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Purpose: A novel platform was developed that fuses pre-biopsy magnetic reso- Abbreviations
nance imaging with real-time transrectal ultrasound imaging to identify and and Acronyms
biopsy lesions suspicious for prostate cancer. The cancer detection rates for the
first 101 patients are reported.

Materials and Methods: This prospective, single institution study was approved
by the institutional review board. Patients underwent 3.0 T multiparametric

DRE = digital rectal examination
EM = electromagnetic
MRI = magnetic resonance

magnetic resonance imaging with endorectal coil, which included T2-weighted, Imaging

spectroscopic, dynamic contrast enhanced and diffusion weighted magnetic res- PSA = prostate specific antigen
onance imaging sequences. Lesions suspicious for cancer were graded according TRUS = transrectal ultrasound
to the number of sequences suspicious for cancer as low (2 or less), moderate (3) US = ultrasound

and high (4) suspicion. Patients underwent standard 12-core transrectal ultra-

sound biopsy and magnetic resonance imaging/ultrasound fusion guided biopsy
with electromagnetic tracking of magnetic resonance imaging lesions. Chi-square
and within cluster resampling analyses were used to correlate suspicion on
magnetic resonance imaging and the incidence of cancer detected on biopsy.
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Results: Mean patient age was 63 years old. Median prostate specific antigen at biopsy was 5.8 ng/ml and
90.1% of patients had a negative digital rectal examination. Of patients with low, moderate and high suspicion
on magnetic resonance imaging 27.9%, 66.7% and 89.5% were diagnosed with cancer, respectively (p <0.0001).
Magnetic resonance imaging/ultrasound fusion guided biopsy detected more cancer per core than standard
12-core transrectal ultrasound biopsy for all levels of suspicion on magnetic resonance imaging.

Conclusions: Prostate cancer localized on magnetic resonance imaging may be targeted using this novel
magnetic resonance imaging/ultrasound fusion guided biopsy platform. Further research is needed to deter-
mine the role of this platform in cancer detection, active surveillance and focal therapy, and to determine

which patients may benefit.

Key Words: prostatic neoplasms, biopsy, magnetic resonance imaging, ultrasonography,
early detection of cancer

ProsTATE cancer is the leading form of cancer and the
second most common cause of cancer related death
in men.! The current standard of care practice for an
initial prostate biopsy involves taking 10 to 14 cores
and has a cancer detection rate of 27% to 40.3%.%°
Saturation biopsy has also been explored as an ini-
tial procedure, but it does not significantly improve
cancer detection compared to standard biopsy.”

MRI has been proposed as an alternative to ul-
trasound to increase cancer detection. MRI has the
benefit of increased resolution, superior imaging of
anatomical structures and extraprostatic involve-
ment, functional assessment, and the ability to po-
tentially assign tumor grade.®~!! Prostate biopsies
under real-time MRI guidance are conducted at sev-
eral centers. However, this technique may be cum-
bersome, time-consuming, costly and impractical
since the entire procedure is conducted in the MRI
gantry.'?7'® Thus, MRI/US fusion based systems
have been developed to address these issues.'671°

An innovative approach to prostate biopsy was
developed and translated from phantom to animal
and then to patient.?® Clinical trial patients first
underwent 3.0 T multiparametric MRI with endo-
rectal coil to identify lesions suspicious for prostate
cancer. If suspicious lesions were identified, patients
were enrolled in this biopsy protocol. Patients in the
trial underwent a standard of care 12-core TRUS
biopsy and MRI/US fusion guided biopsy in the same
setting. The MRI/US fusion guided biopsy in-
volved sampling lesion(s) suspicious for prostate
cancer that were identified on pre-biopsy MRI.
Lesion locations from pre-biopsy MRI were fused
onto real-time TRUS imaging by software devel-
oped in collaboration with Philips. The operator
was guided to these specific locations on TRUS im-
aging by tracking the position of the biopsy needle
with passive EM sensors. This novel platform takes
the benefits of detecting prostate cancer with MRI
out of the gantry and into an office based procedure
room. The cancer detection rates are reported for the
first 101 patients.

MATERIALS AND METHODS

Patients

This prospective study was approved by the institutional
review board of the National Cancer Institute of the Na-
tional Institutes of Health. Patients eligible for this study
were consented and informed appropriately of the poten-
tial harms and benefits. Study enrollment began in 2007.

Multiparametric MRI

Patients underwent multiparametric imaging using a 3.0
T MRI scanner (Achieva, Philips Healthcare, Best, The
Netherlands) combined with a 6-channel cardiac surface
coil (SENSE, Philips Healthcare) positioned over the pel-
vis and an endorectal coil (BPX-30, Medrad, Pittsburgh,
Pennsylvania). Tri-planar T2-weighted, 3-dimensional
point resolved spatially localized spectroscopy, axial dy-
namic contrast enhanced, and axial diffusion weighted
imaging with apparent diffusion coefficient mapping MRI
sequences were conducted according to protocol. Details of
these imaging sequences have been described previ-
ously.'*?! The criterion for a positive lesion on T2-
weighted and diffusion weighted imaging was a well cir-
cumscribed, round-ellipsoid, low signal intensity lesion.'*
A positive lesion on dynamic contrast enhanced imaging
was the presence of foci showing early and intense en-
hancement, and rapid washout. A positive lesion on spec-
troscopy was an area where the choline-to-citrate ratio
was 3 or more standard deviations above the mean
healthy value.?!

Two radiologists (PLC, BT) identified and graded le-
sions suspicious for cancer according to the number of
MRI sequences suspicious for cancer, as low (2 or less),
moderate (3) and high (4) suspicion sequences. MRI data
sets were assessed in consensus between the 2 radiolo-
gists. Both radiologists were blinded to pre-imaging serum
PSA values, prior biopsy status and previous histopatho-
logical findings. Each MRI sequence was evaluated inde-
pendently and separately.

MRI/US Fusion Guided Biopsy

Patients with lesion(s) suspicious for prostate cancer on
MRI entered the prostate biopsy protocol. Before biopsy
the patients were given a cleansing Fleet® enema and
antibiotic prophylaxis per American Urological Associa-
tion guidelines. All patients underwent monitored anes-
thesia care for the procedure.
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Patient and biopsy characteristics

Mean pt age (range) 63  (41-82)
Mean ng/ml PSA (range) 8.3(0.2-103)
Median ng/ml PSA 5.8
No. biopsy history:

No prior 36

Prior neg 29

Prior pos 36
Mean lesions suspicious for Ca on MRI (range) 26 (1-7)
Mean biopsies/lesion (range) 2.2 (1-8)

Patients first underwent a standard of care 12-core
TRUS sextant biopsy of the medial and lateral margins of
the right and left apex, mid gland and base of the prostate.
For the 12-core TRUS biopsy the operator was blinded to
the location of suspicious lesions identified on pre-biopsy
MRI. At the same setting patients then underwent
MRI/US fusion guided biopsy under EM tracking of sus-
picious lesions identified on MRI. An EM field generator
(Northern Digital Inc., Ontario, Canada) was placed above
the pelvis, which allowed for real-time tracking of a cus-
tom biopsy probe embedded with a passive EM tracking
sensor (Traxtal Inc., A Philips Healthcare Company, To-
ronto, Ontario, Canada). A 2-dimensional TRUS sweep of
the prostate was performed in the axial plane to render a
3-dimensional ultrasound image that was then registered
and fused to the pre-biopsy MRI. Lesions suspicious for
cancer identified on MRI were semiautomatically super-
imposed on the real-time TRUS image. At least 2 biopsy
cores were taken for each lesion, 1 in the axial and 1 in the
sagittal plane.

Statistical Analysis

Descriptive statistics were used to describe patient char-
acteristics including age, PSA, DRE and previous biopsy
data. A statistician (JHS) performed all calculations for
this study. The results of the fusion biopsies were strati-
fied according to the preoperative MRI scoring system
(low, moderate and high). Chi-square analysis was used to
determine if there was a correlation between cancer sus-
picion on MRI and cancer detected on biopsy. The within
cluster resampling technique was used to account for the
correlation between repeated measures of multiple lesions
for each patient. For each degree of MRI suspicion the
cancer detection rates per biopsy core were compared with
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standard 12-core TRUS biopsy alone vs MRI/US fusion
guided biopsy alone.

RESULTS

Patient and biopsy characteristics are described in
the table. This initial cohort included 101 patients
with a mean age of 63 years (range 41 to 82). Median
PSA at biopsy was 5.8 ng/ml (range 0.2 to 103) and
90 of 101 (90.1%) patients had a negative DRE. The
trial included patients with no prior, prior negative
and prior positive biopsy histories. On average 2.6
lesions (range 1 to 7) per patient were identified
with some degree of suspicion for prostate cancer on
MRI. On average 5.8 cores per patient were taken
during MRI/US fusion guided biopsy. The overall
cancer detection rate in the clinical trial cohort was
54.4% (55 of 101 patients).

Chi-square analysis was used to determine if
there was a correlation between suspicion of pros-
tate cancer on MRI and cancer detected on MRI/US
fusion guided biopsy for patients. Cancer was de-
tected 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 (fig. 1, A). The within cluster
resampling technique was performed to determine if
there was a correlation between suspicion of pros-
tate cancer on MRI and cancer detected on MRI/US
fusion guided biopsy for lesions. This method takes
into account repeated measures in each patient.
Cancer was detected in 23 of 158 (14.6%), 29 of 72
(40.3%) and 24 of 34 (70.6%) lesions with low, mod-
erate and high suspicion for cancer (fig. 1, B). Both
tests were statistically significant (p <0.0001).

MRI/US fusion guided biopsy detected more can-
cer per core than standard 12-core TRUS biopsy
alone for all levels of suspicion combined (20.6% vs
11.7%, respectively). For low, moderate and high
suspicion on MRI 4.8% vs 3.8%, 20.7% vs 12.3% and
53.8% vs 29.9% of cores were positive for cancer on
MRI/US fusion guided biopsy and standard 12-core
TRUS biopsy, respectively (fig. 2).
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Figure 1. Cancer detection rates for patients (A) and lesions (B) were correlated with suspicion on MRI. Chi-square analysis was
conducted for patients (p <0.0001). Within cluster resampling analysis was conducted for lesions (p <0.0001).
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Figure 2. Cancer detection rates for biopsy cores were com-
pared between standard 12-core TRUS biopsy alone and
MRI/US fusion guided biopsy alone.

DISCUSSION

Although prostate biopsies are becoming less random
and more systematic, cancer is still being missed. The
current standard of care practice for an initial biopsy
involves taking 10 to 14 cores and detects prostate
cancer 27% to 40.3% of the time.?~® Some physicians
are moving toward saturation biopsy techniques with
the hope of improving cancer detection. Studies have
shown that there is no difference between the cancer
detection rate of standard and saturation biopsies in
biopsy naive patients.”?? Although the number of
cores may be increased, biopsies are still not directed
toward cancer. Prostate cancer remains the only tu-
mor sampled with the hope of hitting tumor. However,
saturation biopsies may have a role in detecting cancer
at a rate of 29% to 41% in patients with a suspicion for
cancer and prior negative biopsies.?*2® A saturation
biopsy is often defined as taking 20 or more cores, with
some reports taking more than 70 cores.>?% In this
series a biopsy protocol (combination of MRI/US fusion
guided biopsy and 12-core TRUS) averaged 17.8 cores
and detected cancer in 54.4% (55 of 101) of trial pa-
tients.

Statistically significant associations existed be-
tween the degree of suspicion on MRI and cancer de-
tected on fusion biopsy for patients and lesions
(p <0.0001). When stratified by cancer suspicion on
MRI, fusion biopsy detected cancer in 27.9%, 66.7%
and 89.5% of patients with low, moderate and high
suspicion, respectively. Cancer detection has tradition-
ally been assessed by patient. However, with the de-
velopment of targeted biopsy techniques and the ex-
ploration of focal therapy, cancer detection may be
better assessed by lesion or biopsy core. In this study
MRI/US fusion guided biopsy vs standard 12-core
TRUS biopsy alone detected more cancer per core for
all suspicion levels.

These findings emphasize the potential value of
MRI/US fusion guided biopsy. This platform allows for

the detection of cancer on high resolution imaging, the
stratification of patients and lesions by cancer suspi-
cion, and the ability to detect cancer at a higher rate
per core than conventional random biopsy. These are
all potential benefits that are not available with cur-
rent biopsy techniques. Further research is warranted
to develop recommendations for or against the use of
MRI/US fusion biopsy alone or in addition to a stan-
dard 12-core TRUS biopsy.

The technique of MRI in guiding prostate biopsies
continues to evolve.'?'*27 Hambrock et al recently
reported a cancer detection rate of 59% in a series of 68
patients who underwent in-gantry MRI guided bi-
opsy.'® The authors focused on a population with a
median PSA of 13 ng/ml (range 4 to 243), of which
97.2% had a negative DRE. A similar overall detection
rate of 55.4% was seen in this current trial in a patient
population with a median PSA of 5.8 ng/ml (range 0.2
to 103), of which 90.1% had a negative DRE. This
platform may be an alternative to MRI guided biop-
sies, allowing for office based biopsies. Positive biopsy
rates in any study will be highly influenced by the
patient selection bias inherent to practice patterns and
screening or study population.

This platform may benefit patients enrolled in ac-
tive surveillance or focal therapy protocols. Patients on
active surveillance could be followed by prostate MRI.
If new lesions were identified or suspicion of a previous
lesion increased, MRI/US fusion could be used to tar-
get specific areas at risk. This platform tracks the
locations of lesions as well as the trajectory and path of
needle biopsies digitally, allowing prior targets to be
sampled and monitored. MRI/US fusion guided imag-
ing with EM tracking may also have a role in focal
therapy for prostate cancer. This platform could be
modified to incorporate focal therapies such as cryo-
therapy, high intensity focused ultrasound ablation or
brachytherapy to provide image guidance and EM
tracking of therapeutic instruments.

This study has several limitations. Without the
evaluation of whole mount prostatectomy specimens
the difference in accuracy between MRI/US fusion
guided and 12-core standard TRUS cannot be deter-
mined. Furthermore, whether cancer was missed on
initial MRI vs MRI/US fusion guided biopsy cannot be
assessed. MRI is currently limited to identifying can-
cers greater than 3 mm. For lesions greater than 3 mm
a previous histopathological correlation of peripheral
tumors with multiparametric MRI showed sensitivi-
ties of 94%, 56% and 39%, and specificities of 83%, 96%
and 98% for T2-weighted, dynamic contrast enhanced
and spectroscopy, respectively.?! In a phantom, non-
living model the mean spatial accuracy of this MRI/US
fusion biopsy platform was 2.4 mm.?° This work dem-
onstrated that this platform has the ability to guide
biopsy needles to selected targets within an adequate
margin of error. Only histopathological correlations
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will allow us to address these limitations conclusively.
Despite these limitations cancer was detected at a
higher rate than previously reported for other biopsy
techniques, although overall rates are highly depen-
dent upon the patient population.

Of the 55 patients in whom prostate cancer was
found 10 had detection on 12-core TRUS biopsy alone,
10 on MRI/US fusion guided biopsy alone and 35 with
both methods. Of the 10 patients with disease detected
on 12-core TRUS biopsy alone 5, 4 and 1 had low,
moderate and high suspicion of prostate cancer on
MRI, respectively. Of the 10 patients with cancer de-
tected on MRI/US fusion guided biopsy alone 3, 3 and
4 had low, moderate and high suspicion on MRI, re-
spectively. Of the 35 patients with disease detected
using either biopsy strategy 3, 19 and 12 had low,
moderate and high suspicion on MRI, respectively.
Thus, MRI/US fusion biopsy may aid in the detection
of higher risk prostate disease compared to standard
TRUS biopsy alone. However, further research is nec-

essary to suggest why patients had disease detected on
MRI/US fusion alone or TRUS biopsy alone.

CONCLUSIONS

A novel platform was developed and deployed in clinic
that fuses pre-biopsy MRI and real-time TRUS imag-
ing to identify and target lesions suspicious for pros-
tate cancer under EM tracking. These results indi-
cated that localized prostate cancer may be identified
on multiparametric MRI and targeted using this novel
MRI/US fusion guided biopsy platform. There were
statistically significant associations between the de-
gree of suspicion on MRI and the incidence of cancer
detected for patients and targets (p <0.0001), and
MRI/US fusion guided biopsy detected more cancerous
cores than standard 12-core TRUS biopsy alone. Further
research is needed to determine the role of this platform
in cancer detection, active surveillance and focal therapy,
and to determine which patients may benefit.
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