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Abstract

Objective: To evaluate the performance of a rapid, low cost, non-contrast MRI examination as a
secondary screening tool in detection of clinically significant prostate cancer.

Methods: In this prospective single institution study 129 patients with elevated PSA levels or
abnormal digital rectal examination findings underwent MRI with an abbreviated biparamatric
MRI protocol consisting of high resolution axial T2- and diffusion weighted images. Index lesions
were classified according to PI-RADS v2.0. All patients underwent standard transrectal ultrasound
guided (TRUS) biopsy after MRI with the urologist being blinded to MRI results. Subsequently all
patients with suspicious lesions (PI-RADS 3, 4 or 5) underwent cognitively guided targeted biopsy
after discussion of MRI results with the urologist. Sensitivity and negative predictive value for
identification of clinically significant prostate cancer (Gleason 3+4 and above) were determined.
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Results: Rapid biparametric MRI discovered 176 lesions identified in 129 patients. Rapid MRI

detected clinically significant cancers with a sensitivity of 95.1% with a negative predictive value
of 95.1% and positive predictive value of 53.2%, leading to a change in management in 10.8% of
the patients. False negative rate of bp-MRI was 4.7%.

Conclusions: We found that a bp-MRI examination can detect clinically significant lesions and
changed patient management in 10.8% of the patients. A rapid MRI protocol can be used as a
useful secondary screening tool in men presenting with suspicion of prostate cancer.

Original Research, submission category: Oncology
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Introduction

An ongoing challenge in the diagnosis and management of prostate cancer is to identify
biologically significant disease at a stage at which it is still of a curative size and grade,
while minimizing the detection of ‘insignificant’ cancers (1). The widespread adoption of
prostate specific antigen (PSA) as a screening tool led to a decrease in prostate cancer
mortality (2). However, there is concern that PSA screening has led to overdiagnosis and
overtreatment of clinically insignificant prostate cancers. There is an ongoing need for
improved prostate cancer screening tools to prevent both death related to aggressive prostate
cancer and morbidity due to unnecessary treatment. Multiparametric magnetic resonance
imaging (mp-MRI) has emerged as an important tool in prostate cancer diagnosis and risk
stratification with regard to the cancer aggressiveness (3,4). Unfortunately, the use of mp-
MRI as a screening tool for prostate cancer is cost- and time-prohibitive due to the long
scanning time necessary to acquire multiple sequences, added cost of IV contrast, and
patient discomfort associated with long MRI scanning protocols.

Currently, prostate MRI exams are evaluated and reported according to the standards of the
Prostate Imaging Reporting and Data System (PI-RADS) version 2 (5). In PI-RADS v2, T2-
weighted (T2w) and diffusion weighted imaging (DWI) sequences are key in determining
the appropriate score. Positive early enhancement on dynamic contrast enhanced (DCE)
imaging may serve as a modifier to upgrade the score from PI-RADS 3 to 4 in the peripheral
zone. Thus DCE only plays a supplementary role in the peripheral zone and has no role in
the transition zone. It may be argued that both PI-RADS 3 and 4 lesions require further
attention regardless, and many urologists (including those at our institution) prefer to biopsy
all lesions with PIRADs scores =3. Hence, the effect of DCE is not critical and may not
warrant its drawbacks.

Thus, there is potential benefit in creating a biparametric (T2w and DWI based) protocol
using a limited number of sequences and omitting DCE acquisition for prostate cancer
screening as shown also by Boesen et al. (6). Other prior evaluations of a biparametric
protocol were either retrospective (7) or if prospective, were part of a two-step assessment
where patients were scanned with a complete mp-MRI protocol while a “hypothetical

Urology. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Obmann et al. Page 3

biparametric protocol” consisting of T2w and DW!I sequences were evaluated first and then
compared with the full multiparametric protocol (8,9). Although diagnostic accuracy of bp-
MRI can be determined in this setting, it remains unclear whether clinical decisions were
based on mp-MRI or bp-MRI findings. Here we provide another proof of concept study to
add to the experience of Boesen et al. (6), exploring the use of a limited, rapid biparametric
MRI exam in conjunction with a modified PIRADs v2 assessment and a cognitively targeted
biopsy to diagnose prostate cancer.

The aim of the present study was to prospectively evaluate a non-contrast biparametric
screening MRI protocol including only T2w and DWI images for its effect on patient
throughput time and diagnostic accuracy using histopathology from systematic and targeted
prostate biopsy as a gold standard.

Materials and Methods

Study design

This study was approved by the local institutional review board (IRB). Between September
2015 and April 2017, 133 biopsy naive men were referred to the Urology Department of our
tertiary care center for evaluation of elevated prostate specific antigen (PSA) or abnormal
digital rectal examination (DRE) and provided informed consent for participation in this
prospective study (Figure 1). Abnormal PSA blood test was defined as >2.5 ng/mL for men
<50 years of age, >3.5 ng/mL for men <60 years of age, and >4.5 ng/mL for men >60 years
of age. Abnormal digital rectal exam was defined as a palpable nodule, induration, or firm
area within the prostate. The current standard for these patients is to perform a transrectal
ultrasound (TRUS) guided biopsy. In order to avoid any bias due to post biopsy changes in
MRI, imaging was performed prior to biopsy in all patients (Figure 1). MRI was
successfully performed for 129 patients and these were included in the analysis. Four
patients were excluded due to extensive artefacts from hip implants strongly degrading the
study (n=2), degradation of diffusion weighted images due to excess bowel gas (n=1) and a
technical issue in the MRI scanner at the time of examination (n=1) (Figure 1).

MR Imaging
MRI examinations were performed on 3T scanners (Magnetom Verio® and Magnetom
Skyra®, Siemens Healthinieers, Erlangen, Germany). The rapid MRI protocol contained a
single shot T2w sequence in axial, coronal and sagittal planes, an axial high resolution T2w
turbo spin echo (TSE) and axial diffusion weighted imaging (DWI) with apparent diffusion
coefficient (ADC) mapping. The detailed sequence parameters are summarized in
Supplementary Table 1.

Suspicious lesions were categorized on a 5-point scale according to a modified PI-RADS
v2.0 (mPI-RADS) by a fellowship trained radiologist with 14 years of experience in clinical
MR imaging at the time of study beginning (***). We refer to this as a mPIRADS system
from here forward, as DCE, which is part of formal PIRADs classification, is not included.
Since the bp-MRI protocol does not include dynamic contrast-enhanced imaging, scoring of
lesions in the peripheral zone relied on diffusion-weighted image findings (dominant
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sequence) only. An equivocal score of 3 in the peripheral zone was not considered for
upgrading to a score of 4 due to the lack of positive dynamic contrast-enhanced images.
Scoring of transition zone lesions was unaffected. Although all patients underwent 12-core
TRUS biopsy after MRI, lesions diagnosed as mPI-RADS 3, 4 or 5 were recommended for
additional targeted biopsy. Studies with a mPI-RADS score of 1 or 2 were not recommended
for biopsy based on MRI results but all patients still underwent a standard TRUS biopsy as a
part of the study protocol. Therefore, the results of these biopsy examinations were
compared to MRI findings. The table time (i.e. the time elapsed from when the patient
entered the scanner to when they exited the scanner) and scan time (the time from beginning
to end of image acquisition) was recorded for every patient.

Prostate Biopsy

All patients underwent standard 12 core TRUS guided sextant biopsy following MRI,
performed by two urologists (*** or ***) with 13 and 18 years of experience at the time of
study initiation, who were initially blinded to the MRI results. After systematic biopsy, MRI
data were revealed to the urologist and suspicious lesions were cognitively targeted with 2
cores per lesion during the same session. All cores were evaluated on histopathology and
classified according to the Gleason scoring system. The lesions with Gleason score 3 + 4
and above were classified as clinically significant cancer. The locations of the suspicious
lesions recommended for additional targeted biopsy were then correlated with the
histological locations listed on the pathology report to determine correspondence between
MRI and pathology locations.

Statistical Analysis

Using histopathology as the gold standard, sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) of the rapid MRI protocol were calculated using
SPSS statistics software (Version 25, IBM, Armonk, New York, USA). The area under the
curve (AUC) of the receiver operating characteristics (ROC) was assessed. On MRI, a mPI-
RADS score of 1 or 2 was considered as negative and a mPI-RADS 3 or above as positive.
On pathology, a Gleason score 3 + 4 or higher was considered to represent positive for
clinically significant cancer, while benign prostate tissue, prostatitis, high grade prostate
intraepithelial neoplasia, small acinar cell proliferation or Gleason 3+3 disease was
classified as true negatives.

The lesions missed by standard TRUS biopsy and by the MRI exam were separately
described. We further evaluated the instances in which MRI changed the management for the
patients compared to the systematic TRUS-guided biopsy. Patients who had histological
findings that differed between TRUS and targeted biopsy were analyzed, and cases where
targeted biopsy identified an otherwise undetected clinically significant cancer or upgraded
the Gleason score were considered a change in management over TRUS. The specific cases
were reported and the percentage of cases with this occurrence was calculated.
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Examination time

A total of 129 patients (age range: 47—77 years; mean age 61.8 years) were successfully
scanned with the rapid MRI protocol. A summary of patient baseline characteristics is
shown in supplementary Table 2. The average scan time for running this protocol was 11.9
minutes. The average table time was 15.7 minutes. A total of 184 lesions were identified and
assigned a mPI-RADS score: 111 lesions were assigned a score of mPI-RADS 3, 4 or 5 and
65 lesions were assigned a mP1-RADS score of 2. Eight studies were read as entirely normal
and were assigned as mPI-RADS 1 (supplementary Table 3).

MRI pathology correlation

All 23 of 23 (100%) lesions categorized as mPI-RADS 5 turned out to be clinically
significant prostate cancer. A total of 25 out of 39 (64.1%) mPI-RADS 4 lesions and 11 out
of 49 (22.4%) mPI1-RADS 3 lesions were proven to be clinically significant cancer. In 3
patients with a PI-RADS 2 lesion (4.7%), TRUS biopsy revealed clinically significant
cancer. No cancer was found on biopsy on MRI scans categorized as mPI1-RADS 1 (0 out of
8) (Table 1). MRI detected clinically significant cancers with a sensitivity of 95.1% (95% ClI
86.5%, 98.99%), specificity of 57.3% (95% CI 48.1%, 66.26%), NPV of 95.1% (95% CI
88.45%, 98.61%) and PPV of 53.2% (95% CI 47.82%, 58.41%). This results in an area
under the ROC curve (AUC) of 0.76 (Table 3).

Clinical management/Impact of MRI

The rapid MRI protocol and subsequent cognitive guided biopsy changed management in 14
out of 129 (10.8%) of the patients (Table 2). In 13 patients, the rapid MRI detected tumors
(located anteriorly, apically or in the transitional zone) that were diagnosed as benign
prostatic tissue, inflammation or Gleason 3+3 tumor based on TRUS biopsy. Further, a
Gleason 4+3 tumor was upgraded to a Gleason 4+4 tumor in one patient due to targeted
biopsy based on MRI guidance compared to TRUS biopsy results.

MRI was falsely negative for clinically significant cancer in 4.7% of patients as TRUS
biopsy revealed a Gleason 3+4 tumor in two of these patients (tumor volume 20% of the
core in one patient and 40% of the core in second patient) and a Gleason 4+3 tumor in one
patient (tumor volume of 5% of the core) while MRI did not show a suspicious lesion (Table
2). The MRI scans for these three patients were reevaluated but no suspicious lesion was
identified even on retrospective evaluation.

Discussion

This study prospectively demonstrated the clinical feasibility and utility of a rapid MRI
protocol for detection of clinically significant prostate cancer. The rapid MRI protocol
detected cancers proven to be Gleason 3+4 grade or above on pathology with a high negative
predictive value and high sensitivity without the need for contrast, while also improving
clinical throughput compared to a traditional multi-parametric contrast enhanced MRI exam.
Our results demonstrating a NPV of the bp-MRI protocol of 96% for a modified PI-RADS
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score of =3 for clinically significant prostate cancer are concordant with Boesen et al. (97%)
The sensitivity reported in their protocol was also similar to ours (95% and 98%,
respectively) (6). Current state of the art for this examined patient cohort is systematic
TRUS biopsy. The bp-MRI protocol allowed detection of more cases of clinically significant
cancer than TRUS biopsy and thus resulted more often in appropriate workup and treatment.

This concept of bp-MRI has been hypothesized in meta-analyses (11,12), and was
retrospectively evaluated by analyzing a subset of sequences acquired as a part of mp-MRI
protocol by Kuhl et al. (13). They also stated that a rapid bp-MRI protocol can serve as a
quick noninvasive test to sort out the multitude of men who do not require biopsy and help
identify and consolidate the ones at risk of having significant prostate cancer. However,
slightly differently from Kuhl et al., we included coronal and sagittal plane single shot T2w
sequences, which allows better anatomic localization of suspicious cancer lesions within the
gland and gives the urologist more information for biopsy planning. A biparametric MRI
examination was evaluated prospectively by Jambor et al. as a prospective clinical trial
(IMPROD ftrial) (14). However, this study from Jambor et al. did not use PI-RADS for lesion
classification on MRI and the urologists performed cognitive biopsy based on MRI findings
followed by a transrectal ultrasound guided biopsy. In our study, the urologists were initially
blinded to the MRI findings and a TRUS-guided biopsy was performed as per the standards
of clinical care. Later, MRI findings were revealed to the urologist and additional targeted
biopsy was performed based on the PI-RADS score assigned to the lesions.

Several other studies have compared a “biparametric reading session” out of a full mp-MRI
protocol with the results of the latter in biopsy-naive men (7-9) as well as in the setting of
tumor recurrence assessment after therapy (15). All showed that bp-MRI and mp-MRI had
similar or even higher (16) diagnostic accuracy as the full exam, but that bp-MRI has the
advantage of being shorter and cheaper. The present study shows that effective patient care is
possible in patients with suspicion of prostate cancer with use of a rapid MRI protocol that
can act as a secondary triaging tool without placing undue burden on clinical scanners in
terms of scanning time or costs. The table time for traditional multiparametric prostate MRI
exam is approximately 45 minutes while this protocol achieved a high diagnostic accuracy in
approximately a third of the table time without the use of a contrast agent. Many of these
patients may have repeated MRIs over their lifetimes. Given concerns about gadolinium
deposition, current recommendations suggest that gadolinium use should be limited to
settings where it is necessary for diagnosis, and this consideration may also factor into the
use of this non-contrast protocol (17). It has also been shown through decision analysis
models that such a protocol can be cost effective in clinical practice in a variety of settings
(18-20).

An implicit trade-off in the biparametric approach is the loss of ability to potentially upgrade
a Category 3 lesion to a Category 4 in the peripheral zone. The importance of this tradeoff
depends greatly on how the management of these lesions is approached at an institution. If
the adopted approach is that all Category 3 or higher lesions are to be biopsied (the approach
at our Institution), then there is no clinical consequence to a biparametric approach, as
Category 3 and Category 4 lesions are both considered “biopsy” lesions. However, if the
adopted approach involves not biopsying some or all of Category 3 lesions based on risk
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stratification, then the distinction between Category 3 and 4 has the potential to be clinically
significant. Transition zone lesions would still not be affected by this biparametric approach,
as DCE plays no role in categorizing these lesions. Similarly, patients with a higher
suspicion synchronous lesion would also still go to biopsy. If a decision is made to call back
patients needing a DCE stratification to make a biopsy decision, per our data, 26 patients
(20% of the total population screened in this manner) could require additional DCE
evaluation if an institution chooses to not biopsy Category 3 lesions. Of course, if the pretest
suspicion of cancer is high in a subset of this group and thus a biopsy would be indicated
regardless of DCE score, then the fraction needing to be recalled would be lower.

We used a cognitively guided biopsy technique. Our results are in line with previous studies
that used cognitive MRI guidance for prostate biopsy (21,22). We were able to diagnose
more anteriorly located, transitional zone and apical tumors on MRI-targeted biopsy
compared to TRUS biopsy. Previous studies have shown that these are the tumors that are
most frequently missed by standard 12-quadrant ultrasound guided biopsy (23). Moreover,
there has been rising concern over the morbidity and cost of over-diagnosis and
overtreatment in men diagnosed with low risk, clinically nonsignificant disease (Gleason
grade <3+4) based on abnormal PSA level or abnormal DRE findings (24,25). Hence, a
secondary screening diagnostic tool with a high negative predictive value for clinically
significant cancer is desirable. Our results are in line with previous studies that MRI
followed by a targeted biopsy has a high negative predictive value for detection of clinically
significant prostate cancers (26,27). In addition, the false negative rate was lower than 5%,
which is in the same range as for mpMRI (6,28,29).

There are several limitations to our study. First, there is no control group of patients who
received a full multiparametric MRI protocol and thus this is a non-randomized study
design. It has been demonstrated that the sensitivity of bp-MRI at 3T in the detection
prostate cancer is similar to that of mp-MRI (8,16,30,31), and some investigators have found
that DCE could potentially add to the false positive exams (8). Kuhl et al. showed that bp-
MRI missed 1 out of 139 clinically significant cancer while mp-MRI misclassified 11 cases
as false positive. This study focused on the correlation of bp-MRI with biopsy pathology
only and not prostatectomy, which is the ultimate gold standard. While it is obviously not
ethical to add prostatectomy for research purposes only, as experience with this exam grows
and patients who have undergone the exam have prostatectomies, future work can explore
this more direct correlation to the gold standard. Another limitation of this study was that all
patients were grouped into mPI-RADS 1 or 2 vs. mPI-RADS 3-5 and no further distinction
in the treatment was made between P3 and 4, the clinical implications of which have been
discussed above. An additional limitation is that we used cognitive targeting rather than
ultrasound-MR fusion or direct in-bore biopsy, and this may be less accurate. As this study
was initiated in 2015, at that time we used cognitive targeting at our institution. Although it
seems intuitive that cognitive targeting should be less accurate than MRI-ultrasound fusion
or in-gantry biopsy techniques (32), recent studies from Monda et al and Lee et al indicate
that there is still a lack of consensus regarding the superiority of ultrasound-MR fusion over
cognitive targeting (33,34). Future work can explore additional forms of targeting. Finally,
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this is a proof of concept study with a relatively small sample size. Future studies with larger
cohorts are needed to continue to explore this important topic.

Conclusions

This study demonstrates that a rapid MRI protocol can be implemented in clinical practice
and utilized for triaging patients that need further workup based on a modified PIRADs
scoring system, from those with a very low probability of clinically significant cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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133 patients with
elevated PSA or abnormal DRE

Exclusion of 4 patients

129 rapid MRI scans

TRUS biopsy

l

Interdisciplinary meeting:
Unblinding of the Urologist

mPIRADS 1 or 2: no further workup
n=45

mPIRADS 3, 4 or 5: cognitive biopsy
n=284

Figure 1. Study participant workflow.
A total of 133 patients with elevated PSA were enrolled in this study. Four patients were

excluded; three because of extensive artefacts in the prostate region due to total
endoprosthetic hip replacement (n=2) or due to excessive bowel gas causing sever distortion
artefacts on diffusion weighted images (n=1). Another patient was excluded due to technical
problems of the MRI scanner and the inability to obtain a full diagnostic MRI exam. The
MRI exams of 129 patients scanned with the biparametric rapid MRI protocol were included
in the statistical analysis. All 129 patients subsequently underwent TRUS biopsy. After
systematic biopsy the Radiologists unblinded the Urologist to MRI findings. 84 Patients
with a mPI-RADS lesion 3, 4 or 5 underwent further cognitive targeted biopsy in the same
biopsy session. PSA = Prostate specific antigen; DRE = Digital rectal examination; MRI =
Magnetic resonance imaging, TRUS = Transrectal ultrasound guided 12 quadrant prostate
biopsy, mPI-RADS = modified Prostate Imaging Reporting and Data System
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Table 1.

Pathologic correlation of MRI findings in 129 patients with 184 lesions

MRI findings Pathological correlation N
mPIRADS 1 (n=8) Benign prostatic tissue 4
Prostatitis 4
mMPIRADS 2 (n=65) Benign prostatic tissue 17
High grade prostatic intraepithelial neoplasia(HGPIN) 6
Small acinar proliferation 3
Prostatitis 29
Gleason 3+3 =6 7
Gleason 3+4 =7 2
Gleason 4+3 =7 1
mPIRADS 3 (n=49) Benign prostatic tissue 11
High grade prostatic intraepithelial neoplasia (HGPIN) 2
Small acinar proliferation 1
Prostatitis 16
Gleason 3+3=6 8
Gleason 3+4 =7 7
Gleason 4+3 =7 3
Gleason 4+4 =8 1
MPIRADS 4 (n=39) Benign prostatic tissue 4
High grade prostatic intraepithelial neoplasia (HGPIN) 2
Prostatitis 3
Gleason 3+3=6 5
Gleason 3+4 =7 10
Gleason 4+3 =7 11
Gleason 4+4 =8 2
Gleason 4+5=9 2
MPIRADS 5 (n=23) Gleason 3+4=7 9
Gleason 4+3 =7 8
Gleason 4+4 = 8 2
Gleason 4+5=9 3
Gleason 5+5 = 10 1
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Table 2.

Change of management due to rapid MRI protocol or TRUS biopsy

Management changed by MRI

Diagnosis on targeted biopsy  Diagnosis on TRUS biopsy N (%)
Gleason 3+4 Benign prostatic tissue 8 (6.2%)
Gleason 3+4 Gleason 3+3 2 (1.6%)
Gleason 4+3 Gleason 3+3 2 (1.6%)
Gleason 4+3 Benign prostatic tissue 1(0.8%)
Gleason 4+4 Benign prostatic tissue 1(0.8%)
Gleason 4+4 Gleason 4+3 10.8(%)
Management changed by 12-quadrant TRUS biopsy

Diagnosis on targeted biopsy  Diagnosis on TRUS biopsy N

No suspicious lesion to target ~ Gleason 3+4 2 (1.6%)
No suspicious lesion to target ~ Gleason 4+3 1(0.8%)
Gleason 3+3 Gleason 3+4 1 (0.8%)
Gleason 3+3 Gleason 4+3 1(0.8%)
Gleason 3+4 Gleason 4+3 2 (1.6%)
Gleason 4+3 Gleason 4+4 1(0.8%)
Gleason 5+4 Gleason 5+5 1(0.8%)
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In 15 out of 129 (%) patients targeted biopsy based on findings from the rapid biparametric MRI protocol revealed an increase of histological tumor
grade compared to the diagnosis based on TRUS biopsy. In 3 out of 129 (2.3%) patients there was no targetable lesion identifiable on MRI Images
although TRUS biopsy diagnosed a Gleason 3+4 (n=2) and 4+3 (n=1) cancer. In 6 out of 129 (4.7%) histological tumor grade increased from

targeted to TRUS biopsy. However, diagnosis changed from clinically insignificant to significant cancer in 2 patients (1.6%).

MRI = Magnetic resonance imaging, TRUS = Transrectal ultrasound
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Table 3.

Diagnostic performance of rapid MRI protocol

Biopsy proven pathology

MRI Cancer Benign
Positive 59 (TP) 52 (FP) 0.53 PPV
Negative 3 (FN) 70 (TN) 0.96 NPV

0.95 Sensitivity ~ 0.573 Specificity ~ 70.11% Accuracy
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Rapid biparametric MRI resulted in a sensitivity and specificity of 95% and 57.3% and a positive predictive value (PPV) of 53.1% and negative
predictive value (NPV) of 95.8% for the detection of clinically significant cancer (Gleason =3+4). This results in a diagnostic accuracy calculated

as (TN+TP)/(TN+TP+FN+FP) of 70.11%

A positive MRI includes lesions scored PIRADS 3 and above, while a negative MRI includes PIRADS 1 and 2 lesions.

MRI = Magnetic resonance imaging, TP = true positive, FP = false positive, FN = false negative, TN = true negative, PPV = positive predictive

value, NPV = Negative predictive value
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