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Abstract
Introduction:  To examine the use of prostate magnetic resonance imaging (MRI) 
for staging after a new diagnosis of prostate cancer in our hospital system.  There are 
no universally accepted recommendations to guide the use of MRI for staging pur-
poses.  In practice, prostate MRI is used to help distinguish T2 and T3 cancer.  Pros-
tate MRI is a modality that could aid in the triage of patients to radical prostatectomy 
or non-surgical treatments via accurate identification of organ-confined disease.
Materials and Methods:  We performed a retrospective review of prostate cancer 
patients who underwent staging MRI with 1.5T MRI with endorectal (ER) coil.  We 
compared patient characteristics in patients who underwent surgery and those who 
did not, and used pathology reports from prostatectomy samples to calculate the 
negative predictive value (NPV) for extra-capsular extension (ECE) and seminal 
vesicle invasion (SVI).
Results:  We found that patients who underwent radical prostatectomy were young-
er, had lower Gleason scores, and had lower PSA values at diagnosis than patients 
who were not treated surgically.  We calculated a NPV of 93.7% for SVI and 69.5% 
for ECE.  We found variation in rates of accurate identification of T3 prostate cancer 
across the seven radiologists who interpreted MRI images in our study.
Conclusions: 1.5T MRI with ER coil has a high NPV for SVI and a lower NPV for 
ECE. The utilization of 3TMRI may enable practitioners to more confidently rule 
out ECE.  Future studies will be necessary to generate guidelines for use of MRI in 
prostate cancer staging.
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Introduction

	 Prostate cancer is the most common male cancer in the 
United States[1]. Patients are often diagnosed at an early stage 
without symptoms. These patients generally have a prolonged 
disease course[2].However, prostate cancer is a very heteroge-
neous disease, ranging from indolent to highly aggressive in 
nature, which emphasizes the importance of reliable risk strati-
fication methods[3]. The most commonly used screening test re-
mains the serum prostate-specific antigen (PSA), despite recent 
recommendations narrowing its use[4]. The diagnostic algorithm 
downstream of a positive PSA test is constantly evolving, but 
one well-accepted triage tool is the use of nomograms to predict 
ECE, SVI, and lymph node involvement[5].  In patients with cT3 
or cT4 disease or for those patients with a greater than 10% like-
lihood of lymph node involvement by nomogram, the current 
National Comprehensive Cancer Network (NCCN) guidelines 
provide a category 2A recommendation for MRI for local stag-
ing[6]. In practice, the use of imaging in prostate cancer detection 
and staging extends beyond this recommendation, due to the re-
ality that clinical assessment may underestimate local stage in 
40-60% of cases[7].
	 There is wide variation in the employment and accep-
tance of MRI as a staging tool[8]. One factor complicating the 

generation of high-level evidence for the use of MRI is the rapid 
advancement of MRI hardware and analysis techniques. MRI 
with ER coil was validated in the 1980’s; more recently, centers 
have been using higher field strength magnets (3T) as well as 
multi parametric analysis including diffusion weighted imag-
ing and dynamic contrast-enhanced imaging[9]. The utilization 
of different MRI imaging techniques may have contributed to 
the wide variability in reporting the sensitivity, specificity, and 
predictive values of MRI for staging purposes[10].
	 The ability of MRI to detect ECE has been reported 
with sensitivities ranging between 23 to 91% and specificities 
ranging between 84 to 97%[11-13]. One study reported a positive 
predictive value of 79% and a negative predictive value of 91% 
for ECE with 3T MRI with ER coil[12]. Similar studies have been 
performed to evaluate MRI for the detection of SVI, reporting 
sensitivities ranging between 25 to 100% and specificities of 62 
to 99%. Positive predictive values have been reported ranging 
between 20 to 83%, and negative predictive values range be-
tween 79 to 96%[14]. The majority of these data were generated 
from large tertiary-care centers 
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Materials and Methods

Patients
	 After approval by Rhode Island Hospital’s Institution-
al Review Board and receipt of a waiver for informed consent, 
we collected retrospective data for patients with biopsy-proven 
prostate cancer who underwent prostate MRI for staging be-
tween 2005 and 2010.  We identified the subset of patients whom 
subsequently underwent radical prostatectomy in the Alpert 
Medical School of Brown University hospital system and whose 
post-prostatectomy pathology records were available for review. 
Patients were excluded from our final analysis if prostate MRI 
was ordered for an indication other than prostate cancer, prostate 
MRI was performed for restaging after biochemical relapse, or 
if the patient was enrolled in a clinical trial.

MRI Technique and Interpretation
	 All prostate MRI examinations were performed on 
a 1.5-T system (Signa Excite, GE Healthcare) with a gradient 
strength of 120mT/m and using both a pelvic phased-array coil 
and balloon-covered expandable endorectal coil. Glucagon, 
1mg, was administered subcutaneously immediately before the 
start of the examination. All patients were imaged in the su-
pine position. After the acquisition of localizing images, sagit-
tal T2-weighted single shot fast spin-echo imaging through the 
pelvis was performed to confirm the position of the endorectal 
coil. Axial, coronal, and sagittal thin-section, high-spatial-res-
olution T2-weighted fast spin-echo (FSE) images through the 
prostate and seminal vesicles were obtained using the follow-
ing parameters: TR range, 3,000–4,000milliseconds; TE, 120 
milliseconds; echo-train length, 16; field of view (FOV), 12cm; 
section thickness, 3mm; intersection gap, 0 mm; matrix, 256 
Å~ 192; and number of excitations (NEX), 4. Transverse axi-
al T1-weighted spoiled gradient-echo images with a TR/TE of 
325/4.2 and all other parameters matched to the axial high-res-
olution T2-weighted FSE sequence were obtained. Transverse 
axial T1-weighted spoiled gradient-echo images were also ob-
tained from the aortic bifurcation to the symphysis pubis using 
the following parameters: 100/4.2; FOV, 38cm; section thick-
ness, 5mm; intersection gap, 1mm; matrix, 256 Å~ 192; and 
NEX, 1.  DWI was performed using a single-shot echo planar 
imaging technique with a TR of 3,000 milliseconds and a mini-
mum TE; FOV, 18cm; section thickness, 3mm; intersection gap, 
0mm; matrix, 128 Å~ 128; NEX, 6; ADC values were obtained 
from the DWI sequences performed with b values of 0 and 1,000 
s/mm2, and the ADC maps were generated by calculating the 
ADC value in each pixel of each slice.  Seven radiologists, who 
were not blinded to the patients’ clinical characteristics, inter-
preted MRI images.

Statistical Analysis
	 Descriptive statistics were used to compare patient 
characteristics using simple t-tests.  A p-value ≤ 0.05 was con-
sidered significant. Data for ECE and SVI were tabulated as bi-
nary variables (0 for absence of ECE or SVI, 1 for presence of 
ECE or SVI) and summary statistics were generated via two-by-
two tables[15]. Pearson’s (chi) 2 analysis was performed to test for 
variance across MRI interpretation accuracy rates.  All statistical 
analyses were performed with Med Calc software, version 12 
(Ostend, Belgium).  

Results

	 We identified 277 patients with prostate cancer who un-
derwent prostate MRI between 2005 and 2010 whose medical 
records were under the purview of our IRB.  We found that 75% 
of MRIs were ordered by urologists (n=207, 7 different provid-
ers), 15% of MRIs were ordered by radiation oncologists (n=41, 
3 different providers), and 10% of MRIs were ordered by med-
ical oncologists (n=29, 2 different providers).  129 patients un-
derwent radical prostatectomy.  Sixty-eight patients did not pro-
ceed to surgery, 12 patients were enrolled in a clinical trial, and 
68 patients underwent MRI for restaging purposes.  Pathology 
results from prostatectomy samples were used as the gold stan-
dard test in our analysis. We found that patients who underwent 
surgery were younger (61 vs. 67.2 years old), had lower Gleason 
scores (average score 7 vs. 7.5), and had lower average PSA val-
ues (6.08ng/mL vs. 15ng/mL) at the time of diagnosis (Table 1). 
Using pathology reports, we calculated the negative predictive 
value of MRI for SVI and ECE.  We found that 1.5 T MRI with 
ER coil had a negative predictive value of 93.7% (95%CI 87.9% 
to 97.2) when evaluating for SVI, and a negative predictive val-
ue of 69.5% (95% CI 60.34 – 77.6) when evaluating for ECE. 

Table 1. Patient Characteristics

Group  No Surgery 
(n=129)

Surgery 
(n=68)

t-test

Age (y)

 n 129 68  

 Mean 61 67.2 p<0.0001

 Range 44-75 48-92  

Gleason Score    

 n 111 58  

 Mean 6.99 7.47 p=0.0006

 Range 6-9 6-9  

PSA (ng/mL)    

 n 86 54 p=0.008

 Mean 6.08 15  

 Range 1.78 - 27 0.7 - 161.8
 
	 We found significant variation in the accurate identifi-
cation of ECE and SVI between radiologists, ranging from 0% 
accurate (of 3 prostate MRIs included in our study, with total of 
20 interpreted during the study time period) to 92.3% accurate 
(13 prostate MRIs included in our study, with total of 45 in-
terpreted during the study time period, p=0.012) (Figure 1).The 
rate of accurate identification of ECE or SVI did not correlate to 
the number of MRIs interpreted during the study period. Eight 
cases of seminal vesicle invasion identified by pathologic analy-
sis were not identified by MRI analysis. Thirty-six cases of ECE 
seen on pathology were not identified by MRI, and 3 cases of 
ECE were reported in the MRI interpretation, but not present 
on pathologic analysis (Table 2).  Overall, there were zero false 
positive interpretations of SVI and three false positive interpre-
tations of ECE.
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Figure 1.  Accuracy rates for MRI interpretation by radiologist. Left axis indi-
cates accuracy of identification of ECE or SVI for MRIs included in this study 
black (inaccurate) and white (accurate) columns. Numeric labels indicate num-
ber of MRIs in each category.

Table 2. False positive and false negative interpretations for ECE and SVI

Radiologist

Interpretation

ECE SVI

False [+] False [-] False [+] False [-]

1 - 3 - 1

2 - 3 - -

3 - 1 - -

4 1 3 - 1

5 1 11 - 3

6 - 7 - -

7 1 8 - 3

Discussion

	 In 2013, the American Cancer Society estimated 
238,590 new diagnoses of prostate cancer, and 29,720 deaths 
from prostate cancer.  The high prevalence and frequent diagno-
sis in the early stage of disease have driven research to inform 
optimal diagnostic methods and minimize the over-treatment of 
men whose disease would never have adverse clinical outcome 
or affect longevity.  Conversely, selecting the appropriate inter-
vention for management of aggressive disease is essential for 
best outcomes. As imaging technology continues to improve, 
we may be able to further refine our criteria for candidacy for 
radical prostatectomy based on MRI imaging. We believe our 
study represents a more common practice environment, where 
multiple subspecialties (urology, radiation oncology, and medi-
cal oncology) participate in different aspects of patient care with 
varying criteria for triage to staging prostate MRI. We believe 
our use of data from a 1.5T MRI with ER coil and the utilization 
of multiple radiologists for MRI interpretation make our study 
generalizable to common practice settings.
	 Our study confirms that utilizing MRI for prostate can-
cer staging can provide a good negative predictive value (NPV) 
for SVI, which can aid in triaging patients to radical prostatec-
tomy.  The most frequent inaccuracy in our study was the high 
false-negative reporting of ECE, which resulted in a less com-
pelling NPV for ruling out T3a disease.  We also demonstrate a 
variation in accuracy between radiologists, which did not cor-
relate to the number of prostate MRIs interpreted during the time 
period of our study. Given the significant false negative rate for 
ECE, the continued practice in our system is to perform non-
nerve sparing procedures for intermediate- and high-risk disease 
present on initial biopsy. The absence of ECE on MRI is not yet 

deemed sufficient evidence to proceed with a more aggressive 
nerve-sparing approach.
	 There are several limitations to our study.  First, the 
retrospective design and relatively small patient sample limit the 
generalizability of our conclusions. Second, background clini-
cal data, lab values, and pathology results were not uniformly 
available for all patients who underwent MRI during our ex-
traction period, which could result in bias and imbalanced pa-
tient selection. There were no strict criteria for which patients 
were referred for prostate MRI; hence, we could not evaluate 
the preclinical decision making for each patient under study. Be-
cause the study was retrospective, we were unable to analyze 
how MRI results were used by the referring clinician and patient 
in deciding whether to pursue prostatectomy.  In addition, by na-
ture of the design of our study, it is not possible to calculate the 
positive predictive value of MRI for T3 disease, given the ab-
sence of pathology-confirmed extra-prostatic disease in patients 
who did not proceed to surgery.
	 We believe that it is reasonable to employ more com-
monly available MRI modalities (1.5T MRI with ER coil) to rule 
out seminal vesicle invasion in anticipation of radical prostatec-
tomy.  Our findings suggest that the negative predictive value 
for ECE with 1.5T MRI is inadequate to safely triage patients 
for nerve-sparing radical prostatectomy, as a large percentage 
of these patients may in reality have extra-capsular disease. It 
is important to note that since our data extraction period, we 
have transitioned to the use of 3T MRI, which we anticipate will 
increase the diagnostic accuracy of MRI for ECE and SVI as 
has been previously shown[12]. The next phase of our study will 
include collection of data for patients who underwent 3T pros-
tate MRI to determine whether this change alone results in any 
differences in the predictive value of MRI in the evaluation of 
T3 prostate cancer.
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