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Introduction

Conventional staging for prostate cancer (PCa) is performed 
for men diagnosed with unfavorable-intermediate or 
higher risk disease (Table 1). Computed tomography (CT) 
of the abdomen and pelvis and bone scan remain the 
standard of care for the detection of visceral, nodal, and 
bone metastasis. However, these studies provide limited 

information regarding local staging that can inform risk and 
guide treatment, specifically intraoperative decision making.

Accurate knowledge of lymph node (LN) involvement is 
important to counsel and determine a treatment plan for the 
patient. While the pathological assessment of LN following 
surgical dissection is the most accurate assessment of pelvic 
LN involvement in PCa, surgery may not be indicated in the 
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setting of metastatic disease (1-4). Additionally, early diagnosis 
of persistent or recurrent disease improves treatment 
outcomes, highlighting the importance of robust imaging 
for detection of LN metastasis after initial therapy (5).  
Accurate imaging has the potential to determine candidates 
for salvage LN dissection or targeted radiation therapy for 
the treatment of oligometastatic disease (6-8).

Current guidelines generally recommend evaluation for 
LN metastases using abdominal and pelvic cross-sectional 
imaging for all patients with unfavorable-intermediate or 
greater risk at time of diagnosis (Table 1) (2,9). The goal 
of this imaging is to provide adequate staging that can 
guide patient counseling and treatment determination. 
LN detection is particularly important because pelvic LNs 
are believed to be the initial site of metastasis in PCa (10). 
Early LN detection has been shown to change therapy 
at the time of diagnosis and in the setting of recurrence, 
but there is still a need for large prospective randomized 
trials to more accurately assess the full impact of imaging 
modalities on PCa therapy and outcomes (7,8,11-13). Since 

PCa metastasizes first to pelvic LN, cross sectional imaging 
to evaluate the nodes is important (2,9).

MRI has an emerging role in PCa detection and is 
integrated in many current prostate biopsy protocols (14,15). 
In that setting, it may be used in lieu of CT for nodal 
staging. Current guidelines state that both CT and MRI 
are appropriate cross-sectional imaging modalities for the 
identification of nodal metastasis (Table 2) (2,9,16). There 
is an ongoing debate about the optimal imaging modality 
in PCa nodal staging, which has been further fueled by 
the development of newer molecular imaging techniques. 
Advanced imaging modalities, and their ability to detect 
PCa metastasis to LNs, will change the landscape of PCa 
staging (17-20). Herein, we aim to discuss common and 
emerging PCa LN imaging modalities, and summarize 
evidence and indications for their utility (Table 3).

Methods

A PubMed/Medline search [1990–2018] was conducted 

Table 1 Prostate cancer risk categories

Categories NCCN AUA EAU

Very low PSA <10 ng/mL, and GGG 1, and clinical 
stage T1c, and <3 positive biopsy cores, and 
≤50% cancer in each core, and PSA density 
<0.15 ng/mL/g

PSA ≤10 ng/mL, and GGG 1, and clinical 
stage T1-T2a, and < 34% of biopsy 
cores positive, and no core with > 50% 
cancer, and PSA density <0.15 ng/mL/cc

–

Low PSA <10 ng/mL, and GGG 1, and clinical 
stage T1-T2a

PSA ≤10 ng/mL, and GGG 1, and clinical 
stage T1-T2a

PSA <10 ng/mL, and GS <7 
(ISUP grade 1), and cT1-2a

Intermediate No high risk or very high-risk features, and 
≥ 1 of the following IRFs: PSA 10–20 ng/mL, 
or GGG 2 or 3, or clinical stage T2b-T2c

PSA 10 to <20 ng/mL, or GGG 2-3, or 
clinical stage T2b-T2c

PSA 10-20 ng/mL, or GS 7 
(ISUP grade 2/3), or cT2b

• Favorable intermediate: 1 IRF, and GGG 1 
or 2, and <50% biopsy cores positive

• Favorable intermediate: GGG 1, or 
GGG 2 (with PSA <10)

• Unfavorable intermediate: 2 or 3 IRFs 
and/or GGG 3 and/or ≥50% biopsy cores 
positive

• Unfavorable intermediate: GGG 2 (with 
PSA 10 to <20 or stage T2b-c), or 
GGG 3

High PSA >20 ng/mL, or GGG 4 or 5, or clinical 
stage T3a

PSA ≥20 ng/mL, or GGG 4–5, or clinical 
stage ≥ T3

Localized: PSA > 20 ng/mL, 
or GS >7 (ISUP grade 4/5), 
or cT2c

Locally Advanced: cT3-4 or 
cN+

Very high Primary Gleason pattern 5, or >4 cores with 
grade group 4 or 5, or clinical stage T3b-T4

– –

NCCN, National Comprehensive Cancer Network; AUA, American Urological Association; EAU, European Association of Urology; PSA, 
prostate-specific antigen; GGG, Gleason grade group; IRF, intermediate risk factor; GS, Gleason score; ISUP, International Society for 
Urological Pathology.
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in August 2018 for articles related to LN imaging for 
PCa. The search was limited to studies published in 
English. Prospective and retrospective original research, 
systematic reviews, and meta-analyses were included. 
Meeting abstracts, editorials, and commentaries were 

excluded. Two reviewers assessed dimensions of evidence 
quality, in particular, risk of bias for each paper in each 
library. Preference was given to articles that provided 
detailed analysis comparing the imaging modalities yielding 
statistically significant findings. Included articles were 

Table 2 Current imaging guidelines for staging of prostate cancer

Guideline
Imaging modality

CT MRI PET Bone scan

Pre-treatment

NCCN Pelvis +/− abdomen for 
intermediate, high, and 
very high-risk disease with 
nomogram probability of 
lymph node involvement 
>10%

Pelvis +/− abdomen for 
Intermediate, high, and 
very high-risk disease with 
nomogram probability of 
lymph node involvement 
>10%

Consider if initial bone 
scan demonstrates 
equivocal results

Unfavorable intermediate 
if T2 and PSA >10 ng/mL, 
high and very high-risk 
disease, any stage disease 
with symptoms of osseous 
metastasis

AUA Consider for unfavorable 
intermediate risk, perform 
in high risk

Consider for unfavorable 
intermediate risk, perform 
in high risk

Not indicated Consider for unfavorable 
intermediate risk, perform 
in high risk

EAU Use for ISUP grade ≥3 for 
intermediate risk disease, 
use in high risk disease

Use for ISUP grade ≥3 for 
intermediate risk disease, 
use in high risk disease, 
consider using mpMRI for 
local staging and treatment 
planning

Not indicated Use for ISUP grade ≥3 for 
intermediate risk disease, 
use in high risk disease

Post-treatment

NCCN Pelvis, abdomen, and 
chest for PSA persistence/
recurrence post RP; PSA 
persistence/recurrence 
or positive DRE and 
candidate for local therapy 
post RT

Pelvis and abdomen 
for PSA persistence/
recurrence post RP; PSA 
persistence/recurrence 
or positive DRE and 
candidate for local therapy 
post RT

Consider 18F-fluciclovine or 
11C-choline in the setting of 
BCR after local treatment 
for further evaluation of 
soft tissue and bone

PSA persistence/
recurrence post RP; PSA 
persistence/recurrence or 
positive DRE after RT and 
following progression after 
initial recurrence

AUA Consider in setting of BCR 
after local treatment

Consider in setting of BCR 
after local treatment

No specific 
recommendation

Consider in setting of BCR 
after local treatment

EAU Patients with BCR or 
symptoms if it will influence 
treatment decisions

Patients with BCR or 
symptoms if it will influence 
treatment decisions; 
mpMRI for local recurrence 
after RT

If PSA ≥0.2 ng/mL perform 
PSMA PET/CT if results 
will influence treatment 
decisions, or if PSMA 
unavailable perform 
fluciclovine or choline PET/
CT if PSA ≥1 ng/mL if  
results will influence 
treatment decisions

Patients with BCR or 
symptoms if it will influence 
treatment decisions

NCCN, National Comprehensive Cancer Network; AUA, American Urological Association; EAU, European Association of Urology; CT, 
computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography; PSA, prostate-specific antigen; ISUP, 
International Society for Urological Pathology; mpMRI, multi-parametric magnetic resonance imaging; RP, radical prostatectomy; DRE, 
digital rectal exam; RT, radiation therapy; ADT, androgen deprivation therapy; BCR, biochemical recurrence; PSMA, prostate-specific 
membrane antigen.
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selected by the consensus of all authors.

CT imaging

Pelvic lymph node dissection (PLND) is the most accurate 
method to diagnose metastatic PCa to LN (1). However, 
there is still debate regarding the application, benefits, 
and necessary extent of PLND. Since PLND is associated 
with a small yet significant risk of complications, including 
the development of lymphocele or intraoperative injuries 
that could potentially result in longer hospital stays, 

some providers defer the PLND given the lack of clear 
therapeutic benefit of the intervention (1). Society guidelines 
are variable, but generally recommend performing PLND 
in patients based on nomogram-predicted risk of LN 
involvement or in higher-risk patients (21). Recent studies 
have examined the role of imaging in deciding to perform 
PLND in low-risk patients who would traditionally not 
be candidates for PLND, adding further uncertainty to 
decision-making (21). The debate over the need for PLND 
and associated risks highlights the potential value of high-
quality imaging for LN disease detection.

Table 3 Summary of advantages and disadvantages of CT and MRI with or without PET

Imaging 
modality

Types of 
imaging

Contrast agent/radiotracer Advantage Disadvantage

CT Anatomic – Relatively inexpensive, well studied, 
globally available, contrast material 
is optional

Low sensitivity and specificity for 
PCa metastasis

PET PET/CT 11C- or 18F-choline, 
11C-acetate, and 18F-FACBC

Increased sensitivity and specificity 
over conventional imaging, useful 
for BCR at moderate and high PSA 
levels

Expensive, unclear clinical benefit 
over conventional imaging, requires 
additional equipment and contrast 
agents

PSMA PET/CT 68Ga- or 18F-labeled 
PSMA targeting agents, 
18F-DCFBC, and 18F-DCFPyl

High diagnostic accuracy, 
diagnostic accuracy improved 
compared to other PET tracers at 
low PSA levels

Expensive, unclear clinical benefit 
over conventional imaging, requires 
additional equipment and contrast 
agents

PET/MRI 11C- or 18F-choline, 
11C-acetate, 18F-FACBC, 

68Ga- or 18F-labeled 
PSMA targeting agents, 
18F-DCFBC, and 18F-DCFPyl

Reduced ionizing radiation 
compared to PET/CT, increased 
soft tissue resolution, potentially 
superior to PET/CT

Expensive, requires high technical 
expertise, unclear clinical benefit 
over conventional imaging, benefit 
over PET/CT unclear

MRI Anatomic – Superior soft tissue contrast vs. CT, 
contrast material is optional, well 
studied, useful for primary prostate 
ca imaging

Expensive, low sensitivity and 
specificity for PCa metastasis

DWI – Mild improvements in diagnostic 
accuracy compared to anatomic 
imaging, contrast material optional, 
well studied, useful for primary PCa 
imaging

Low sensitivity and specificity for 
PCa LN metastasis, difficult to 
create standardized ADC values

USPIO USPIO containing reagents 
(i.e., ferumoxytol)

Increased sensitivity and specificity 
for LN metastasis compared 
to anatomic imaging, useful for 
detecting small nodes

Expensive, difficult to obtain 
contrast agents, potential increased 
risk of anaphylaxis, labor intensive, 
imaging performed long after 
injection

CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography; PSMA, prostate-specific membrane 
antigen; BCR, biochemical recurrence; PCa, prostate cancer; DWI, diffusion weighted imaging; USPIO, ultra-small superparamagnetic iron 
oxide;  ADC, apparent diffusion coefficient.



1419Translational Andrology and Urology, Vol 9, No 3 June 2020

  Transl Androl Urol 2020;9(3):1415-1427 | http://dx.doi.org/10.21037/tau.2020.03.20© Translational Andrology and Urology. All rights reserved.

Abdominal and pelvic CT or MRI are utilized to assess 
LN involvement by examining size and morphology (22,23). 
Determining positive nodes is difficult because many PCa 
metastatic LN demonstrate normal size, and enlarged LN 
may be benign (22,23). Exact criteria to define a positive 
LN are variable, but a LN is generally considered abnormal 
if the short axis is ≥1 cm or if the LN is morphologically 
abnormal regardless of size (i.e., rounded, loss of fatty 
hilum, spiculated margins, asymmetric cortical thickening, 
heterogeneous, low signal intensity on T2w imaging) (22,23) 
(Figure 1). Attempts to decrease objective and subjective 
anatomic thresholds at conventional CT or MRI to improve 
sensitivity result in unacceptable penalties to specificity.

The sensitivity of CT for the detection of metastatic 
PCa to LN using a short axis threshold of ≥1 cm is 
approximately 40%; the exact sensitivity varies based on 
study criteria and individual patient risk (24). In a meta-
analysis by Hövels et al., this criterion was determined to 
have a pooled sensitivity of 42% (95% CI, 26–56%) and 
a pooled specificity of 82% (95% CI, 79–83%) (24). The 
range of sensitivities across different studies is large: 5% to 
94% (25-30). This variation highlights variability in patient 
populations and methodologies (24,31). 

The sensitivity and specificity of CT for detection of 
metastatic PCa are low because LN size is a poor predictor 
of nodal metastasis. Normal patients have visible LNs. 
Therefore, for a LN to be positive at anatomic imaging, 
the tumor burden within a node has to reach a macroscopic 
quantity that distorts the normal nodal architecture. 
Non-enlarged LNs at cross-sectional imaging can harbor 
microscopic malignant disease that is below the resolution 

of the examination to image. Furthermore, not all enlarged 
LNs are malignant. Enlarged LNs may occur from 
multiple benign etiologies (32). The suboptimal diagnostic 
performance of CT challenges its role in the evaluation of 
patients with suspected metastatic PCa (24,27). Although 
neither very sensitive nor specific for LN involvement, CT 
can be useful to suggest metastatic nodes when positive, 
to demonstrate extensiveness of bulk disease, to identify 
metastases to other sites such as liver or bones, and to help 
differentiate malignant from benign causes of abnormal 
uptake at bone scan (33).

Positron emission tomography (PET)/CT

Given the suboptimal diagnostic accuracy of CT for detecting 
metastatic PCa, molecular imaging has been investigated 
for the assessment of metastatic disease in patients with PCa 
(Figure 2) (24). A variety of PET/CT radiotracers have 
been investigated for the diagnosis and staging of metastatic 
PCa. Direct comparisons between tracers are challenging 
due to differences in patient populations, disease severity, 
variations in study designs, and lack of a reliable reference 
standard (34). Well investigated radiotracers include 11C- or 
18F-choline, 11C-acetate, 18F-fluorocyclobutane-1-carboxylic 
acid (18F-FACBC or 18F-fluciclovine), and radiotracers 
targeting PSMA. Of note, 18F-fluorodeoxyglucose (FDG) is 
of limited use in PCa staging due to relatively low glycolytic 
activity of most PCa (34,35).

The cell uptake of 11C/18F-labeled choline tracers depends 
on the activity of the choline transport across the cell 
membrane. 11C-choline may also undergo further metabolic 

Figure 1 A 43-year-old male with metastatic prostate cancer (S/P prostatectomy with a serum PSA =37 ng/mL). (A) There is bilateral 
common iliac lymph node enlargement at axial CT (white arrows); (B) axial fat saturated T1W MRI (white arrows); (C) axial b800 diffusion 
weighted MRI (black arrows). PSA, prostate-specific antigen; MRI, magnetic resonance imaging.

A B C
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steps, which include integration into cell membranes. As a 
result, elevated uptake of choline radiotracers is not specific 
for PCa, and may also be seen in many other malignancies 
as well as benign inflammatory processes (35). One 
advantage of 11C-choline is the lack of immediate urinary 
excretion, simplifying assessments of the prostatic bed. In 
contrast, 18F-choline is excreted in the urine, obscuring 
visualization of the bladder wall and adjacent prostate bed. 
11C-choline has a shorter half-life than 18F-choline and thus 
requires an on-site cyclotron for use (36). 11C- and 18F-choline 
PET/CT have a broad range of sensitivities and specificities 
reported in the literature, but a recent meta-analysis found 
a pooled sensitivity of 62% and a pooled specificity of 92% 
for choline PET/CT detection of pelvic LN metastases (37). 
Choline PET/MRI has shown diagnostic advantages beyond 
MRI alone for the identification of PCa for fusion biopsy 
targeting and focal ablation (38,39). 

Acetate is a substrate for fatty acid synthase, which is 
reported to be overexpressed in PCa (40). Haseebuddin 
et al. found 11C-acetate-based PET/CT had a sensitivity 
and specificity for detecting LN metastasis of 68.0% and 
78.1%, respectively, in men with intermediate- or high-
risk PCa and negative conventional imaging (41). The 
authors concluded that 11C-acetate was more sensitive 
than conventional imaging for positive LN detection (41). 
However, despite its apparent improvements over anatomic 
imaging alone, 11C-acetate has not gained widespread use as 
its diagnostic accuracy is suboptimal. 

18F-FACBC is an FDA-approved, synthetic l-leucine 
analog that demonstrates increased uptake in PCa (42) 
related to increased amino acid transport (34). Studies of 
18F-FACBC PET/CT for LN imaging are limited. In the 

primary setting (prior to initial treatment) one study found 
a sensitivity and specificity for detection of metastatic 
LN of 65.0% (40.8–84.6%) and 97.1% (85.1–99.9%), 
respectively (43). However, small metastatic LN (<5 mm) 
are generally missed (43). In the setting of biochemical 
recurrence, Schuster et al. found a sensitivity and specificity 
of 18F-FACBC PET/CT for the detection of extraprostatic 
recurrence of 55.0% and 96.7%, respectively (44). A 
multicenter trial of 596 patients by Bach-Gansmo et al. 
found a positive predictive value (PPV) for extraprostatic 
disease of 92.3% (45). Preliminary evidence suggests high 
sensitivity but low-to-moderate specificity for detecting 
recurrent disease in the setting of BCR (46). Preliminary 
data available from studies directly comparing 18F-FACBC 
with PSMA-based radiotracers suggest a superiority of 
PSMA-tracers over 18F-FACBC for the identification of 
nodal and distant metastatic PCa. 

In addition to the metabolic radiotracers, ligands to the 
so called prostate specific membrane antigen (PSMA) have 
been developed. PSMA, which functions as folate hydrolase 
(FOLH1) and glutamate carboxypeptidase II or N-acetyl-
L-aspartyl-L-glutamate peptidase I, is a membrane protein 
expressed at low level by prostate epithelial cells (47,48). 
PSMA PET tracers refer to radiolabeled small molecular 
inhibitors of PSMA that binds to the extracellular site 
of the PSMA protein. Most are radiolabeled with either 
Gallium-68 (68Ga) or Fluoride-18 (18F) (49-51). Expression 
is relatively low on normal cells or in BPH, but increases 
in PCa cells (48). Increased PSMA expression is correlated 
with higher grade tumors, elevated metastatic potential, and 
particularly hormone-refractory cancer (47,48). While the 
majority of PCa overexpress PSMA, up to 8% of cancers 

Figure 2 A 68-year-old male after radical prostatectomy with serum PSA =8.92 ng/mL. (A) Axial CT image shows an enlarged lymph node 
in the right iliac chain (arrow). (B) lymph node shows tracer uptake within the right iliac lymph node on axial 18F-DCFPyL PET and with (C) 
PET/CT images [black arrow in (B), white arrow in (C)]. Arrow heads show the tracer activity in ureters bilaterally in (B,C). Findings are 
consistent with prostate cancer metastasis to the right iliac chain (arrow) (courtesy of Dr. Esther Mena, from Molecular Imaging Program, 
NCI, NIH). PSA, prostate-specific antigen; PET, positron emission tomography; CT, computed tomography.

B CA
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may lack PSMA expression (52).
The utility of PSMA ligands for the identification of 

PCa in the setting of BCR, especially for men with low PSA 
levels, has been well established (51). Furthermore, their 
use in initial staging is now under investigation. Perera et al.  
performed a meta-analysis to determine the sensitivity 
and specificity of PSMA PET in the detection of LN 
metastasis, and reported a pooled sensitivity of 80% with a 
corresponding specificity of 97% on a per-lesion basis (20).  
Öbek et al. attempted to characterize the sensitivity 
and specificity of 68Ga-PSMA PET/CT compared to 
morphological imaging (CT or MRI) in high- and very-
high-risk patients at primary staging. They found sensitivity 
and specificity of 56% and 86% in the whole cohort, 
respectively, which increased to 67% and 88% in patients 
who had 15 or more LN removed (17). The average size 
of LN harboring metastases that were missed by 68Ga-
PSMA PET/CT was 3.9±2.7 mm (median 4 mm, range, 
0.2–8 mm), smaller than the minimum threshold necessary 
to identify a malignant node at morphologic imaging (17). 
They concluded that 68Ga-PSMA PET/CT was superior 
to morphological imaging for LN detection, but surgical 
dissection was still the primary method for LN staging 
pending further evidence and trials (17).

van Leeuwen et al. found sensitivity of 64% and specificity 
of 95% of 68Ga-PSMA PET/CT in intermediate and high 
risk PCa for primary staging (19). Of those positive LNs 
that were missed, the average size was 2.73±1.29 mm (19).  
Hijazi et al. retrospectively evaluated pelvic extended LN 
dissection (eLND) in the setting of BCR and high risk 
primary PCa detected by 68Ga-PSMA PET/CT (53). They 
found per node sensitivity and specificity of 94% and 99%, 
respectively (53). A prospective trial to examine whether 
68Ga-PSMA PET/CT changes patient management in the 
setting of high risk PCa or BCR found 68Ga-PSMA PET/
CT changed management decisions in 51% of patients (54).  
This effect was observed more often in patients with 
BCR (62% with a change in management) compared to 
patients with high-risk primary PCa (21% with a change in 
management) (54). In a meta-analysis, Perera et al. found 
68Ga-PSMA PET/CT positive scan rates were correlated 
with PSA levels. For PSA ranges of <0.2, 0.2–0.99, 1.00–
1.99, and >2 ng/mL, positive scan rates were 42%, 58%, 
76%, and 95%, respectively (20). Bluemel et al. found that 
68Ga-PSMA PET/CT detected disease in 43.8% (14 of 32 
patients, n=8 in prostatic bed, n=6 in LN) of patients with 
BCR who had negative 18F-choline PET/CT (55). 68Ga-

PSMA PET/CT may be particularly useful when compared 
to other imaging modalities at PSA <1 ng/mL. In the same 
study, Bluemel et al. found that adding 68Ga-PSMA PET/CT 
to 18F-choline PET/CT improved the detection rate in BCR 
to 61.5% compared to 46.1% in patients with PSA ≥0.2 and 
<1 ng/mL (55). In summary, there is growing evidence that 
PSMA PET/CT has high impact on clinical management 
in the setting of BCR, especially in cases of oligo-metastatic 
disease with potential for focal therapies (56). 

Fendler et al. studied 635 patients with BCR and assessed 
the diagnostic accuracy, inter-reader reproducibility, and 
safety of 68Ga-PSMA PET/CT with lesions validated by 
histopathologic analysis (57). PPV was 84% (95% CI, 
75–90%) by histopathologic validation, with increased 
detection in patients with higher PSA: 38% for <0.5 ng/mL 
(n=136), 57% for 0.5 to <1.0 ng/mL (n=79), 84% for 1.0 to 
<2.0 ng/mL (n=89), 86% for 2.0 to <5.0 ng/mL (n=158), 
and 97% for ≥5.0 ng/mL (n=173, P<0.001) (57); 256 (40%) 
patients had extrapelvic disease, including 105 (17%) with 
LN or soft tissue involvement, and 47 (7%) with both LN 
and soft tissue and bone involvement (57).

Efforts have been made to radiolabel PSMA ligands 
with 18F instead of 68Ga to improve spatial resolution and 
radiotracer half-life (68 vs. 110 minutes, respectively) (58-61).  
A prospective trial using 18F-DCFBC PSMA PET/CT in 
17 patients with metastatic hormone-naïve and castration-
resistant PCa found increased sensitivity of 18F-DCFBC 
PSMA PET/CT compared to conventional imaging 
for detecting lesions (92% vs. 71%, respectively) (62). 
In a prospective study of 18F-DCFPyl PSMA PET/CT 
in patients (n=68) with BCR and negative conventional 
imaging, Mena et al. found lesion detection rates of 
15% (n=2/13), 46% (n=6/13), 83% (n=10/12), and 77% 
(n=23/30) for patients with PSA levels of >0.2 to <0.5, >0.5 
to 1.0, >1 to 2.0, and ≥2.0 ng/mL, respectively (63). Thirty-
nine sites of recurrence were discovered in LN (63). A 
prospective phase II study by Gorin et al. of 18F-DCFPyl 
PSMA PET in 25 men with localized high- or very-high-
risk PCa prior to prostatectomy and pelvic LN dissection 
found a sensitivity and specificity of disease detection at 
the level of individual nodal packets of 66.7% and 92.7%, 
respectively (64). A larger multicenter trial, which is no 
longer recruiting patients, is underway (ClinicalTrials.gov 
identifier number NCT02981368).

In addition to LN imaging, PSMA PET/CT has been 
shown to significantly outperform bone scan for the 
detection of bone involvement with sensitivity (98.7–
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100%) and specificity (88.2–100%) ranges superior to that 
of bone scan (86.7–89.3% and 60.8–96.1%, respectively; 
P<0.001) (65). 

Overall, current evidence suggests that PET/CT 
imaging with PSMA ligands is promising and superior to 
conventional imaging in BCR. However, current evidence 
from PSMA ligands has mainly been obtained from 
retrospective data. Clearly well-controlled multi-center 
trials are necessary to determine a clinical benefit for BCR 
and initial staging to gain FDA approval for PSMA ligands. 
Current guidelines from the National Comprehensive 
Cancer Network (NCCN) and European Association of 
Urology (EAU) acknowledge the potential for PET/CT 
(especially newer agents), but currently recommend using 
PET/CT only in selected patients (Table 2) (2,16). Detailed 
imaging recommendations in the preoperative and post-
operative setting are shown in Table 2. In summary, both the 
NCCN and EAU guidelines conclude that PET/CT may 
be useful for detecting soft tissue metastases in the setting 
of BCR, and the NCCN states PET/CT may be used when 
initial bone scan demonstrates equivocal results (2,16). The 
EAU mentions that while evidence suggests PET/CT is 
more sensitive for metastases than conventional CT, the 
clinical benefit and thereby cost-effectiveness of PET/CT is 
unclear at this time (2). In the setting of BCR, the diagnostic 
rate of choline PET/CT may be improved by selecting for 
patients who are most likely to show detectable disease. 
Treglia et al. found that stratifying for PSA kinetics (PSA 
doubling time ≤6 months and PSA velocity >1 or >2 ng/mL  
year) improved the diagnostic rate of choline PET/CT, 
suggesting that PSA kinetics in part could be used to stratify 
the need for metabolic imaging (66). 

Magnetic resonance imaging (MRI)

MRI has good diagnostic performance for the detection 
and staging of locally advanced PCa (67-70). Preoperative 
identification of locally advanced and metastatic disease is 
important for patient counseling and treatment decisions, 
as this subset of patients is preferably treated with 
androgen-deprivation therapy with or without radiation (4).  
Similar to CT, MRI has poor sensitivity and specificity 
for LN metastases (4). This is because it relies on similar 
properties (shape, size). Up to 80% of PCa LN metastases 
do not meet threshold size criteria and are missed at  
MRI (71). A meta-analysis conducted by Hövels et al. 
found that the pooled sensitivity and specificity of MRI for 

LN metastasis were 39% and 82%, respectively (similar 
to CT) (24). Despite the limitations of MRI, there is a 
growing body of evidence that supports the use of MRI 
in the local staging of PCa in select patients (67). Given 
the relative redundancy in anatomic information (i.e., LN 
status) between CT and MRI, patients undergoing MRI for 
local staging may not need a separate pelvis CT for nodal 
staging assuming the MRI has at least one sequence that 
includes the entire pelvis in the field of view. 

Diffusion weighted imaging (DWI) is a functional 
MRI technique that relies on tissue differences in water 
diffusivity to image abnormalities. The relative diffusivity 
can be expressed quantitatively with the apparent diffusion 
coefficient (ADC). Lower ADC values indicate less water 
diffusion, which is evident in the setting of tightly packed 
cells, purulent material, and hemorrhage (72). ADC 
mapping has been studied for imaging head and neck LN 
metastases (73), and for preoperative assessment of pelvic 
LN (68,74). Unfortunately, in PCa, DWI MRI is still 
inaccurate for detecting LN metastases, regardless of size 
(75,76). DWI provides only modest improvement for LN 
staging over conventional anatomic imaging (76). The 
limitations of DWI are multifold and include: an inability 
to characterize normal-size LN, inaccurate ADC values due 
to partial volume effects and technical factors, suboptimal 
inter-rater and inter-site reproducibility, false negative 
results in necrotic nodes due to increased water diffusion, 
false positive results in reactive enlarged nodes, and artifacts 
related to motion and bowel gas (68,74).

Thoeny et al. conducted a prospective study of 4,846 
pelvic LN in 120 patients to evaluate the diagnostic 
performance of diffusion-weighted MRI in the detection of 
pelvic LN metastases in patients with clinical N0 prostate 
and bladder cancer (23). They found that DWI increased 
per-patient sensitivity for malignant nodes to 64–79% while 
maintaining a specificity of 84–85% (23). The authors 
stated this was possible, despite overlapping ADCs in small 
LN between malignant and benign nodes, because they 
used morphologic imaging in combination with DWI to 
reduce false positive results (23). The authors hypothesized 
that conflicting results between studies of DWI sensitivity, 
specificity, and accuracy may be due to differences in image 
analysis and patient populations. Overall, more evidence is 
necessary to understand the role of DWI in LN imaging 
for metastatic PCa. Methods and ADC thresholds are 
institution and machine dependent, making these results 
difficult to generalize.
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Ultra-small superparamagnetic iron oxide (USPIO) 
enhanced MRI

Magnetic resonance lymphography utilizing USPIO 
particles has been utilized to improve the detection of occult 
LN metastases. This technique relies on iron nanoparticles 
taken up by macrophages residing in normal LN. Normal 
LN have more macrophages compared to malignant nodes 
because they have not been replaced by tumor cells. This 
property allows differentiation of benign and malignant 
LN with susceptibility-weighted MRI. Specifically, when 
susceptibility-weighted MRI is used, the iron particles 
cause signal loss in normal LN. The malignant LN have 
either no signal loss or heterogeneous signal loss because 
the tumor cells do not take up the iron (black LN: normal, 
gray or white LN: malignant) (77). In other words, USPIO-
enhanced MRI acts as a negative contrast agent, reducing 
the signal intensity of normal, non-metastatic LN (4).

This new modality has shown promising results, 
outperforming conventional CT and MRI in the detection 
of LN metastases with sensitivities between 65–92% and 
specificities ranging between 93–98% (78-81). One study 
found sensitivity of 100% and specificity of 95.7%, with the 
ability to detect some metastases <2 mm in diameter (82). 
In another study, Harisinghani and colleagues conducted 
a prospective, single-center open label study investigating 
the use of ferumoxytol, a carboxymethyl dextran-based 
magnetic nanoparticle for the detection of locoregional 
LN (Figure 3) (82). In this pilot study, USPIO MRI 
demonstrated a significant reduction of the signal-to-noise 
ratio (SNR) in benign LN (change of 68.2%, P<0.0001) 

with minimal SNR change for malignant nodes (change 
of 8.5%, P=0.16). USPIO MRI demonstrated significantly 
lower signal intensity in benign LN compared to malignant 
LN (−37.8% vs. −4.7%; P<0.0001) (82). Additionally, the 
combination of diffusion-weighted MRI with USPIO 
demonstrated improved sensitivity, with LN detection 
rates of 87% in LN with short axes of ≤8 mm and 77% of 
LN with short axis of ≤3 mm (83). Unfortunately, multiple 
challenges currently exist in the use of USPIO. There is 
a lack of available agents; for example, ferumoxtran-10 
is only available in the Netherlands, and the alternative 
ferumoxytol requires off-label use in the United States 
and has a black-box warning from the Food and Drug 
Administration (FDA) about fatal anaphylaxis (84). Other 
challenges include the necessity for multiple images over 
hours to days, which is difficult to manage logistically. 
Furthermore, the image analysis is subjective and labor 
intensive as all LN must be compared before and after drug 
administration (34).

Conclusions

Accurate nodal staging of PCa is important to guide 
treatment and inform patients. Despite significant advances 
in the field of cancer imaging, conventional imaging 
modalities remain the standard of care in the radiographic 
evaluation of patients with PCa according to national and 
international guidelines. Improvements in advanced imaging 
techniques are needed because conventional imaging has 
suboptimal diagnostic accuracy for nodal metastases. This is 

Figure 3 A 68-year-old male with Gleason 4+3 prostate cancer, serum PSA =56 ng/mL. (A) Axial T2*W MRI shows bilateral iliac lymph 
nodes (arrows). (B) 24 h post ferumoxytol injection axial T2*W MRI shows lack of ferumoxytol uptake within the iliac lymph nodes 
bilaterally (arrows). Findings are consistent with prostate cancer metastases (arrows) (courtesy of Dr. Baris Turkbey, from Molecular Imaging 
Program, NCI, NIH). PSA, prostate-specific antigen; MRI, magnetic resonance imaging.

BA
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primarily due to an inability to detect cancer within normal-
size LNs. Multiple technologies including new tracers, 
contrast agents, and imaging sequences have demonstrated 
improved detection over conventional modalities. More 
studies are necessary to better understand the clinical role, 
accuracy, and cost-effectiveness of newer imaging modalities, 
as existing studies are often small and have variable results. 
These advanced modalities are particularly exciting as 
investigators begin to explore not only their role in cancer 
detection, but also their potential for cancer therapy.
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