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Abstract: Background

MRI plays a crucial role to identify men with a high likelihood of
clinically significant prostate cancer who require immediate biopsy. The
added value of DCE MRI in combination with T2-weighted imaging and DWI is
controversial (risks related to gadolinium administration, duration of MR
exam, financial burden, effects on diagnostic performance). A comparison
of a biparametric and a standard multiparametric MR imaging protocol,
taking into account the different experience of the readers, may help to
choose the best MR approach regarding diagnostic performance.

Purpose

To determine the added value of dynamic contrasted-enhanced imaging (DCE)
over T2-weighted imaging (T2-WI) and diffusion weighted imaging (DWI) for
the detection of clinically significant prostate cancer, and to evaluate
how it affects the diagnostic performance of three readers with different
grade of experience in prostate imaging.

Materials and Methods

Eighty-five patients underwent prostate MR examination at 1.5T MR scanner
performed because of elevated prostate-specific antigen level and/or
suspicion of prostate cancer at digital rectal examination.

Two MR images sets (Set l=biparametric, Set 2=multiparametric) were
retrospectively and independently scored by three radiologists with 7, 3
and 1 years of experience in prostate MR imaging respectively, according
to PI-RADS v2. Sensitivity, specificity, positive predictive value, and
negative predictive value were calculated by dichotomizing reader scores.
Receiver operating characteristic (ROC) analysis was performed and areas
under the curve (AUCs) were calculated for each reader and image set. A



comparison of ROC curves was performed to test the difference between the
areas under the ROC curves among the three readers.

Results

There was no significant difference regarding the detection of clinically
significant tumor among the three readers between the two image sets. The
AUC for the bi-parametric and multi-parametric MR imaging protocol was
respectively 0.68-0.72 (Reader 1), 0.72-0.70 (Reader 2) and 0.60-0.54
(Reader 3). ROC curve comparison revealed no statistically significant
differences for each protocol among the most experienced (Reader 1) and
the other readers (Readers 2-3).

Conclusion

The diagnostic accuracy of a bi-parametric MR imaging protocol consisting
of T2-weighted imaging and DWI is comparable with that of a standard
multi-parametric imaging protocol for the detection of clinically
significant prostate cancer. The experience of the reader does not
significantly modify the diagnostic performance of both MR protocols.
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ABSTRACT:

11 Background

12 MRI plays a crucial role to identify men with a high likelihood of clinically significant prostate cancer who require
13 immediate biopsy. The added value of DCE MRI in combination with T2-weighted imaging and DWI is controversial (risks
14 related to gadolinium administration, duration of MR exam, financial burden, effects on diagnostic performance). A
comparison of a biparametric and a standard multiparametric MR imaging protocol, taking into account the different
17 experience of the readers, may help to choose the best MR approach regarding diagnostic performance.

18 Purpose

19 To determine the added value of dynamic contrasted-enhanced imaging (DCE) over T2-weighted imaging (T2-WI) and
diffusion weighted imaging (DWI) for the detection of clinically significant prostate cancer, and to evaluate how it affects
22 the diagnostic performance of three readers with different grade of experience in prostate imaging.

23 Materials and Methods

24 Eighty-five patients underwent prostate MR examination at 1.5T MR scanner performed because of elevated prostate-
specific antigen level and/or suspicion of prostate cancer at digital rectal examination.

27 Two MR images sets (Set 1=biparametric, Set 2=multiparametric) were retrospectively and independently scored by three
28 radiologists with 7, 3 and 1 years of experience in prostate MR imaging respectively, according to PI-RADS v2. Sensitivity,
29 specificity, positive predictive value, and negative predictive value were calculated by dichotomizing reader scores.
Receiver operating characteristic (ROC) analysis was performed and areas under the curve (AUCs) were calculated for each
32 reader and image set. A comparison of ROC curves was performed to test the difference between the areas under the ROC
33 curves among the three readers.

34 Results

There was no significant difference regarding the detection of clinically significant tumor among the three readers between
37 the two image sets. The AUC for the bi-parametric and multi-parametric MR imaging protocol was respectively 0.68-0.72
38 (Reader 1), 0.72-0.70 (Reader 2) and 0.60-0.54 (Reader 3). ROC curve comparison revealed no statistically significant

39 differences for each protocol among the most experienced (Reader 1) and the other readers (Readers 2-3).

Conclusion

42 The diagnostic accuracy of a bi-parametric MR imaging protocol consisting of T2-weighted imaging and DWI is

43 comparable with that of a standard multi-parametric imaging protocol for the detection of clinically significant prostate

44 cancer. The experience of the reader does not significantly modify the diagnostic performance of both MR protocols.

KEYWORDS
48 Clinically significant prostate cancer; Prostate Imaging Reporting Data System Version 2; Diffusion weighted imaging;

49 Dynamic contrasted-enhanced imaging; Multi-reader scoring.
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Ethical Approval All procedures performed in this study involving human participant 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.

Informed Consent Informed consent from patients included in this retrospective study was waived.

INTRODUCTION:

Prostate cancer is the most frequently diagnosed cancer in males and the second leading cause of cancer-related death in
men [1]. Multiparametric magnetic resonance imaging (MRI) has become an important tool for the diagnosis of prostate
cancer. It is a prerequisite for optimal clinical management and therapy selection because it is particularly helpful in the

detection of prostate cancer foci, local staging, and the estimation of prostate cancer aggressiveness [2-4].

Prostate MRI is increasingly performed before a biopsy in patients with elevated PSA. It is used as an additional parameter
all together with digital rectal examination and patient’s age and comorbidity to identify men with a high likelihood of
clinically significant prostate cancer requiring immediate biopsy, because of its potential for causing death. Prostate MRI
may also improve the biopsy yield by targeting suspicious lesions, while reducing the risk of unnecessary diagnosis of

clinically insignificant tumors.

The Prostate Imaging Reporting Data System (PI-RADS), published in 2012 by the European Society of Urogenital
Radiology (ESUR), recommended to include multiplanar T1- and T2-weighted images, diffusion-weighted imaging (DWI)
and dynamic contrast-enhanced (DCE) MRI, in a multiparametric MRI protocol [5].

Because of non-conclusive results concerning the value of DCE MRI in the detection of prostate cancer, particularly for
evaluation of the transitional zone, the added value of DCE MRI in combination with T2-weighted imaging and DWI is still
under debate [6-9].

The role of DCE MRI was recently downgraded by the American College of Radiology and the European Society of
Urogenital Radiology that provided the new Prostate Imaging Reporting and Data System (PI-RADS) version 2. In detail,
DWI for the peripheral zone (PZ) and T2-WI for the transient zone (TZ) were considered the two dominant sequences to
differentiate non-clinically significant and clinically significant tumors. In this way, the role of DCE is minor considering
the peripheral zone (PZ) and even unuseful concerning the TZ for the differentiation between prostate cancer and benign
prostatic hyperplasia [10]. In this context, MR scan time, patient comfort and costs could beneficiate of a protocol devoid of
DCE; moreover, potential risks related to the use of intravenous contrast such as nephrogenic systemic fibrosis, renal failure

and brain accumulation of gadolinium would be reduced [11].

Thus, the purpose of this study was to determine the added value of dynamic contrasted-enhanced imaging (DCE) over T2-
weighted imaging (T2-WI) and diffusion weighted imaging (DWI) using a 1.5 T scanner without endorectal coil for the
detection of clinically significant prostate cancer. Moreover, we wanted to evaluate how these two different protocols affect
the diagnostic performance of three readers with different grade of experience in prostate imaging.



O©CO~NOOOTA~AWNPE

MATERIALS & METHODS:

All procedures performed in this study involving human participant 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. A total of 160 patients underwent multi-parametric-MRI (mp-MRI) of the prostate between
March 2013 and December 2016 were retrospectively included; informed consent was waived. These patients were
identified through our RIS/PACS (Radiology Information System/Picture Archiving and Communication System).

Inclusion criteria
e  Multiparametric MRI of prostate at 1.5T, without endorectal coil, performed because of elevated prostate-specific
antigen level and/or suspicion of prostate cancer at digital rectal examination;
e standardized prostatic biopsy performed within 6 months pre/after MR imaging examination e/o prostatectomy
performed within 6 months after MR imaging examination;
e negative follow-up greater than 6 months (considering PSA level and digital rectum examination) in case of
negative biopsy;

e adenocarcinoma type tumors in case of positive biopsy.

Exclusion criteria
e notavailable (patient underwent surgery in other hospitals)/inconclusive histological examination;
e not satisfactory images (multiple artifacts from, for example, total hip replacements, patient movements);

e hormonal therapy before MR imaging examination.

The final study population comprised 85 patients (mean age, 70,39 years; range, 54-84 years) with a mean prostate-specific |
antigen level of 8,5 mg/L (range, 0,77- 27,74 mg/L; follow up range 8-36 months) (Figure 1). A total of 42 biopsies and 43 ‘

prostatectomies were included. |No patietis were dropped out due to the lack of follow-up information.\

MRI protocol

MR exams were performed using a 1.5-T scanner (Achieva; Philips Medical System; Best; Netherlands), without endorectal
coil. MR protocol included T1-weighted (T1W) fast spin-echo, without fat suppression, images, T2-weighted (T2W) turbo
spin-echo images, diffusion-weighted images (DWI) and dynamic contrast-enhanced (DCE) T1-weighted (T1W) 3D spoiled
gradient-echo images (Table 1). Apparent diffusion coefficient maps (ADC-maps) were calculated for each patient.
Gadobenate dimeglumine (Multihance; Bracco, Milan, Italy) was used in a dose of 0.1 mmol/kg of body weight (flow rate
of 2 mL/sec). If there were no contraindications, intravenous injection of hyoscinbutylbromid (Buscopan, 20mg/mL,

injection fluid, Boehringer, Ingelheim, Germany) was administered to reduce peristaltic movement.

Image Analysis
[The final study population included 85 patients for a total of 85 MR scans (each one including T2w, DWI and DCE). For

the reading-session, MR scans were organised in two sets of images, Image set 1 and Image set 2.\

Comment [ADP1]: Reviewer 1
2)The study is of retrospective
nature. There is a numerical
imbalance between patients with
prostate cancer and patients without
detected cancer poining to an
existing bias. Thus, patient selection
may be confounded by factors such
as patient compliance with follow-
up examinations or biopsy
appointments.

The reviewer is right in that the
retrospective nature is a weakness of
the study. We considered it as a limit
and in the manuscript (page 7 — line
21-22) we specified that “our results
need to be further validated, possibly
with multicentric and prospective
design studies”. The numerical
imbalance between patients with
prostate cancer and patients without
cancer reflects the fact that in our
study population, most patients
underwent MR after a positive biopsy.
All biopsies were performed within 6
months pre/after MR and there were
no bias of selection due to the lack of
follow-up information.

A statement was included in methods:
“No patients were dropped out due to
the lack of follow-up information.”

Image set 1 comprised the bi-parametric MRI protocol. It was presented in the first reading session, and consisted of:

Comment [ADP2]: Reviewer 2
2) Itis not clearly stated if there
were 85 MRIs in each Set or if two
groups were formed with each group
containing half of the study
population. When discussing the
results it would also help to state
some percentages to put numbers
into perspective.

A statement was included to clarify
this point according tot he reviewer’s
suggestion.
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a) axial T1-weighted and axial, sagittal and coronal T2-weighted images;

b) axial DWI images (including the corresponding ADC maps).

Image set 2 was evaluated in the second reading session and included the complete protocol (T1-weighted images, T2-
weighted images, DWI and DCE-MRI).

Two image sets (Image set 1 and Image set 2) were independently reviewed by three radiologists with different grade of
experience in interpreting prostate MR imaging (7 years Reader 1; 3 years Reader 2; 1 years Reader 3), in two separate

reading sessions. |

MRI criteria for malignancy were assessed according to PI-RADS v2 as well as the prostate subdivision in sectors [10]. In
this way, thirty-nine sectors (thirty-six for the prostate, two for the seminal vesicles and one for the external urethral
sphincter) were considered. Following PI-RADS v2, all detected lesions were scored from 1 to 5 and, more in detail, 1
corresponded to a very low probability for clinically significant prostatic carcinoma; 2 identified low probability; 3 was
used for intermediate probability; 4 was associated with high probability; 5 was related to very high probability). According
to Weinreb et al., when no contrast enhanced data were available (image set 1), DWI sequences were of key importance for
the final PI-RADS score if the tumor was in the Peripheral Zone. Otherwise, both T2-weighted and DWI sequences were

used to calculate the final PI-RADS score in case of tumors in the Transitional Zone [12]|

Standard of Reference

All patients underwent biopsy and a dedicated genitourinary pathologist assessed histopathologic specimens before or after
multi-parametric MR imaging or prostatectomy within 6 months (mean, +/- 78.26 days). A Gleason score >7 (3+4) and/or
as the presence of extra-prostatic invasion defined the presence of clinically significant cancer. A fifth-year radiology
resident and a third-year pathology resident, both not involved in the readings, matched the information from MR images
and histopathologic specimens of biopsies and/or prostatectomy in order to confirm the spatial correspondence of the
highest PI-RADS score region with the highest Gleason Score, considered as standard reference.

Statistical Analysis

Diagnostic performance regarding sensitivity, specificity, positive predictive value, and negative predictive value were
calculated by dichotomizing reader scores and by using descriptive statistics. In detail, regarding the overall accuracy for the
detection of tumor, regardless the clinical significance, PI-RADS v2 scores of 1-2 were considered negative, while PI-
RADS v2 scores of 3-4-5 were considered positive. Concerning the accuracy for the detection of clinically significant
prostate cancer, PI-RADS v2 scores of 1-2—-3 were considered negative, while PI-RADS v2 scores of 4-5 were considered

positive.

Receiver operating characteristic (ROC) analysis was performed and areas under the curve (AUCs) were calculated for each
reader and image set. A comparison of ROC curves was performed to test the difference between the areas under the ROC

[ comment [ADP3]: Reviewer 2
2) Itis not clearly stated if there
were 85 MRIs in each Set or if two
groups were formed with each group
containing half of the study
population. When discussing the
results it would also help to state
some percentages to put numbers
into perspective.

This issue was moved after the
L description of the two image sets.

[ comment [ADP4]: Reviewer 1
6) How was PIRADS used when no
contrast-enhanced data were available?
In absence of contrast-enhanced
scans, a PIRADS Assessment
Category “X” was assigned,
according to PIRADS v2. In detail,
concerning Peripheral Zone,
PIRADS score was obteind by DWI
Assessment Cathegory, since DWI are
of key importance in that zone.
Regarding Transition Zone, both T2
weighted and DWI sequences were
used to calculate the PIRADS score.
In the main text a statement was
included (“Image Analysis”):
“According to Weinreb ed al., when
no contrast-enhanced data were
available (image set 1) considering
the bi-parametric MRI protocol, DWI
sequences were of key importance for
the final PI-RADS score if the tumor
was in the Peripheral Zone.
Otherwise, both T2-weighted and
DWI sequences were used to calculate
the final PI-RADS score in case of
tumors in the Transitional Zone”. A
reference was added in the
manuscript.

Weinreb JC et al., PI-RADS Prostate
Imaging — Reporting and Data
System: 2015, Version 2. Eur.

| Urol.2016 Jan;69(1):16-40.
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curves among the three readers. ROC curve comparison was performed with MedCalc software, version 16.8.4 (MedCalc
Software, Ostend, Belgium). All other statistical analyses were performed by using IBM SPSS Statistics software, version

20 (IBM, Armonk, NYY). A p-value <0.05 was considered statistically significant.
RESULTS:

Out of 85 patients, 72 were positive for prostate cancer to biopsy and/or prostatectomy and 13 were negative for cancer.
Among 72 tumors, 41 were clinically significant (29 patients with a Gleason 7, 6 patients with a Gleason 8 and 6 patients
with Gleason 9) while 31 were not clinically significant (24 Gleason 6, 3 Gleason 5 and 4 Gleason 4). [No patients

developed a clinically significant cancer during the follow-up|

The comparison of ROC curves among the three readers regarding the overall cancer detection and clinically significant

cancer detection using the two different image protocols is shown in Figure 2.

When considering clinically significant prostate cancer, there were no statistically significant differences in diagnostic
performance for all the three readers between the two protocols. In fact, the AUC for the bi-parametric and multi-parametric
MR imaging protocol was respectively 0.68-0.72 (Reader 1), 0.72-0.70 (Reader 2) and 0.60-0.54 (Reader 3). If we consider
reader's experience there were no statistically significant differences in diagnostic accuracy for each protocol among the

most experienced (Reader 1) and the others (Readers 2-3).

When considering the overall detection of prostate cancer, there were no differences in diagnostic accuracy for each reader
between the two protocols. The AUC for the bi-parametric and multi-parametric MR imaging protocol was respectively
0.79-0.79 (Reader 1), 0.56-0.56 (Reader 2) and 0.64-0.64 (Reader 3). In that case, if we consider readers’ experience, AUC
of the most experienced reader (Reader 1) was higher compared to the others but the difference was significant only
between Reader 1 and Reader 2, for both imaging protocols (p=0.001 Set 1, p=0.001 Set 2) (Table 2).

Diagnostic performance of the readers according to descriptive statistics, ROC analysis and Gleason score are shown in
Table 2, 3 and 4 (Supplementary Material) respectively. An example of correctly classified clinically significant tumor is

shown in Figure 3.
DISCUSSION:

Our results demonstrate that a biparametric protocol for MR imaging of the prostate has the same diagnostic accuracy of

multiparametric MRI, in the evaluation of clinically significant prostate cancer, regardless the reader’s experience.

The increasing interest for the detection of clinically significant cancer lead researchers to test different MR protocols but
results are currently inconclusive. In fact, a recent systematic review by Fitterer JJ et al. revealed not negligible variations
in terms of MRI accuracy (range 4%-87%), sensitivity (58%-96%) and specificity (23%-87%) [13]. |

The reasons for these variations may be twofold. Firstly, the five-point scale used to score the probability of the clinically

significant tumor being present needs to be dichotomized for ROC analysis. In this regard, taking into account that a score

Comment [ADP5]: Reviewer 1
5) Methods: Available
histopathologic correlation is
heterogenious in this study
including biopsies as well as
prostatectomy specimens. It is thus
difficult to determine the NPV and
specificity of the MR exams.

The reviewer is right when saying
that the histopathologic correlation is
heterogenious and this is a potential
weakness of the study. In fact, despite
of the high number of prostatectomies
(43) and the long term follow up (> 6
months), the availability of the biopsy
alone as gold standard for certain
patients may represent a limitation
because they were performed
“random” and not targeted. In this
way, if on one hand a negative follow
up after a negative biopsy (all patients
included in our study showed negative
follow-up) is certainly comfortable,
on the other hand it is not always
possible to exclude the presence of
subclinical cancers. For this reason,
in case of false negative biopsy, this
could have underestimated the
presence of prostate cancer and,
consequently, it could be responsible
for underestimation of the diagnostic
performance of the readers as well.
This point was discussed in the
discussion/limitations.

In the results was added the statement
“No patients developed a clinically
significant cancer during follow-up”.

Comment [ADP6]: Reviewer 1
8) The number of figures and tables
can be reduced presenting the most
important aspects. A supplement
should be perhaps considered.

The Table 4 was moved in
“supplements” as suggested by the
reviewer.

[Comment [ADPT7]: Corrected
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of 3 refers to a low probability of clinically significant cancer, there is no relevant agreement among the studies concerning
if it would be considered a positive or a negative MR finding. In our study, a score of 3 was considered as negative
regarding the presence of clinically significant cancer, whereas it was considered as positive for the assessment of the
overall cancer diagnostic accuracy. Secondly, although the definition of clinically significant cancer includes tumors with a
volume greater than 0.5 ml regardless the Gleason score, several studies do not consider any volumetric criteria to define the
clinically significant cancer patients group, as in our study. Therefore, in this kind of studies the number of tumor foci

considered for the analysis could have been higher than those using this volumetric criterion, leading to conflicting results.

Taking into account these factors, the best overall accuracy achieved in our study was 0.79 while the best clinically
significant cancer accuracy was 0.72 with no significant differences between the two MR protocols. Although these
performances seem to be in line with results of earlier reports [19], they are not optimal and do not beneficiate of the use of
DCE-MRI. A possible reason can be found in the fact that in our study we had a high number of tumors with a Gleason
score = 6 (24/85 patients, 28.2%). These tumors are considered not clinically significant but were responsible for the most
of the false positive cases. In detail, the expert reader scored them as 4 or 5 according to PIRADS V2 in nine cases using a
biparametric protocol and in ten cases using a multiparametric protocol. Furthermore, a range of 10-19 false positive cases
was recorded for the two less expert readers. In fact, these tumors can show no differences in MR signal characteristics
compared with Gleason 7 cancers because of their similar conspicuity on DWI and DCE-MRI [14-16]. Moreover, several
other pitfalls such as physiological changes in the peripheral and central zone, stromal benign prostatic hyperplasia,

acute/chronic prostatitis, may have hampered the diagnostic performance of less experienced readers [17, 18].

The limited added value of DCE MR imaging in a multi-parametric protocol is confirmed by our data, which showed
similar AUCs with or without the use of DCE MR imaging. In addition, DCE images might have confused the less
experienced reader because contrast enhancement in benign prostate hyperplasia can mimic prostate cancer and may,
therefore, have led to false-positive results, while at the same time low-grade tumors can show flow kinetics similar to those
of normal tissue, potentially leading to underestimation of tumor foci. An interesting finding of our study is that while the
overall detection of prostate cancer is influenced by reader’s experience, no significant differences were shown regarding
the detection of clinically significant prostate between the most experienced reader and the Reader 2 and Reader 3. This
could be due to PI-RADS classification, which standardizes the reporting, aiding less experienced readers.

The question whether the biparametric and multiparametric protocols were comparable in terms of clinically significant
prostate cancer is not novel and many studies support our results. [For example, Radtke and al. investigated the usefulness of
biparametric MR for the detection of prostate cancer in the anterior fibromuscular stroma and the transition zone of the
prostate. They demonstrated that biparametric MR is not inferior to multiparametric MR in terms of detection of clinically
significant cancer with the advantage to be more cost efficient [20]. The study of Stanzione et al., published in 2016,
revealed that multiparametric MR is not superior to biparametric MR in the detection of clinically significant prostate
cancer, as well [21]. Khul et al. supported these results proposing a short-time MR protocol for patients with elevated

prostate specific antigen [22]/[In this context, in the light of the increased number of MR exams, researchers investigated

new methods to reduce as much as possible the scan-time. Weiss et al. recently assessed the feasibility of simultaneous
multislice echo-planar DWI and compared their quality with that of single-shot echo-planar DWI. They showed a

Comment [ADP8]: Reviewer 2
3)Regarding the literature cited in
this article I would include some
more studies on the topic of
biparametric MRI for the detection
of significant prostate cancer in the
discussions of the results to put their
own results into context and to
support the positive outcome of
there study.

Authors: accordingly to the
reviewer’s suggestion, three recent

L studies were included.
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substantial reduction of the scan time maintaining a similar image quality [23]|

However, according to our knowledge, no previous studies considering readers of different grade of experience in assessing
multi-parametric MR images of the prostate are present in literature. Most of previous studies consider all expert readers
with several years of experience [9, 19, 21]. Therefore, our results might be more generalizable and applicable to less-
experienced radiologistsl. Furthermore, considering that MRI of prostate is now a very important useful tool not only for
cancer detection but also for cancer treatment once the diagnosis has been made, such as active surveillance, the results of

our study may offer benefits in terms of cost efficiency, scan time and patient safe. |

bur study had some limitations, [First, a potential limitation concerns the use of a field strength of 1.5 T without endorectal

coil instead of 3T. In spite of this, our study results are in line with those of previous studies performed using a 3T MR
scanner [9, 21, 24]. Moreover, credible results were obtained with 1.5T without use of endorectal coil on condition that
radiologist supervise and optimize protocols to obtain the best image quality possible [12, 25]. [Second, although the high

number of prostatectomy (43) and the long term follow up (> 6 months), the availability of the biopsy alone as gold
standard for certain patients may represent a limitation because they were performed “random” and not targeted. In this
way, if on one hand a negative follow up after a negative biopsy (all patients included in our study showed negative follow-
up) is certainly comfortable, on the other hand it is not always possible to exclude the presence of subclinical cancers. For

this reason, in case of false negative biopsy, this could have underestimated the presence of prostate cancer and,

included Gleason 4 and 5 under “not clinically significant” tumors. Although this choice does not impact neither with the
results concerning the clinically significant cancer detection (they are considered in the same group of the Gleason 6),
neither with the results of the overall cancer detection (there were no significant differences between the biparametric and
the multiparametric approach), it should be considered as a limitation. In fact, in recent years Gleason scores of 4 and 5
have mostly disappeared as pointed out by the 2014 International Society of Urological Pathology Consensus Conference

[26]. [Fourth, due to the retrospective nature of our study, our results need to be further validated, possibly with multicentric

and prospective design studies|

CONCLUSION:

The diagnostic accuracy of a bi-parametric MR imaging protocol consisting of T2-weighted imaging and DWI is
comparable with a standard multi-parametric imaging protocol for the detection of clinically significant prostate cancer.
Moreover, the experience of the reader does not affect the detection of clinically significant prostate cancer by using
biparametric or multiparametric MRI protocols and PI-RADS V2 classification. Further studies are necessary to assess if the

DCE MR imaging may definitively be omitted from the standard protocol or only be acquired for specific indications.

| two references and a short statement. |

Comment [ADP9]: Reviewer 1
4) Recent publications proposing
short protocols for prostate cancer
MR imaging should be included in
the introduction (e.g. Barth et al
2017, Weil et al . 2017).

Authors: Accordingly to the
reviewer’s suggestion, we added the

[ comment [ADP10]: Reviewer 1

1)The scope and results of this study
are not novel. It is already well-
estalished that the main diagnostic
information if prostate MRI lies in
the T2w and t DWI sequences. This
already reflected in the currect
version of PIRADS and will likely
be even more pronounced in future

versions.
J

(comment [ADP11]: Reviewer 1

ksuggestion.

7) Please discuss the limitations of
this paper in more detail in the
discussion.

A detailed discussion was now
developed according to the reviewer

[ cComment [ADP12]: Reviewer 1

L

3) The protocol parameters used in
this study are not within the
recommendations of the PIRADS
system. Thus, it is questionable how
the presented results can be
generalized to alternative study [—

.

Comment [ADP13]: Reviewer 1
5) Methods: Available
histopathologic correlation is
heterogenious in this study
including biopsies as well as
prostatectomy specimens. It is thus
difficult to determine the NPV and
specificity of the MR exams. (..

\ mostly disappeared. So the question[‘f

Comment [ADP14]: Reviewer 2

3) The authors also include a Gleason
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Figure 1. Flowchart of patients considered for inclusion, excluded patients and patients finally included in the study cohort.

Figure 2. Comparison of ROC curves among the three readers regarding the overall cancer detection and clinically
significant cancer detection using the two image sets (biparametric MRI and multiparametric MRI).

Figure 3. Example of correctly classified clinically significant tumor (Gleason Score 7 proven by radical prostatectomy). A
focal hypointensity is visible in the right posterior peripheral zone on T2-weighted MRI. The lesion is markedly
hyperintense on DWI and hypointense on ADC map and all the readers assigned a PI-RADS score of 4 for the Set 1 of MR
images. DCE-MRI revealed an early and clear enhancement and did not changed the opinion of the readers in the Set 2 of
MR images. Radical prostatectomy (RP) confirmed the presence of acinar adenocarcinoma (red arrow) with Gleason Score
7 (4+3) in the right posterior peripheral zone.

Figure 4. Example of uncorrectly classified non-clinically significant tumor (biopsy proven Gleason Score 6). A focal
hypointensity is visible in the left posterior peripheral zone on T2-weighted MRI. The lesion is mild hyperintense on DWI
and moderately hypointense on ADC map and the expert reader (Reader 1) assigned a PI-RADS score of 3 for the Set 1 of
MR images. DCE-MRI revealed an early and clear enhancement by inducing the Reader 1 to increase the Gleason score to 4
for the Set 2 of MR images. The less expert readers (Reader 2 and 3) assigned a PI-RADS score of 4 for the Set 1 of images
by interpreting the hyperintense signal on DWI and the hypointense signal on ADC map as focal and marked. They
confirmed the PIRADS 4 score at DCE-MRI.



Table 1. Sequence parameters of the T1-weighted, T2-weighted, DWI and DCE sequences used during the study.

DWI* T2-weighted FSE T1-weighted FSE DCE$
Image Set 1 Yes Yes Yes No
Image Set 2 Yes Yes Yes Yes
Repetition Time (msec) 2774 7000 700 7.6
Echo Time (msec) 55 120 15 3.7
In-plane resolution (mm) 2x2 0.8x1 0.8x1 1x1
Section thickness (mm) 3 3 5 3
Imaging planes Transverset Transverset,Coronal, Sagittal | Transverset Transverset
Acquisition time (min) 3.3 4.5 25 6.0
Total acquisition time Set 1
- 10.3 10.3 10.3 10.3
Total acquisition time Set 2 16.3 16.3 163 163

(min)

Note: T2-weighted FSE sequences included ADC map calculation. T1-weighted FSE sequences included fat saturation.

* DWI performed with b values of 0, 150, 500, and 1000 sec/mm.
1 Transverse plane angulated perpendicular to long axis of gland; DWI and T2-W imaging performed with field of view encompassing prostate gland and seminal

vesicles; T1-W imaging performed with field of view encompassing whole pelvis.
1 DCE performed with temporal resolution of < 8 seconds.




Table 2. Diagnostic performance of the 3 readers regarding the overall cancer detection and the clinically significant cancer detection for image Set 1 and image Set

2.
Overall cancer detection Clinically significant cancer detection
Sensitivity Specificity VPP VPN Sensitivity Specificity VPP VPN
(C1 95%) (Cl 95%) (C1 95%) (C1 95%) (C1 95%) (C1 95%) (Cl 95%) (C1 95%)
et 1 97.2% 61.5% 93.3% 80% 73.2% 63.6% 65.2% 71.8%
@
B (90.3%-99.7%) (31.6%-86.1%) (82.1%-97.8%) (44.4%-97 5%) (57.1%-85.8%) (47.8%-77.6%) (49.8%-78.7%) (55.1%-85%)
eader
Seto 97.2% 61.5% 93.3% 80% 82.9% 61.4% 66.7% 79.4%
@
(90.3%-99.7%) (31.6%-86.1%) (82.1%-97.8%) (44.4%-97 5%) (67.9%-92.6%) (45.5%-75.6%) (52.1%-79.2%) (62.1%-91.3%)
et 1 88.9% 23.1% 86.5% 27.3% 73.2% 70.5% 69.8% 73.8%
@
Ea— (79.3%-95.1%) (5%-53.8%) (76.6%-93.3%) (6%-61%) (57.1%-85.8%) (54.8%-83.2%) (53.9%-82.8%) (58%-86.1%)
eader
Set2 88.9% 23.1% 86.5% 27.3% 92.7% 47.8% 62.3% 87.5%
@
(79.3%-95.1%) (5%-53.8%) (76.6%-93.3%) (6%-61%) (80.1%-98.5%) (32.5%-63.3%) (49%-74.4%) (67.6%-97.3%)
et 1 83.3% 46.2% 89.6% 33.3% 73.2% 47.8% 56.6% 65.6%
@
BN (72.7%-91.1%) (19.2%-74.9%) (79.7%-95.7%) (13.3%-59%) (57.1%-85.8%) (32.5%-63.3%) (42.3%-70.2%) (46.8%-81.4%)
eader
Seto 83.3% 46.2% 89.6% 33.3% 80.5% 27.3% 50.8% 60%
€
(72.7%-91.1%) (19.2%-74.9%) (79.7%-95.7%) (13.3%-59%) (65.1%-91.2%) (15%-42.8%) (38.1%-63.4%) (36.1%-80.9%)




Table 3. ROC analysis results and pairwise comparison of the area under the curve (AUC) among the three readers with different experience.

Overall Clinically Significant Overall Clinically Significant
Cancer Detection Cancer Detection Pairwise ROC Cancer Detection Cancer Detection
AUCSetl | AUCSet2 | AUCSetl | AUC Set2 | Curve Comparison p value p value p value p value
value

(C1 95%) (C1 95%) (C1 95%) (C1 95%) & Set 1 Set 2 Set 1 Set 2
0.79 0.79 0.68 0.72

Reader 1 0.15 Reader 1 vs Reader 2 0.001 0.001 0.50 0.70
(0.69-0.87) (0.69-0.87) (0.57-0.78) (0.61-0.81)
0.56 0.56 0.72 0.70

Reader 2 0.72 Reader 2 vs Reader 3 0.18 0.18 0.02 0.001
(0.45-0.67) (0.45-0.67) (0.61-0.81) (0.59-0.80)
0.65 0.65 0.60 0.54

Reader 3 0.08 Reader 3 vs Reader 1 0.07 0.07 0.18 0.001
(0.54-0.75) (0.54-0.75) (0.49-0.71) (0.43-0.65)




Figure 1. Flowchart of patients considered for inclusion, excluded patients and patients finally included in the study cohort.

Figure 2. Comparison of ROC curves among the three readers regarding the overall cancer detection and clinically

significant cancer detection using the two image sets (biparametric MRI and multiparametric MRI).

Figure 3. Example of correctly classified clinically significant tumor (Gleason Score 7 proven by radical prostatectomy). A
focal hypointensity is visible in the right posterior peripheral zone on T2-weighted MRI. The lesion is markedly
hyperintense on DWI and hypointense on ADC map and all the readers assigned a PI-RADS score of 4 for the Set 1 of MR
images. DCE-MRI revealed an early and clear enhancement and did not changed the opinion of the readers in the Set 2 of
MR images. Radical prostatectomy (RP) confirmed the presence of acinar adenocarcinoma (red arrow) with Gleason Score

7 (4+3) in the right posterior peripheral zone.

Figure 4. Example of uncorrectly classified non-clinically significant tumor (biopsy proven Gleason Score 6). A focal
hypointensity is visible in the left posterior peripheral zone on T2-weighted MRI. The lesion is mild hyperintense on DWI
and moderately hypointense on ADC map and the expert reader (Reader 1) assigned a PI-RADS score of 3 for the Set 1 of
MR images. DCE-MRI revealed an early and clear enhancement by inducing the Reader 1 to increase the Gleason score to 4
for the Set 2 of MR images. The less expert readers (Reader 2 and 3) assigned a PI-RADS score of 4 for the Set 1 of images
by interpreting the hyperintense signal on DWI and the hypointense signal on ADC map as focal and marked. They
confirmed the PIRADS 4 score at DCE-MRI.
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Patients underwent multi-paninxtne-MRI
(mp-MRI) of the Prostiute between March
2013 snd December 2016 (n=160)

Inclusion critera:

-1.5T MRI of prostate performed because of elevated prostate-specific antygen level
and/or suspreion of prostate cancer at digital rectal exammanion;

-standardized prostanc bropsy performed within & months pre/after MR imagmg
examination ¢/o prostatectomy performed within 6 moaths after MR imaging
examination;

- negative follow up after a greater than 6 moenths (considermg PSA lovel and digital
rectum examination) in case of negative hopsy;

~adenocarcinoma type tumars in case of positive biopsy

N=85 included
patients

Exclusion critena:

-not avarlable/ meoncisive histologacal examination (n=72)

-not salisfactory mmapes (nultipk artifacts from, for example, towl hip replacements
patient movements) (n=2)

-hormonal therpy before MR imaging examimtion (n=1)
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