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Abstract: Prostate cancer is the most common malignancy in American men following

skin cancer, with approximately one in eight men being diagnosed during their lifetime.
Over the past several decades, the treatment of prostate cancer has evolved rapidly, so too
has screening. Since the mid-2010s, magnetic resonance imaging (MRI]-guided biopsies

or ‘targeted biopsies’ has been a rapidly growing topic of clinical research within the field

of urologic oncology. The aim of this publication is to provide a review of biparametric MRI
(bpMRI) utilization for the diagnosis of prostate cancer and a comparison to multiparametric
MRI (mpMRI]. Through single-centered studies and meta-analysis across all identified
pertinent published literature, bpMRI is an effective tool for the screening and diagnosis of
prostate cancer. When compared with the diagnostic accuracy of mpMRI, bpMRI identifies
prostate cancer at comparable rates. In addition, when omitting dynamic contrast-enhanced
(DCE) protocol to the MRI, patients incur reduced costs and shorter imaging time while
providers can offer more tests to their patient population.
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Introduction

Prostate cancer is the most common malignancy
in American men following skin cancer, with
approximately one in eight men being diagnosed
during their lifetime. In 2021 alone, there are an
estimated 248,530 new cases.! Furthermore, it
has the second highest mortality rate of all can-
cers afflicting men, killing 1 in 41 patients diag-
nosed with prostate cancer. Fortunately, since
1993, the American Cancer Society estimated a
52% reduction in mortality, with a steady decline
in incidence rates; this drop has been attributed
to technological advances in treatment, early
diagnostic detection, and prostate-specific anti-
gen (PSA) screening.? The American Urological
Association recommends shared decision-making
for prostate screening in men between the ages of
55 and 69, with routine screening completed on a
2-year interval.? After the diagnosis of prostate

cancer has been made, prior to current guidelines
low-risk disease (Gleason grade group 1 and PSA
level <10ng/ml) was often treated with radical
prostatectomy.*In 2018, National Comprehensive
Cancer Network (NCCN) guidelines highlighted
that practice has shifted away from surgical inter-
vention and recommended active surveillance for
patients with very low to intermediate-favorable
risk prostate cancer.?

Over the past several decades, the treatment of
prostate cancer has evolved rapidly, so too has
screening. The first step of prostate cancer screen-
ing involves PSA testing. An elevated PSA over 3
warrants further investigation, especially if the
patient is experiencing lower urinary tract symp-
toms, by obtaining a biopsy. Historically, sys-
temic transrectal ultrasound (TRUS)-guided
biopsies have been the standard of care method
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for prostate cancer detection after PSA elevation
or an abnormal digital rectal exam (DRE).°
TRUS-guided biopsies involve 10—-14 biopsy nee-
dles, depending on the providers’ preference also
known as cores, inserted through the rectum into
the prostate. These biopsies are obtained at vari-
ous locations throughout the prostate using a
template configuration. The major complication
of TRUS-guided biopsies are biopsy site infec-
tions leading to sepsis, occurring in 2-5% of all
men undergoing this procedure.” In response to
this complication, transperineal biopsies have had
growing utilization within the field, as they have
markedly lower rates of subsequent infectious
complications.® After pathologic interpretation of
Gleason grade, volume of disease, and number of
positive cores, men who harbor no cancer are
routinely screened using PSA tests and for cause
biopsies. For cause biopsies are ideally obtained
when a patient experiences an increase in PSA or
new/increasing evidence of cancer in the form of
an abnormal DRE and/or distant metastasis.

Using template biopsies are, however, prone to
false negatives as the template configuration does
not allow for characterization of outlying cancers
in biopsy-naive men. The concern for missing
clinically significant cancer (Gleason grade group
=2), ever growing numbers of unnecessary biop-
sies, and overtreatment of low-risk disease have
led the need for breakthroughs in biopsy meth-
ods. Efforts have been made to utilize an alterna-
tive diagnostic pathway that is more accurate in
detecting malignancies with reduced harm to the
patient. Since the mid-2010s, magnetic reso-
nance imaging (MRI)-guided biopsies or ‘tar-
geted biopsies’ has been a rapidly growing topic
of clinical research within the field of urologic
oncology. MRI-targeted biopsies are shown to be
non-inferior for the diagnoses of prostate cancer
and resulted in lower detection of clinically insig-
nificant cancer when compared with standard
template biopsies.%10 This research has paved the
way for MRI implementation as the standard of
care for biopsy-naive men and those on active
surveillance within the United States. Specifically,
biparametric MRI (bpMRI)-targeted biopsies
have increased in popularity due to fewer required
scan sequences, cost-effectiveness, and accuracy
at detecting prostate malignancies when com-
pared with template TRUS biopsies.

While a PSA >3 deserves further investigation,
the causes of an elevated PSA are many and
include vigorous exercise to malignancy. Risk

calculators are available to physicians that help
identify candidates for prostate MRI imaging,
who are at increased risk of malignancy.
Rotterdam Prostate Cancer Risk Calculators can
be used to help inform patients on their risk of
prostate cancer at various stages of their cancer
workup.!! The first calculator inquiries about
clinical risk factors of the disease, including fam-
ily history, age, and protective urinary symptoms.
The second calculator then takes PSA into
account. These tools assist in informing patients
and narrow the number of unnecessary MRIs
nationwide, as the false positive rate of using a
PSA >3 cutoff for prostate cancer has been stated
as high as 75.9% in the literature.!? In addition, it
must be noted that the Rotterdam calculators
have limited application for patients of African
American heritage. This is because the original
study these calculators are based on, enrolled
only but a few African American patients.

Technical description of bpMRI and Prostate
Imaging Reporting and Data System Score

The aim of this publication is to provide a review
of bpMRI utilization for the diagnosis of prostate
cancer and a comparison to multiparametric MRI
(mpMRI). MRI for the diagnosis of lesions suspi-
cious for prostate cancer goes back to the 1980s.
Potential lesions were determined using three
planes, with a field strength of 0.08T.!3 Steyn
and Smith found that an accurate diagnosis of
prostatic disease [malignant, benign prostatic
hyperplasia (BPH), or normal] was made in 48 of
51 of their patients. However exciting, the MRI
employed at the time was still yet a prototype and
advances in imaging protocols and biopsy inte-
gration were needed. The next major step for-
ward happened in the 1990s with the advent of
dynamic contrast-enhanced (DCE) and diffu-
sion-weighted imaging (DWI) MRI protocols.
DCE can be explained by the uptake pattern after
the administration of an intravenous gadolinium-
based contrast agent.!* An image is obtained
before contrast is administered and sequentially
repeated at different time intervals after the tis-
sues are introduced to contrast agent, thereby
shortening the T1. Magnetic resonance (MR)
signal intensity is then analyzed for changes
dependent on the specific concentration of dye
within the tissue. Signal intensity is a representa-
tion of multiple factors including tissue permea-
bility, degree of vascularization, and vascular
surface area to name a few. A region of interest
(ROI) is identified based on differences in these
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factors affecting the MR signal intensity. DWI,
on the contrary, is based on cellular Brownian
motion after T2-weighted images are obtained.!>
This is uniquely useful for identifying prostatic
neoplasms because they are commonly hypercel-
lular, resulting in reduced Brownian motion that
can be manipulated as the b-value. Two types of
MRIs have emerged for the management of pros-
tate cancer, bpMRI and mpMRI. bpMRI uses
T2-weighted images with DWI while mpMRI
adds DCE with or without spectroscopy to its
imaging protocol.

bpMRI results are used to determine the Prostate
Imaging Reporting and Data System (PI-RADS)
score. In 2012, PI-RADS version 1 (v1) offered
radiologists an integrated reporting schematic
and standardized protocols across different pro-
viders.1¢ Through trial and error, flaws within the
reporting system were identified and an updated
version 2 was published in 2015.17 This PI-RADS
version 2 provided prostate zone-specific scores.
T2-weighted images are further delineated based
on the ROI’s location within the prostate, transi-
tional versus peripheral zone. However, an ROI’s
location is not significant to determine a PI-RADS
score based on DWI. In addition, version 2.1 was
published around the same time and added a
DCE-based score for mpMRIs.18

Guidelines suggest the use of PI-RADS version 2
for bpMRI images. This score is based on distinct
radiologic features.!” No abnormality seen on
apparent diffusion coefficient (ADC) with a high
b-value is indicative of PI-RADS 1. PI-RADS 2 is
a linear/wedge-shaped hypointensity on ADC or
hyperintensity on DWI. A focal or marked
hypointensity on ADC and/or hyperintensity on
DWTI is PI-RADS 3. PI-RADS 4 and 5 are focal
hypointense regions with hyperintense DWI dif-
ferentiated based on <1.5 and =1.5cm in size,
respectively. However, if extraprostatic extension
is identified on imaging, PI-RADS 5 is always
assigned. An in-depth explanation of radiologic
features qualifying for each PI-RADS score can
be seen in Table 1, as a score might differ based
on the anatomic location of an ROI. These
PI-RADS scores help physicians determine
whether a biopsy is warranted, as they have been
linked to an increased risk of an ROI to be clini-
cally significant cancer. PI-RADS 1 and 2 have
very low and unlikely clinical suspicion. While
PI-RADS scores 3, 4, and 5 have increasing clini-
cal suspicion noted as intermediate, high, and
very high risk of clinically significant prostate

cancer (csPCa), respectively. Unfortunately,
there is debate within the literature on which
PI-RADS scored ROIs should be biopsied.
PI-RADS 1 is routinely interpreted as normal
prostatic tissue and rarely, if that, a candidate for
biopsy. On the contrary, PI-RADS 4 and 5 have
shown to be suspicious for prostate cancer and
are routine biopsy candidates. The debate exists
on PI-RADS 2 and 3 lesions; variable results on
cancer detection rates are present in the
literature.

BpMRI accuracy and prostate cancer detection
rates

Early studies on prostate biopsies integrated
with MRI identification of ROIs, used a tech-
nique called cognitive fusion, where the urolo-
gist performing the biopsy would approximate
the location of an ROI upon reviewing the imag-
ing during the procedure. TRUS MRI-guided
biopsies were performed under conscious seda-
tion with an endorectal ultrasound probe posi-
tioned to visualize the prostate, where a core
would be taken manually. The advent of com-
puter integration of MRI with wultrasound
through devices like the UroNav allows physi-
cians to visualize ROIs in real time. However,
cognitive fusions have comparable PCa detec-
tion rates as MRI/TRUS fusions. In 2015, Rais-
Bahrami ez al.l®° published a cohort of 143
biopsy-naive patients undergoing mpMRI and
analyzed their outcomes when DCE results were
omitted. This is considered a ‘what if’ study
because omitting the DCE results explores the
utilization of bpMRI in this cohort. bpMRI out-
performed PSA and PSA density (PSAD) testing
with a prostate cancer detection overall accuracy
of 80%. When integrating bpMRI results with
PSA and PSAD, the accuracy was further
improved. Fascelli ez al.2° then validated these
results in a cohort of 59 men undergoing bpMRI.
These researchers found bpMRI had a sensitiv-
ity of 95.5% and negative predictive value of
71.4% for prostate cancer.

A 2018 meta-analysis sought to also determine
the overall accuracy of bpMRI for the detection
of cancer. Niu er al.?! examined a total of 33
studies examining bpMRI and prostate cancer.
Across the selected published literature, the
overall bpMRI sensitivity and specificity for all
Gleason grade groups were 81% and 77%,
respectively. Bass er al.?? updated this meta-
analysis in 2020, which furthered our
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Table 1. Radiological features of each PI-RADS score v2.1.

PI-RADS score

Transitional zone

Peripheral zone

(risk of csPCa)
T2 W/DWI DCE T2 W/DWI DCE
1 (Very low) Normal appearing zone or - Uniform high signal intensity. -
a round completely, well- No abnormality identified on
defined, encapsulated nodule. ADC and high b-value DWI
Heterogeneous intermediate signal
intensity (Sl)
2 (Low) Mostly encapsulated nodule or - Linear, wedge-shaped, or -
homogeneous, well-marginated, geographic hypointensities on
circumscribed nodule without ADC mapping or hyperintensity
encapsulation or homogeneous at high DWI b-value
mildly hypointense area between
nodules. Indistinct hypointense
on ADC or diffuse hyper-Sl on
=p = 800 with no focal features
3 Heterogeneous signal intensity with - Focal hypointensity on ADC No early or
(Intermediate]) obscured margins; includes other or focal hyperintensity at high contemporaneous

4 [High)

5 (Very high)

lesions that do not qualify as 1, 2, 4,
or 5. Heterogeneous signal intensity
with obscured margins. Focal
mildly/moderately hypointense

on ADC and isointense/mildly
hyperintense on high b-value DWI

Lenticular or non-circumscribed, -
homogeneous, moderately

hypointense lesion, that is, <1/5cm

in greatest dimension. Focal

markedly hypointense on ADC and
markedly hyperintense on high b-

value DWI

Same as PI-RADS 4 with greatest -
dimension =1.5cm or evidence of
definite extraprostatic extension/
invasive behavior. Focal, hyper-SlI

on the high b-value images with
reduced ADC

DWI b-value not categorized as
PI-RAD 1, 2, 4, or 5. Regions can
be either focally or markedly
intense but not both

Circumscribed, homogeneous
focal markedly hypointense on
ADC and markedly hyperintense
at high DWI b-value with
greatest dimension <1.5cm

Same as PI-RADS 4 with
greatest dimension =1.5cm

or evidence of definite
extraprostatic extension/
invasive behavior. Focal, hyper-
Sl on the high b-value images
with reduced ADC

enhancement or diffuse
multifocal enhancement
not corresponding to

a focal finding at T2-
weighted imaging or
focal enhancement
corresponding to a lesion
demonstrating features of
BPH

Focal enhancement that
occurs earlier than or
contemporaneously with
enhancement of adjacent
normal prostatic tissue with
corresponding concerning
T2 and DWI findings?

ADC, apparent diffusion coefficient; BPH, benign prostatic hyperplasia; DCE, dynamic contrast-enhanced; DWI, diffusion-weighted imaging;
PI-RADS, Prostate Imaging Reporting and Data System; ROI, region of interest; csPCa, clinically significant prostate cancer.
PI-RADS score differs based on the anatomic location of an ROl within the prostate. This information was adapted from Barrett et al.’”” and Purysko

etal.'8

aAny ROl with a T2/DWI score of 3 along with a positive DCE with focal enhancement, outlined above, is categorized as PI-RADS 4 lesion.

understanding by presenting data for clinically
significant prostate cancer. Across 44 studies,
the sensitivity, specificity, and area under the
curve (AUC) of bpMRI for clinically significant
prostate cancer were 87%, 72%, and 87%,
respectively.  Recently, = Cuocolo ez al.?3

undertook their own meta-analysis on 17 studies
containing 3964 patients. Within these studies,
the odds ratio for bpMRI to detect clinically sig-
nificant prostate cancer was 12 [95% confidence
interval (CI), 8-19] in relation to systematic
sampling. These meta-analyses highlight bpMRI
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is highly accurate for prostate cancer and clini-
cally significant malignancies.

While accuracy has been identified over all biop-
sies, there are significant differences in cancer
detection rates when taking the PI-RADS v2
score into account. Kuhl ez al.2* analyzed the can-
cer rates in 542 men undergoing bpMRI for an
elevated PSA. Within their cohort, the distribu-
tion of PI-RADS 3-5 versus PI-RADS 1-2 lesions
were 36.7% and 66.3%, respectively. PI-RADS
3-5 lesions had a true positive, false negative, and
false positive rate of 77%, 13%, and 9.5%, respec-
tively. For PI-RADS 1-2 lesions, the cancer
detection rate remained low at 6.2%. De Visschere
et al.?> took this study one step further by evaluat-
ing the cancer rates of each specific PI-RADS v2
score. PI-RADS 3, 4, and 5 displayed an increas-
ing stepwise likelihood for prostate cancer with
40%, 78.8%, and 93 %, respectively. Nevertheless,
these numbers are likely inflated due to an
increased average PSA of 9.2 within their cohort.
Kato ez al.?2 then found a positive correlation
between increasing bpMRI PI-RADS score and
Gleason grade. In short, not only are PI-RADS
4/5 ROIs more likely to contain cancer but the
neoplasm they harbor also tend to be associated
with a poorer prognosis. In addition, an elevated
PSA is historically concerning for cancer, but in
these cohorts, over 60% of patients were found to
have PI-RADS 1 or 2, considered to be very low
and low risk for csPCa. These studies highlight
that PI-RADS 3-5 are concerning findings on
bpMRI because rates of overall and clinically sig-
nificant cancer increase as the PI-RADS score
goes from 3 to 5.

MRI implementation in prostate cancer biopsies
has improved the rate of diagnosis and has also
shown to be an effective screening tool. Boesen
et al.?” published their landmark publication that
examined if bpMRI was an effective screening
tool. This study included 1020 biopsy-naive men
with an elevated PSA =4ng/ml and/or an abnor-
mal DRE. Over all biopsies, this research identi-
fied prostate cancer in 64% of their cohort. Then
these researchers filtered each biopsy based on
their bpMRI PI-RADS score. For their PI-RADS
score 1 and 2 biopsies, clinically significant pros-
tate cancer was diagnosed in 2.6% of these
patients. The rates drastically improved for
PI-RADS 3, 4, and 5 ROIs, which had clinically
significant cancer detection rates of 13%, 39%,
and 77%, respectively. Jambor ez al.?8 also sought
to evaluate if bpMRI could be used as a screening

tool; 175 men were enrolled into their study who
got two targeted biopsies per ROIL. In Jambor
et al.’s cohort, reserving biopsies to men with con-
cerning bpMRI findings resulted in 24% of
patients receiving unnecessary biopsies. When
bpMRI is implemented as a secondary triage tool
for patients with an elevated PSA, this study is a
call for physicians to only biopsy ROIs with
PI-RADS score of =3. Reducing the number of
unnecessary biopsies saves the patient from com-
plications but also the cost associated with the
procedure. It must also be noted that while
PI-RADS 5 is highly likely for cancer, itis nota 1
to 1 ratio for the diagnosis of a prostatic neo-
plasm. Vice versa is true for PI-RADS 3 ROIs
with the risk of high-grade prostate cancer always
present, no matter how unlikely. However, biops-
ing PI-RADS 2 and 3 lesion has diminishing
returns, as many of them come back as high-grade
prostatic intraepithelial neoplasia, atypical small
acinar proliferation, or benign prostatic tissue.

BpMRI versus mpMRI test accuracy

As previously stated, there are two main types of
MRIs a physician can order if prostate cancer is
suspected. This makes for a precarious decision,
as heterogeneous data have been presented within
the literature. In 55 patients undergoing mpMRI,
Baur er al.?® assessed if DCE imaging improved
the overall accuracy of an ROI’s assigned
PI-RADS score to identify a malignancy on
biopsy. T2 weighting and DWTI alone both had an
AUC of 88% and 93%, respectively, with no dif-
ference in Receiver Operating Characteristic
(ROC) curves between the two methods. DCE
alone displayed an AUC of 76% and when com-
pared with T2 weighting and DWI had statisti-
cally lower accuracy (p values =0.06 and 0.004).
In addition, the sum of all methods (T2-weighted
images, DWI, and DCE) was comparable to T2
weighting and DWI separately alone. While Baur
et al. showed DCE did not improve diagnostic
accuracy across the whole prostate, Rosenkrantz
et al.?0 evaluated the PI-RADS score determined
by mpMRI for transitional zone ROIs. A total of
3 radiologists read the same imaging studies of
106 patients (35 with transitional zone lesions)
prior to prostatectomy. Across all radiologists,
T2-weighted imaging with DWI displayed a sig-
nificantly higher sensitivity than T2-weighted
imaging alone (p=<0.002). These researchers
then assessed if adding DCE to the MRI protocol
improved the diagnostic accuracy. Rosenkrantz
et al. stated, ‘Incorporation of DCE-MRI did not
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further significantly change the sensitivity for any
reader (p=0.054)’. Radtke ez al.?! expanded our
knowledge by further evaluating MRI methods
on anterior fibromuscular stromal lesions. They
found that MRI-targeted biopsies were able to
detect lesions within the anterior prostate at
higher rates than standard template biopsies.
However, bpMRI and mpMRI displayed compa-
rable detection accuracies. The anterior prostate
has debatable importance for patients with
African American heritage. Sundi ez al.3? showed
African American men had higher rates of ante-
rior lesions. However, the literature is moving
away from this misconception, as Koller ez al.?3
and Patel ez al.3* have shown comparable rates of
anterior lesions between men of African American
heritage and the general population. In 2019,
Sherrer er al.?5 then found, in a cohort of 344
patients, that bpMRI had comparable PCa detec-
tion rates to mpMRI with the added benefit of
reducing cost, time, and possible complications
of contrast exposure.

While several studies have highlighted that
bpMRI is comparable to the more expensive
mpMRI, there is heterogeneous data published.
Delongchamps ez al.3% researched a cohort of 58
patients undergoing mpMRI prior to radical pros-
tatectomy. These physicians stated that ‘T2
W + DWI + DCE performed significantly bet-
ter than T2 W + DWI and T2 W alone
(P<0.001)’. To put that in the context of this
review, mpMRI showed improved ability to diag-
nose prostate cancer over bpMRI. In 2014,
Schimmoller er al.37 replicated these findings with
their series of 235 consecutive patients undergo-
ing mpMRI-guided biopsies. The AUC for
T2-weighted images, DWI, and DCE each alone
was 70%, 80%, and 74%, respectively. When
combined into the mpMRI, the highest test accu-
racy was achieved and displayed improved char-
acterization of peripheral over transitional lesions.
These researchers warned that when using <2
MRI imaging modalities, for lack of a better term
bpMRI, the test accuracy drops significantly.

Nevertheless, to fully evaluate if bpMRI has com-
parable accuracy to mpMRI, systematic reviews
with comprehensive meta-analyses are needed.
Woo eral3® recently undertook this task with
their 2018 publication. After a systematic review
of the literature, 20 studies assessing the head-to-
head comparisons between bpMRI and mpMRI
were added to their meta-analysis. Within their
analysis, bpMRI yielded a sensitivity of 74% and

specificity of 90% when taking all studies into
account. An AUC of 90% was also calculated for
bpMRI. mpMRI, on the contrary, displayed an
overall sensitivity, specificity, and AUC of 76%,
89%, and 90%, respectively. In their head-to-
head comparison, no significant differences in
overall sensitivity or specificity were observed. In
addition, subgroup analysis was also performed
between factors like PI-RADS scoring system,
location of ROI within the prostate, MRI coil
type, and T system, without identifying differ-
ences between mpMRI and bpMRI. Becker
et al.3® updated this meta-analysis in 2020 with a
total of 26 studies comparing mpMRI with
bpMRI. This publication is unique as it provides
users with real-time interactive graphical figures.
The overall sensitivity and specificity of bpMRI
was 74% and 90% and mpMRI yielded 76% and
89%. Becker er al.’s head-to-head analysis also
found no differences between the accuracy of
bpMRI and mpMRI. Bass er al.??2 in 2020 pro-
vided physicians with valuable information about
clinically significant prostate cancer across the
two MRI protocols. With 17 studies included in
their bpMRI versus mpMRI analysis, comparable
rates of clinically significant prostate cancer were
identified between the two protocols. In all, sev-
eral meta-analyses containing a large number of
patients have shown bpMRI to be comparable in
all terms of overall accuracy, sensitivity, specific-
ity, and utility for the screening and diagnosis of
clinically significant prostate cancer. It must be
noted that the studies included in these meta-
analyses had varying baseline patient characteris-
tics including biopsy-naive men, active
surveillance cohorts, men who received prostatec-
tomy, age, differing NCCN risk categories, and
clinical T staging. These varying baseline charac-
teristics make it difficult to empirically compare
these data as a single group. However, across dif-
fering demographics and cohort types, bpMRI
was consistently found to be non-inferior to
mpMRI.

Cost advantages and socioeconomic impact

Comparable to mpMRI for the screening and
diagnosis of prostate cancer, bpMRI’s major
advantage is evident in its reduced cost. In a
Medicare cohort, Weiner et al.*9 found that an
average cost of a prostate biopsy was US$2020,
which was further varied if the patient experi-
enced a complication or not. This cost only
increases when the provider includes an mpMRI,
which is estimated to cost US$524 from a 2015
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study by Lotan ez al.#! However, the average cost
of an mpMRI within the United States is highly
variable and is dependent on the health care set-
ting and a patient’s insurance. bpMRI reduces
these costs by omitting the charges associated
with contrast agent, additional MRI sequences,
and reducing imaging/labor time. Due to these
factors, a group out of Korea found that bpMRI
cost half as much as an mpMRI employed at their
institution. Health care institutions also benefit
from the reduced cost of bpMRIs.42

Porter er al.*3> aimed to compare reimbursement
rates of mpMRI to bpMRI and costs associated
with labor and direct materials. 2017 reimburse-
ment rates were collected from institutional rates
after billing with mpMRI and bpMRI current
procedural terminology (CPT) codes 72197 and
72195, respectively. bpMRI had a lower average
reimbursement and gross profit of
US$558.61 and US$510.44, respectively, when
compared with mpMRI. However, this reduced
profit was also associated with a 59% reduction of
direct labor and material costs to the providers.
These researchers also highlighted for every 1
mpMRI, an imaging center can undertake 3 bpM-
RIs. This equates to a projected 138% increase in
profit or US$1531.32 per 45min of labor when
bpMRI is performed and reduced cost incurred
by the patient. However, while this publication
highlights that omitting a DCE protocol saves
30 min of labor and imaging time, it is the experi-
ence of the authors that, at our intuition, a bpMRI
only saves on average 3—5min. Internationally,
van der Leest er al.** examined the cost and reim-
bursement of mpMRI versus bpMRI across sev-
eral health care providers in the Netherlands. The
costs of an mpMRI and bpMRI were €264.63
and €165.68, respectively. With comparable
overall accuracy for PCa, bpMRI offered these
clinicians a 37% cost reduction when compared
with mpMRI. While within the United States
varying costs between providers and intuitions
makes it difficult to pinpoint the exact cost advan-
tage of bpMRIs, the Netherlands has a universal
health care system.

bpMRI’s reduced cost has the unique potential to
play a role in combating health care disparities.
mpMRI utilization has been shown to vary across
socioeconomic classes and races within the
United States. Washington er al.%> reviewed 17
studies with the aim of assessing MRI implemen-
tation across socioeconomic lines. Patients with a
high socioeconomic class, income greater than

$69,408, underwent prostate MRI at higher rates
with an odds ratio of 1.329 (95% CI, 1.143—
1.545) over patients of lower class for the initial
diagnosis of prostate cancer.*® Fam et al.%” then
analyzed disparities within 9467 men on active
surveillance. They further confirmed that patients
who lived in areas with a high education level and
median household income =$60,001 had a higher
likelihood of receiving an mpMRI regardless of
clinical presentation of disease. A recent study
from Abashidze er al.*® further elucidated racial
disparities among MRI utilization. From 2011 to
2017, MRI has in increasing utilization across all
races. Nevertheless, patients from African
American and Hispanic heritage were signifi-
cantly less likely to undergo a prostate MRI when
compared with their Caucasian counterparts with
similar PSAs. By reducing the cost of prostate
MRIs, bpMRI protocol can increase the rates of
guideline adherent urologic consultation for these
patients experiencing the determents of this dis-
parity. This is possible by lowering the socioeco-
nomic barriers to testing through reduced costs;
bpMRI has the ability to offer improved care and
early cancer detection to all individuals regardless
of age, socioeconomic class, or race.

Guidelines regarding bpMRI

There are no current American guidelines regard-
ing the use of bpMRI as opposed to mpMRI. The
‘Standard Operating Procedure for
Multiparametric Magnetic Resonance Imaging in
the Diagnosis, Staging and Management of
Prostate Cancer’ written by the American
Urologic Association (AUA), which is a collabo-
ration between the AUA and the Society of
Abdominal Radiology Prostate Disease Focus
Panel, states that ‘DCE MRI has an important
role in PI-RADSv2 for better cancer detection’.
They make observations that several European
studies have reported non-inferior cancer detec-
tion when using bpMRI.%° There are several rea-
sons that a clinician may opt to order a bpMRI
over a mpMRI, including cost, contrast allergy,
or inability to receive contrast due to another
medical condition such as end-stage renal dis-
ease. These applications could lead to an increased
access of MRI in certain patient populations,
leading to a decrease in unnecessary biopsies.
Internationally bpMRI has had great usage in the
European Union. Much of the data regarding
sensitive and specificity of bpMRI as compared
with mpMRI come from European researchers.
One of the landmark publications regarding the
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accuracy of bpMRI comes from Denmark con-
cluding that bpMRI has excellent prostate cancer
detection rates.?” There are no comprehensive
data published about the rates of usage between
bpMRI and mpMRI; however, mpMRI is the
predominant method of imaging in the current
literature.

The future of bpMRI looks promising from both
a diagnostic screening tool as well as an eco-
nomic one. MRI has been evaluated as a viable
screening tool for prostate cancer, given the high
level of accuracy with both a short total test time
and with a lack of intravenous (IV) contrast uti-
lization presents itself as a more exciting
option.>%5! Furthermore, with the ever-expand-
ing focus on cost-effective medicine, bpMRI can
still be employed even in a setting with limited
resources given an MRI machine is available.
Many studies have evaluated the cost compari-
sons between bpMRI and mpMRI. mpMRI
costs upward of twice as much as a bpMRI due
to the additional phases, need for contrast, and
overall time required to run a full imaging proto-
col.>2 The cost savings benefits of bpMRI are
significant as it has comparable rates of prostate
cancer detection to mpMRI.

Conclusion

Given the sheer volume of annual prostate cancer
diagnoses globally and within the United States,
pinpointing the optimal set of diagnostic tools to
implement is paramount. As discussed through-
out this review, the benefit of using MRI targeted
over systemic biopsies is clear. In addition, sev-
eral researchers have shown that targeted biopsies
must be utilized as an adjunct to systemic because
alone they do not yield superior or comparable
findings.

Nonetheless, the true question is whether bpMRI
is a reasonable alternative to mpMRI. bpMRI
uses both T2-weighted images with DWI, and
mpMRI adds DCE imaging to its protocol.
Through single-centered studies and meta-
analyse across all identified pertinent published
literature, bpMRI is an effective tool for the
screening and diagnosis of prostate cancer. When
compared with the diagnostic accuracy of
mpMRI, bpMRI identifies prostate cancer at
comparable rates. From a cost-benefit stand-
point, bpMRI has non-inferior detection rates at
a lower cost, no contrast needed, shorter exam
time, and is not as labor-intensive. These

advantages of bpMRI significantly add value to
screening protocols and could increase access to
guideline adherent care for patients who are una-
ble to obtain an mpMRI pre-prostate biopsy due
to socioeconomic constraints.
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