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Abstract: (1) Purpose: To compare the diagnostic accuracy between full multiparametric contrast-
enhanced prostate MRI (mpMRI) and abbreviated dual-sequence prostate MRI (dsMRI) in men with
clinically significant prostate cancer (csPCa) who were candidates for active surveillance. (2) Materials
and Methods: Fifty-four patients with a diagnosis of low-risk PCa in the previous 6 months had a
mpMRI scan prior to a saturation biopsy and a subsequent MRI cognitive transperineal targeted
biopsy (for PI-RADS ≥ 3 lesions). The dsMRI images were obtained from the mpMRI protocol. The
images were selected by a study coordinator and assigned to two readers blinded to the biopsy results
(R1 and R2). Inter-reader agreement for clinically significant cancer was evaluated with Cohen’s
kappa. The dsMRI and mpMRI accuracy was calculated for each reader (R1 and R2). The clinical
utility of the dsMRI and mpMRI was investigated with a decision-analysis model. (3) Results: The
dsMRI sensitivity and specificity were 83.3%, 31.0%, 75.0%, and 23.8%, respectively, for R1 and R2.
The mpMRI sensitivity and specificity were 91.7%, 31.0%, 83.3%, and 23.8%, respectively, for R1 and
R2. The inter-reader agreement for the detection of csPCa was moderate (k = 0.53) and good (k = 0.63)
for dsMRI and mpMRI, respectively. The AUC values for the dsMRI were 0.77 and 0.62 for the R1
and R2, respectively. The AUC values for the mpMRI were 0.79 and 0.66 for R1 and R2, respectively.
No AUC differences were found between the two MRI protocols. At any risk threshold, the mpMRI
showed a higher net benefit than the dsMRI for both R1 and R2. (4) Conclusions: The dsMRI and
mpMRI showed similar diagnostic accuracy for csPCa in male candidates for active surveillance.

Keywords: prostate MRI; prostate cancer; active surveillance; multiparametric MRI; abbreviated
MRI protocol

1. Introduction

Multiparametric magnetic resonance imaging (mpMRI) stratifies the risk of clinically
significant prostate cancer (csPCa, Gleason ≥ 3 + 4) and monitors patients enrolled in active
surveillance (AS) programs [1,2]. After an initial PCa diagnosis, confirmatory prostate
biopsies may be recommended to better identify otherwise occult csPCa [3,4]. However, it
is known from the Promis study that mpMRI has advantages over systematic biopsies for
the detection of csPCa. After a positive mpMRI in the AS setting, there are higher risks of
reclassification and upgrading before a confirmatory biopsy and a radical prostatectomy,
respectively. According to a systematic review by Schoots et al. [5], the reclassification rate
before starting an AS protocol is higher in patients who undergo mpMRI (39%) than in those
who do not (17%). This suggests that MRI is helpful in guiding targeted biopsies of lesions
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not otherwise suitable for AS and, at the same time, in reducing patient overtreatment.
Notably, it is estimated that about 11% of patients have csPCa with a negative MRI. This
suggests the misleading risk assessment (under grading and volume underassessment) of
systematic biopsy and MRI [6].

The minimum technical standards for mpMRI were part of both versions of the Prostate
Imaging Reporting and Data System (PI-RADS) scoring systems [7,8]. In each case, the
standard examination was defined with diffusion-weighted imaging (DWI), T2-weighted
imaging (T2WI), and dynamic contrast-enhanced imaging (DCE) sequences. However,
there is an intense debate over whether the abbreviated magnetic resonance imaging (MRI)
protocols can achieve comparable diagnostic accuracy and biopsy guidance for csPCa while
avoiding mpMRI-related limitations, such as direct and indirect costs, long acquisition
time, and contrast-agent side-effects [9,10].

Different abbreviated MRI protocols have been investigated, with various numbers
and types of sequences acquired compared to the standard composition of mpMRI [9]. Dual-
sequence MRI (dsMRI), including transverse T2-weighted imaging and DWI only, is the
minimum feasible protocol. This approach was tested on biopsy-naive patients or patients
with negative biopsy history, with good results in terms of accuracy [11–13]. However, no
previous studies explored the role of abbreviated protocols in patient candidates for AS
before confirmatory biopsy. Within this scenario, the impact of comparable results between
MRI images with and without contrast agents would be to shorten MRI examinations,
improve patients’ acceptance of and compliance with the AS protocol, and increase prostate
MRI availability.

The aim of the present study was thus to compare the accuracies of dsMRI and mpMRI
in assessing csPCa in patients initially referred for AS.

2. Materials and Methods
2.1. Patient Selection and Study Design

This retrospective single-center study was approved by the institutional review board
(approval number prot. IRB 29_2020).

The acquisition of informed consent was waived because of the retrospective design.
The following inclusion criteria were used for patients with a mpMRI performed in

our institution from February 2015 to November 2018:

• Diagnosis of low-risk PCa in accordance with the National Comprehensive Cancer
Network NCCN classification [14].

• Candidates for mpMRI cognitively-guided transperineal targeted biopsy for index
lesions (PI-RADS ≥ 3) and concomitant transperinal saturation biopsy.

• A mpMRI performed before the saturation biopsy and 3–12 months after the initial
12 core biopsy diagnostic for PCa.

We excluded patients with:

• Time from diagnosis of PCa to mpMRI exam exceeding the established temporal cut-off.
• Incomplete mpMRI protocol due to contraindications to contrast medium administration.
• Presence of artifacts affecting imaging quality.
• Incomplete clinical data.
• A mpMRI performed before the first standard biopsy.
• Any previous prostate surgery.

2.2. MRI Protocol

A 3.0T MRI scanner (Achieva, Philips Medical Systems) with a 32-channel surface
coil was used. All patients were premedicated with a cleansing enema and the ad-
ministration of a spasmolytic drug (20 mg. i.m. of hyoscine butylbromide (Buscopan,
Boehringer Ingelheim)).

The mpMRI consisted of triplanar T2WI, DWI, and DCE imaging; the latter was
obtained after i.v. administration of 0.1 mmol/Kg of gadoteridol (Prohance, Bracco) or
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gadoteric acid (Dotarem, Guerbet), followed by 20 mL of saline flush, at an injection rate
of 3 mL/s. Supplementary Table S1 summarizes the acquisition protocol. The DWI was
acquired as a single sequence, using the b = 1000 s/mm2 images to build the apparent
diffusion coefficient (ADC) map with a monoexponential model fitting signal decay versus
b-values. All the b-values were natively acquired. The DCE images were obtained in both
native and subtracted forms.

The dsMRI was extrapolated from mpMRI and consisted of transverse T2WI and DWI.
The latter included maximum b-value images (2000 s/mm2) and the ADC map.

2.3. Image Analysis

Image analysis was performed independently by two radiologists, namely reader 1 (R1)
and reader 2 (R2). According to the MRI-quality-assessment criteria [15], R1 was classed
as “experienced” (expertise of >1000 mpMRI), while R2 was qualified a “basic” prostate
radiologist (expertise of 500–1000 mpMRI). Radiologists were blinded to biopsy results. In
order to reflect the real-world scenario, radiologists were aware that mpMRI examinations
had been performed prior to AS confirmatory biopsy. During each reading session, a study
coordinator assigned to each radiologist the mpMRI and the dsMRI of the same patient at
different times. To avoid recall bias, mpMRI and dsMRI of the same patient were examined
in different reading sessions four weeks apart by each reader.

Readers were required to use the PI-RADS v2.1 classification [16]. Since dsMRI did
not include DCE, we assumed that observations of the peripheral zone (PZ) categorized as
PI-RADS 3 could not be upgraded. Each mpMRI index lesion was recorded by its position
on the PI-RADS v2.1 sector map. Findings of PI-RADS ≥ 3 were considered positive.

2.4. Standard of Reference and Data Analysis

Patients had a mpMRI cognitive-guided transperineal biopsy for every finding of
PI-RADS ≥ 3, followed by an institutional standardized 24-core-saturation prostate biopsy.
Random transperineal-biopsy protocol were performed with 24-core (ten cores in the
peripheral zone and two cores in the transitional zone in each prostatic lobe, respectively)
according to a previously published scheme [17]. Histological analysis was performed
by one of three genitourinary pathologists with experience ranging from 5 to 20 years.
Categorical variables were reported as frequency, while continuous variables were reported
as median and interquartile range.

The sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) were calculated by each reader (R1, R2) for dsMRI and mpMRI. Analysis was
performed on a per-patient basis, categorizing a patient as a true positive when the targeted
biopsy (or any biopsy in the same quadrant of the PI-RADS v2.1 map) corresponded
to the index lesion, i.e., to the csPCa with the highest ISUP grade among all the biopsy
cores. In the case of csPCas at different prostate locations showing the same ISUP grade, a
case was assessed as a true positive if at least one of these foci were detected by targeted
biopsy. Patients with csPCa undetected by mpMRI were categorized as false-negative cases,
while patients with no positive biopsy and a suspicious mpMRI observation that did not
correspond to csPCa were categorized as false-positives. For the purpose of analysis, csPCa
was classified according to the NCCN guidelines, version 2.2019 [14] (Supplementary
Table S2). Low-risk and favorable intermediate-risk PCa were considered as clinically
insignificant PCa. Difference in sensitivity between dsMRI and mpMRI was assessed with
the McNemar test.

Clinical utility of dsMRI and mpMRI was investigated with a decision-analysis
model [18], in which the net benefit of performing these examinations was plotted against
risk threshold of having csPCa, along with the treat-none and treat-all strategies, which
were assessed as referring all candidate patients for AS or active treatment, respectively.
Net benefit was calculated as the difference between the proportion of true positive (TP)
cases and the proportion of false positive (FP) cases, with the latter adjusted for the ratio of
risk threshold to 1 minus risk threshold. For the purpose of analysis, we included R1 and
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R2 in the model, using a risk-threshold probability of 10%, 15%, and 20%. Decision analysis
was complemented with a receiver operating characteristic (ROC) analysis to calculate the
area under the curve (AUC) of each model as a summary measure of diagnostic accuracy.
The AUCs were compared with the DeLong method.

Finally, the inter-reader agreement between R1 and R2 in assigning the PI-RADS v2.1
category was evaluated with the Cohen’s kappa statistic. Agreement was considered to be
poor when k was less than 0.20, fair when k ranged from 0.21 to 0.40, moderate when k
ranged from 0.41 to 0.60, good when k ranged from 0.61 to 0.80, and very good when k was
greater than 0.80 [19].

Significance for all tests was set at p < 0.05. Analysis were performed using SPSS version 20
(IBM, Armonk, NY, USA) and MedCalc Software version 18.11.6 (Ostend, Belgium).

3. Results
3.1. Patients’ Characteristics and Results of mpMRI and dsMRI Readings

The final population included 54 men with low-risk PCa according to clinical NCCN-based
classification, whose confirmatory biopsies are shown in Table 1. The median time between
PCa diagnosis and mpMRI was 6 months (5–10). The reclassification rate was 22.2%
(95%CI 11.4–38.8), i.e., 12/54 patients were found to have csPCa, indicating a shift to
active treatment. Table 2 shows the results of the dsMRI and mpMRI for R1 and R2.
Overall, the dsMRI was positive (PI-RADS ≥3) in 39/54 cases (72.2%) and 41/54 cases
(75.9%) for R1 and R2, respectively, while the mpMRI was positive in 40/54 cases (74.1%)
and 42/54 cases (77.8%) for R1 and R2, respectively. Using the mpMRI, there was a
decrease in PI-RADS 3 assignments for both readers, particularly R2. Notably, most of the
PI-RADS 3 assigned with dsMRI were false positives, even when upgraded to PI-RADS 4
with mpMRI (Supplementary Figure S1).

Table 1. Characteristics of enrolled patients and pathology results of confirmatory biopsy.

Patient Characteristics

N of patients 54

Median age, yr (IQR) 69 (69.0–73.8)

Median PSA at MRI time, ng/mL (IQR) 6 (6.0–8.3)

Median PSA density, ng/mL/mL (IQR) 0.13 (0.13–0.19)

Clinical stage, n (%)
cT1c 41/54 (75.9%)
cT2a 13/54 (24.1%)

Saturation-biopsy results

ISUP grade, at saturation biopsy, n (%)
I 36/42 (85.7%)
II 5/42 (11.9%)
IV 1/42 (2.3%)

NCCN risk-category groups. Reclassification
after biopsy, n (%)

Low 42/54 (77.8%)
Unfavorable–Intermediate 11/54 (20.3%)
High 1/54 (1.9%)

IQR = interquartile range; PSA = prostate-specific antigen; cT = clinical T stage; ISUP = International Society of
Urological Pathology; NCCN = National Comprehensive Cancer Network.

3.2. Inter-Observer Agreement

The inter-observer-agreement values for the PI-RADS category were moderate (k = 0.53;
95%CI 0.29–0.78) and good (k = 0.63; 95%CI 0.45–0.82), respectively, for the dsMRI and mpMRI.
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Table 2. Distribution of prostate-imaging reporting and data system (PI-RADS) assignments provided
by reader 1 (R1) and reader (R2). Assignments are reported as the highest on a per-patient basis in
case of multiple observations.

MRI before Confirmatory Biopsy
Median Prostate Volume at MRI, cc (IQR) 45 (45.0–57.75)

PI-RADS (R1) n, (%) dsMRI mpMRI
1 10 (18.5) 8 (14.8)
2 5 (9.3) 6 (11.1)
3 12 (22.2) 9 (16.7)
4 22 (40.7) 26 (48.1)
5 5 (9.3) 5 (9.3)

PI-RADS (R2) n, (%) dsMRI mpMRI
1 11 (20.4) 10 (18.5)
2 2 (3.7) 2 (3.7)
3 18 (33.3) 10 (18.5)
4 19 (35.2) 28 (51.9)
5 4 (7.4) 4 (7.4)

IQR = interquartile range.

3.3. Accuracy and Clinical Utility of mpMRI and dsMRI in Assessing csPCa

Table 3 summarizes the diagnostic performance of the dsMRI and mpMRI. The mpMRI
showed greater sensitivity than the dsMRI, although not to a significant extent. Indeed,
the mpMRI found one additional TZ csPCa for both R1 and R2, who scored it PI-RADS 1
in the transverse T2-weighted plane and PI-RADS 3 in the sagittal and coronal plane
(Figure 1). The dsMRI and mpMRI showed comparable NPV, regardless of the reader. On
the ROC analysis, the mpMRI showed a higher AUC than the dsMRI (Figure 2), although
not to a statistically significant extent (Table 3). Figure 3 shows a case of concordance
between the dsMRI and the mpMRI. The results of the decision analysis are shown in
Table 4 and Figure 4. At any risk threshold, the mpMRI showed a greater net benefit than
the dsMRI for both R1 and R2. The net benefit achieved by R1 when using the mpMRI
was higher than the that provided by the treat-all strategy, which entailed shifting all the
patients to active treatment.

Table 3. Accuracy of diagnosis of clinically significant prostate cancer with dual-sequence magnetic
resonance imaging (dsMRI) and multiparametric MRI (mpMRI). Numbers in brackets are 95%
confidence intervals. R1 = reader 1; R2 = reader 2; AUC = area under the curve.

TP/n FP/n Net Benefit (%)

Pt Risk Treshold 10% Risk Treshold 15% Risk Treshold 20%

R1
dsMRI 0.19 0.54 12.5 9.0 5.1
mpMRI 0.20 0.54 14.4 10.9 7.0

R2
dsMRI 0.17 0.59 10.1 6.2 1.9
mpMRI 0.19 0.59 11.9 8.1 3.7

Treat All
(shift to active treatment) 0.22 0.78 13.6 8.5 2.8

Treat None
(continue with surveillance) / / 0 0 0
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Figure 1. Discordance between dsMRI and mpMRI in a 66-year-old patient with unfavorable inter-
mediate-risk prostate cancer (PSA level 6.30 ng/mL, clinical stage T1c, ISUP grade 2 on targeted 
biopsy). When interpreting dsMRI, both readers found an observation in the left-posterior-transi-
tion zone, showing restricted diffusion, i.e., hyperintensity on b = 2000 s/mm2 image (arrow in a), 
and marked hypointensity on the ADC map (arrow in b). The observation was categorized as PI-
RADS 1 because it corresponded to a round, encapsulated nodule on axial T2WI (arrow in c) (typical 
nodule according to PI-RADS v2.1). When interpreting mpMRI, both readers categorized the find-
ing as PI-RADS 3 on T2WI, because additional sagittal (d) and coronal (e) T2WI planes better de-
fined an intra-nodular component showing moderate hypointensity with blurred margins (arrows). 

Figure 1. Discordance between dsMRI and mpMRI in a 66-year-old patient with unfavorable
intermediate-risk prostate cancer (PSA level 6.30 ng/mL, clinical stage T1c, ISUP grade 2 on targeted
biopsy). When interpreting dsMRI, both readers found an observation in the left-posterior-transition
zone, showing restricted diffusion, i.e., hyperintensity on b = 2000 s/mm2 image (arrow in a), and
marked hypointensity on the ADC map (arrow in b). The observation was categorized as PI-RADS 1
because it corresponded to a round, encapsulated nodule on axial T2WI (arrow in c) (typical nodule
according to PI-RADS v2.1). When interpreting mpMRI, both readers categorized the finding as
PI-RADS 3 on T2WI, because additional sagittal (d) and coronal (e) T2WI planes better defined an
intra-nodular component showing moderate hypointensity with blurred margins (arrows). Due to
restricted diffusion, the observation was finally upgraded to PI-RADS 4. On DCE (arrow in f), the
lesion showed intense contrast enhancement.
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mediate-risk prostate cancer (PSA level 5.10 ng/mL, clinical stage T1c, ISUP grade 2 with on targeted 

Figure 3. Concordance between dsMRI and mpMRI in a 72-year-old patient with unfavorable
intermediate-risk prostate cancer (PSA level 5.10 ng/mL, clinical stage T1c, ISUP grade 2 with on
targeted biopsy). On dsMRI, readers identified a focal zone of restricted diffusion with marked
hyperintensity on b = 2000 s/mm2 (arrow in a) and hypointensity on the ADC map (arrow in b),
categorized as PI-RADS 5. Lesion appeared as hypointense on axial T2WI (arrow in c). The PI-RADS
categorization was the same when interpreting mpMRI as other sequences, such as DCE (arrow in d)
added no additional information.

Diagnostics 2023, 13, x FOR PEER REVIEW 8 of 12 
 

 

biopsy). On dsMRI, readers identified a focal zone of restricted diffusion with marked hyperinten-
sity on b = 2000 s/mm2 (arrow in a) and hypointensity on the ADC map (arrow in b), categorized as 
PI-RADS 5. Lesion appeared as hypointense on axial T2WI (arrow in c). The PI-RADS categorization 
was the same when interpreting mpMRI as other sequences, such as DCE (arrow in d) added no 
additional information. 

Table 4. Results of decision analysis. The unit of net benefit is true positives (e.g., net benefit 7.0% 
means 7 patients were identified with csPCa per 100). TP: true positive, FP: false positive. 

 
R1 R2 

dsMRI mpMRI p dsMRI mpMRI p 
TRUE-POSITIVE 10 11 - 9 10 - 

FALSE-NEGATIVE 2 1 - 3 2 - 
TRUE-NEGATIVE 13 13 - 10 10 - 
FALSE-POSITIVE 29 29 - 32 32 - 

SENSITIVITY 83.3% (52–98) 91.7% (62–100) 1.0 75.0% (43–95) 83.3% (52–98) 1.0 
SPECIFICITY 31.0% (18–47) 31.0% (18–47) - 23.8% (12–40) 23.8% (12–40) - 

PPV 25.6% (13–42) 27.5% (15–44) - 22.0% (11–38) 23.8% (12–39) - 
NPV 86.7% (60–98) 92.9% (66–99) - 76.9% (46–95) 83.3% (52–98) - 
AUC 0.77 (0.63–0.87) 0.79 (0.66–0.89) 0.65 0.62 (0.48–0.75) 0.66 (0.52–0.78) 0.52 

 
Figure 4. Decision-analysis curves obtained by plotting the net benefit of dsMRI, mpMRI, treat-none 
approach (referring all patients to AS), and treat-all approach (referring all patients to active treat-
ment) versus risk thresholds. The net benefit of mpMRI was higher than that of dsMRI for both 
reader 1 (R1) and reader 2 (R2), as well as for the treat-all strategy for risks of > 9% (R1) and > 14% 
(R2). 

4. Discussion 
The mpMRI had a higher sensitivity and AUC than the dsMRI for assessing csPCa 

before starting the AS protocol. Although these results did not reach statistical signifi-
cance difference, they were obtained regardless of the reader. The findings are in line with 

Figure 4. Decision-analysis curves obtained by plotting the net benefit of dsMRI, mpMRI, treat-none
approach (referring all patients to AS), and treat-all approach (referring all patients to active treatment)
versus risk thresholds. The net benefit of mpMRI was higher than that of dsMRI for both reader 1
(R1) and reader 2 (R2), as well as for the treat-all strategy for risks of >9% (R1) and >14% (R2).
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Table 4. Results of decision analysis. The unit of net benefit is true positives (e.g., net benefit 7.0%
means 7 patients were identified with csPCa per 100). TP: true positive, FP: false positive.

R1 R2

dsMRI mpMRI p dsMRI mpMRI p

TRUE-POSITIVE 10 11 - 9 10 -
FALSE-NEGATIVE 2 1 - 3 2 -
TRUE-NEGATIVE 13 13 - 10 10 -
FALSE-POSITIVE 29 29 - 32 32 -

SENSITIVITY 83.3% (52–98) 91.7% (62–100) 1.0 75.0% (43–95) 83.3% (52–98) 1.0
SPECIFICITY 31.0% (18–47) 31.0% (18–47) - 23.8% (12–40) 23.8% (12–40) -

PPV 25.6% (13–42) 27.5% (15–44) - 22.0% (11–38) 23.8% (12–39) -
NPV 86.7% (60–98) 92.9% (66–99) - 76.9% (46–95) 83.3% (52–98) -
AUC 0.77 (0.63–0.87) 0.79 (0.66–0.89) 0.65 0.62 (0.48–0.75) 0.66 (0.52–0.78) 0.52

4. Discussion

The mpMRI had a higher sensitivity and AUC than the dsMRI for assessing csPCa
before starting the AS protocol. Although these results did not reach statistical significance
difference, they were obtained regardless of the reader. The findings are in line with those
of previous studies showing comparable results between MRI sequences, although in
different clinical scenarios [12–14]. When using decision analysis to translate the diagnostic
accuracy into clinical utility, the mpMRI showed a greater net benefit than the dsMRI
and the treat-all approach (i.e., referring all patients to active treatment), regardless of
the reader. The net benefit was higher at all of the risk thresholds, which we set to up
to 20% (1/4 men), i.e., at the previously reported upper rate of patient reclassification
on confirmatory biopsy [20–22]. We assumed this threshold would reasonably match the
upper limit of risk at which a caregiver would weight the relative harm caused by missing
csPCa as much greater than the harm caused by unnecessary active treatment.

Notably, the net benefit expresses the expected utility, irrespective of statistical sig-
nificance or confidence-interval values [23]. In this light, the standard MRI protocol had
the potential to be the most effective strategy with which to balance the shift from AS
to active treatment while minimizing the potential side effects of overtreating patients.
This is further emphasized by a lower net benefit for dsMRI than the treat-all strategy for
the less experienced reader (R2). Even providing comparable sensitivity and AUC, the
mpMRI should not be replaced by the dsMRI as a tool with which to guide confirmatory
biopsies, especially for inexperienced readers. Furthermore, the mpMRI provided greater
inter-reader agreement in the PI-RADS assessment than the dsMRI.

For each reader, the mpMRI detected the same csPCa missed by the dsMRI. This
consisted of a TZ cancer whose PI-RADS categorization was better achieved on the sagittal
and coronal planes of T2WI (the dominant sequence for assessing TZ cancers), which are
omitted in dsMRI. This finding was in line with the previous observation that omitting
these planes could make the allocation of lesions in the prostate areas more difficult, leading
to an increase in PI-RADS 3 assignments [13]. Our results suggest the higher sensitivity of
the standard protocol. This is due its multiplanarity rather than the use of contrast medium.
Overall, the use of contrast medium did not affect cancer detection, nor did it improve the
PI-RADS categorization. This is in accordance with a previous observation, according to
which DCE plays a marginal role and is sometimes misleading [24].

Indeed, bpMRI preserves the multiplanarity of T2-weighted imaging while avoiding
DCE. This might be used to highlight the advantages that can be expected from abbreviated
protocols during patient counseling. Abbreviated protocols may indeed improve patients’
accessibility to and tolerability for MRI. This in turn could translate into better compliance
with AS programs based on serial MRI examinations. This hypothesis should be tested in
further studies.

We observed low PPV values, which were in line with previous data reported in a
per-patient basis systematic review and metanalysis by Moldovan [25]. Several factors
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could explain the low PPV in our series: firstly, the low prevalence of csPCa in the whole
population (22%); secondly, the category 3 [26], which was inevitably included based on
the currently recommended threshold for the indication of the performance of biopsy
(PI-RADS ≥3) [27]. Thirdly, the potential overrating of positive MRI results by the read-
ers’ awareness of the clinical setting of the PCa patients [24]. This finding of low ppv
values will alter the need to recommend only relevant biopsy targets for the purpose of
AS MRI protocols.

For the small lesions, we cannot exclude targeting errors, since the biopsies were
performed under cognitive guidance rather than through the fusion technique. On the
other hand, the relevance of low per-patient PPV is questionable, as all the men were
inevitably referred to biopsy in this particular clinical setting. More importantly, we
observed high per-patient NPV, which is a better indicator of MRI effectiveness as a tool to
avoid unnecessary biopsies and reduce the rate of indolent-cancer detection. High NPV
supports the hypothesis that low-risk patients with a negative MRI might avoid and/or
delay confirmatory biopsy, although a non-negligible percentage of patients with negative
MRI may still have an occult csPCa [28]. The absence of cancer on confirmatory biopsy
might predict a good prognosis with a lower risk of progression during AS [29]. With the
introduction of mpMRI at the outset of AS, the risk of understaging at inclusion decreases
and the use of per-protocol confirmatory biopsy might become less stringent, although not
redundant [30,31].

Our study has some limitations, such as its retrospective nature and the relatively
small number of patients included, the readers’ awareness of the cancer history, and the
unavailability of MRI-guided fusion biopsy at the time when the study was conducted.
Fortunately, recent evidence showed that software-based MRI-target trasperineal prostate
biopsy does not offer a clear advantage compared to cognitive fusion biopsies [32]; the
positive biopsies were not stratified according to random and MRI cognitive biopsy. Finally,
selection bias could not be excluded, since all the patients had previously undergone a first
biopsy, with a low PCa tumor volume detected.

5. Conclusions

The dsMRI is a useful tool with similar diagnostic performance to mpMRI for patients
who are candidates for AS. However, mpMRI offers a greater net benefit than dsMRI in
terms of clinical utility and diagnostic accuracy. Therefore, abbreviated dsMRI may be
of potential value in clinical practice for more experienced radiologists due to dsMRI’s
inadequate characterization of transitional-zone and PI-RADS 3 lesions.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/diagnostics13040578/s1, Figure S1: PI-RADS 3 assigned with
dsMRI; Table S1: Acquisition parameters of multiparametric prostate magnetic resonance imaging,
legend: DWI = diffusion-weighted imaging; TSE-T2WI = turbo spin echo T2-weighted imaging;
DCE = dynamic contrast-enhanced; THRIVE = T1-weighted high-resolution isotropic volume ex-
amination; SS-EPI = single-shot echoplanar imaging; TR = time of repetition; TE = time of echo;
EPI = echo planar imaging; FOV = field of view; SENSE = sensitivity encoding; SPAIR = spectral
adiabatic inversion recovery; * used to calculate the apparent diffusion coefficient map; ** used to
provide b = 2000 s/mm2 images. Table S2: NCCN Risk Stratification (version 2.2019).

Author Contributions: Conceptualization, F.Z., F.D.M. and G.G.; Methodology, F.Z., S.M., F.D.M.,
I.B., G.R. (Gianmarco Randazzo), G.G., C.Z. and R.G.; Validation, F.D.M.; Formal analysis, F.Z. and
S.M.; Investigation, S.M., I.B., C.Z. and R.G.; Resources, C.Z.; Data curation, F.Z., S.M., I.B., G.R.
(Gianmarco Randazzo), G.B., G.R. (Giuseppe Reitano) and G.G.; Writing–original draft, F.Z., S.M., I.B.
and G.G.; Writing–review & editing, F.Z., S.M., G.R. (Gianmarco Randazzo), G.B. and G.R. (Giuseppe
Reitano); Visualization, I.B. and G.R. (Gianmarco Randazzo); Supervision, F.Z., F.D.M., C.Z. and R.G.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://www.mdpi.com/article/10.3390/diagnostics13040578/s1
https://www.mdpi.com/article/10.3390/diagnostics13040578/s1


Diagnostics 2023, 13, 578 10 of 11

Institutional Review Board Statement: All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. The institutional review board’s standards applied to each center due to the
observational and retrospective nature of the study (approval number Prot. IRB 29_2020).

Informed Consent Statement: All included patients undergoing radical treatment provided written
informed consent for surgery.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Glass, A.S.; Dall’Era, M.A. Use of multiparametric magnetic resonance imaging in prostate cancer active surveillance. BJU Int.

2019, 124, 730–737. [CrossRef] [PubMed]
2. Chandrasekar, T.; Dall’Era, M.A.; Tilki, D. Multiparametric MRI: An important tool to improve risk stratification for active

surveillance in prostate cancer. BJU Int. 2018, 122, 721–722. [CrossRef] [PubMed]
3. Nassiri, N.; Margolis, D.J.; Natarajan, S.; Sharma, D.S.; Huang, J.; Dorey, F.J.; Marks, L.S. Targeted Biopsy to Detect Gleason Score

Upgrading during Active Surveillance for Men with Low versus Intermediate Risk Prostate Cancer. J. Urol. 2017, 197, 632–639.
[CrossRef] [PubMed]

4. Frye, T.P.; George, A.K.; Kilchevsky, A.; Maruf, M.; Siddiqui, M.M.; Kongnyuy, M.; Muthigi, A.; Han, H.; Parnes, H.L.;
Merino, M.; et al. Magnetic Resonance Imaging-Transrectal Ultrasound Guided Fusion Biopsy to Detect Progression in Patients
with Existing Lesions on Active Surveillance for Low and Intermediate Risk Prostate Cancer. J. Urol. 2017, 197, 640–646. [CrossRef]

5. Schoots, I.G.; Petrides, N.; Giganti, F.; Bokhorst, L.P.; Rannikko, A.; Klotz, L.; Villers, A.; Hugosson, J.; Moore, C.M. Magnetic
resonance imaging in active surveillance of prostate cancer: A systematic review. Eur. Urol. 2015, 67, 627–636. [CrossRef]
[PubMed]

6. Zattoni, F.; Morlacco, A.; Soligo, M.; Mancini, M.; Leone, N.; Zecchini, G.; Reitano, G.; Bednarova, I.; Lacognata, C.S.;
Lauro, A.; et al. Diagnosis of clinically significant prostate cancer after negative multiparametric magnetic resonance imag-
ing. Cent. Eur. J. Urol. 2022, 75, 277–283. [CrossRef]

7. Barentsz, J.O.; Richenberg, J.; Clements, R.; Choyke, P.; Verma, S.; Villeirs, G.; Rouviere, O.; Logager, V.; Fütterer, J.J. ESUR prostate
MR guidelines 2012. Eur. Radiol. 2012, 22, 746–757. [CrossRef] [PubMed]

8. Weinreb, J.C.; Barentsz, J.O.; Choyke, P.L.; Cornud, F.; Haider, M.A.; Macura, K.J.; Margolis, D.; Schnall, M.D.; Shtern, F.;
Tempany, C.M.; et al. PI-RADS Prostate Imaging–Reporting and Data System: 2015, Version 2. Eur. Urol. 2016, 69, 16–40.
[CrossRef]

9. Girometti, R.; Cereser, L.; Bonato, F.; Zuiani, C. Evolution of prostate MRI: From multiparametric standard to less-is-better and
different-is better strategies. Eur. Radiol. Exp. 2019, 3, 5. [CrossRef] [PubMed]

10. Kang, Z.; Min, X.; Weinreb, J.; Li, Q.; Feng, Z.; Wang, L. Abbreviated biparametric versus standard multiparametric MRI for
diagnosis of prostate cancer: A systematic review and meta-analysis. Am. J. Roentgenol. 2019, 212, 357–365. [CrossRef]

11. Barth, B.K.; De Visschere, P.J.; Cornelius, A.; Nicolau, C.; Vargas, H.A.; Eberli, D.; Donati, O.F. Detection of clinically significant
prostate cancer: Short dual-pulse sequence versus standard multiparametric MR Imaging—A multireader study. Radiology 2017,
284, 725–736. [CrossRef] [PubMed]

12. Kuhl, C.K.; Bruhn, R.; Krämer, N.; Nebelung, S.; Heidenreich, A.; Schrading, S. Abbreviated biparametric prostate MR imaging in
men with elevated prostate-specific antigen. Radiology 2017, 285, 493–505. [CrossRef] [PubMed]

13. van der Leest, M.; Israel, B.; Cornel, E.B.; Zamecnik, P.; Schoots, I.G.; van der Lelij, H.; Padhani, A.R.; Rovers, M.; van Oort, I.;
Sedelaar, M.; et al. High Diagnostic Performance of Short Magnetic Resonance Imaging Protocols for Prostate Cancer Detection
in Biopsy-naïve Men: The Next Step in Magnetic Resonance Imaging Accessibility. Eur. Urol. 2019, 76, 574–581. [CrossRef]
[PubMed]

14. Mohler, J.L.; Antonarakis, E.S.; Armstrong, A.J.; D’Amico, A.V.; Davis, B.J.; Dorff, T.; Eastham, J.A.; Enke, C.A.; Farrington, T.A.;
Higano, C.S.; et al. Prostate Cancer, Version 2.2019, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw.
2019, 17, 479–505. [CrossRef]

15. de Rooij, M.; Israël, B.; Tummers, M.; Ahmed, H.U.; Barrett, T.; Giganti, F.; Hamm, B.; Løgager, V.; Padhani, A.; Panebianco, V.; et al.
ESUR/ESUI consensus statements on multi-parametric MRI for the detection of clinically significant prostate cancer: Quality
requirements for image acquisition, interpretation and radiologists’ training. Eur. Radiol. 2020, 30, 5404–5416. [CrossRef]
[PubMed]

16. Turkbey, B.; Rosenkrantz, A.B.; Haider, M.A.; Padhani, A.R.; Villeirs, G.; Macura, K.J.; Tempany, C.M.C.; Choyke, P.L.; Cornud, F.;
Margolis, D.J.; et al. Prostate Imaging Reporting and Data System Version 2.1: 2019 Update of Prostate Imaging Reporting and
Data System Version 2. Eur. Urol. 2019, 76, 340–351. [CrossRef] [PubMed]

http://doi.org/10.1111/bju.14705
http://www.ncbi.nlm.nih.gov/pubmed/30740876
http://doi.org/10.1111/bju.14494
http://www.ncbi.nlm.nih.gov/pubmed/30358932
http://doi.org/10.1016/j.juro.2016.09.070
http://www.ncbi.nlm.nih.gov/pubmed/27639713
http://doi.org/10.1016/j.juro.2016.08.109
http://doi.org/10.1016/j.eururo.2014.10.050
http://www.ncbi.nlm.nih.gov/pubmed/25511988
http://doi.org/10.5173/ceju.2022.0092
http://doi.org/10.1007/s00330-011-2377-y
http://www.ncbi.nlm.nih.gov/pubmed/22322308
http://doi.org/10.1016/j.eururo.2015.08.052
http://doi.org/10.1186/s41747-019-0088-3
http://www.ncbi.nlm.nih.gov/pubmed/30693407
http://doi.org/10.2214/AJR.18.20103
http://doi.org/10.1148/radiol.2017162020
http://www.ncbi.nlm.nih.gov/pubmed/28346073
http://doi.org/10.1148/radiol.2017170129
http://www.ncbi.nlm.nih.gov/pubmed/28727544
http://doi.org/10.1016/j.eururo.2019.05.029
http://www.ncbi.nlm.nih.gov/pubmed/31167748
http://doi.org/10.6004/jnccn.2019.0023
http://doi.org/10.1007/s00330-020-06929-z
http://www.ncbi.nlm.nih.gov/pubmed/32424596
http://doi.org/10.1016/j.eururo.2019.02.033
http://www.ncbi.nlm.nih.gov/pubmed/30898406


Diagnostics 2023, 13, 578 11 of 11

17. Abdollah, F.; Novara, G.; Briganti, A. Trans-rectal versus trans-perineal saturation rebiopsy of the prostate: Is there a difference in
cancer detection rate? Urology 2011, 77, 921–925. [CrossRef] [PubMed]

18. Vickers, A.J.; Elkin, E.B. Decision curve analysis: A novel method for evaluating prediction models. Med. Decis. Mak. 2006,
26, 565–574. [CrossRef]

19. Cicchetti, D.; Bronen, R.; Spencer, S.; Haut, S.; Berg, A.; Oliver, P.; Tyrer, P. Rating scales, scales of measurement, issues of reliability:
Resolving some critical issues for clinicians and researchers. J. Nerv. Ment. Dis. 2006, 194, 557–564. [CrossRef]

20. Porten, S.P.; Whitson, J.M.; Cowan, J.E.; Cooperberg, M.R.; Shinohara, K.; Perez, N.; Greene, K.L.; Meng, M.V.; Carroll, P.R.
Changes in prostate cancer grade on serial biopsy in men undergoing active surveillance. J. Clin. Oncol. 2011, 29, 2795–2800.
[CrossRef]

21. King, A.C.; Livermore, A.; Laurila, T.A.J.; Huang, W.; Jarrard, D.F. Impact of immediate TRUS rebiopsy in a patient cohort
considering active surveillance for favorable risk prostate cancer. Urol. Oncol. Semin. Orig. Investig. 2013, 31, 739–743. [CrossRef]

22. Inoue, L.Y.; Lin, D.W.; Newcomb, L.F.; Leonardson, A.S.; Ankerst, D.; Gulati, R.; Carter, H.B.; Trock, B.J.; Carroll, P.R.;
Cooperberg, M.R.; et al. Comparative analysis of biopsy upgrading in four prostate cancer active surveillance cohorts. Ann.
Intern. Med. 2018, 168, 82. [CrossRef]

23. Vickers, A.J.; van Calster, B.; Steyerberg, E.W. A simple, step-by-step guide to interpreting decision curve analysis. Diagn. Progn.
Res. 2019, 3, 18. [CrossRef]

24. De Visschere, P.; Lumen, N.; Ost, P.; Decaestecker, K.; Pattyn, E.; Villeirs, G. Dynamic contrast-enhanced imaging has limited
added value over T2-weighted imaging and diffusion-weighted imaging when using PI-RADSv2 for diagnosis of clinically
significant prostate cancer in patients with elevated PSA. Clin. Radiol. 2017, 72, 23–32. [CrossRef] [PubMed]

25. Moldovan, P.C.; Van den Broeck, T.; Sylvester, R.; Marconi, L.; Bellmunt, J.; van den Bergh, R.C.N.; Bolla, M.; Briers, E.;
Cumberbatch, M.G.; Fossati, N.; et al. What Is the Negative Predictive Value of Multiparametric Magnetic Resonance Imaging
in Excluding Prostate Cancer at Biopsy? A Systematic Review and Meta-analysis from the European Association of Urology
Prostate Cancer Guidelines Panel. Eur. Urol. 2017, 72, 250–266. [CrossRef] [PubMed]

26. Barkovich, E.J.; Shankar, P.R.; Westphalen, A.C. A Systematic Review of the Existing Prostate Imaging Reporting and Data
System Version 2 (PI-RADSv2) Literature and Subset Meta-Analysis of PI-RADSv2 Categories Stratified by Gleason Scores. Am. J.
Roentgenol. 2019, 212, 847–854. [CrossRef] [PubMed]

27. Mottet, N.; van den Bergh, R.C.N.; Briers, E.; Van den Broeck, T.; Cumberbatch, M.G.; De Santis, M.; Fanti, S.; Fossati, N.;
Gandaglia, G.; Gillessen, S.; et al. EAU–EANM–ESTRO–ESUR–SIOG Guidelines on Prostate Cancer 2019. Eur. Assoc. Urol. Guidel.
2019, 53, 1–161.

28. Schoots, I.G.; Nieboer, D.; Giganti, F.; Moore, C.M.; Bangma, C.H.; Roobol, M.J. Is magnetic resonance imaging-targeted biopsy a
useful addition to systematic confirmatory biopsy in men on active surveillance for low-risk prostate cancer? A systematic review
and meta-analysis. BJU Int. 2018, 122, 946–958. [CrossRef] [PubMed]

29. Motamedinia, P.; Richard, J.L.; McKiernan, J.M.; Decastro, G.J.; Benson, M.C. Role of immediate confirmatory prostate biopsy to
ensure accurate eligibility for active surveillance. Urology 2012, 80, 1070–1074. [CrossRef]

30. Bjurlin, M.A.; Wysock, J.S.; Taneja, S.S. Optimization of prostate biopsy: Review of technique and complications. Urol. Clin. N.
Am. 2014, 41, 299–313. [CrossRef]

31. Osses, D.F.; Drost, F.-J.H.; Verbeek, J.F.; Luiting, H.B.; van Leenders, G.J.; Bangma, C.H.; Krestin, G.P.; Roobol, M.J.; Schoots, I.G.
Prostate cancer upgrading with serial prostate magnetic resonance imaging and repeat biopsy in men on active surveillance: Are
confirmatory biopsies still necessary? BJU Int. 2020, 126, 124–132. [CrossRef] [PubMed]

32. Zattoni, F.; Marra, G.; Kasivisvanathan, V. The Detection of Prostate Cancer with Magnetic Resonance Imaging-Targeted Prostate
Biopsies is Superior with the Transperineal vs the Transrectal Approach. A European Association of Urology-Young Academic
Urologists Prostate Cancer Working Group Multi-Institutional Study. J. Urol. 2022, 208, 830–837. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.urology.2010.08.048
http://www.ncbi.nlm.nih.gov/pubmed/21131034
http://doi.org/10.1177/0272989X06295361
http://doi.org/10.1097/01.nmd.0000230392.83607.c5
http://doi.org/10.1200/JCO.2010.33.0134
http://doi.org/10.1016/j.urolonc.2011.06.011
http://doi.org/10.7326/M17-0548
http://doi.org/10.1186/s41512-019-0064-7
http://doi.org/10.1016/j.crad.2016.09.011
http://www.ncbi.nlm.nih.gov/pubmed/27726850
http://doi.org/10.1016/j.eururo.2017.02.026
http://www.ncbi.nlm.nih.gov/pubmed/28336078
http://doi.org/10.2214/AJR.18.20571
http://www.ncbi.nlm.nih.gov/pubmed/30807218
http://doi.org/10.1111/bju.14358
http://www.ncbi.nlm.nih.gov/pubmed/29679430
http://doi.org/10.1016/j.urology.2012.07.049
http://doi.org/10.1016/j.ucl.2014.01.011
http://doi.org/10.1111/bju.15065
http://www.ncbi.nlm.nih.gov/pubmed/32232921
http://doi.org/10.1097/JU.0000000000002802
http://www.ncbi.nlm.nih.gov/pubmed/36082555

	Introduction 
	Materials and Methods 
	Patient Selection and Study Design 
	MRI Protocol 
	Image Analysis 
	Standard of Reference and Data Analysis 

	Results 
	Patients’ Characteristics and Results of mpMRI and dsMRI Readings 
	Inter-Observer Agreement 
	Accuracy and Clinical Utility of mpMRI and dsMRI in Assessing csPCa 

	Discussion 
	Conclusions 
	References

