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Abstract: Accurate staging is critical for treatment planning and prognosis in men with prostate Cancer. Prostate magnetic imaging
resonance (MRI) may aid in the staging evaluation by verifying organ-confined status, assessing the status of the pelvic lymph nodes, and
establishing the local extent of the tumor in patients being considered for therapy. MRI has a high specificity for diagnosing extracapsular
extension, and therefore may impact the decision to perform nerve sparing prostatectomy, along with seminal vesicle invasion and lymph
node metastases; however, its sensitivity remains limited. Current guidelines vary significantly regarding endorsing the use of MRI for
staging locoregional disease. For high-risk prostate cancer, most guidelines recommend cross sectional imaging, including MRI, to
evaluate for more extensive disease that may merit change in radiation field, extended androgen deprivation therapy, or guiding surgical
planning. Although MRI offers reasonable performance characteristics to evaluate bone metastases, guidelines continue to support the
use of bone scintigraphy. Emerging imaging technologies, including coupling positron emission tomography (PET) with MRI, have the
potential to improve the accuracy of prostate cancer staging with the use of novel radiotracers.
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Introduction
It is estimated that approximately 250,000 men will be diagnosed with prostate cancer in 2021, along with an estimated
34,000 prostate cancer deaths in the United States.' Prostate cancer varies dramatically in its aggressiveness, making
accurate diagnosis, staging, and risk evaluation paramount to appropriate treatment. Previous risk stratification has
focused on the use of parameters such as biopsy Gleason grade, clinical tumor stage, prostatic specific antigen (PSA)
levels, incorporated into various nomograms,”* but defining risk categories remains an ongoing debate. Increasingly,
magnetic resonance imaging (MRI) has been gaining popularity as a tool in disease staging and risk assessment.
Guidelines available differ significantly regarding the use of imaging for prostate cancer staging. Any new imaging
modality incorporated into routine disease staging should distinguish local and metastatic or nodal disease and provide
a reliable assessment of amenability to resection. In this review, we describe the current policy and guidelines
surrounding the use of MRI and the current data in initial staging of local, regionalized, and metastatic disease. We
further explore promising new advancements in MRI including the incorporation of PET and novel radiotracers.

Policy and Guidelines

MRI has been incorporated into policy and guidelines statements worldwide including the United States (US), Europe and the
United Kingdom (UK) (Table 1). The 2017 American Urological Association (AUA) standard operating procedure for prostate
MRI statement remarked that MRI has the potential to predict disease confined to the organ, that MRI should only be used in
patients with predicted risk of lymph node metastases >10%, and that MRI can be incorporated into existing clinical staging
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Table | Summary of Recommendations for Use of MRI for Prostate Cancer Staging

Association, Year

MRI Recommendations for Prostate Cancer Staging

AUA policy statement 2017°

-MRI has potential to predict disease confined to the organ, EPE and SVI

-MRI should only be used in patients with predicted risk of LN mets >10%

-MRI can be incorporated into existing clinical staging systems

AUA policy statement 20207

-When high quality, MRI has poor sensitivity but high specificity for detection of EPE when using secondary

markers such as bulge, capsule irregularity or capsular contact length

-MRI can be useful for treatment planning in men with presumed localized disease

AUA/ASTRO/SUO guidelines
2017'"°

Risk group

Recommendation

Unfavorable intermediate risk localized
Grade group 2 with either PSA [0-<20 or clinical stage
T2b-c OR grade group 3 with PSA<20

Stage with cross sectional imaging (CT or MRI) and

bone scintography

High-risk localized prostate cancer
PSA >20 ng/mlL, grade group 4-5 or clinical stage >T3

Stage with cross sectional imaging (CT or MRI) and

bone scintography

-MRI has improved accuracy to CT when imaging the prostate gland and avoids radiation exposure, however,

high-quality images are not available in every clinical setting

NCCN guidelines 202/°

Risk group

Recommendation

Very low risk

Tlc, grade group |, PSA <0 ng/mL, fewer than 3
positive biopsy cores, <50% cancer in each core, and PSA
density <0.15 ng/ml/g

MRI can be used to establish candidacy for active
surveillance when combined with biopsy

Low risk
T1-T2a, grade group | and PSA <10 ng/mL

MRI can be used to establish candidacy for active
surveillance when combined with biopsy

Intermediate risk
No high risk features with T2b-T2c, grade group 2-3,
and/or PSA 10-20 ng/mL

MRI if nomograms predict >10% probability of LN
involvement

High risk
T3a, grade group 4-5 or PSA>20 ng/mL

MRI for staging in all patients

Very high risk
T3b-T4, primary Gleason 4 or >4 cores with Grade
Group 4-5

MRI for staging in all patients

EAU/EANM/ESTRO/ESUR/SIOG
guidelines 2020°

Risk group

Recommendation

High-risk localized
PSA>20 ng/mL or ISUP grade 4/5 or cT2c

Cross-sectional abdominopelvic imaging strongly

recommended for staging

Locally advanced
cT3-4 or <N+

Cross-sectional abdominopelvic imaging strongly

recommended for staging

-Prebiopsy MRI for local staging information only weakly recommended

NICE recommendations 201 9%’

-Recommend against offering MRI to patients who are not going to be able to have radical treatment

systems.*® In a 2020 updated statement, the AUA also stated that MRI has poor sensitivity but high specificity for detection of
extraprostatic extension (EPE) only when images are high-quality.” Similar to the AUA policy statements, the National

Comprehensive Cancer Network (NCCN) guidelines in 2021 recommend MRI for intermediate risk patients if risk of lymph

node (LN) metastases is >10%." Furthermore, the NCCN guidelines recommend MRI for staging in all patients with high risk or
very high risk prostate cancer. The AUA/ American Society for Radiation Oncology (ASTRO)/Society of Urologic Oncology
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(SUO) guidelines in 2017 and the European Association of Urology (EAU)/European Association of Nuclear Medicine
(EANM)/European Society for Radiotherapy and Oncology (ESTRO)/European Society of Urogenital Radiology (ESUR)/
International Society of Geriatric Oncology (SIOG) guidelines in 2020 also recommend cross-sectional imaging for high-risk
patients, however these organizations do not specify between computed tomography (CT) and MRL?'3 Similar to the AUA
policy statement, the AUA/ASTRO/SUO guidelines also highlight the importance of high-quality images, stating also that high-
quality images are not available in every clinical setting. This marks a significant limitation of MRI for use in detection and
staging in prostate cancer.'®

MRI Technical Considerations

MRI of the prostate gland should be done with or without endorectal coil at 1.5 tesla (T) if one is using a state-of-the-art 1.5
T scanner with multichannel surface coils, and with or without endorectal coil at 3.0 T based on Prostate Imaging Reporting &
Data System (PIRADS) v2.1. The use of anti-peristaltic agents before the examination is not specifically recommended on
PIRADS v2.1 although this could also be employed to decrease the peristalsis, particularly if no endorectal coil is used, and
this may particularly improve the image quality of T2 turbo spin echo (TSE) sequences. Susceptibility artifacts from the rectal
gas is also a significant limitation for diffusion weighted imaging (DWI) and this could be eliminated with the placement of
a rectal tube before the examination to decompress and evacuate the rectal gas although this has not been recommended based
on PIRADS v2.1. The abstinence from sex has not been specifically recommended based on PIRADS v2.1. The presence of
unilateral or bilateral hip implants also make DWI sequences nondiagnostic due to susceptibility artifacts. Susceptibility
artifacts from unilateral hip implants usually do not significantly affect the assessment of prostate gland on T2 TSE sequences.
However, the presence of bilateral implants may impair the image quality of T2 TSE sequence for the assessment of prostate
gland to some extent which may significantly affect the assessment of prostate gland. These artifacts also impair the image
quality on post-gadolinium T1-weighted 3D-GE (three dimensional gradient echo) sequences including dynamic contrast
enhanced MRI sequences and this limits the assessment of lymph nodes and prostate gland, respectively. T2-weighted
SSETSE (single shot echo train spin echo) sequence is relatively resistant to susceptibility artifacts and can be used for the
assessment of lymph nodes. All these artifacts limit staging of prostate cancer on MRI including EPE, seminal vesicle invasion
(SVI), neurovascular bundle involvement and lymph node involvement. Therefore, techniques limiting the development of
these artifacts improve the image quality and improve staging of prostate cancer.

The use of intravenous (IV) contrast is also not essential for the determination of EPE, SVI or neurovascular bundle
involvement although it may be important for the identification of bone metastases and lymph node metastases. Various
abbreviated protocols have recently been proposed in an attempt to reduce time, costs, and patient discomfort of
multiparametric (mp) MRI'? Specifically, biparametric (bp) MRI removes the dynamic contrast-enhanced (DCE)
sequence. Various studies have demonstrated that bpMRI has comparable accuracy to mpMRI for the detection of
ECE.'""” However, some found that mpMRI was superior for SVI detection.'’

MRI technique employed should be in consistent with PIRADS v2.1 in order to keep MRI examinations standard among all
institutions. The critical technical considerations include the employment of 3.0 mm slice thickness without any gap and with
sufficient spatial resolution using a small field of view for T2 TSE, and employment of 3 versus 4 mm slice thickness without any
gap and with sufficient spatial resolution using a small field of view for DWI per PIRADS v2.1. Similarly, high temporal
resolution with relatively low spatial resolution DCE with 3 mm slice thickness without any gap is also very important for good
image quality. The use of high b values is also essential for the identification of clinically significant cancer per PIRADS v2.1. It
has been previously shown that adherence to these technical guidelines is heterogenous. Lack of standardization represents
a potential limitation to the accuracy of MRI and previous studies have endorsed greater diffusion of the PIRADS guidelines.”

High spatial and contrast resolution imaging techniques are needed to improve the accuracy of MRI in the diagnosis of
prostate cancer and local staging of prostate cancer including the identification of EPE, neurovascular bundle involvement and
bladder neck involvement. Novel techniques and approaches which has the potential to improve spatial and contrast resolution
should be employed to improve the image quality of T2-weighted, DWI and DCE sequences on all three planes. The use of
higher spatial and contrast techniques could improve the assessment of extra-prostatic disease particularly at the apex and base
in all planes. Additionally, new imaging techniques including but not limited T1/T2 mapping, novel DWI techniques and
luminal water imaging may also contribute to local staging although there is still not sufficient data in the literature.”’
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Reporting Standards

When MRI began to emerge as a promising imaging modality for prostate tumor identification, risk stratification and biopsy
guidance, clinicians recognized the need for a standardized reporting system.”” In 2019 the PI-RADS? system version 2.1 was
published. This system details score criteria for each MRI sequence, and explains how to assign an overall score depending on
sequences available and lesion zone.”* DWI sequences are recommended as the primary determining sequences for peripheral
zone lesions and T2W sequences for transition zone lesions.

The PI-RADS system has a number of limitations, including low variable positive predictive value.”> Given these limitations,
the UK MRI consensus meeting released recommendations that physicians use the Likert scale for interpretation of MRIs until
further evolution of the PI-RADS scoring system. Similarly, the recently revised NICE guidelines have recommended the use
of the Likert scale for scoring of prostatic MRI.>” The Likert scale was in use before the introduction of the PI-RADS
classification. It is similarly a 5-point scale to rate probability of cancer on MRI. Unlike the PI-RADS system it takes into
account clinical information such as age, PSA, gland volume and family history. In addition, it does not establish a dominant
sequence for prostate lesions, allowing for more flexibility towards the modification of overall score when particularly suspicious
findings are noted. Furthermore, the PI-RADS system separates a score of 4 and 5 by lesion size >1.5cm. In contrast, the Likert
scale uses reader confidence to differentiate these two categories. Finally, PI-RADS was developed specifically for pre-biopsy
evaluations while Likert can be applied to any clinical scenario and, therefore, may be more appropriate for prostate cancer
staging following biopsy.”® Studies comparing Likert to the multiple versions of the PI-RADS system have mainly demonstrated
equivalence.””** However, the Likert score is more subjective in interpretation compared to PI-RADS. Therefore, the Likert
assessment allows for more flexibility and relies more on reader intuition.*' For experienced radiologists, the Likert scale may be
Associated with increased detection of clinically significant prostate cancers.

Local Staging
Extra-prostatic extension (T3a), seminal vesicle invasion (T3b) and local invasion to adjacent structures (T4) carry worse
prognosis and higher risk of positive surgical margins and biochemical recurrence following primary therapy. Knowledge of
local advancement of disease can impact extent of surgical field, success of surgical treatment and consideration of alternative
therapies. Therefore, accurate clinical staging has important implications for treatment planning and patient outcomes.
During treatment of localized prostate cancer with radical prostatectomy, a high risk of locally advanced disease, or EPE, is
a usual contraindication for nerve sparing.” Traditionally, EPE is evaluated by nomograms including clinical variables like PSA,
DRE and Gleason score at biopsy (Partin tables, Memorial Sloan Kettering Cancer Center [MSKCC]).>® However, these methods
have been shown to be inferior to MRI and offer no information about location and extent of EPE.*** With improved localization
of EPE, MRI can theoretically help direct nerve sparing decisions for surgeons. In 2018, Schiavina et al investigated this
hypothesis by analyzing the surgical plan of nerve-sparing based on clinical data and then after MRI in 137 robotic assisted robotic
prostatectomy (RP) patients.”> The authors demonstrated that MRI led surgeons to change their plan in 46.7% of individuals,
without compromising rate of positive surgical margins. A study in 2012 investigating the role of MRI on neurovascular bundle
management conducted by Panebianco et al had similar findings. The authors observed that MRI was able to confirm
appropriateness of bilateral nerve sparing surgery or guide a change to unilateral or no nerve sparing, with a rate of positive
margins low at 3.8%.>¢ Similarly, in a 2019 study of 1037 men undergoing robotic assisted RP, authors demonstrated that
undergoing MRI was Associated with increased risk of a non-nerve sparing approach, with a risk ratio of 1.84. Furthermore, they
found rates of positive surgical margins were 26.7% in their preoperative MRI group compared to 33.7% in their non-MRI
group.®” Some studies, however, have failed to demonstrate an improvement in positive surgical margin rate with pre-operative
MRI. In 2015, Rud et al investigated the ability of MRI to reduce rates of positive surgical margins. In this study, authors observed
a rate of positive surgical margin of 23% in the non-MRI group and 19% in the MRI group with a non-significant p-value of 0.4.%
In conclusion, MRI has the potential to improve functional outcomes.*’

Staging of T3a Disease
A 2016 meta-analysis of 75 total studies found that pooled data for EPE showed sensitivity and specificity of 57% and
91% respectively, concluding that MRI has high specificity but poor sensitivity for local prostate cancer staging
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Table 2 Summary of MRI Performance Characteristics for Detection of T3a, T3b and T4 Disease

Publication Study Design Year Sensitivity Specificity PPV NPV Accuracy

Staging T3a disease

de Rooij et al* Meta-analysis 2016 57-68% 91% n/a n/a nfa
Boesen et al*' Prospective 2015 61-74% 77-88% n/a n/a n/a
Muehlmatter et al®' | Retrospective 2019 28% 47% n/a n/a n/a
Boesen et al®? Prospective 2017 81% 78% n/a n/a 79%
Bai et al®? Systematic review | 2019 80.5% 69.1% n/a n/a n/a
Zhang et al®* Meta-analysis 2019 55% 87% n/a n/a n/a
Tirumani et al®® Meta-analysis 2020 ERC: 53%* ERC: 95% n/a n/a n/a

No ERC: 34% | No ERC: 95%

Davis et al*® Prospective 2016 12.5% 93.1% 36.4% 77.0% nla
Cerantola et al® Retrospective 2013 35% 90% 57% 79% 62%
Dominguez et al® Retrospective 2018 54.9% 90.9% 81% 74.1% 76%
Gaunay et al®’ Retrospective 2017 58.3% 97.8% 93.3% 81.5% nfa
Feng et al”® Retrospective 2015 84.6% 87.2% 66.7% 94.9% n/a
Hegde et al®! Retrospective 2013 n/a n/a n/a n/a 75%
Lee et al”? Retrospective 2017 54.5% 80.5% n/a n/a n/a
Lee et al” Retrospective 2017 39% 56% 45% 50% nfa
Toner et al™ Retrospective 2017 29% 94% n/a n/a n/a

Staging of T3b disease

de Rooij et al* Meta-analysis 2016 58% 96% n/a n/a n/a

1** Retrospective 2018 75.9% 94.7% 62% 97% Reader’s expertise
improved accuracy

Grivas et a

Riney et al*® Retrospective 2018 30.3-56.1% 80.2-88.6% 37.7-66.1% | 74.4-83.6% | 66.1-79.4%

Muehlmatter et al®' | Retrospective 2019 35% 50% n/a n/a n/a

Tirumani et al®® Meta-analysis 2020 ERC: 52% ERC: 92% n/a n/a nla
No ERC: 45% | No ERC: 94%

Hegde et al’! Retrospective 2013 n/a n/a n/a n/a 95%
Dominguez et al®® Retrospective 2018 19.1% 100% 100% 76.1% 77.3%

Lee et al” Retrospective 2017 43.8% 95.4% nla 78.9% nfa

Lee et al” Retrospective 2017 33% 95% 50% 91% nfa
Staging of T4 disease

Leibovici et al” Prospective 2005 23.4-83.3% 76.8-100% n/a n/a 59.3-93.2%

Abbreviation: *ERC, endorectal coil.
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(Table 2).*° EPE sensitivity was not improved by endorectal coil use, but a sub-analysis of higher field strengths (3T),
showed improved sensitivity of 68%,*° demonstrating a potential area for improvement.

The PI-RADS v2.1 criteria briefly describe what should be assessed for EPE by radiologists on MRI.>* Specifically,
PI-RADS v2.1 proposes factoring in capsular abutment, capsular irregularity, spiculation or retraction, neurovascular
bundle asymmetry or thickening, obliteration of the recto-prostatic angle, tumor-capsular contact >10mm, bulge or loss
of capsule and measurable extracapsular disease when determining risk of EPE. However, there is little guidance
regarding how these findings should be used or their accuracy. Studies evaluating the performance characteristics of the
PI-RADS v2 classification system for the detection of EPE have found that sensitivity and specificity of PIRADS v2.1
for detection of EPE was 81% and 78% respectively.*' In 2012, the ESUR published their MR protocol guidelines.” In
regards to EPE, they suggested a 45 minute protocol, preferably with ERC, including T2W images at 1.5T, 3T images,
DWTI and DCE. Criteria for EPE were detailed as abutment, irregularity, neurovascular bundle thickening, bulge, loss of
capsular enhancement, measurable EPE disease and obliteration of the recto-prostatic angle. Studies investigating these
criteria have found moderate accuracy when using these ESUR/PI-RADS technical guidelines for the detection of
EPE.*

Although PIRADS v2.1 describes some common findings associated with EPE, it does not distinguish relative
importance of different predictive values. To address these shortcomings, Mehralivand et al developed their own grading

system for the assessment of EPE using MRI.*?

This grading system is as follows: curvilinear contact length of 1.5 cm or
capsular bulge and irregularity are grade 1, both features together are grade 2, frank capsular breach is grade 3. In a study
of 553 participants, the authors found that higher grade category was associated with higher risk of EPE but that clinical
features (PSA and Gleason) combined with their grading system predicted pathologic EPE better than imaging alone with
area under the curve (AUC) of 0.81 and 0.77 respectively. A 2020 study compared this grading system to the Likert
scale* which demonstrated that the Mehralivand EPE grade and EPE Likert had equivalent diagnostic performance, but
that the Likert scale does not rely on any specific criteria and is very subjective.

Length of tumor contact at capsule can be a particularly helpful measurement when determining risk of EPE, which
can be seen by its inclusion in both aforementioned systems, however there is still lack of data about its predictive value.
Previous studies indicate length of contact has good accuracy and inter-reader agreement.*>** Rosenkrantz et al reported
that inter-reader agreement was 0.7 for assessments based on length of contact and 0.49-0.59 for subjective
assessments.*® There remains disagreement on the exact threshold to use for this criterion. The PIRADS v2 guidelines
recommend using >10mm, while other sources vary from 6-20mm.*’ Factors such as technical method of measurement
(linear vs curvilinear) and pretest probability can, in part, explain this variation. One study found that for high-grade
tumors (> Gleason 4+3), positive predictive value of >5 mm of contact was 90.9% versus positive predictive value of
90.4% for >12.5 mm for lower grade tumors.*’

High image quality without motion artifacts is essential for identification of EPE.*’ One area of potential improve-
ment may be 3D T2W imaging versus 2D. In a study comparing the two, Caglic et al found that 3D T2W improved
sensitivity from 65% to 75% while maintaining similar specificity for detection of EPE lesions (p = 0.058).** In a study
of capsular contact by MRI sequence, Woo et al found that optimal threshold value for predicting EPE was >14mm for
T2W images, >13mm for apparent diffusion coefficient (ADC), >12 mm for DCE and >14mm for greatest of all 3
sequences. The authors found that greatest length of capsular contact yielded the greatest AUC (0.895) but performance
was relatively equivalent among different sequences.*® Finally, ADC has previously been inversely associated with
probability of clinically significant prostate cancer. In the investigation of EPE, Rud et al demonstrated that tumors with
low ADC (<89 x10 > mm?/s) had 50% probability of EPE on histopathology.’® Conversely, a study by Lim et al did not
find a correlation between mean ADC and probability of subsequent EPE>' (Figures 1-3).

In conclusion, MRI has the potential to detect EPE, which has implications for surgical planning and patient
outcomes. However, previous studies have shown high specificity but moderate sensitivity, underscoring how results
should be interpreted with caution. Various MRI criteria have been evaluated for the prediction of EPE after surgery and
new grading systems are emerging. Studies show that incorporating clinical data into any grading system could improve

performance characteristics.
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Figure | Transverse T2-weighted TSE (A), DWI (B), ADC map (C) and Tl-weighted DCE (D) demonstrate a PIRADS 5 lesion predominantly located in the right and
anterior transitional zone. The lesions shows very low T2 signal, high DWI signal on high b value DWI sequence and low ADC signal suggestive of diffusion restriction, and
increased early enhancement compared to the background prostate. There is evidence of extracapsular extension (arrow, a) anteriorly with associated significant bulging of
the lesion into the periprostatic fat anteriorly. These findings are suggestive of T3a disease. The lesion is a Gleason 3+4 tumor based on histopathology.

Staging of T3b Disease

The involvement of one or both seminal vesicles (SV) by prostate cancer has important clinical significance and denotes
stage T3b. SVI is associated with higher risk of biochemical recurrence and lymph node metastases.’> Therefore, if
detected pre-surgically, SVI has potential to change therapeutic plan. Similar to EPE assessment, preoperative detection
of SVI is traditionally performed using clinical risk assessment tools (Kattan nomogram and Partin tables). Previous
studies comparing MRI to these nomograms have found that MRI alone, or in addition to standard clinical nomograms,
may provide additional predictive value for SVI.**?

Prior studies have investigated the performance characteristics of MRI for the detection of SVI. In a meta-analysis,
Rooij et al determine pooled sensitivity and specificity for SVI were 58% and 96% respectively.* A retrospective review
in 2018 of 527 patients who underwent 3T MRI found similar results with sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) for SVI detection by MRI of 75.9%, 94.7%, 62% and 97%
respectively™® (Table 2). In a study of 233 men undergoing prostatectomy at a tertiary referral center, researchers
found that SVI interpretation was more uniform than EPE, with initial MRI interpretation and reread yielding similar
sensitivity, specificity, PPV, NPV and accuracy.>

Several pathways for prostate cancer invasion into the seminal vesicles have been previously described.’® Type I is
direct spread along the ejaculatory duct complex. Type I is spread outside of the prostate, through the capsule. Type 111 is
isolated deposits of cancer into the seminal vesicle with no evidence of direct spread from the prostate. Mechanism of
spread may have implications for appearance on MRI. Type I invasion causes SV expansion with a low signal
intraluminal mass with focal or diffuse wall thickening. In contrast, type II spread may appear as obliteration of the
angle between the base of the prostate and the SV>° (Figure 3).

Studies have shown that for the detection of SVI, MRI plus clinical variables outperforms MRI or clinical variables
alone. In a 2017 study of 501 patients with preoperative MRI, Morlacco et al found that the AUC for Partin tables + MRI
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Figure 2 Transverse T2-weighted TSE (A), sagittal T2-weighted TSE (B), transverse DWI (C), ADC map (D) and T |-weighted DCE primary perfusion map (E) demonstrate
a PIRADS 5 lesion with extracapsular extension and neurovascular bundle involvement on the left side posterolaterally (arrows, a-e). The lesion shows dark T2 signal (A and B) with
associated diffusion restriction (C and D) and increased perfusion (E). The lesion is a Gleason 4+4 tumor.

versus Partin tables alone were 0.73 versus 0.61 for EPE and 0.82 versus 0.75 for SVL.>’ Therefore, MRI has the
potential to improve existing clinical-based models for the prediction of T3 disease.

Staging of T4 Disease

T4 prostate cancer constitutes local invasion into structures other than the seminal vesicles such as the bladder, external
sphincter, levator muscles, pelvic wall and/or rectum. Most guidelines and policy statements recommend radiation
therapy with androgen deprivation therapy for management of T4 prostate cancer due to poor prognosis and high rates
of biochemical recurrence.’® Accordingly, the detection of T4 disease prior to surgery is vital for appropriate treatment
planning. MRI is successful for pelvic staging (Figure 4).

Regional Staging

The presence of lymph node metastasis in patients with prostate cancer is of major prognostic significance and guides
treatment decision making. Involvement of lymph nodes on pelvic lymph node dissection (PLND) has been associated
with increased risk of both progression to distant metastatic disease and cancer-specific mortality.®>*% Similarly, the
number of positive nodes (>2) is one of the strongest predictors available for cancer-specific survival, emphasizing the
need to properly risk-stratify patients for possible PLND.®® Regardless of T stage, in patients with regional nodal disease
the NCCN Prostate Cancer guidelines recommend external beam radiotherapy and androgen deprivation therapy (ADT)
or abiraterone and ADT. Current EUA guidelines recommend nodal staging be performed on all patients with pre-biopsy
MRI, regardless of risk category,®’ while a 2020 AUA Policy Statement and updated NCCN guidelines recommend
abdominal and pelvic imaging for selected patients (intermediate, high, and very high-risk groups) with nomograms
predicting >10% risk of nodal metastasis.”* Unfortunately, the rate of positive lymph metastasis with negative conven-
tional imaging ranges from 0-25%.°> Although advances in technique have improved diagnostic capability of cross-
sectional imaging in the evaluation of nodal disease, these modalities remain limited due to low sensitivity and PNLD

remains the most accurate staging procedure in the detection of lymph node involvement.”-'!:6%-¢!
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Figure 3 TTransverse T2-weighted TSE (A and B), DWI and ADC (C-F), and TI-weighted primary perfusion map (G and H) demonstrate a large infiltrative PIRADS 5
tumor arising from the peripheral zone invading the transitional zone and extending outside the prostate gland and into the seminal vesicles. The tumor is a Gleason 4+4
tumor with associated extracapsular extension (arrow, A) and seminal vesicle invasion (arrow, B). The tumor is very dark on T2 with associated diffusion restriction and

increased perfusion.

Figure 4 Sagittal T2-SSETSE (A), transverse fat-suppressed T2-weighted SSETSE sequences (B and C), DWI and ADC (D and E) and postgadolinium T |-weighted 3D-GE
(F) sequence show a large infiltrative prostate cancer invading the bladder wall (arrows, c-f).
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Current Lymph Node Evaluation

A designation of N1 disease comprises a positive lymph node in the obturator, external and internal, or pre-sacral iliac
node bundles, which are considered the “regional” nodes. Presence of disease in lymph nodes outside of these four
regions upstages the diagnosis to M1. In patients undergoing pre-biopsy MRI, PI-RADS v2 recommends a dedicated
sequence for evaluation of lymph nodes that includes extension of study area to level of aortic bifurcation to fully
incorporate evaluation of these regional nodal sites.

The detection of abnormal lymph nodes on MRI is currently limited to size, morphology and shape, and enhancement
pattern.’® Other suggested evaluation criteria include size >8mm (although reported thresholds vary and influence
sensitivity/specificity), loss of fatty hilum, rounded shape, low T2W signal relative to primary tumor, and irregular
border.®! Size alone is an unhelpful criterion for assessment of positive lymph node disease as there is significant overlap
between positive and negative nodes, as well as reactive inflammatory changes from unrelated conditions which can
produce false positive results. Studies have shown that the majority of positive lymph nodes dissected in extended-PLND
(ePLND) following MRI have a short axis diameter of less than 5mm, below the aforementioned cutoff of 8mm.®
Further, smaller lymph nodes can harbor micro-metastasis that do not affect node size, leading to incorrect staging.®*

Suggested ADC values as thresholds for nodal disease detection have similarly demonstrated limited utility, and
studies have shown mixed results. Eiber et al demonstrated improved specificity and sensitivity (85.6%, 86.0%) in
prediction of benign vs malignant nodes in prostate cancer using ADC values compared to a size-based analysis with
a threshold of 8mm (82.0%, 54.4%). In their assessment of 29 patients, they found a mean ADC lower in metastatic (1.07
+0.23)x10-3 mm2/s compared to benign (1.54+0.25)x10—-3 mm2/s.°> While other small studies have demonstrated
similar findings in regards to ADC differences between benign and malignant nodes, Roy et al found no significant
difference in mean ADC between control and malignant lymph nodes in patients with prostate, bladder, penile, and
gynecologic malignancies. ADC cut off values are also prone to miss micro-metastasis, and exhibit overlap with other
benign conditions such as lipomatosis or follicular hyperplasia. Further, significant reviewer variability exists which
limits reproducibility to accurately discriminate between benign and malignant nodes.®®

MRI vs PLND

To date, the gold standard for detection of lymph node metastasis remains the ePNLD. Multiple studies have examined
the ability of MRI to predict positive lymph nodes in patients undergoing ePNLD, albeit limited in sample size. De
Cobelli et al retrospectively assessed 112 patients who underwent both pre-operative 1.5-T MRI and ePNLD and found
that PSA value, primary Gleason grade, tumor stage, and tumor volume on MRI were predictive of nodal metastasis on
multivariate analysis (sensitivity, specificity, PPV and NPV of their model were 82.6%, 96.2%, 86.4% and 94.9%,
respectively). By incorporating a cutoff for T3 disease and >1cc tumor volume on MRI, they predicted that 55.4% of
their population could have been spared ePNLD while only missing 4.3% of patients with nodal metastasis.” A large
review by Hovels et al determined the pooled sensitivity and specificity of MRI alone in determining patient lymph node
status was 0.39 (95% CI 0.22-0.56) and 0.82 (95% CI 0.79-0.83)."" While MRI can be a valuable tool in the risk-
stratification of patients requiring ePNLD, its utility in the definitive diagnosis of nodal involvement is limited by poor
sensitivity.

MRI vs CT

The diagnostic value of CT alone in assessment of metastatic lymph nodes for prostate cancer is limited. Similar to MRI,
lymph node size is the primary parameter used to assess disease involvement. In a meta-analysis, Hovels et al found
pooled sensitivity of 42% (95% CI, 26-56%) and a pooled specificity of 82% (95% CI, 79—83%) for CT in the diagnosis
of positive lymph nodes, similar to that of MRI described above. Combination PET/CT has also been suggested as an
improved option for nodal evaluation. Walter et al prospectively studied 210 patients with intermediate- and high-risk
prostate cancer who underwent [18F]fluoromethylcholine (FCH) PET/CT prior to lymph node dissection between 2008
and 2010. Using histologic evaluation as gold standard comparison, they found FCH PET/CT demonstrated a sensitivity
and specificity or 73.2% and 87.6%, respectively.®” A larger meta-analysis incorporating 441 patients from 10 different
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studies found (FCH) PET/CT demonstrated a pooled sensitivity of only 49%, albeit a higher specificity of 95%.°% Various
other radiotracers have been studied with a wide range of reported findings, but largely PET/CT has demonstrated
a limited clinical utility to accurately characterize positive lymph nodes due to a low sensitivity. Theoretically, PET/MRI
has distinct advantages including increased resolution and lack of ionizing radiation, however the fundamental limitation,
partial volume averaging necessary for PET scans, plagues both PET/CT and PET/MRI.®* To date, we are unaware of any
studies demonstrating a significant difference in accuracy between PET/MRI and PET/CT. In fact, Freitag et al showed
a very high concordance (98.5%) in a retrospective analysis of suspicious nodes in patients who underwent both Prostate
Specific Membrane Antigen (PSMA) PET/MRI and PET/CT.®’ Ultimately, PET/MRI is limited in detection of abnormal
lymph nodes due to low sensitivity, similar to PET/CT.

Metastatic Staging

While localized prostate cancer has a 5-year survival nearing 100%, presence of distant metastatic disease reduces that
figure to roughly 31%.”° Prostate cancer can spread to any solid organ, however it tends to show a strong preference
towards bone, with some studies finding as high as 80% of men who died from prostate cancer harboring bone
metastasis.”® The exact mechanism by which prostate cancer cells preferentially spread to bone are not well defined,
but boney metastasis invariably led to a cycle of irregular bone remodeling typically resulting in osteoblastic lesions.

The most recent AUA Guidelines recommend bone scintigraphy in combination with cross sectional imaging for
patients with aggressive cancer as defined by D’Amico criteria (cT3a or greater, group grade 4 or 5, or PSA > 20).”!
Other factors associated with increased risk or more rapid progression to metastatic disease include a short PSA doubling
time, a high Gleason score following histopathology from prostatectomy, and a short interval to biochemical failure.
Technetium 99m is the most common method for evaluation of bone metastasis, however early metastasis may not be
apparent due to poor tracer uptake and lack of bone remodeling. Traditional CT has similarly limited use in bone
metastasis, as metastatic lesions can appear similar to fatty marrow.”> Recently, Whole-Body (WB) MRI has received
attention due to its ability to detect bone metastasis prior to bone remodeling, and therefore prior to detection on bone
scintigraphy.®'

MRI has so far been shown to be a more accurate test in the detection of bone disease compared to conventional bone
scintigraphy (BS) and CT. A 2014 meta-analysis of choline-PET/CT, MRI, single-photon emission computed tomogra-
phy (SPECT), and bone scintigraphy compared detection of M1b lesions in prostate cancer. On a per-patient basis,
whole-body MRI demonstrated the highest pooled sensitivity of all modalities at 0.97 (95% CI: 0.91-0.99), compared to
0.79 (95% CI: 0.73-0.83) for BS. MRI had a similarly higher sensitivity compared to bone scintigraphy on a per-lesion
basis of 0.95 (95% CI: 0.90-0.97) and 0.82 (95% CI: 0.78-0.85) respectively.”” A more recent 2019 meta-analysis by
Zhou et al found similar results comparing MRI and bone scintigraphy, with sensitivities of 0.91 and 0.86, respectively,
with both modalities demonstrating high specificity (>0.95) for bone metastasis.”* The METastasis Reporting and Data
System for Prostate Cancer (MET-RADS-P) has since been designed to facilitate reproducible assessment in WB MRI,
and focuses on reporting of presence, location, and extent of disease.”>’” Pricolo et al retrospectively found excellent
inter-observer reproducibility in the assessment of bone metastasis, with mixed results when assessing other body regions
in a sample of 31 patients,”® but still requires further validation in clinical trials. Given the increase in popularity of MRI
for evaluation of prostatic lesions, WB-MRI offers the prospect of a single-modality imaging for patients with high risk
at diagnosis or with concern for recurrence.””

Despite promising sensitivity and specificities associated WB-MRI in the detection of bone metastasis, several
barriers remain, and WB-MRI has not yet been formally included into guidelines. Systems for standardized reporting
have been developed, but remain limited due to sub specialization and training necessary for their interpretation.
Similarly, differing MRI protocols and need for various MRI coils are resource intensive and limit WB-MRI use outside
of specialized medical centers, although it should be acknowledged that MET-RADS-P techniques can be implemented
on standard MRI machines.’” Finally, WB-MRI is associated with higher costs compared to BS which have the potential
to contribute to patient financial toxicity.
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Future Directions

Previously utilized primarily with CT scans, the integration of PET and MRI scanners has introduced a new potential of
multi-modal imaging, particularly in the detection of nodal and metastatic disease for men with high-risk prostate cancer
and concern for recurrence. 18F-choline, 11C-choline, 11C-Acetate, 18F-Fluciclovine have all shown promise in prostate
cancer imaging, however the marker demonstrating the most potential when incorporated with MRI has been Prostate-
Specific Membrane Antigen (PSMA).”” PSMA has shown promise for identification of both regional and metastatic
disease in high risk patients and those with concern for with biochemical recurrence. PSMA is a transmembrane protein
that particularly upregulated in prostate cancer cells and in metastatic disease, although it is also expressed in salivary
glands, lacrimal glands, small intestine, renal tubules, and neo-vasculature of the thyroid.®**”® PSMA expression exists
in benign prostate gland cells, however in cancer cells PSMA is more widely available on the basal layer making this
target much more available for PET targeting, and increased expression is correlated with higher tumor grade. 68G-
PSMA has been the most widely used and studied marker thus far. Maurer et al compared 130 patients with intermediate
or high-risk prostate cancer who underwent either 68Ga-PSMA PET/MRI or PET/CT prior to prostatectomy and PLND
for detection of nodal disease. On a per patient analysis, incorporation of PSMA PET/MRI or PET/CT showed
a sensitivity and specificity of 65.9% and 98.9%, respectively, compared to 43.9%, 85.4% for CT or MRI in absence
of PET.”’ Han et al further questioned the clinical utility of PSMA PET/CT or PET/MRI, and found in a systematic
review that use of 68Ga-PSMA in 1163 patients across 15 studies resulted in a pooled proportion of management change
of 54% (95% CI 47-60%), suggesting a large effect of PSMA incorporated PET imaging on clinical decision making in
patients with prostate cancer.

An additional role of PSMA has been suggested in patients undergoing repeat imaging following biochemical failure,
defined as a PSA value of over 0.2ng/mL at two different time points. In a retrospective analysis of 117 patients with
hormone-naive biochemical failure (BCF), Grubmuller et al found PSMA positive lesions using PET/CT or PET/MRI in
100 (85.5%) of patients including a 65% detection rate for sub-set of patients with PSA of 0.2 to 0.5 ng/mL. Notably,
PSMA incorporation identified uptake in 67 (67%) patients where MRI or CT alone failed to identify any suspicious
morphologic characteristics.*® Few direct comparisons exist between PSMA PET/CT and PSMA PET/MRI, however
Freitag et al found a 98.5% concordance rate between PSMA PET/CT and PET/MRI when evaluating 64 lymph nodes.
Two PET-positive bone metastasis could not be confirmed morphologically using CT, but could be confirmed with
MRI.® Given the large volume of literature focused primarily on PSMA-PET/CT, further study is needed to fully define
the role of PSMA-PET/MRI in patients with high risk or recurrent prostate cancer.

Conclusions

In this narrative review we explored the current opinions for use of MRI in staging prostate cancer. Current guidelines
vary significantly regarding the use of MRI for staging. However, many guidelines recommend cross-sectional imaging,
including MRI, for high-risk disease. MRI has high specificity for diagnosing EPE, SVI and LN metastases, however its
sensitivity remains limited. Therefore, when considered in the context of staging variables such as PSA and clinical
stage, MRI has the potential to impact the decision to perform nerve sparing prostatectomy, extend ADT duration, or
radiation field. MRI has been shown to perform reasonably to evaluate bone metastases, however guidelines still endorse
the use of bone scintigraphy. Emerging technology, such as novel PET radiotracers and combining MRI with PET, have
the potential to improve the accuracy of prostate cancer staging.
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