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Abstract: Prostate cancer (PCa), which is among the most prevalent types of cancer in men, is a
prominent topic in imaging research. The primary aim of PCa imaging is to acquire more accurate
characterizations of the disease. More precise imaging of the local stage progression, early discovery
of metastatic cancers, reliable diagnosis of oligometastatic cancer, and optimum treatment response
evaluation are areas in which contemporary imaging is quickly improving and developing. Imaging
techniques, such as magnetic resonance imaging (MRI) for the whole body and molecular imaging
with combined positron emission tomography (PET), computed tomography (CT), and MRI, enable
imaging to support and enhance treatment lines in patients with local and advanced PCa. With
the availability of multiple imaging modalities for the management of PCa, we aim in this review
to offer a multidisciplinary viewpoint on the appropriate function of contemporary imaging in the
identification of PCa.

Keywords: prostate cancer; diagnostic tests; imaging techniques

1. Introduction

PCa is a heterogeneous disease with a longer natural history than other solid tumors
and a wide range of behavioral and biological activity ranging from inactive to aggressive
behavior [1,2]. According to the American Cancer Society, there were 248,530 new cases
of PCa and more than 3.1 million survivors in the United States in 2021. Prostate cancer
was considered the second leading cause of cancer-related death among men in the United
States in 2021, after lung cancer [3]. Additionally, males of African ancestry have a greater
risk of PCa than those of European ancestry [4]. Despite the early diagnosis of PCa, the
risk/benefit ratio of the treatment remains uncertain and is one of the most challenging
and disputed areas of medicine because of the significant morbidity associated with the
therapy [5,6].

Historically, imaging had a minimal role in diagnosing locally advanced PCa. Tran-
srectal ultrasound (TRUS) was the only modality that was successfully employed during
diagnosis and was primarily used to guide biopsies [6]. The bone scan (BS) and computed
tomography (CT) are typically used in patients who are at an increased risk of developing
advanced disease. However, PET/CT scanning with tracers, high-field endorectal coil MRI,
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and contrast-enhanced TRUS improve the detection of locally progressed PCa [7]. Each
imaging method has its own set of pros and cons and a subset of indications for best uses
within the setting of PCa [8]. In our review, we try to summarize each imaging modality’s
role and its impact on the management of PCa.

2. Localized PCa Diagnosis
2.1. Digital Rectal Examination (DRE)

DRE is one of the most frequently used methods for the early identification of PCa.
The DRE is a low-cost test that evaluates the prostate’s size, consistency, mobility, and form
abnormalities. However, we cannot rely on size alone as a PCa risk indicator, and there is
no correlation between DRE-estimated prostate volume and TRUS-measured volume [9,10].
Furthermore, similar indurations may be caused by calculi or benign prostatic hypertrophy
(BPH), whereas carcinomas are felt as hard irregular nodules. This implies that when
any induration is felt the provider must request more tests, such as TRUS, and repeat
the DRE regularly to identify any changes or advancement [11]. Additionally, the DRE
requires technical proficiency. Not all examiners can palpate the prostate’s whole posterior
surface [12,13].

There is considerable doubt that early detection approaches such as the digital rectal
examination (DRE) and serum PSA testing contributed significantly to the decades-long
decline in PCa stage progression [14]. Since 1988, the rate of metastatic disease detected
through standard physical examinations has decreased considerably [15]. At the time of
diagnosis, 70% to 80% of PCa are organ-confined, pathologically. Recent studies show that
PSA screening of early-stage prostate cancer patients is more often prostate-confined than
those found only through DRE [14,16].

The value of DRE may be questioned due to conflicting findings regarding the effec-
tiveness of PCa screening in reducing morbidity and mortality. Nonetheless, due to the
disease’s prevalence and the potential to detect it while it is curable, many patients and
clinicians opt for screening [13]. A recent meta-analysis showed that the pooled sensitivity
and specificity of DRE conducted by primary care practitioners to detect PCa were 0.51
and 0.59, respectively. The aggregated positive predictive value (PPV) was 0.41, and the
aggregated negative predictive value (NPV) was 0.64 [10]. As determined by Grades of
Recommendation Assessment, Development, and Evaluation (GRADE), the quality of
evidence was inferior.

Additionally, when DRE is performed to screen males over the age of 50 for PCa, the
cancer detection rate is 3.2%, with a 21% PPV, a sensitivity of 21%, and a specificity of
86% [17]. Thus, DRE should be used in combination with a prostate-specific antigen (PSA)
test in PCa screening to increase the overall sensitivity. Whereas DRE detected PCa at a
rate of 3.2%, PSA detected it at a rate of 4.6%, and the two procedures together detected it
at a rate of 5.8%. Notably, the two tests’ detection rates separately are slightly close, and
when combined, they identify a higher number of instances with PCa [13,18].

2.2. Transrectal Ultrasound (TRUS)

Holm and Gammelgaard established TRUS-guided biopsies as the gold standard
technique for prostate cancer diagnosis [19]. Due to its widespread availability and low cost,
TRUS is the most often utilized clinical imaging modality for PCa. TRUS is primarily used
to determine the prostate’s volume, guide biopsy placement, and implant brachytherapy
seeds. However, it is deemed insufficient for detecting or staging prostate cancer. Of note,
contrast agents and computer-assisted methods have been examined as ways to enhance
TRUS diagnostic performance.

While gray-scale TRUS is ineffective in detecting prostate cancer consistently and
therefore cannot be used in place of systematic biopsies, it has established itself as the gold
standard for prostate biopsy guidance. Since PCa can present with different intensities
such as hypo-, iso-, or hyperechoic [20], the sensitivity (46–91%) and specificity (18–96%)
are relatively varied [21]. The increasing number of patients with elevated PSA but normal
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DRE highlights the critical need to develop more accurate TRUS-based procedures to
improve the diagnostic equipment predictive values, specificity, and sensitivity [22,23].

Due to increased tumor vascularity, contrast-enhanced TRUS utilizing intravenously
administered microbubble contrast agents has been demonstrated to improve PCa detec-
tion [24]. The bulk of modern ultrasound machines are equipped with ultrasonic technology
capable of scanning microbubble contrast agents. In addition, because cancers are often
associated with increased blood flow, targeted prostate biopsies may be conducted [25]. A
study of 1776 males scheduled for their first or subsequent biopsy showed that collecting
five targeted biopsy cores from hypervascular areas in the peripheral zone resulted in a
slightly better detection rate (26.8%) than doing ten systematic core biopsies (23.1%) [26].
However, the specificity of this approach is hampered by benign prostatic hyperplasia and
prostatitis hypervascularity, which might provide false-positive findings [27].

However, Taverner et al. randomly assigned 300 patients with a negative DRE and a
PSA level less than 10 ng/mL to one of three groups: systematic biopsy guided by TRUS,
color Doppler ultrasound-guided biopsy, or color Doppler ultrasound-guided biopsy prior
to and during contrast agent injection. According to the authors, there was no statistically
significant variance in the frequency of PCa detection between the three methods [28].

In another study, Loch et al. created a computer-based TRUS signal analysis (C-TRUS)
approach for collecting signal information from serial static TRUS pictures independent of
the ocular gray scale, hence improving PCa diagnostic imaging [29]. Further technological
advancements resulted in the development of a network-compatible module that enables
remote users to input photographs, which are then re-transmitted as tagged images through
the internet after analysis [24,30]. C-TRUS offers the benefit of requiring no extra equipment
aside from a storage system for digital ultrasound pictures. Sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) were 83%, 64%, 80%, and 68%,
respectively, when preoperative C-TRUS pictures were compared to tumor localization
in 28 patients having radical prostatectomies [31]. Combining multiparametric MRI with
C-TRUS appeared to improve PCa detection in a study of twenty individuals suspected
of having the disease. In this analysis, PCa was detected in 58% of instances, which is
comparable to the results of large-scale C-TRUS investigations [32].

Furthermore, ultrasonography was combined with real-time elastography, which is a
technique that uses physical compression and relaxation to detect changes in tissue compli-
ance. The sensitivity, specificity, PPV, and NPV of this approach were previously reported
to be 50%, 72%, 76%, and 44%, respectively [21]. Another study employed elastography
and contrast-enhanced ultrasound (CEUS). Elastography indicated a sensitivity of 49%
and a specificity of 74% in 86 PCa patients. The percentage of false positives was lowered
from 34.9% to 10.3% when elastography was combined with CEUS, while the PPV for
cancer diagnosis increased from 65.1% to 89.7% [33]. However, the findings show that
elastography is less effective when the gland volume is larger and the lesions are located
anteriorly. Additionally, it has been demonstrated that elastography is more sensitive to
identifying PCa lesions with a higher Gleason score, a diameter greater than 5 mm, and
extracapsular extension [34,35].

2.3. Magnetic Resonance Imaging (MRI)

MRI plays a critical role in detecting PCa [36]. Regarding traditional (T2W) MRI,
Hambrock et al. [37] found that 59% of prostate cancer patients with a minimum of two
prior negative biopsy sessions could be identified using a 3-Tesla scanner and an average of
just four sample cores. However, it is crucial to stress that the majority of these tumors (57%)
were detected in the ventral transitional zone and the anterior horns of the peripheral zone
(11%), suggesting a carefully selected group of participants. Before the biopsy, conducting
an MRI resulted in a 41.2% PPV and an 83.0% sensitivity [38].

Multiparametric MRI has made dramatic inroads into the management of localized
PCa over the last five years. International rules are steadily promoting the use of MRI
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before the biopsy. This presents a widespread shift in the management of localized PCa,
which has traditionally been guided by biopsy histology rather than imaging [39].

The current findings indicate that including prebiopsy MRI into the diagnostic tool
kit for clinically suspected PCa enhances the detection of clinically relevant illness, lowers
biopsy-related complications, and may even eliminate unnecessary biopsies in some pa-
tients [40]. New guidelines for PCa analysis and management from the United Kingdom
National Institute for Health and Care Excellence (NICE) recommend that all persons
with suspected clinically localized PCa undergo multiparametric MRI as a first-line inves-
tigation [41]. However, the American Urological Association (AUA) guidance suggests
that there is a lack of sufficient evidence to support routine MRI use in each biopsy-naïve
subject and confined its utility to males whose clinical examinations for biopsy are un-
defined (normal PSA with abnormal DRE, minimal PSA elevated, or very young or old
subjects) [42].

Multiparametric MRI gives biopsy target data and can serve as guidance for conduct-
ing a focused prostate biopsy [43,44]. In this situation, an MRI-guided biopsy of the prostate
will detect clinically significant cancer in 34% to 41% of males with a previous negative
biopsies. In addition, numerous meta-analyses have reported that targeted biopsies have
resulted in increasing identification rates of clinically relevant PCa compared to systemic
biopsies in a repeat biopsy context [45–47].

In a recent systematic review, MRI had a pooled sensitivity of 72% and a pooled
specificity of 96% compared to a template-guided biopsy. In contrast, the pooled sensitivity
for systematic biopsy was 62%, and the specificity was 100% [47]. With time, we anticipate
that advancements in MRI will make further contributions to PCa diagnosis.

2.4. Computed Tomography (CT)

CT has a minor role in the identification of PCa and is not advised for reasons such
as low prostate soft-tissue resolution and poorly defined gland margins. However, CT
is sometimes used for nodal staging of PCa [48]. A recent study showed that CT, in
conjunction with deep learning, has the potential to perform comparably to diagnostic
pipelines based on MRI [49], suggesting enhancements in the diagnostic capability of CT
are potentially forthcoming.

3. Advanced PCa Diagnosis
3.1. Positron Emission Tomography (PET)

PET has displayed significant superiority in the recognition of extra-prostatic disease
(Figure 1) [50]. Multiple PET tracers are available for PCa detection. The clinically available
tracers include 18F-sodium fluoride (18F-NaF), fludeoxyglucose (FDG), 18F-choline, 11C-
choline, 68Ga-prostate-specific membrane antigen (PSMA), and 18F-fluciclovine, a tracer
newly approved by the U.S. Food and Drug Administration (FDA) [51].

Despite its poor sensitivity of 33% for detecting primary lesions, FDG caught nodal or
bone metastatic disease in six out of nine participants [52]. Notably, FDG is more sensitive
in detecting metastatic lesions than primary lesions, which might be explained by the
increased metabolic activity of metastatic lesions [53].

In a study involving 24 patients who had a biochemical relapse and underwent
FDG PET before the dissection of pelvic lymph nodes, the authors found that specificity,
sensitivity, PPV, and NPP were 100%, 75.0%, 100%, and 67.7%, respectively, for nodal
detection [54]. However, in a prospective study involving 37 patients with a biochemical
relapse but negative findings on imaging, the investigators noticed a superior detection
rate using NaF PET/CT compared to FDG PET/CT, which has limited efficacy in detecting
metastases [55].

Concerning choline PET/CT, two large meta-analyses examining its utility in the
staging of nodal disease showed high specificity with variable sensitivity; however, sen-
sitivity increased in higher-risk cases with nodal disease [56,57]. In one meta-analysis of
609 patients, choline PET/CT demonstrated a pooled specificity of 92% and a sensitivity
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of 62% in assessing pelvic nodal disease at staging [56]. In another study of 1270 cases,
C-11-choline PET/CT showed a pooled assessment rate of 62%, specificity of 89%, and
sensitivity of 89% in detecting any relapsed disease [58].
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Figure 1. Choline PET/CT shows the extra-prostatic extension of PCa with involvement of left
supraclavicular and retroperitoneal lymph nodes.

Although 16 trials using 18F-choline with or without 11C-choline demonstrated a
satisfactory pooled sensitivity of 75.4% and a specificity of 82%, additional studies have
shown that MRI remains the preferable approach in detecting local recurrence [59].

The PSA levels influence the disease detection with choline PET/CT in biochemical
relapse. A study of C11-choline PET/CT in 4426 cases showed that a PSA level greater
than 1.16 ng/mL was a positive predictor of the scan. The positive 11C-choline scan rate
increased with high PSA levels in 358 cases with biochemical relapse. With PSA levels
between 0.2 and 1 ng/mL, the detection rate of the 11C-choline scan was 19%, and for
PSA levels between 1 and 3 ng/mL, 46% of scans were positive. Finally, with a PSA
level >3 ng/mL, 82% of scans were positive [60].

Another imaging modality is prostate-specific membrane antigen (PSMA) PET/CT
scan, which is a surface protein found on prostate cells expressed differently than in other
tissues. PSMA overexpression is reported in PCa cells and can be detected using gallium-
68-labeled PSMA ligands via PET/CT imaging (PSMA-PET/CT) [61]. The PSMA-PET/CT
lymph node (LN) staging sensitivity and specificity were 65.9% and 98.9%, respectively,
according to a retrospective study of 130 intermediate- to high-risk PCa patients who
also underwent radical prostatectomy (RP) with pelvic LN dissection [62]. According to
a meta-analysis, the PSMA-PET/CT sensitivity and specificity were recently reported to
be 71% and 95%, respectively, in pelvic LN metastasis detection [63]. PSMA-PET scan is
considered a promising mode of imaging for diagnosing positive lymph nodes.

Hybrid PSMA PET/mp-MRI improves the diagnosis of suspicious lesions on MRI
and may also assist in better fusion biopsy guidance in patients who have previously had
negative biopsies and had intratumoral bleeding, as intratumoral bleeding would impact
mp-MRI results. Notably, PSMA has a higher sensitivity than choline or acetate PET in
detecting nodal and distant metastasis [64].

The combination of mp-MRI and PSMA PET also has the potential to serve as a single
comprehensive staging modality in intermediate- to high-risk PCa. However, PSMA PET
has mainly been investigated in the context of detecting disease recurrence [65]. In a study
of 248 patients who underwent RP and experienced biochemical recurrence, Eiber et al.
observed an 89.5% detection rate using 68Ga-PSMA PET. Faster PSA velocity and levels
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of more than 2 ng/mL correlated with the highest detection rate [66]. In both post-RP
and post-RT patients, 68Ga-PSMA PET had higher detection rates than choline PET in
detecting local and distant recurrence [66,67]. This was especially evident during the early
stages of PSA rise (0.5–1 ng/mL) when choline PET was only shown to be positive in a few
cases [2,65].

18F-DCFPyL is another PSMA-based PET ligand with exceptional staging performance
in clinical trials (Figure 2). For example, in a study of over 400 patients with PC of all
Gleason grades, 18F-DCFPyL demonstrated a detection rate of over 90% in patients with
a PSA of 0.5 ng/mL and approximately 50% for PSA levels <0.5 ng/mL [68]. One of the
drawbacks of PSMA is its uptake in a diverse range of nonmalignant conditions such
as bone-related conditions, inflammatory and infectious processes, and benign tumors;
however, many factors should be considered to decrease the bias in reporting, such as
topography, distribution, and PSMA uptake intensity [68,69].
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Figure 2. F-18 Pyl PSMA PET/CT demonstrates the distribution of PCa metastasis at pelvic bones.

Another PSMA-based PET ligand is 64Cu-PSMA PET/CT. A prospective cohort of
23 individuals with intermediate- to high-risk prostate cancer who had radical prostate-
ctomy with extensive pelvic LN dissection was studied. The researchers discovered that
64Cu-PSMA PET/CT had a sensitivity of 87.5 percent, specificity of 100%, PPV of 100%,
and NPV of 93.7% in identifying LN metastasis [70].

3.2. Bone Scan (BS)

A meta-analysis that included 12 articles investigating the BS revealed a pooled
sensitivity of 0.79 and a specificity of 0.82 for bone metastases diagnosis [71]. However,
the sensitivity and specificity were enhanced when combined with a minimal CT dose
or single-photon emission computed tomography (SPECT) with CT. The combination of
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SPECT-CT with BS raised the sensitivity from 70% to 87–92% [72]. Of note, metastases are
not directly imaged by BS, but instead, this modality detects the osteoblastic response to
the presence of tumor cells. However, a bone scan only detects bone metastases in <1% of
cases with PSA < 20 ng/mL (Figure 3) [73,74]. Notably, the detection rate of bone scans
rises in concordance with increased PSA levels. Specifically, the detection rates for the
metastases were 2.3% in cases with a PSA level of ≤10 ng/mL, 5.3% in cases with a PSA
level of 10.1–19.9 ng/mL, and 16.2% in cases with a PSA level of 20.0–49.9 ng/mL [75].
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Figure 3. Anterior (A) and posterior (B) planar views of a whole-body bone scan show multiple
radiotracer avid bone metastases at both axial and appendicular skeleton, most located at the spine.

3.3. Conventional CT Imaging

Conventional CT has a poor performance in detecting lymph node involvement due
to the similarities in the size of benign reactive versus metastatic nodes [48]. In addition, CT
diagnostic sensitivity and standard anatomic T1- or T2-weighted MRI sequences are less
than 40% sensitive in identifying nodal metastases (0.5–2 cm on a shorter axis) in patients
with PCa due to the common occurrence of micrometastases [76]. As a result, clinical
nomography has played a vital role in deciding whether or not to perform lymph node
dissection (LND) during primary PCa surgery.

The most frequently used technique for detecting and evaluating bone metastases in
patients with prostate cancer is technetium 99 m (99 mTc) diphosphonate BS. Nonetheless,
early metastases located in the bone marrow may lack tracer absorption, making disease de-
tection more complex [77]. The SPECT to planar imaging inclusion can increase diagnostic
accuracy, particularly when employing hybrid SPECT/CT cameras. On a per-patient basis,
a meta-analysis of 1102 PCa patients across 12 studies using 99 mTc planar BS and 3 studies
using SPECT found that the sensitivity and specificity of PCa diagnosis using planar BS
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were 59% and 75% per lesion, respectively, compared to 90% and 85%, respectively, by
adding SPECT [71].

3.4. MRI

Multiparametric MRI shows usefulness in differentiating between residual local dis-
ease and distant metastases. In addition, MRI is utilized for detecting seminal vesicle
invasion and extraprostatic extension in patient candidates for salvage prostatectomy based
on high-risk features. MRI studies after radiotherapy to the prostate seem effective in
cases with suspected clinical local recurrence based on elevated PSA. However, MRI is not
suggested for monitoring therapeutic responses until clinical evidence of disease recurrence
exists [78,79].

Diffusion-weighted (DW) MRI detects changes in water mobility between tissues and
allows the apparent diffusion coefficient (ADC) to be calculated. However, in malignant
lymph nodes, it has been shown that ADC values did not differ significantly from benign
nodes [80]. According to a meta-analysis, DW MRI accompanied with ultrasmall super-
paramagnetic iron oxide (USPIO) demonstrated higher sensitivity in terms of the diagnosis
of lymph node metastasis in PCa than utilizing USPIO-MRI alone. The use of DW MRI
combined with a USPIO enhanced both the diagnostic sensitivity, with a range of 65–75%,
and the specificity, with a range of 93–96%, compared with USPIO-MRI alone (sensitivity
ranged from 55–65% and specificity ranged from 71–91%) [81]. Furthermore, in a study
of 2993 normal-sized lymph nodes in patients with prostate or bladder cancer, combined
USPIO-DW-MRI had sensitivity and specificity ranges of 65–75% and 93–96%, respectively,
and was found to be superior to MRI with a USPIO alone (sensitivity ranged from 55–65%,
and specificity ranged from 71–91%) [82].

In bone metastasis detection, whole-body MRI was more sensitive than BS and choline
PET/CT; however, choline PET/CT exhibited better specificity [71]. The addition of DW
MRI to modern whole-body MRI increases bone metastasis diagnosis by including morpho-
logic sequences (e.g., T1- or T2-weighted sequences, short inversion time inversion-recovery
sequence). In a study involving 30 patients, the whole-body DW MRI demonstrated a
higher sensitivity (100%) and specificity (100%) in detecting bone or node metastases com-
pared with the combination of BS and CT, which demonstrated a sensitivity and specificity
of 85% and 88%, respectively [83]. A whole-body MRI approach, which incorporates both
conventional and diffusion-weighted imaging, offers a high detection sensitivity in bone
and visceral metastases [84,85].

4. Conclusions

While various novel imaging techniques have been developed in recent years, an
unmet need exists for improved PCa diagnosis and staging. Concerning diagnosis, ad-
vancements in imaging technology have the potential to enable us to abandon spontaneous
biopsies in favor of targeted biopsies in the future. Combining several imaging modalities
may be one approach to enhance our current standards in diagnosing PCa.
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