, Sciot R, Everaerts W, et al: Fibrous dysplasia mimicking
bone metastasis on 68GA-PSMA PET/MRI. Eur J Nucl Med Mol Imag-
ing 2017. https://doi.org/10.1007/s00259-017-3712-6

41. Kirchner J, Schaarschmidt BM, Sawicki LM, et al: Evaluation of
practical interpretation hurdles in 68Ga-PSMA PET/CT in 55
patients: Physiological tracer distribution and incidental tracer
uptake. Clin Nucl Med 42:e322-e327, 2017. https://doi.org/10.
1097/RLU.0000000000001672

42. Sasikumar A, Joy A, Pillai MRA, et al: 68Ga-PSMA PET/CT in osteosar-
coma in fibrous dysplasia. Clin Nucl Med 42:446-447, 2017. https://
doi.org/10.1097/RLU.0000000000001646

43. Keidar Z, Gill R, Goshen E, et al: 68Ga-PSMA PET/CT in prostate
cancer patients—Patterns of disease, benign findings and pitfalls.
Cancer Imaging 18:39, 2018. https://doi.org/10.1186/s40644-018-
0175-3

44. Perez PM, Hope TA, Behr SC, et al: Intertumoral heterogeneity of
18F-FDG and 68Ga-PSMA uptake in prostate cancer pulmonary
metastases. Clin Nucl Med 2018. https://doi.org/10.1097/RLU.
0000000000002367

45. Damjanovic J, Janssen JC, Furth C, et al: (68) Ga-PSMA-PET/CT for
the evaluation of pulmonary metastases and opacities in patients with
prostate cancer. Cancer Imaging 18:20, 2018. https://doi.org/10.1186/
s40644-018-0154-8

46. Shetty D, Loh H, Bui C, et al: Non-prostate-specific membrane antigen-
avid metastatic lung nodule from primary prostatic adenocarcinoma.
Clin Nucl Med 41:776-778, 2016. https://doi.org/10.1097/RLU.
0000000000001329

47. Bouchelouche K, Vendelbo MH: Pulmonary opacities and bronchiecta-
sis avid on 68Ga-PSMA PET. Clin Nucl Med 42:e216-e217, 2017.
https://doi.org/10.1097/RLU.0000000000001568

48. Pedersen MA, Bouchelouche K, Vendelbo MH: 68Ga-PSMA uptake in
middle lobe syndrome. Clin Nucl Med 43:e376-e377, 2018. https://
doi.org/10.1097/RLU.0000000000002213

49. Elri T, Aras M, Salihoglu YS, et al: A potential pitfall in the use of
68Ga-PSMA PET/CT: Anthracosis. Rev Esp Med Nucl Imagen Mol
36:65-66, 2017. https://doi.org/10.1097/S2253-654X(16)30073-7.
[pii] 10.1016/j.remn.2016.06.011

50. McGuiness M, Sounness B: 68Ga-PSMA-ligand PET/CT uptake in
anthracosilicosis. Clin Nucl Med 42:e431-e432, 2017. https://doi.org/
10.1097/RLU.0000000000001782

51. Huang K, Baur AD, Furth C: Prostate-specific membrane antigen-posi-
tive manifestations of chronic beryllium lung disease. Clin Nucl Med
2018. https://doi.org/10.1097/RLU.0000000000002323

52. Ardies PJ, Gykiere P, Goethals L, et al: PSMA uptake in mediastinal sar-
coidosis. Clin Nucl Med 2017. https://doi.org/10.1097/RLU.
0000000000001543

53. Dias AH, Holm Vendelbo M, Bouchelouche K: Prostate-specific mem-
brane antigen PET/CT: Uptake in lymph nodes with active sarcoidosis.
Clin Nucl Med 42:e175-e176, 2017. https://doi.org/10.1097/RLU.
0000000000001528

54. Ahuja A, Taneja S, Thorat K, et al: 68Ga-prostate-specific membrane
antigen-avid tubercular lesions mimicking prostate cancer metastasis
on simultaneous prostate-specific membrane antigen PET/MRI.
Clin Nucl Med 42:e509-e510, 2017. https://doi.org/10.1097/RLU.
0000000000001874

55. Pyka T, Weirich G, Einspieler I, et al: 68Ga-PSMA-HBED-CC PET for
differential diagnosis of suggestive lung lesions in patients with pros-
tate cancer. J Nucl Med 57:367-371, 2016. https://doi.org/10.1097/
jnumed.115.164442. [pii] 10.2967/jnumed.115.164442

56. Hermann RM, Djannatian M, Czech N, et al: Prostate-specific mem-
brane antigen PET/CT: False-positive results due to sarcoidosis? Case
Rep Oncol 9:457-463, 2016. https://doi.org/10.1159/000447688.
cro-0009-0457 [pii]

57. Kobe C, Maintz D, Fischer T, et al: Prostate-specific membrane antigen
PET/CT in splenic sarcoidosis. Clin Nucl Med 40:897-898, 2015.
https://doi.org/10.1097/RLU.0000000000000827

58. Prasad V, Steffen IG, Diederichs G, et al: Biodistribution of [(68)Ga]
PSMA-HBED-CC in patients with prostate cancer: Characterization of
uptake in normal organs and tumour lesions. Mol Imaging Biol
18:428-436, 2016. https://doi.org/10.1007/s11307-016-0945-x.
10.1007/s11307-016-0945-x [pii]

59. Bilgin R, Ergul N, Cermik TF: Incidental meningioma mimicking
metastasis of prostate adenocarcinoma in 68Ga-labeled PSMA Ligand
PET/CT. Clin Nucl Med 41:956-958, 2016. https://doi.org/10.1097/
RLU.0000000000001406. 00003072-201612000-00013 [pii]

https://doi.org/10.1007/s00259-018-3965-8
https://doi.org/10.1016/j.clgc.2018.07.009
https://doi.org/10.1007/s11307-017-1101-y
https://doi.org/10.1007/modpathol2008143
https://doi.org/10.1007/modpathol2008143
https://doi.org/10.<?A3B2 re 3j?>1097/RLU.0000000000002196
https://doi.org/10.<?A3B2 re 3j?>1097/RLU.0000000000002196
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000002065
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000002065
https://doi.org/10.1097/RLU.0000000000001335
https://doi.org/10.1097/RLU.0000000000002156
https://doi.org/10.1097/RLU.0000000000002354
https://doi.org/10.1097/RLU.0000000000001599
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0032
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0032
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0032
https://doi.org/10.1097/RLU.0000000000001413
https://doi.org/10.1097/bjc2012315
https://doi.org/10.1097/bjc2012315
https://doi.org/10.1148/radiographics.22.5.g02se281191
https://doi.org/10.18383/j.tom.2015.00169
https://doi.org/10.1007/s00259-015-3236-x
https://doi.org/10.1007/s00259-015-3236-x
https://doi.org/10.1097/RLU.0000000000001296
https://doi.org/10.1097/RLU.0000000000001340
https://doi.org/10.1007/s00259-017-3712-6
https://doi.org/10.<?A3B2 re 3j?>1097/RLU.0000000000001672
https://doi.org/10.<?A3B2 re 3j?>1097/RLU.0000000000001672
https://doi.org/10.1097/RLU.0000000000001646
https://doi.org/10.1186/s40644-018-0175-3
https://doi.org/10.1186/s40644-018-0175-3
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000002367
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000002367
https://doi.org/10.1186/s40644-018-0154-8
https://doi.org/10.1186/s40644-018-0154-8
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001329
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001329
https://doi.org/10.1097/RLU.0000000000001568
https://doi.org/10.1097/RLU.0000000000002213
https://doi.org/10.1097/S2253-654X(16)30073-7
https://doi.org/10.1097/S2253-654X(16)30073-7
https://doi.org/10.1097/RLU.0000000000001782
https://doi.org/10.1097/RLU.0000000000002323
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001543
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001543
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001528
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001528
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001874
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001874
https://doi.org/10.1097/jnumed.115.164442
https://doi.org/10.1097/jnumed.115.164442
https://doi.org/10.1159/000447688
https://doi.org/10.1159/000447688
https://doi.org/10.1097/RLU.0000000000000827
https://doi.org/10.1007/s11307-016-0945-x
https://doi.org/10.1007/s11307-016-0945-x
https://doi.org/10.1097/RLU.0000000000001406
https://doi.org/10.1097/RLU.0000000000001406


Update on pitfalls in PSMA-targeted PET 267
60. Jain TK, Jois AG, Kumar VS, et al: Incidental detection of tracer avidity
in meningioma in 68Ga-PSMA PET/CT during initial staging for pros-
tate cancer. Rev Esp Med Nucl Imagen Mol 2017. https://doi.org/
10.1097/S2253-654X(16)30117-2. [pii] 10.1016/j.remn.2016.10.005

61. Kanthan GL, Izard MA, Emmett L, et al: Schwannoma showing avid
uptake on 68Ga-PSMA-HBED-CC PET/CT. Clin Nucl Med 41:703-
704, 2016. https://doi.org/10.1097/RLU.0000000000001281

62. Rischpler C, Maurer T, Schwaiger M, et al: Intense PSMA-expression using
(68)Ga-PSMA PET/CT in a paravertebral schwannoma mimicking prostate
cancer metastasis. Eur J Nucl Med Mol Imaging 43:193-194, 2016. https://
doi.org/10.1007/s00259-015-3235-y. 10.1007/s00259-015-3235-y [pii]

63. Wang W, Tavora F, Sharma R, et al: PSMA expression in Schwannoma:
A potential clinical mimicker of metastatic prostate carcinoma. Urol
Oncol 27:525-528, 2009. https://doi.org/10.1007/S1078-1439(08)
00081-1. [pii] 10.1016/j.urolonc.2008.04.007

64. Vamadevan S, Le K, Shen L, et al: Incidental prostate-specific
membrane antigen uptake in a peripheral nerve sheath tumor.
Clin Nucl Med 2017. https://doi.org/10.1097/RLU.00000000
00001686

65. Dias AH, Bouchelouche K: Prostate-specific membrane antigen PET/
CT incidental finding of a schwannoma. Clin Nucl Med 43:267-268,
2018. https://doi.org/10.1097/RLU.0000000000001988

66. Ries M, Khreish F, Veith C, et al: Large paraesophageal schwannoma
with intense prostate-specific membrane antigen expression on 68Ga-
PSMA-PET/CT mimicking lymph node metastasis in a patient with
prostate cancer. Clin Nucl Med 2018. https://doi.org/10.1097/RLU.
0000000000002359

67. Parihar AS, Vadi SK, Mittal BR, et al: 68Ga-PSMA-HBED-CC-avid syn-
chronous urinary bladder paraganglioma in a patient with metastatic
prostate carcinoma. Clin Nucl Med 43:e329-e330, 2018. https://doi.
org/10.1097/RLU.0000000000002172

68. Gulhane B, Ramsay S, Fong W: 68Ga-PSMA Uptake in neurofibromas
demonstrated on PET/CT in a patient with neurofibromatosis type 1.
Clin Nucl Med 42:776-778, 2017. https://doi.org/10.1097/RLU.
0000000000001777

69. Oh G, Miles K: Subacute cerebellar infarction with uptake on 68Ga-pros-
tate-specific membrane antigen PET/CT. Clin Nucl Med 43:134-135,
2018. https://doi.org/10.1097/RLU.0000000000001948

70. Noto B, Vrachimis A, Schafers M, et al: Subacute stroke mimicking cere-
bral metastasis in 68Ga-PSMA-HBED-CC PET/CT. Clin Nucl Med 41:
e449-e451, 2016. https://doi.org/10.1097/RLU.0000000000001291

71. Chan M, Hsiao E: Subacute cortical infarct showing uptake on 68Ga-
PSMA PET/CT. Clin Nucl Med 42:110-111, 2017. https://doi.org/
10.1097/RLU.0000000000001489

72. Salas Fragomeni RA, Pienta KJ, Pomper MG, et al: Uptake of pros-
tate-specific membrane antigen-targeted 18F-DCFPyL in cerebral
radionecrosis: Implications for diagnostic imaging of high-grade
gliomas. Clin Nucl Med 43:e419-e421, 2018. https://doi.org/
10.1097/RLU.0000000000002280

73. Sasikumar A, Kashyap R, Joy A, et al: Utility of 68Ga-PSMA-11 PET/CT
in imaging of glioma-A pilot study. Clin Nucl Med 43:e304-e309,
2018. https://doi.org/10.1097/RLU.0000000000002175

74. Jochumsen MR, Vendelbo MH, Hoyer S, et al: Subcutaneous lobular
capillary hemangioma on 68Ga-PSMA PET/CT. Clin Nucl Med 2017.
https://doi.org/10.1097/RLU.0000000000001542

75. Probst S, Bladou F, Abikhzer G: Extraosseous extension of aggressive
vertebral hemangioma as a potential pitfall on 68Ga-PSMA PET/CT.
Clin Nucl Med 42:624-625, 2017. https://doi.org/10.1097/RLU.
0000000000001731

76. Salas Fragomeni RA, Menke JR, Holdhoff M, et al: Prostate-specific
membrane antigen-targeted imaging with [18F]DCFPyL in high-grade
gliomas. Clin Nucl Med 42:e433-e435, 2017. https://doi.org/10.1097/
RLU.0000000000001769

77. Artigas C, Otte FX, Lemort M, et al: Vertebral Hemangioma mimicking
bone metastasis in 68Ga-PSMA ligand PET/CT. Clin Nucl Med 2017.
https://doi.org/10.1097/RLU.0000000000001631

78. Bhardwaj H, Stephens M, Bhatt M, et al: Prostate-specific membrane
antigen PET/CT findings for hepatic hemangioma. Clin Nucl Med
41:968-969, 2016. https://doi.org/10.1097/RLU.000000000000
1384

79. Kanthan GL, Hsiao E, Kneebone A, et al: Desmoid tumor showing
intense uptake on 68Ga PSMA-HBED-CC PET/CT. Clin Nucl Med
41:508-509, 2016. https://doi.org/10.1097/RLU.0000000000001192

80. Henninger M, Maurer T, Hacker C, et al: 68Ga-PSMA PET/MR show-
ing intense PSMA uptake in nodular fasciitis mimicking prostate cancer
metastasis. Clin Nucl Med 41:e443-e444, 2016. https://doi.org/
10.1097/RLU.0000000000001310

81. Zacho HD, Nielsen JB, Dettmann K, et al: 68Ga-PSMA PET/CT
uptake in intramuscular myxoma imitates prostate cancer metasta-
sis. Clin Nucl Med 42:487-488, 2017. https://doi.org/10.1097/
RLU.0000000000001654

82. Dekker I, van der Leest M, van Rijk MC, et al: 68Ga-PSMA uptake in
angiolipoma. Clin Nucl Med 43:757-758, 2018. https://doi.org/
10.1097/RLU.0000000000002236

83. Daglioz Gorur G, Hekimsoy T, Isgoren S, et al: Uptake of an acrochor-
don incidentally detected on 68Ga prostate-specific membrane antigen
PET/CT. Clin Nucl Med 42:461-462, 2017. https://doi.org/10.1097/
RLU.0000000000001650

84. Aydin F, Akcal A, Unal B, et al: 68 Ga-PSMA uptake by dermatofi-
broma in a patient with prostate cancer. Clin Nucl Med 2017. https://
doi.org/10.1097/RLU.0000000000001591

85. Malik D, Basher RK, Mittal BR, et al: 68Ga-PSMA expression in pseu-
doangiomatous stromal hyperplasia of the breast. Clin Nucl Med
2016. https://doi.org/10.1097/RLU.0000000000001445

86. Daglioz Gorur G, Hekimsoy T, Isgoren S: Re: False positive uptake in
bilateral gynecomastia on 68Ga-PSMA PET/CT scan. Clin Nucl Med
43:785, 2018. https://doi.org/10.1097/RLU.0000000000002086

87. Sasikumar A, Joy A, Nair BP, et al: False positive uptake in bilateral
gynecomastia on 68Ga-PSMA PET/CT Scan. Clin Nucl Med 42:e412-
e414, 2017. https://doi.org/10.1097/RLU.0000000000001742

88. Law WP, Fiumara F, Fong W, et al: Gallium-68 PSMA uptake in adre-
nal adenoma. J Med Imaging Radiat Oncol 60:514-517, 2016. https://
doi.org/10.1111/1754-9485.12357

89. Singh D, Kumar R, Mittal BR, et al: 68Ga-Labeled Prostate-specific
membrane antigen uptake in pheochromocytoma: An incidental find-
ing in PET/CT scan. Clin Nucl Med 43:688-690, 2018. https://doi.org/
10.1097/RLU.0000000000002181

90. Stephens M, Kim DI, Shepherd B, et al: Intense uptake in amyloidosis
of the seminal vesicles on 68Ga-PSMA PET mimicking locally
advanced prostate cancer. Clin Nucl Med 42:147-148, 2017. https://
doi.org/10.1097/RLU.0000000000001460

91. Strele-Trieb P, Dunzinger A, Sonnberger M, et al: Uptake of 68Ga-
prostate-specific membrane antigen PET in adrenal gland: A potential
pitfall. Clin Nucl Med 43:50-51, 2018. https://doi.org/10.1097/
RLU.0000000000001881

92. Chan M, Schembri GP, Hsiao E: Serous cystadenoma of the pancreas
showing uptake on 68Ga PSMA PET/CT. Clin Nucl Med 42:56-57,
2017. https://doi.org/10.1097/RLU.0000000000001423

93. Singh D, Horneman R, Nagra NK: More than the prostate: Intrapancre-
atic accessory spleen and papillary thyroid cancer detected with (18)F-
PSMA PET/CT. Hell J Nucl Med 21:145-147, 2018. https://doi.org/
10.1967/s002449910805

94. Jochumsen MR, Bouchelouche K: Intense 68Ga-PSMA uptake in diver-
ticulum of the sigmoid colon. Clin Nucl Med 43:110-111, 2018.
https://doi.org/10.1097/RLU.0000000000001927

95. Jochumsen MR, Klingenberg S, Bouchelouche K: Benign esophageal
findings on 68Ga-prostate-specific membrane antigen PET/CT Scan.
Clin Nucl Med 43:e468-e470, 2018. https://doi.org/10.1097/RLU.
0000000000002295

96. Kanthan GL, Drummond J, Schembri GP, et al: Follicular thyroid
adenoma showing avid uptake on 68Ga PSMA-HBED-CC PET/CT.
Clin Nucl Med 41:331-332, 2016. https://doi.org/10.1097/RLU.
0000000000001084

97. Peper JGK, Srbljin S, van der Zant FM, et al: High 18Fluor-DCFPyL
uptake in adrenal adenomas. Clin Nucl Med 42:862-864, 2017.
https://doi.org/10.1097/RLU.0000000000001808

https://doi.org/10.1097/S2253-654X(16)30117-2
https://doi.org/10.1097/RLU.0000000000001281
https://doi.org/10.1007/s00259-015-3235-y
https://doi.org/10.1007/S1078-1439(08)00081-1
https://doi.org/10.1007/S1078-1439(08)00081-1
https://doi.org/10.1097/RLU.00000000<?A3B2 re 3j?>00001686
https://doi.org/10.1097/RLU.00000000<?A3B2 re 3j?>00001686
https://doi.org/10.1097/RLU.0000000000001988
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000002359
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000002359
https://doi.org/10.1097/RLU.0000000000002172
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001777
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001777
https://doi.org/10.1097/RLU.0000000000001948
https://doi.org/10.1097/RLU.0000000000001291
https://doi.org/10.1097/RLU.0000000000001489
https://doi.org/10.1097/RLU.0000000000002280
https://doi.org/10.1097/RLU.0000000000002175
https://doi.org/10.1097/RLU.0000000000001542
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001731
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001731
https://doi.org/10.1097/RLU.0000000000001769
https://doi.org/10.1097/RLU.0000000000001769
https://doi.org/10.1097/RLU.0000000000001631
https://doi.org/10.1097/RLU.000000000000<?A3B2 re 3j?>1384
https://doi.org/10.1097/RLU.000000000000<?A3B2 re 3j?>1384
https://doi.org/10.1097/RLU.0000000000001192
https://doi.org/10.1097/RLU.0000000000001310
https://doi.org/10.1097/RLU.0000000000001654
https://doi.org/10.1097/RLU.0000000000001654
https://doi.org/10.1097/RLU.0000000000002236
https://doi.org/10.1097/RLU.0000000000001650
https://doi.org/10.1097/RLU.0000000000001650
https://doi.org/10.1097/RLU.0000000000001591
https://doi.org/10.1097/RLU.0000000000001445
https://doi.org/10.1097/RLU.0000000000002086
https://doi.org/10.1097/RLU.0000000000001742
https://doi.org/10.1111/1754-9485.12357
https://doi.org/10.1097/RLU.0000000000002181
https://doi.org/10.1097/RLU.0000000000001460
https://doi.org/10.1097/RLU.0000000000001881
https://doi.org/10.1097/RLU.0000000000001881
https://doi.org/10.1097/RLU.0000000000001423
https://doi.org/10.1967/s002449910805
https://doi.org/10.1097/RLU.0000000000001927
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000002295
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000002295
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001084
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001084
https://doi.org/10.1097/RLU.0000000000001808


268 S. Sheikhbahaei et al.
98. Salas Fragomeni RA, Amir T, Sheikhbahaei S, et al: Imaging of non-
prostate cancers using PSMA-targeted radiotracers: Rationale, current
state of the field, and a call to arms. J Nucl Med 59:871-877, 2018.
https://doi.org/10.2967/jnumed.117.203570

99. Kanthan GL, Coyle L, Kneebone A, et al: Follicular lymphoma showing
avid uptake on 68Ga PSMA-HBED-CC PET/CT. Clin Nucl Med
41:500-501, 2016. https://doi.org/10.1097/RLU.0000000000001169

100. Vamadevan S, Le K, Bui C, et al: Prostate-specific membrane anti-
gen uptake in small cleaved B-Cell follicular non-hodgkin lym-
phoma. Clin Nucl Med 41:980-981, 2016. https://doi.org/10.1097/
RLU.0000000000001378

101. Rauscher I, Maurer T, Steiger K, et al: Image of the month: Multifocal
68Ga prostate-specific membrane antigen ligand uptake in the skeleton
in a man with both prostate cancer and multiple myeloma. Clin Nucl
Med 2017. https://doi.org/10.1097/RLU.0000000000001649

102. Sager S, Vatankulu B, Uslu L, et al: Incidental detection of follicular
thyroid carcinoma in 68Ga-PSMA PET/CT imaging. J Nucl Med
Technol 44:199-200, 2016. https://doi.org/10.1097/jnmt.115.171660.
[pii] 10.2967/jnmt.115.171660

103. Joshi A, Nicholson C, Rhee H, et al: Incidental malignancies identified
during staging for prostate cancer with 68Ga prostate-specific mem-
brane antigen HBED-CC positron emission tomography imaging. Urol-
ogy 104:e3-e4, 2017. https://doi.org/10.1016/j.urology.2017.
03.018

104. Jena A, Zaidi S, Kashyap V, et al: PSMA expression in multinodu-
lar thyroid neoplasm on simultaneous Ga-68-PSMA PET/MRI.
Indian J Nucl Med 32:159-161, 2017. https://doi.org/10.4103/
0972-3919.202248

105. Verma P, Malhotra G, Agrawal R, et al: Evidence of prostate-specific
membrane antigen expression in metastatic differentiated thyroid can-
cer using 68Ga-PSMA-HBED-CC PET/CT. Clin Nucl Med 43:e265-
e268, 2018. https://doi.org/10.1097/RLU.0000000000002161

106. Arora S, Prabhu M, Damle NA, et al: Prostate-specific membrane anti-
gen imaging in recurrent medullary thyroid cancer: A new theranostic
tracer in the offing? Indian J Nucl Med 33:261-263, 2018. https://doi.
org/10.4103/ijnm.IJNM_10_18

107. Vaz S, Oliveira C, Castanheira JC, et al: Gastric GIST incidentally
detected on 68Ga-PSMA-PET/CT: Correlation between functional
imaging and histology. Clin Nucl Med 43:e488-e491, 2018. https://
doi.org/10.1097/RLU.0000000000002347

108. Noto B, Weckesser M, Buerke B, et al: Gastrointestinal stromal tumor
showing intense tracer uptake on PSMA PET/CT. Clin Nucl Med
42:200-202, 2017. https://doi.org/10.1097/RLU.0000000000001491

109. Vamadevan S, Shetty D, Le K, et al: Prostate-specific membrane antigen
(PSMA) avid pancreatic neuroendocrine tumor. Clin Nucl Med
41:804-806, 2016. https://doi.org/10.1097/RLU.0000000000001308

110. Kesler M, Levine C, Hershkovitz D, et al: (68)Ga-PSMA is a novel PET-
CT tracer for imaging of hepatocellular carcinoma: A prospective pilot
study. J Nucl Med 2018. https://doi.org/10.2967/jnumed.118.214833

111. Sasikumar A, Joy A, Nanabala R, et al: (68)Ga-PSMA PET/CT imaging
in primary hepatocellular carcinoma. Eur J Nucl Med Mol Imaging
43:795-796, 2016. https://doi.org/10.1007/s00259-015-3297-x.
10.1007/s00259-015-3297-x [pii]

112. Sasikumar A, Joy A, Pillai MR, et al: 68Ga-PSMA PET/CT imaging in
multiple myeloma. Clin Nucl Med 42:e126-e127, 2017. https://doi.
org/10.1097/RLU.0000000000001479

113. Soydal CAA, Ozkan E, Demirkazik A, et al: Ga-68 PSMA accumulation
in hepatocellular carcinoma. Clin Oncol 2016

114. Stoykow C, Huber-Schumacher S, Almanasreh N, et al: Strong PMSA
radioligand uptake by rectal carcinoma: Who put the “S” in PSMA?
Clin Nucl Med 42:225-226, 2017. https://doi.org/10.1097/
RLU.0000000000001484

115. Huang YT, Fong W, Thomas P: Rectal carcinoma on 68Ga-PSMA PET/
CT. Clin Nucl Med 41:e167-e168, 2016. https://doi.org/10.1097/
RLU.0000000000001072

116. Shenderov E, Gorin MA, Kim S, et al: Diagnosing small bowel carci-
noid tumor in a patient with oligometastatic prostate cancer imaged
with PSMA-Targeted [(18)F]DCFPyL PET/CT: Value of the PSMA-
RADS-3D designation. Urol Case Rep 17:22-25, 2018. https://doi.org/
10.1016/j.eucr.2017.12.011

117. Hangaard L, Jochumsen MR, Vendelbo MH, et al: Metastases from
colorectal cancer avid on 68Ga-PSMA PET/CT. Clin Nucl Med 2017.
https://doi.org/10.1097/RLU.0000000000001700

118. Malik D, Kumar R, Mittal BR, et al: (68)Ga-labelled PSMA (prostate
specific membrane antigen) expression in signet-ring cell gastric carci-
noma. Eur J Nucl Med Mol Imaging 45:1276-1277, 2018. https://doi.
org/10.1007/s00259-018-3993-4

119. Alipour R, Gupta S, Trethewey S: 68Ga-PSMA uptake in combined
hepatocellular cholangiocarcinoma with skeletal metastases. Clin
Nucl Med 42:e452-e453, 2017. https://doi.org/10.1097/RLU.
0000000000001771

120. Lawhn-Heath C, Flavell RR, Glastonbury C, et al: Incidental detec-
tion of head and neck squamous cell carcinoma on 68Ga-PSMA-
11 PET/CT. Clin Nucl Med 2017. https://doi.org/10.1097/RLU.
0000000000001569

121. Arora S, Damle NA, Aggarwal S, et al: Prostate-specific membrane anti-
gen expression in adrenocortical carcinoma on 68Ga-prostate-specific
membrane antigen PET/CT. Clin Nucl Med 43:449-451, 2018. https://
doi.org/10.1097/RLU.0000000000002064

122. Sathekge M, Modiselle M, Vorster M, et al: (6)(8)Ga-PSMA imaging of
metastatic breast cancer. Eur J Nucl Med Mol Imaging 42:1482-1483,
2015. https://doi.org/10.1007/s00259-015-3066-x

123. Sathekge M, Lengana T, Modiselle M, et al: (68)Ga-PSMA-HBED-CC
PET imaging in breast carcinoma patients. Eur J Nucl Med Mol Imag-
ing 44:689-694, 2017. https://doi.org/10.1007/s00259-016-3563-6

124. Froehner M, Kuithan F, Zophel K, et al: Prostate-specific membrane
antigen-targeted ligand positron emission tomography/computed
tomography and immunohistochemical findings in a patient with
synchronous metastatic penile and prostate cancer. Urology 2017.
https://doi.org/10.1007/S0090-4295(16)30923-2. [pii] 10.1016/j.
urology.2016.11.040

125. Zacho HD, Nielsen JB, Dettmann K, et al: Incidental detection of thy-
roid metastases from renal cell carcinoma using 68Ga-PSMA PET/CT
to assess prostate cancer recurrence. Clin Nucl Med 42:221-222,
2017. https://doi.org/10.1097/RLU.0000000000001522

126. Einspieler I, Tauber R, Maurer T, et al: 68Ga prostate-specific
membrane antigen uptake in renal cell cancer lymph node metas-
tases. Clin Nucl Med 41:e261-e262, 2016. https://doi.org/10.1097/
RLU.0000000000001128

127. Gupta M, Choudhury PS, Gupta G, et al: Metastasis in urothelial
carcinoma mimicking prostate cancer metastasis in Ga-68 prostate-
specific membrane antigen positron emission tomography-
computed tomography in a case of synchronous malignancy. Indian
J Nucl Med 31:222-224, 2016. https://doi.org/10.4103/0972-
3919.183615. IJNM-31-222 [pii]

128. 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 Res 6:76, 2016. https://doi.org/10.1186/s13550-016-0231-6.
10.1186/s13550-016-0231-6 [pii]

129. Roy SG, Parida GK, Tripathy S, et al: In vivo demonstration of
PSMA expression in adenocarcinoma urinary bladder using 68Ga-
PSMA 11 PET/CT. Clin Nucl Med 2017. https://doi.org/10.1097/
RLU.0000000000001683

130. Konig L, Hauswald H, Flechtenmacher C, et al: Uptake of prostate-spe-
cific membrane antigen (PSMA) in adenoid cystic carcinoma - Is
PSMA-PET-CT a helpful tool in radiation oncology? Clin Transl Radiat
Oncol 7:79-82, 2017. https://doi.org/10.1016/j.ctro.2017.10.003

131. Patro KC, Palla M, Kashyap R: Unusual case of metastatic intracranial
hemangiopericytoma and emphasis on role of 68Ga-PSMA PET in
imaging. Clin Nucl Med 43:e331-e333, 2018. https://doi.org/10.1097/
RLU.0000000000002203

132. Anconina R, Hod N, Levin D, et al: Incidental detection of metastatic
malignant melanoma on 68Ga-prostate-specific membrane antigen
PET/CT imaging: Correlative imaging with FDG PET/CT and review of
the literature. Clin Nucl Med 43:204-206, 2018. https://doi.org/
10.1097/RLU.0000000000001959

https://doi.org/10.2967/jnumed.117.203570
https://doi.org/10.1097/RLU.0000000000001169
https://doi.org/10.1097/RLU.0000000000001378
https://doi.org/10.1097/RLU.0000000000001378
https://doi.org/10.1097/RLU.0000000000001649
https://doi.org/10.1097/jnmt.115.171660
https://doi.org/10.1097/jnmt.115.171660
https://doi.org/10.1016/j.urology.2017.<?A3B2 re 3j?>03.018
https://doi.org/10.1016/j.urology.2017.<?A3B2 re 3j?>03.018
https://doi.org/10.4103/0972-3919.202248
https://doi.org/10.4103/0972-3919.202248
https://doi.org/10.1097/RLU.0000000000002161
https://doi.org/10.4103/ijnm.IJNM_10_18
https://doi.org/10.1097/RLU.0000000000002347
https://doi.org/10.1097/RLU.0000000000001491
https://doi.org/10.1097/RLU.0000000000001308
https://doi.org/10.2967/jnumed.118.214833
https://doi.org/10.1007/s00259-015-3297-x
https://doi.org/10.1007/s00259-015-3297-x
https://doi.org/10.1097/RLU.0000000000001479
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0113
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0113
https://doi.org/10.1097/RLU.0000000000001484
https://doi.org/10.1097/RLU.0000000000001484
https://doi.org/10.1097/RLU.0000000000001072
https://doi.org/10.1097/RLU.0000000000001072
https://doi.org/10.1016/j.eucr.2017.12.011
https://doi.org/10.1097/RLU.0000000000001700
https://doi.org/10.1007/s00259-018-3993-4
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001771
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001771
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001569
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001569
https://doi.org/10.1097/RLU.0000000000002064
https://doi.org/10.1007/s00259-015-3066-x
https://doi.org/10.1007/s00259-016-3563-6
https://doi.org/10.1007/S0090-4295(16)30923-2
https://doi.org/10.1007/S0090-4295(16)30923-2
https://doi.org/10.1097/RLU.0000000000001522
https://doi.org/10.1097/RLU.0000000000001128
https://doi.org/10.1097/RLU.0000000000001128
https://doi.org/10.4103/0972-3919.183615
https://doi.org/10.4103/0972-3919.183615
https://doi.org/10.1186/s13550-016-0231-6
https://doi.org/10.1186/s13550-016-0231-6
https://doi.org/10.1097/RLU.0000000000001683
https://doi.org/10.1097/RLU.0000000000001683
https://doi.org/10.1016/j.ctro.2017.10.003
https://doi.org/10.1097/RLU.0000000000002203
https://doi.org/10.1097/RLU.0000000000002203
https://doi.org/10.1097/RLU.0000000000001959


Update on pitfalls in PSMA-targeted PET 269
133. Ekanayake S, Yang IA, Godbolt DB, et al: Prostate-specific membrane
antigen avidity on positron emission tomography scan in malignant pleu-
ral mesothelioma. ANZ J Surg 2018. https://doi.org/10.1111/ans.14694

134. Shetty D, Loh H, Bui C, et al: Elevated 68Ga prostate-specific
membrane antigen activity in metastatic non-small cell lung can-
cer. Clin Nucl Med 41:414-416, 2016. https://doi.org/10.1097/
RLU.0000000000001139

135. Huang HL, Dharmawan AR, Tan CJ, et al: A rare case of thymoma first
detected on gallium-68 PSMA PET/CT. Eur J Nucl Med Mol Imaging
44:2148-2149, 2017. https://doi.org/10.1007/s00259-017-3785-2

136. Malik D, Mittal BR, Kumar R, et al: Incidental detection of tracer avid-
ity in liposarcoma on 68Ga-labeled prostate-specific membrane anti-
gen PET/CT. Clin Nucl Med 43:e334-e335, 2018. https://doi.org/
10.1097/RLU.0000000000002189

137. Taywade SK, Damle NA, Bal C: PSMA expression in papillary thyroid
carcinoma: Opening a new horizon in management of thyroid cancer?
Clin Nucl Med 41:e263-e265, 2016. https://doi.org/10.1097/RLU.
0000000000001148

138. Prabhu M, Damle NA, Gupta R, et al: Demonstration of 68Ga-
prostate-specific membrane antigen uptake in metastatic pancreatic
neuroendocrine tumor. Indian J Nucl Med 33:257-258, 2018.
https://doi.org/10.4103/ijnm.IJNM_6_18

139. Kumar R, Mittal BR, Bhattacharya A, et al: Synchronous detection of
male breast cancer and prostatic cancer in a patient with suspected
prostatic carcinoma on 68Ga-PSMA PET/CT imaging. Clin Nucl Med
43:431-432, 2018. https://doi.org/10.1097/RLU.0000000000002063

140. Passah A, Arora S, Damle NA, et al: 68Ga-Prostate-specific membrane
antigen PET/CT in triple-negative breast cancer. Clin Nucl Med
43:460-461, 2018. https://doi.org/10.1097/RLU.0000000000002071

141. Chia JY, Loi HY, Khor LK, et al: Primary lung adenocarcinoma with
(68)gallium prostate-specific membrane antigen-PET/CT scan avidity
in a patient on surveillance after prostatectomy. Clin Genitourin Can-
cer 16:e525-e527, 2018. https://doi.org/10.1016/j.clgc.2018.03.009

142. Tolkach Y, Gevensleben H, Bundschuh R, et al: Prostate-specific mem-
brane antigen in breast cancer: A comprehensive evaluation of expres-
sion and a case report of radionuclide therapy. Breast Cancer Res Treat
169:447-455, 2018. https://doi.org/10.1007/s10549-018-4717-y

143. Rowe SP, Gorin MA, Hammers HJ, et al: Detection of 18F-FDG PET/
CT occult lesions With 18F-DCFPyL PET/CT in a patient with meta-
static renal cell carcinoma. Clin Nucl Med 41:83-85, 2016. https://doi.
org/10.1097/RLU.0000000000000995

144. Yin Y, Campbell SP, Markowski MC, et al: Inconsistent detection of
sites of metastatic non-clear cell renal cell carcinoma with PSMA-tar-
geted [(18)F]DCFPyL PET/CT. Mol Imaging Biol 2018. https://doi.org/
10.1007/s11307-018-1271-2

145. Rowe SP, Gorin MA, Hammers HJ, et al: Imaging of metastatic clear
cell renal cell carcinoma with PSMA-targeted (1)(8)F-DCFPyL PET/
CT. Ann Nucl Med 29:877-882, 2015. https://doi.org/10.1007/
s12149-015-1017-z. 10.1007/s12149-015-1017-z [pii]

146. Demirci E, Ocak M, Kabasakal L, et al: (68)Ga-PSMA PET/CT imaging
of metastatic clear cell renal cell carcinoma. Eur J Nucl Med Mol Imag-
ing 41:1461-1462, 2014. https://doi.org/10.1007/s00259-014-2766-y

147. Sawicki LM, Buchbender C, Boos J, et al: Diagnostic potential of PET/
CT using a 68Ga-labelled prostate-specific membrane antigen ligand
in whole-body staging of renal cell carcinoma: Initial experience. Eur J
Nucl Med Mol Imaging 44:102-107, 2016. https://doi.org/10.1007/
s00259-016-3360-2. 10.1007/s00259-016-3360-2 [pii]

148. Schmidt LH, Heitkotter B, Schulze AB, et al: Prostate specific membrane
antigen (PSMA) expression in non-small cell lung cancer. PLoS One 12:
e0186280, 2017 https://doi.org/10.1371/journal.pone.0186280

149. Chakraborty PS, Tripathi M, Agarwal KK, et al: Metastatic poorly dif-
ferentiated prostatic carcinoma with neuroendocrine differentiation:
Negative on 68Ga-PSMA PET/CT. Clin Nucl Med 40:e163-e166,
2015. https://doi.org/10.1097/RLU.0000000000000594

150. Tosoian JJ, Gorin MA, Rowe SP, et al: Correlation of PSMA-targeted
18F-DCFPyL PET/CT findings with immunohistochemical and geno-
mic data in a patient with metastatic neuroendocrine prostate cancer.
Clin Genitourin Cancer 15:e65-e68, 2016. https://doi.org/10.1007/
S1558-7673(16)30275-0. [pii] 10.1016/j.clgc.2016.09.002
151. Usmani S, Ahmed N, Marafi F, et al: Molecular Imaging in neuroendo-
crine differentiation of prostate cancer: 68 Ga-PSMA versus 68 Ga-
DOTA NOC PET-CT. Clin Nucl Med 2017. https://doi.org/10.1097/
RLU.0000000000001618

152. Gofrit ON, Frank S, Meirovitz A, et al: PET/CT with 68Ga-DOTA-
TATE for diagnosis of neuroendocrine: Differentiation in patients with
castrate-resistant prostate cancer. Clin Nucl Med 42:1-6, 2017. https://
doi.org/10.1097/RLU.0000000000001424

153. Giovacchini G, Giovannini E, Riondato M, et al: Radiopharmaceuticals
for diagnosis and therapy of neuroendocrine differentiated prostate
cancer. Curr Radiopharm 2016. https://doi.org/10.1097/CRP-EPUB-
80654. [pii]

154. Terry S, Beltran H: The many faces of neuroendocrine differentiation in
prostate cancer progression. Front Oncol 4:60, 2014. https://doi.org/
10.3389/fonc.2014.00060

155. Bakht MK, Derecichei I, Li Y, et al: Neuroendocrine differentiation of
prostate cancer leads to PSMA suppression. Endocr Relat Cancer 2018.
https://doi.org/10.1530/ERC-18-0226

156. Parimi V, Goyal R, Poropatich K, et al: Neuroendocrine differentiation
of prostate cancer: A review. Am J Clin Exp Urol 2:273-285, 2015

157. Parghane RV, Basu S: Small cell transformation of metastatic prostate
adenocarcinoma diagnosed by dual tracer PET/CT ((68)Ga-PSMA and
(18)F-FDG): Potential clinical utility in therapeutic decision-making
and treatment monitoring. J Nucl Med Technol 2018. https://doi.org/
10.2967/jnmt.118.215582

158. Parida GK, Tripathy S, Datta Gupta S, et al: Adenocarcinoma pros-
tate with neuroendocrine differentiation: Potential utility of 18F-
FDG PET/CT and 68Ga-DOTANOC PET/CT Over 68Ga-PSMA
PET/CT. Clin Nucl Med 43:248-249, 2018. https://doi.org/10.
1097/RLU.0000000000002013

159. Hope TA, Aggarwal R, Simko JP, et al: Somatostatin imaging of neuro-
endocrine-differentiated prostate cancer. Clin Nucl Med 40:540-541,
2015. https://doi.org/10.1097/RLU.0000000000000776

160. 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. Clin Nucl Med 41:959-960, 2016. https://doi.org/
10.1097/RLU.0000000000001419

161. Acar E, Kaya GC: 18F-FDG, 68Ga-DOTATATE and 68Ga-PSMA posi-
tive metastatic large cell neuroendocrine prostate tumor. Clin Nucl
Med 2018. https://doi.org/10.1097/RLU.0000000000002322

162. Bronsert P, Reichel K, Ruf J: Loss of PSMA expression in non-neuroen-
docrine dedifferentiated acinar prostate cancer. Clin Nucl Med 43:526-
528, 2018. https://doi.org/10.1097/RLU.0000000000002100

163. Luckerath K, Wei L, Fendler WP, et al: Preclinical evaluation of PSMA
expression in response to androgen receptor blockade for theranostics
in prostate cancer. EJNMMI Res 8:96, 2018. https://doi.org/10.1186/
s13550-018-0451-z

164. Hope TA, Truillet C, Ehman EC, et al: 68Ga-PSMA-11 PET imag-
ing of response to androgen receptor inhibition: First human expe-
rience. J Nucl Med 58:81-84, 2017. https://doi.org/10.2967/
jnumed.116.181800

165. Zacho HD, Petersen LJ: Bone flare to androgen deprivation therapy in
metastatic, hormone-sensitive prostate cancer on 68Ga-prostate-spe-
cific membrane antigen PET/CT. Clin Nucl Med 43:e404-e406, 2018.
https://doi.org/10.1097/RLU.0000000000002273

166. Zukotynski KA, Valliant J, Benard F, et al: Flare on serial prostate-
specific membrane antigen-targeted 18F-DCFPyL PET/CT examina-
tions in castration-resistant prostate cancer: First observations.
Clin Nucl Med 43:213-216, 2018. https://doi.org/10.1097/RLU.
0000000000001966

167. Sharifi N, Gulley JL, Dahut WL: Androgen deprivation therapy for
prostate cancer. JAMA 294:238-244, 2005. https://doi.org/10.1001/
jama.294.2.238

168. Hindie E: The NETPET score: Combining FDG and somatostatin
receptor imaging for optimal management of patients with metastatic
well-differentiated neuroendocrine tumors. Theranostics 7:1159-1163,
2017. https://doi.org/10.7150/thno.19588

169. Rowe SP, Pienta KJ, Pomper MG, et al: Proposal for a structured
reporting system for prostate-specific membrane antigen-targeted PET

https://doi.org/10.1111/ans.14694
https://doi.org/10.1097/RLU.0000000000001139
https://doi.org/10.1097/RLU.0000000000001139
https://doi.org/10.1007/s00259-017-3785-2
https://doi.org/10.1097/RLU.0000000000002189
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001148
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001148
https://doi.org/10.4103/ijnm.IJNM_6_18
https://doi.org/10.1097/RLU.0000000000002063
https://doi.org/10.1097/RLU.0000000000002071
https://doi.org/10.1016/j.clgc.2018.03.009
https://doi.org/10.1007/s10549-018-4717-y
https://doi.org/10.1097/RLU.0000000000000995
https://doi.org/10.1007/s11307-018-1271-2
https://doi.org/10.1007/s12149-015-1017-z
https://doi.org/10.1007/s12149-015-1017-z
https://doi.org/10.1007/s00259-014-2766-y
https://doi.org/10.1007/s00259-016-3360-2
https://doi.org/10.1007/s00259-016-3360-2
https://doi.org/10.1371/journal.pone.0186280
https://doi.org/10.1097/RLU.0000000000000594
https://doi.org/10.1007/S1558-7673(16)30275-0
https://doi.org/10.1007/S1558-7673(16)30275-0
https://doi.org/10.1097/RLU.0000000000001618
https://doi.org/10.1097/RLU.0000000000001618
https://doi.org/10.1097/RLU.0000000000001424
https://doi.org/10.1097/CRP-EPUB-80654
https://doi.org/10.1097/CRP-EPUB-80654
https://doi.org/10.3389/fonc.2014.00060
https://doi.org/10.1530/ERC-18-0226
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0156
http://refhub.elsevier.com/S0001-2998(19)30024-8/sbref0156
https://doi.org/10.2967/jnmt.118.215582
https://doi.org/10.<?A3B2 re 3j?>1097/RLU.0000000000002013
https://doi.org/10.<?A3B2 re 3j?>1097/RLU.0000000000002013
https://doi.org/10.1097/RLU.0000000000000776
https://doi.org/10.1097/RLU.0000000000001419
https://doi.org/10.1097/RLU.0000000000002322
https://doi.org/10.1097/RLU.0000000000002100
https://doi.org/10.1186/s13550-018-0451-z
https://doi.org/10.1186/s13550-018-0451-z
https://doi.org/10.2967/jnumed.116.181800
https://doi.org/10.2967/jnumed.116.181800
https://doi.org/10.1097/RLU.0000000000002273
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001966
https://doi.org/10.1097/RLU.<?A3B2 re 3j?>0000000000001966
https://doi.org/10.1001/jama.294.2.238
https://doi.org/10.1001/jama.294.2.238
https://doi.org/10.7150/thno.19588


270 S. Sheikhbahaei et al.
imaging: PSMA-RADS version 1.0. J Nucl Med 59:479-485, 2018.
https://doi.org/10.2967/jnumed.117.195255

170. Werner RA, Solnes LB, Javadi MS, et al: SSTR-RADS version 1.0 as
a reporting system for SSTR PET imaging and selection of poten-
tial PRRT candidates: A proposed standardization framework. J
Nucl Med 59:1085-1091, 2018. https://doi.org/10.2967/
jnumed.117.206631

171. Werner RA, Bundschuh RA, Bundschuh L, et al: Molecular imag-
ing reporting and data systems (MI-RADS): A generalizable frame-
work for targeted radiotracers with theranostic implications. Ann
Nucl Med 32:512-522, 2018. https://doi.org/10.1007/s12149-018-
1291-7

172. Werner RA, Bundschuh RA, Bundschuh L, et al: Interobserver agree-
ment for the standardized reporting system PSMA-RADS 1.0 on (18)F-
DCFPyL PET/CT imaging. J Nucl Med 2018. https://doi.org/10.2967/
jnumed.118.217588

173. Yin Y, Werner RA, Higuchi T, et al: Follow-up of lesions with equivocal
radiotracer uptake on PSMA-targeted PET in patients with prostate cancer:
Predictive values of the PSMA-RADS-3A and PSMA-RADS-3B Categories.
J Nucl Med 2018. https://doi.org/10.2967/jnumed.118.217653

https://doi.org/10.2967/jnumed.117.195255
https://doi.org/10.2967/jnumed.117.206631
https://doi.org/10.2967/jnumed.117.206631
https://doi.org/10.1007/s12149-018-1291-7
https://doi.org/10.1007/s12149-018-1291-7
https://doi.org/10.2967/jnumed.118.217588
https://doi.org/10.2967/jnumed.118.217588
https://doi.org/10.2967/jnumed.118.217653

	Prostate-Specific Membrane Antigen (PSMA)-Targeted PET Imaging of Prostate Cancer: An Update on Important Pitfalls
	Introduction
	General Pitfalls in Clinical Interpretation of PSMA-targeted PET Imaging
	Physiologic Biodistribution
	Benign PSMA-Avid Pathologies on PSMA-Targeted PET Imaging
	Lymph Node Involvement and Interpretive Pitfalls
	Bone Involvement
	Pulmonary Involvement
	Benign Neurogenic Tumors
	Benign Vascular Tumors and Soft Tissue Lesions

	Malignant PSMA-Avid Pathologies Other Than Prostate Cancer
	Loss of PSMA Expression in Prostate Cancer
	Effect of Prior Androgen Deprivation Therapy on Lesion Detection
	Standardized Reporting Systems for Interpretation of PSMA-Targeted Imaging
	mi-TNM
	MI-RADS

	Conclusions

	References


