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Abstract: Major advances in prostate cancer diagnosis, staging, and management have occurred over
the past decade, largely due to our improved understanding of the technical aspects and clinical
applications of advanced imaging, specifically magnetic resonance imaging (MRI) and prostate-
cancer-specific positron emission tomography (PET). Herein, we review the established utility of
these important and exciting technologies, as well as areas of controversy and uncertainty that
remain important areas for future study. There is strong evidence supporting the utility of MRI in
guiding initial biopsy and assessing local disease. There is debate, however, regarding how to best
use the imaging modality in risk stratification, treatment planning, and assessment of biochemical
failure. Prostate-cancer-specific PET is a relatively new technology that provides great value to
the evaluation of newly diagnosed, treated, and recurrent prostate cancer. However, its ideal use
in treatment decision making, staging, recurrence detection, and surveillance necessitates further
research. Continued study of both imaging modalities will allow for an improved understanding of
their best utilization in improving cancer care.
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1. Introduction

Despite rapid and significant advances in our understanding of all aspects of prostate
cancer, it remains the most diagnosed malignancy among US men, accounting for ap-
proximately 290,000 new diagnoses and 35,000 deaths [1]. Prostate cancer is far from a
uniform diagnosis. Itcan be sufficiently indolent to warrant surveillance alone, or it can
be so aggressive and disseminated at diagnosis that aggressive multi-disciplinary cancer
care is critical to maximizing outcomes. No advances have furthered our contemporary
understanding and navigation of this continuum more significantly than the development
of advanced imaging techniques using magnetic resonance imaging (MRI) and positron
emission tomography (PET); both technologies provide access to unique clinical data for
diagnosis, treatment, and monitoring as summarized in Table 1, but routine utilization is
variable across practices and consensus recommendations for best practices are far from
universally agreed upon.
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Table 1. Uses of MRI and PET in various aspects of prostate cancer care.

Initial Diagnosis Staging and Risk
Stratification

Treatment
Selection

Active
Surveillance

Recurrence
Detection

Treatment
Response

Assessment

MRI

Fusion biopsy
improves
clinically

significant cancer
detection when

used as an
adjunct to

standard biopsy.

Assesses local
extent of disease

and nodal
involvement. If

incorporated into
staging, it

often upstages.

Upstaging and
treatment

escalation based
on MR findings
are controversial
but increasingly

common.

Fundamental in
assessment of

PSA or physical
exam change and

to guide
subsequent

repeat biopsy.

Assesses local
recurrence.
Recurrence
detection

improved at
higher PSAs.

Ideal timing of
obtaining MRI

is unclear.

Currently difficult
to interpret in
isolation but

continues
to evolve.

Prostate-specific
PET

Limited use/not
applicable.

Primarily assesses
nodal and distant
metastatic disease.

May be used as
alternative for

standard imaging
of bone and soft
tissue in initial

staging. May also
inform local

disease
distribution.

Presence or
absence of

PET-detected
metastatic disease

influences local
vs. systemic

treatment
approach.

Limited use/not
applicable.

Assesses local
and systemic

recurrence. PSMA
is more sensitive
than choline and

fluciclovine at
low PSA levels;

however, there is
no/limited
evidence

supporting
treatment

changes based on
PSMA findings.

Choline PET is
the most

consistently
interpretable

while response
assessment by
PSMA remains
incompletely
understood.

2. The Role of MRI in Contemporary Prostate Cancer Management
2.1. MRI for Prostate Cancer Diagnosis, Staging, and Risk Stratification

Current guidelines vary regarding the routine use of pre-biopsy MRI in the initial
evaluation of suspected prostate cancer. Discussion of MRI as a component of initial
workup is limited and vague in the NCCN guidelines [2] and the American Urological
Association/American Society for Radiation Oncology guidelines [3] state that there are
insufficient data to recommend routine MRI in every biopsy-naïve patient. Conversely,
updated guidelines from the European Association of Urology [4] and UK National Institute
of Health [5] do support MRI in initial workup.

Much of the utility of MR prior to biopsy lies in its ability to highlight areas of
suspected disease in the prostate, providing a target for biopsy. The benefits of MR-
guided biopsy in comparison to standard biopsy were demonstrated by the PRECISION
trial, a multicenter randomized trial comparing the diagnosis of clinically significant
prostate cancer among men who received standard TRUS-guided biopsy with men who
underwent MRI-targeted biopsy [6]. They found that MRI-guided biopsy was able to detect
clinically significant cancer more frequently than TRUS-guided biopsy (38% vs. 26% of
cases, p = 0.005). Similarly, a 2015 prospective cohort study of 1003 men undergoing both
standard sextant biopsy and MR-targeted biopsy found MR-targeted biopsy to diagnose
30% more high-risk cancers (p < 0.001) [7]. These findings, however, do not negate the
need for sextant biopsy. The MRI first trial prospectively evaluated biopsy specimens
taken from men who underwent both TRUS- and MR-guided biopsies [8]. They found
that 5.2% of clinically significant cancers would be missed with MR-guided biopsy alone,
and 7.6% of cancers would be missed with TRUS-guided biopsy alone. Of note, while the
NCCN guidelines do not expressly recommend MR-guided biopsy, they do clarify how
to incorporate biopsy cores obtained by MR-guided biopsy in risk group stratification.
Guidelines state that an MRI-targeted lesion found to be positive should be considered as a
single positive core, regardless of the number or percentage of cores positive.

MRI is also useful in identifying the local extent of disease. Traditionally, digital
rectal examination (DRE) was the method of choice for local assessment of prostate cancer
and remains the sole technique permitted by the AJCC 8th edition for T-staging, with the
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manual specifically mentioning that imaging information should not be used [9]. However,
recent large clinical trials such as STAMPEDE and NRG GU009 have allowed the inclusion
of MRI for T-staging, reflecting a shift in clinical practice from physical exam-based to
image-based staging [10] and raising the question: how does MRI perform in comparison
to DRE?

There are several studies comparing the diagnostic accuracy of MRI to DRE, specif-
ically in their abilities to detect extraprostatic extension. One such multi-institutional
Dutch study analyzed the pre-surgical MRIs and DREs of 1683 men who later underwent
prostatectomy [11]. Using the prostatectomy pathology as the gold standard, MRI was
found to have significantly higher sensitivity for detecting T3a or higher disease than
DRE (51% vs. 12%, p < 0.001). Although MRI did have fairly good specificity (82%) for
T3a or higher disease, it was not as specific as DRE (97%). Another retrospective analysis
of men who underwent both DRE and MRI prior to prostatectomy had similar findings,
with MRI having higher sensitivity than DRE (59% vs. 41%, p < 0.01) in the detection
of extraprostatic disease, but lower specificity (69% vs. 95%, p < 0.01) [12]. Of note, the
interobserver variability of DRE in detecting suspicious lesions is greater than that of MRI
(k = 0.22 vs. k = 0.57) [13,14].

The high sensitivity but relatively low specificity of MR for extraprostatic extension
calls into question whether basing treatment decisions on MR findings contributes to
overtreatment. The aforementioned Dutch study found that incorporating MR findings
into staging downstaged only 3% of patients but upstaged 29% (largely due to extraprostatic
extension detected on MR). When stratifying by MRI-based risk grouping, there was less
difference in biochemical recurrence-free survival (BRFS) among risk groups than when
stratifying by DRE-based risk grouping. This may indicate that extracapsular extension
that can only be detected on MRI is not of prognostic importance. Alternatively, however,
the smaller difference in BRFS among MR-based risk groups may be attributed to an
appropriate escalation of care that would not have otherwise been carried out without the
additional information provided by MR.

More detailed information on extraprostatic extension not readily assessed by DRE
may also help inform treatment decisions. For example, a large retrospective database
analysis found that men who had focal extraprostatic extension on MRI had better BRFS
than men who had extensive extraprostatic extension [15]. Another retrospective study
found that the radial distance of prostate cancer from the capsule predicted PSA recur-
rence [16]. Thus, we can garner more nuanced prognostic information with MRI than the
binary presence or absence of extraprostatic extension assessed on DRE. Such information
may also be used to guide decision-making regarding the appropriateness of focal therapies
such as high-intensity focused ultrasound or cyroablation [17]. These approaches present
a promising alternative to radical prostatectomy or definitive radiotherapy, but expecta-
tions of efficacy and toxicity—and by extention appropriateness of focal therapy—may
vary based on the extent of intraprostatic disease. Although it is unclear if the additional
information detected only on MRI warrants treatment escalation, MR can provide detailed
insight into the extent of a patient’s disease that may contribute to treatment decision
making, along with other factors such as PSA, Gleason score, emerging technologies such
as genomic classifiers and digital pathology, and the patient’s desire for aggressive versus
conservative treatment.

2.2. Use of MRI Prior to and during Active Surveillance

MRI can also be particularly useful in selecting patients who are good candidates for
active surveillance (AS). An NCI study of 85 men who initially qualified for active surveil-
lance reclassified 29% of men as not meeting the criteria based on confirmatory biopsy [18].
The study found that MR features including the number of lesions, lesion density, and
lesion suspicion were significantly associated with confirmatory biopsy disqualification
from AS. Furthermore, a French bi-institutional study found that 10% of patients originally



J. Clin. Med. 2024, 13, 446 4 of 14

considered for active surveillance were disqualified due to findings on MR-fusion biopsy
including Gleason 8 disease and/or cancer length within the biopsy core [19].

MRI also serves a role in monitoring patients on active surveillance. A cohort study
of men on active surveillance who underwent MRIs at a median interval of every 2 years,
as well as serial biopsies, found that a PIRADS score of 4–5 had 80% sensitivity, 62%
specificity, 34% positive predictive value, and 93% negative predictive value for the Gleason
upgrade [20]. Similarly, a review of men on active surveillance who underwent both
MRI and repeat biopsies at follow-up visits found MR to have a 53% positive predictive
value and 80% negative predictive value for Gleason progression [21]. The high negative
predictive value of MRI can offer reassurance and reduce excessive biopsying, thus limiting
the morbidity of active surveillance. However, this is not to say random biopsies should be
omitted. A cohort study of over 200 men on active surveillance undergoing MRIs every
18 months and biopsies every 3 years found that, while biopsying only when progression
is identified on MRI would avoid 681 biopsies per 1000 men, it would also miss Gleason
grade 2+ disease in 169 of 1000 patients [22]. Although the emerging field of radiomics
holds promise in improving the detection of clinically significant prostate cancer that
would otherwise be missed by MRI, this approach is not yet broadly applicable to clinical
practice [23]. Therefore, especially in fit men for who would desire aggressive treatment if
indicated, random biopsies should be pursued regularly regardless of MRI findings.

Much like in the initial diagnosis of prostate cancer, MR-fusion biopsies of suspicious
lesions on active surveillance improve the detection of clinically significant cancer. For
example, the aforementioned study [21] found that the number needed to biopsy to detect
Gleason progression was 8.74 for standard biopsy vs. 2.9 for MR-fusion biopsy, highlighting
the high diagnostic yield of MRI in this setting. Another study found that higher grade
cancer was detected in 11% of men on active surveillance who did not have an MRI-
targetable lesion, whereas higher grade cancer was detected in 47% of men who underwent
biopsy of a region of interest on MRI [24]. The NCCN guidelines concur with these findings,
stating that MR-fusion biopsy improves the detection of high-grade cancers in men with
suspicious lesions on MRI. Thus, MRI should be considered a standard component of
monitoring on active surveillance. Of note, the frequency of MRI on active surveillance
remains in question. While the NCCN guidelines recommend MRI be repeated up to yearly,
the AUA states further study is necessary to determine the optimal timing of MRI.

2.3. Assessment of Recurrent Prostate Cancer by MRI

MRI is a helpful tool in assessing for local recurrence in the setting of biochemical
failure, with use in both the post-prostatectomy and post-radiation settings. Although evi-
dence regarding the ideal use of MRI in this space is limited, there are data demonstrating
the value of MRI. For example, in a study of men with biochemical failure after prosta-
tectomy, dynamic contrast-enhanced MRI was found to have 88% sensitivity and 100%
specificity for local recurrence [25]. However, these results used positive TRUS-guided
biopsy or response to radiation to define recurrence, not biochemical failure. Nearly half
of the patients who had biochemical failure had no other signs of disease, which leaves in
question how to evaluate and manage patients who have an undetectable source of PSA.

The PSA level can influence the likelihood of a positive MRI in biochemical recurrence.
The aforementioned study with an approximately 50% recurrence diagnosis rate included
men with a mean PSA of 1.9. A review of over 700 men with biochemical failure (PSA ≥ 0.2)
found that only 7% of men had positive MR [26]. However, increasingly elevated PSA levels
led to an increasing diagnostic yield, with 10% of patients with PSA ≥ 0.4 demonstrating
positive MRI, 13% of patients with PSA > 1, and 50% of patients with PSA > 10. In fact,
the mean PSA in the group of patients with positive MRI was significantly higher than in
patients with negative MRI (4.5 vs. 1.0, p < 0.01). Considering that the PSA level has been
shown to correlate with the volume of disease, it is reasonable to infer that a minimum
threshold of disease volume is necessary for the detection of recurrence on MRI [27]. Thus,
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if recurrent disease is not initially detectable on MRI, repeat imaging when PSA increases
further may be useful. The timing of when to carry out subsequent MRI remains unclear.

MRI may also be used to detect local recurrence after primary treatment with radiation.
After radiation, local recurrence can appear on T2W MRI as a hypointense nodular lesion
and MRI has been shown to have modest accuracy in detecting recurrence. One study of
men being evaluated for prostate cancer recurrence after radiation reports 63% accuracy
for one radiologist and 71% for another when comparing MR interpretation to biopsy [28].
Another study of men who underwent salvage prostatectomy found the AUC of MRI tumor
detection to be 0.75 in one reader and 0.61 in another using surgical pathology as the gold
standard [29]. However, the optimal timing of MRI acquisition after biochemical failure in
this setting is currently unclear.

In summary, MRI has many uses in the evaluation of prostate cancer, but guidelines
have not yet reached consensus on how to incorporate MR information into clinical practice.
MR-guided biopsy is a key adjunct to random biopsy that improves the detection of
clinically significant prostate cancer. The high sensitivity afforded by MRI in the detection
of extraprostatic extension contributes to upstaging, and controversy exists over whether
this leads to overtreatment or appropriate escalation of care. Nonetheless, MRI provides a
more detailed assessment of the local extent of disease than traditional staging by a physical
exam, which can inform treatment decisions. MRI, along with PSA and biopsy, is also an
important tool in the selection of candidates for active surveillance and for monitoring
patients once selected. Finally, MRI may be helpful in assessing for local recurrence in the
setting of biochemical failure; however, its diagnostic yield is limited in patients with lower
PSAs. Further study is needed in order to solidify how MR findings should be incorporated
into risk group stratification and treatment planning, as well as the ideal time to carry out
MRI in the setting of biochemical failure.

3. The Role of Molecular Imaging in Contemporary Prostate Cancer Management
3.1. Overview of Commonly Used Prostate Cancer Molecular Imaging Agents

Several radioligands are available for PET imaging of prostate cancer, leveraging differ-
ences in functional pathways and structural cellular components between prostate cancer
cells and surrounding tissues. Commonly available radioligands that query metabolic
activity include 11C-acetate, 11C-choline, 18F-choline, 18F-fluciclovine (AxuminTM), and 18F
sodium fluoride (Na18F) [2,30]. Choline is a cell membrane component involved in cell
membrane synthesis [31], while acetate is involved in the tricarboxylic acid cycle and lipid
synthesis [32]. Choline can be used in PET imaging to detect both osseous and nonosseous
lesions with high specificity, although demonstrates sensitivity for nodal metastases [33].
Fluciclovine is a synthetic amino acid radiotracer that has been prospectively evaluated in
the Empire I trial and found to have better diagnostic performance than CT and MRI for
restaging biochemically recurrent prostate cancer [34]. Na18F targets osteoblastic activity
where fluoride is being deposited into new bone and is specifically used in imaging osseous
metastases [2].

Prostate-specific membrane antigen (PSMA) radioligands target a transmembrane zinc
metalloenzyme that is upregulated and overexpressed by prostate cancer cells compared
with other tissues that contain the protein. These include salivary and lacrimal glands,
spleen, liver, small intestine, kidney, pleura, and endometrium [30,31,35,36]. The degree
of PSMA expression is reported in a standardized fashion with miPSMA scoring and
has been associated with prostate cancer aggressiveness and prognosis [36,37]. There are
at least 25 PSMA radiotracers in use, though the most frequently used are 68Ga-PSMA-
11 and 18F-DCFPyL [35]. This approach to molecular imaging provides high specificity
compared with MRI, CT, or choline, and a higher sensitivity for nodal disease than other
modalities [38,39]. Used in combination, PSMA and metabolic tracers can provide different
information about the status of prostate cancer cells, although it should be noted with all
PET scanners that metastases smaller than the spatial resolution of the scanners or with
activity below the current limits of detection may remain occult [38]. In the future, these
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limitations in PET imaging may be addressed through improved technology, such as long
axial field-of-view (LAFOV) scanners, which can image faster and maintain sensitivity at
low radiopharmacceutical activity levels [40], and through improved understanding of
target expression optimization [41].

In addition to providing clinical insight for treatment decisions both for upfront
treatment as well as at times of recurrence/progression, radioligands useful for diagnostic
imaging may be paired with radiopharmaceuticals for theranostic purposes. As an example,
177Lu-PSMA or 225Ac-PSMA are promising treatments for PSMA-avid metastatic castrate-
resistant prostate cancer [42,43]. 68Ga-PSMA-11 imaging is predictive of 177Lu-PSMA-617
and 225Ac-Lu-PSMA-617 biodistribution and dosimetry, as is 64Cu- imaging for 67Cu-
therapy [44]. Recently, novel 18F radiohybrid PSMA ligands (rhPSMA) with two binding
sites for radionuclides have been developed [45]. Thus far, 18F-rhPSMA-7.3 has been
studied for diagnostic purposes, although with future potential to pair with radiohybrid
radiopharamaceuticals such as 177Lu to bridge 18F PET and radioligand therapy [46].

3.2. Molecular Imaging for Initial Staging of Prostate Cancer

In the upfront staging setting, the sensitivity of PSMA PET and its increasing use in
modern practice may allow for careful diagnosis and risk-stratification of patients prior
to treatment. Both 68Ga-PSMA-11 and 18F-DCFPyL are FDA approved for initial staging
in the setting of suspected metastatic disease. According to the NCCN guidelines, PSMA
PET-CT can be used as an alternative for standard imaging of bone and soft tissue for initial
staging [2]. For the detection of metastatic bone disease, standard imaging modalities as
well 11C-choline or Na18F PET are permitted. PSMA imaging is recommended prior to
the initiation of androgen deprivation therapy and can be used upfront for unfavorable
intermediate and higher risk groups.

Careful selection of patients prior to treatment initiation as well as the early detection
of small regional and/or limited distant metastasis may be possible with molecular imaging.
For example, the POP-RT trial required PSMA PET for initial staging due to its higher
sensitivity for identifying metastatic disease within and outside the pelvis [47]. This
allowed for the inclusion of a selected group of patients with localized high-risk prostate
cancer that had not yet progressed detectably beyond the pelvis and who benefitted from
whole pelvis radiotherapy with higher rates of biochemical-recurrence-free survival and
disease-free survival.

3.3. Assessment of Biochemical Recurrence or High-Risk Postoperative Patients

Following primary treatment, detectable and/or rising PSA following initial treatment
is suggestive of biochemical recurrence. Biochemical recurrence historically has been de-
fined either as rising into a detectable range following prostatectomy or after radiotherapy,
according to the Phoenix criteria or ASTRO definition. The Phoenix criteria are defined
as nadir + 2 ng/mL, while ASTRO specifies biochemical failure as three consecutive PSA
rises [48,49]. In this setting, PET imaging may be useful for detecting the foci of recurrent
prostate cancer and may influence treatment decisions [50–53].

Current guidelines, including the AUA and NCCN guidelines, endorse using FDA-
approved PSMA tracers for PET-CT as an alternative to conventional CT imaging or bone
scans in the setting of biochemical recurrence [2,54]. While choline [55] and fluciclovine [56]
are less sensitive than PSMA, especially at low PSA levels, they may also be used to detect
low volume recurrent disease and soft tissue and bone. However, due to a lack of evidence,
the EAU guidelines currently recommend strongly against changing treatment based on
PSMA PET-CT findings [38].

There have been several notable clinical trials in this setting using 18F-fluciclovine.
FALCON was a trial in men with biochemically recurrent prostate cancer who required
salvage treatment in the United Kingdom. Initial treatment planning was performed based
on standard imaging. Subsequent fluciclovine PET-CT informed revisions of radiation
plans in 63% of patients, including the decision to escalate care or de-escalate to watchful
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waiting [57]. LOCATE was a similar multicenter North American study using fluciclovine
PET-CT in patients with biochemical recurrence following initial prostate cancer treatment,
reporting that 59% of patients had changes in the initial management plan that were
influenced by the scan, with changes that were considered major in 78% of patients [58].
EMPIRE-1 was a phase 2/3 North American study of fluciclovine PET-CT for radiotherapy
target volume delineation in patients with biochemically recurrent prostate cancer and
negative conventional imaging [34]. This resulted in significantly improved 3-year event-
free survival for the fluciclovine group compared with conventional imaging (75.5% versus
63%) and altered treatment-decision making, including targeting distant metastases and
offering androgen deprivation therapy in 35%.

The RAVES trial, comparing adjuvant versus salvage radiotherapy following prostate-
ctomy, allowed PSMA scan utilization to define progression during surveillance [59–61].
Exactly how the scan results influenced subsequent treatment was not clearly reported
in these studies; however, there is other prospective evidence that 68Ga-PSMA-11 has the
potential to inform clinical decisions in primary and/or recurrent prostate cancer due to
the detection of previously unsuspected locoregional or distant disease, especially in the
setting of biochemical recurrence [62].

3.4. Interpretation of Post-Treatment Molecular Imaging

While treatment response measured by choline occurs in a fairly predictable, well-
documented fashion [63], interpretation and optimal timing of post-treatment PSMA imag-
ing are not currently well-defined [64]. Following metastasis-directed radiotherapy, a
partial or complete PSMA-PET response may be seen 3–6 months after treatment in the
majority of patients with associated improved metastasis-free survival [65]. Consensus
guidelines regarding the utilization of PET for assessing treatment response are lacking.

Progression and/or recurrence is typically defined as the appearance of new lesions
or growth of existing lesions. With PSMA imaging, it has been proposed that at least two
new distant lesions are required to define disease progression to reduce confounding by
false-positive results, one new PSMA positive lesions with suggestive laboratory data,
and/or an increase by 30% in the size/uptake with suggestive laboratory data [64].

3.5. Unexpected Findings

There have been reports in a small subset of prostate cancer patients of discordant
surveillance imaging findings. For example, malignant findings with choline and/or PSMA
PET avidity may be seen at low PSA levels. Garg et al. published a series of patients with a
history of treated BCR and PSA less than or equal to 0.1 ng/mL undergoing surveillance
choline imaging and found that 13/107 (12.1%) demonstrated positive surveillance imaging
with distant metastases and local recurrences that were confirmed with gold standard
radiologic/pathologic tests [66]. There were no false-positive or negative findings reported.
These findings suggested that for late-stage disease subject to multiple clinical courses,
choline PET may allow for the detection of relapse at undetectable PSA levels. It is also
known that neuroendocrine differentiation of prostate cancer can render it non PSMA-
avid and result in false negative scan results. This process tends to occur in patients who
have received prolonged ADT and/or other systemic agents and is often associated with
aggressive behavior, including treatment resistance and rapid progression of disease [36].
The choline PET findings in the study by Garg et al. were hypothesized to be related
to small cell or neuroendocrine differentiation, active ADT, and/or selective non-PSA-
producing disease following prolonged chemohormonal therapy [66,67]. Close attention to
changes in CT or MRI appearance in the absence of PSMA or choline signals as well as FDG
PET may be critical in the identification of non-radiotracer-avid lesions in these situations
and it remains unclear what role, if any, PSMA radioligand monotherapy may play in
the treatment of patients with non-PSMA-expressing lesions that may be underdosed or
untreated [42,68].
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There have also been increasing reports of false-positive and/or negative results be-
yond the normal biodistribution with PSMA PET-CT due to non-prostatic malignancies,
either in benign or malignant settings [36]. This can be particularly problematic in the
oligometastatic or oligo recurrent setting, where a solitary false-positive result can poten-
tially lead to misunderstanding the extent of the disease. Commonly, this can occur due
to the physiologic radiotracer uptake in nervous tissue of the sympathetic chain, as well
as cervical celiac and sacral ganglia, which in the pelvis may mimic nodal metastases and
confound treatment decision making [36]. PSMA can also be expressed in the endothelium
and/or other tissues in benign proliferative processes, such as keloids, granulation tissue
in heart valves, or gynecomastia [36,69]. Benign pathologic processes, including granulo-
matous disease, can present with avid pulmonary lesions and/or mediastinal adenopathy;
benign bone pathology such as Paget’s disease, healing fractures, fibrous dysplasia, various
soft tissue lesions such as hemangiomas, desmoid tumors, dermatofibromas and cerebral
infarction can all display false-positive PSMA uptake [36].

It may be possible to identify benign, non-prostate cancer PSMA-avid lesions without
biopsy. For example, in a study of patients with newly diagnosed prostate cancer and
solitary PSMA-avid rib lesions on initial staging imaging, the primary prostate was treated
either surgically or with radiotherapy, and serial surveillance imaging was carried out for
rib lesions, with the following criteria for benign lesions: stable size or undetectable/at
nadir PSA. Ultimately, 98.4% of men in this study met these criteria for having benign
lesions, and there was only a single false-negative, malignant lesion [70].

In non-prostate neoplasms, PSMA uptake can also be associated with benign or
malignant tumor neo-vasculature. This can be seen in neurogenic neoplasms such as
meningioma or malignant pathologies such as glioblastoma, follicular lymphoma, multiple
myeloma, pancreatic neuroendocrine tumors, and certain carcinomas arising from the head
and neck, lung, breast, genitourinary, or gastrointestinal tracts [36].

Even prostate cancer cells themselves are not always PSMA avid, and multiple prostate
cancer lesions may be identifiable as non-overlapping lesions with varying avidity for
different radiotracers. For example, PSMA PET outperforms 11C-acetate diagnostically;
however, while most lesions are both PSMA and 11C-acetate avid, 38% of PSMA avid
metastases lack 11C-acetate uptake and are metabolically inactive. It has also been observed
that 15% of metabolically active 11C-acetate positive metastasis do not express PSMA [30].
Thus, unexpected findings on molecular imaging should be considered in the context of
the patient’s cancer history as well as other co-morbid conditions, with consideration for
biopsy, surveillance, and/or repeat imaging with alternative radiotracers.

3.6. Ongoing Considerations for Prostate Molecular Imaging

In an era of increasingly sensitive molecular imaging, the foci of recurrent disease
can be detected much earlier than was historically possible. This raises several ongoing
concerns. The first is for “stage migration” or “stage creep”, in which patients historically
classified into earlier stage groups might be upstaged [2]. Ultimately, this can contribute to
changes in survival outcomes in both stage groups in a process termed the “Will Rogers
Phenomenon” [71,72]. This has already been observed in prostate cancer in the 1990s;
gradual change in the application of the Gleason score over time resulted in a decline in
the reported incidence of low-grade prostate cancer and was found to be associated with a
28% lower mortality rate according to the Gleason score compared with historical data [73].
With increasing identification of oligometastatic cancer and recognition as a potentially
curable, intermediate entity between patients with widely metastatic prostate cancer with a
historically poor prognosis and localized prostate cancer, there is the possibility a similar
phenomenon is again occurring [74].

Second, while it is true for PSMA, Axumin, and F18 tracers that there is an increasing
detection rate at higher PSA levels, it is possible for disease detection prior to meeting
criteria for biochemical recurrence [33,39,58]. For example, in a cohort of patients with
recurrent prostate cancer diagnosed on choline PET-CT, 71% of those who had imaging
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prior to meeting the Phoenix criteria had identifiable foci of disease [75]. Compared with
choline, PSMA has a higher sensitivity for detecting prostate cancer and is less likely to
underestimate tumor burden, even at very low PSA levels [2,76,77]. Additionally, in direct
prospective comparison with fluciclovine, PSMA was associated with better detection rates
of prostate cancer overall, although fluciclovine outperformed it in the prostate bed where
urinary accumulation of the PSMA-tracer can conceal local recurrence [56,78]. Thus, with
the use of PSMA and/or fluciclovine scans, there is a good likelihood of detecting an even
greater number of recurrences. A modern definition of biochemical recurrence should be
considered to account for the current molecular imaging capabilities.

Third, there is sparse evidence on how using PET scans may impact patient outcomes.
Thus far, the EMPIRE-I trial utilizing fluciclovine is the only study in this setting with
oncologic outcomes as the endpoint [34]. The ongoing EMPIRE-2 study (clinicaltrials.gov
registration: NCT03762759, accessed on 31 October 2023) seeks to perform a randomized
comparison of PSMA with fluciclovine with oncologic endpoints, and an ongoing FDA
initiative to study “the impact of novel PET imaging tracers on real-world outcomes for
patients with prostate cancer” will hopefully provide further insight [34,79].

Ultimately, how best to use the results of molecular imaging in treatment decision
making upfront as well as in salvage treatment, respond to concerns for stage migration,
re-define biochemical recurrence in the modern era, and how to best use molecular imaging
for surveillance, particularly in late-stage metastatic castrate-resistant disease, should be
the subject of future investigation. It has been suggested that for future clinical studies,
radiographic-progression-free survival should be used as the surrogate oncologic endpoint
for overall survival [80,81]. Integration of molecular imaging into this endpoint as well as
using molecular imaging to define patient inclusion for contemporary trials may provide
added clarity over time. Radiomics in molecular imaging is emerging for a variety of
purposes, including image reconstruction, tumor and/or metastasis segmentation, as well
as the characterization of lesions and to identify responses to treatment. It may be possible
to utilize data from future trials to develop clinically useful applications of radiomics and
artificial intelligence tools [82].

4. Conclusions

MRI and prostate cancer-specific PET represent two widely applicable, rapidly devel-
oping technologies that are becoming increasingly important to prostate cancer diagnosis
and management. While the adoption of these techniques will help us make the most
informed decisions with our patients, it is important to recognize that the clinical benefits
and cost-effectiveness of their use are still being evaluated and debated. With continued
prospective evaluation, advanced imaging for prostate cancer will continue to improve the
personalization and efficiency of care.
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