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Abstract
Background Multiparametric magnetic resonance imaging (MP-MRI) and MRI/ultrasound (US) fusion-guided biopsy are
becoming more widely used techniques for prostate cancer (PCa) diagnosis and management. However, their widespread
adoption and use, where available, are limited by cost and added time. These limitations could be minimized if a bipara-
metric MRI (BP-MRI) focusing on T2-weighted and diffusion-weighted imaging is performed. Herein we report the cancer
detection rate of BP-MRI compared with full MP-MRI.
Methods Biopsy-naive and prior negative biopsy patients with clinical suspicion for PCa underwent MP-MRI with an
imaging protocol incorporating narrow field-of-view T2-weighted, diffusion-weighted, and DCE pelvic MRI. Then patients
underwent MRI/US fusion-guided biopsy of target lesions between November 2013 and October 2017. The pathology
results were compared to the positivity of the DCE sequence compared to the BP-MRI findings alone.
Results There were 648 targeted lesions biopsied in 344 patients. We defined biparametric screen filter positivity as both T2-
weighted and diffusion-weighted imaging positivity for the same lesion. The majority of target lesions (552/648, 85%) were
screen filter positive. For those that were screen filter negative, a minority (14/96, 15%) had DCE-positive findings. Of these,
2/3 (67%) cancer-positive cases were seen on T2-weighted imaging. For those 82 that were screen filter negative and DCE
negative, the DCE phase would not have added imaging suspicion. Only 3/82 (3.7%) were cancer positive; 2 with low risk,
grade group 1 cancer and 1 with intraductal carcinoma, all identified on targeted T2-weighted MRI positivity.
Conclusions BP-MRI for the evaluation of PCa and for guiding MRI/US fusion-targeted biopsy has the advantages of
reducing cost, time, and contrast exposure of MP-MRI by eliminating the DCE phase. These benefits are realized without
forfeiting valuable diagnostic information, as shown by similar cancer detection rates of BP-MRI and MP-MRI in this study,
particularly for clinically significant cases of PCa.

Introduction

Prostate cancer (PCa) is the most common solid organ
malignancy in American men and the leading cause of
cancer mortality in this population, with 29,430 deaths

projected in 2018 [1]. PCa is traditionally most often diag-
nosed on systematic transrectal ultrasound (TRUS)-guided
extended-sextant prostate biopsy performed owing to sus-
picion from elevated prostate-specific antigen (PSA) or
abnormal findings on digital rectal exam (DRE). Multi-
parametric magnetic resonance imaging (MP-MRI) and
MRI/ultrasound (US) fusion-targeted biopsy (TBx) are
relatively new techniques for detection of PCa that allow for
targeted, image-guided sampling of lesions suspicious for
cancer and reduction of sampling error, as well as evaluation
of regional structures such as seminal vesicles, bones, and
lymph nodes for PCa involvement. Studies have shown that
TBx enables superior detection of clinically significant cases
of PCa when compared to systematic biopsy alone [2, 3].

However, the use of MP-MRI to guide TBx is limited by
several factors, including cost, time of image acquisition
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and interpretation, and use of intravenous, gadolinium
contrast. MP-MRI of the prostate is comprised of anato-
mical T2-weighted imaging (T2W) in addition to functional
imaging techniques, commonly diffusion-weighted imaging
(DWI) and dynamic contrast enhancement (DCE) sequen-
ces. This typically requires 30–45 min of MRI gantry time,
placement of intravenous access, and contrast administra-
tion [4, 5]. The use of contrast contributes additional cost
and time, as well as the potential risk of gadolinium-based
contrast administration complications. It has been proposed
that these clinical risks and burdens could be reduced by
eliminating the DCE sequence altogether. Instead, per-
forming a more abbreviated biparametric-MRI (BP-MRI)
would require less time (approximately 15–30 min less per
case), cost less, and obviate the need for contrast adminis-
tration and associated risks [4, 6]. As such, this diagnostic
modality could significantly improve patient access while
limiting many of the financial and time constraints institu-
tions face with traditional MP-MRI [7].

While these are compelling reasons to eliminate DCE
in this setting, the potential of reducing diagnostic accuracy
must be considered. Therefore, BP-MRI must first be
shown not to overlook clinically significant PCa that a
DCE phase would detect. It has been previously reported
that BP-MRI in men with elevated PSA has a similar
diagnostic accuracy compared to full MP-MRI [4].
Herein we aimed to determine the cancer detection rate
(CDR) of BP-MRI compared to traditional MP-MRI in
men who were either biopsy naive or had one or more
prior negative prostate biopsies to further investigate
the necessity of DCE for reliable detection of clinically
significant PCa.

Methods

An Institutional Review Board-approved, HIPAA (Health
Insurance Portability and Accountability Act)-compliant
retrospective review of prostate MP-MRI and MRI/US
fusion-TBx records from November 2013 to October 2017
was performed. Patients meeting our inclusion criteria were
those who underwent MP-MRI for clinical suspicion of PCa
based on elevated serum PSA level and/or abnormal DRE
without prior PCa diagnosis. This included both biopsy
naive men as well as those with a prior negative biopsy.
Patients with suspicious lesions on MP-MRI underwent
TBx. All patients also underwent concurrent 12-core
extended-sextant biopsy at the time of TBx if they had
not undergone a separate standard template biopsy within a
12-month period. For patients with more than one MRI/US
fusion-TBx, only the initial MP-MRI and TBx session data
were included in this study. Our inclusion criteria are
summarized in Fig. 1.

Our standard prostate MP-MRI protocol consisted of
a baseline non-contrast T1 phase, triplanar T2W imaging,
DCE imaging, and DWI with multiple b-values, including
a high b-value sequence from which an apparent diffusion
coefficient map was derived [8]. All images were reviewed
by a body radiologist with subspecialization in genitour-
inary MRI on an Intellispace Portal (Philips Medical sys-
tems, Eindhoven, The Netherlands) Picture Archiving
Communications System. These were secondarily reviewed
in a multidisciplinary prostate imaging conference consist-
ing of body radiologists, genitourinary pathologists, and
urologic oncologists. In this setting, each suspicious lesion
was discussed and assigned a PI-RADS v.2 suspicion score,
with denotation of imaging parameter positivity and three-
dimensional segmentation of the prostate volume and
regions of interest for TBx guidance in the DynaCad post-
image processing software platform (Philips/InVivo Corp,
Gainesville, FL, USA) as previously described [9].

Next, the results were interpreted according to BP-MRI
screen filter and DCE positivity. BP-MRI screen filter
positivity was defined as a foci having both T2W and
DWI positivity. The zonal and anatomical location of BP-
MRI screen filter-negative lesions that were positive on
traditional MP-MRI were recorded.

Results

A total of 344 men met the inclusion criteria for this study
that afforded 648 target lesions for analysis. Our study
population comprised a median age of 65 years (SD 7.69,
interquartile range 60–70), 204 (59%) of which were white,
65 (19%) black, 2 (1%) Hispanic/Latino, 2 (1%) Asian,
and 71 (21%) where this demographic was not available
(Table 1). The study population had a median PSA of 7.61

Fig. 1 Inclusion and exclusion criteria for MP-MRIs included in the
study analysis
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ng/mL (SD 9.96, interquartile range 5.29–10.7). Ninety-five
patients (28%) were biopsy naive, while 249 (72%) had a
history of one or more prior negative prostate biopsy ses-
sions. Of those who had prior negative biopsy sessions
before undergoing MRI and TBx, 145 men had 1 prior
biopsy session, and 104 had ≥2 (range 1–9, SD 1.14).

The imaging characteristics and subsequent surgical
pathology of the 648 targeted lesions are recorded in Fig. 2.
The majority of target lesions (552/648, 85%) were BP-
MRI screen filter positive. Among these lesions, 201 (36%)
were DCE positive.

For the 96 (15%) target lesions that were BP-MRI screen
filter negative, imaging characteristics, anatomical location,
and final surgical pathology were reviewed. A small min-
ority (14/96, 15%) exhibited DCE positivity: 4 (29%) in the
central gland (CG) and 10 (71%) in the peripheral zone
(PZ). Among these, 3 (21%) harbored cancer. While two
lesions were more favorable risk PCa (Gleason 3+ 3= 6,
grade group 1 and low volume Gleason 3+ 4= 7, grade
group 2), one did contain 4+ 5= 9 disease. All but one
cancer-positive case was appreciated on the T2W phase
(Fig. 2).

Among the 82/96 (85%) BP-MRI screen filter and DCE-
negative lesions, 26 (32%) were located in the CG, 53
(65%) in the PZ, 1 (1%) located at the CG/PZ junction, and
1 (2%) in the seminal vesicles. As such, the DCE phase
would not have provided any additional clinical benefit nor
upgraded PI-RADS v.2 suspicion score [10]. In these
screen-negative cases, where only T2W or DWI was posi-
tive, surgical pathology found PCa in 3/82 (4%) lesions. All
three lesions were detected on T2W imaging in isolation.
Two cases were low-risk disease (Gleason 3+ 3= 6, grade
group 1) and one case harbored variant intraductal carci-
noma, which could not formally be graded. The

comprehensive pathology findings of screen-negative TBx
lesions are illustrated in Fig. 2.

Discussion

MP-MRI and TBx are modern, ever-expanding techniques
for optimized detection of PCa compared to traditional
TRUS-guided systematic or extended-sextant biopsy. These
novel modalities are becoming widely available and inte-
grated into daily clinical practice [11]. Nevertheless, the
substantial costs and experience necessary for conducting
high-fidelity imaging protocols and interpreting these ima-
ging studies continues to pose a challenge for many pro-
viders [12]. More specifically, traditional MP-MRI
protocols are costly and time-consuming, and controversy
exists surrounding the use of contrast. These are modifiable
factors that have limited access to certain patient popula-
tions due to regulations imparted by insurance providers
and health-care payer systems [13, 14]

Currently, most prostate biopsies are prompted by an
elevated serum PSA level or abnormal DRE. However, PSA
screening and systematic biopsy alone often find clinically
insignificant PCa, which has been shown to lead to over-
treatment with limited benefit in cancer-specific or overall
survival measures [15, 16]. With the widespread use of
active surveillance for lower-risk PCa, prostate MRI leads
to better risk stratification and increased confidence for safe
cancer surveillance and is supported in current American
Urological Association and the Society for Abdominal
Radiology guidelines [17–19]. Additionally, differentiation
of clinically significant cases of cancer in patients initially
diagnosed with possible active surveillance-eligible low-
risk disease has been quantified and calculated with MRI-
based risk calculators [8]. Evidence supporting the role of
MRI as a screening tool in biopsy-naive men had been
limited to smaller series and relied largely on the negative
predictive value of the diagnostic imaging study [9, 20].
However, recent investigation by an international, multi-
center randomized trial demonstrated the benefit of MRI
and MRI-directed biopsy over the standard TRUS-guided
systematic biopsy approach in a population of biopsy-naive
men [21]. As MRI finds more wide-spread adoption and
implementation in the workflow of PCa detection, even
prior to first biopsy, it is imperative to be cost-conscious to
allow for wider public health reach of benefit.

One potential strategy for reducing the cost, study time,
and contrast-associated risks is elimination of the DCE MRI
phase, thus relying solely on BP-MRI that consists of just
the T2W and DWI MRI sequences. This would require less
time and less overall imaging and radiologic interpretation-
associated expenses, as well as obviating the need for
intravenous catheter insertion and contrast administration.

Table 1 Patient demographics

All Biopsy naive Prior negative

Age (years) 65 (7.69) 65 (7.76) 65 (7.67)

<50 12 5 7

51–60 75 16 59

61–70 177 45 132

71+ 80 29 51

Race

White 204 69 135

Black/African
American

65 12 53

Hispanic/Latino 2 0 2

Asian 2 2 0

Patient refused/declined 71 12 59

PSA (ng/mL) 7.61 (9.96) 6.00 (7.90) 8.40 (10.6)
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However, up to this point, there is a paucity of evidence in
support of omitting the DCE phase and only obtaining
sequences in a BP-MRI study to safely detect PCa in this
setting.

BP-MRI is a less-invasive imaging modality that has
potential as a more rapid, affordable screening tool for PCa
coupled with standard screening with PSA and DRE. A
multidisciplinary group at the National Cancer Institute
evaluated 143 biopsy-naive men who underwent full MP-
MRI. They observed that using the BP-MRI sequences
alone superiorly predicted the presence of PCa compared to
PSA level or PSA density (PSAD) alone. When analyzed in
conjunction with PSA and PSAD, integrating BP-MRI data
significantly improved the sensitivity and specificity of
clinically significant PCa detection [6]. These findings were
further validated by the same center in a subsequent cohort
of 59 biopsy-naive patients [22].

Kuhl et al. reported similar findings in their evaluation of
542 men with an elevated serum PSA (≥3 ng/mL) who
underwent MP-MRI with a separate BP-MRI interpretation
[4]. In their study, complete MP-MRI with contrast
enhancement only affected the diagnosis of one clinically
significant case of PCa out of a total of 139 (<1%), which
would not have been otherwise detected with BP-MRI. In
the current study, performing the DCE phase of the MP-

MRI would permit detection of three screen-negative
lesions that were PCa positive on TBx. However, two of
these lesions would have been identified and targeted based
upon T2W. Kuhl et al. found that the diagnostic accuracy of
BP-MRI for clinically significant PCa (89.1%, 483 of 542)
was comparable, if not slightly better, than that of the full
MP-MRI with DCE (87.2%, 473 of 542) for evaluation and
suspicion scoring prior to biopsy. In their study, BP-MRI
was achieved in <9 min while providing “diagnostic accu-
racy and CDRs that are equivalent to those of conventional
full multiparametric contrast-enhanced MR imaging proto-
cols,” which is a much longer diagnostic study requiring
30–45 min to perform [4].

It should be mentioned that radiologists were not blinded
to the DCE phase of each case, and therefore it is possible
that their interpretation of the T2W and DWI sequences and
PI-RADS scoring may have been affected by their viewing
of the DCE series. Furthermore, one would consider whe-
ther a prospective analysis with only BP-MRI studies as a
screening in biopsy-naive men would render different
CDRs for each suspicion score level compared to those we
have previously reported for our full MP-MRI protocol of
imaging [9]. In our patient series, we were not able to
identify any specific patient-related features where the data
from DCE MRI would augment the decision-making

Fig. 2 Pathology results of MRI/US fusion-targeted lesions biopsied
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process and detection of PCa, consistent with the PI-RADS
v.2 suspicion scoring system where DCE findings play only
a minor role in determining the presence of clinically sig-
nificant PCas, only pertinent in cases where otherwise
equivocal lesions scored a PI-RADS 3 based on T2W and
DWI features would benefit from DCE data [23, 24].
Additionally, the number of cases with a single MRI
sequence prompting TBx and PCa detection was very
limited and did not allow for a well-powered statistical
analysis of the accuracy of each independent MRI
parameter.

Depending on an institution’s policies for renal function
and gadolinium contrast, adding the DCE phase to MP-MRI
may increase patient preparation time for glomerular fil-
tration rate (GFR) assessment or possibly even exclude
them. Even if an institution does not perform GFR assess-
ment with Group II agents, patients must be screened for
prior contrast reactions and potentially premedicated, if
indicated [25]. Furthermore, intravenous access must be
obtained that in itself can be a time-consuming task. In total,
this likely adds at least 20 min to the imaging study time,
which has been estimated at approximately 45 min based on
prior publications [6, 7]. Interpreting the DCE phase adds
an average 5 min per MP-MRI for a subspecialty body
imager. When taken together, the time savings of a BP-MRI
when compared to MP-MRI has been estimated by two
independent institutions to be approximately three-fold,
potentially reducing prostate MRI volume/access by
50–67% when performing these studies during normal
business hours [4, 7].

Additional benefits of reduced scan duration and table
time include patient comfort and satisfaction. Anxiety and
claustrophobia during prostate MRI can be significant bar-
riers for some patients, and increased patient compliance
during the scan reduces motion and artifacts, improving the
study’s image quality. Improved patient experience leads
to increased compliance both during the scan itself and
for follow-up imaging, which is particularly important for
patients undergoing active surveillance.

Immediate hypersensitivity reactions to gadolinium
contrast are very rare, occurring in approximately 0.079%
of all administrations. Although most immediate hyper-
sensitivity reactions are mild, the incidence of moderate and
severe reactions together is 0.013% per MR contrast media
dose and 0.021% per person, which is rare but not low
enough to be disregarded [26]. Furthermore, residual
gadolinium has been shown to be deposited in tissues,
particularly in the brain, and the effects of this deposition
are currently unknown [27]. While gadolinium retention has
not been directly linked to adverse health effects in patients
with normal kidney function, in 2017 the Food and Drug
Administration (FDA) issued a new class warning to alert
the public about the potential for it to remain in the body for

months or years after receiving the gadolinium contrast
agent. Resultantly, the FDA now mandates that patients
receive proper counseling on this matter before receiving a
gadolinium contrast agent [28]. Our study suggests that BP-
MRI has equitable PCa detection compared to traditional
MP-MRI, so using this curtailed MRI study would eliminate
these possible gadolinium-associated risks while still
maintaining the diagnostic benefits.

Conclusions

BP-MRI for the detection of PCa and for guiding MRI/US
fusion-targeted prostate biopsy has the advantages of
reducing cost, time, and contrast exposure compared to
traditional MP-MRI by eliminating the DCE phase. Of
those with biparametric screen-negative findings, DCE did
not in isolation find any clinically significant PCa. This
abbreviated imaging study does not significantly sacrifice
diagnostic yield and may permit greater access to the
diagnostic benefits of prostate MRI in this setting.
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