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Abstract

Objectives: To evaluate the correlation between multiparametric prostate MRI (MP-MRI) suspicion for seminal
vesicle invasion (SVI) by prostate cancer (PCa) and pathology on MRI/ultrasound (US) fusion-guided biopsy.
Patients and Methods: From March 2007 to June 2013, 822 patients underwent MP-MRI at 3 Tesla and MRI/
US fusion-guided biopsy. Of these, 25 patients underwent targeted biopsy of the seminal vesicles (SVs). In six
patients, bilateral SVI was suspected, resulting in 31 samples. MP-MRI findings that triggered these SV biopsies
were scored as low, moderate, or high suspicion for SVI based on the degree of involvement on MRI. Correlative
prostate biopsy and radical prostatectomy (RP) pathology were reviewed by a single genitourinary pathologist.
Results: At the time of MP-MRI, the median age was 64 years with a median prostate-specific antigen of
10.74 ng/mL. Of the 31 SV lesions identified, MP-MRI suspicion scores of low, moderate, and high were assigned
to 3, 19, and 9 lesions, respectively. MRI/US fusion-guided biopsy detected SVI in 20/31 (65%) of cases. For the
four patients who underwent RP after a preoperative assessment of SVI, biopsy pathology and RP pathology were
concordant in all cases.
Conclusions: As this technology becomes more available, MP-MRI and MRI/US fusion-guided biopsy may
play a role in the preoperative staging for PCa. Future work will determine if improved preoperative staging
leads to better surgical outcomes.

Introduction

Prostate cancer (PCa) is the most common nonskin
cancer and the second most common cause of cancer-

related death in American men.1 Seminal vesicle invasion
(SVI) is the hallmark of stage T3b PCa and is associated with
poor outcomes, including early biochemical recurrence.2,3

This is particularly true in patients with SVI and positive
surgical margins after radical prostatectomy (RP). SVI is also
relatively common, with recent large surgical series reporting
rates of 4.5% to 12.7%.4–6 For all of these reasons, early
knowledge of SVI is critical for appropriate patient coun-
seling, treatment selection, and planning.

Historically, the preoperative assessment of SVI relied on
various surrogates for definitive histologic staging. These
techniques include the digital rectal examination (DRE),

transrectal ultrasound (TRUS) and TRUS-guided biopsy,
predictive nomograms, and MRI. However, each of these
techniques suffers from significant limitations. In contem-
porary practice, most urologists utilize predictive models to
counsel patients on the likelihood of SVI. However, these
models do not incorporate advanced imaging, such as mul-
tiparametric MRI (MP-MRI), which is becoming an in-
creasingly important part of PCa diagnosis. Moreover,
predictive models provide population-based probabilities,
rather than personalized results. A superior standard for
preoperative staging would involve histologic confirmation
in every patient; however, seminal vesicle (SV) biopsy is not
routinely performed.

MRI/ultrasound (US) fusion-guided biopsy, utilizing
software-based registration of diagnostic MRI and TRUS
images, has been shown to accurately represent the tumor
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burden of PCa in a variety of settings.7,8 This technique
combines the best features of two modalities: the high sen-
sitivity and specificity of MRI for PCa and the real-time
features of US, enabling accurate placement of biopsy nee-
dles for tissue diagnosis.9 Although targeted prostate biopsy
has been largely used for identifying primary prostate tumors,
the potential for its use as a PCa staging modality, particu-
larly with respect to the SVs, is under active investigation. At
our institution, all patients with suspected PCa undergo MP-
MRI followed by MRI/US fusion-guided biopsy. When a
lesion that appears to invade an SV is identified on MP-MRI,
its likelihood of representing PCa is recorded, and it is in-
cluded as a target on subsequent MRI/US fusion-guided
biopsy. In this study, we investigate the correlation between
MP-MRI suspicion for SVI and pathology on MRI/US fusion-
guided biopsy, as well as final pathology when available.

Materials and Methods

Patient selection

Patients were enrolled under an Institutional Review
Board (IRB)-approved prospective trial of MP-MRI and
MRI/US fusion-guided biopsy at the National Cancer In-
stitute (NCI) of the National Institutes of Health (NIH).
From March 2007 to June 2013, 822 patients underwent
MP-MRI at 3 Tesla and MRI/US fusion-guided biopsy. Of
these, 25 patients had lesions suspicious for SVI on MRI
and underwent targeted biopsy of the SVs. Six patients had
MRI findings of bilateral SVI, so that 31 targets were
identified and biopsied.

Imaging and biopsy protocol

Each patient initially underwent a diagnostic MP-MRI of
the prostate at 3 Tesla (Achieva; Philips Healthcare, Best,
The Netherlands) with a 16-channel cardiac surface coil
(SENSE; Philips Healthcare) over the pelvis and an en-
dorectal coil (BPX-30; Medrad, Pittsburgh, PA), as previ-
ously described.10 MP-MRI sequences included tri-planar
T2-weighted, dynamic contrast-enhanced (DCE), diffusion-
weighted imaging (DWI), and magnetic resonance spec-
troscopy (MRS). MP-MRI data sets were prospectively
evaluated by two radiologists (Peter L. Choyke, Baris
Turkbey), who assigned a PCa suspicion level (low, moder-
ate, or high) to each lesion using a system that has been
previously validated (Fig. 1).11

All patients in this study had lesions suspicious for PCa
with SVI on MP-MRI and thus underwent prostate biopsy
after MRI. This was done according to a protocol that has
been previously described.8 In short, systematic extended
sextant 12-core biopsies as well as targeted biopsies of MRI-
visible lesions were performed in the same biopsy session
with a system utilizing an end-fire TRUS probe. At least two
cores were obtained from each MRI visible lesion, from the
axial and sagittal planes (Fig. 2).

Prostate biopsy results were then combined with clinical
variables to determine treatment plans based on individual
patient preferences in the setting of a multidisciplinary PCa
clinic. When indicated, patients underwent robot-assisted
radical prostatectomy (RARP) by a single surgeon (Peter A.
Pinto). All biopsy and RP pathology were reviewed by a
single genitourinary pathologist (Maria J. Merino).

Data analysis

Logistic regression models for univariate analysis as well
as descriptive statistics were calculated using JMP Pro 10.0
(SAS Institute, Cary, NC).

Results

Demographic information for the 25 patients is presented
in Table 1. The 25 patients had a median age of 64 years
(interquartile range [IQR]: 57–68) and median prostate-specific
antigen (PSA) of 10.74 ng/mL (IQR: 6.9–20.9). Fourteen of
25 (56%) had not been previously diagnosed with PCa. MP-
MRI suspicion levels of low, moderate, and high for PCa
were assigned to 3, 19, and 9 lesions, respectively. For those
patients with MP-MRIs that were considered moderately or
highly suspicious for PCa, extracapsular extension (ECE) at
the site of the primary cancer was also seen in 42% and 67%
of cases, respectively (Table 2).

Biopsy results are presented in Table 3. SV biopsies were
classified as unknown when the SV cores contained fi-
broadipose tissue rather than SV tissue. Complete biopsy
results are also presented, as both cores obtained by means of
12-core biopsy and MRI/US fusion-guided biopsy of visu-
alized lesions. The overall SVI detection rate by MRI/US
fusion-guided biopsy for the 31 lesions was 20/31 (65%).
Age, race, PSA, clinical stage, number of past biopsies, and
MRI suspicion levels were not significantly associated with
SVI on targeted biopsy.

Eight of the 25 patients (32%) underwent RP with curative
intent (Table 4). Of these, four patients had SV biopsy tissue
that allowed for a preoperative determination of SVI. SV
biopsy and final pathology were concordant in 4/4 (100%) of
these cases. In addition, the highest biopsy Gleason grade was
a significant predictor of SVI on final pathology ( p = 0.018).

MRI/US fusion-guided biopsy significantly decreased the
preoperative staging of one patient. This patient was a 51-
year-old African American male with a PSA of 8.18 ng/mL
and no prior prostate biopsy. On MP-MRI, bilateral lesions
within the prostate gland were visualized with a moderate
likelihood for PCa but with no ECE. The left SV appeared to
be involved by PCa. Extended sextant biopsy revealed PCa
bilaterally in 6 of 12 cores with a highest Gleason grade of
3 + 4 = 7. This was confirmed on targeted biopsy of the in-
traprostatic lesions, but targeted biopsy of the SV revealed

Table 1. Patient Demographics

Total No. of patients (%) 25 (100)
Age median (IQR), years 64 (57–68)
Race, n (%)

White 14 (56.0)
Black 8 (32.0)
Other 3 (12.0)

PSA median (IQR), ng/mL 10.74 (6.9–20.9)
Pre-MRI clinical stage

No history of PCa, n (%) 14 (56)
Prior history of PCa, n (%) 11 (44)

cT1c, n 9
cT2a, n 2

Past biopsies per patient, mean (range) 1.28 (0–5)

IQR = interquartile range; PCa = prostate cancer; PSA = prostate-
specific antigen.
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benign SV tissue. Thus, this patient’s preoperative stage was
reduced from T3b to T2c. This patient opted for surgical
treatment with RARP. Final pathology confirmed pT2c PCa
with a highest Gleason grade of 3 + 4 = 7 and no SVI or ECE.

In a separate analysis, we combined biopsy and final pa-
thology findings to assess the performance of MP-MRI for
detecting SVI. Overall, 0/3 (0%) patients with low suspicion,
15/19 (79%) patients with moderate suspicion, and 5/9 (56%)
patients with high suspicion on MP-MRI proved to have
documented SVI. Thus, moderate or high suspicion led to
histologic confirmation of SVI in 20/28 (71%) of cases versus
0/3 (0%) for low suspicion. This difference was statistically
significant ( p = 0.04).

Discussion

For patients with PCa, the diagnosis of SVI has significant
prognostic implications.3,12 T3b disease is considered ‘‘very
high risk’’ and can significantly alter treatment pathways,
often resulting in multimodal therapy that exposes patients to
associated risks and consequences that can affect quality of
life. Furthermore, the presence of a very high-risk disease
may steer more patients toward radiation therapy, if there is
doubt regarding the ability to obtain surgical cure or a need
for wide surgical margins that could affect postoperative
potency and continence.13

Despite all of these factors, the accurate preoperative
assessment of SVI has remained a significant challenge. His-

torically, SVI was only detectable by DRE in cases of high-stage
palpable diseases. However, DRE suffered from poor accuracy,
leading to a shift toward imaging-based diagnosis. A number of
studies have evaluated the performance of TRUS biopsy in
detecting SVI. However, these studies are composed of a het-
erogeneous group of patients, limiting their generalizability.
Nonetheless, in these carefully selected study populations, the
sensitivity and specificity of TRUS biopsy for SVI range from
47.4% to 66.7% and 98.4% to 100%, respectively.14,15

This low sensitivity, in turn, led to the development of
models used to predict SVI based on various clinical vari-
ables.16,17 Such models combine PSA, clinical stage, and bi-
opsy findings, but may be further improved by the use of
imaging. For example, Wang et al. recently demonstrated the
incremental value of adding MRI to the Kattan nomogram for
the prediction of SVI.18 Utilizing a 1.5-Tesla scanner and re-
lying solely on T1- and T2-weighted images, the authors found
that combining the imaging findings with results from the
Kattan nomogram produced the highest area under the curve
for the prediction of SVI on final pathology ( p < 0.05). The
authors identified SV biopsy as a particularly appealing addi-
tional tool, but felt that enthusiasm for the idea has been lim-
ited because of poor results with the TRUS-guided techniques.

In part, because MRI also provides anatomical information
that may help guide surgery, it offers a useful new alternative
to the existing methods of identifying T3 disease.19 MP-MRI
has become the de facto standard for how MRI should be
performed and is generally based on a T2-weighted scan, a
diffusion-weighted scan, and a DCE MRI. In a recent study,
Soylu et al. retrospectively evaluated the performance of MP-
MRI for the detection of SVI in patients who had undergone
RP.20 This group utilized a 1.5-Tesla magnet and endorectal
coil to perform MP-MRI. For the 23 patients with SVI on
final pathology, MP-MRI had a specificity of 93.1% to 93.6%
and sensitivity of 52% to 59%, depending on the radiologist’s
experience. The addition of DW imaging significantly im-
proved detection of SVI, while the addition of DCE did not.
In a separate study, Kim et al. assessed 30 patients with
PCa and SVI using T2 and DW imaging on a 3-Tesla mag-
net.21 The addition of sequenced imaging significantly im-
proved SVI detection, particularly for the less experienced

Table 2. MP-MRI Findings of T3 Disease

SV lesions,
n (%)

MRI ECE + ,
n (%)

Total lesions 31 (100) 14 (100)

MRI suspicion level
Low 3 (10) 0/3 (0)
Moderate 19 (61) 8/19 (42)
High 9 (29) 6/9 (67)

ECE = extracapsular extension; MP-MRI = multiparametric MRI;
SV = seminal vesicle.

Table 3. Biopsy Results by MRI Suspicion Level for Each

of the 31 Lesions Suspicious for SVI on MP-MRI

Seminal vesicles Prostate

MRI/US fusion biopsies Random biopsies MRI/US fusion biopsies

Gleason sum, n Gleason sum, n Gleason sum, n
Total

Lesions Benign 6 7 8 + Unknown SVI + n (%) Benign 6 7 8 + Benign 6 7 8 +

MRI suspicion level
Low 3 — — — — 3 0 (0) 2 — 1 — 0 1 2 0

Moderate 19 3 — 3 12 1 15 (79) 4 1 5 9 4 1 2 12

High 9 3 — — 5 1 5 (56) — — — 9 — — — 9

Total 31 6 — 3 17 5 20 (65)a 6 1 6 18 4 2 4 21

SV biopsies were classified as unknown when the SV cores contained fibroadipose tissue rather than SV tissue.
aModerate or high suspicion led to histologic confirmation of SVI in 20/28 (71%) of cases.
The gray shaded areas signify the important parts of the respective tables (i.e., ‘‘SVI+’’ and "total" sections).
SVI = seminal vesicle invasion; US, ultrasound.
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radiologist. However, this group did not utilize DCE, and
neither study validated the findings with preoperative biopsy.
This highlights the need for delineating the most accurate
MP-MRI protocol for PCa diagnosis and staging. Most im-
portantly, neither predictive models nor imaging alone is able
to provide reliable SV tissue samples that can allow for ap-
propriate data-driven patient counseling, treatment selection,
and planning.

In this study, we demonstrate the feasibility of the preop-
erative detection of SVI with MRI/US fusion-guided biopsy.
For the 31 lesions that were suspicious for SVI on MP-MRI,
the overall SVI detection rate on MRI/US fusion-guided
biopsy was 20/31 (65%) and 71% if low-suspicion lesions
are not included. Targeted SV biopsies provide an improve-
ment over the current standard of care. Patients with targeted
biopsy-proven SVI can be definitively counseled as to the
presence of T3b disease. This finding has a much greater
utility to individual patients than would a population-based
probability or the results of imaging alone without guided
biopsy. In addition, a negative targeted SV biopsy may

be helpful in the setting of an equivocal MRI suggesting
SVI. The biopsy could impact the patient’s choice of defin-
itive therapy, particularly when surgical extirpation is being
considered.

This study is the first description, to our knowledge, of the
use of MRI/US fusion-guided biopsy to detect SVI. In select
cases, these biopsies significantly altered treatment plans. In
all cases, the biopsies allowed for increased confidence in
preoperative patient counseling. Given the large number of
recent studies that have demonstrated the utility of targeted
biopsy for intraprostatic lesions, this technique is likely to
become increasingly widespread.8,10,22–24 The present study
supports targeted biopsy of the SVs when indicated by im-
aging. It should be noted that the targeted biopsies performed
in this study were based on diagnostic MRIs obtained on a 3-
Tesla magnet with an endorectal coil and MP-MRI se-
quences, including T2-weighted, DCE, DWI, and MRS. This
is a particularly comprehensive approach to prostate imaging
that has been validated in other studies.10,25 However, we and
others do not believe that MRS contributes to the diagnosis of

FIG. 1. Seventy-four-year-old male with a prostate-specific antigen of 20.7 ng/mL and four prior negative biopsies. (a)
Axial T2-weighted MRI demonstrates lesions in the base transitional zone (asterisk), with the latter demonstrating hy-
pointense signal within the left seminal vesicles (SVs) (arrow). (b) ADC maps of DW MRI show restricted diffusion
corresponding to hypointense signal intensity within the primary (asterisk) and the left SV (arrow) lesions. (c) Dynamic
contrast-enhanced MRIs also localize both lesions (asterisk, arrow).

Table 4. Biopsy and RARP Pathology for Those Patients Who Underwent Surgery

Prostate biopsy RARP

Patient MRI suspicion SVI Gleason sum SV Gleason sum
SV biopsy–RARP

concordance

1 Low Unknown 3 + 4 = 7 No 6 —
2 Low Unknown 3 + 4 = 7 No 3 + 4 = 7 —
3 Low Unknown 3 + 4 = 7 No 3 + 4 = 7 —
4 Moderate Unknown 6 No 6 —
5 Moderate Yes 10 Yes 4 + 5 = 9 Yes
6 Moderate Yes 10 Yes 4 + 5 = 9 Yes
7 Moderate Yes 4 + 5 = 9 Yes 10 Yes
8 Moderate No 3 + 4 = 7 No 3 + 4 = 7 Yes
Total 4/4 (100%)

The gray shaded area highlights the SV biopsy–RARP pathology concordance, which is the most important part of the table.
RARP = robot-assisted radical prostatectomy.
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SVI because of the naturally occurring increase in choline
and lowering of citrate in the SVs. Finally, this study provides
a unique assessment of the positive predictive value (PPV) of
MRI for SVI. While this PPV is thought to be high, the
studies that established this relied on just the subset of pa-
tients who underwent prostate MRI and subsequent RP. In the
present study, targeted biopsy allowed for the procurement of
SV tissue preoperatively. In this overall cohort, 6/31 (19%) of
the MRI lesions suspicious for SVI were benign on targeted
biopsy. This suggests the possibility that MRI may, in fact, be
less specific for SVI than previously thought. Given this
possibility, it becomes even more critical for patients to un-
dergo targeted biopsy of the SVs, when indicated.

This study has certain limitations. First, it is not possible
to calculate a sensitivity or NPV of MP-MRI and MRI/US
fusion biopsy for SVI, as we do not routinely biopsy the SVs
of those patients with negative MRIs. We were not able to
target the SVs with both positive and negative MRI findings,
since SV biopsy is not routinely performed and can cause
protracted hematospermia. Second, the majority of the pa-
tients in our study received systemic therapy and/or radia-
tion rather than RP due to advanced disease. This limits our
ability to verify SVI on final pathology. However, MRI/US
fusion-guided biopsy appears to offer a useful surrogate for
RP pathology.26 This is supported by the 100% concordance

between biopsy and final pathology in the subset of patients
who underwent surgery after a conclusive biopsy. Finally, in
five cases, MRI/US fusion-guided biopsy failed to yield SV
or PCa tissue. This may be a result of SV anatomy itself
being distorted by the prostate nerve block, which is ad-
ministered at the level of the junction between the prostate
and SVs bilaterally. Because the resulting anatomic defor-
mation was not present during the diagnostic MRI, accurate
image registration on MRI/US fusion may be challenging.
Finally, targeted biopsy of the SVs may be especially sen-
sitive to motion artifact. Even in cases where the prostatic
nerve blocks do not distort the anatomy, the SVs remain
relatively mobile. The resulting inaccuracy may justify
performing a repeat image registration immediately before
SV biopsy.

Conclusions

MP-MRI and MRI/US fusion-guided biopsy offer a useful
novel tool with which to detect SVI by PCa. Importantly, it
provides a preoperative targeted tissue confirmation and ac-
curate staging, thus allowing for appropriate data-driven
patient counseling, treatment selection, and planning. As this
technology becomes more available to physicians, MP-MRI
and MRI/US fusion-guided biopsy may play a role in the

FIG. 2. Representative im-
ages obtained during MRI/
ultrasound (US) fusion-
guided biopsy at sagittal
plane, demonstrating the SV
target (circle) on (a) real-time
transrectal ultrasound and (b)
fused diagnostic MRI. Biopsy
pathology revealed Gleason
8 prostate cancer in the SV
core.
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preoperative staging for PCa. Future work will determine
if improved preoperative staging leads to better surgical
outcomes.
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