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Abstract

Purpose—To investigate the potential clinical utility of endorectal MRI-guided biopsy in
patients with known or suspected prostate cancer.

Methods—We prospectively recruited 24 men with known or suspected prostate cancer in whom
MRI-guided biopsy was clinically requested after multiparametric endorectal MRI showed one or
more appropriate targets. One to six 18-gauge biopsy cores were obtained from each patient.
Transrectal ultrasound guided biopsy results and post MRI-guided biopsy complications were also
recorded.

Results—MRI-guided biopsy was positive in 5 of 7 patients with suspected prostate cancer
(including 2 of 4 with prior negative ultrasound-guided biopsies), in 8 of 12 with known untreated
prostate cancer (including 5 where MRI-guided biopsy demonstrated a higher Gleason score than
ultrasound guided biopsy results), and in 3 of 5 with treated cancer. MRI-guided biopsies had a
significantly higher maximum percentage of cancer in positive cores when compared to ultrasound
guided biopsy (mean of 37 + 8% versus 13 + 4%; p = 0.01). No serious post-biopsy complications
occurred.

Conclusion—Our preliminary experience suggests endorectal MRI-guided biopsy may safely
contribute to the management of patients with known or suspected prostate cancer by making a
new diagnosis of malignancy, upgrading previously diagnosed disease, or diagnosing local
recurrence.

Keywords
MR imaging; prostate biopsy; prostate cancer

Address for correspondence, Dr. Fergus Coakley, Oregon Health & Science University, 3181 SW Sam Jackson Park Rd, Mail Code:
L340, Portland, OR 97239, Phone: 503.494.4511, Fax: 503.494.4982, coakleyf@ohsu.edu.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Jung et al.

Page 2

INTRODUCTION

Prostate cancer can be found in up to 40% of men at autopsy (1). An estimated 17% of
North American men will be diagnosed with prostate cancer during their lifetime and 3.4%
will die of the disease, with an estimated 28,710 deaths in the United States due to prostate
cancer in 2012 (2, 3). The central challenge in managing this common malignancy is
accurately determining who has indolent disease that may be appropriate for active
surveillance versus who has aggressive disease that needs definitive treatment by surgery or
radiation. Another major problem in the rational management of prostate cancer lies in the
limitations of ultrasound guided systematic biopsy, which is the standard technique used to
make the diagnosis. Transrectal ultrasound is primarily used to localize the prostate prior to
blindly obtaining 12 or more biopsy cores from standard locations in the gland. Ultrasound
is generally not used to directly visualize the tumor because 37% to 50% of cancers are
isoechoic or only slightly hypoechoic (4). Transrectal ultrasound guided biopsy has a false
negative rate of up to 30% (5) and under-grades cancers in up to 38% of patients when
compared with definitive pathology from radical prostatectomy (5). Despite the substantial
sampling error of traditional systematic biopsy, multiple risk stratification schemes and
management strategies (7, 8) rely heavily on the histopathological findings of Gleason grade
and percentage of tumor in the core biopsy specimens. It is not ideal practice for such
critical decision-making algorithms to depend on suboptimal data. The counter-argument
that the multifocality of prostate cancer requires systematic biopsy has questionable validity;
there is little evidence that small secondary foci of cancer are clinically important (9, 10).
One could make a compelling case that the multifocality of prostate cancer is an effect rather
than the cause of the currently used diagnostic approach. The multifocality of prostate
cancer might never have been so widely recognized if imaging had allowed for identification
of a dominant tumor followed by a targeted biopsy of that site alone, as is the case with most
other common primary malignancies. This is analogous to breast cancer, where multifocality
is primarily determined by how hard one looks, ranging from 9% with standard assessment
up to 63% with rigorous serial sectioning (11, 12). The current diagnostic approach to
prostate cancer using transrectal ultrasound guided systematic biopsy of the whole gland is
arguably the result of historically inadequate imaging of the dominant lesion rather than
reflecting any major biological difference from other common cancers. In the last 20 or so
years, endorectal multiparametric MR imaging has emerged as an attractive method for the
identification of dominant prostate cancer foci (13-17), and more recent advances have
allowed for direct MRI-guided biopsies of the dominant lesion (18). The addition of
functional and metabolic parameters to standard anatomic T2-weighted imaging has
improved the ability of MR imaging to localize and characterize the aggressiveness of the
dominant tumor focus (19). This offers a new paradigm in prostate cancer diagnosis, in
which a dominant lesion is identified by MR imaging and only that lesion is selectively
biopsied under direct imaging guidance. Therefore, we undertook this study to investigate
the potential clinical utility of endorectal MRI-guided biopsy in the management of patients
with known or suspected prostate cancer.
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MATERIALS AND METHODS

Subjects

This was a prospective study approved by our Committee on Human Research, and written
informed consent was obtained from all participants. The study was compliant with the
requirements of the Health Insurance Portability and Accountability Act. Between
December 2010 and July of 2012, we recruited 24 patients from the population undergoing
multiparametric endorectal prostate MR imaging at our institution in whom MRI-guided
biopsy was considered appropriate, based on a combination of clinical circumstance and
imaging findings of a target appropriate for biopsy. We have an active multiparametric
endorectal prostate MR imaging program, and scan approximately 400 patients per year with
a protocol that includes:

Studies performed on 3.0T scanner (General Electric Healthcare Technologies,
Waukesha, WI) using a body coil for excitation and a Medrad (Pittsburgh, PA)
inflatable endorectal coil filled with perfluorocarbon (3M, St. Louis, MO) in
conjunction with a pelvic phase array coil.

Axial fast 3D SPGR T1-weighted images from the aortic bifurcation to the
symphysis pubis using a spin echo sequence with the following parameters:
minimum TR/TE, flip angle = 12°, 4.2mm slices, and a 24cm FOV, matrix 256 x
192, transverse frequency direction, and one signal excitation acquired. This T1-
weighted sequence allows detection of post-biopsy hemorrhage, nodal enlargement,
and bony metastases (since disease status is not always well established at the time
of imaging, we do not restrict this sequence to high risk patients only). Thin-section
high-spatial-resolution axial and coronal T2-weighted fast spin-echo MR images of
the prostate and seminal vesicles obtained using the following parameters:
Repetition time/effective echo time of 6000/95 msec, echo train length of 16, 3-mm
section thickness, no intersection gap, 14 cm field of view, 256 x 192 acquisition
matrix, and 3 signal excitations acquired.

3D MR spectroscopic imaging acquired with MLEV-PRESS sequence (20) that
allows the acquisition of completely upright citrate resonance at TE of 85 msec
with a 0.16 cm3 nominal spatial resolution with the following parameters:
Repetition time/echo time of 2000/85 85 msec; NEX = 2; phase encoding steps =
16 x 12 x 10; FOV = 86 x 65 x 54 mm3; scan time = 8 minutes. An interleaved
echo-planar spectroscopic readout was used in the left-right dimension.

Oblique axial diffusion tensor imaging echoplanar imaging with six diffusion
gradient directions and a parallel imaging acceleration factor of 2, were acquired in
2.5 minutes with the following parameters: FOV = 24 cm, 256 x 128 matrix, 4 mm
thick slices, and b-value of 0 and 600 s/mm? (8-10 slices typically required to
cover the prostate). While diffusion tensor imaging is a routine part of our
multiparametric prostate MRI protocol, the anisotropy data was not used for
clinical interpretation or biopsy planning in this study.

Multiparametric MR images were reviewed on a picture archiving and communication
system workstation (Impax; Agfa, Mortsel, Belgium) by two attending radiologists
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specializing in abdominal imaging and each with over ten years of experience in endorectal
multiparametric prostate MR imaging (AJJ and FVC). By consensus, readers determined if a
focal target appropriate for biopsy was present. Tumor was considered present if an ovoid
mass-like or crescentic subcapsular region of reduced T2 signal was visible. Tumor had to
be sufficiently visible on T2 weighted imaging to allow for adequate targeting (none of these
findings were seen in any of the patients in this study). Based on the totality of
multiparametric findings, tumor probability was classified as high or low. In general, the
probability of tumor was based on co-existent findings; a focus of low T2 signal intensity
was considered high probability for tumor if accompanied by clear-cut diffusion and/or
spectroscopic abnormality and was considered low probability if not accompanied by clear-
cut diffusion and/or spectroscopic abnormality. The option of MRI-guided biopsy was
offered, in consultation with the referring physician to those patients with one or more
biopsy targets.

MRI-guided biopsy technique

All MRI-guided biopsies were performed by a single attending radiologist (AJJ) with 10
years of experience in prostate MR imaging on a 3.0T scanner (General Electric Healthcare
Technologies, Waukesha, WI) with the patient prone. This radiologist had no prior
experience performing MRI-guided prostate biopsies. The biopsies were performed as a
separate procedure, on a different day from the diagnostic multiparametric MR imaging
study described above. A body coil was used for excitation and a pelvic phased array coil for
reception. The surface coil was positioned as inferiorly as possible while still allowing
access to the rectum. Biopsies were performed using a commercially available prostate
biopsy device (DynaTRIM, Invivo, Gainesville, FL) in conjunction with a related software
package for device tracking and target localization (DynaCAD, Invivo, Gainesville, FL). An
initial digital rectal examination using lidocaine gel was performed to evaluate for anorectal
pathology that might preclude or complicate transrectal biopsy (no anorectal abnormalities
were detected in the study population) and to approximate the position of the prostate. The
needle sleeve of the biopsy system, a fingerlike rigid hollow device that functions both as a
guide for the needle and as a fiducial marker for software localization, was then placed in
the rectum. The needle sleeve was then attached to the clamp stand of the system. The clamp
stand attaches to the table top of the magnet and establishes rigid co-registration between the
needle sleeve, the patient, and the scanner. The clamp stand has adjustable marked cogs that
allow for repositioning of the needle sleeve in three planes. The patient was then advanced
into the bore of the scanner and high resolution T2 sagittal images obtained (with the same
parameters as used for the diagnostic multiparametric MR imaging studies described above).
The location of the needle sleeve was marked on the images and calibrated to the system.
The target lesion was then identified and a cursor placed in the center of the target lesion.
The software tracking system then provided the required three-dimensional adjustments
needed on the clamp stand to deliver the needle to the target. The technical use of the system
is illustrated in Figure 1. Reconfirmation of target and needle track was performed by
obtaining oblique axial and true sagittal MR images with a steady-state gradient echo
sequences (FOV =24 cm, TR 5 = sec, TE = 2.3 msec, 4mm thick slice). Oblique axial
images were aligned with the needle sleeve, and so did not necessarily correspond to the
axial plane of imaging utilized in the preliminary diagnostic study. Retargeting and
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reconfirmation were repeated until needle track and target were correctly aligned. Once
satisfactory alignment was obtained, the patient was removed from the scanner and an
average of 2 (range, 1 to 3) biopsy cores were obtained from each target based on certainty
of targeting, using an automatic titanium 18G MR imaging-compatible biopsy gun (InVivo,
Gainesville, FL). Certainty of targeting was based on subjective clinical assessment of
multiple factors, including lesion size and operator satisfaction with lesion visibility and
needle alignment. Early attempts to obtain MR imaging with the needle in place (i.e., after
firing of the biopsy device) to confirm good needle position were abandoned because
blooming artifact limited the utility of the images and because obtaining this extra sequence
added to the duration of the procedure for the patient, while providing little benefit. Total
table time was approximately 1-2 hours per patient. Patients were observed for thirty
minutes to one hour after the procedure for the occurrence of significant post-biopsy
complications, defined as any complaint requiring specific treatment, intervention,
additional observation, or hospitalization. No post-procedural imaging was performed. All
participants were contacted by the study research coordinator within 7 days of the
procedure, to ensure no delayed complications had developed.

Statistical analysis

RESULTS

A single experienced pathologist (JPS) reviewed all cores obtained by MRI-guided biopsy
and recorded the presence or absence of cancer in each one. For cancer containing cores, the
Gleason grade and score and percentage of tumor seen in each core were recorded. Samples
processed at our institution were fixed in formalin immediately after biopsy and
subsequently placed in a block of paraffin wax. Microtome sections were then mounted on a
glass slide and stained with hematoxylin and eosin. High molecular weight keratin
immunoperoxidase staining was also performed on areas suspicious for adenocarcinoma.
The presence or absence of cancer in the MRI-guided biopsy specimen was used as the
reference standard to determine if the biopsy was positive or negative. Given the small size
of our population, simple descriptive statistical techniques were used to analyze the data,
specifically the frequency of positive or negative biopsies as related to indication, target
size, and target level of suspicion. Student’s t test was used to compare the maximum
percentage of cancer in positive cores between ultrasound and transrectal ultrasound guided
biopsies. Results of previous transrectal ultrasound guided biopsy were also recorded when
available.

The clinical and imaging characteristics of the 24 patients in the study group are shown in
Table 1. The study population consisted of 7 men with suspected prostate cancer, 12 men
with known untreated prostate cancer, and 5 men with previously treated prostate cancer. A
total of 54 MRI-guided biopsy cores were obtained from 27 target lesions. MRI-guided
biopsy yielded a new diagnosis of prostate cancer in 5 of 7 patients with suspected disease
(including 2 of 4 patients with prior negative transrectal ultrasound-guided biopsies). One of
these patients is illustrated in Figure 2. The other two patients with suspected disease and a
negative MRI-guided biopsy result also had a subsequent negative transrectal ultrasound-
guided biopsy. MRI-guided biopsy was positive in 8 of 12 patients with known untreated
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prostate cancer, showing cancer with a higher Gleason score than the baseline transrectal
ultrasound guided biopsy in 5 and the same Gleason score in 5. MRI-guided biopsy was
positive in 3 of 5 patients with previously treated prostate cancer, showing aggressive
Gleason 8 or 9 cancer postradiation recurrence in all three of these patients. The other two
patients with known and previously treated prostate cancer had both undergone hormonal
treatment only and had negative MRI-guided biopsy results. One of these two patients had a
contemporaneous transrectal ultrasound guided biopsy, and this biopsy demonstrated
Gleason score 6 cancer. Overall, MRI-guided biopsies had a significantly higher maximum
percentage of cancer in positive cores when compared to prior transrectal ultrasound guided
biopsy (mean of 37 + 8% versus 13 + 4%; p = 0.01). When examined on a per-target basis
and stratified into two groups based on the median target diameter of 8 mm, the rate of
positive MRI-guided biopsy was highest in the group with a target diameter over 8 mm and
a high level of certainty for cancer, as illustrated in Figure 3. No post-biopsy complications
occurred. None of the patients progressed to radical prostatectomy during the study period.

DISCUSSION

The results of this preliminary study investigating the potential clinical utility of endorectal
MRI-guided biopsy of the prostate suggest the technique might be helpful at several
junctures in the management of prostate cancer in selected patients. For men with an
elevated serum prostatic specific antigen who have had a prior negative transrectal
ultrasound guided biopsy or who have declined a transrectal ultrasound guided biopsy, MRI-
guided biopsy of suspicious lesions may yield a first time diagnosis of prostate cancer, as
seen in 5 of 7 such patients, and rationally guide treatment. Fewer cores would theoretically
result in less discomfort and biopsy associated morbidity (i.e., bleeding or infection) from
the presumed decreased number of cores obtained through MRI-guided biopsy. We
averaged only 2 cores per patient with no complications. This is in contrast to ultrasound
guided prostate biopsy where typically 12 or more cores are routinely obtained. For men
with known prostate cancer that have not yet been treated, either because they are undecided
as to their preferred treatment or have opted for active surveillance, MRI-guided biopsy may
result in cancer upgrading, as seen in 5 of 12 such patients. Finally, in men who have
already been treated, MRI-guided biopsy may provide a diagnosis of local recurrence, as
seen in 3 of 5 patients in our study. In all these scenarios, MRI-guided biopsy provides
incremental clinically useful information with the potential to impact management. The rate
of positive MRI-guided biopsy results as a function of target size and level of suspicion is
also noteworthy. While small numbers precluded any meaningful or multivariate statistical
analyses, we found that larger (8 mm maximum diameter or above) targets with high level
of suspicion were most likely to yield a positive biopsy. This result may seem intuitively
obvious, but could be helpful when deciding whether to offer an MRI-guided biopsy. An
average target diameter of 8 mm corresponds to a tumor volume of 0.26 cm3; and given that
the threshold for clinically significant prostate cancer volume is generally regarded as 0.5
cm3 (21), offering to biopsy lesions of 8 mm or more in diameter would seem adequate for
detection of clinically important disease. Another finding that speaks to the power of MRI-
guided versus standard non-targeted biopsy is the percentage of cancer-containing tissue in
positive cores; we found this was significantly higher in MRI-guided versus prior transrectal
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ultrasound guided cores. This provides provisional support for the notion that
multiparametric MR-identified targets are truly cancers and represent “actionable
intelligence”.

Our results are broadly aligned with prior similar studies, particularly those investigating the
use of MRI-guided biopsy in patients without a diagnosis of prostate cancer. In a study from
Nijmegen, MRI-guided biopsy was positive in 108 of 265 (41%) men with a serum prostatic
specific antigen level greater than 4.0 ng/mL, a prior negative transrectal ultrasound guided
biopsy, and a focal suspicious lesion on T2 and diffusion-weighted MR imaging (22). In
another study from Nijmegen, where MRI-guided biopsy was targeted to lesions with
restricted diffusion in a group of 98 men, MRI-guided biopsy outperformed ultrasound
guided biopsy in determining the highest Gleason grade present, using radical prostatectomy
as the reference standard (23). In three similar studies from Germany, MRI-guided biopsy
was positive in 52 of 100 (52%), 15 of 27 (56%), and 14 of 37 (38%) of men with suspected
prostate cancer and at least one negative prior transrectal ultrasound-guided biopsy (24-26).
In an National Institute of Health study of 101 men with some degrees of suspicion for
prostate cancer on multiparametric MR imaging, transrectal-ultrasound guided biopsy using
fusion software to direct the needle to the MR-identified targets, cancer was detected in 12
of 43 (27.9%), 26 of 39 (66.7%) and 17 of 19 (89.5%) patients with low, moderate and high
suspicion, respectively (27). In a similar study from Germany, ultrasound guided biopsy was
directed to targets identified by MR imaging in a group of 54 patients with suspected
prostate cancer and at least one prior negative ultrasound guided biopsy. Prostate cancer was
detected in 21 of 54 patients (53 of 178 targets) when biopsy was directed to sites
considered suspicious at MR imaging (28). We demonstrated the role of MRI-guided biopsy
in upgrading disease in untreated patients and showing that positive MRI-guided cores are
likely to contain more cancer than standard ultrasound-guided cores.

Our study has several limitations. The study population was small, selected, heterogeneous,
and performed at a single institution. We do not anticipate or favor the widespread or
indiscriminate use of MRI-guided biopsy as a replacement for transrectal ultrasound until
our findings have been further substantiated in standardized prospective multi-institutional
studies with larger patient cohorts. Such studies will need to address incremental clinical
value and cost effectiveness of MR guided biopsy, as stratified by patient risk category. Our
study only included patients considered to have target lesions considered appropriate for
biopsy, so we cannot estimate the prevalence of such targets in the general population of
men with prostate cancer. Our entry criteria were somewhat subjective in that physician and
patient preference were factors in driving the decision to perform an MRI-guided biopsy.
While we do not know exactly the reasoning that lead to biopsy in these cases, we do know
that we only recruited 24 patients over a two year period, despite performing several
hundred diagnostic prostate MRI examinations over the same interval. This suggests that
referrals for biopsy were made in a highly selective fashion. Because the decision making in
these cases was generally made by the referring physician on a case by case basis, and was
not systematically available to us, we do not know why repeat biopsies were considered
appropriate in patients with biopsy-proven disease. That said, our sense is that the decision
to re-biopsy was often driven by concern that tumor had been under-graded at TRUS biopsy
or might have progressed since TRUS biopsy, especially in patients considering active
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surveillance where such under-grading might result in inappropriate management by active
surveillance. Similarly, the determination of what constituted a target appropriate for biopsy
was qualitative and reflected the judgment of the interpreting radiologist. We did not utilize
standardized interpretation schema or quantitative criteria. Future studies incorporating more
objective entry criteria will be required to address potential selection bias introduced by this
methodology, though we would note that such qualitative approaches are ubiquitous in
contemporary practice, where standardized reporting or objective criteria for tumor
localization and characterization at prostate MR imaging is not yet established as common
practice. Our study lacks follow-up data that might help corroborate the meaning of a
negative MRIguided biopsy in a patient with a prior negative transrectal ultrasound-guided
biopsy. We do not know if such a “double-negative” result indicates the absence or
decreased likelihood of clinically significant cancer, or simply the failure of both studies to
detect a cancer that is present. The fact that 2 of 10 patients in our study with known and
untreated prostate cancer (as proven by transrectal ultrasound guided biopsy) had a negative
MRI-guided biopsy certainly raises a concern regarding the value of a negative MRI-guided
biopsy and the risk of false negatives. Both patients had small (under 8 mm) target lesions. It
is interesting to note that in one study, cancer was found in 8 of 10 patients undergoing a
repeat MRI-guided prostate biopsy after an initial negative MRI-guided prostate biopsy (21).
Clearly, like transrectal ultrasound guided biopsy, MRI-guided biopsy can miss cancers.
Further studies with radical prostatectomy as the reference standard would be helpful in
determining to what extent such differences between biopsy modalities and false negative
biopsies are related to true disease burden as against technical difference. Another concern is
that tumor upgrading on re-biopsy may reflect disease progression rather than inherently
more accurate assessment of Gleason score secondary to targeting of the dominant tumor at
MRI. Specifically, in our study, two of the 12 patients with known untreated prostate cancer
had intervals between ultrasound and MRI-guided biopsies of 6 and 8 years, and disease
progression could reasonably be invoked to explain tumor upgrading in such cases.
However, in the remaining 10 patients, the interval was 10 months or less. Particularly since
this group generally consisted of low risk patients with indolent disease, tumor progression
seems an unlikely explanation of upgrading on re-biopsy. Our pre-biopsy multiparametric
MR imaging protocol could be criticized for not adhering with recent guidelines offered by
the European Society of Urogenital Radiology (19), but our study predated the publication
of these suggested practice parameters. For example, we used a diffusion sequence with only
a single b value of 600, which does not conform with the increasing evidence-based trend
towards multi b value diffusion imaging and high b value diffusion imaging. The radiologist
who performed the biopsies had no prior experience with endorectal MRI-guided biopsies
and only obtained a limited number of cores. While these are valid concerns, the fact that we
were still able to demonstrate relatively good and promising results supports the concept of
MR guided biopsy as a robust and useful technique. We have added text to address this issue
in our review of study limitations in the Discussion.

In conclusion, our preliminary experience suggests MRI-guided biopsy offers a potentially
new paradigm for the tissue diagnosis, characterization, and post-therapeutic surveillance of
prostate cancer and could impact the patient management across the continuum of care.
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While promising, our results are preliminary and will need to be further substantiated in
standardized and prospective trials with larger patient cohorts.
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Figure 1.
Photomontage demonstrating the technical use of the MRI-guided biopsy system. The left

component of the montage shows the biopsy device (arrow) clamped to the MRI tabletop.
The central component of the montage is an oblique axial T2-weighted MR image (obtained
in the plane of the needle sleeve, visible in the rectum) showing how the system calculates
the three-dimensional adjustments required to bring the trajectory of a biopsy needle
introduced through the needle sleeve into alignment with the intended target. The right
component of the montage is a software graphic illustrating the three adjustable cogs that
position the needle sleeve. After initial sleeve insertion and preliminary imaging, the
software automatically calculates and displays the three calibration adjustments required to
align the needle sleeve with the target.
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Figure 2.
A: Axial T2-weighted MR image in a 73 year old man who had declined transrectal

ultrasound guided biopsy after a screening serum prostatic specific antigen level of
18.4ng/mL (patient #21 in Table 1). A masslike focus (arrow) of low T2 signal is seen in the
left mid-gland.

B: Corresponding axial apparent diffusion coefficient map demonstrates a focus (arrow) of
restricted diffusion. The findings were considered highly suspicious for prostate cancer by
two independent reviewers. The patient consented to undergo MR-guided biopsy.

C: Oblique axial T2-weighted image obtained in the plane of the needle sleeve of the biopsy
device confirms the needle tip (horizontal arrow) is targeted towards the suspicious focus
(vertical arrow). One core was obtained, and demonstrated Gleason 4+3 cancer in 70% of
the tissue.
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Figure 3.

Graph illustrating the relationship between the rate of positive MR-guided biopsy and the
size and level of suspicion of the target lesion.
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