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Abstract

Prostate cancer ranks as the second most frequently diagnosed cancer globally among men and stands as the fifth leading cause of cancer-
related death in males. Hence, an early and precise diagnosis and staging are critical. Traditional staging is based on clinical nomograms
but presents a lower performance than prostate multiparametric magnetic resonance imaging (mpMRI). Since tumor staging serves as the
basis for risk stratification, prognosis, and treatment decision-making, the primary objective of mpMRI is to distinguish between organ-
confined and locally advanced diseases. Therefore, this imaging modality has emerged as the optimal selection for the local staging
of prostate cancer, offering incremental value in evaluating pelvic nodal disease and bone involvement, and supplying supplementary
insights regarding the precise location and disease extension. As per the Prostate Imaging Reporting & Data System v2.1 guideline,
a comprehensive and accurate mpMRI requires several key sequences, which include T1-weighted imaging (T1WI) and T2-weighted
imaging (T2WI) for morphological assessment, with T2WI serving as the cornerstone for local staging. Additionally, diffusion-weighted
imaging (DWI) and dynamic sequences acquired with intravenous administration of paramagnetic contrast medium (DCE) are crucial
components. It is worth noting that while MRI exhibits high specificity, its sensitivity in diagnosing extracapsular extension, seminal
vesicle invasion, and lymph node metastases is limited. Moreover, mpMRI has its own constraints and is not as effective in detecting
distant metastases or evaluating lymph nodes, for which extended pelvic lymph node dissection remains the gold standard. This review
aims to highlight the significance of mpMRI in prostate cancer staging and provide a practical approach to assessing extracapsular
extension, seminal vesicle invasions, and the involvement of adjacent organs and lymph nodes.
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1. Introduction
Prostate cancer (PC) stands as the second most preva-

lent cancer among men worldwide and ranks as the fifth
leading cause of cancer-related mortality in this population.
In 2020 alone, an estimated 1,414,000 new prostate can-
cer cases were diagnosed, which resulted in 375,304 deaths
globally [1].

The aggressiveness of PC exhibits considerable vari-
ability, underscoring the critical importance of precise diag-
noses, staging, and risk assessment for informed therapeutic
decision-making. To guide prognostic and therapeutic de-
cisions, the primary goal is to differentiate between organ-
confined diseases and locally advanced stages, as differen-
tiation carries significant implications.

According to the guidelines provided by the European
Association of Urology (EAU), local staging investigations
are recommended specifically for intermediate and high-
risk patient groups who present with some criteria, such as
prostate-specific antigen (PSA) levels ≥10 ng/mL, a Glea-
son score (GS) ≥7, or clinical stages of T2b or higher
[2]. The conventional staging protocol, which relies on
serum PSA levels, digital rectal exploration, and GS defini-
tion, has demonstrated limited diagnostic value compared
to magnetic resonance imaging (MRI) [3]. It often under-
estimates the true stage of the disease, thereby leading to
erroneous or inadequate treatment approaches [4]. Alter-
natively, the combination of nomograms and MRI findings
has shown significant enhancement in predicting adverse
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pathology in prostate cancer [4]. The fusion of the Prostate
Imaging Reporting & Data System (PI-RADS) v2.1 score
and PSA density has the potential to serve as a valuable
and dependable diagnostic instrument prior to conducting
prostate biopsies. There is a possibility that individuals
with a PI-RADS v2.1 score below 3 and a PSA density of
less than 0.3 ng/mL might be able to circumvent a prostate
biopsy [5]. Most recently, multiparametric magnetic reso-
nance imaging (mpMRI) has emerged as a valuable tool,
particularly in presurgical local T staging because it of-
fers excellent differentiation of soft tissues surrounding the
prostate and can detect tumors that might have been missed
by the biopsy [6,7].

Moreover, in specific scenarios, such as when consid-
ering a repeated biopsy, the utilization of mpMRI offers no-
table advantages. Indeed, employing mpMRI to identify
suitable candidates for a repeated biopsy both enhances the
detection rate of any form of PC and clinically significant
PC (csPC), when compared to relying solely on transrec-
tal ultrasound biopsy and also holds the potential to signifi-
cantly curtail the required number of biopsies (by a substan-
tial 73%) [8]. This reduction in biopsy frequency leads to
cost savings per detection as opposed to the expenses asso-
ciated with transrectal ultrasound procedures. Furthermore,
the ability to identify suspicious areas during the mpMRI
presents an additional advantage when conducting system-
atic or targeted biopsies consecutively. This allows us to
extract tissue cores from the specific prostate regions that
have been flagged by mpMRI [9].

In PC, the presence of an extracapsular extension
(ECE), staged as T3a, and seminal vesicle invasion (SVI),
staged as T3b, are associated with poorer prognoses. An
extracapsular disease increases the risk of positive surgi-
cal margins, leading to a higher likelihood of biochemi-
cal recurrence [10,11]. In contrast, SVI is linked to an el-
evated risk of lymph node (LN) metastasis [12]. There-
fore, knowing the exact tumor extension becomes crucial
to making the correct treatment decisions, such as select-
ing between external beam radiation therapy, brachyther-
apy, or surgery. Additionally, the accurate knowledge of
tumor extension allows for more precise definitions of sur-
gical resection margins, thereby reducing the risk of posi-
tive resection margins. It can even influence the decision to
perform nerve-sparing surgery, with the aim of minimizing
postoperative morbidity [10,13,14].

Nodal disease in PC carries an increased risk of pro-
gression to metastatic disease, leading to higher cancer-
specific mortality rates [15–17]. While MRI currently lacks
sufficient diagnostic performance for nodal staging, ex-
tended pelvic lymph node dissection (ePLND) remains the
gold standard [2]. However, ePLND is an invasive method
with disadvantages associated with it. For this reason, addi-
tional studies have been developed to find an imaging tech-
nique that allows a more efficient and less invasive evalua-
tion of patients with metastatic LN(s) [18].

This review focuses on the role of mpMRI in PC stag-
ing and presents a practical approach to assessing ECE,
SVI, and/or other adjacent organs, and LN involvement.

2. Technical Considerations
2.1 MRI Scanners

Image quality in medical imaging is influenced by
many factors, with one crucial factor being the strength of
the magnetic field of the scanner. The 3T scanners offer
a fundamental advantage over 1.5T scanners due to their
higher signal-to-noise ratio (SNR). The SNR is a parameter
that theoretically increases linearly with the static magnetic
field [19]. Consequently, 3T scanners can potentially pro-
vide enhanced image quality compared to their 1.5T coun-
terparts.

It is worth noting that both 1.5T and 3T scanners can
yield satisfactory and reliable diagnostic results when the
acquisition parameters are optimized and state-of-the-art
technology is employed [7]. According to the PI-RADS
v2.1 guideline, both 1.5T and 3T scanners are considered
suitable for performing prostate MRI; however, most ex-
perts prefer and recommend 3T [20]. In a study conducted
by Ullrich et al. [21], a comparison was made between
the 1.5T and 3T MRI systems, revealing that the SNR and
the “contrast-to-noise ratio” (CNR) for T2-weighted im-
ages (T2WI) exhibit similar performance across both field
strengths. However, when it comes to diffusion-weighted
images (DWI), the SNR and CNR notably diminish at 1.5T.
Given the particular significance of DWI in identifying
csPC within the peripheral zone (PZ), the preference lies
with the utilization of 3T scanning. Exceptions exist, and
there are some situations in which it is preferable to perform
the examination on a 1.5T scanner, namely:

- When patients have implanted devices, it may not be
safe to perform the exam in 3T.

- While patients can undergo MRI safely using 3T
scanners, it is important to consider the presence of im-
planted devices, such as bilateral metallic hip prostheses.
In some cases, the proximity of these devices to the area
being imaged can lead to artifacts that negatively affect im-
age quality. Therefore, caution should be exercised when
imaging patients with such implants, to ensure optimal im-
age interpretation.

It is essential to emphasize that conducting prostate
MRI at lower magnetic field intensities, particularly, those
that are below 1.5T, is not advisable and is currently not
being practiced [20].

2.2 Limitations and Contraindications of mpMRI and
Other PC Local Staging Options

The limitations inherent to mpMRI can be classified
into two categories: factors affecting image acquisition
quality and those influencing accurate interpretation [22].
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Table 1. Technical specifications in the prostate mpMRI protocol according to the Prostate Imaging Reporting & Data System
(PI-RADS) v2.1 guideline and some considerations regarding the protocol for using a 3T scanner at the authors’ institution.
Imaging sequence Technical parameters

Isotropic T2-weighted imaging (T2WI) Use high-resolution small FOV in two planes: one axial (straight/oblique) and one
orthogonal (sagittal/coronal).
†We routinely acquire the three orthogonal planes.
Slice thickness: 3 mm with no inter-slice gap.
FOV should be adjusted up to 20 cm to include the margins of the gland and seminal
vesicles.

Diffusion-weighted imaging (DWI) and appar-
ent diffusion coefficient (ADC) map calculation
should be performed using the following:

Use low b-values (0–100 s/mm2), intermediate (800–1000 s/mm²), and high (≥1400
s/mm2) images.
A high b-value (≥1400 s/mm²) image is vital, preferably from a separate scan or
calculated from the mentioned sequences.
†b-values of 1600 s/mm2 and 1800 s/mm2 can be calculated.

T1-weighted imaging (T1WI) pre-contrast acqui-
sition

∗A large FOV T1WI sequence, acquired in the axial plane, should be included.

Dynamic contrast-enhanced (DCE) imaging Prefer 3D DCE acquisitions for improved signal-to-noise ratio. Choose the axial
plane.
A temporal resolution of no more than 15 s is recommended rather than 10 s or less
since it mitigates the potential trade-off in image quality (e.g., lower spatial resolu-
tion) associated with excessively high temporal resolutions.
Inject at 2–3 mL/s, beginning with continuous acquisition. The total observation rate
must be greater than 2 min.

Considerations of the protocol made by the authors are indicated by the symbol †.
∗At least in one sequence, the FOV must include the pelvis up to the level of the aortic bifurcation to assess common iliac lymph nodes
and bifurcations, and from which partial M staging of the bony pelvis can be performed.
FOV, field of view.

To align with PI-RADS 2.1 recommendations,
mpMRI testing requires a minimum system field strength
of 1.5T [20].

Crucial sequences within mpMRI, such as DWI and
dynamic sequences acquired with intravenous administra-
tion of paramagnetic contrast medium (DCE) imaging, ex-
tend beyond morphological assessment. These sequences
are notably sensitive to motion artifacts induced by prostate
spasms, muscle movements, and even intestinal motility.
To counter this, implementing strategies to limit intestinal
motion is suggested (check section 2.5).

Inherent patient attributes can impose additional con-
straints on prostate MRI [22]. The strength of organ sig-
nals, a crucial determinant of image quality, depends on
their proximity to the MRI receiver coil. In cases of se-
vere obesity, where increased adipose tissue thickness cre-
ates a greater distance between the coil and the prostate,
image quality may suffer a significant decline. Further-
more, the presence of metallic foreign objects, especially
hip endo-prostheses, which tend to become more common
with age, can introduce substantial limitations. Metal endo-
prostheses can induce field distortions, potentially compro-
mising the reliability of mpMRI assessments [22].

To achieve the best outcomes, it is imperative that
mpMRI studies be reviewed by experienced radiologists

Fig. 1. T2a prostate cancer. (A) Axial T2-weighted imag-
ing (T2WI), (B) dynamic contrast-enhanced imaging (DCE), (C)
diffusion-weighted imaging (DWI), and (D) apparent diffusion co-
efficient (ADC) map of a T2a prostate cancer (white arrows), lo-
cated in the peripheral zone at the left posterolateral sector of the
apex.
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Fig. 2. T2b prostate cancer. (A) Axial T2-weighted imag-
ing (T2WI), (B) dynamic contrast-enhanced imaging (DCE), (C)
diffusion-weighted imaging (DWI), and (D) apparent diffusion co-
efficient (ADC) map of a T2b prostate cancer (white arrows), lo-
cated at the apex and affecting the entire left transition zone.

Fig. 3. T2c prostate cancer. Extensive lesion (asterisks) located
at the mid-gland, affecting all sectors of the transition zone bi-
laterally, hypointense on T2-weighted imaging (T2WI) (A), with
significant restriction of diffusion in diffusion-weighted imaging
(DWI) and apparent diffusion coefficient (ADC) map (C,D), and
early and focal enhancement on dynamic contrast-enhanced imag-
ing (DCE) (B), compatible with a final PI-RADS v2.1 category
5. Histopathological analysis of the surgical specimen revealed
prostate cancer (pT2c N0 Mx). *: an extensive lesion that affects
practically the entire prostate gland.

[23]. These studies are most effectively conducted within
specialized reference centers, thereby augmenting qual-
ity through the input of multiple experienced profession-
als. The proficient interpretation of morphological data de-
mands a thorough patient profile, ideally provided in a com-

Fig. 4. T3a prostate cancer. Extensive lesion located in the pe-
ripheral zone, at the base/mid-gland, left posterolateral sector, hy-
pointense on T2-weighted imaging (T2WI) (A–C), with early and
focal enhancement on dynamic contrast-enhanced imaging (DCE)
(D), compatible with a final PI-RADS v2.1 category 5. There is a
high probability of extracapsular extension (ECE) (European So-
ciety of Urogenital Radiology (ESUR) Score of 5, high risk of
ECE) and invasion of the periprostatic neurovascular bundle, as
indicated by the white arrows. These findings were confirmed in
the histological analysis of the surgical specimen (pT3a N0 Mx).

prehensive manner by urologists. This collaborative effort
between radiologists and urologists cultivates mutual ex-
pertise, ensuring that radiologists furnish essential informa-
tion for urologists, who, in turn, adeptly decipher radiolog-
ical descriptions [23].

Prior to undergoing an MRI, thorough contraindica-
tion screening is imperative to ensure patient safety. Es-
sential checks encompass implants, metallic foreign bod-
ies, contrast allergies, and renal function. In cases of poten-
tial contraindications, consultation with a radiologist is pru-
dent. Guidelines for contrast agent contraindications and
renal function are outlined in the European Society of Uro-
genital Radiology (ESUR) contrast media guidelines [24].

Post-biopsy hemorrhage, contrary to earlier assump-
tions, does not hinder mpMRI. A study by Rosenkrantz et
al. [25] demonstrated that substantial hemorrhage and a
brief post-biopsy interval do not compromise the accuracy
of csPC detection via mpMRI. Despite this finding, the lat-
est European Association of Urology (EAU) guidelines rec-
ommend prioritizing MRI before biopsy [26].

In patients with contraindications to mpMRI, alterna-
tives for local staging encompass transrectal ultrasound and
abdominopelvic CT [26]. However, both methods have
limited accuracy for local staging [27]. In cases of locally
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Fig. 5. Capsular abutment in a 65-year-old patient with a PSA of 8 ng/mL. (A) Visual depiction of the capsular abutment. (B)
Axial T2-weighted imaging (T2WI) of the prostate at the apex shows an ill-defined and hypointense area in the left peripheral zone,
which also shows a hypointense signal on the apparent diffusion coefficient (ADC) map (C), compatible with a final PI-RADS v2.1
category 5. There is contact between the suspicious lesion and the posterior margin of the prostatic capsule, indicating capsular abutment
and suggesting a low risk of extracapsular extension (ECE), according to the European Society of Urogenital Radiology (ESUR) score
(capsular abutment—ESUR Score 1).

advanced cancers, abdominopelvic ultrasound or CT might
reveal rectal or bladder invasion, along with upper collect-
ing system dilatation [27].

2.3 In-Bore MRI Targeted Biopsy

The utilization of mpMRI has revolutionized the di-
agnostic approach to PC. It serves not only as an imag-
ing technique for identifying suspicious lesions but also as
an intraprocedural guide for targeted biopsies (MRI-TBx),
thereby effectively closing the diagnostic gap [28].

Multiple randomized trials conducted at both single
and multicenter levels, including studies, such as PROMIS
[29], MRI-first [30], PRECISION [31], and the investiga-
tion by van der Leest et al. [32], have consistently demon-
strated a superiority by the “MRI pathway”. This approach
involves employing mpMRI and MRI-TBx on suspicious
lesions, outperforming the conventional “standard path-
way” of the standard biopsy for all patients with elevated
PSA levels and/or positive digital rectal exploration results.
MRI-TBx offers the advantage of reducing the overall num-
ber of biopsies performed while also diminishing the diag-
nosis of clinically insignificant diseases. Simultaneously, it
either maintains or enhances the diagnosis of csPC [28].

2.4 Endorectal Coil

Recent studies have revealed that using an endorectal
coil (ERC) in prostate imaging does not necessarily lead to
increased tumor detection rates. However, employing an
ERC can offer the advantage of obtaining higher-resolution
images and, as a result, may improve local staging. How-
ever, although the ERC enhances image quality, it is also
associated with several drawbacks. These include defor-
mation of the gland contour, enlargement of the near-field
coil, increased cost and examination time, and greater pa-

tient discomfort [33,34]. Currently, with the continuous
improvements in hardware and software, it is possible to
obtain adequate and accurate images without it [19]. Con-
sequently, the use of ERC is no longer recommended as
routine [34].

2.5 Patient Preparation

The PI-RADS v2.1 guideline does not provide a
definitive consensus on patient preparation for prostate
MRI. In cases where an ERC is not utilized, the presence
of air and/or stool in the rectum can cause artifactual distor-
tion, potentially compromising the quality of the diffusion-
weighted imaging (DWI). To mitigate this issue, a mini-
mal preparation enema, administered by the patient prior to
the examination, may prove beneficial, especially when an
ERC is not used. However, it is important to note that an
enema can stimulate bowel peristalsis, leading to increased
motion-related artifacts in certain instances [20].

In some patients, the use of an antispasmodic agent
may help reduce these motion artifacts from the bowel peri-
stalsis. However, it is not always necessary, and factors
such as potential adverse drug reactions and the additional
cost should be carefully considered before administering
[20].

A point of general agreement is that patients should,
whenever feasible, empty their rectum just before undergo-
ing an MRI examination. This is because rectal distension
caused by a stool or gas has been proven to markedly am-
plify the extent of geometric distortion within the prostate
gland [20].

2.6 MRI Protocol

A comprehensive prostate mpMRI protocol should in-
corporate a combination of morphological sequences, in-
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Fig. 6. Three examples of prostate cancer patients with moderate risks of extracapsular extension (ECE)—European Society of
Urogenital Radiology (ESUR) Score 3. Capsular irregularity as a sign of ECE in a 73-year-old patient with a 5.8 ng/mL prostate-specific
antigen (PSA). (A) Axial T2-weighted imaging (T2WI) and (B) apparent diffusion coefficient (ADC) map of the prostate show visible
irregularity in the prostate capsule in the right peripheral zone (as indicated by the white arrows). This irregularity has been reported as a
possible indication of ECE and graded as an ESUR Score of 3, corresponding to a moderate risk of ECE. (C) Visual depiction of capsular
irregularity. Capsular retraction as a sign of ECE in a 71-year-old patient with a PSA of 8 ng/mL. (D) Axial T2WI of the prostate at the
apex shows a nodular hypointensity in the left peripheral zone with a hypointense signal on the apparent diffusion coefficient (ADC)
map (E), compatible with a final PI-RADS v2.1 category 4. There is a visible asymmetry in the margins of the peripheral zone of both
lobes, with notable retraction of the left capsule, leading to an alteration in the contour of the left peripheral zone (as indicated by the
white arrows). This finding should be reported as a sign of ECE (ESUR Score 3, moderate risk of ECE). (F) Visual depiction of capsular
retraction. Thickening of the capsule in ECE in a 59-year-old patient with a PSA of 4.8 ng/mL. Note a focal thickening of the capsule
(as indicated by the white arrows) in the left lobe (G,H), which can be compared to the normal capsule surrounding the right peripheral
zone (ESUR Score 3, moderate risk of ECE). (I) Visual depiction of capsular thickening.

cluding T1-weighted imaging (T1WI) and T2-weighted
imaging (T2WI) with two functional sequences: DWI and
DCE [35]. Each sequence serves a specific purpose in eval-
uating prostate pathology.

T2-weighted sequences play a pivotal role in prostate
MRI, serving as the cornerstone of the imaging protocol. It
is crucial to acquire T2WI in the axial plane, and in at least
one orthogonal plane, such as sagittal or coronal, to facili-

tate the morphologic assessment of lesions [20]. These im-
ages provide optimal visualization of the zonal anatomy of
the prostate, enable the assessment of abnormalities within
the gland, and aid in determining the presence of ECE, SVI,
and LN spread [19].

Conversely, T1-weighted images are primarily uti-
lized to identify the presence of a hemorrhage within the
prostate and seminal vesicles, to delineate the gland’s con-
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Table 2. Specific characteristics of prostate cancer are classified according to the TNM staging system.
TNM staging categories

Category Definition

T—Primary Tumor
Tx Primary tumors cannot be assessed
T0 No evidence of a primary tumor
T1 Clinically inapparent tumor that is not palpable

T1a–T1b—tumor incidental histologic finding
T1c—tumor identified by needle biopsy (e.g., because of elevated prostate-specific antigen
(PSA)), although not visible by imaging

T2 Tumor that is palpable and confined within the prostate
T2a—tumor involves half of one lobe or less (Fig. 1)
T2b—tumor involves more than half of one lobe but not both lobes (Fig. 2)
T2c—tumor involves both lobes (Fig. 3)

T3 Tumor extends through the prostatic capsule
T3a—extraprostatic extension (unilateral or bilateral) or microscopic invasion of the bladder neck
(Fig. 4)
T3b—tumor invades Seminal vesicle(s) (SV(s))

T4 Tumor invades adjacent structures other than SV(s): external sphincter, rectum, bladder, levator
muscles, and/or pelvic wall

N—Regional (pelvic) lymph nodes
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

M—Distant metastasis
Mx M staging cannot be assessed (e.g., only prostate MRI was performed)
M0 No distant metastasis
M1 Distant metastasis

M1a—nonregional lymph node(s)
M1b—bones
M1c—other site(s) with or without bone disease

tour, and as a potentially valuable tool in detecting skeletal
and nodal metastasis, particularly following the intravenous
administration of paramagnetic contrast medium [20].

An essential component of mpMRI is DWI, a se-
quence that reflects the random Brownian motion of water
molecules within tissues. This functional sequence should
include both high b-value images and the apparent diffusion
coefficient (ADC) map [20].

The degree of cellularity in PC correlates with GS,
which reflects the aggressiveness of the cancer. As the GS
increases, there is a greater reduction in the water diffusion
capacity. In simpler terms, PC demonstrates restricted dif-
fusion of water molecules, with higher GS presenting more
significant restrictions [36,37].

Dynamic contrast enhancement involves acquiring
T1WI before and after the intravenous administration of
a gadolinium-based contrast agent (GBCA). It is recom-
mended to apply fat suppression and/or subtraction tech-
niques to improve image evaluation [20].

Similar to other types of tumors, PC typically exhibits
early enhancement in the dynamic study compared to nor-
mal tissue. A positive finding on DCE is characterized by

focal enhancement that occurs earlier or simultaneously, in
relation to the enhancement of adjacent normal prostatic tis-
sues. This enhancement pattern typically correlates with
suspicious findings by T2WI and/or DWI [20].

During the dynamic study of mpMRI, it is crucial to
conduct a thorough evaluation, specifically focusing on the
identification of early focal enhancement. If such enhance-
ment is detected, it is essential to carefully examine the cor-
responding T2WI and DWI to assess the associated abnor-
mality [20].

Currently, the additional value of DCE in PC is not
definitively established. Most published data indicate that
the incremental benefit of DCE, when added to the com-
bination of T2WI and DWI, is modest. Therefore, while
DCE remains an integral component of mpMRI, its role in
determining the PI-RADS v2.1 assessment category is con-
sidered secondary to T2WI and DWI [20].

Technical specifications in the prostate mpMRI pro-
tocol, according to the PI-RADS v2.1 guideline, and some
considerations regarding the protocol for the use of a 3T
scanner at the authors’ institution are detailed in Table 1.
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Table 3. European Society of Urogenital Radiology (ESUR) MRI prostate guidelines risk scoring of extracapsular extension
(ECE).

Criteria Tumor characteristics Score

Extracapsular extension Capsular abutment 1 (low risk of ECE)—Fig. 5
Capsular irregularity, retraction, or thickening 3 (moderate risk of ECE)—Fig. 6
Neurovascular bundle thickening 4 (high risk of ECE)—Fig. 7
Bulge or loss of capsule 4 (high risk of ECE)—Fig. 8
Measurable extracapsular disease 5 (high risk of ECE)—Fig. 9

Fig. 7. Neurovascular bundle thickening as a sign of extracapsular extension (ECE) in a 69-year-old patient with a prostate-
specific antigen (PSA) of 6.5 ng/mL. (A) Visual depiction of neurovascular bundle thickening. (B) Axial T2-weighted imaging (T2WI)
and (C) diffusion-weighted imaging (DWI) of the prostate at the mid-gland show an ill-defined and hypointense area in the left peripheral
zone, with a significant DWI restriction, which is compatible with a final PI-RADS v2.1 category 5. The thickening of the capsule
extends to the left neurovascular bundle, which also seems enlarged compared to the contralateral bundle (as indicated by the white
arrows) (European Society of Urogenital Radiology (ESUR) Score 4, high risk of ECE).

3. Prostate Cancer Staging
The establishment of a classification and staging sys-

tem is essential for grouping patients with similar outcomes
and enabling the development of universal recommenda-
tions for the therapeutic management of various patient
populations [2].

The American Joint Committee on Cancer TNM sys-
tem, which comprises the T component (extent of primary
tumor), N component (LN involvement), and M component
(presence of distant metastases), alongside serum PSA lev-
els at the time of diagnosis and histological GS, is the pre-
vailing system used for staging prostate cancer [7]. The
most recent version (8th edition) was introduced in Jan-
uary 2018, which incorporated grade groups and simplified
organ-confined diseases to pathological stage pT2, while
omitting pT2a–pT2c; nevertheless, these subclassifications
were maintained for clinical staging purposes [38].

Table 2 provides a comprehensive overview of the
specific characteristics of PC, classified according to the
TNM staging.

According to the latest EAU guidelines [2], PC con-
fined to the prostate gland is classified into groups T1 and
T2. Within these groups, there are cases of asymptomatic
neoplasia that are not clinically visible and are incidentally
detected during transurethral resection (T1a—T1b). For an
organ-confined disease, the T1c and T2 stages are particu-

larly relevant from a radiological perspective, as both stages
histologically represent a carcinoma that has been proven
by a biopsy. However, an important distinction exists be-
tween them: by definition, T1c cancer is not visualized by
MRI [7]. This differentiation is significant in the context
of cohorts in active surveillance studies, as non-visible le-
sions (T1c) exhibit a significantly higher progression-free
survival compared to visible lesions (T2) [39].

Locally advanced prostate cancer (T3—T4) is associ-
ated with a poorer prognosis and an increased likelihood of
positive surgical margins and biochemical recurrence after
primary therapy than the organ-confined disease (T1—T2).
In T3a diseases, there is ECE, which indicates the spread of
the cancer beyond the prostate capsule. T3b denotes SVI,
where cancer has reached and infiltrated the seminal vesi-
cles. T4 means direct invasion of adjacent organs or struc-
tures, excluding the seminal vesicles [7].

Multiparametric MRI plays a crucial role in distin-
guishing between the T2 disease (tumor confined to the
prostate) and T3 or higher diseases (tumor extending be-
yond the prostate). However, the ability of mpMRI to dis-
criminate between the different subcategories (a–c) within
the T2 stages is limited. While mpMRI exhibits high sensi-
tivity in detecting the index lesion (the largest and usually
most aggressive lesion), its sensitivity for detecting multi-
focal lesions, smaller, and/or non-aggressive tumors is rel-
atively low [40,41].
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Fig. 8. Two examples of prostate cancer patients with high
risks for extracapsular extension (ECE)—European Society of
Urogenital Radiology (ESUR) Score 4. Capsular bulging in a
72-year-old patient with a prostate-specific antigen (PSA) of 9.3
ng/mL. (A) Axial T2-weighted imaging (T2WI) and (B) apparent
diffusion coefficient (ADC) map of the prostate at the mid-gland-
apex level, a PIRADS 4 lesion is identified in the right peripheral
zone. Additionally, there is a noticeable asymmetry between the
two lobes, with the right lobe enlarged due to the presence of the
lesion and a corresponding bulging of the capsule (as indicated
by the white arrows). This finding suggests ECE (ESUR Score
4, high risk of ECE). (C) Visual depiction of capsular bulging.
Capsule loss in a 77-year-old patient with a PSA of 11 ng/mL.
(D) Axial T2WI and (E) diffusion-weighted imaging (DWI) of the
prostate at the mid-gland reveals a PIRADS 5 lesion in both the
right and left peripheral zones. Notably, there is a loss of the cap-
sule in the left lobe, which can be compared to the normal capsule
observed around the right peripheral zone. This finding suggests
the possibility of ECE (ESUR Score 4, high risk of ECE). (F) Vi-
sual depiction of capsular loss.

A recent meta-analysis has demonstrated that mpMRI
exhibits high specificity ranging from 88 to 96% for detect-
ing ECE, SVI, and the overall staging of T3 diseases [42].

In addition to its role in local staging, mpMRI can
also provide valuable information for evaluating pelvic LN
involvement and bone metastases. However, due to the
limited field of view (FOV), other cross-sectional imaging
modalities, such as nuclear medicine techniques and com-
puted tomography (CT), are better at N and M staging.

3.1 T Staging
According to EAU guidelines, local staging is recom-

mended specifically for intermediate and high-risk groups
of patients (PSA ≥10 ng/mL or GS ≥7 or cT2b or higher
clinical stages). The primary goal of local staging, in these
cases, is to differentiate between diseases confined to the
prostate and locally advanced diseases [2].

T3a is characterized not only by the presence of ECE
but also by the neurovascular bundle involvement, as well
as microscopic invasion of the bladder, neck, and internal
bladder sphincter [2]. Histopathologically, ECE is further
subclassified into focal and established subtypes [43]. Fo-
cal ECE is identified when there are only some foci out-
side the prostate, and this subtype generally carries a better
prognosis compared to established ECE. However, the de-
tection of focal ECE using mpMRI has certain limitations.
When there are multiple foci present, it is considered an es-
tablished ECE, which is associated with a worse prognosis,
particularly if there is a positive surgical margin. In such
cases, the accuracy of mpMRI is higher [44].

Expert readers are required to evaluate the possibility
of ECE [45]. The European Society of Urogenital Radiol-
ogy (ESUR) has suggested a scoring system to predict ECE,
known as the ESUR score, which provides qualitative de-
scriptors designed to assess ECE (Table 3) [46].

The probability of an extracapsular extension (ECE)
is evaluated using a five-point scoring system that assigns
an ordinal risk score to signify the likelihood of an ECE. It
is crucial to highlight that this scale does not incorporate a
score of two.

In a study conducted by Boesen et al. [47], in
2015, the authors scrutinized this scoring model and iden-
tified that a cutoff threshold of ≥4 yielded the most favor-
able equilibrium between sensitivity (0.81) and specificity
(0.78).

Furthermore, the length of the tumor contact with the
capsule, as observed by MRI, has been shown to be a
strong predictor of ECE, by demonstrating good to excel-
lent agreement among different readers [48–50]. Nonethe-
less, it is important to acknowledge the considerable diver-
sity in the threshold values documented in various studies,
spanning from 6 to 20 mm. In response to this incongruity,
the PI-RADS v2.1 guidelines have incorporated an arbitrary
reference point, setting the cutoff at a length of 10 mm [49].

A recent development in this field is the introduc-
tion of a novel grading system by Mehralivand et al. [51],
known as the extraprostatic extension (EPE) grade, which
utilizes MRI features to predict the likelihood of an ECE.
The grading system defines the following categories:

- Grade 0: No suspicion for EPE.
- Grade 1: Either tumor contact length ≥15 mm or

there is capsular bulge/irregularity.
- Grade 2: Both features defined for grade 1 are

present.
- Grade 3: Visible ECE is detected by MRI [51].
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Fig. 9. Measurable extracapsular extension in a 71-year-old patient with a prostate-specific antigen (PSA) of 14 ng/mL. (A) Visual
depiction of measurable extracapsular extension. (B) Axial T2-weighted imaging (T2WI) and (C) dynamic contrast-enhanced imaging
(DCE) of the prostate at the mid-gland show an ill-defined and hypointense area in the left peripheral zone. In the DCE image, focal
and early enhancement is observed, compatible with a final PI-RADS v2.1 category 5. However, in (B,C), the suspicious lesion extends
beyond the capsule, infiltrating into the periprostatic fat (as indicated by the white arrows). This measurable ECE is highly suggestive
of ECE (European Society of Urogenital Radiology (ESUR) Score 5, high risk of ECE).

In 2022, Caglic et al. [52] evaluated the capsular
enhancement signal (CES) role in DCE imaging to detect
ECE. Their findings demonstrated that CES is a highly pre-
dictive indicator of ECE presence and is closely associ-
ated with increased tumor aggressiveness [52]. Moreover,
they conclude that the presence of CES may offer signif-
icant clinical utility in predicting ECE, particularly in the
small but significant percentage of patients where this sig-
nal is found. This observation can be visually appreciated in
Fig. 10, which illustrates the distinctive CES characteristic
on MRI scans (Fig. 10).

Fig. 10. Capsular enhancement sign (CES). Subtraction im-
age after the intravenous administration of a low molecular weight
gadolinium-based contrast agent demonstrates capsular enhance-
ment sign (CES), as indicated by the arrow in the right peripheral
prostate, and predicts T3a disease. The surgical specimen con-
firmed a pT3a Gleason 4 + 3 prostate cancer with extracapsular
extension.

To evaluate the seminal vesicles effectively, a com-
bination of T2WI and functional imaging is recommended.
Recent studies have proven that incorporating functional se-
quences, particularly DWI, enhances the accuracy of sem-
inal vesicle assessment more significantly than DCE [55,
56]. In addition, acquisition/reconstructions in the sagittal
and coronal planes play a vital role in characterizing the
pattern of tumor dissemination, whether it is through the
ejaculatory ducts (type I) or by ECE (type II) [7].

Hypointensity on T2WI, DWI restriction, or DCE
enhancement in the seminal vesicle region indicates SVI
(Figs. 11,12). Therefore, it is essential to always evaluate
the three orthogonal planes and look for asymmetries.

Finally, T4 PC involves the invasion of adjacent struc-
tures beyond the seminal vesicles, including the bladder
(Fig. 13), external urethral sphincter, levator ani muscles,
pelvic wall, and/or rectum (Fig. 14).

Given its poor prognosis and elevated risk of biochem-
ical recurrence, most guidelines recommend a combination
of androgen deprivation therapy and radiation to manage T4
PCs [58]. Consequently, the accurate detection of a T4 dis-
ease before surgery is of paramount importance to ensure
appropriate treatment planning.

3.2 N Staging
Nodal spread is seen in 5–10% of PCs at the time

of radical prostatectomy [59]. Prostate cancer primarily
metastasizes to four specific nodal stations in the pelvis,
freferred to as regional nodes: the obturator chain, inter-
nal and external iliac chains, and presacral chain [60]. The
involvement of any regional node is classified as stage N1.
Conversely, the involvement of non-regional stations (e.g.,
paraaortic, paracaval, deep inguinal, femoral, and common
iliac lymph nodes) represents the M1a disease (Fig. 15)
[61,62].
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Fig. 11. Invasion of the right seminal vesicle (T3b disease) in
a 74-year-old patient with a prostate-specific antigen (PSA) of
13 ng/mL. (A) Axial T2-weighted imaging (T2WI) and (B) appar-
ent diffusion coefficient (ADC) map show tumoral invasion of the
right seminal vesicle, originating from a prostate cancer located
in the right prostatic base (partially depicted as a hypointense le-
sion in (A)). The most caudal segment of the right seminal vesicle
demonstrates an ill-defined abnormal hypointensity, which is also
apparent as a hypointense signal on the ADC map (as represented
by the asterisk). (C) Visual depiction of seminal vesicle invasion.

Fig. 12. Invasion of both seminal vesicles (T3b disease) in a
66-year-old patient with a prostate-specific antigen (PSA) of
15 ng/mL. (A) Axial T2-weighted imaging (T2WI), (B) dynamic
contrast-enhanced imaging (DCE), (C) diffusion-weighted imag-
ing (DWI), and (D) apparent diffusion coefficient (ADC) map of
the lower segment of the seminal vesicles in a patient with a known
prostate cancer reveal an abnormal hypointensity of both seminal
vesicles. Additionally, there is a significant restriction observed
on DWI, along with focal and early enhancement (as indicated
by the arrows), which strongly suggests seminal vesicle invasion
(SVI). The subsequent surgical specimen confirmed a pT3b Glea-
son 4 + 4 prostate cancer with infiltration of both seminal vesicles.

A retrospective study conducted by Asfuroğlu et al.
[53], in 2022, sought to determine the most effective MRI-
based method for predicting EPE. They compared the per-
formance of the ESUR score, Likert scale (a score based
on a subjective overall assessment of a combination of
mpMRI criteria by an experienced radiologist), tumor con-
tact length, and EPE grade. The study concluded that all
four methods exhibited good diagnostic performance in pre-
dicting EPE. However, the study specifically highlighted
the EPE grade as a promising approach due to its utiliza-
tion of both qualitative and quantitative parameters. More-
over, the EPE grade was found to be less dependent on the
reader’s experience, further enhancing its reliability as a
predictive tool for EPE [53].

Considering the lack of a definitive consensus on
ECE-related signs for PC, further studies are needed to es-
tablish the most effective methods for predicting ECE when
utilizing mpMRI.

In addition to detecting ECE, pinpointing the specific
location of T3a is vital since clear surgical margins become
harder to achieve in the apex. Conversely, tumors situated
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Fig. 13. T4 prostate cancer. (A) Visual depiction of T4 disease (tumor invades adjacent structures other than seminal vesicles). Previous
transurethral resection of the prostate. An extensive lesion located on both lobes of the transition and peripheral zones is observed,
hypointense on T2-weighted imaging (T2WI) (B,C), with significant restriction on diffusion-weighted imaging (DWI) (D) and with the
hypointense signal on apparent diffusion coefficient (ADC) map (E), compatible with a final PI-RADS v2.1 category 5. There is an
invasion of the left seminal vesicle and bladder (as indicated by the white arrows). The findings were confirmed in the histological
analysis of the surgical specimen (pT4 N0 Mx).

away from the neurovascular bundle, e.g., anteriorly, allow
for nerve-sparing surgery, thereby reducing postoperative
complications, such as incontinence and erectile dysfunc-
tion [54].

T3b disease involves neoplastic growth in one or both
seminal vesicles. This occurs through PC cell penetration
via ejaculatory ducts or direct contact with the prostatic cap-
sule. SVI prevalence ranges from 4% to 23% [55,56].

Ejaculation abstinence aids SV distension; however,
the PI-RADS v2.1 benefits are uncertain [20].

Additionally, T3b patients face heightened risks of LN
involvement, local recurrence, and distant metastasis. Iden-
tifying SVI preoperatively becomes crucial for prognosis
and treatment planning [57].

Differentiating between T3a and T3b stages is of ut-
most importance when determining the appropriate thera-
peutic approach. Thus, patients with T3b tumors are more
likely to benefit from external beam radiotherapy or andro-
gen deprivation therapy instead of radical prostatectomy or
brachytherapy [7].

Studies mapping the distribution of nodal metastases
demonstrated that around 75% of pelvic nodal metastases
are located within the obturator chain and the internal and

external iliac chains, while the remaining 25% are found
in the aortic bifurcation, common iliac chain, and presacral
chain [60].

The PI-RADS v2.1 guideline, in alignment with the
EAU recommendations, emphasizes the importance of per-
forming N staging using mpMRI in all patients, irrespective
of their risk classification, and even prior to the biopsy. This
approach entails not only the employment of standardized
sequences, to distinguish confined neoplasia from locally
advanced neoplasia (T staging), but also the utilization of an
appropriate FOV that extends up to the aortic bifurcation.
This expanded FOV allows for the evaluation of common
iliac lymph nodes and bifurcations (M1a), to facilitate the
partial staging of the bony pelvis (M1b) [35].

Currently, the identification of abnormal LN(s) by
MRI, primarily, relies on assessing their size, morphology,
shape, and enhancement pattern [20]. Some of the sug-
gested evaluation criteria include a size exceeding 8 mm,
a round shape, the loss of the fatty hilum, a low T2WI sig-
nal relative to the primary tumor, and an irregular border
(Fig. 16) [7].

Size alone is a useless criterion for evaluating a posi-
tive LN disease. Not only is there significant dimensional
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Fig. 14. T4 prostate cancer. An ill-defined and hypointense area
on T2-weighted imaging (T2WI) (A,B) located in the left periph-
eral zone, at the apex, with significant restriction on diffusion-
weighted imaging (DWI) (C) and with hypointense signal on ap-
parent diffusion coefficient (ADC) map (D), compatible with a
final PI-RADS v2.1 category 5. The lesion is in contact with the
anterior wall of the lower rectum, with an evident interruption of
the hypointense serosal line at this level (as indicated by the white
arrows), suggesting an invasion of this organ. The findings were
confirmed by histological analysis of the surgical specimen (pT4
N0 Mx).

overlap between positive and negative LN(s) but certain re-
active inflammatory changes can also produce false positive
results. In addition, smaller LN(s) may harbor micrometas-
tases that do not affect the LN size, thus, leading to incorrect
staging [63].

Recent studies have revealed that a significant propor-
tion of positive lymph nodes dissected during ePLND, after
MRI, have a short axis smaller than 5 mm, below the con-
ventional cutoff point of 8 mm [64].

Despite advancements in MRI, the current diagnostic
performance for nodal staging remains suboptimal. Con-
sequently, ePLND remains the gold standard procedure for
the accurate detection of LN metastases in PC [26].

More work and development are needed to identify
an imaging technique that allows for a more efficient and
less invasive assessment of patients with metastatic LN(s).
Indeed, initial clinical trials of a prostate-specific mem-
brane antigen 68Ga-Prostate-Specific Membrane Antigen
(PSMA) Positron Emission Tomography (PET)/CT and
PET/MRI have shown promising results in the detection of
LN metastases, leading to treatment plan adjustments (in-
cluding systemic treatment) [65,66].

Fig. 15. Visual depiction of lymph node dissemination of
prostate cancer. Regional lymph nodes (green) are below the
common iliac junction level and are staged as N1. These in-
clude four chains: iliac (internal and external), sacral, and obtura-
tor. Distant lymph nodes (blue) are outside these regions and are
staged as M1a metastatic diseases. They include, among others,
the aortic, common iliac, femoral, and inguinal chains.

3.3 M Staging
According to the EUA guidelines [26], patients cate-

gorized as intermediate- and high-risk should undergo CT
imaging of the abdomen and pelvis to evaluate non-regional
LN (M1a disease) and assess visceral metastasis (M1c dis-
ease). Additionally, bone scintigraphy is recommended for
evaluating bone metastasis (M1b disease).

In recent years, whole-body MRI (WB-MRI) has
gained attention due to its ability to detect bone marrow
infiltration by malignant cells before visible bone remod-
eling occurs (which can be detected by bone scintigraphy)
[67]. For this reason, WB-MRI is particularly useful in M
staging, especially in M1b cancers.

The METastasis Reporting and Data System for
Prostate Cancer (MET-RADS-P) provides practical guid-
ance for the acquisition, interpretation, and reporting of
WB-MRI in advanced PC [68]. The PI-RADS guidelines
for the evaluation of metastasis in WB-MRI recommend a
protocol consisting of a combination of anatomical (T1WI,
short tau inversion recovery [STIR] or T2WI with fat sup-
pression) and functional (DWI) sequences [68].

Despite the diagnostic potential of WB-MRI, several
limitations hinder its widespread use for PC staging. The
main challenges include high costs and long scanning times
[7].
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Fig. 16. Two patients with prostate cancer with metastatic lymph node (LN) involvement. (A) A 77-year-old patient with a prostate-
specific antigen (PSA) of 25 ng/mL. Enlarged LN bilaterally (as represented by the asterisks) consistent with metastatic involvement by
T2-weighted imaging (T2WI). (B) A 66-year-old patient with a PSA of 21.2 ng/mL. Enlarged left external iliac LN (asterisk), consistent
with metastatic involvement by T2WI.

Fig. 17. Summary of the role of magnetic resonance imaging in the local staging of prostate cancer.

4. Discussion and Future Directions
Magnetic resonance imaging has held a central role

in PC management, encompassing screening, diagnosis,
surveillance, biopsy, and treatment strategies [69–71]. Yet,
the escalating cost-effectiveness concerns associated with
MRI, particularly mpMRI, have spurred exploration into
more economical alternatives. Additionally, the adverse re-
actions triggered by gadolinium-based contrast agents have
raised critical safety considerations [72], particularly given
the complex health profiles of many PC patients. Renal
complications, such as end-stage renal disease, acute kid-
ney injury, and chronic kidney disease have been linked to
contrast agents [73,74], with nephrogenic systemic fibrosis
being a major concern [74].

In response to these challenges, there is growing inter-
est in using biparametric MRI (bpMRI) as a potential sub-
stitute for mpMRI. Indeed, the advantages of bpMRI lie in
its contrast-agent-free nature, thereby providing benefits in

terms of cost-effectiveness, safety, and efficiency [75,76].
Eliminating the need for contrast agents significantly re-
duces the expenses associated with imaging studies. Given
these advantages, the call to prioritize bpMRI over mpMRI
is becoming increasingly prevalent.

It is important to note that certain contraindications re-
lated to MRI scans, such as cardiac implantable electronic
devices, metallic intraocular foreign bodies, and other med-
ical implants, apply regardless of the contrast agent. Simi-
larly, issues such as claustrophobia and extreme obesity can
still pose challenges during bpMRI [77].

In the context of active surveillance for PC, recent re-
search suggests that while MRI scans reduce the need for
repeated biopsies, biopsies are not yet dispensable in the ab-
sence of MRI progression [78]. For patients eligible for ac-
tive surveillance, mpMRI scans to aid in monitoring, while
similar efforts are being directed toward understanding the
role of bpMRI in active surveillance [79,80].
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Literature consistently underscores the potential for
bpMRI to replace mpMRI in diagnosing csPC, thus, offer-
ing comparable accuracy in detecting suspicious lesions.
An exception lies in lesions graded PI-RADS categories
three and four, which may necessitate DCE sequences. PI-
RADS category three indicates an equivocal lesion with a
significant risk of progressing to clinically significant can-
cer, while PI-RADS category four indicates a high likeli-
hood of such cancer [81]. Incorporating DCE for PI-RADS
category three lesions could upgrade their grading to PI-
RADS four if enhancement is focal [82]. Moreover, for
extracapsular extension assessment, as indicated by Caglic
et al. [52], DCE sequences remain necessary [83].

For future applications, there are several promising
avenues for exploration in the realm of bpMRI utiliza-
tion. These include investigating its applicability in active
surveillance, its potential as a biopsy guide, its effectiveness
in local staging of PC, and its role in guiding treatment deci-
sions. Additionally, there is a crucial need for the formula-
tion of standardized protocols to incorporate bpMRI when-
ever feasible, particularly when its accuracy aligns with that
of mpMRI.

Fig. 17 briefly illustrates the role of mpMRI in the lo-
cal staging of PC.

5. Conclusions

Prostate mpMRI is the recommended technique for
the local staging of PC. It has demonstrated superior per-
formance compared to traditional staging based on clinical
nomograms. This non-invasive imaging approach provides
comprehensive information regarding the location and ex-
tent of the disease, aiding in accurate risk stratification, and
playing a crucial role in therapeutic planning.

The standardized protocols suggested by PI-RADS
v2.1 yield valuable prognostic information for patients with
intermediate- and high-risk PC, even before biopsy. T2-
weighted imaging continues to be the cornerstone for as-
sessing ECE and SVI; however, the incorporation of func-
tional sequences, such as DWI and DCE, and the preference
for scanning using 3T, improves staging accuracy. While
the current role of prostate MRI in nodal and bone stag-
ing is limited, emerging “next-generation” imaging modal-
ities, such as 68Ga-PSMA-PET/MRI and WB-MRI, show
promising potential to become the future standard of care.
These advanced techniques offer superior results for dis-
tant staging compared to methods, such as bone scintigra-
phy and CT. However, it is important to acknowledge that
prostate mpMRI, when used alone, is not flawless and has
certain limitations. Radiologists and other members of the
multidisciplinary team should be aware of this limitation to
collectively provide the most appropriate care options avail-
able for patients with PC.

Author Contributions
TO and LAF performed the research, analyzed the

data, and wrote the original draft. CO and CMM conceptu-
alized the study and reviewed and edited the initial draft.
CM and PD provided scientific support and knowledge.
CM and PD provided supervision and a critical review of
the manuscript. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
We acknowledge our hospital colleagues for their help

and discussion.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,

Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN Es-
timates of Incidence and Mortality Worldwide for 36 Cancers in
185 Countries. CA: A Cancer Journal for Clinicians. 2021; 71:
209–249.

[2] Mottet N, van den Bergh RCN, Briers E, Van den Broeck T,
Cumberbatch MG, De Santis M, et al. EAU-EANM-ESTRO-
ESUR-SIOG Guidelines on Prostate Cancer-2020 Update. Part
1: Screening, Diagnosis, and Local Treatment with Curative In-
tent. European Urology. 2021; 79: 243–262.

[3] Gupta RT, Faridi KF, Singh AA, Passoni NM, Garcia-Reyes K,
Madden JF, et al. Comparing 3-T multiparametric MRI and the
Partin tables to predict organ-confined prostate cancer after rad-
ical prostatectomy. Urologic Oncology. 2014; 32: 1292–1299.

[4] Rayn KN, Bloom JB, Gold SA, Hale GR, Baiocco JA, Mehrali-
vand S, et al. Added Value of Multiparametric Magnetic Reso-
nance Imaging to Clinical Nomograms for Predicting Adverse
Pathology in Prostate Cancer. The Journal of Urology. 2018;
200: 1041–1047.

[5] Massanova M, Vere R, Robertson S, Crocetto F, Barone B, Dutto
L, et al. Clinical and prostate multiparametric magnetic reso-
nance imaging findings as predictors of general and clinically
significant prostate cancer risk: A retrospective single-center
study. Current Urology. 2023; 17: 147–152.

[6] Brizmohun Appayya M, Adshead J, Ahmed HU, Allen C, Bain-
bridge A, Barrett T, et al. National implementation of multi-
parametric magnetic resonance imaging for prostate cancer de-
tection - recommendations from a UK consensus meeting. BJU
International. 2018; 122: 13–25.

[7] Caglic I, Kovac V, Barrett T. Multiparametric MRI - local stag-
ing of prostate cancer and beyond. Radiology and Oncology.
2019; 53: 159–170.

[8] Lotan Y, Haddad AQ, Costa DN, Pedrosa I, Rofsky NM,

15

https://www.imrpress.com


Roehrborn CG. Decision analysis model comparing cost of mul-
tiparametric magnetic resonance imaging vs. repeat biopsy for
detection of prostate cancer in men with prior negative findings
on biopsy. Urologic Oncology. 2015; 33: 266.e9–e16.

[9] Barone B, Napolitano L, Calace FP, Del Biondo D, Napo-
dano G, Grillo M, et al. Reliability of Multiparametric Mag-
netic Resonance Imaging in Patients with a Previous Negative
Biopsy: Comparison with Biopsy-Naïve Patients in the De-
tection of Clinically Significant Prostate Cancer. Diagnostics
(Basel, Switzerland). 2023; 13: 1939.

[10] Godoy G, Tareen BU, Lepor H. Site of positive surgical margins
influences biochemical recurrence after radical prostatectomy.
BJU International. 2009; 104: 1610–1614.

[11] Swanson GP, Riggs M, Hermans M. Pathologic findings at rad-
ical prostatectomy: risk factors for failure and death. Urologic
Oncology. 2007; 25: 110–114.

[12] Epstein JI, Partin AW, Potter SR, Walsh PC. Adenocarcinoma of
the prostate invading the seminal vesicle: prognostic stratifica-
tion based on pathologic parameters. Urology. 2000; 56: 283–
288.

[13] Boehmer D, Maingon P, Poortmans P, Baron MH, Miralbell R,
Remouchamps V, et al. Guidelines for primary radiotherapy of
patients with prostate cancer. Radiotherapy and Oncology. 2006;
79: 259–269.

[14] Morlacco A, Sharma V, Viers BR, Rangel LJ, Carlson RE,
Froemming AT, et al. The Incremental Role of Magnetic Res-
onance Imaging for Prostate Cancer Staging before Radical
Prostatectomy. European Urology. 2017; 71: 701–704.

[15] Cagiannos I, Karakiewicz P, Eastham JA, Ohori M, Rabbani F,
Gerigk C, et al. A preoperative nomogram identifying decreased
risk of positive pelvic lymph nodes in patients with prostate can-
cer. The Journal of Urology. 2003; 170: 1798–1803.

[16] Eggener SE, Scardino PT, Walsh PC, Han M, Partin AW, Trock
BJ, et al. Predicting 15-year prostate cancer specific mortality
after radical prostatectomy. The Journal of Urology. 2011; 185:
869–875.

[17] Gervasi LA, Mata J, Easley JD, Wilbanks JH, Seale-Hawkins
C, Carlton CE, Jr, et al. Prognostic significance of lymph nodal
metastases in prostate cancer. The Journal of Urology. 1989;
142: 332–336.

[18] Fossati N, Willemse PPM, Van den Broeck T, van den Bergh
RCN, Yuan CY, Briers E, et al. The Benefits and Harms of
Different Extents of Lymph Node Dissection During Radical
Prostatectomy for Prostate Cancer: A Systematic Review. Eu-
ropean Urology. 2017; 72: 84–109.

[19] Cabarrus MC, Westphalen AC. Multiparametric magnetic reso-
nance imaging of the prostate-a basic tutorial. Translational An-
drology and Urology. 2017; 6: 376–386.

[20] Turkbey B, Rosenkrantz AB, Haider MA, Padhani AR, Villeirs
G, Macura KJ, et al. Prostate Imaging Reporting and Data Sys-
tem Version 2.1: 2019 Update of Prostate Imaging Reporting
and Data System Version 2. European Urology. 2019; 76: 340–
351.

[21] Ullrich T, Quentin M, Oelers C, Dietzel F, Sawicki LM, Arsov
C, et al. Magnetic resonance imaging of the prostate at 1.5 ver-
sus 3.0T: A prospective comparison study of image quality. Eu-
ropean Journal of Radiology. 2017; 90: 192–197.

[22] Sosnowski R, Zagrodzka M, Borkowski T. The limitations of
multiparametric magnetic resonance imaging also must be borne
in mind. Central European Journal of Urology. 2016; 69: 22–23.

[23] Gaziev G, Wadhwa K, Barrett T, Koo BC, Gallagher FA, Ser-
rao E, et al. Defining the learning curve for multiparametric
magnetic resonance imaging (MRI) of the prostate using MRI-
transrectal ultrasonography (TRUS) fusion-guided transperineal
prostate biopsies as a validation tool. BJU International. 2016;
117: 80–86.

[24] Thomsen HS, Morcos SK, ESUR. ESUR guidelines on contrast
media. Abdominal Imaging. 2006; 31: 131–140.

[25] Rosenkrantz AB, Mussi TC, Hindman N, Lim RP, Kong MX,
Babb JS, et al. Impact of delay after biopsy and post-biopsy
haemorrhage on prostate cancer tumour detection using multi-
parametric MRI: a multi-reader study. Clinical Radiology. 2012;
67: e83–90.

[26] Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch MG, De
Santis M, et al. EAU-ESTRO-SIOG Guidelines on Prostate Can-
cer. Part 1: Screening, Diagnosis, and Local Treatment with Cu-
rative Intent. European Urology. 2017; 71: 618–629.

[27] Expert Panel on Urologic Imaging:, Coakley FV, Oto A, Alexan-
der LF, Allen BC, Davis BJ, et al. ACR Appropriateness
Criteria® Prostate Cancer-Pretreatment Detection, Surveillance,
and Staging. Journal of the American College of Radiology.
2017; 14: S245–S257.

[28] Gurgitano M, Ancona E, Maresca D, Summers PE, Alessi S,
Maggioni R, et al. In-bore MRI targeted biopsy. Acta Bio-
medica: Atenei Parmensis. 2020; 91: e2020012.

[29] Brown LC, Ahmed HU, Faria R, El-Shater Bosaily A, Gabe R,
Kaplan RS, et al. Multiparametric MRI to improve detection
of prostate cancer compared with transrectal ultrasound-guided
prostate biopsy alone: the PROMIS study. Health Technology
Assessment. 2018; 22: 1–176.

[30] Rouvière O, Puech P, Renard-Penna R, Claudon M, Roy C,
Mège-Lechevallier F, et al. Use of prostate systematic and tar-
geted biopsy on the basis of multiparametric MRI in biopsy-
naive patients (MRI-FIRST): a prospective, multicentre, paired
diagnostic study. The Lancet. Oncology. 2019; 20: 100–109.

[31] Kasivisvanathan V, Rannikko AS, Borghi M, Panebianco V,
Mynderse LA, Vaarala MH, et al. MRI-Targeted or Standard
Biopsy for Prostate-Cancer Diagnosis. The New England Jour-
nal of Medicine. 2018; 378: 1767–1777.

[32] van der Leest M, Cornel E, Israël B, Hendriks R, Padhani
AR, Hoogenboom M, et al. Head-to-head Comparison of Tran-
srectal Ultrasound-guided Prostate Biopsy Versus Multipara-
metric Prostate Resonance Imaging with Subsequent Magnetic
Resonance-guided Biopsy in Biopsy-naïve Men with Elevated
Prostate-specific Antigen: A Large Prospective Multicenter
Clinical Study. European Urology. 2019; 75: 570–578.

[33] Turkbey B, Merino MJ, Gallardo EC, Shah V, Aras O, Bernardo
M, et al. Comparison of endorectal coil and nonendorectal coil
T2W and diffusion-weighted MRI at 3 Tesla for localizing
prostate cancer: correlation with whole-mount histopathology.
Journal of Magnetic Resonance Imaging. 2014; 39: 1443–1448.

[34] Weinreb JC, Barentsz JO, Choyke PL, Cornud F, Haider MA,
Macura KJ, et al. PI-RADS Prostate Imaging - Reporting and
Data System: 2015, Version 2. European Urology. 2016; 69: 16–
40.

[35] Barrett T, Turkbey B, Choyke PL. PI-RADS version 2: what you
need to know. Clinical Radiology. 2015; 70: 1165–1176.

[36] Hambrock T, Somford DM, Huisman HJ, van Oort IM, Witjes
JA, Hulsbergen-van de Kaa CA, et al. Relationship between ap-
parent diffusion coefficients at 3.0-T MR imaging and Gleason
grade in peripheral zone prostate cancer. Radiology. 2011; 259:
453–461.

[37] Verma S, Rajesh A, Morales H, Lemen L, Bills G, Delworth M,
et al. Assessment of aggressiveness of prostate cancer: correla-
tion of apparent diffusion coefficient with histologic grade af-
ter radical prostatectomy. American Journal of Roentgenology.
2011; 196: 374–381.

[38] Buyyounouski MK, Choyke PL, McKenney JK, Sartor O, San-
dler HM, Amin MB, et al. Prostate cancer - major changes in
the American Joint Committee on Cancer eighth edition cancer
staging manual. CA: A Cancer Journal for Clinicians. 2017; 67:
245–253.

16

https://www.imrpress.com


[39] Giganti F, Moore CM, Punwani S, Allen C, Emberton M,
Kirkham A. The natural history of prostate cancer on MRI:
lessons from an active surveillance cohort. Prostate Cancer and
Prostatic Diseases. 2018; 21: 556–563.

[40] Le JD, Tan N, Shkolyar E, Lu DY, Kwan L, Marks LS, et al.
Multifocality and prostate cancer detection by multiparamet-
ric magnetic resonance imaging: correlation with whole-mount
histopathology. European Urology. 2015; 67: 569–576.

[41] Vargas HA, Hötker AM, Goldman DA, Moskowitz CS, Gondo
T, Matsumoto K, et al. Updated prostate imaging reporting and
data system (PIRADS v2) recommendations for the detection
of clinically significant prostate cancer using multiparametric
MRI: critical evaluation using whole-mount pathology as stan-
dard of reference. European Radiology. 2016; 26: 1606–1612.

[42] de Rooij M, Hamoen EHJ, Witjes JA, Barentsz JO, Rovers MM.
Accuracy of Magnetic Resonance Imaging for Local Staging of
Prostate Cancer: A Diagnostic Meta-analysis. European Urol-
ogy. 2016; 70: 233–245.

[43] Ball MW, Partin AW, Epstein JI. Extent of extraprostatic exten-
sion independently influences biochemical recurrence-free sur-
vival: evidence for further pT3 subclassification. Urology. 2015;
85: 161–164.

[44] Feng TS, Sharif-Afshar AR, Smith SC, Miller J, Nguyen C, Li
Q, et al. Multiparametric magnetic resonance imaging localizes
established extracapsular extension of prostate cancer. Urologic
Oncology. 2015; 33: 109.e15–109.e22.

[45] Wibmer A, Vargas HA, Donahue TF, Zheng J, Moskowitz
C, Eastham J, et al. Diagnosis of Extracapsular Extension of
Prostate Cancer on Prostate MRI: Impact of Second-Opinion
Readings by Subspecialized Genitourinary Oncologic Radiol-
ogists. AJR. American Journal of Roentgenology. 2015; 205:
W73–W78.

[46] Barentsz JO, Richenberg J, Clements R, Choyke P, Verma S,
Villeirs G, et al. ESUR prostate MR guidelines 2012. European
Radiology. 2012; 22: 746–757.

[47] Boesen L, Chabanova E, Løgager V, Balslev I, Mikines K,
Thomsen HS. Prostate cancer staging with extracapsular exten-
sion risk scoring using multiparametric MRI: a correlation with
histopathology. European Radiology. 2015; 25: 1776–1785.

[48] Baco E, Rud E, Vlatkovic L, Svindland A, Eggesbø HB, Hung
AJ, et al. Predictive value of magnetic resonance imaging de-
termined tumor contact length for extracapsular extension of
prostate cancer. The Journal of Urology. 2015; 193: 466–472.

[49] Rosenkrantz AB, Shanbhogue AK, Wang A, Kong MX, Babb
JS, Taneja SS. Length of capsular contact for diagnosing ex-
traprostatic extension on prostate MRI: Assessment at an opti-
mal threshold. Journal of Magnetic Resonance Imaging. 2016;
43: 990–997.

[50] Woo S, Kim SY, Cho JY, Kim SH. Length of capsular contact on
prostate MRI as a predictor of extracapsular extension: which is
the most optimal sequence? Acta Radiologica. 2017; 58: 489–
497.

[51] Mehralivand S, Shih JH, Harmon S, Smith C, Bloom J,
Czarniecki M, et al. A Grading System for the Assessment of
Risk of Extraprostatic Extension of Prostate Cancer at Multi-
parametric MRI. Radiology. 2019; 290: 709–719.

[52] Caglic I, Sushentsev N, Colarieti A, Warren AY, Shah N, Lamb
BW, et al. Value of the capsular enhancement sign on dynamic
contrast-enhanced prostate multiparametric MRI for the detec-
tion of extracapsular extension. European Journal of Radiology.
2022; 150: 110275.

[53] Asfuroğlu U, Asfuroğlu BB, Özer H, Gönül İI, Tokgöz N, İnan
MA, et al. Which one is better for predicting extraprostatic ex-
tension on multiparametric MRI: ESUR score, Likert scale, tu-
mor contact length, or EPE grade? European Journal of Radiol-
ogy. 2022; 149: 110228.

[54] Steiner MS. Current results and patient selection for nerve-
sparing radical retropubic prostatectomy. Seminars in Urologic
Oncology. 1995; 13: 204–214.

[55] Kim CK, Choi D, Park BK, Kwon GY, Lim HK. Diffusion-
weighted MR imaging for the evaluation of seminal vesicle inva-
sion in prostate cancer: initial results. Journal of Magnetic Res-
onance Imaging. 2008; 28: 963–969.

[56] Soylu FN, Peng Y, Jiang Y, Wang S, Schmid-Tannwald C, Sethi
I, et al. Seminal vesicle invasion in prostate cancer: evaluation
by using multiparametric endorectal MR imaging. Radiology.
2013; 267: 797–806.

[57] Potter SR, Epstein JI, Partin AW. Seminal vesicle invasion by
prostate cancer: prognostic significance and therapeutic impli-
cations. Reviews in Urology. 2000; 2: 190–195.

[58] Ranasinghe WKB, Reichard CA, Bathala T, Chapin BF. Man-
agement of cT4 Prostate Cancer. European Urology Focus.
2020; 6: 221–226.

[59] Keshav N, Ehrhart MD, Eberhardt SC, Terrazas MF. Local Stag-
ing of Prostate Cancer with Multiparametric MRI. Seminars in
Roentgenology. 2021; 56: 366–375.

[60] Joniau S, Van den Bergh L, Lerut E, Deroose CM, Haustermans
K, Oyen R, et al. Mapping of pelvic lymph node metastases in
prostate cancer. European Urology. 2013; 63: 450–458.

[61] Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE,
Brookland RK, et al. The Eighth Edition AJCC Cancer Staging
Manual: Continuing to build a bridge from a population-based to
a more “personalized” approach to cancer staging. CA: A Cancer
Journal for Clinicians. 2017; 67: 93–99.

[62] McMahon CJ, Rofsky NM, Pedrosa I. Lymphatic metastases
from pelvic tumors: anatomic classification, characterization,
and staging. Radiology. 2010; 254: 31–46.

[63] Sankineni S, Brown AM, Fascelli M, Law YM, Pinto PA,
Choyke PL, et al. Lymph node staging in prostate cancer. Cur-
rent Urology Reports. 2015; 16: 30.

[64] Thoeny HC, Froehlich JM, Triantafyllou M, Huesler J, Bains
LJ, Vermathen P, et al. Metastases in normal-sized pelvic lymph
nodes: detection with diffusion-weighted MR imaging. Radiol-
ogy. 2014; 273: 125–135.

[65] Freitag MT, Radtke JP, Hadaschik BA, Kopp-Schneider A,
Eder M, Kopka K, et al. Comparison of hybrid (68)Ga-PSMA
PET/MRI and (68)Ga-PSMA PET/CT in the evaluation of
lymph node and bone metastases of prostate cancer. European
Journal of Nuclear Medicine and Molecular Imaging. 2016; 43:
70–83.

[66] Park SY, Zacharias C, Harrison C, Fan RE, Kunder C, Hatami N,
et al. Gallium 68 PSMA-11 PET/MR Imaging in Patients with
Intermediate- or High-Risk Prostate Cancer. Radiology. 2018;
288: 495–505.

[67] Padhani AR, Koh DM, Collins DJ. Whole-body diffusion-
weighted MR imaging in cancer: current status and research di-
rections. Radiology. 2011; 261: 700–718.

[68] Padhani AR, Lecouvet FE, Tunariu N, Koh DM, De Keyzer
F, Collins DJ, et al. METastasis Reporting and Data System
for Prostate Cancer: Practical Guidelines for Acquisition, Inter-
pretation, and Reporting of Whole-body Magnetic Resonance
Imaging-based Evaluations of Multiorgan Involvement in Ad-
vanced Prostate Cancer. European Urology. 2017; 71: 81–92.

[69] Bokhorst LP, Valdagni R, Rannikko A, Kakehi Y, Pickles T,
Bangma CH, et al. A Decade of Active Surveillance in the
PRIAS Study: An Update and Evaluation of the Criteria Used to
Recommend a Switch to Active Treatment. European Urology.
2016; 70: 954–960.

[70] Eklund M, Jäderling F, Discacciati A, Bergman M, Annerstedt
M, Aly M, et al. MRI-Targeted or Standard Biopsy in Prostate
Cancer Screening. The New England Journal of Medicine. 2021;
385: 908–920.

17

https://www.imrpress.com


[71] Ghai S, Haider MA. Multiparametric-MRI in diagnosis of
prostate cancer. Indian Journal of Urology: IJU: Journal of the
Urological Society of India. 2015; 31: 194–201.

[72] McDonald JS, Hunt CH, Kolbe AB, Schmitz JJ, Hartman
RP, Maddox DE, et al. Acute Adverse Events Following
Gadolinium-based Contrast Agent Administration: A Single-
Center Retrospective Study of 281 945 Injections. Radiology.
2019; 292: 620–627.

[73] Greenberg JW, Koller CR, Casado C, Triche BL, Krane LS.
A narrative review of biparametric MRI (bpMRI) implemen-
tation on screening, detection, and the overall accuracy for
prostate cancer. Therapeutic Advances in Urology. 2022; 14:
17562872221096377.

[74] Schieda N, Blaichman JI, Costa AF, Glikstein R, Hurrell C,
James M, et al. Gadolinium-Based Contrast Agents in Kidney
Disease: Comprehensive Review and Clinical Practice Guide-
line Issued by the Canadian Association of Radiologists. Cana-
dian Association of Radiologists Journal. 2018; 69: 136–150.

[75] Tamada T, Kido A, Yamamoto A, Takeuchi M, Miyaji Y, Moriya
T, et al. Comparison of Biparametric and Multiparametric MRI
for Clinically Significant Prostate Cancer Detection with PI-
RADS Version 2.1. Journal of Magnetic Resonance Imaging.
2021; 53: 283–291.

[76] Xu L, Zhang G, Shi B, Liu Y, Zou T, Yan W, et al. Compari-
son of biparametric and multiparametric MRI in the diagnosis of
prostate cancer. Cancer Imaging: the Official Publication of the
International Cancer Imaging Society. 2019; 19: 90.

[77] Al-Shemmari AF, Herbland A, Akudjedu TN, Lawal O. Ra-

diographer’s confidence in managing patients with claustropho-
bia during magnetic resonance imaging. Radiography. 2022; 28:
148–153.

[78] Ploussard G, Rouvière O, Rouprêt M, van den Bergh R, Renard-
Penna R. The current role of MRI for guiding active surveillance
in prostate cancer. Nature Reviews. Urology. 2022; 19: 357–
365.

[79] Lee CH, Tan TW, Tan CH. Multiparametric MRI in Active
Surveillance of Prostate Cancer: An Overview and a Practical
Approach. Korean Journal of Radiology. 2021; 22: 1087–1099.

[80] Sklinda K, Mruk B, Walecki J. Active Surveillance of Prostate
Cancer Using Multiparametric Magnetic Resonance Imaging: A
Review of the Current Role and Future Perspectives. Medical
Science Monitor. 2020; 26: e920252.

[81] Junker D, Quentin M, Nagele U, Edlinger M, Richenberg J,
Schaefer G, et al. Evaluation of the PI-RADS scoring system
for mpMRI of the prostate: a whole-mount step-section analy-
sis. World Journal of Urology. 2015; 33: 1023–1030.

[82] Chen T, Zhang Z, Tan S, Zhang Y, Wei C, Wang S, et al. MRI
Based Radiomics Compared with the PI-RADS V2.1 in the Pre-
diction of Clinically Significant Prostate Cancer: Biparamet-
ric vs Multiparametric MRI. Frontiers in Oncology. 2022; 11:
792456.

[83] Wallström J, Geterud K, Kohestani K, Maier SE, Månsson M,
Pihl CG, et al. Bi- or multiparametric MRI in a sequential screen-
ing program for prostate cancer with PSA followed by MRI?
Results from the Göteborg prostate cancer screening 2 trial. Eu-
ropean Radiology. 2021; 31: 8692–8702.

18

https://www.imrpress.com

	1. Introduction 
	2. Technical Considerations
	2.1 MRI Scanners
	2.2 Limitations and Contraindications of mpMRI and Other PC Local Staging Options
	2.3 In-Bore MRI Targeted Biopsy
	2.4 Endorectal Coil
	2.5 Patient Preparation
	2.6 MRI Protocol

	3. Prostate Cancer Staging
	3.1 T Staging
	3.2 N Staging
	3.3 M Staging

	4. Discussion and Future Directions
	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

