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Traditional and novel imaging modalities for advanced 
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INTRODUCTION

Prostate cancer is the most common non-cutaneous cancer 
in men.[1] Although less aggressive than other cancers, 
prostate cancer continues to be a leading cause of  death 
in men.[2] Detecting metastatic disease in prostate cancer, 
especially oligometastatic disease, is critical to disrupt the 
natural history of  prostate cancer. In men who develop 
biochemical recurrence following radical prostatectomy, 
nearly half  develop metastatic disease by 7  years.[3] If  
left untreated, over half  of  men die of  prostate cancer 
within 5  years.[3] The ability to promptly and accurately 
identify patients with metastatic disease after evidence of  
biochemical recurrence  (prostate‑specific antigen  [PSA] 
>0.2  ng/dL) is crucial to delay a fatal disease course.[4] 
In addition, accurate preoperative staging may help avoid 
localized treatment in patients with metastatic disease, 
evading morbidity of  localized treatment, and expediting 

systemic therapy. As the treatment of  prostate cancer 
evolves, imaging will play a vital role in determining optimal 
treatment.

Computed tomography  (CT), magnetic resonance 
imaging  (MRI), and Tc99 mMethylene Diphosphonate 
(MDP) bone scintigraphy have been the mainstay for 
preoperative staging, biochemical recurrence, and disease 
progression monitoring. Current National Comprehensive 
Cancer Network guidelines recommend obtaining imaging 
as a part of  the initial staging workup for prostate cancer and 
in the setting of  PSA persistence or recurrence following 
radical prostatectomy.[5] Initial imaging guidelines are based 
on risk stratification, where unfavorable intermediate or 
high‑risk patients receive a bone scan with a CT abdomen/
pelvis. Those with PSA persistence or recurrence may be 
assessed with a range of  modalities including chest X‑ray or 
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CT, technetium‑99 m‑MDP bone scan, 18F sodium fluoride 
positron emission tomography (PET), abdominal/pelvic 
CT or MRI, and 11C choline or 18F fluciclovine PET/CT 
or PET/MRI.[5,6] Each of  the traditional modalities has its 
shortfalls, and reported sensitivities and specificities vary 
considerably. New imaging modalities have been developed 
to address the shortcomings of  current imaging regimens. 
Choline PET, fluciclovine PET, and prostate‑specific 
membrane antigen  (PSMA) PET have all demonstrated 
promising results in improving the detection of  metastatic 
disease. This paper reviews the current data on both the 
traditional imaging modalities as well as newer imaging 
techniques for identifying and localizing metastatic prostate 
cancer [Table 1]. All articles discussed were gathered 
through a formal PubMed search utilizing the keywords 
prostate cancer, metastatic, and imaging.

COMPUTED TOMOGRAPHY

CT of  the abdomen and pelvis is widely used for both initial 
staging of  prostate cancer and for restaging, in the setting 
of  PSA recurrence or persistence following treatment. 
Current guidelines recommend supplementing CT imaging 
with technetium‑99 m‑MDP bone scan to increase 
detection of  bone metastasis.[6] The diagnostic accuracy of  
CT for detecting lymph node (LN) metastasis, however, 
has been variable. Van Poppel demonstrated a sensitivity of  
77% and a specificity of  96% comparing 285 preoperative 
staging CT scans with pelvic LN dissection (PLND), and 
fine‑needle aspiration (FNA).[7] However, Engeler found 
a sensitivity of  only 5% with a specificity of  100% in a 
series of  160 patients when comparing CT with PLND.[8] 
In a series of  1541 patients who underwent CT followed 
by retropubic prostatectomy with extended LND, Briganti 
reported a sensitivity of  only 13% and a specificity of  96% 
for detection of  positive LNs.[9] The sensitivity improved 
with increasing risk groups, with a sensitivity of  17.9% in 
high‑risk patients.[9] A meta‑analysis of  17 studies showed a 
pooled sensitivity of  42% (range: 5%–94%) and specificity 
of  39% (range: 59%–99%) in identifying LN metastasis.[10] 
With such a wide variability in the reported performance 
of  CT, there remains significant room for improvement 
in both the initial staging of  prostate cancer and for the 
detection of  recurrence.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) of  pelvis has also played 
a vital role in both the initial staging of  prostate cancer as 
well as the restaging in patients with PSA recurrence or 
persistence.[5,6] The majority of  MRIs in prostate cancer 
evaluation are obtained to identify intraprostatic lesions at the 

time of  diagnosis. A meta‑analysis reviewing MRI and locally 
recurrent prostate cancer showed a sensitivity of  90% with 
a specificity of  81%.[11] However, MRI’s ability to accurately 
characterize pelvic LN metastasis is somewhat limited. In a 
study of  185 patients with preoperative staging MRI, Rifkin 
et al. reported only a 4% sensitivity of  detecting positive 
LNs (1/23), but a specificity of  95% (155/163).[12] When 
looking at periprostatic extension, MRI had a sensitivity 
of  77%.[12] Comparing the area of  invasion on MRI with 
that of  the pathology specimen, the two matched 76% of  
the time.[12] The interpretation of  the scans was consistent, 
with no significant variability.[12] Biondetti et al. showed a 
much higher sensitivity of  83% and specificity of  97% 
when comparing preoperative MRI to PLND pathology 
specimens; however, only 29 patients were enrolled in the 
study.[13] In a study of  63 patients using PLND combined 
with FNA as the gold standard, Jager et al. demonstrated a 
sensitivity of  59% and specificity of  97%.[14] A meta‑analysis 
of  ten studies comparing MRI to PLND ± FNA showed a 
pooled sensitivity of  39% (range: 6%–83%) and specificity 
of  82% (range: 65%–99%).[10] Multiparametric MRI 
(mpMRI) commonly involves utilizing diffusion‑weighted 
imaging (DWI) and dynamic contrast‑enhanced MRI and 
has been used for the detection and surveillance of  prostate 
cancer.[15] Similar to CT scan, the performance of  MRI 
is quite variable for the identification of  prostate cancer 
metastasis.

TC99 MMETHYLENE DIPHOSPHONATE BONE 
SCINTIGRAPHY

Tc99 mMDP Bone scintigraphy detects lesions based on 
mineral bone turnover and can detect a change in mineral 
bone turnover of  10% compared to a 50% change needed 
for detection by plain X‑ray.[16] Tc99 mMDP is absorbed 
by the bone surface and is thought to represent skeletal 
bone blood flow and osteoblastic activity.[17] Bone scans 
can detect metastatic disease up to 18 months before plain 
X‑ray and have an increased sensitivity.[18] After LNs, bone 
represents the second most common site of  prostate cancer 
metastasis.[19] Skeletal metastases are found in roughly 80% 
of  patients that had prostate cancer as the leading cause of  
death, showing the need to effectively detect these bone 
lesions in patients with potential metastatic disease.[20] A study 
of  126 prostate cancer patients undergoing bone scan for 
preoperative staging, biochemical recurrence, or surveillance 
of  known metastatic disease, reported a sensitivity of  
86.7%–89.3% and a specificity of  60.8%–96.1%.[21] Without 
a gold standard to compare the bone scan results to, it is 
hard to determine the real sensitivity and specificity of  Tc99 
mMDP bone scintigraphy. In addition, benign conditions, 
such as trauma, osteomyelitis, and osteoporosis, increase 
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blood flow and osteoblastic activity, and show increased Tc99 
mMDP uptake, complicating diagnosis in prostate cancer 
patients.[17] Still, bone scans are widely used to identify and 
follow bone metastases due to prostate cancer and form an 
essential part of  management in the majority of  patients 
with metastatic disease.

(111) INDIUM‑CAPROMAB PENDETIDE 
SINGLE PHOTON EMISSION COMPUTED 
TOMOGRAPHY (PROSTASCINT®)

(111) Indium‑capromab pendetide is a conjugate of  
a monoclonal antibody directed to PSMA, linked to a 
gamma‑emitting isotope using a linker chelator.[22] The 
ProstaScint® scan capitalizes on the variation in PSMA 
expression between benign and malignant prostate tissue.[23] 
When compared to pathology following prostatectomy 
with LN dissection, ProstaScint® demonstrated a 
sensitivity of  60% and a specificity of  97% in the 43 LNs 
available for review.[23] Seminal vesicle involvement was 
more difficult to detect, with a sensitivity of  only 17% 
and specificity of  80% in the 188 individual seminal 
vesicles reviewed.[23] It has also been used to help localize 
recurrence following prostatectomy, with 108/181 patients 
being found to have disease in the prostatic fossa versus 
LNs on ProstaScint® scan.[22] However, only half  of  these 
positive antibody detections were able to be confirmed 
with biopsy.[22] In order to increase sensitivity, ProstaScint® 
has been combined with diffusion‑weighted MRI, 
which increased sensitivity from 40.0% to 88.9% while 
maintaining a specificity  >  96%.[24] While some studies 
suggested Fluciclovine PET to be superior to ProstaScint® 
in detecting metastasis as discussed in previous sections, 
the combination of  ProstaScint® with DWI‑MRI was 
not studied.[25] ProstaScint® is also currently being used 
for pretreatment prognostic staging and localization of  
biologic target volumes for individualized image‑guided 
radiotherapy dose escalation.[26] This modality has also 
been used to optimize patient selection before salvage 
cryotherapy, showing increased success versus clinical risk 
alone and sparing patients’ years of  androgen deprivation 
therapy.[27] While the sensitivity of  ProstaScint® scan for 
the detection of  metastatic disease preoperatively is low, 
it’s performance for detecting recurrence disease after 
prostatectomy is promising.

CHOLINE POSITRON EMISSION TOMOGRAPHY

Choline is a precursor of  the phospholipids incorporated 
into cell membranes during proliferation. In proliferating 
prostate cancer tissue, an intensification in choline kinase 
activity brings increased choline into cells.[28] Choline has 
been labeled with both 11Carbon and 18Flourine for its use 

in PET. Choline PET has been extensively studied in both 
primary and metastatic prostate cancer. A meta‑analysis 
done by Evangelista et al. included ten studies that evaluated 
18Flouromethylcholine PET/CT in the detection of  LN 
disease during initial staging in prostate cancer patients. 
This study found a pooled sensitivity and specificity of  
49.2% and 95%, respectively.[11,29] In 2016, Fanti et  al. 
completed a meta‑analysis including 18 studies that utilized 
choline PET/CT. They discovered a pooled sensitivity 
and specificity of  89%.[30,31] In a separate meta‑analysis 
of  27 studies evaluating choline PET and other imaging 
modalities in the diagnosis of  bone metastases, the pooled 
per‑patient sensitivity was 91%, and specificity was 99%.[32] 
The pooled per‑lesion sensitivity and specificity were 84% 
and 93%.[32] In a study by Beheshti et al. of  250 patients 
with biochemical recurrence, 74% of  the patients had a 
positive choline PET.[33] The scan sensitivity was 77.5%, 
80.7%, 85.2%, and 92.8% for PSA levels of  0.5, 1, 2, and 
4 ng/mL, respectively.[33] Overall, the reported sensitivities 
and specificities for both 11C and 18F choline PET vary 
widely in the literature.[34] Although typically thought to 
be less sensitive and specific than newer modalities such 
as 68Ga‑PSMA PET, recent studies have attempted to 
directly analyze the difference of  utilizing 68Ga‑PSMA 
versus 11C‑choline in PET/CT.[35] In a study done in 2017, 
researchers noted a significant difference in detection 
rates between 68Ga‑PSMA and 11C‑choline PET when 
looking at 123 prostate cancer patients, especially at 
low PSA levels  (PSA  <1  ng/mL). 11C‑choline showed 
more promise only in a few patients with higher PSA 
levels  (PSA >1 ng/mL), a finding in line with literature 
that discusses a superiority over  68Ga‑PSMA at such 
levels.[35] Given these findings, choline PET appears to be 
best suited to assist in distinguishing between locoregional 
versus distant prostate cancer, helping guide therapeutic 
decisions with that distinction.[30] In its recent prostate 
cancer guidelines, the European Association of  Urology 
included choline PET in the imaging options for the 
evaluation of  recurrent prostate cancer, especially when the 
PSA is >1 ng/mL and the doubling time is <6 months.[36]

FLUCICLOVINE POSITRON EMISSION 
TOMOGRAPHY

Fluciclovine is an alicyclic nonnatural amino acid that is taken 
up in higher levels by prostate cancer cells.[37] Fluciclovine 
has been labeled with 18Fluorine for use in PET scanning 
and has been studied extensively, mainly with regard to 
recurrent prostate cancer.[38] A recent clinical trial compared 
fluciclovine to ProstaScint® and included 93 patients with 
recurrent prostate cancer who underwent both imaging 
studies within 90 days of  each other.[25] Of  the 93 patients, 
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82.8% had a positive fluciclovine PET, while only 60.2% of  
the ProstaScint® scans were positive.[25] For patients with 
recurrence in the prostate or prostatic bed, the sensitivity 
and specificity were 90.2% and 40.0%.[25] The fluciclovine 
PET had a sensitivity and specificity of  55.0% and 96.7% for 
extraprostatic recurrences.[25] The PET scan outperformed 
the ProstaScint® scan in all measures and correctly upstaged 
25.7% of  patients.[25] In a comparative study from 2019, 
106 patients were evaluated with both fluciclovine and Tc99 
mMDP, with fluciclovine showing stronger detection overall 
and a greater number of  disease sites than that detected 
from Tc99 mMDP. These findings were confirmed through 
pathology at 4‑month follow‑up visits. Overall sensitivity and 
specificity in fluciclovine were 100% and 98%, respectively, 
while only 79% and 86% in Tc99 mMDP.[39] In a study of  
fifty patients with recurrent prostate cancer, imaging with 
both 18F‑fluciclovine and 11C‑choline was undertaken within 
7 days of  each other.[27] On a per‑patient, per‑lesion, LN, 
bone metastasis, and local recurrence basis, the fluciclovine 
PET was statistically significantly superior at identifying 
prostate cancer metastasis.[40] It was also better at identifying 
recurrence at all PSA values.[40] A meta‑analysis conducted by 
Ren et al., in 2016, attempted to analyze the performance of  
fluciclovine in the diagnosis of  recurrent prostate carcinoma. 
They reviewed six studies on biochemical recurrence and 
found a pooled sensitivity of  87% with a specificity of  
55%.[41] In 2018, Glaser performed a systematic review to 
look at evidence supporting the utility of  fluciclovine PET 
for prostate cancer.[42] He found studies demonstrating 
a superior sensitivity and specificity compared to CT, 
for patients with histologically confirmed biochemical 
recurrent prostate cancer. Studies showed the detection 
of  extraprostatic true‑positive lesions in 29% of  patients 
using Fluciclovine PET, whereas only 7% of  true‑positive 
lesions were discovered in patients using CT.[30,43] He also 
found studies demonstrating superiority of  fluciclovine over 
mpMRI, with detection rates of  94.7% and 31.6%‑36.8%, 
respectively, in a cohort of  24 men with clinical biochemical 
recurrent prostate cancer.[42] An 18F‑fluciclovine compound 
was recently approved for commercial use by the FDA and 
is currently being marketed under the trade name Axumin®. 
Figure 1 demonstrates an example of  recurrent cancer 
detected by fluciclovine scan in a patient with negative 
conventional imaging. Knowledge of  normal physiologic 
distribution and typical variations, as well as common 
patterns of  prostate cancer spread, are needed to ensure 
appropriate interpretation of  Fluciclovine PET findings.[30]

PROSTATE‑SPECIFIC MEMBRANE ANTIGEN 
POSITRON EMISSION TOMOGRAPHY

PSMA is a transmembrane protein expressed on the apical 

surface of  the epithelium of  prostatic ducts.[44] Expression 
of  PSMA is increased in prostate cancer compared to benign 
hypertrophied tissue and has been shown to increase with 
increasing prostate cancer grade but does not correlate 
to clinical stage.[45,46] This variability in expression is the 
basis for the PSMA PET, as only 5%–10% of  primary 
prostate cancer lesions have been shown to be PSMA 
negative.[47] PSMA PET/CT plays a critical role in the 
assessment of  patients with prostate cancer shown through 
biochemical recurrence.[48] PSMA can be labeled with 
68Gallium for its use in PET and has shown promise for 
diagnosing both primary and metastatic prostate cancer.[46,49] 
A meta‑analysis from 2016, including 16 studies and 
over  1,300 patients, reported a 76% positive lesion rate 
in patients undergoing scans for biochemical recurrence 
(recurrence definition ranged from >0.2 to 0.5 ng/mL).[50] 
In a subgroup of  these studies that reported histologic 
confirmation of  imaging findings, the per‑patient 
sensitivity and specificity were both 86%.[50] The per‑lesion 
sensitivity and specificity were reported as 80% and 97%, 
respectively.[50] PET positivity was demonstrated to increase 
with increasing PSA level.[50] With a PSA of  <0.2 ng/mL, 
there was a 42% pooled positivity, which increased to 58%, 
76%, and 95% with PSA levels of  0.2–0.99, 1.0–1.99, 
and >2.0 ng/mL, respectively.[50] In 2015, two retrospective 
studies looked at populations of  319 and 248  patients, 
finding positive detection rates of  88% and 90%, 
respectively.[51,52] Another retrospective study completed 
in 2017, looked at 1007  patients, finding a position 
detection rate of  79.5.[53] Several studies have compared 
the performance of  18F‑choline PET to 68Ga‑PSMA 
PET, with PSMA PET outperforming choline PET.[54] 
In one study, PSMA PET detected sites of  recurrence in 
44% of  patients with a negative choline PET.[54] Novel 
labeling agents, including N‑[N‑[(S)‑1,3‑dicarboxypropyl] 
carbamoyl]‑4‑18F‑fluorobenzyl‑L‑cysteine  (18F‑DCFBC) 
and 2‑(3‑{1‑carboxy‑5‑[(6‑[(18) F] fluoro‑pyridine
‑3‑carbonyl)‑amino]-pentyl}‑ureido)‑pentanedioic 
acid (18F‑DCFPyL), have been developed to improve the 
performance of  PSMA PET.[55,56] 18F‑DCFBC was shown 
to have an improved sensitivity  (90%) compared to CT 
scan (64%), Tc99 mMDP bone scan (40%), and CT + bone 
scan combined (71%) in patients with known metastatic 
disease in both hormone sensitive and castrate resistant 
settings.[55] The study was, however, limited as there was 
no histopathologic confirmation, only confirmation based 
on lesion response to treatment.[55] In a direct comparison 
study involving 14 patients with recurrent prostate cancer, 
staging shown by 18F‑DCFPyL was equivalent to that with 
68Ga‑PSMA PET.[57] A study in 2017 showed 18F‑DCFPyL to 
be superior to conventional imaging methods, detecting 131 
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sites of  cancer in patients with known metastatic disease, 
compared to only 45 sites detected on x‑ray, bone scan, and 
CT.[56] Although many studies show these novel agents to be 
superior, a prospective study from 2018 compared results 
in 23 patients with metastatic cancer in bone lesions, using 
PSMA‑targeted 18F‑DCFBC PET and 18F‑NaF PET and 
showed a superior detection rate for 18F‑NaF PET– 98.4% 
compared to 45.9%.[58] 68Gallium‑labeled PSMA has not 

been approved by the FDA for use in PET scans but 
continues to become a clinically accepted technique for 
prostate cancer imaging worldwide.[47]

OTHER UPCOMING MODALITIES

The need for better imaging modalities has led to 
development of  alternative techniques for detection. One 
such emerging modality involves radiolabeled bombesin 
analogs. Bombesin is a tetradecapeptide that antagonizes 
the gastrin‑releasing peptide receptor, which is expressed 
in prostate cancer cells.[59] Radiolabeled bombesin analogs 
have been shown to be inferior to current imaging 
modalities, with studies showing 0%–40% detection 
rates compared to 100% in radiolabeled choline.[59] Other 
modalities include MR lymphography, a molecular imaging 
technique that distinguishes normal functioning tissues 
from metastatic tissue through the utilization of  contrast 
agents. Contrast is taken up by macrophages and metastatic 
tissue has significantly fewer macrophages, allowing for 
a variation in image signaling.[60] Studies have shown MR 
lymphography to have varying sensitivity and specificity, 
with two studies showing a range of  82%–92% and 93%–
98%, respectively.[60] Another imaging modality utilizes the 
humanized monoclonal antibody, J591, which targets the 
extracellular domain of  PSMA.[61] This antibody has been 
studied with radiolabeling through Lutetium and Indium, 

Table 1: Efficacy of various modalities in predicting status of metastatic prostate cancer
Modality Author Year Number of 

patients
Sensitivity (%) Specificity (%) Comparison

CT Engeler et al.[8] 1992 160 5 100 PLND
Van Poppel et al.[7] 1994 285 77 95 PLND+FNA
Hövels et al.[10] 2008 * 43 39 LN metastasis
Briganti et al.[9] 2012 1541 13 96 PLND

MRI Biondetti et al.[13] 1987 29 83 97 PLND
Rifkin et al.[12] 1990 185 4 95 PLND
Jager et al.[14] 1996 63 59 97 PLND+FNA
Hövels et al.[10] 2008 * 39 82 PLND+FNA

Tc99m MDP bone scintigraphy Pyka et al.[21] 2016 126 86.7‑89.3 60.8‑96.1 Staging, recurrence, surveillance
(111) Indium‑capromab pendetide 
SPECT‑CT (ProstaScint®)

Rieter et al.[23] 2011 43 60 97 PLND
Rieter et al.[23] 2011 188 17 80 Seminal vesicle dissection

Choline PET Beheshti et al.[33] 2013 250 74 ‑ Biochemical recurrence
Evangelista et al.[29] 2013 * 49.2 95 Pooled results
Shen et al.[32] 2014 * 91 99 Per‑patient
Shen et al.[32] 2014 * 84 93 Per‑lesion
Fanti et al.[31] 2016 * 89 89 Pooled results

Fluciclovine PET Schuster et al.[25] 2014 93 90.2 40 Prostate/prostatic bed recurrence
Schuster et al.[25] 2014 93 55 96.7 Extra‑prostatic recurrence
Ren et al.[41] 2015 * 87 66 Pooled results
Chen et al.[39] 2019 106 100 98 Pathology

PSMA PET Perera et al.[50] 2016 * 86 86 Per‑patient, histologic confirmation
Perera et al.[50] 2016 * 80 97 Per‑lesion, histologic confirmation

MR lymphography Bjurlin et al.[60] 2018 * 82‑93 93‑98
Meta‑analysis*

*meta-analysis. PLND: Pelvic lymph node dissection, FNA: Fine needle aspiration, CT: Computed tomography, MRI: Magnetic resonance imaging, 
MDP: Methylene diphosphonate, PET: Positron emission tomography, PSMA: Prostate‑specific membrane antigen, MR: Magnetic resonance, SPECT: 
Single‑photon emission computed tomography

Figure 1: (a) Pt. is 66‑year‑old male  with a history of Gleason 4+3 
prostate cancer s/p = status post radical prostatectomy in 2013 
followed by salvage radiation therapy. Patient presented with rising 
prostate‑specific antigen and underwent Fluciclovine positron emission 
tomography scan for restaging. Imaging demonstrates abnormal 
Fluciclovine uptake involving R external lymph node, consistent with 
metastasis. Patient underwent salvage LN dissection and pathology 
of metastasis was confirmed. (b) Patient is 66‑year‑old male with a 
history of Gleason 4+3 prostate cancer s/p radical prostatectomy in 
2013 followed by salvage radiation therapy. Patient presented with 
rising prostate‑specific antigen and underwent Fluciclovine positron 
emission tomography scan for restaging. Subtle increased uptake 
in R aspect of sacrum, representing possible early bone metastases

ba
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as well as Zirconium. In 2014, Pandit‑Taskar et al. reported 
the first data on the use of  89Zr‑huJ591 in patients with 
metastatic prostate cancer. Results from their analysis showed 
superiority over conventional imaging methods, but further 
testing is needed to determine other analytical measures.[61]

CONCLUSIONS

Detecting low volume metastatic prostate cancer can be 
challenging. Traditional modalities of  CT, MRI, and bone 
scan have been the mainstay for both preoperative imaging 
and detection of  recurrent disease. Each modality has 
shortcomings, and as shown above, variable sensitivities 
and specificities. Perhaps these techniques would benefit 
from improvements in magnet field strength or protocol 
standardization.[62] However, new techniques have been 
developed which have shown promising results for 
detecting metastatic disease both in preoperative staging 
and in biochemical recurrence following treatment. Utility 
of  these agents can help ensure patients receive appropriate 
therapy and avoid costly interventions.[63] As the availability 
of  these modalities increases and more data are reported, 
their clinical usefulness will be better demonstrated.
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