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Simple Summary: This review paper explores advanced imaging technologies for prostate cancer
because traditional methods often miss or misclassify cancers. The aim of this study is to provide
a comprehensive overview of three key technologies, MRI, micro-ultrasound, and prostate-specific
membrane antigen (PSMA) PET scans, and how they can improve prostate cancer detection and
management. The findings showed that these techniques have improved our ability to detect prostate
cancer; however, further studies are needed to determine each imaging technique’s specific role in
the diagnosis of prostate cancer.

Abstract: Background/Objectives: Prostate cancer is a prevalent malignancy often presenting without
early symptoms. Advanced imaging technologies have revolutionized its diagnosis and management.
This review discusses the principles, benefits, and clinical applications of multiparametric magnetic
resonance imaging (mpMRI), micro-ultrasound (microUS), and prostate-specific membrane antigen
positron emission tomography–computed tomography (PSMA PET/CT) in localized prostate cancer.
Methods: We conducted a comprehensive literature review of recent studies and guidelines on
mpMRI, microUS, and PSMA PET/CT in prostate cancer diagnosis, focusing on their applications in
biopsy-naïve patients, those with previous negative biopsies, and patients under active surveillance.
Results: MpMRI has demonstrated high sensitivity and negative predictive value in detecting
clinically significant prostate cancer (csPCa). MicroUS, a newer technology, has shown promising
results in early studies, with sensitivity and specificity comparable to mpMRI. PSMA PET/CT has
emerged as a highly sensitive and specific imaging modality, particularly valuable for staging and
detecting metastatic disease. All three technologies have been incorporated into urologic practice
for prostate cancer diagnosis and management, with each offering unique advantages in different
clinical scenarios. Conclusions: Advanced imaging techniques, including mpMRI, microUS, and
PSMA PET/CT, have significantly improved the accuracy of prostate cancer diagnosis, staging, and
management. These technologies enable more precise targeting of suspicious lesions during biopsy
and therapy planning. However, further research, especially randomized controlled trials, is needed
to fully establish the optimal use and inclusion of these imaging modalities in various stages of
prostate cancer care.

Keywords: prostate cancer; localized; diagnosis; prostate biopsy; PSMA PET; micro-ultrasound; MRI;
imaging; targeted prostate biopsy

1. Introduction

Prostate cancer is one of the most prevalent malignancies affecting men worldwide [1].
This disease typically manifests without noticeable symptoms in its early stages and, as
a result, the diagnosis and management of prostate cancer present unique challenges. It
is important to accurately diagnose prostate cancers that may need treatment and those
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that can be more adequately followed with active surveillance [2,3]. Clinically significant
prostate cancer (csPCa) is cancer that may need treatment and is commonly defined as
Gleason Grade Group ≥ 2 [4,5].

Advanced imaging technologies have enhanced our ability to visualize prostate cancer.
Traditional methods like transrectal ultrasound (TRUS) with standard 12 core biopsy and
digital rectal examination (DRE) have limitations in terms of sensitivity and specificity, often
resulting in missed or misclassified cancers [6,7]. In contrast, advanced techniques such
as multiparametric magnetic resonance imaging (mpMRI), micro-ultrasound (microUS)
and positron emission tomography–computed tomography (PET/CT) have emerged as
improvements in prostate cancer diagnosis [8].

These advanced imaging techniques provide valuable information for staging, treatment
planning, and monitoring the response to therapy. As a result, they have transformed the
landscape of prostate cancer care by enabling a more tailored and precise approach to diagnosis
and treatment, ultimately improving prognosis and quality of life for patients [9–11]. This
review will discuss the principles, benefits, and clinical applications of advanced imaging in
localized prostate cancer.

2. Multiparametric Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) has fundamentally transformed the landscape of
prostate cancer diagnosis and management [9–11]. As a non-invasive imaging technique,
mpMRI offers insights into the structure and composition of the prostate gland, allowing
for earlier and more accurate detection of prostate cancer [12,13]. This technology has
not only revolutionized our ability to identify cancerous lesions but has also become a
cornerstone in assessing the extent and aggressiveness of the disease, guiding treatment
decisions, and monitoring the response to therapies.

2.1. Multiparametric MRI (mpMRI)

This imaging technique combines multiple imaging sequences, including T1-weighted
imaging (T1WI), T2-weighted imaging (T2WI), diffusion-weighted imaging (DWI), and
dynamic contrast-enhanced (DCE) imaging. Each sequence provides distinct informa-
tion about the prostate and surrounding structures. T1WI provides information about
regional lymph nodes and skeletal metastasis, as well as the presence of hemorrhage in the
prostate [13–15]. T2WI provides detail about the anatomy of the prostate, and areas suspi-
cious for prostate cancer will appear hypointense compared to normal tissue, with a lower
water content and higher cellularity. T2 is the dominant factor for determining transition
zone scores [13–15]. DWI provides information on the random motion of water molecules,
with prostate cancers appearing hypointense compared to normal tissue. DWI improves
the sensitivity and specificity of T2WI alone. DCE is the final sequence obtained, though
it has a limited role in mpMRI, especially when diagnostic T2WI and DWI sequences are
obtained; however, it is used for scoring peripheral zone lesions. When DWI or T2WI are
substandard, DCE can be used to help diagnosis, though there is interest in biparametric
MRI that does not include this sequence [13,16–18]. The combination of these data sets
enhances the accuracy of cancer detection and characterization.

The Prostate Imaging Reporting and Data System (PI-RADS) is a standardized scoring
system used to interpret and report the findings from multiparametric magnetic resonance
imaging (mpMRI) of the prostate. PI-RADS is currently in version 2.1, which was last
updated in 2019 [13]. Lesions are scored on a Likert scale from 1 to 5, with a higher number
having higher suspicion for harboring csPCa. Typically, lesions given a score of PI-RADS
3 or higher will have targeted samples taken at the time of biopsy, and patients with an
mpMRI PI-RADS ≤ 2 would be considered negative.

Currently, there is no consensus on the optimal number of biopsy cores needed per
lesion when performing mpMRI-targeted biopsy. Biopsy protocols vary, with the number of
cores taken typically ranging from one to five per lesion. In principle, the optimal number
of biopsy cores taken per mpMRI lesion would minimize cost and risk to the patient, while
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maximizing the detection of csPCa (but not clinically insignificant prostate cancer). There
are several studies that have looked at determining an optimal number of biopsy cores for
an mpMRI target [19–22]. While these studies have not led to a consensus in the literature
and in practice, many practitioners take on average three cores per lesion. This agrees with
the current American Urological Association guideline, which recommends at least two
cores per mpMRI lesion, as well as the current European Association of Urology guideline
that recommend three to five targeted cores per lesion [9,10].

One method that is being assessed is the use of an In-Bore MRI-targeted prostate
biopsy that can help improve targeted biopsies [23]. With most mpMRI-targeted prostate
biopsies, the MRI occurs prior to the biopsy, sometimes weeks to months before. Any lesions
seen on the pre-biopsy MRI are then targeted using cognitive fusion or software-guided
technologies, but there is the risk of missing the lesion of interest [23]. The results from
retrospective case series have shown some improvement in the detection of csPCa, though
this technique requires specialized equipment and dedicated MRI time to perform [23–27].

Another area of interest in the diagnosis of clinically localized prostate cancer is
the decision to avoid biopsy with a negative mpMRI. While there are advantages to
minimizing prostate biopsies, there is a significant amount of csPCa (up to 25%) that
would be missed [28,29]. As such, current guidelines recommend that a prostate biopsy
can be avoided, though only in carefully selected patients, which would include those with
other low-risk features such as low PSA density, low PSA, or other favorable markers that
would indicate a low chance of disease [9–11].

mpMRI serves as a cornerstone in the comprehensive assessment of prostate cancer
staging by evaluating the extent of the disease within the prostate and its adjacent struc-
tures [30,31]. In the context of local tumor extension, mpMRI excels in providing highly
precise localization of the malignant lesion within the prostate gland. By discerning the
extracapsular extension, mpMRI facilitates the differentiation between localized and poten-
tially more advanced stages of prostate cancer, thereby informing treatment decisions and
prognostic assessments [30–32]. Moreover, mpMRI’s capabilities extend to the evaluation
of seminal vesicle involvement, a significant parameter in the staging process of prostate
cancer [30,31].

mpMRI also plays a role in the evaluation of regional lymph nodes within the pelvic
area [30]. Abnormalities or enlargement in these lymph nodes, identified through mpMRI,
can be indicative of the potential dissemination of cancer beyond the prostate. While
mpMRI’s capabilities in this regard are valuable for local staging and the identification
of nearby lymph node involvement, the detection of distant metastases may require the
application of specialized imaging modalities like bone scans, computed tomography (CT)
scans, or positron emission tomography (PET) scans [9,33].

2.2. Biopsy-Naïve Patients

In biopsy-naïve patients, mpMRI plays a significant role in the diagnosis and staging
of prostate cancer (Table 1). Prior to the widespread adoption of mpMRI, patients with
a clinical suspicion of prostate cancer, determined by elevated PSA, family history, or
suspicious digital rectal exam, would undergo a transrectal ultrasound-guided 12-core
prostate biopsy. The standard template biopsy only sampled a small portion of the prostate
and is certain to have left many patients with their cancer undetected until a further
biopsy [34].
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Table 1. Major MRI studies.

Study Design Population Key Findings

Ahmed et al.
(2017)—PROMIS [7]

Paired-cohort confirmatory test
comparing MP-MRI against
TRUS-biopsy with template

biopsy as reference

Biopsy-naïve

Multiparametric MRI (mpMRI) had a sensitivity of
93% for detecting clinically significant prostate

cancer (Gleason score ≥ 3 + 4), compared to 48%
with standard TRUS-guided biopsy. The negative
predictive value of mpMRI was 89%. Additionally,
using mpMRI could have spared 27% of men from

undergoing a biopsy.

Kasivisvanathan et al.
(2018)—

PRECISION [35]

Randomized non-inferiority trial
comparing MRI-targeted biopsies
against standard 12-core biopsy

Biopsy-naïve

In the mpMRI-targeted biopsy group, 38% of men
were diagnosed with clinically significant prostate
cancer (Gleason score ≥ 3 + 4) compared to 26% in

the standard TRUS-guided biopsy group. The
number of men diagnosed with clinically

insignificant prostate cancer (Gleason score ≤ 3 +
3) was lower in the mpMRI group (9%) compared
to the TRUS group (22%). The study also showed
that 28% of men could avoid a biopsy entirely if
the mpMRI did not show any suspicious lesions.

Rouvière et al.
(2019)—MRI First [36]

Paired diagnostic study
comparing mpMRI-targeted

biopsies against standard biopsy
Biopsy-naïve

mpMRI followed by targeted biopsy detected 51%
of clinically significant prostate cancers (Gleason

score ≥ 3 + 4) compared to 37% detected by
systematic biopsy alone. The study also noted that

23% of men could avoid a biopsy if the mpMRI
showed no suspicious lesions, and the approach
led to fewer diagnoses of clinically insignificant
cancers (4% with MRI-targeted biopsy vs. 12%

with systematic biopsy).

Sidana et al. (2018) [37]
Retrospective multicentre analysis

comparing targeted and
systematic biopsies

Prior negative biopsies

Targeted prostate biopsy detected clinically
significant cancer in 26.3% of patients, whereas

12-core systematic biopsy detected it in 18.8% of
patients, with systematic biopsy diagnosing only

an additional 4.4%.

Ouzzane et al.
(2015) [38]

Prospective multicenter study
comparing systematic biopsies to

mpMRI targeted biopsy
Active surveillance

mpMRI-targeted biopsies found that 10% of men
deemed eligible for active surveillance with

positive mpMRI were found to have clinically
significant prostate cancer on targeted

biopsy specimens.

Klotz et al.
(2019)—ASIST [39]

Randomized trial comparing
systematic biopsy with systematic

and mpMRI targeted biopsy
Active surveillance

mpMRI-targeted biopsy did not significantly
improve the clinically significant prostate cancer

detection rate (mpMRI-targeted 21.2% vs.
systematic 22.8% ≥ GG2).

Early studies showed that the implementation of mpMRI prior to biopsy was beneficial
for the detection of csPCa, with potential for improved screening and reduce rates of
clinically insignificant cancer detection [40–44]. PROMIS in 2017 was a study of 740 biopsy-
naïve men that aimed to compare the diagnostic accuracy of multiparametric MRI with
that of transrectal ultrasound (TRUS) biopsy in the detection of csPCa (which they defined
as Gleason score ≥ 4 + 3) [7]. The results showed that multiparametric MRI had a higher
sensitivity (93% vs. 48%) and negative predictive value (89% vs. 74%) than TRUS biopsy,
results that suggested that mpMRI could be used as a screening tool for csPCa [7].

Another study, MRI-FIRST, compared the diagnostic accuracy of systematic biopsy
with that of targeted biopsy based on multiparametric MRI in 275 biopsy-naïve patients [36].
This study did not find any significant difference in the detection of csPCa by targeted
biopsy or by systematic biopsy alone (32.3% vs. 29.9%, p = 0.38). If systematic biopsy was
avoided, only 13 of the 94 cases of csPCa would have been missed [36].

Kasivisvanathan et al. in 2018 aimed to evaluate whether multiparametric MRI
was non-inferior to standard biopsy [35]. In total, 500 biopsy-naïve patients underwent
randomization in a 1:1 fashion with half undergoing standard 12-core biopsy and the
remainder undergoing mpMRI, with a targeted biopsy performed only if an MRI lesion
was noted. A significantly higher proportion of men in the MRI arm were diagnosed with
csPCa (38% vs. 26%, p = 0.005), and fewer clinically insignificant prostate cancers (i.e., GG1)
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were diagnosed in the MRI arm by foregoing a standard biopsy for MRI-negative patients
(13% less, p < 0.001) [35].

2.3. Previous Negative Biopsy

Patients with a previous negative biopsy are a special case, as they are considered lower
risk than patients who are biopsy-naïve and, in many studies, are assessed independently
of biopsy-naïve patients (Table 1). There is no standard for following these patients, and
the decision to repeat prostate biopsy is generally based on clinical factors and increasing
lab values such as PSA [9,11].

Hansen et al., in 2016, performed a multicenter prospective study of 487 patients
with prior negative biopsies comparing mpMRI with saturation biopsy for the detection of
csPCa [45]. MRI-targeted biopsies, in this study, missed 9% of csPCa for PI-RADS 4 and
5 lesions, and 56% for PI-RADS 3 lesions [45].

Another multi-institutional analysis by Sidana et al. looked at 779 patients who
had previously had a negative systematic biopsy and high clinical suspicion of prostate
cancer [37]. These patients all underwent pre-biopsy mpMRI, with a fusion targeted biopsy
of MRI lesions followed by systematic biopsy. They found that fusion biopsy alone detected
205 of the 239 csPCa cases and outperformed systematic biopsy alone [37].

The current CUA guidelines recommend that for patients with prior negative biopsies,
we can consider undertaking an mpMRI prior to repeat biopsy and can forego repeat biopsy
if the MRI is negative, with the caveat that patients should be made aware that there is an
8–24% chance of the MRI missing csPCa [11].

2.4. Active Surveillance

Another area where mpMRI has taken a leading role is in patients who are managed
by active surveillance (Table 1). Active surveillance is the recommended treatment for men
diagnosed with low-risk prostate cancer by the AUA, EAU, and NCCN guidelines [9,33,46].
These men are followed prospectively to ensure that they do not advance to a higher-risk
prostate cancer that might need treatment. Historically, these men would undergo PSA
testing generally every six months, followed by random 12-core transrectal ultrasound
biopsies, usually one to two years after diagnosis, and further biopsies performed when
clinical suspicion of prostate cancer increased, generally due to rising PSA [2,3,34].

Ouzzane et al. found that in their study of 281 men deemed eligible for active surveil-
lance by systematic biopsy, 28 (10%) of men were deemed ineligible based on MRI and
targeted biopsy findings [38]. The ASIST trial looked at the use of mpMRI for men managed
by active surveillance and randomized these 273 men to systematic biopsy or targeted
biopsy alone [39]. The study found that MRI did not significantly increase the detection of
csPCa in this population, with a subset determining that MRI-targeted biopsy alone did
not significantly reduce the detection rate [39].

mpMRI has become part of the active surveillance protocols and is currently endorsed
by the NCCN guidelines for prostate cancer [46]. Furthermore, mpMRI offers prognostic
information with GG 1 cores coming from PI-RADS 3–5 lesions harboring a 3-fold increase
in likelihood of later upgrading to intermediate or high-risk tumors compared to tumors
found in systematic cores [47].

3. Micro-Ultrasound

mpMRI has become the gold standard for the diagnosis of prostate cancer, with new
technologies seeking to emulate the results. mpMRI is not without fault, secondary to cost,
ease of access, interuser variability, and the risk of missing clinically significant prostate
cancers [48–51].

Micro-ultrasound (microUS) is a new technology developed to assist in the diagnosis
of prostate cancer [51]. Unlike conventional ultrasound, microUS employs high-frequency
sound waves, typically 29 MHz, compared to standard ultrasound in the 6 MHz range [52].
This high-frequency range provides significantly improved resolution, enabling the differ-
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entiation of minute structural variations within the prostate. This improved resolution is
particularly valuable in detecting small tumors and differentiating between benign and
malignant lesions [51]. Furthermore, microUS offers real-time imaging, which can aid in
biopsy procedures and provide immediate feedback to clinicians.

Much like mpMRI, microUS required the development of a standardized scoring
system. The Prostate Risk Identification Using Micro-Ultrasound (PRI-MUS) standardized
scoring system was developed using data from 400 microUS biopsies matched to pathology
results [51]. PRI-MUS is currently in its first iteration and focuses solely on peripheral
zone lesions. Lesions are assigned scores on a Likert scale ranging from 1 to 5, with a
greater numerical value indicating a heightened likelihood of containing csPCa (Figure 1).
Typically, lesions given a score of PRI-MUS 3 or higher will have targeted biopsy cores
taken at the time of biopsy and patients with PRI-MUS ≤ 2 are considered negative.
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Figure 1. Prostate Risk Identification Using Micro-Ultrasound (PRI-MUS) score.

Like MRI-targeted lesions, there is no consensus on the number of biopsy cores
required per microUS lesion. Given that lesions are identified at the time of biopsy, it would
be expected that fewer biopsy cores might be required, as there would be a lower risk of
misregistration errors. This is an inherent drawback with MRI fusion prostate biopsies,
as the MRI is not performed at the same time as the biopsy and the operator relies on
imperfect software or cognitive techniques that may result in the operator missing the
lesion of interest completely [53,54]. Many of the current studies in the literature do utilize
three cores per target, similar to MRI, though this is not standardized [49,55,56]. The only
study to date that has assessed the number of cores required for microUS-targeted biopsy
by Albers et al. recommends taking three biopsy cores per sample [57].

3.1. Complementary Role with MRI

MicroUS is often used in conjunction with mpMRI. While MRI provides detailed
anatomical information, microUS offers real-time guidance during prostate biopsy, and the
benefit of most microUS platforms is that MRI lesions can be overlaid on the images for
image fusion, as well [49,58].
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The identification and management of anterior prostate cancer lesions pose challenges.
These specific lesions, situated in the front portion of the prostate and therefore the furthest
from the biopsy probe, present difficulties in both detection and sampling. Anterior prostate
cancer can account for as much as 40% of prostate cancer, though it is commonly thought
to be in the 15–25% range [59–63]. A noteworthy deficiency in the current diagnostic
landscape revolves around the PRI-MUS score, which fails to incorporate the presence of
anterior lesions [51]. Schaer et al. developed a scoring scheme for these anterior lesions
in a two-step process, with an initial set of 102 patients used to produce their scoring
scheme of “likely”, “equivocal”, or “unlikely” [50]. They then validated their results on
50 patients with microUS images who underwent radical prostatectomy, of whom 25 had
confirmed anterior prostate cancer lesions and 25 did not. They found that their method
was 72% sensitive and 68% specific with an ROC AUC of 0.75, indicating that microUS
could ultimately be used for detecting anterior lesions [50].

3.2. Biopsy-Naïve Patients

Early studies found similar rates of csPCa detection when compared to mpMRI.
Unfortunately, many of the early studies were retrospective in nature, not all these studies
focused solely on biopsy-naïve patients, and the clinician was regularly not blinded to the
mpMRI results [49,52,64,65]. These results led to a prospective registry of 11 centers that
assessed 1040 men undergoing prostate biopsy with microUS after mpMRI (Table 2) [66].
Their results found that microUS was non-inferior to mpMRI for sensitivity, specificity, PPV,
and NPV, and they also found that it was superior for sensitivity and NPV. While these
results were promising, the biopsy was not standardized, and many of the operators were
not blinded to the MRI results.

Table 2. Major micro-ultrasound studies.

Study Design Population Key Findings

Klotz et al. (2020) [66] Multicenter, prospective registry
comparing mpMRI and microUS

1040 patients, 352 with prior
biopsy, with 286 prior negative

microUS found to have higher
sensitivity compared to mpMRI
(94% vs. 90%, p = 0.03) and NPV

(85% vs. 77%, p = 0.04) for the
detection of clinically significant

prostate cancer (≥GG2)

Lughezzani et al. (2021) [67] Single-institution cohort study 320 patients, with 200
biopsy-naïve

microUS found to have a
sensitivity of 89.7% and NPV of
81.5% for the detection of csPCa,

with a higher sensitivity and NPV
for patients undergoing

repeat biopsy

Albers et al. (2022) [58] Single-institution cohort study
comparing microUS and mpMRI Active surveillance

microUS found to have a
sensitivity of 97% and NPV of

97% with an mpMRI sensitivity of
85% and NPV of 91% for the

detection of csPCa

Maffei et al. (2023) [68] Single-institution cohort study
comparing microUS and mpMRI

Active surveillance—
confirmatory biopsy

microUS found to have 94.1%
sensitivity and NPV of 88.9% with
an mpMRI sensitivity of 100% and

NPV of 100% for the detection
of csPCa

Klotz et al.—OPTIMUM [55]

Three-arm multicentered
randomized controlled trial,

comparing mpMRI/microUS,
microUS only, and mpMRI/US

fusion biopsy

Biopsy-naïve

Trial ongoing, planned enrollment
of 1200 men with interim analysis

planned at 600 patients.
NCT05220501

Kinnaird et al.—MUSIC-AS Multicenter paired diagnostic trial
comparing mpMRI and microUS Active surveillance Trial ongoing, planned enrollment

of 210 men. NCT05558241

These preliminary results led to the ongoing “Optimization of Prostate Biopsy—Micro-
Ultrasound versus MRI (OPTIMUM, NCT05220501)”. It is a three-arm randomized con-
trolled trial that aims to compare microUS with mpMRI for the detection of csPCa. The
planned enrollment is 1200 biopsy-naïve men, with 200 in arm 1, MicroUS only; 600 in



Cancers 2024, 16, 3490 8 of 18

Arm 2, mpMRI/US fusion; and the remaining 400 in arm 3, mpMRI/MicroUS Fusion (with
initially blinded MRI) [55].

3.3. Previous Negative Biopsy

There have not been any studies to date that specifically look at this population for
patients undergoing a microUS-guided prostate biopsy; however, these patients have been
involved in some of the early studies, though there is not always specific information
regarding their outcomes [65,69,70].

Lughezzani et al. looked at 320 patients undergoing prostate biopsy with mpMRI-
detected lesion and underwent a microUS prostate biopsy with the MRI results blinded
(Table 2) [67]. They did include 120 patients who had previously undergone a prostate
biopsy, with this group finding overall only 22.5% csPCa compared to the biopsy-naïve
with 44.5%. In the repeat biopsy cohort, microUS was able to detect all 27 csPCa [67].
To date, there have not been any randomized trials assessing solely patients with prior
negative biopsy undergoing microUS prostate biopsy.

3.4. Active Surveillance

Many early studies did not differentiate by biopsy indication. A study by Eure et al.
was among the first and looked at only nine patients, all of whom underwent an mpMRI
prior to their biopsy, and compared csPCa detection by mpMRI and microUS [71]. This
preliminary study showed a higher detection rate by microUS compared to MRI (89% vs.
56%, p = 0.02) [71].

Staerman looked at 34 consecutive patients undergoing prostate biopsy as part of their
active surveillance protocol and compared mpMRI to microUS [72]. They found that csPCa
detection was similar between MRI and microUS (17.6% vs. 17.6%) [72]. Another study
by Maffei et al. looked at 100 prospectively enrolled patients due to undergo confirmatory
biopsy one year after the diagnosis of low-risk prostate cancer (Table 2) [68]. These men
all underwent an mpMRI; the results were compared to microUS and a similar sensitivity
was found for the detection of csPCa (100% by MRI vs. 94.1% by microUS). Albers et al.
assessed 128 consecutive patients undergoing active surveillance biopsy and found that
there was no difference in the detection of csPCa by mpMRI or microUS (85% by MRI and
98% by microUS, p = 0.22) [58].

To date, there have not been any randomized controlled trials looking at the use of
microUS in the active surveillance population. There is, however, one study ongoing
by Kinnaird et al. NCT05558241—“Micro-Ultrasound In Cancer—Active Surveillance
(MUSIC-AS)”. This is a multicenter, paired diagnostic trial of 210 men, comparing microUS
to mpMRI for the detection of csPCa for men on active surveillance undergoing their
confirmatory biopsy. All men will receive a pre-biopsy mpMRI and undergo a microUS-
guided biopsy; the operator is blinded to the MRI results until after they have assessed the
prostate for any microUS lesions.

4. PSMA PET

Prostate-specific membrane antigen positron emission tomography (PSMA PET) scan
is a cutting-edge imaging technique for the diagnosis and management of prostate can-
cer [73,74]. It is particularly valuable in detecting and localizing prostate cancer, both
in its early stages and when it has metastasized. The normal in vivo biodistribution of
PSMA on imaging is seen in the liver, spleen, bowel, parotid, lacrimal glands, and sali-
vary glands, as well as the kidneys, ureter, and bladder [75]. In the majority of prostate
cancers, the expression of PSMA is significantly increased, making it an ideal target for
imaging [76]. PET scans are commonly combined with computed tomography (PET/CT)
or with MRI (PET/MRI) [77]. PSMA-PET scans involve the use of a radiotracer that binds
to the PSMA protein, making these scans highly sensitive and specific in the detection of
prostate cancer [73,74].
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There are currently two main types of PSMA PET radioligands, those that use Gallium-
68 as their radioisotope and those that use Fluorine-18, each with different sets of benefits
and challenges [76,78,79]. Gallium-68 radioligands were among the first utilized; however,
there are several shortcomings, including a shorter half-life, kidney-dominant excretion,
and lower resolution than fluorine equivalents [76,78,79].

While PSMA is currently the major molecular imaging target for prostate cancer, it
is not the sole target that is being investigated [80–82]. 18F-Choline and 18F-Fluciclovine
are among two other radiopharmaceutical agents, though both are non-specific to prostate
cancer. Choline is necessary for cell membranes, and tumors with high proliferation will
show an increased uptake [83]. Fluciclovine is an amino acid analog, and in prostate cancer,
amino acid transporters are upregulated, increasing the transport of this agent into cells
with prostate cancer [84,85]. Choline uptake can be seen in BPH, lymphomas, renal cell
carcinoma (RCC), and thymomas, and Fluciclovine uptake can be seen in several other types
of cancer, including RCC, oropharyngeal squamous cell carcinomas, meningiomas, breast
cancers, lung cancers and colorectal cancers [80,86]. Another target being investigated is
the Gastrin-releasing peptide receptor (GRPR) [82]. GRPR is upregulated in many types
of cancers, including prostate, breast, lung, and colorectal cancers, and can potentially
detect PSMA-negative prostate cancers [82]. GRPR has also been shown to have elevated
expression in lower-grade prostate cancers [82,87–89].

There are several standardized scoring systems for the interpretation of PSMA-targeted
PET imaging but, unlike mpMRI and micro-ultrasound, there is not a single widely ac-
cepted scoring system. Standardized scoring systems such as the PROMISE v2 score or
the PSMA-Rads score, an miTNM score, aim to harmonize interpretation across readers
and institutions [90–94]. The PROMISE v2 framework is of particular note and has seen
widespread use and adoption for its versatility [94]. This framework allows the staging of
localized disease and has adopted the 5-point PRIMARY score for grading intraprostatic
lesions. A PRIMARY score of 1–2 would be considered negative, and scores of 3–5 would
be considered positive, with an associated T stage based on the presumed extent seen on
PSMA-PET/CT.

PSMA PET/CT scans play a role in staging patients with recurrent or metastatic
prostate cancer and have the added benefit of a whole-body assessment that mpMRI
and micro-ultrasound do not provide. They excel at locating metastatic lesions, even
in cases involving small-volume pelvic lymph nodes that may not meet size criteria on
conventional imaging or those situated in atypical locations, such as the adrenal glands,
penis, and brain [95–97]. Additionally, PSMA PET/CT scans are valuable for monitoring
for recurrence after treatment [98].

While PSMA PET/CT is more common, PSMA PET can be combined with MRI.
When assessing localized disease, PSMA-PET/MRI appears to offer improved detection of
prostate cancer when compared to PSMA-PET/CT, due to MRI’s ability to better differenti-
ate pelvic structures compared to CT [99,100]. Using MRI instead of CT should improve
the visualization of pelvic structures due to the higher soft tissue contrast [101]. A recent
meta-analysis found that PSMA-PET/CT and PSMA-PET/MRI had comparable rates of
detection of recurrent PCa, though with low patient enrollment [101]. PSMA-PET/MRI is
also beneficial for local lymph node disease and shows similar results to PSMA-PET/CT for
visceral and bony metastases [99]. Many studies utilize PSMA PET/CT instead of PSMA
PET/MRI due to the relatively low cost, faster scan, and availability of scanners [99,100].

Furthermore, several studies have shown the safety and efficacy of PSMA-targeted
radioligand therapy, highlighting its use as a theranostic agent. Clinical trials have shown
the efficacy of PSMA-targeted therapies, such as 177Lu-PSMA-617, showing favorable re-
sults in improving patient outcomes in metastatic castration-resistant prostate cancer [102].
The VISION trial was an international multicentered trial that showed that the addition
of 177Lu-PSMA-617 in mCRPC previously treated with at least one taxane regime and at
least one androgen-receptor-pathway inhibitor had significantly improved progression-
free survival and overall survival when compared to those treated with the standard of
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care [103]. With these successes, PSMA-targeted radioligand therapies are being assessed
in earlier portions of the treatment sequence for metastatic prostate cancer. This is seen in
the PSMAfore study, which assessed the use of 177Lu-PSMA-617 in taxane-naïve patients
with PSMA-positive mCRPC who had progressed on previous androgen receptor pathway
inhibitor (ARPI). They found that when compared to a change in ARPI, 177Lu-PSMA-617
had prolonged radiographic progression-free survival compared to ARPI and should be
considered as an alternative treatment [104].

4.1. Biopsy-Naïve Patients

Despite their early role mainly representing a test to assess for nodal or metastatic
spread, PSMA PET/CT scans have recently received increased attention regarding the
utilization of the test for primary diagnosis and biopsy targeting (Table 3). Similarly to
microUS, many of the early PSMA PET/CT studies did not solely look at biopsy-naïve
patients. However, one such study by Pepe et al. compared PSMA PET/CT to the current
standard mpMRI and found improved rates of detection for csPCa by PSMA PET/CT and
mpMRI (95.4% vs. 81.8%), though it is unclear in this study whether the clinician was
blinded to MRI results at the time of biopsy [105]. This study, among others, prompted
researchers to design randomized trials, aiming to rigorously assess the clinical utility and
impact of PSMA PET/CT in larger cohorts of biopsy-naïve patients.

Table 3. Major PSMA PET studies.

Study Design Population Key Findings

Pepe et al. (2022) [105]
Single-institution cohort study
comparing 68Ga-PSMA-11/CT

and mpMRI

Mix of biopsy-naïve and
repeat biopsy

PSMA PET/CT-targeted biopsy had a sensitivity
of 95.4% compared to MRI with 81.8% for the
detection of csPCa. PSMA PET had an NPV of

96.5% compared with 87.5% for MRI.

Lopci et al. (2018) [106]
Single-institution prospective
observational study assessing

68Ga-PSMA
Prior negative biopsy Of the 45 men enrolled, 25 had positive PSMA

PET/CT scans, with csPCa found in 7 men.

Pepe et al. (2023) [107]
Single-institution cohort study

comparing 68Ga-PSMA-11
PET/CT and mpMRI

Active surveillance Only three men found to have csPCa, with MRI
detecting 66% and PSMA PET/CT also 66%.

Emmett et al.
(2021)—PRIMARY [91]

Prospective, multicentered, paired
diagnostic trial of 68Ga-PSMA-11

PET/CT and mpMRI
Biopsy-naïve

Combination of PSMA PET/CT + MRI
improved NPV from 72% for MRI alone to 91%

(p < 0.001) for the detection of csPCa. The
sensitivity with the addition of PSMA PET/CT
improved from 83% to 97% (p < 0.001), with an
associated reduction in specificity from 53% to

40% (p = 0.011).

Krausewitz
et al.—DEPROMP [108]

Prospective trial assessing the
benefit of adding 68Ga-PSMA-11

PET/CT to standard-of-care
mpMRI-guided prostate biopsy

Biopsy-naïve

Trial ongoing, with planned recruitment of
230 men. Interim analysis found the addition of
PSMA-PET/CT to MRI results increased csPCa

detection by 3% and PSMA-PET/CT was
non-inferior to mpMRI for the detection of

csPCa when used alone.

Lughezzani
et al.—PROSPET-BX [109]

Prospective trial assessing the
benefit of adding

68Ga-PSMA-11PET/CT to
standard-of-care mpMRI-guided

prostate biopsy

Prior negative biopsy

Trial ongoing, with planned recruitment of
128 men. (NCT05297162) Interim analysis found

the addition of PSMA PET/CT to MRI results
detected 90% of csPCa.

Thompson et al. [110]
Prospective multicentered trial

assessing 68Ga-PSMA-11 PET/CT
in addition to mpMRI

Active surveillance Trial ongoing, with planned recruitment of
225 men. (ACTRN12622000188730)

PRIMARY by Emmett et al. was a prospective multicenter phase II imaging trial that
aimed to determine whether the combination of 68-Ga-PSMA-11-PET/CT and mpMRI
was superior to mpMRI alone in the diagnostic performance for detecting csPCa [91].
The study enrolled 296 men with suspected prostate cancer, and the results indicated
that the combination of mpMRI and PSMA PET/CT reduced false negatives for csPCa
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compared with MRI alone, potentially allowing a reduction in the number of prostate
biopsies required to diagnose csPCa [91].

Another ongoing trial is the DEPROMP Trial that is looking at the addition of PSMA
PET/CT scans to the current standard of care (mpMRI-guided systematic and targeted
biopsy) [108]. This trial seeks to compare the current gold-standard mpMRI-guided prostate
biopsy to PSMA-PET/CT-guided prostate biopsy and compare the impact that PSMA PET
scans have on the treatment plan. Interim results from the DEPROMP trial including the
first 100 patients found that the addition of PSMA-PET/CT to mpMRI-guided prostate
biopsy increased the detection of csPCa by 4% and found a 2% decrease in non-clinically
significant prostate cancer. When comparing PSMA-PET/CT-guided biopsy with MRI-
guided biopsy, the authors found that PSMA-PET/CT-guided biopsy led to a 3% increase
in csPCa detection and a 1% decrease in the detection of non-clinically significant prostate
cancer and was non-inferior to mpMRI [111].

The Next Generation trial by Mookerji et al. compared the diagnostic accuracy of
18F-PSMA-1007 PET/CT and multiparametric MRI (mpMRI) for the locoregional staging
of intermediate-risk and high-risk prostate cancer [112]. Conducted as a phase 2 prospec-
tive validating paired cohort study, it involved 134 men who underwent both imaging
modalities before radical prostatectomy. The findings demonstrated that 18F-PSMA-1007
PET/CT was significantly more accurate than mpMRI in correctly identifying the final
pathological tumor stage, dominant nodule, laterality, and extracapsular extension, though
not in seminal vesicle invasion (Figure 2). These results support the use of 18F-PSMA-1007
PET/CT in the preoperative staging of prostate cancer, suggesting that it may offer superior
accuracy over mpMRI [112].
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Figure 2. Comparison of mpMRI and PSMA-PET images showing concordance and discordance
between the imaging techniques and pathology. (Arrows point to areas of suspected prostate cancer
on imaging and confirmed diagnosis on pathology; (A) shows an MRI lesion on patient 1’s left mid
gland, (B) shows suspected prostate cancer by 18F-PSMA-1007 in patient 1’s left mid gland, (C) shows
prostate cancer found by pathology review in the left mid gland of the prostate, (D) shows an MRI
lesion on patient 2’s right apex, (E) shows suspected bilateral prostate cancer by 18F-PSMA-1007 in
patient 2, (F) shows bilateral prostate cancer found on pathology review of the specimen).
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4.2. Previous Negative Biopsy

PSMA PET/CT seeks to improve on conventional diagnostic tests and imaging in
the special subset of patients that have already had a negative prostate biopsy and, at
times, a negative mpMRI and who continue to have a high clinical suspicion of prostate
cancer. A study by Lopci et al. prospectively enrolled 45 patients, all of whom had
previously had at least one negative prostate biopsy with persistently elevated PSA and
clinical suspicion of prostate cancer [106]. These men had previously undergone an mpMRI
that was negative or had contraindications to MRI. Of the 45 patients, 25 had a positive
68-GA-PSMA PET/CT scan, with 7 of these 25 patients found to have csPCa in this very
select patient population [106].

Liu et al. looked at 31 patients with a previously negative prostate biopsy but per-
sistent elevated serum prostate-specific antigen (PSA) [113]. These men all underwent a
68-GA-PSMA-11 PET/CT scan and underwent a standard systematic biopsy with PET-
guided biopsy cores for any PET-suspicious lesions. This study did not compare with the
current gold standard of mpMRI-guided biopsy; however, the authors did find that PSMA
PET/CT could be a useful adjunct for the detection of csPCa in the previous-negative-biopsy
population [113].

To date, there are no randomized control trials for this patient population; however,
with the rise in interest in this technology, there will likely be several further studies
assessing the benefit of this technology. There is currently at least one study enrolling
this patient population—PROSPET-BX [109]. This study is a paired diagnostic superiority
trial comparing PSMA-PET/CT-guided targeted prostate biopsy against mpMRI-guided
targeted prostate biopsy to determine whether PSMA-PET/CT has a superior diagnostic
performance to MRI. Their interim analysis found that the addition of PSMA PET/CT to
MRI results detected 90% of csPCa [114].

4.3. Active Surveillance

This is an area where PSMA PET/CT scans seek to improve the detection of inter-
mediate and high-risk cancers while avoiding biopsies and minimizing the detection of
clinically insignificant or low-risk prostate cancers. In recent years, there have been several
studies that have assessed this patient population. Pepe et al. assessed 40 men followed by
active surveillance due for prostate biopsy who underwent an mpMRI and PSMA PET/CT
scan [107]. This study only found three patients with csPCa, with a 66% detection rate by
both MRI and PSMA PET/CT.

Another feasibility study was performed by Jain et al., assessing the use of PSMA
PET/CT scans after the diagnosis of low-risk prostate cancer [115]. This study looked at
30 men diagnosed with low- or favorable-intermediate-risk prostate cancer who underwent
a PSMA PET/CT after diagnosis. Of these 30 men, 19 went on to undergo treatment, with
15 of these cases being because of concerning features on PSMA PET/CT [115].

To date, there are no randomized controlled trials, and the literature is minimal,
regarding PSMA PET/CT in the active surveillance population for primary diagnosis.
There is an ongoing prospective cross-sectional partially blinded multicenter clinical trial
assessing the added value of PSMA PET/CT in addition to mpMRI in men undergoing
biopsy during active surveillance for low- to intermediate-risk prostate cancer [110]. This
trial seeks to enroll 225 men and compare the diagnostic capability of PSMA PET/CT
and mpMRI in the active surveillance population. While there is not enough evidence to
support the use of PSMA PET/CT as the sole screening test in active surveillance patients,
it is possible that PSMA PET/CT may be able to prevent biopsies and more accurately
detect prostate cancer than conventional methods in the future.

5. Conclusions

The primary diagnosis of prostate cancer has witnessed remarkable advancements
with the integration of cutting-edge imaging modalities such as mpMRI, micro-ultrasound,
and PSMA PET. Multiparametric magnetic resonance imaging (mpMRI) has emerged as a
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powerful tool for prostate cancer detection, offering high resolution and detailed anatomical
information. Micro-ultrasound, with its enhanced imaging capabilities at the microscopic
level, provides additional precision in identifying suspicious lesions, with associated high
sensitivity for clinically significant prostate cancer. Furthermore, the inclusion of PSMA
PET imaging has significantly improved sensitivity and specificity, enabling clinicians to
detect lesions with higher accuracy and delineate the extent of disease more effectively. The
synergistic use of these imaging technologies not only enhances diagnostic accuracy but
also aids in personalized treatment planning, ultimately contributing to improved patient
outcomes in the management of prostate cancer.
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