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ABSTRACT

Biparametric magnetic resonance imaging (bpMRI) of the prostate has emerged as an alternative to multi-
parametric MRI (mpMRI) for the detection of clinically significant prostate cancer (csPCa). However, while
the Prostate Imaging Reporting and Data System (PI-RADS) is widely known for mpMRI, a proper PI-
RADS for bpMRI has not yet been adopted. In this review, we report the current status and the future direc-
tions of bpMRI, and propose a simplified PI-RADS (S-PI-RADS) that could help radiologists and urologists
in the detection and management of PCa.
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tive techniques

Introduction

Prostate mutiparametric magnetic resonance
imaging (mpMRI), including T1-weighted
(T1W), T2-weighted (T2W), diffusion-
weighted imaging (DWI), and dynamic
contrast enhancement (DCE) sequences, is
proposed by the current Prostate Imaging
Reporting and Data System version 2.1 (PI-
RADS v2.1) as the guidelines for patients
with suspected prostate cancer (PCa).'!l The
objective is to promote and improve a stan-
dard terminology for both radiologists and
urologists to aid prostate mpMRI interpre-
tation for detection of clinically significant
prostate cancer (csPca), to help the urologists
to make a more accurate diagnosis, determine
a treatment plan, and avoid unnecessary nee-
dle biopsy.™M

Despite the improvement of technical param-
eters and the revision of the interpretation cri-
teria for prostatic mpMRI brought by the PI-
RADS v2.1 guidelines to the previous version
2.0, the role of DCE and the management of
scoring 3 lesions remain unclear. DCE-MRI
has no role in the evaluation of lesions in the

transition zone (TZ) and is a tertiary sequence
in the peripheral zone (PZ). Furthermore, the
potential gadolinium-related risk of adverse
events such as nephrogenic systemic fibrosis or
gadolinium deposition in the brain, the higher
costs, and long examination times of approxi-
mately 30—45 minutes® should be taken into
serious consideration. Finally, reproducibility
of PI-RADS v2.1 guidelines among radiolo-
gists with different levels of training and ex-
perience has not been demonstrated. Although
in PI-RADS v2.1, the descriptive terms are
defined more precisely, their interpretation is
subjective and may be interpreted differently
by radiologists.

The rationale to overcome the aforementioned
limitations is the simplification and standard-
ization of PI-RADS v2.1.

Biparametric MRI (bpMRI) (including T2W
imaging and DWI) represents a potential al-
ternative to mpMRI with similar diagnostic
perfomance and reproducibility in detecting
PCa. These evidences are demontrated by sev-
eral studies and meta-analyzes and recently are
supported by the PI-RADS committee.*!"! Fi-
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nally, the bpMRI can be used in the detection of local recurrence
after prostatectomy.!'?

The several systematic reviews and meta-analyzes comparing
the diagnostic performance of non-contrast and contrast MRI
are affected by heterogeneity of the results and by the lack of a
standardized system for bpMRI as well as of a step methodology
for images reading.!® 1*17!

In this review, we report the current status and future directions
of bpMRI, and proposes a simplified PI-RADS (S-PI-RADS)
system that can help radiologists and urologists in the detection
and management of PCa.

Recommendations for acquisition of prostate bpMRI
Patient preparation, technical parameters of acquisition, poten-
tial contraindications, and the radiologist’s experience are es-
sential for obtaining a prostate MRI examination of adequate
diagnostic quality. The recommendations, in particular for the
use of 1.5T MRI with phased-array coil and for performing MRI
before biopsy, refer to the European Association of Urology
(EAU) prostate guidelines.!'® Knowledge of the pitfalls can help
to reduce false positive results using bpMRI.!"! Recommenda-
tions for the acquisition of prostate bpMRI are reported in the
Figure 1.

Diffusion weighted imaging

DWTI is a short acquisition time sequence available on most
commercial MR scanners. DWI has poor contrast resolution
and is used in detecting the signal in tissue where water move-
ment is reduced without exposing patients to radiation. Glea-
son score (GS) of PCa increases with increasing cell density
(becoming more architecturally compact and solid).”™ The sig-
nal of DWI derived apparent diffusion coefficient (ADC) map
is related to the histopathology of PCa.?!24 High cell density
of clinically significant PCa has a marked reduced diffusion
of the water relative to the surrounding tissue and determines
a low signal (black) on the DWI derived ADC map ***! and a
corresponding high signal (white) in DWI at high values of b

* Non-contrast or biparametric magnetic resonance imaging (MRI)
(T2-weighted and diffusion-weighted imaging) shows similar di-
agnostic performance in detecting prostate cancer compared with
multiparametric MRI and can be proposed as a potential alternative.

» Diffusion-weighted imaging and apparent diffusion coefficient
maps enable the detection and categorization of lesions, both
in the transition and the peripheral zone.

e Simplified prostate imaging reporting and data system using
biparametric MRI is a valuable tool for radiologists and urolo-
gists in the detection and management of prostate cancer.

(=1500 s/mm?). An inverse relationship is noted between the
ADC value and the GS. For example, a decrease in the ADC
values (low signal) is significantly correlated with an increase
in GS.126-281

T2-weighted imaging

T2WI is a sequence that shows zonal anatomy of the prostate
which differentiates the high-signal PZ, the heterogeneous
mixed-signal TZ, and the low-signal central zone (CZ) and al-
lows to establish the relationship of the prostate and seminal
vesicle with the surrounding structures. The role of T2W in
S-PI-RADS is to confirm and localize focal lesions (hypoin-
tense) detected on DWI/ADC (hyper/hypointense), to evaluate
extraprostatic extension, and to guide fusion biopsies. T2W has
a low sensitivity to detect PCa in TZ because of low signal in-
tensities of benign prostatic hyperplasia that can mimic PCa.”*

BpMRI versus mpMRI: diagnostic performance in prostate
cancer detection

From a PubMed.gov review using the term “biparametric pros-
tate MRI”, from January 2007 to December 2019, we found 87
articles.

In a meta-analysis by Niu et al.l'9 | using 33 studies from Janu-
ary 2007 to 2017, the overall sensitivity for general data pooling
was 0.81 (95% confidence interval [CI] 0.76-0.85), and overall
specificity was 0.77 (95% CI, 0.69-0.84). As for csPCa, bpMRI
maintained a high diagnostic value (area under curve 0.85; 95%
CI, 0.82-0.88). In the detection of PCa, mpMRI showed sig-
nificantly higher pooled sensitivity (0.85; 95% CI, 0.78-0.93)
than bpMRI (0.80; 95% CI, 0.71-0.90) (p = 0.01); the pooled
specificity values were not significantly different (mpMRI, 0.77
[95% CI, 0.58-0.95]; bpMRI, 0.80 [95% CI, 0.64-0.96]; p =
0.82).[16].

In a meta-analysis by Bass et al.?! including 44 articles, from
01/01/2017 to 06/07/2019, the pooled sensitivity for any cancer
detection was 0.84 (95% CI, 0.80-0.88), and the specificity was
0.75 (95% CI, 0.68-0.81) for bpMRI. The pooled sensitivity for
csPCa was 0.87 (95% CI, 0.78-0.93) and the specificity was
0.72 (95% CI,0.56-0.84). Meta-regression analysis revealed no
difference in the pooled diagnostic estimates between bpMRI
and mpMRI.

In the two meta-analyses by Niu et al."® and more recently by
Bass et al.’l, bpMRI offers a comparable diagnostic perfor-
mance to that of mpMRI in the detection of PCa.

From a head-to-head comparison for detection of PCa, mpM-
RI had a significantly higher pooled sensitivity (0.85; 95%
CI, 0.78-0.93) than that of bpMRI (0.80; 95% CI, 0.71-0.90)
(p=0.01). However, the pooled specificity values were not sig-
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nificantly different (mpMRI 0.77 [95% CI, 0.58-0.95]; bpMRI
0.80 [95% CI,0.64-0.96]; p=0.82).1-1¢!

Prostate bpMRI interpretation based on simplified PI-RADS
Before interpreting the images, it is important to assess their
quality. The qualitative image analysis is aimed to detect and
analyze focal lesions in the PZ and TZ of the prostate gland and
seminal vesicles. A suspicious lesion is recognized on the basis
of hyper and hypointensities on DWI/ADC maps and hypoin-
tensities on T2W images. In our experience, DWI represents the
dominant sequence in the detection of lesions, both in PZ and
TZ. To detect, localize, and manage a lesion in the prostate, we
recommend to adopt a step approach as follows:

2) Lesion localization according to the 41 sectors/regions pros-
tate map. 5%

3) Lesion measurement by volume (cc) estimation using the el-
lipsoidal formula (V=LxHxWx0.52) and 0.5 cc cut-off accord-
ing to Epstein.*"DWI with a high b-value (1500 s/mm?) is the
preferred sequence for measuring both PZ and TZ lesions.

4) Index lesion (IL). In multifocal PCa, the index tumor corre-
sponds to the cancer with the highest GS. In a prostate with multiple
lesions, bpMRI indicates up to four suspicious areas and probable
IL. If the multiple lesions show similar signal intensity on ADC (i.e.
moderate or marked hypointensity), the IL can be considered as the

one with the greatest volume. Conversely, in prostate with multiple
lesions with different signal intensity on ADC map (i.e. moderate
and marked hypointensity), the IL can be considered as the smallest
markedly hypointense (the most aggressive with higher GS) than
the largest but with moderate hypointensity on ADC 1323

1) After the analysis of axial T1W with fat-saturation enhanced-
T1 high-resolution isotropic volume examination (e-THRIVE)
to exclude foci of hemorrhage, firstly the ADC map and the cor-
responding DWI with a high b-value (1500 s/mm?) is analyzed.
According to the degree of restriction diffusion, the ADC map
distinguishes lesions as homogeneous, moderately hypointense
(heterogeneous or homogeneous), markedly hypointense. Then
the T2W imaging is analyzed to confirm the lenticular or non-
circumscribed, homogeneous hypointense lesion, and to assess
the integrity or interruption of the capsule.

By using this simplified algorithmic approach, readers with
varying levels of experience of prostate bpMRI should be able to
confidently identify and categorize a focal lesion of the prostate.
To simplify the PI-RADS v2.1, on the basis of the aforemen-
tioned criteria, we suggested a (S-PI-RADS) (Figure 2) adapted
to bpMRI at 3T without endorectal coil >+

The patient should be instructed not to move; tension in the buttocks and movement of the legs and feet can result in blurry images. Administering
an antispasmodic agent such as hyoscine butyl bromide (Buscopan. Boehringer, Ingelheim. Germany) can prevent image blurring by decreasing
intestinal motility. Micro-enema to remove air from the rectum.

3T MRI compared to 1.5T MRI has higher spatial resolution thanks to increase in the "signal-to-noise ratio” (SNR) and therefore better image
quality as a consequence 3T is preferable to 1.5T. For the 1.5T using a pelvic phased array coil a minimum of 16 channels is required (18). The
use of parallel imaging techniques allows the reduction of acquisition time by preventing and motion artifacts.

Endorectal coil is not needed: it causes compression of the prostate and image artifacts at the rectal-prostate interface, and the prostate is noticeably
compressed. For both 3.T and 1.5T a body phase array coil can be used.

T1-weighted with fat-saturation is need to exclude hemorrage. T2W images should always be obtained in the axial plane and at least one other
orthogonal plane (sagittal or coronal). DWI is acquired in the axial plane with the same thickness (2 mm or 3 mm) and gap =0 of the axial T2W
images. DWT sequence consists of at least three b-values b=0, b=750, b=1500 s/mm?; NEX or number of signal averages or acquisitions at least 3
and ADC map must always be calculated. FOV= 180 mm for both T2W and DWI. A large FOV for DWI can be used to avoid artifacts.

Training for technologist/radiographer is highly recommended in obtaining optimal biparametric MRI (bpMRI) of the prostate. It is needed to
acquire knowledge of proper patient preparation, technical problems. anatomy, pathology and recognizing specific artifacts that will improve
image quality. For the radiologist is necessary to acquire knowledge of the sequences and steps of reading images for PCa detection. The knowledge
of pitfalls (normal anatomic structures, noncancerous abnormalities and technical challenges related to DWI) in prostate cancer, already categorized
and reported (19). can aid to reduce false positive results by bpMRI.

Contraindications are similar to those of mpMRI; obviously there are no risks related to gadolinium-based contrast agents for bpMRI. MRI-unsafe
pacemakers. implantable cardioverter defibrillators, neurostimulation systems, cochlear implants, or medication pumps: metallic foreign bodies,
for example, fragments (in the eye), bullets, or shrapnel; ferromagnetic metallic vascular clips; metal dental brace/implants.

European Association of Urology (EAU) prostate guidelines recommend performing MRI prior to biopsy (18). Post-biopsy extensive hemorrhage
compromises the results of bpMRI.

Figure 1. Recommendations for the acquisition of prostate biparametric magnetic resonance imaging.
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Figure 2. Simplified prostate imaging reporting and data system version according to biparametric magnetic resonance imaging.

(Abbreviatio

biparametric magnetic resonance imaging. Note: * Lesion volume is calculate by ellissoidal formula.

need. *

* Category 4 includes lesions with volume < and > 0.5 cc and intra- and extraglandular lesions.

s: ADC: Apparent diffusion coefficient; DWI: Diffusion weighted imaging; T2WI: T2-weighted imaging. PSA: Prostate Specific Antigen; bpMRI:
Accurate evaluation of age and clinical informations are

Figure 3. a-d. Biparametric MRI of the prostate at 3T in 63-year-old, PSA=6.1 ng/mL. Round lesions located in the left postero-
medial peripheral zone and in the left anterior and posterior transition zone of the midgland (arrowheads), is assigned to category
3a (volume<0.5 cc) by S-PI-RADS, no biopsy is indicated. (arrowheads in a) Moderately hypointense lesion on axial ADC map,
(arrowheads in b) hypointense on axial DWI at high b-value, (arrowheads in c), axial DWI at high b-value inverted, and (arrow-
heads in d) hypointense on axial T2WI.
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Figure 4. a-1. Biparametric MRI of the prostate at 3T in a 71-year-old patient with PSA=11 ng/mL with multifocal prostate cancer.
Ovalar lesion located in the anterior transition zone at midgland is assigned to S-PI-RADS category 3b lesion (volume>0.5 cc,
targeted biopsy is indicated); (arrowhead in a) the lesion is moderately hypointense on axial ADC map, (arrowhead in b) hype-
rintense on axial DWI at high b-value, (arrowhead in c¢) hypointense on axial DWI at high b-value inverted, and (arrowhead in d)
hypointense on axial T2WI: (e) Gleason score 6 on histology after targeted TRUS/MRI transperineal biopsy. The smallest round
(index lesion) in the peripheral posteromedial zone at the apex is assigned to S-PI-RADS category 4 lesion (volume<0.5 cc, targe-
ted biopsy is indicated); (arrowhead in f) the lesion is markedly hypointense on axial ADC map, (arrowhead in g) hyperintense on
axial DWI at high b value, (arrowhead in h) hypointense on axial DWI at high b-value inverted, and (arrowhead in i) hypointense
on axial T2WI: (1) Gleason score 7 on histology after targeted TRUS/MRI transperineal biopsy.

S-PI-RADS assesses four categories and for each, the manage-
ment is indicated. Lesions with extra-prostatic extension (EPE)
and/or invasion of the seminal vesicle are included in category 4
in addition to intraglandular lesions.!">-3¥

With T2W spectral presaturation with inversion recovery, the entire
pelvis sequences in addition to DWI sequences can help to detect
lymph node involvement, bone metastases, and other findings.

Representative cases of S-PI-RADS category 3 and 4 lesions
using bpMRI are reported in Figures 3 and 4.

Discussion

In this review, we aimed to define the current state and the future
directions of prostate non-contrast MRI or bpMRI, T2W, and
DWI, as well as what radiologists and urologists should know
for its appropriate use in the detection and management PCa.

A review of the literature from 2007 to 2019 showed that in ad-
dition to the mpMRI based on standardized PI-RADS guidelines,
adoption of bpMRI studies in the PCa detection has increased.”*'°!

From literature, has emerged a minimal role for DCE in the eval-
uating PCa and a similar diagnostic perfomance and reproduc-

ibility for mpMRI and bpMRI without endorectal coil by 3T and
1.5T MRI in detecting PCa is reported. [¢18:11.40.-461 Reduction
of cost, short examination times, and the non-use of gadolinium
work in favor of bpMRI.

In a recent narrative review, the PI-RADS committee supported
the progression towards prostate bpMRI acceptance in PI-RADS
v2.1 and concluded that bpMRI is a potential solution for meeting
the increasing demand for MRI in the PCa diagnostic workup.”

Despite the technical improvements and subtle changes of PI-
RADS v2.1 in PI-RADS score 3 or “equivocal” clinically sig-
nificant lesions, their management remains a challenge. A me-
ta-analysis by Niu et al.'" has confirmed the high diagnostic
accuracy of bpMRI in the detection of PCa; however, a proper
scoring system is not reported for bpMRI which is therefore
penalized in the management of lesions with PI-RADS 3 score
when compared to mpMRI. The prevalence of clinically signifi-
cant PCa for PI-RADS 3 score lesions is 24.9%, 147! but their
management is unclear since a robust, clinically useful predic-
tion model for a targeted biopsy decision is not reported.*®! In
PI-RADS v2.1, the DCE updates the score of a lesion from 3
to 4 resulting in a reduction in the detection rate for lesions of
score 3 and in a potential increase in unnecessary biopsies. In
the perspective of a potential validation and standardization of
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bpMRI, a dedicated system aimed not only at the detection but
also at the management of category 3 lesions is needed. This
system cannot derive from PI-RADS guidelines or Likert scores
by eliminating the DCE. ™

For proper detection, categorization, and management of score
3 lesions, we adopted a S-PI-RADS using bpMRI by a 3T unit
without endorectal coil. Interpreting bpMRI sequences in a stan-
dardized stepwise approach (ADC, DWI at high b-values, and
T2W imaging) is essential for lesion detection and categorization.
The S-PI-RADS assigns a dominant role to DWI in the detec-
tion of lesions, both in TZ and PZ. Lesion volume measurement
(using a cutoff of 0.5 cc) and lesion categorization on DWI at
high b-values and ADC map, respectively, provide a rapid and
straightforward detection of category 3 (moderate hypointensity
on ADC maps) and category 4 (marked hypointensity on ADC
maps). Moreover, S-PI-RADS offers a clinical management op-
tion for category 3a lesion (volume<0.5 cc; accurate age assess-
ment, clinical information, and follow-up via PSA and eventually
bpMRI within one year is recommended) and category 3b lesions
(volume>0.5 cc; targeted biopsy is recommended).** Current PI-
RADS v2.1 updated guidelines” in multifocal intraglandular PCa
indicates IL as the one with the highest PI-RADS v2.1 assessment
category. In the presence of extraprostatic extension (EPE), IL is
the smaller one, although the larger lesion may have an identical
PI-RADS v2.1 score. In a prostate with multiple lesions, accord-
ing to others®>*!using S-PI-RADS, IL (lesion with the higher
GS) can be considered the largest (when a lesion with similar
moderate or marked hypointensity on ADC coexists) or the small-
est markedly hypointense lesion in the ADC, compared to largest
but with moderate hypointensity in the ADC.

In conclusion, bpMRI has similar diagnostic efficacy to mpMRI
and the potential of replacing it as a simple solution. S-PI-RADS
represents a valuable tool for radiologists and urologists in the
detection and management of PCa and stimulates further stud-
ies for wide clinical use and its potential validation in PI-RADS
v2.1.
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