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Revisiting Prostate Cancer Recur-
rence with PSMA PET: Atlas of Typical 
and Atypical Patterns of Spread 

The introduction of prostate-specific membrane antigen (PSMA) 
in clinical practice has revolutionized evaluation of biochemical 
recurrence of prostate cancer after curative-intent treatment. The 
high expression of this glycoprotein in prostate cancer cells makes 
PSMA imaging superior to the current conventional staging meth-
ods, namely bone scanning and CT. The high capability of PSMA 
imaging for identifying very small previously undetected lesions has 
been widely demonstrated in the literature, leading to a rethinking 
of patient management by oncologists, urologists, and radiation 
oncologists. The typical and predictable patterns of spread in pros-
tate cancer are still more prevalent, such as spread to pelvic lymph 
nodes and bone metastasis, but different patterns of disease spread 
are becoming more commonly recognized with higher reliability be-
cause PSMA imaging allows detection of more typical and atypical 
lesions than conventional imaging. Furthermore, it is important for 
the reading physician to recognize and understand the typical dis-
ease spread and the most prevalent atypical prostate cancer relaps-
es, not only to heighten the relevancy of reports but also to improve 
imaging consultancy in multispecialty oncologic practice.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Understand the context of biochemical 
recurrence and the imaging appearance 
of treated prostate cancer.

 ■ Recognize the imaging patterns of typi-
cal and atypical disease of local, nodal, 
and distant recurrence.

 ■ Discuss the clinical impact of specific 
imaging findings and the most appropri-
ate therapy approach.

See rsna.org/learning-center-rg.

SA-CME LEARning ObjECTivES

introduction
Prostate cancer is the most frequently diagnosed noncutaneous can-
cer in men, with more than 1 million new cases reported worldwide 
annually (1). In the United States, 164 690 new cases and 29 430 
deaths are estimated for 2018, making prostate cancer the second 
leading cause of cancer death in men (2). In addition, preliminary 
data point to an increase in the incidence of aggressive, high-risk, 
and metastatic prostate cancer cases in the United States, as a poten-
tial consequence of prostate cancer screening recommendations by 
the U.S. Preventive Services Task Force (USPSTF) in 2012 (3).

Radical prostatectomy and radiation therapy are currently the 
mainstays of curative-intent prostate cancer treatment (4,5), despite 
increases in alternative approaches, including active surveillance in 
selected cases (6). Unfortunately, prostate cancer recurrence after 
curative-intent treatment is not rare, affecting 30%–50% of patients 
in the first 10 years after initial therapy (5,7). Rising serum level 
of prostate-specific antigen (PSA) is the first landmark of prostate 
cancer recurrence and occurs before clinical (imaging-detectable) 
recurrence by months or years owing to the higher accuracy of this 
laboratory biomarker (8,9) (Fig 1).This scenario is termed biochemi-
cal recurrence, a critical step in prostate cancer management that is 
more commonly defined as PSA level above 0.2 ng/mL (0.2 μg/L) 
across two measures (and rising) after radical prostatectomy or PSA 
level equal to or greater than 2.0 ng/mL above the nadir after radia-
tion therapy (5,10).
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93.1% for PSA level of 1.0–2.0 ng/mL, and 
96.8% for PSA level higher than 2.0 ng/mL (14).

The current literature has shown that ab-
dominopelvic lymph nodes are the most prevalent 
site of metastases in the biochemical recurrence 
scenario (~50% of cases), followed by local recur-
rence and bone metastases (~35%). Less frequent 
sites are supradiaphragmatic lymph nodes and vis-
ceral metastases (~5%). A mixed pattern of these 
locations may occur in about 30% of patients (14).
Therefore, PSMA PET offers not only the poten-
tial of reducing the critical gap between PSA level–
only and imaging-detectable recurrence, but also a 
new way of looking at disease spread (Fig 1).

From an imaging point of view, more accu-
rate assessment of biochemical recurrence with 
PSMA PET has revealed previously less known 
patterns of disease spread and prostate cancer re-
currence behavior. Thus, practitioners have been 
faced with new imaging features, many of which 
have not been previously imaged (15,16).

In this article, we discuss prostate cancer re-
currence imaging from the perspective of PSMA 
PET, emphasizing typical and atypical patterns 
and highlighting the influence of these features 
on correct study interpretation and appropriate 
clinical management.

Anatomy of Treated Prostate Cancer

Surgical Therapy
The varieties of surgical techniques include open 
perineal or retropubic, laparoscopic, and robotic 
approaches. All share the same rationale and ba-
sic surgical steps and induce similar postsurgical 
changes in the prostatic bed. Minor differences 
that might be noted are the presence of postoper-
ative scarring in the region of the surgical incision 
for the open procedure or the presence of access 
portals in the abdominal wall for the laparoscopic 
procedure (17,18).

Radical prostatectomy relies on complete exci-
sion of the gland with production of a vesico-
urethral anastomosis between the membranous 
part of the urethra and the bladder. The medial 
ampullary portions of the ducti deferentia are 
resected, maintaining their normal anatomic 
site and course (Fig 2). The seminal vesicles are 
classically resected, as discussed later. Whenever 
feasible, efforts are made to maintain the neuro-
vascular bundles and external sphincter muscle 
to preserve erectile function and urinary conti-
nence (18–21).

Vesicourethral Anastomosis and Residual Pros-
tate.—The bladder and levator sling move down-
ward and anteriorly in the direction of the vesico-
urethral anastomosis to occupy the lacuna created 

However, PSA-based detection is not site 
specific and does not allow precise differentia-
tion among local, regional, and systemic (nodal, 
bone, or visceral) recurrence, which is critical 
information for further appropriate management. 
Imaging can provide valuable data in this setting, 
in particular allowing identification of local-
ized recurrence and guiding specific therapeutic 
approaches. Traditionally, conventional prostate 
cancer imaging based on MRI, bone scanning, 
and CT has shown low sensitivity for biochemi-
cal recurrence, especially at low PSA levels (eg, 
<1.0–1.5 ng/mL). Multiparametric MRI and 
more recently fluorine 18 (18F) or carbon 11 
(11C) choline PET/CT provide improvements in 
detection of local-regional and distant relapse but 
still leave unmet needs at low PSA levels (11).

PSMA PET is a new imaging modality that 
is not yet widely available, but its unique fea-
tures (allowing assessment of a key molecular 
phenotype with higher sensitivity, specificity, 
and target-to-background ratio) enable better 
diagnostic accuracy than previously used modali-
ties for prostate cancer recurrence, especially in 
cases of biochemical recurrence (12–14). PSMA 
PET positivity increases with PSA level, with a 
detection rate of 57.9% for PSA level of 0.2–0.5 
ng/mL, 72.7% for PSA level of 0.5–1.0 ng/mL, 

TEAChing POinTS
 ■ At PSMA PET/CT, local recurrence appears more often as focal 

ill-defined hypoattenuating soft tissue with moderate PSMA 
uptake but can also simply appear as focal unilateral radiotrac-
er uptake within the fibrotic tissue. It is important to point out 
that in most cases, postoperative local recurrence relies only 
on the PET component of the hybrid imaging because of the 
known lack of soft-tissue contrast in the pelvic region at CT.

 ■ The advent of PSMA PET has shown mesorectal metastases to 
be far more prevalent than previously thought, as such me-
tastases are present in up to 15% of patients. These lesions 
had reportedly been missed with traditional imaging meth-
ods and omitted from treatment, as local primary and salvage 
surgery and radiation therapy do not encompass this region 
as a standard.

 ■ Approximately 80% of patients with metastases present with a 
single metastatic site, primarily restricted to the bones. Multiple 
(more than two sites) metastatic disease commonly occurs in 
concurrence with bone lesions, although a nonnegligible num-
ber of patients (approximately 15%) present with visceral me-
tastases without skeletal involvement, more often in the distant 
lymph nodes, liver, and thorax (lung and pleura).

 ■ The existence of atypical distant metastases rarely occurs in 
isolation (although it might happen), and PSMA PET gener-
ally demonstrates nodal, bone, or multiple secondary lesions 
simultaneously.

 ■ PSMA PET can not only define oligometastatic prostate 
cancer more accurately than conventional imaging but also 
enable pretreatment planning and response assessment for 
each lesion.
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Figure 2.  Drawings show the anatomy of the normal prostate (A) and the postsurgical prostate bed (B). Corresponding axial CT 
images show the anatomic landmarks of each scenario at four different levels (from cranial to caudal). A1 shows the medial margins 
of the ducti deferentia (orange) and laterally the superior portions of the seminal vesicles (pink). A2 shows the base of the prostate 
(red) and the seminal vesicles (pink). A3 shows the middle portion of the prostate (red); A4 shows the prostatic apex (red). B1 shows 
the remnant margins of the ducti deferentia (orange) and the top of the bladder (brown). B2–B4 show the prostate bed with post-
surgical changes and fibrotic tissue (green) posterior to the bladder (brown). The vesicourethral anastomosis is shown in B4 (brown).

albeit it is not impossible that neoplastic cells may 
be present in residual tissue (17,18,21). Postop-
erative PSMA PET sometimes reveals low-grade 
uptake at the vesicourethral anastomosis and in 
the residual prostate, whereas malignant cells tend 
to demonstrate higher tracer accumulation.

Seminal Vesicles and Ducti Deferentia.—Al-
though classic radical prostatectomy in theory in-
cludes complete removal of the seminal vesicles, 
some surgeons advocate that they be entirely or 
partially spared to avoid injury to neurovascular 

by removal of the prostate (18). The bladder neck 
becomes wider, and the encompassing adipose 
tissue becomes more pronounced. Postoperative 
scarring, granulation, and fibrosis might be seen at 
the vesicourethral anastomosis and should not be 
mistaken for relapse (17) (Fig 2).

A small amount of residual prostate tissue may 
be left behind after radical prostatectomy. In these 
cases, postoperative PSA may fail to be reduced to 
undetectable levels owing to production of PSA by 
these remnant prostatic cells. The remaining gland 
must not be confounded with recurrent disease, 

Figure  1.  Potential of PSMA (prostate-
specific membrane antigen) PET in short-
ening the gap between biochemical re-
currence (BCR) and clinical recurrence, by 
allowing detection of assessable disease 
earlier than conventional imaging. PSMA 
PET also has potential uses in late stages 
of disease, like polymetastatic recurrence, 
as discussed in the text. Left image: PSMA 
PET/CT image shows recurrence in a 
subcentimeter lymph node (arrowhead). 
Right image: CT image show recurrence 
in a retroperitoneal enlarged lymph node 
(left arrow) and a typical osteoblastic 
vertebral metastasis (right arrow). CIT = 
curative-intent treatment.
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Figure 3.  Axial CT (A, C) and gallium 68 (68Ga)–PSMA PET/CT (B) images show a small lymphocele (arrow) adjacent to the right ex-
ternal iliac vessels (artery and vein). The lymphocele appears as an elongated hypoattenuating nodule without significant PSMA uptake.

structures and thus diminish incontinence and 
impotence (17,22,23). Seminal vesicle remnants 
are present in up to 20% of patients after radical 
prostatectomy. Their postoperative appearance is 
highly variable: bilateral, unilateral, completely or 
partially retained, or most frequently the pres-
ence of only residual lateral tips (17,22).

Over time, injury to innervation or the vascu-
lar supply, androgen-deprivation therapy (ADT), 
and/or radiation therapy can lead to fibrosis and 
decrease the size of the remnant seminal vesicles. 
They may then become somewhat nodular and 
descend to the anterolateral aspects of the rectum, 
which can lead to confusion with relapsed disease 
at digital rectal examination and CT (17,22,23). 
Thus, identification of normal residual seminal 
vesicles is necessary to prevent erroneous suspi-
cion of recurrent tumor. Fortunately, the cancer-
free organ should not be mistaken for recurrence 
at PSMA PET, as there would be no physiologic 
uptake of PSMA by the seminal vesicles.

Rectoprostatic Fascia.—As the rectoprostatic 
(Denonvilliers) fascia is normally dissected during 
surgical approaches, linear scarring and/or fibrosis 
between the bladder and the rectum is commonly 
seen. Fibrosis of the Denonvilliers fascia produces 
no significant PSMA uptake at PET and is gener-
ally easy to distinguish from relapsed disease (17).

Pelvic Lymph Node Dissection.—Pelvic lymph 
node dissection (PLND) is still the most precise 
method for diagnosing nodal metastases, with 
the advantage of possibly yielding a therapeu-
tic benefit (24). Although the classification and 
anatomic delimitation of PLND templates differ 
among institutions (25), PLND can generally 
be performed by following a standard template 
(ie, external iliac nodes up to the ureteral cross-
ing, internal iliac nodes, and obturator nodes) 
or extended template (ie, standard template plus 
cranially up to the para-aortic nodes and caudally 
to the femoral channel nodes/Cloquet node and 
presacral nodes (26).

There are usually no signs of lymphadenec-
tomy at PET/CT other than metallic clips along 
the dissected lymph node chains. In contrast, 
complications of lymph node surgical assessment 
can be relatively easily identified. One of the most 
common complications is development of lym-
phoceles neighboring metallic surgical clips along 
the resected nodal chains, reported to occur in 
12%–24% of patients. They consist of fluid-filled 
cysts found along the lymph node stations ad-
dressed by the employed PLND template. They 
may emerge as early as 3 weeks after surgery and 
can persist for as long as a year. There may be 
slight uptake around lymphoceles at PSMA PET, 
mostly diffuse and faint or ring-shaped around 
the lesions with a photopenic center (Fig 3).

Radiation Therapy (External-Beam  
and brachytherapy)
Nearly 25% of patients with prostate cancer 
undergo external-beam radiation therapy or 
brachytherapy as a definitive treatment. Radiation 
therapy causes atrophy and fibrosis of the gland, 
decreasing its size and causing its texture to be-
come diffusely heterogeneous with less distinction 
between the different zones of the prostate (mainly 
at MRI), an appearance difficult to distinguish at 
nonenhanced CT. Actinic injury also affects adja-
cent structures, increasing the wall thickness of the 
bladder and rectum and thickening the mesorectal 
and Denonvilliers fascias.

The posttreatment changes induced by brachy-
therapy are equivalent to those of external radia-
tion therapy. The only perceptible difference at 
imaging is the presence of various metallic seeds 
within the gland (18,20). Cases of recurrence after 
radiation therapy tend to occur at the site of the 
primary treated tumor (18,20), almost all of which 
exhibit high PSMA concentrations at PET/CT.

Androgen-Deprivation Therapy
Hormone therapy generates distortions in the 
prostate similar to actinic changes, yet with no 
involvement of adjacent structures such as the 
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Figure 4.  Biochemical recurrence (PSA level = 0.76 ng/mL) in a 65-year-old patient 9 years after radical pros-
tatectomy for Gleason score 9 (5 + 4) prostate cancer. Maximum intensity projection (MIP) images from 68Ga-
PSMA PET (A) and sagittal (B, C), axial (D, E), and coronal (F, G) CT and PET/CT images show a small focus of 
uptake at the anterior margin of the vesicourethral anastomosis (arrow). The uptake pattern of this typical local 
recurrence is separate from the urinary radioactivity inside the bladder neck.

bladder and rectum. The extent of these changes 
depends on the type and duration of therapy, 
ranging from no morphologic changes with 
short-course monotherapy to larger-scale changes 
in approximately one-fourth of patients undergo-
ing ADT for more than 16 weeks (18,27,28).

Patterns of Recurrence

Local Recurrence
Prostate cancer relapse in the prostate bed region 
after local curative-intent treatment is consid-
ered local recurrence. For clinical and imaging 
purposes, it is important to distinguish between 
two types of local recurrence: recurrence outside 
the gland (after radical prostatectomy) and recur-
rence within the gland (after radiation therapy).

Postoperative Recurrence.—The most common 
site of postoperative local recurrence, account-
ing for 57%–62% of relapse cases, is the vesi-
courethral anastomosis, which comprises the 
membranous urethra, bladder neck, and sur-
rounding soft tissue (29) (Fig 4). Other typical 
local relapse sites are the lateral surgical margins 
(seminal vesicle bed) or remnant ducti deferen-
tia (Fig 5), accounting for 25%–27% of cases 
(30), and the retrovesical region (topography of 
rectoprostatic/Denonvilliers fascia) in 8%–21% 
of cases (29) (Fig 6).

At PSMA PET/CT, local recurrence appears 
more often as focal ill-defined hypoattenuating 
soft tissue with moderate PSMA uptake but can 
also simply appear as focal unilateral radiotracer 
uptake within the fibrotic tissue. It is important to 
point out that in most cases, postoperative local 
recurrence relies only on the PET component of 
the hybrid imaging because of the known lack of 
soft-tissue contrast in the pelvic region at CT (14).

Although the PSMA component has a high 
lesion-to-background ratio, the prostate bed is the 
most difficult site to analyze because of the regional 
urinary radiotracer activity. There are two main ex-
planations for this: (a) the strong urinary excretion 
of PSMA and (b) the relative frequency of patient 
urinary incontinence. Together, they lead to high 
radiotracer activity in the bladder/proximal urethra.

To overcome this potential interference, it is 
recommended to (a) administer an intravenous 
diuretic (eg, furosemide) before image acquisi-
tion and (b) request preimaging voiding to reduce 
interference from physiologic urinary activity 
as much as possible, allowing neoplastic lesion 
uptake to be highlighted (31) (Fig 7). Another 
recently proposed approach for better detection of 
local recurrence is to perform early image acquisi-
tion of the pelvic region (up to 6 minutes after 
tracer injection). Absence of urinary radiotracer 
activity at that time highlights detection of focal 
uptake by tumor recurrence (32,33) (Fig 8).
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Figure 6.  Biochemical recurrence (PSA level = 1.1 ng/mL) in a 72-year-old patient 3 years after radical pros-
tatectomy, chemotherapy, and ADT for metastatic Gleason score 9 (5 + 4) prostate cancer. (A, B) Anterior MIP 
images from 68Ga-PSMA PET show multiple pelvic and retroperitoneal lymph node metastases (short arrows) 
and a sternal bone lesion (dashed arrow). There is also intense PSMA uptake (SUVmax [maximum standardized 
uptake value] = 45.0) in a large typical local recurrence on the left side of the prostate bed (arrowhead in B). 
Depending on PET windowing parameters, it may be difficult to differentiate that lesion from urinary activity (A),  
yet it becomes clearly visible after adjusting PET windows (arrowhead in B–D). (E–G) Acquisition of early PET im-
ages is another way to enhance detection of local recurrence (arrowhead), taking advantage of the absence of 
urinary activity at this time point, thus preventing urine from hiding neoplastic tissue.

Figure 5.  Biochemical recurrence (PSA level = 1.2 ng/mL) in a 68-year-old patient 2 years after radical prosta-
tectomy for Gleason score 8 (4 + 4) prostate cancer. MIP images from 68Ga-PSMA PET (A) and axial (B, C) and 
coronal (D, E) CT and PET/CT images show moderate tracer uptake in tissue in the right seminal vesicle bed (ar-
rowhead). Only the functional parameter was capable of demonstrating recurrence, as there is no morphologic 
distinction between this tissue and the contralateral corresponding tissue.

Particular attention by the reading physician 
must be taken, as many conditions may mimic 
tumor recurrence. Fibrosis and granulation tis-

sue stand out as the most troublesome differen-
tial diagnoses. As a rule, PSMA PET demon-
strates intense uptake in neoplastic lesions, in 
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Figure 8.  Biochemical recurrence (PSA level = 12.0 ng/mL) in a 67-year-old patient 12 years after radical pros-
tatectomy for Gleason score 7 (4 + 3) prostate cancer. (A, B) MIP images from 68Ga-PSMA PET show multiple 
pelvic and retroperitoneal lymph node metastases with tracer uptake (arrows). A small focus of typical local 
recurrence on the right side of the prostate bed is indistinguishable from urinary activity on images obtained 
with a standard MIP window (A, B, D) but clearly shown on PET/CT images from an early PET acquisition without 
urinary activity in the bladder (arrow in E and G).

Figure 7.  Biochemical recurrence (PSA level = 2.4 ng/mL) in a 79-year-old patient 10 years after radical prostatectomy and radiation 
therapy for Gleason score 8 (4 + 4) prostate cancer. MIP images from 68Ga-PSMA PET (A), axial CT (B) and PET/CT (C) images, and 
coronal (D) and sagittal (E) PET images show focal uptake on the right side of the vesicourethral anastomosis (arrow), consistent with 
local recurrence.

contrast to faint accumulation in inflammatory 
processes.

PSMA PET/CT has an average detection rate 
for local recurrence of 35% (14), which some 

authors have considered to be underestimated 
(34). Potential complementary diagnostic informa-
tion can be obtained when imaging the prostate 
bed with simultaneous PET/MRI after radical 
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Figure 9.  Biochemical recurrence (PSA level = 1.7 ng/mL) in a 71-year-old patient 4 years after brachytherapy for Gleason score 
9 (5 + 4) prostate cancer. (A–F) MIP images from 68Ga-PSMA PET (A) and axial (B, C), coronal (D, E), and sagittal (F) CT and PET/CT 
images show high radiotracer uptake in tissue infiltrating the vesicourethral anastomosis and penile urethra (arrowheads in C, E, and 
F). (G–I) Sagittal T2-weighted (G) and postcontrast T1-weighted (H) and coronal T2-weighted (I) MR images show diffuse infiltration 
of the urethra (dotted circles in I) from the vesicourethral anastomosis through the penis (arrowheads in G and H), in correlation with 
the PET/CT findings.

prostatectomy as opposed to PET/CT, as the MRI 
component can aid in lesion detection and increase 
the combined imaging detection rate (34).

In addition to these types of relapses, atypi-
cal local recurrence can be found at other sites, 
although only rarely reported as case reports and 
not usually included in literature statistics. Ante-
rior portions of the urethra (bulbar and penile seg-
ments) are considered uncommon sites of relapse 

(Fig 9). Proposed mechanisms for urethral spread 
are direct involvement when contiguous with a 
prostate bed lesion or lymphatic when the relapse 
site appears as a focal lesion apart from the pros-
tate bed (35). Urethral metastases are associated 
with poor prognosis and ductal tumor origin (35).

Another atypical region of local prostate cancer 
recurrence is the bladder wall, distant from the 
anastomotic area (Fig 10). The posterior bladder 

Figure  10.  Biochemical recur-
rence (rapidly increasing PSA 
level from 0.4 to 12.0 ng/mL in 2 
months) in a 71-year-old patient 4 
years after radical prostatectomy 
for prostate cancer. He was cur-
rently receiving ADT. (A) MIP im-
age from 68Ga-PSMA PET shows 
pulmonary and mediastinal node 
metastases (arrows) and pelvic 
bone and lymph node disease 
(arrowheads). (B, C) Axial CT (B) 
and PET/CT (C) images from early-
acquisition imaging show intense 
uptake in the left bladder wall 
(arrow). (D, E) On corresponding 
images from a standard 60-min-
ute acquisition, the left bladder 
wall uptake (arrow) is difficult to 
discriminate from urinary activ-
ity. (F) Axial T2-weighted MR im-
age shows irregular left bladder 
wall thickening (arrow). (G) Axial 
postcontrast T1-weighted MR im-
age shows marked enhancement 
of the left bladder wall thickening 
(arrow). After the onset of macro-
scopic hematuria, endoscopic re-
section was performed, and local 
recurrence of prostate cancer was 
confirmed.
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wall has a higher risk for tumor relapse because 
it is near the resection area, despite the idea of 
surgical seeding being controversial in the litera-
ture (36). Both urethral and bladder recurrence 
may appear as focal or segmental enhancing wall 
thickening with moderate to high PSMA uptake. 
The morphologic appearance is indistinguishable 
from that of urothelial cancer, which must be con-
sidered the main differential diagnosis.

The rectum represents another possible 
location of atypical local recurrence, considered 
extremely rare (4% in autopsy studies) and most 
frequently diagnosed with occasional colonoscopy 
(37). However, in the current PSMA era, recur-
rence at the rectum may be observed more often. 
The main aspects of rectal involvement include an 
anterior mass/irregular wall thickening and annu-
lar wall infiltration with or without stricture (38), 
manifesting with varying degrees of PSMA uptake.

There are three proposed routes of rectal 
spread: (a) direct extension through the rec-
toprostatic fascia (more related to nonresected 
advanced tumor); (b) lymphatic spread, as the 
prostate and the rectum share some drainage 
routes (39); and (c) seeding along the needle bi-
opsy track into the rectal wall or perirectal tissue 
(these cases are extremely rare and controversial) 
(40). Although not well established, these types 
of atypical local recurrence are more frequent in 
disseminated metastatic disease.

Recurrence after Radiation Therapy.—Radiation 
therapy is the only nonsurgical acceptable option 

for definitive treatment of clinically localized 
prostate cancer (mostly low and intermediate 
risk) (5). Other local therapies such as high-
intensity focused ultrasound (HIFU) or cryo-
therapy are not widely accepted in the urologic 
community owing to lack of robust evidence of 
efficacy. For this reason, we limit this discussion 
to only post–radiation therapy cases.

The existing literature on PSMA PET in 
biochemical recurrence after radiation therapy 
(alone or in conjunction with ADT) is scarce. 
The detection rate of local recurrence in the 
prostate with PSMA PET after radiation therapy 
is 48%–63.5% (41,42). Tumor recurrence ap-
pears as focal tracer uptake in the prostate or 
even in the seminal vesicles. It has been noted 
that the relapse tends to occur at the same gland 
location as the primary lesion before treatment 
(43) (Fig 11). Although the urinary tracer activity 
is not as critical in post–radiation therapy cases as 
in postoperative patients, the same recommenda-
tions for the imaging protocol are maintained.

Atypical local recurrence after radiation 
therapy is similar to the postoperative scenario. 
Specifically regarding brachytherapy, there is a 
concern that the brachytherapy procedure could 
increase perineal seeding, although there is no ro-
bust evidence corroborating this hypothesis (44).

nodal Recurrence
Lymph node metastases are frequent in patients 
with prostate cancer, with rates ranging from 
37% to 63%, as revealed by autopsy studies 

Figure  11.  Biochemical recur-
rence (PSA level =16.0 ng/mL) in 
a 73-year-old patient 2 years after 
brachytherapy for Gleason score 6 
(3 + 3) prostate cancer. (A–E) 68Ga-
PSMA PET (A), CT (B, D), and PET/
CT (C, E) images show exclusive 
prostate gland recurrence with 
intense tracer accumulation in the 
right transition zone and extension 
toward the anterior fibromuscular 
stroma (arrowhead in A, C, and E). 
(F, G) Pretreatment T2-weighted 
MR image (F) and apparent dif-
fusion coefficient (ADC) map (G) 
show the tumor (arrowhead) in ex-
actly the same location where the 
PSMA recurrence is demonstrated.
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Figure 12.  Typical nodal spread pattern of prostate cancer, arising from caudal pelvic lymph nodes on an ascending pathway to-
ward the retroperitoneum (E). The most prevailing nodal metastases occur at the obturator station (pink), followed by the external 
iliac (purple), internal iliac (yellow), common iliac (red), and retroperitoneal stations (violet = pericaval, blue = aortocaval, green = 
periaortic), in decreasing order of prevalence. Note that lymph nodes above the bifurcation of the common iliac vessels are regarded 
as nonregional and therefore staged as M1a in the TNM system.

(45,46). Conventional imaging methods such as 
CT and MRI have known limitations for nodal 
assessment, as parameters such as size, shape, 
contour, location, and number lack specificity 
and often fail to allow distinction of benign from 
malignant lymph nodes (47–49).

The dissemination routes of lymph node 
metastases from prostate cancer have been 
extensively evaluated, as nodal status is decisive 
in therapy planning and prognosis. The clas-
sic pattern of lymphatic spread is an ascending 
pathway from the pelvic stations to the retro-
peritoneum across the common iliac nodes. 
Metastatic nodes below the bifurcation of the 
common iliac arteries are classified as regional 
nodal disease (N1), whereas patients with 
involvement of common iliac nodes and more 
cranial sites are staged as having distant disease 
(M1a) (50–53) (Fig 12).

Typical Appearance.—The most common sites 
of nodal spread from prostate cancer in pretreat-
ment patients or those who have not under-
gone lymphadenectomy, in descending order 
of importance, are as follows: obturator fossae, 
external iliac, internal iliac, common iliac, and 
retroperitoneal chains (13,53–56). The obtura-
tor fossae and external iliac stations account for 
up to 88.8% of metastatic nodes. In sequence, 
internal iliac and common iliac metastases are 
found in up to 44.4% of patients (53,56,57). 

The retroperitoneal stations, which include 
para-aortic, interaortocaval, and paracaval nodes 
(53,56), lie up the lymphatic drainage pathway.

However, in the biochemical recurrence 
scenario, where most patients have undergone 
prostatectomy with at least standard lymph 
node dissection, the predictable pelvic lymphatic 
spread is no longer present (Fig 13). Rauscher 
et al (58) showed that, in PSMA-positive nodes 
resected in salvage lymphadenectomy, there is a 
tendency for more equal prevalence of metasta-
ses among the pelvic stations, such as the com-
mon iliac, external iliac, internal iliac, obturator, 
and presacral/mesorectal nodes.

The retroperitoneal stations exhibit relatively 
prevalent metastases (45,59) and are currently 
considered nonregional prostatic lymphatic 
areas, as stated earlier (50). Retroperitoneal 
involvement is usually encountered in patients 
with positive common iliac nodes (53,56).

The rate of lymph node detectability with 
PSMA PET according to size is variable, but 
recent studies (58,60–62) have shown that even 
diminutive nodal metastases (as small as 5 mm) 
broadly missed with conventional imaging are 
precisely identified with PSMA PET/CT, al-
though there is still a considerable false-negative 
rate for lesions smaller than 5 mm.

Atypical Appearance.—Exclusive involvement 
of the retroperitoneal nodes with sparing of the 
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Figure 13.  Biochemical recurrence (PSA level = 4.0 ng/mL) in an 81-year-old patient 3 years after radiation therapy for a Gleason 
score 6 adenocarcinoma. (A) MIP images from 68Ga-PSMA PET show typical abdominopelvic lymph node spread (arrowheads). 
(B–F) Axial CT and PET/CT images show multiple small (<5-mm diameter in the short axis) nodal involvement of the external iliac (B), 
obturator (C), internal iliac (D), common iliac (E), and interaortocaval (F) stations (arrowheads).

pelvic chains is nonusual and likely due to hema-
togenous dissemination (51). Albeit improbable in 
cases of negative common iliac nodes (53,56), the 
frequency increases after nodal dissection or ir-
radiation. These interventions disrupt the normal 
lymphatic network and allow the onset of different 
routes of spread (49,52). Another possible drain-
age pathway is spread through gonadal vessels to 
para-aortic and paracaval nodes (13,49).

Another meaningful atypical site is the meso-
rectum. The advent of PSMA PET has shown 
mesorectal metastases to be far more prevalent 
than previously thought, as such metastases are 
present in up to 15% of patients. These lesions 
had reportedly been missed with traditional 
imaging methods and omitted from treatment, as 
local primary and salvage surgery and radiation 
therapy do not encompass this region as a stan-
dard (16). Thus, correct identification of these 
lymph nodes is crucial.

They are located in the mesorectal fat en-
circled by the mesorectal fascia. The anterior 

boundary of the mesorectal fat is the visceral 
peritoneal coverage and its pelvic reflection, 
a slender line separating the intraperitoneal 
mesocolic fat from the mesorectal fat near the 
anterior border of the upper rectum in the axial 
plane. Along the sagittal axis, the mesorectal 
fascia can be identified as a fine line linking the 
bladder to the rectum (Fig 14).

Identification of mesorectal node metastases 
leads to changes in possible local salvage treat-
ment in surgical planning, often with inclusion 
of rectal resection and mesorectal excision (16) 
(Fig 15). Careful analysis prevents misidentifi-
cation of mesorectal nodes and confusion with 
internal iliac nodes (Fig 16).

Other rare pelvic lymph node stations that 
can be seen are inguinal and in the deep portion 
of the obturator canal, following the obturator 
nerve path to the beginning of the thigh (Fig 
17). Again, these atypical nodal stations are not 
included in any conventional salvage therapy, 
and their recognition could affect management.
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Figure  15.  Axial CT (A, C) and 
68Ga-PSMA PET/CT (B, D) images 
show involved mesorectal nodes 
(arrow). Metastases to this nodal 
station were frequently missed in 
the pre–PSMA PET era. As tradi-
tional imaging could not easily al-
low identification of small lymph 
nodes as metastatic, most of the 
patients lacked adequate treat-
ment. Neoplastic disease involving 
these nodes has become increas-
ingly noticeable after the advent of 
PSMA PET.

Figure  14.  Axial CT images 
show the mesorectal compart-
ment (green), which encompasses 
adipose tissue around the rectum. 
The mesorectum lies behind the 
prostate and seminal vesicles and is 
limited laterally by the mesorectal 
fascia (dotted green line) and su-
periorly by the pelvic retroperito-
neal reflection (dashed orange line 
in B). Attention must be paid so as 
not to confound mesorectal nodes 
with iliac nodes. Confusion could 
potentially lead to a misjudged 
approach, as the mesorectal com-
partment is not usually assessed 
with default surgical templates.
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Figure 16.  (A) MIP images from 68Ga-PSMA PET show prostate cancer metastases to pelvic lymph nodes. (B–G) Axial CT and 
PET/CT images show involvement of two lymph node stations. There are nodes close to the inferior mesenteric vessels—in 
presacral fat superior to the pelvic peritoneal reflection (arrowheads in A–E)—and one node in the mesorectum (arrows in A, 
F, and G). Correct identification of nodal stations is pivotal to prevent inaccurate treatment.

Distant Recurrence
Conventional imaging workup with chest and 
abdomen CT and bone scanning, as recom-
mended by the guidelines (63), consistently 
demonstrated tumor burden confined to the 
bones and lymph nodes, sometimes demon-

strated tumor burden in the lungs or liver, and 
only rarely demonstrated tumor burden at other 
sites. However, specific evaluation was used to 
further confirm metastasis in these cases, such 
as contrast-enhanced MRI for symptomatic 
brain metastases. Unusual sites used to often 

Figure 17.  Atypical pelvic lymph 
node metastases at 68Ga-PSMA 
PET/CT. (A, B) Axial CT (A) and PET/
CT (B) images show a small right 
inguinal node with high uptake 
(arrow). (C–E) Axial CT (C), axial 
PET/CT (D), and coronal PET/CT (E)  
images in another patient show a 
small lymph node in the deep por-
tion of the obturator canal (arrow-
head), between the pectineus and 
obturator externus muscles in the 
proximal thigh.
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Figure 19.  Biochemical recurrence (PSA level = 19.0 ng/mL) in a 71-year-old patient 1 year after brachytherapy and ADT for Gleason 
score 6 (3 + 3) prostate cancer. MIP image from 68Ga-PSMA PET (A) and axial PET/CT images (B–F) show a typical oligometastatic 
patient with three bone lesions: in a right rib (short arrow in A and B), a dorsal vertebral body (arrowhead in A and C), and the right 
ilium (long solid arrow in A and D). There are also two involved lymph nodes in the mesorectum and right common iliac station 
(dashed arrows in A, E, and F), representing five lesions potentially treatable with local salvage therapy.

be missed or were not considered important as 
related to prostate cancer.

PSMA PET dramatically altered imaging analy-
sis of metastatic disease, increasing the accuracy 
by (a) including an increased number of typical 
metastatic lesions (including those without any 
morphologic changes, such as normal-sized lymph 
nodes) and (b) revealing atypical sites of second-
ary lesions with high specificity (14,64) (Fig 18).

Typical Appearance.—Hematogenous metastases 
occur in approximately 35% of patients with pros-

tate cancer (46). There are two primary routes of 
hematogenous spread of prostate cancer: (a) classic 
dissemination through the vena cava and (b) reverse 
spread through the veins from the prostate to the 
spine (Batson venous plexus), which may occur first 
(46). This phenomenon explains the bone-seeking 
behavior of prostate cancer, in which approximately 
90% of metastatic patients have bone lesions, rep-
resenting the most typical metastatic site of prostate 
cancer. Other typical sites are the distant lymph 
nodes (Fig 19), liver, and thorax (including lungs 
and pleura) (65) (Fig 20).

Figure  18.  Typical and atypical dis-
tant metastases from prostate cancer.  
(A) Typical sites of distant metastases 
(blue). (B) Some atypical sites of distant 
metastases (red).
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Figure 20.  Biochemical recurrence (PSA level = 25.4 ng/mL) in a 73-year-old patient with a 9-year history of prostate cancer treated 
with brachytherapy (9 years earlier), ADT (5 years earlier), and pelvic lymphadenectomy (4 years earlier). MIP image from 68Ga-PSMA 
PET (A), axial PET/CT images (B, D), and coronal CT (C) and PET/CT (E) images show nodular pleural thickening in the left hemithorax 
with increased PSMA uptake (arrow), which was confirmed to be a unique focus of atypical metastatic disease.

Approximately 80% of patients with metasta-
ses present with a single metastatic site, primarily 
restricted to the bones. Multiple (more than two 
sites) metastatic disease commonly occurs in con-
currence with bone lesions, although a nonneg-
ligible number of patients (approximately 15%) 
present with visceral metastases without skeletal 
involvement, more often in the distant lymph 
nodes, liver, and thorax (lung and pleura) (65).

Bone metastases arise mostly in the spine, with 
a gradual decrease from the lumbar level to the 
cervical level (Fig 21). Exclusive metastases in 
the thoracic or cervical segments are rare (<2% 
of cases). Skeletal metastases commonly precede 
lung metastases. The CT appearance of prostate 
cancer bone lesions is variable, but osteoblastic 
metastases are far more common (66). In a recent 
study (67), 51.9% of detected metastases were os-
teoblastic, 19.5% were bone marrow lesions (with 
no CT changes), 14.9% had a mixed pattern, and 
13.6% were osteolytic.

The biologic mechanism for such behavior is 
not totally clear (68), but the general assumption 
that prostate cancer bone lesions are almost exclu-
sively osteoblastic can be changed with the ability 
of PSMA to demonstrate nonsclerotic metastases. 
It has also been reported that nonsclerotic prostate 
cancer bone lesions have higher SUVmax at PSMA 
PET than do osteoblastic ones, but this find-
ing still needs further explanation (67) (Fig 22). 
Perhaps it can be associated with tumor aggres-

siveness or even bone lesion activity, opening an 
investigative field of using PSMA as a molecular 
biomarker for bone metastases in prostate cancer.

Metastases in distant lymph nodes may occur at 
any location with variable prevalence, including (in 
descending order) the retroperitoneal, mediastinal/
pulmonary hilar, cervical/supraclavicular, inguinal, 
mesenteric, and axillary nodes and other infre-
quent sites, with the most common site being the 
para-aortic region, a referred biomarker of meta-
static disease (69). Careful evaluation can help 
differentiate malignant from nonneoplastic uptake, 
which can be frequent in these nodes. Such cases 
demonstrate faint PSMA uptake and normal 
appearance (70). Lung and liver lesions usually oc-
cur multiply later during the clinical course of the 
disease, often simultaneously with bone metastases 
(76% of cases) (65,71).

Metastatic involvement of left supraclavicu-
lar (Virchow) nodes must be highlighted. The 
ascending lymphatic spread of prostate cancer 
mentioned earlier continues from retroperitoneal 
nodes to the cisterna chyli and thoracic duct, 
which is the gateway to the systemic circulation 
owing to its junction with the left subclavian vein. 
Left supraclavicular nodes are closer to this junc-
tion, and it is thought that cancer cells can reach 
them via retrograde lymphatic spread. Although 
rare when compared to gastrointestinal, lung, or 
breast tumors, supraclavicular lymphadenopathy 
can be the first clinical manifestation of metastatic 
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Figure 22.  Different patterns of prostate 
cancer bone metastasis in biochemical 
recurrence assessment with 68Ga-PSMA 
PET/CT. (A, B) Axial CT (A) and PET/CT (B) 
images show a small osteoblastic lesion in 
the right iliac bone (arrow) with moderate 
PSMA uptake (SUVmax = 9.0). An osteo-
blastic lesion is the most prevalent type. 
(C, D) Axial CT (C) and PET/CT (D) images 
show a small osteolytic lesion in the right 
iliac bone (arrow) with high PSMA uptake 
(SUVmax = 24.2). An osteolytic lesion is a 
less prevalent type.

Figure 21.  Rising PSA level (19.0 ng/mL) in a 56-year-old patient with castration-resistant metastatic 
prostate cancer. MIP image from 68Ga-PSMA PET (A) and sagittal CT (B) and PET/CT (C) images show 
a typical patient with multiple metastases presenting with local recurrence (arrowhead in A and C) and 
exclusive bone involvement, which occurs in the majority of patients.
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Figure 24.  Disease progression after three cycles of radium 223 in a patient with a 3-year history of castration-resistant prostate 
cancer. (A) MIP image from 68Ga-PSMA PET shows multiple bone metastases and an intracranial and extra-axial lesion in the right 
frontal region (arrowhead). (B, C) Axial T2-weighted (B) and coronal postcontrast T1-weighted (C) MR images 10 months earlier show 
a small meningeal nodule in the right frontal region (arrow). (D, E) Corresponding MR images obtained later show enlargement of the 
lesion (arrow). (F–I) Corresponding contrast-enhanced CT (F, G) and PET/CT (H, I) images show intense enhancement and uptake in 
the lesion (arrowhead). (J, K) Corresponding contrast-enhanced CT images after combined treatment with chemotherapy and radia-
tion therapy show massive shrinkage of the lesion (arrow).

prostate cancer, since its superficial location favors 
detection with physical examination. As a whole-
body imaging technique, PSMA PET allows easy 
detection of supraclavicular nodal involvement by 
prostate cancer (72).

Atypical Appearance.—Rarer metastatic sites of 
prostate cancer occur in less than 5% of patients 
and may be observed in any organ, including 
the brain/meninges (Figs 23, 24), thyroid gland, 
adrenal glands (Fig 25), peritoneum (Fig 26), 

gastrointestinal tract (stomach and intestine), 
urinary tract (ureter, urethra, and kidney) (Fig 
27), spleen (Fig 28), or pancreas (46,65,73,74). 
Even more rarely, atypical metastases may arise 
in the penis, testicles (Fig 26), epididymis, 
soft tissue/skin (Figs 29, 30), breast, or heart 
(46,75,76). Interestingly, the existence of atypi-
cal distant metastases rarely occurs in isolation 
(although it might happen), and PSMA PET 
generally demonstrates nodal, bone, or multiple 
secondary lesions simultaneously (65).

Figure  23.  Biochemical recurrence (PSA level = 4.3 
ng/mL) in a 68-year-old patient with a 6-year history of 
prostate cancer treated with ADT, brachytherapy, and 
chemotherapy. MIP image from 68Ga-PSMA PET (A) and 
axial PET/CT (B) and CT (C) images of the head show 
intense PSMA uptake by a nodule in the right cerebellar 
hemisphere (arrow in B), consistent with metastasis. On 
the MIP PET image, note the various other foci of PSMA 
uptake, corresponding to multiple sclerotic bone lesions 
and pulmonary nodules.
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Figure 26.  Biochemical recurrence (PSA level = 43.1 ng/mL) in a patient with Gleason score 9 (4 + 5) castration-resistant metastatic 
prostate cancer initially treated with radical prostatectomy, followed by ADT and three lines of chemotherapy. MIP image from 68Ga-
PSMA PET (A) and axial PET/CT (B–E) and contrast-enhanced CT (F–I) images of the abdomen and pelvis show both typical and atypical 
lesions. Besides the typical bone and nodal disease (seen only on the MIP PET image), there is unusual PSMA uptake in several lesions in 
the peritoneum (arrow in B and F), bladder wall (arrow in C and G), rectum (arrowhead in D and H), and left testicle (arrow in E and I).

Recently, it was reported that unusual sites of 
PSMA uptake are more often related to benign 
changes (77), supporting the additional role of 
CT or MRI in morphologically characterizing 
the findings to increase specificity. It is notewor-
thy that atypical metastases from prostate cancer 
appeared to be more frequent than a second pri-
mary malignancy (77). The proposed explanation 
for PSMA uptake by nonprostatic malignancy is 

related to PSMA protein expression in the tumor 
neovasculature (78). Additionally, on the basis 
of several case reports and a recent review article 
(13) and in our clinical expertise, PSMA uptake 
by second primary tumors is in general not as 
high as PSMA uptake by prostate cancer metas-
tases (Figs 31, 32). Although this may increase 
the reliability of the suspicion for metastases, a 
lesion with an atypical imaging pattern at PSMA 

Figure 25.  Biochemical recurrence (PSA level = 10.4 ng/mL) in a 71-year-old patient with a 4-year history of prostate cancer treated 
with radiation therapy and ADT. MIP image from 68Ga-PSMA PET (A) and axial PET/CT (B, D) and CT (C, E) images show intense PSMA 
uptake in atypical metastatic lesions in both adrenal glands (arrowhead). The MIP PET image also shows several abdominal lymph 
nodes and bone lesions with high accumulation of the tracer.
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Figure 27.  Biochemical recurrence (PSA level = 16.3 ng/mL) in a 59-year-old patient treated with radical prostatec-
tomy and radiation therapy 2 years earlier. He had undergone bone scanning with negative results. MIP image from 
68Ga-PSMA PET (A), coronal CT (B) and PET/CT (C) images, and axial (D) and coronal (E) T2-weighted MR images show 
ureteral wall thickening with an intraluminal component (arrow in C–E) that causes left hydronephrosis. Also note the 
local recurrence at the prostate bed (arrowhead in A).

Figure 28.  Biochemical recurrence (PSA level = 1.2 ng/mL) in a 69-year-old patient treated with radical prostatec-
tomy and radiation therapy 9 years earlier. The patient previously underwent bone scanning and pelvic MRI with 
negative results. MIP image from 68Ga-PSMA PET (A), axial PET/CT images (B, C), and axial postcontrast T1-weighted 
MR images (D, E) show a small enhancing right liver lobe nodule (arrowhead in A, B, and D) and an enhancing 
splenic nodule (arrow in A, C, and E), both with significant uptake. Follow-up assessment confirmed metastases from 
prostate cancer.
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PET/CT prompts further histologic assessment, 
especially in an oligometastatic scenario, where it 
can change treatment management.

However, PSMA PET is not as specific for 
prostate cancer as previously thought. An in-
creasing number of nonprostatic disorders have 

shown PSMA expression (79,80), including 
inflammatory/infectious diseases, vascular condi-
tions, benign neoplasms, and other malignancies. 
Awareness of these findings may prevent misin-
terpretation. Although representing a drawback 
for imaging analysis, this association of PSMA 

Figure  30.  Biochemical recur-
rence in a 92-year-old patient be-
ing treated with ADT 20 years after 
prostatectomy, with PSA level in-
crease from 6.5 to 27.0 ng/mL in 6 
months. (A) MIP image from 68Ga-
PSMA PET shows cervical, thoracic, 
and abdominopelvic lymph node 
metastases and bone lesions, as 
well as focal intense uptake in a 
skin nodule in the perineal region 
(arrow). (B, C) Axial CT (B) and 
PET/CT (C) images show the skin 
nodule (arrow), which was con-
firmed at follow-up assessment.

Figure 29.  Biochemical recurrence (PSA 
level = 0.47 ng/mL) in a 77-year-old pa-
tient 5 years after radical prostatectomy, 
radiation therapy, and ADT. The patient 
had undergone bone scanning with neg-
ative results. MIP image from 68Ga-PSMA 
PET (A) and axial PET/CT (B) and postcon-
trast T1-weighted MR (C) images show a 
nodule with intense PSMA uptake in the 
right rectus abdominis muscle (arrow). Af-
ter resection, anatomic-pathologic study 
confirmed the prostate cancer metastasis, 
and PSA decreased to an undetectable 
level.
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Figure 31.  Differential diagnosis of lung lesions. (A–C) Metastasis from prostate cancer in a 63-year-old patient with biochemical 
recurrence (PSA level = 8.0 ng/mL) 12 years after radical prostatectomy and radiation therapy. The patient had undergone bone 
scanning with negative results. MIP image from 68Ga-PSMA PET (A) and axial PET/CT (B) and lung CT (C) images show an infiltrative 
right pulmonary hilar mass with significant PSMA uptake (arrow). Echo-endoscopy–guided biopsy demonstrated a metastasis from 
prostate cancer. (D–F) Primary lung adenocarcinoma in a 73-year-old patient with biochemical recurrence (PSA level = 6.1 ng/mL) 8 
years after brachytherapy. MIP image from 68Ga-PSMA PET (D) and axial PET/CT (E) and CT (F) images show a spiculated nodule in 
the left upper lobe (arrow), which was resected and confirmed to be a primary lung adenocarcinoma. Also note the retroperitoneal 
lymph nodes related to prostate cancer recurrence on the MIP image (arrowhead in D).

expression with other malignant tumors raises the 
possibility of targeted radiopeptide therapy for 
these subgroups of patients (81). A spectrum of 
nonprostatic causes of PSMA expression is sum-
marized in the Table.

Comparison of PSMA PET with Other 
Imaging Modalities

Numerous studies have demonstrated that PSMA 
PET outperforms other imaging modalities in 
regard to nodal staging (16,82–85). Standard 
imaging techniques are insufficient for reliable 
detection of nodal metastases in prostate cancer 
because they depend on nonspecific morphologic 
parameters with poor sensitivity (47–49). Fur-
thermore, PSMA PET has greatly increased de-
tection of atypical lymph node metastases missed 
with traditional imaging methods because of their 
unusual locations, often not included in the field 
of view of traditional modalities (13,16).

As regards assessment of local recurrence, 
traditional methods (digital rectal examina-
tion, transrectal US, or transrectal US–guided 
biopsy) have limited accuracy in demonstrating 
the presence and extent of disease, especially 
at low PSA level (<2.0 ng/mL) (86). Choline 
PET and MRI are established as the current 
best methods for such evaluation (87) compared 
with previous modalities and are recommended 
in the 2018 National Comprehensive Cancer 
Network (NCCN) guidelines. For detection 
of local recurrence, MRI has higher sensitivity 
while PSMA PET has higher specificity, raising 

the possibility of use of PET/MRI, especially 
after surgery for prostate cancer but also after 
radiation therapy (18,34). Owing to its higher 
availability and lower cost, MRI is still the 
preferred method for assessment of biochemical 
recurrence of prostate cancer.

With regard to detection of bone metastases, 
studies have shown that PSMA PET is capable 
of accurate assessment of skeletal involvement, 
reducing the need for additional investigations 
routinely demanded to elucidate ambiguous find-
ings with 18F sodium fluoride (NaF) PET and 
technetium 99m SPECT (88,89). PSMA PET is 
more sensitive and specific than bone scintigra-
phy (88,90,91), while 18F-NaF PET/CT appears 
to be more sensitive (92) but less specific on ac-
count of high uptake of the tracer by benign pro-
cesses, such as degenerative and posttraumatic 
changes (89). PSMA PET has also demonstrated 
less-known patterns to be far more frequent than 
previously thought owing to its superior diagnos-
tic power. Lytic and bone marrow metastases, 
often overlooked, may be found in respectively 
13.6% and 19.5% of patients with bone involve-
ment at PSMA PET (67).

With respect to visceral disease, data suggest 
that PSMA PET is superior to conventional 
imaging, namely CT and multiparametric MRI, 
including diffusion-weighted whole-body MRI 
(47,93). Standard workup has allowed successful 
identification of skeletal and nodal involvement, 
more rarely lung or liver lesions, but scarcely ever 
metastases to other organs. Although these low 
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detection rates are partly explained by the low 
prevalence of lesions at these sites, PSMA PET 
has increased diagnostic accuracy by reveal-
ing metastatic lesions without any morphologic 
changes and at atypical sites with high specificity 
(14,64), as discussed earlier.

Besides other conventional imaging mo-
dalities, there are also some other radiotrac-
ers being used for PET in prostate cancer. 
The most widely available and investigated 
is 68Ga-PSMA-11 (also referred to as 68Ga-
PSMA-HBED-CC,68Ga-HBED-PSMA, and 
68Ga-DKFZ-PSMA-11). Before PSMA-based 

tracers, choline PET was the most accurate 
imaging tool for assessing prostate cancer 
recurrence and the only PET tracer included 
as an imaging option in the NCCN guidelines. 
However, PSMA-11 PET demonstrated supe-
riority compared with choline PET in assessing 
biochemical recurrence, especially at low PSA 
level (<2.0 ng/mL) (94).

Although relevant data have been published 
on the clinical benefit of PSMA-11 in biochemi-
cal recurrence of prostate cancer, the only Food 
and Drug Administration (FDA)–approved 
tracer for this purpose in the United States is 

Figure 32.  Differential diagnosis of rectal lesions. (A–C) Primary adenocarcinoma of the rectum in a 64-year-old patient with a 
history of prostate cancer treated with radical prostatectomy and ADT in 2004. Local recurrence in 2012 was treated with radiation 
therapy and manifested as a spike in PSA level (3607 ng/mL). MIP image from 68Ga-PSMA PET (A) and axial PET/CT (B) and colo-
noscopic (C) images show PSMA uptake by a primary adenocarcinoma of the rectum with an SUVmax of 7.2 (arrow in B and C). Also 
note the large lytic lesion in the left iliac bone with intense PSMA uptake secondary to prostate cancer (arrowhead in B). (D–J) Me-
tastasis from prostate cancer in a 77-year-old patient with increasing PSA level (22.0 ng/mL) 14 years after prostatectomy for Glea-
son score 7 (4 + 3) prostate cancer who was treated with ADT for 3 years but developed biochemical failure. MIP image from 68Ga-
PSMA PET (D) and axial (E) and sagittal (F) PET/CT images show intense circumferential uptake in the rectal wall (SUVmax = 18.0) 
(arrow in E and F), which correlates with rectal wall thickening (arrow) on axial (G) and sagittal (H) T2-weighted MR images. Per-
cutaneous CT-guided biopsy demonstrated a metastasis from prostate cancer. Photomicrographs from histopathologic analysis (I)  
and immunohistochemistry (J) show that the metastasis is positive for PSA.
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18F-fluciclovine (anti-1-amino-3-18F-fluorocy-
clobutane-1–carboxylic acid). Only limited data 
on both tracers are available in the literature, 
but it seems that PSMA PET has higher diag-
nostic accuracy than 18F-fluciclovine imaging for 
detection of prostate cancer recurrence (14,95); 
this superiority in detection rate was also con-
firmed when directly compared in the same 
patients (96).

Clinical Impact of Imaging Findings
Several treatment options are available for re-
lapsed prostate cancer, including surgery, radia-
tion therapy, ADT, chemotherapy, and nuclide 
therapy. Given the different patterns of prostate 
cancer recurrence, the protracted time course of 
the disease, and the naturally extended survival 
in many cases, patients usually undergo several 
treatments (and experience their toxic effects) with 
evolution of the disease. Optimizing and sequenc-
ing local, local-regional, and systemic treatments 
for relapsed prostate cancer is not an easy task and 
depends on factors such as disease localization, ex-
tension, clinicopathologic features, potential toxic 
effects, comorbidities, costs, and best evidence.

Serum PSA level remains the diagnostic 
cornerstone of prostate cancer recurrence, but 
the gap between its extremely high sensitivity 
and disease detection with conventional imaging 
remains a limitation in management of relapsed 
prostate cancer. In this setting, PSMA PET can 
be a valuable imaging tool for characterizing typi-
cal and atypical patterns of disease spread with a 
precision that has not been previously achieved, 
thus bringing clinicians closer to achieving the 
goal of personalized medicine: “the right treat-
ment to the right patient at the right time.” Data 
regarding the specific clinical effects of PSMA 
PET are preliminary but encouraging, and dif-
ferent effects are expected for different types of 
prostate cancer recurrence, some of which are 
detailed in this section (Fig 33).

Figure  33.  Flowchart 
shows how PSMA PET 
can be used in clinical 
practice according to 
the different patterns of 
spread in patients with 
biochemical recurrence. 
MDT = metastasis-di-
rected therapy, PCa = 
prostate cancer, RT = 
radiation therapy.

False-Positive Findings of PSMA PET Accord-
ing to Cause

Cause False-Positive Findings

Bone related Osteoarthritis
Fracture
Fibrous dysplasia
Fibrous cortical defects
Paget disease
Multiple myeloma
Osteosarcoma

Vessel related Hemangioma
Hemangioendothelioma
Atherosclerosis

Inflammatory/
infectious

Sarcoidosis
Tuberculosis
Anthracosis
Opacities and bronchiectasis

Benign neo-
plastic

Adenomas (adrenal, thyroid, pan-
creatic)

Meningioma
Schwannoma

Malignant 
neoplastic

Epithelial (carcinoma)

 Head and neck: squamous cell,  
 thyroid, adenoid cystic

 Urinary/male tract: adrenocorti- 
 cal, renal cell, bladder, penile,  
 testicular

 Gynecologic/female tract: ovar- 
 ian, uterine, endometrial,  
 vulvar

 Gastrointestinal tract: hepato- 
 cellular, bile duct, pancreatic,  
 esophageal, gastric, colorectal

Mesenchymal (sarcoma)
Neuroendocrine tumors
Malignant melanoma
Lymphoma
Glioma
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Local Recurrence
Salvage radiation therapy is the main directed 
treatment for locally relapsed prostate cancer, 
and better outcomes are achieved with early ini-
tiation, usually when PSA level is less than 1.0 
ng/mL. Unfortunately, this is the level at which 
conventional imaging fails to provide diagnostic 
information (5,10). With a reported sensitivity 
of approximately 50% at PSA level less than 1.0 
ng/mL, PSMA PET can add valuable informa-
tion in this setting. Potential advantages include 
changes in radiation therapy planning (ie, better 
target volume delineation by depicting atypical 
patterns or unsuspected localization) and better 
accuracy for excluding pelvic nodal or extrapel-
vic disease (14,70).

Oligometastatic Recurrence
The concept of oligometastasis refers to an inter-
mediate state between localized and disseminated 
disease, with its own biologic and prognostic 
characteristics applicable to several neoplasms, 
including prostate cancer (97). The most com-
mon definitions of oligometastatic prostate 
cancer involve fewer than three to five metastatic 
lesions, although a large variation in these criteria 
can be found in the literature (97). This condition 
has been the focus of intense research aiming to 
assess the clinical effect of early, lesion-directed, 
and aggressive therapeutic approaches, also called 
metastasis-directed therapy (MDT). Stereotac-
tic body radiation therapy (SBRT) (a specific 
focused high-dose type of radiation therapy) and 
surgery (ie, pelvic salvage lymph node dissection 
[SLND]) are examples of MDT.

Emerging data suggest that early curative-
intent MDT has the potential to at least control 
disease, delaying initiation of ADT and its re-
lated toxic effects (97,98). In this setting, PSMA 
PET has enormous potential in better diagnos-
ing and localizing earlier typical and atypical 
oligometastatic prostate cancer recurrence than 
conventional imaging, thereby guiding specific 
treatments in the earliest possible stage. To 
better understand the potential clinical effects 
of PSMA PET in light of available treatments, 
oligometastatic relapsed prostate cancer can be 
divided into regional nodal (N) and distant (M) 
recurrence.

Regional Nodal Oligometastatic Recurrence.—
Both surgery (ie, SLND) and radiation therapy 
(ie, SBRT) are eligible modalities for MDT in 
pelvic nodal recurrence.

As detailed earlier, SLND can be performed 
by following default or extended surgical tem-
plates. Therefore, precise PSMA PET findings 
are critical, especially those related to lymph node 

topography, atypical sites not encompassed by 
surgical dissection templates, and accurate exclu-
sion of distant disease. Surgeons must be aware in 
advance of atypical nodal disease that may require 
changes to the surgical plan, such as disease of 
the mesorectum and retroperitoneal para-aortic 
nodes, which is now more commonly identified in 
the PSMA era, as discussed earlier (16).

Use of SBRT for pelvic nodal relapsed prostate 
cancer has been previously reported (99,100). 
Following the same rationale as for use of salvage 
radiation therapy in local recurrence, PSMA PET 
can be a powerful tool in guiding pelvic nodal 
SBRT, not only by depicting more lesions earlier 
but also by helping better delineate the target vol-
ume and serving as a baseline imaging method for 
subsequent response assessment (101).

Distant Oligometastatic Recurrence.—Whole-
body imaging has been the hallmark of PET 
technology since its early clinical adoption. 
PSMA PET does not differ in this regard, and 
its ability to demonstrate disease extension more 
accurately than conventional imaging and allow 
precise differentiation among nodal, bone, vis-
ceral, and mixed oligometastatic prostate cancer 
recurrence are strengths to be explored in MDT-
guided scenarios (102).

SBRT is the most commonly used MDT for 
distant oligometastatic prostate cancer recur-
rence; however, it is not free of complications (99). 
PSMA PET can aid in SBRT planning not only 
by depicting more lesions but also by allowing 
imaging-based planning and evaluation of safety 
for each lesion during the same procedure (102). 
PSMA PET can not only define oligometastatic 
prostate cancer more accurately than conventional 
imaging but also enable pretreatment planning 
and response assessment for each lesion.

Polymetastatic Recurrence
Polymetastatic recurrence presupposes a higher 
and more easily detectable burden of disease. 
Although conventional imaging allows satisfac-
tory assessment of this pattern of recurrence, the 
incremental value of PSMA PET in these cases is 
that it can serve as a reliable baseline parameter 
for future systemic response assessment or, more 
interestingly, as a theranostic selector for radio-
nuclide PSMA-based therapy (102,103).

Conclusion
Treated prostate cancer can exhibit two dif-
ferent patterns of disease recurrence before 
clinical manifestation. First, recurrence can be 
biochemically identified by rising PSA level, 
which generally occurs without any correspond-
ing clinical imaging findings, and management 
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is based on the natural history of the tumor 
(usually radiation therapy of the prostatic bed). 
Second, recurrence can be clearly identified with 
imaging, which can be historically classified into 
two stages: The pre-PSMA era relied mainly on 
morphofunctional information from CT and 
MRI and molecular data from bone scanning, 
each with certain limitations for identifying 
different sites of disease and often identifying 
disease only in advanced stages.

The current PSMA era has decreased the 
gap between biochemical and imaging recur-
rence and now allows disease to be detected at 
earlier stages. Thus, treatment decisions can be 
individually tailored, possibly improving patient 
outcomes. Recognition of different patterns 
of spread of prostate cancer with PSMA PET 
enables the reading physician to increase diag-
nostic accuracy, allowing proper identification of 
typical and atypical disease manifestation at local, 
regional, and distant sites.
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