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Abstract

Purpose: To determine the accuracy of in-bore transper-
ineal 3-Tesla (T) magnetic resonance (MR) imaging-
guided prostate biopsies for predicting final Gleason
grades in patients who subsequently underwent radical
prostatectomy (RP).
Methods: A retrospective review of men who underwent
transperineal MR imaging-guided prostate biopsy
(tpMRGB) with subsequent radical prostatectomy with-
in 1 year was conducted from 2010 to 2015. All patients
underwent a baseline 3-T multiparametric MRI
(mpMRI) with endorectal coil and were selected for
biopsy based on MR findings of a suspicious prostate
lesion and high degree of clinical suspicion for cancer.
Spearman correlation was performed to assess concor-
dance between tpMRGB and final RP pathology among
patients with and without previous transrectal ultra-
sound (TRUS)-guided biopsies.
Results: A total of 24 men met all eligibility require-
ments, with a median age of 65 years (interquartile range
[IQR] 11.7). The median time from biopsy to RP was 85
days (IQR 50.5). Final pathology revealed Gleason
3 + 4 = 7 in 12 patients, 4 + 3 = 7 in 10 patients,
and 4 + 4 = 8 in 2 patients. A strong correlation (q:
+0.75, p < 0.001) between tpMRGB and RP results
was observed, with Gleason scores concordant in 17
cases (71%). 16 of the 24 patients underwent prior TRUS
biopsies. Subsequent tpMRGB revealed Gleason

upgrading in 88% of cases, which was concordant with
RP Gleason scores in 69% of cases (q: +0.75,
p < 0.001).
Conclusion: Final Gleason scores diagnosed by tpMRGB
at 3-T correlate strongly with final RP surgical pathol-
ogy. This may facilitate prostate cancer diagnosis,
particularly in patients with negative or low-grade TRUS
biopsy results in whom clinically significant cancer is
suspected or detected on mpMRI.
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Prostate cancer is the most commonly diagnosed cancer
in men, and the second most common cause of cancer
death [1]. However, only a minority of cases lead to
disease specific mortality and as a result there is an
increasing concern for the overtreatment of prostate
cancer [2, 3]. Traditionally, prostate biopsies are per-
formed using transrectal ultrasound (TRUS) for guid-
ance, which involves collection of 10–12 biopsy cores at
the apex, base, and mid-gland regions of the prostate.
The number of cores is generally based upon gland vol-
ume and systematic sampling of the entire gland is
achieved by division of the gland into sextants or octants
with extra cores taken in the transition zone. This
method, which is not guided by the location of the sus-
pected lesion, has the intrinsic drawbacks of non-tar-
geted sampling, oversampling insignificant prostate
tissue, and under-sampling regions of high clinical sus-
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picion [4], leading to several well-recognized problems.
On average, one third of TRUS biopsy pathologies are
changed and upgraded when compared with final radical
prostatectomy histopathology [5–7]. This has led to a
significant rate of under-grading, which may lead to
inappropriate treatment selection, a delay in necessary
treatment, and worse patient outcomes [8, 9]. Further-
more, the high number of cores taken during TRUS in-
creases the detection of clinically insignificant prostate
cancer, potentially leading to unnecessary monitoring
and treatment [10, 11].

The application of multiparametric magnetic reso-
nance imaging (mpMRI), and its interpretation with PI-
RADS v2 introduced in 2015 for the prostate, has pre-
sented a new approach to detection, diagnosis, and local-
ization of prostate cancer [12–14]. The improved detection
of clinically suspicious disease has led to multiple new
approaches to prostate biopsy. There are several new
techniques, with key differences in biopsy approach/route,
navigational methods, and whether the patient is located
in-bore or outside the magnet during the course of the
procedure [11, 15–17]. Transperineal in-bore MR imag-
ing-guided biopsy (tpMRGB), first described in 2001 [18],
has been shown to be safe and feasible approach that offers
several advantages over traditional techniques. It pro-
vided the ability to directly target the mpMRI-detected
lesion and sample it under real-timeMR guidance. This is
a percutaneous approach, in which the biopsy needle
pierces through the perineum parallel to the urethra,
allowing for improved sampling of the anterior and apical
prostate regions while decreasing the risk of sepsis and
urethral damage [19–21]. Transperineal biopsy results
have also been shown to improve cancer detection rates,
reduce the risk of underestimating tumor grade, and de-
crease the false-negative results compared to TRUS-gui-
ded biopsies [22, 23]. Targeted in-bore biopsies allow for
clear needle visualization during biopsy and most impor-
tantly, confirm with imaging the correct location of the
needle in the suspicious lesion, thus improving accuracy
and reducing the number of core biopsies needed [11, 24].

Gleason score, one of the best indicators of prostate
cancer behavior, is a strong determinant of treatment
selection. Gleason score of the biopsy sample helps guide
many decisions in a given patient’s management, including
the choice of the treatment from active surveillance to local
ablations and radical prostatectomy, andwhether or not to
give concurrent hormonal or radiation therapy [25]. It also
determines the extent of imaging needed to accurately stage
the patient, and whether a lymph node dissection is indi-
cated at time ofRP. In the situations whenRP is selected as
the treatment option, the final Gleason score is determined
from the analysis of the whole-gland specimen, and may
disagreewith the findings at the timeof biopsy.RPGleason
score is an established prognostic factor for disease recur-
rence and prostate cancer specific death. Hence, accurate
prediction of the final (RP) Gleason score is critical.

While several studies have demonstrated the ability of
tpMRGB to detect clinically relevant prostate cancers
[16, 26], these results have not been correlated to final
histopathology as determined by subsequent radical
prostatectomy. The goal of this study was to determine
the accuracy of in-bore transperineal 3-Tesla (T) MR
imaging-guided prostate biopsies for predicting final
Gleason grades in patients who underwent radical
prostatectomy.

Methods

Institutional review board approval was obtained for this
retrospective study. Patient selection criteria for this
study were (1) Pre-biopsy 3T endorectal coil mpMRI; (2)
transperineal in-bore biopsy (tpMRGB) and enrollment
in our on-going prospective study at our site; (3) radical
prostatectomy within one year after tpMRGB; 4) no
form of treatment received at the time between the
tpMRGB procedure and RP.

Records of all men who underwent transperineal 3-T
MR imaging-guided biopsy from 2010 to 2015 were ob-
tained and reviewed for the specific eligibility criteria
defined above. All patients had a baseline pre-biopsy MR
scan using 3-T multiparametric MRI with endorectal coil
(GE Signa HD, General Electric Healthcare, Milwaukee,
WI & Medrad Inc., Warrendale, PA). Pre-biopsy and
intraprocedural multiparametric MR imaging protocols
and lesion identification were performed as previously
described [16].

Patients were selected for biopsy if there was a
suspicious prostate lesion to biopsy on mpMRI and
there was a high degree of clinical suspicion for cancer,
as determined by at least one of the following: an
elevated prostate-specific antigen (PSA), prior negative
TRUS-guided biopsy, or the inability to undergo
transrectal biopsy due to rectal surgery. All tpMRGB
were performed in a 70-cm wide-bore 3-T device (Sie-
mens Magnetom Verio, Siemens Healthcare, Erlangen,
Germany) by one of two interventional radiologists.
Target lesions were identified using pre- and intrapro-
cedural axial T2-weighted images and non-rigid regis-
tration [27, 28], and core needle biopsies were guided
into the lesions using a standard template with a fixed
5-mm grid. Further details of the procedure, its setup,
and results were previously described by Penzkofer
et al. [16].

All pathology reports were reviewed to determine
both biopsy and RP Gleason findings. Radical prosta-
tectomy pathology was determined by the index lesion
from standard pathologic processing. The primary out-
come measure was concordance between MR-guided
biopsy Gleason scores and radical prostatectomy final
pathology Gleason scores. A subset analysis was per-
formed on patients that underwent TRUS-guided biopsy
within one year prior of tpMRGB.
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Descriptive statistics were used to summarize the data
and Spearman correlation was performed to assess the
concordance between tpMRGB and final pathology
among patients with and without previous transrectal
ultrasound (TRUS)-guided biopsies. Statistical analysis
was performed in STATA Version 11.2 StataCorp
(College Station, TX 77845, USA), reporting only two-
sided p-values at preset significant level of 0.05.

Results

On review of all patients in our tpMRGB database, there
were 29 identified who initially met our eligibility criteria
over the defined time period. There were 5 men subse-
quently found to be ineligible—1 had surgery more than
1 year after his in-bore biopsy and 4 did not have com-
plete pathology reports—leaving 24 men who form this
study group.

At the time of biopsy, the median patient age was 65
years (interquartile range [IQR] 11.7 years) and the
median PSA was 8.7 ng/mL (IQR 8.9 ng/mL). Median
time from biopsy to radical prostatectomy was 85 days
(IQR 50.5 days). The majority of men, 17/24, had
surgery within 100 days or less from the time of biopsy.
The median prostate weight, as determined by final
radical prostatectomy pathology, was 48.0 g (IQR 16.8
g). Of the 24 cases, 12 of the MR-targeted prostate
lesions were located in the apex and 13 lesions were
located anteriorly, with 6 cases located both anterior
and apically.

MR-guided biopsy pathology revealed a Gleason
score of 4 + 4 = 8 in 2 patients, 4 + 3 = 7 in 8 pa-
tients, 3 + 4 = 7 in 11 patients, 3 + 3 in 2 patients, and
one case of benign findings. Gleason scores obtained
using MR-guided biopsy strongly correlated with those
obtained from the radical prostatectomy specimen
(Spearman correlation coefficient q of +0.75,
p < 0.001) (Fig. 1) and were unchanged in 71% of cases
(n = 17). There was no significant difference in prostate
weight or location between the concordant and discor-
dant cases.

16 of the 24 patients also underwent TRUS biopsy up
to one year prior to MR-guided biopsy (time between
biopsies: 196.5, IQR 153.5 days). The TRUS pathology
was benign in 6 cases and demonstrated Gleason scores
of £3 + 3 in the remaining cases. There was no positive
correlation between the TRUS-based Gleason scores and
radical prostatectomy Gleason scores (Spearman corre-
lation coefficient q of -0.20, p = 0.43) (Fig. 2), with all
16 cases discordant with final radical prostatectomy
pathology. The subsequent tpMRGB of these patients
resulted in Gleason scores upgrading in 88% of cases,
which was concordant with radical prostatectomy
Gleason scores in 69% of cases (Spearman correlation
coefficient q of 0.75, p < 0.001).

Discussion

With the improvements in mpMRI imaging, namely the
addition of diffusion imaging, prostate cancer localiza-
tion and detection is becoming increasingly accurate [29,
30]. Vargas et al. demonstrated that in patients under
active surveillance, mpMRI is very sensitive (87–98%)
and specific (95–100%) in detecting clinically significant
prostate cancer on confirmation biopsy [31]. Further-

Fig. 2. Correlation of Gleason’s scores of TRUS biopsy and
prostatectomy histopathology. Fitted plot of correlation be-
tween systematic transrectal ultrasound-guided prostate
biopsy Gleason’s scores and prostatectomy histopathology
Gleason scores shows insignificant negative correlation,
q = -0.20, p = 0.43. rho correlation coefficient (q), p p-value,
TRUS-guided biopsy transrectal ultrasound-guided prostate
biopsy, CI confidence interval.

Fig. 1. Correlation of Gleason’s scores of tpMRI biopsy and
prostatectomy histopathology. Fitted plot of correlation be-
tween targeted transperineal MRI-guided prostate biopsy
Gleason’s scores and prostatectomy histopathology Gleason
scores shows very strong and significant positive correlation,
q = 0.75, p < 0.001. rho correlation coefficient (q), p p-value,
tpMRI Biopsy transperineal MRI-guided prostate biopsy, CI
confidence interval.
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more, mpMRI-guided biopsies have resulted in a
reduction in the diagnosis of clinically insignificant can-
cer compared to standard biopsy [32]. Therefore, precise
needle placement to properly assess cancer grade is of
increasing importance for clinical management of pros-
tate cancer patients. The utility of MR-guided prostate
biopsies will continue to increase and its role in the
clinical setting needs to be established.

There are several methods in which mpMRI-guided
biopsies can be performed. Navigation can be with
TRUS or MR imaging, the core needle path can be
transrectal or transperineal, and samples can be taken
either in the bore or outside the magnet [32, 33]. MR-
TRUS fusion, in which previously acquired mpMR
images are superimposed in real time onto TRUS images
for guidance, has been gaining significant attention [34].
Siddiqui et al. have demonstrated that MR-TRUS-gui-
ded biopsies result in the detection of 30%more high-risk
cancers compared to standard biopsy, and 17% fewer
low-risk cancers. In addition, MR-TRUS fusion could
predict whole-gland pathology after radical prostatec-
tomy with a sensitivity of 77%, compared to 53% for
TRUS [35]. However, existing data suggest MR-TRUS
fusion does not detect 15–20% of all tumors, and further
long-term data are needed to determine its clinical
validity [34, 36].

Transperineal wide-bore 3-T multiparametric MR
imaging-guided prostate biopsy offers several advantages
to TRUS biopsies, including direct target identification,
needle visualization, decreased rates of infection and
bleeding, and better sampling of the anterior apical re-
gion [19, 37]. The anteroapical region has been shown to
have a higher incidence of prostate cancer relative to
other areas, and is increasingly difficult to sample with
TRUS in large volume prostates [38]. Ouzzane et al.
showed that 46% of anterior prostate cancers detected on
mpMRI were missed by TRUS-guided biopsies [39].
Thus, improved sampling of suspicious lesions in these
areas will likely increase detection rates.

Our study demonstrates a strong correlation between
tpMRGB and final radical prostatectomy pathology
(Fig. 1). While these findings suggest that tpMRGB may
offer a more precise method to diagnose and appropri-
ately treat men with prostate cancer compared to tradi-
tional non-target-guided TRUS sampling, 12.5% of cases
were upgraded in final pathology from low- (summed
Gleason <7) to high-risk cancer (summed Gleason ‡7)
[40]. This could be secondary to higher grade disease
outside the lesions of interest, which is in line with the
limitations of mpMRI in detecting small, clinically sig-
nificant prostate cancers [41, 42], intratumoral hetero-
geneity, or targeting errors while sampling the lesions of
interest. Additionally, some degree of prostate cancer
was noted outside the target lesions in most of the
prostatectomy specimens. Thus, the tpMRGB approach
would benefit from the combination with systematic

biopsies, which agrees with prior studies [36]. In addi-
tion, we demonstrated that in the setting of negative or
low-grade findings on TRUS and high clinical suspicion
for prostate cancer, tpMRGB can accurately determine
prostate cancer Gleason scores. Therefore, tpMRGB
may serve as a useful diagnostic test for patients with
TRUS findings that do not correlate with clinical sus-
picion.

Several limitations must be considered when inter-
preting the results of our study. The study had a small
sample size (n = 24) and was conducted at a single
center. Differences in clinical referrals, MR equipment,
biopsy approaches, and operators may have an influence
on the outcome in alternative settings. Additionally,
radical prostatectomy specimens underwent standard
pathological processing, not allowing for direct lesion
comparison between tpMRGB and RP samples [43].
Another limitation is that PI-RADS v2 was not used in
this retrospective study, as it was introduced after the
time period of this study (2010–2015). Thus, the specific
mpMRI criteria and ratings to determine target selection
are beyond the scope of this study. The selection of pa-
tients for tpMRGB at our institution has been previously
described [16]. In this study population, the patients were
either biopsy naı̈ve or with prior TRUS-guided biopsies.
The latter only contained patients with either negative or
clinically insignificant initial TRUS findings, which were
discordant with other clinical variables. This resulted in a
selection bias, which may limit the generalizability of our
results to, for example, a screening population of biopsy
naive men. Additionally, most of the patients had
mpMRI findings of prostate cancer in the anterior or
apical zone. This may have contributed to the large rate
of upgrading seen between tpMRGB and TRUS-guided
biopsy, although we did not observe any difference by
location in the final pathology in our study. Thus, the
overall ability of tpMRGB to detect clinically significant
cancers compared to TRUS-guided biopsy is beyond the
scope of this study and cannot be fully assessed. How-
ever, our results demonstrated a much higher correlation
than seen in prior studies comparing traditional TRUS
biopsies to radical prostatectomy results [5–7]. Addi-
tionally, there have been two recent studies, prospec-
tively comparing the yield from TRUS and MR-guided
biopsy, with one randomized trial demonstrating the
superiority of MRGB for detection of clinically signifi-
cant cancers [44]. Lastly, the length of time between
biopsies and radical prostatectomy may have influenced
the results; however, the majority had surgery within 100
days from the biopsy and most prostate cancers are slow
growing so this is likely non-contributory [45].

In summary, transperineal wide-bore 3-T multipara-
metric MR imaging-guided prostate biopsy Gleason
grading showed high concordance with the final pathol-
ogy of prostate cancer; however, the approach may
benefit from the addition of systematic biopsies to cap-
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ture additional disease burden. This method may im-
prove accuracy of determining prostate cancer grade,
and can serve as a useful tool in high-risk patients with
inconclusive findings on TRUS-guided biopsy.
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