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Introduction

The advent of PSA testing more than two decades ago has 
improved early detection of prostate cancer, leading to more 
men being diagnosed and treated (1-15).

Interestingly, it is still controversial whether the 
increased detection and treatment of prostate cancer has 
led to increased overall survival rates. Data from two long-
term screening studies were published in the last few years 
and reported conflicting results. The Prostate, Lung, 
Colorectal and Ovarian screening concluded that there 

is no difference between men who were screened and 
men who were not screened (16). On the other hand, the 
European Randomized Study of Screening for Prostate 
Cancer found a 20% reduction in the mortality rate in 
screened men (17).

For years, Trans-Rectal Ultrasound Guided biopsy 
(TRUS-Gb) has been the gold standard for the detection 
of prostate cancer in men with increased level of PSA 
or positive Digital Rectal Examination (DRE). The 
development of more and more sophisticated methods for 
the diagnosis and treatment (18-29) of prostate cancer, 
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including imaging, led to focusing more on the detection 
rather than on the staging of this disease. At the same 
time, the advent of the Multiparametric MRI allowed to 
do a step forward in the detection process. The shift from 
staging to detection, along with the shift from TRUS-Gb 
to MRI Targeted-biopsy (MRI-Tb) represents the so called 
“paradigm shift”.

Due to its diagnostic performance, which is higher 
in high-risk prostate cancer, multiparametric MRI and 
targeted biopsy (30-33) may play a role in reducing 
overdiagnosis and overtreatment on a large scale.

The aim of this narrative review is to give an update on 
the diagnostic pathways of prostate cancer detection and 
provide a picture of the cutting-edge imaging methods and 
their application to clinical practice.

Methods

Four electronic databases (PubMed, Medline, Embase via 
Ovid and Cochrane review database) were searched from 
January 2000 to April 2020. The search strategies were: 
multiparametric MRI; fusion biopsy + prostate cancer; 
targeted biopsy + prostate cancer; extraprostatic extension, 
extracapsular extension + MRI; active surveillance + MRI.

The preferred citations were meta-analysis and 
systematic reviews on the given topics. Only articles in 
English language were considered.

Results

Our search yielded 63 reports, about which we comment, 
below.

Multiparametric MRI performance in detecting Prostate 
Cancer

In 2014, the International Society of Urological Pathology 
(ISUP) modified the grading system for prostate cancer (34), 
in order to further define the clinically highly significant 
groups of prostate cancer, and subdivided prostate cancer in 
five different groups on the basis of Gleason score grading 
system (35).

Even if there is not common agreement in the literature 
about the definition of “clinically significant” prostate 
cancer, it is generally accepted by the majority of the 
Authors that Gleason score ≥3+3 (ISUP ≥2) may be 
considered “significant”.

A systematic review carried out by Valerio et al. in 2015 
showed that MRI-targeted biopsy (MRI-Tb) detects a 
higher number of clinically significant prostate cancers with 
a lower number of cores compared with TRUS-Gb. The 
review included 14 papers with a total of 2,293 patients. 
MRI-Tb detected 6.8% more clinically significant prostate 
cancer than TRUS-Gb (36). In addition, the median 
number of specimens necessary to detect one prostate 
cancer was 37.1 for TRUS-Gb and 9.2 for MRI-Tb, thus 
showing that systematic mapping of the prostate would 
require approximately four times the number of cores 
compared to MRI-Tb to diagnose one prostate cancer.

Multiparametric MRI performance in detecting ISUP 
Grade 1 Prostate Cancer versus ISUP Grade ≥2 Prostate 
Cancer

The performance of multiparametric MRI correlates with 
the ISUP risk classification of prostate cancer.

In fact, multiparametric MRI is more sensitive in 
detecting ISUP Grade ≥2 than ISUP Grade 1 prostate 
cancer (Figures 1-4). This is particularly evident for 
small size prostate cancers. If we consider the subgroup 
of cancers smaller than 0.5 cm, multiparametric MRI 
is reported to identify less than 30% of ISUP Grade 1 
cancers, according with the results reported by Bratan et al.  
on histopathologic analysis of specimens retrieved by 
radical prostatectomy (37).

Compared to systematic biopsy, MRI-based targeted 
biopsy allowed to decrease the number of patients 
diagnosed with clinically-insignificant prostate cancer 
according with the results of the MRI-FIRST study (38). 
Similarly, the PRECISION and 4M study found that the 
detection rate of ISUP Grade 1 prostate cancer was lower 

Figure 1 Axial T2-weighted image (T2WI) showing the 
normal hyperintense T2 signal in peripheral zone and low or 
disomogeneous signal of transitional zone. No lesion is present.
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Figure 2 DW imaging of prostate cancer. Axial DWI b 2000 
obtained at midprostate level showing a well evident focal high 
signal in PZ suggestive for malignancy.

Figure 4 DW imaging of prostate cancer. Axial diffusion-weighted 
imaging b 2000 showing focal high signal in right PZ mid gland 
not easy to detect, suggestive for malignancy.

Figure 3 Diffusion-weighted imaging of prostate cancer. Axial 
ADC maps (2400/81; b=0, 50, 1,500 sec/mm2) obtained at 
midprostate level in same patients.

in patients investigated with MRI-Tb than in the ones who 
underwent standard bioptic mapping. In details, the number 
of patients diagnosed with ISUP Grade 1 prostate cancer 
was 9% versus 22% and 14% versus 25%, respectively (39).

If these data are analyzed in the frame of the much 
discussed overdiagnosis and overtreatment, it is clear that 
MRI targeted biopsy plays a role in reducing overdiagnosis 
of low-risk prostate cancer when compared to systematic 
biopsy (40,41).

van der Leest et al. showed that in the setting of a 
template biopsy as a reference standard, multiparametric 
MRI has a sensitivity of 0.70 (95% CI: 0.59–0.80) and a 
specificity of 0.27 (95% CI: 0.19–0.37) for the detection of 
ISUP Grade 1 prostate cancer (42).

Correlation with radical prostatectomy specimens

One of the most discussed topic in staging prostate 
cancer is Gleason score upgrading from biopsy to radical 
prostatectomy. It is well known that upgrading of Gleason 
score from preoperative biopsy (T1c) obtained by 
preoperative systematic bioptic mapping (10 to 12 sample 
cores) to postoperative histology after radical surgery is 
around 35%, ranging from 14% to 51%, according with 
Budäus et al. (43).

Many causes of Gleason score upgrading have been 
advocated. One of the most studied is the presence of the 
cribriform pattern, that is associated with a high number of 
cases of Gleason score upgrading. However, other factors 
have been documented, like patient age, prostate volume, 
and the number of bioptic cores, all influencing the Gleason 
score upgrading (44).

As a consequence, the decision-making process based on 
preoperative histological reports may be altered in favor of 
overtreatment or undertreatment of prostate cancer.

In this view, multiparametric MRI may be of help, as it 
has recently been shown to play a role in the detection and 
characterization of prostate cancer (45). We can maintain 
that when it is used on a routinary basis, multiparametric 
MRI is effective in detecting those tumors which are likely 
to result in an upgrading after surgical treatment. Radical 
prostatectomy data show that a positive multiparametric 
MRI is more likely to be associated with upgrading (Gleason 
score ≥6) than a negative MRI (43% versus 27%) (46).
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Song et al. in 2018 reported that PIRADS score v.2 has a 
high predictive value in predicting Gleason score upgrading. 
However, this study is retrospective and all patients 
underwent multiparametric MRI around 20 days after a 
prostate bioptic mapping was performed. It is well known 
that inflammation and local intra-prostatic haemorrage are 
a common cause of imaging misinterpretation (47).

A couple of years later, Alqahtani et al. carried out a study 
on 330 patients in order to evaluate the predictive accuracy 
of pre-bioptic multiparametric MRI in Gleason score 
upgrading after Radical Prostatectomy. This study showed 
that PIRADS v2 score has a great impact in predicting 
Gleason score update, followed by PSA level (48).

Since D’Amico pioneered this approach (49), the 
introduction of nomograms and algorithms in clinical 
practice in known to improve the ability of prognosticating 
the outcome of a treatment or the probabil ity of 
recurrence and many are reported in the literature, also for 
experimental techniques (50).

Including the PIRADS score in preoperative nomograms 
is likely to allow clinicians to achieve great benefits in the 
decision-making process, according to what is reported in 
the literature so far.

Multiparametric MRI and extra-prostatic tumor extension 
(EPE)

Positive surgical margins are associated to biochemical 
recurrence and a reduction in overall survival (OS) after 
radical prostatectomy (51,52).

Feng et al. compared the accuracy of multiparametric 

MRI with Partin Tables and Memorial Sloan Kettering 
Cancer Center nomogram and concluded for a minor 
improvement in diagnostic accuracy after the addition of 
multiparametric MRI to the model. However, the patients 
enrolled into this study were mainly at low risk and thus 
with lower rates of extracapsular extension (53).

Gupta et al. compared the accuracy of MRI and Partin 
Tables in predicting EPE, but did not analyze the additional 
value of MRI to Partin Tables. The Authors compared 
these two tools as alternative models, concluding that 
Partin Tables have an accuracy of 0.62 (AUC) and MRI an 
accuracy of 0.82 (AUC) (54).

For these reasons, the role of multiparametric MRI in 
predicting EPE is not clearly defined, even if the interest in 
this technique is growing (55) (Figure 5).

Reportedly, however, the current guidelines issued 
by the European Association of Urology (56) and by the 
National Comprehensive Cancer Network (57) do not 
provide definitive indications in support of a routinary 
use of multiparametric MRI for the prediction of EPE at 
the time of radical prostatectomy and only hypothesize a 
role for this imaging technique, especially in the high risk 
cancer group.

Over the last years, some grading systems have 
been proposed in the aim of predicting extraprostatic 
tumor extension. The EPE grade demonstrated a good 
performance with a AUC of 0.77 (58). The ESUR score, 
also, showed a AUC around 0.77 in the most recent 
studies (59). The Likert scale is known to have a greater 
variability of performance, probably due to the lack of 
objective criteria (AUC 0.66–0.82) (58). The Capsular 
Contact Length (CCL) on multiparametric MRI has been 
proposed as a marker of EPE at pathology. A CCL ≥15 mm 
is considered to be significant (60,61).

de Rooij et al. carried out a meta-analysis showing that 
multiparametric MRI had high specificity (91%), but low 
sensitivity (only 57%) in the detection of EPE. However, 
the studies included in this meta-analysis investigated 
prostate cancer with 1.5 Tesla MRI (62).

The lack of properly validated systems in EPE imaging 
interpretation is one of the main issue as regard to the 
performance of multiparametric MRI, as it is the main 
cause of the inter-reader variability. According with 
Park et al., among the grading systems for EPE, despite 
its simplicity, EPE grade is the system with the higher 
performance and correlates well with the histologic extent 
of EPE (63).

Figure 5 Extracapsular extension of prostate tumor. Axial T2-
weighted image (T2WI) showing the low signal tumor in the 
anterior zone with minimal bulging along the capsule
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Multiparametric MRI when planning radical 
prostatectomy

Traditionally, nerve-sparing radical prostatectomy is offered 
to patients with well differentiated and low risk cancer. The 
sparing techniques are known to reduce the negative impact 
of radical surgery on the quality of life.

Nonetheless, positive margins after radical surgery are 
widely reported to be a significant risk factor for prostate 
cancer recurrence. As a consequence, accurate prediction 
of EPE is useful when planning radical surgery and in 
estimating patient’s prognosis.

For this reason, all the tools able to provide details 
on EPE before treatment may be of help in evaluating 
benefits and harms of nerve-sparing techniques and in 
tailoring treatment strategies in function of patient’s 
characteristics (64).

Neuro-vascular bundles (NVB) are known to run 
posterolateral to the prostate from the base to the apex, 
except anatomical variation, that are hard to predict. In 
order to perform a “conservative” excision of the prostate, 
it is of the utmost importance for the surgeon to be sure of 
the absence of disease close to the posterolateral margins of 
the prostate (65).

In these respects, Schiavina et al.  found that in 
approximately half the cases the nerve-sparing strategy may 
change if the multiparametric MRI imaging is taken into 
account at the time of planning the surgical procedure. In 
addition, in this study, it is reported that in 75% of the cases 
the strategy change was appropriate (66).

This study follows a previous series from Panebianco 
et al., where the Authors maintained that preoperative 
multiparametric MRI is able to support the surgeon in 
planning the appropriate surgical technique and may 
increase the quality of excision in up to 95.9% of the 
patients (67).

Multiparametric MRI and active surveillance

The role of multiparametric MRI before starting active 
surveillance
Active surveillance as well as watchful waiting are strategies 
to delay treatment or conservatively manage localized 
prostate cancer, respectively, in selected patients. Active 
monitoring has been proposed as an alternative option for 
differed treatment and differs from active surveillance in 
that PSA increases ≥50% in 12 months (68).

Around 45% of men diagnosed with prostate cancer 
are good candidates to active surveillance (69,70), with the 
advantage to avoid immediate treatment if not necessary, 
without losing the opportunity to treat with a radical, 
curative intent.

The criteria for active surveillance for men diagnosed 
with localized prostate cancer and fit for radical surgery are: 
PSA ≤10 ng/mL; PSA density ≤0.2 ng/mL2; Gleason score ≤ 
6(3+3); clinical stage cT1c or cT2; less than 2 cores positive 
for adenocarcinoma (71).

Multiparametric MRI provides detailed information on 
the microvascular properties of the prostatic tissue (dynamic 
contrast-enhanced imaging, DCE) and facilitates lesion 
characterization (diffusion-weighted imaging, DWI).

Even if  many Authors reported the correlation 
between old age and high PSA density, with a cut-off of  
0.08 mg/mL2 according with the San Francisco validated 
threshold value (72), and the outcome of Active surveillance, 
there is no robust data about the impact of visible/non 
visible tumor at the multiparametric MRI.

In this respect, Park et al. reported that tumor visibility 
on multiparametric MRI was a significant independent 
predictor of unfavorable disease, thus suggesting that 
patients with prostate cancer without a discrete tumor on 
multiparametric MRI are more suitable for enrollment in 
an active surveillance protocol than those with a visible 
tumor (P<0.001) (73). Interestingly, Park et al. concluded 
that multiparametric MRI, together with other criteria, 
could be used to identify patients with prostate cancer 
eligible for active surveillance as an initial management 
strategy.

The role of multiparametric MRI during active 
surveillance
If the decision-making process from diagnosis to treatment 
were based on PSA testing only, this would lead to 
more men being overtreated; on the other hand, men 
with favorable (potentially insignificant) prostate cancer 
may harbor high risk grade cancer cells and miss their 
opportunity to receive radical treatment.

Traditionally, the active surveillance protocol is based on 
PSA kinetic, DRE and repeat biopsy.

However, the last edition of the European Association 
o f  Uro logy  (EAU)  Guide l ines  recommends  the 
multiparametric MRI in the protocol for active surveillance 
in men with low-risk prostate cancer and attributes to this 
imaging technique a role in the management of delayed 
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treatment and in deciding the appropriate timing for 
biopsy (56).

Noteworthy, the addition of multiparametric MRI 
imaging to the workup for active surveillance may reduce 
overtreatment and help protect patients from cancer 
progression. 

The results from the ASIST study (74) show 50% 
reduction of active surveillance failure in MRI cohort 
compared to standard biopsy cohort in highly experienced 
centers over a 2 years follow-up. Interestingly, the same 
study highlights a reduction in the Gleason upgrading 
rate in the MRI cohort. As a consequence, the usage of 
multiparametric MRI and MRI targeted biopsy can be 
considered a safer strategy to manage patient on active 
surveillance.

One of the main concerns of active surveillance is the 
timing for repeating biopsy. The usage of MRI targeted 
biopsy carries the advantage of decreasing the number 
repeat biopsies as much as 68%, Siddiqui et al. report (75).

Shoots et al. confirm the results of the study carried out 
by Siddiqui et al., also finding a 10% increase in the Gleason 
upgrading, that conflicts with the results of the ASIST  
study (76).

Conclusions

The present review concludes in favor of the role of 
multiparametric MRI in performing targeted biopsy of the 
prostate, in revealing Extra-Prostatic Extension (EPE) and 
in managing patients in active surveillance.

Secondarily, there is common agreement in the literature 
that the usage of multiparametric MRI may increase the 
number diagnosis of clinically significant prostate cancer 
and reduce the number of clinically insignificant ones, 
thus leading to a possible reduction in overdiagnosis and 
overtreatment.

Finally, multiparametric MRI is reported to be of help 
in planning the most appropriate surgical technique, 
thus leading to an overall improvement of the oncologic 
outcome and of the quality of life after radical surgery.
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