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Abstract

Introduction: Preoperative prostate cancer stage predicts prognosis 
and affects treatment decisions. The purpose of this study was to 
estimate the sensitivity and specificity of surface coil magnetic 
resonance imaging (MRI) for prostate cancer stage using surgical 
pathologic data as the reference standard. 
Methods: High-risk patients (≥cT3 or PSA ≥20 ng/mL or Gleason 
≥8) and selected intermediate-risk patients (clinically bulky disease 
on exam or biopsy, cT2b/c, or Gleason 7 with ≥3 of 5 biopsy 
cores positive in a lobe) routinely received a pelvic MRI at our 
institution. The images of identified patients were reviewed by one 
radiologist who was blinded to clinical information. The radiologist 
reported presence or absence of tumour within each lobe of the 
prostate. Extraprostatic extension (EPE), seminal vesicle (SV) inva-
sion and pelvic lymph node (PLN) metastasis were also reported. 
Radiological findings were compared with prostatectomy pathol-
ogy reports. 
Results: During the study period, about 320 radical prostatecto-
mies were performed. Of these, 32 had a preoperative surface 
coil pelvic MRI adequate for analysis. Pathologically, 53 of 64 
(82.8%) prostate lobes contained tumour, 17 (26.6%) lobes had 
associated EPE, 12 (18.8%) had SV involvement and 7 (10.9%) sets 
of PLNs contained cancer. Magnetic resonance imaging sensitivity 
and specificity were, respectively, 94.3% and 81.8% for tumour 
location, 82.4% and 87.2% for EPE, 83.3% and 92.3% for SV 
invasion and 71.4% and 94.7% for PLN involvement. 
Interpretation: Surface coil MRI accurately stages many prostate 
cancer patients with elevated risk of extraprostatic disease. This 
mode of imaging may be reasonable at centres that do not have 
endorectal coil MRI. 

Résumé 

Introduction : Le stade du cancer de la prostate avant l’opération 
permet d’établir le pronostic et influe sur les décisions en ce qui 
concerne le traitement. Notre étude avait pour objectif d’évaluer la 
sensibilité et la spécificité de l’imagerie par résonance magnétique 
avec bobine de surface dans l’établissement du stade du cancer 
de la prostate en utilisant les données pathologiques liées à la 
chirurgie comme données de référence.
Méthodologie : Les patients à risque élevé (tumeur ≥cT3 ou taux 
d’APS ≥20 ng/mL ou score de Gleason ≥ 8) et certains patients à 
risque intermédiaire (maladie volumineuse sur le plan clinique lors 
de l’examen ou à la biopsie, tumeur cT2b/c, ou score de Gleason 
de 7 avec au moins 3 carottes biopsiques sur 5 prélevées dans le 

même lobe qui soient positives) subissent un examen par IRM de 
façon systématique à notre établissement. Les images des patients 
inclus dans l’étude ont été examinées par un radiologiste à qui les 
données cliniques n’avaient pas été divulguées (examen à l’insu). 
Le radiologiste signalait la présence ou l’absence de tumeur dans 
chaque lobe prostatique. On a aussi signalé des cas d’extension 
extraprostatique, d’envahissement des vésicules séminales et de 
métastases touchant les ganglions lymphatiques pelviens. Les 
observations radiologiques ont été comparées aux résultats des 
rapports de pathologie suivant la prostatectomie. 
Résultats : Pendant l’étude, environ 320 prostatectomies radicales 
ont été réalisées. De ce nombre, 32 patients avaient subi une IRM 
pelvienne avec bobine de surface dont les données étaient ana-
lysables. À l’examen pathologique, 53 des 64 lobes prostatiques 
(82,8 %) présentaient du tissu tumoral, 17 lobes (26,6 %), une 
extension extraprostatique associée, 12 (18,8 %), un envahissement 
des vésicules séminales et 7 (10,9 %), des groupes de ganglions 
lymphatiques pelviens présentant des traces de cancer. La sens-
ibilité et la spécificité de l’IRM étaient respectivement, de 94,3 % 
et de 81,8 % pour l’emplacement de la tumeur, de 82,4 % et 87,2 
% pour les extensions extraprostatiques, de 83,3 % et 92,3 % pour 
les envahissements des vésicules séminales et de 71,4 % et 94,7 % 
pour l’atteinte des ganglions lymphatiques pelviens. 
Interprétation : L’IRM avec bobine de surface permet d’établir avec 
exactitude le stade du cancer de la prostate chez de nombreux 
patients présentant un risque accru de maladie extraprostatique. 
Cette technique d’imagerie pourrait représenter une méthode diag-
nostique raisonnable dans les centres qui ne disposent pas d’IRM 
avec bobine endorectale.
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Introduction 

Prostate cancer is the most common non-cutaneous cancer 
in Canadian men and is one of the most common causes 
of cancer-related death.1 Pre-treatment disease assessment 
allows for prognostication prior to therapy. However, even 
nomograms based on large data sets can be inaccurate in 
certain individuals. For this reason, some centres advocate 
preoperative endorectal coil magnetic resonance imaging 
(MRI) in patients at highest risk for locally advanced disease.2 
The primary objectives of endorectal MRI are to better assess 
the extent of local disease and to guide surgical planning.
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Despite the utility of endorectal coil MRI, its widespread 
use is prohibited by cost and availability. Surface coil MRI is 
more commonly available in Canada and allows for simul-
taneous assessment of pelvic lymph nodes (PLNs). While pre-
vious studies demonstrate superior accuracy of endorectal 
coil compared with surface coil MRI, these findings may not 
be applicable to a contemporary cohort of patients. Imaging 
technology and data processing have improved significantly 
since these investigations and the impact of these advances 
on diagnostic accuracy have not been adequately assessed. 
The purpose of this study was to assess the performance of 

contemporary surface coil MRI for prostate cancer stage 
using surgical pathologic data as the reference standard. 

Methods 

Consecutive patients with biopsy-proven prostate adenocar-
cinoma referred to the Ottawa Hospital, Ottawa, Ontario, 
Canada, urologic-oncology service from January 2003 to 
December 2006 were considered for study enrolment. We 
selected all patients with high-risk disease (≥cT3 or pros-
tate-specific antigen [PSA] ≥20 ng/mL or Gleason ≥8) and 
intermediate-risk disease (clinically bulky disease, cT2b/c, 
or Gleason 7 with ≥3/5 biopsy cores positive in a lobe) to 
receive a surface coil MRI. Patients were excluded from the 
study if they had low-risk prostate adenocarcinoma and/or 
received neoadjuvant androgen ablation therapy. 

Utilizing a 1.5-Tesla (T) whole-body MRI (Siemens 
Symphony, Malvern, PA), MR 2004A software, and a pel-
vic phased-array surface coil, T1- and T2-weighted images 
were obtained in the axial, sagittal and coronal planes. For 
T2-weighted fast spin-echo sequences, the following param-
eters were applied: repetition time/echo time = 5100/102 ms, 
turbo factor = 19, matrix = 512 × 408, field of view = 18 cm, 
slice thickness = 5 mm, and scan time = 2 minutes. 

Surface coil MRI images were analyzed retrospectively 
by a radiologist (DP) experienced in pelvic MRI, who was 
blinded to clinical and pathological details of the patients 
apart from the diagnosis of prostate cancer. Each prostate 
lobe was examined separately for the presence or absence 
of tumour, the presence of extraprostatic extension (EPE), 
seminal vesicle (SV) invasion and PLN involvement.

Tumour in prostate was predicted by homogenous low sig-
nal intensity as visualized on T2-weighted images, in contrast 
to the higher intensity peripheral zone tissue.3 Extraprostatic 
extension was suggested when asymmetry of the neurovascu-
lar bundle, obliteration of the rectoprostatic angle, thickening 
of the prostate capsule or stranding into the periprostatic fatty 
tissue was present.4-6 Tumour in the SV was suggested by pres-
ence of low signal-intensity, causing dilatation and asymmetry 
of the gland.6 Malignant PLNs were suggested by an enlarged 
size (>6 mm in the short axis) and spherical shape.7

Table 1. Summary of 32 patients included in the study 

All patients Intermediate 
risk 

High risk 

No. patients 32 10 22

Average age (yrs) 59.1 ± 6.7 57.1± 7.5 60.1± 6.2

Preoperative PSA  
(ng/mL)

<10 22 (68.8) 5 (15.6) 17 (53.1)

*10 to <20 5 (15.6) 5 (15.6) 0

*20 5 (15.6) --- 5 (15.6)

Biopsy Gleason sum

6 3 (9.4) 0 (0.0) 3 (9.4)

7 13 (40.6) 10 (31.3) 3 (9.4)

≥8 16 (50.0) --- 16 (50.0)

Clinical T-stage

cT1b 1 (3.1) 1 (3.1) 0

cT1c 9 (28.1) 2 (6.3) 7 (21.9)

cT2a 10 (31.3) 3 (9.4) 7 (21.9)

cT2b 6 (18.8) 4 (12.5) 2 (6.3)

cT2c 0 0 0

cT3a 5 (15.6) --- 5 (15.6)

cT3b 1 (3.1) --- 1 (3.1)

Pathological T-stage 

pT2a 7 (21.9) 2 (6.3) 5 (15.6)

pT2b 1 (3.1) 1 (3.1) 0

pT2c 8 (25.0) 3 (9.4) 5 (15.6)

pT3a 8 (25.0) 2 (6.3) 6 (18.8)

pT3b 8 (25.0) 2 (6.3) 6 (18.8)
Values in parentheses represent proportion of the total sample. PSA = prostate-specific 
antigen.

Table 2. Diagnostic performance of surface coil magnetic resonance imaging in detecting for the presence of tumour in pa-
tients with intermediate- and high-risk prostate cancer

TP TN FP FN Sensitivity 
(%) 

Specificity 
(%)

PPV 
(%)

NPV 
(%)

All patients (n = 64) 50 9 2 3 94.3 
(84.3–98.8)

81.8 
(48.2–97.7)

96.2 
(86.8–99.5)

75.0 
(42.8–94.5)

Intermediate risk (n = 20) 15 4 0 1 93.8 
(69.8–99.8)

100 
(39.8–100)

100 
(78.2–100)

80.0 
(28.4–99.5)

High risk (n = 44) 35 5 2 2 94.6 
(81.8–99.3)

71.4 
(29.0–96.3)

94.6 
(81.8–99.3)

71.4 
(29.0–96.3)

TP = true positive; TN = true negative; FP = false positive; FN = false negative; PPV = positive predictive values; NPV = negative predictive values.
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No patients were excluded from surgery based on MRI 
findings. All had a retropubic radical prostatectomy by 1 of 
2 urologists (IC and CM) who were fellowship-trained in uro-
logic oncology. Cavernosal nerve-sparing was performed if 
the risk of EPE into the neurovascular bundle was considered 
acceptably low based on biopsy and imaging findings. 

Radical prostatectomy specimens were coated with 
India ink and fixed in a 10% neutral buffered formaldehyde 
solution for 24 hours and sectioned in the axial plane at 
4-mm intervals. Tissue sections were embedded in paraf-
fin blocks and sectioned at 4-μm intervals for staining with 
hematoxylin and eosin. Specimens were reviewed for final 
pathological determination by experienced genitourinary 
histopathologists blinded to MRI data, using the 2002 TNM 
classification system.8

A single-blinded investigator (RB) and statisticians (DF 
and SD) carried out the final analysis, correlating pathologic-
al and radiological findings for: tumour in prostate; presence 
of EPE; SV invasion; and PLN involvement, in a side-specific 
fashion. Sensitivities, specificities, positive predictive values 
(PPV) and negative predictive values (NPV) of the above 
categories were determined for all patients according to risk 
grouping. A power analysis was not performed as the focus 
of the study was intended to be a feasibility case series.

Results 

During the study period, about 320 radical prostatectomies 
were performed. Fourty patients met inclusion criteria, 

which included all high-risk and select intermediate-risk 
patients. We excluded patients with low risk disease and 
patients who underwent neoadjuvant androgen ablation 
therapy. All participants had a pre-operative surface coil 
MRI. Unfortunately, 8 patients were excluded from the study 
due to inadequate T2-weighted images. 

Of the 32 remaining patients, 10 and 22 had intermedi-
ate- and high-risk disease preoperatively, respectively (Table 
1). The average patient age was 59 ± 6.7. All patients in 
the intermediate-risk group had a Gleason sum of 7 with 
clinical tumour stages ranging from cT1b to cT2b. Of the 
high-risk patients, 16 had a Gleason sum ≥8; 5 had a PSA 
value ≥20 ng/mL; and 6 were clinical stage ≥cT3. 

Histopathological results after radical prostatectomy 
revealed that 16 of 32 patients had locally advanced disease 
(≥pT3), 4 and 12 of whom were considered preoperatively 
to have intermediate- and high-risk disease, respectively. 

Tumour within the prostate 

The prevalence of tumour within the prostatic lobes was 
82.8% (53/64 lobes; 25 left, 28 right). Surface coil MRI was 
94.3% (95% CI: 84.3 to 98.8) sensitive for tumour within the 
prostate and had correspondingly accurate positive predic-
tive values (Table 2). The associated specificity and negative 
predictive values for the presence of tumour were 81.8% 
and 75.0%, respectively, with wide confidence intervals. 
Overall, surface coil MRI correctly predicted presence or 
absence of a tumour in 59 of 64 lobes. Diagnostic accuracy 
seemed consistent between risk groups.

Extraprostatic extension 

Pathologic analysis revealed 26.6% (17/64; 7 left, 10 right) 
of prostatic lobes had associated extraprostatic extension. 
Overall, surface coil MRI tended to overcall EPE as is reflect-
ed by a 70.0% (95% CI: 45.7 to 88.1) PPV and a 93.2% 
(95% CI: 81.3 to 98.6) NPV (Table 3). Surface coil MRI cor-
rectly predicted the presence or absence of EPE in 41 of 44 
high-risk patient lobes compared with 14 of 20 intermediate 
patient lobes. 

Fig. 1. Axial T2-
weighted magnetic 
resonance image of  
the prostate and  
surrounding tissue. 
Arrow indicates low 
intensity tumour with 
gross extraprostatic 
extension.

Table 3. Diagnostic performance of surface coil magnetic resonance imaging in detecting extraprostatic extension in patients 
with intermediate- and high-risk prostate cancer

TP TN FP FN Sensitivity 
(%) 

Specificity 
(%)

PPV 
(%)

NPV 
(%)

All patients (n = 64) 14 41 6 3 82.4 
(56.6.–96.2)

87.2 
(74.3–95.2)

70.0 
(45.7–88.1)

93.2 
(81.3–98.6)

Intermediate risk (n = 20) 2 12 4 2 50.0 
(6.8–93.2)

77.8 
(52.4–93.6)

33.3 
(4.33–77.7)

85.7 
(57.2–98.2)

High risk (n = 44) 12 29 2 1 92.3 
(64.0–99.8)

93.1 
(77.2–99.2)

85.7 
(57.2–98.2)

96.7 
(82.8–99.9)

TP = true positive; TN = true negative; FP = false positive; FN = false negative; PPV = positive predictive values; NPV = negative predictive values.
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Seminal vesicle involvement 

Twelve of 64 seminal vesicles contained tumour (19%, 6 
left, 6 right). As was observed for EPE, SVI tended to be 
overcalled (Table 4). Diagnostic accuracy for SVI seemed 
to be comparable between risk strata.

Pelvic lymph node involvement 

Only 5 patients had PLN involvement (7/64 sides; 2 left, 5 
right). Overall, surface coil MRI accurately predicted pres-
ence or absence of metastatic lymph node disease in 59 of 
64 nodal areas (Table 5).

Discussion 

Recent prostate cancer imaging initiatives have focused on 
new technology, such as magnetic resonance spectroscopy 
and dynamic contrast enhanced MRI, however, it will be 
many years before these tests will be available to most clini-
cians.9-13 In this study, surface coil MRI, a more widely avail-
able imaging technique, was a reasonably accurate predictor 
of tumour stage in patients with adverse prognostic features 
for locally advanced disease. Thus, in centres without an 
endorectal coil or more advanced technologies, surface coil 
MRI seems to be a useful alternative preoperative investiga-
tion in select patients.

Magnetic resonance imaging has been used in several 
centres to better characterize the local extent of prostate 
cancer and is more accurate than computed tomography or 
ultrasound.14,15 Initial body-coil MRI studies were limited by 

poor spatial and contrast resolutions, with reported accur-
acies as low as 77%.15-18 As a result, an endorectal coil was 
developed to better visualize the zonal architecture of the 
prostate and tumour in the periprostatic tissue and SVs.19 
Engelbrecht and colleagues found endorectal coil superi-
ority in their meta-analysis, however, a similar systematic 
review revealed no difference between body and endorectal 
coil images.20,21 The proximity of the endorectal coil to the 
prostate resulted in improved resolution and decreased 
signal artefact. However, the small field of view precludes 
assessment of the pelvic bones or PLNs and the rectal probe 
distorts the prostate. Thus, endorectal coil MRI, alone or 
in conjunction with surface coil MRI, has been adopted in 
many centres in the United States. 

In our patient cohort, surface coil MRI was highly sensi-
tive for tumours in the prostate gland (94.3%). Other trials 
have reported a wide range of sensitivities (37 to 96%) for 
the detection and correct localization of disease.22 This vari-
ance may be explained by tumour location and size. When 
tumours are located within the central zone, the natural 
heterogeneity of the gland makes tumour depiction difficult. 
Furthermore, despite technological advances, MRI seems 
limited for the detection of small tumours. The high sensi-
tivity in our series is likely due to relatively large tumours. 
While not assessed in the current study, MRI may not be 
beneficial in low-risk patients and generalizations should 
only be applied to select intermediate- and high-risk patients. 

Prediction of side-specific extraprostatic disease is 
extremely important as it can aid the urologist in the deci-
sion to spare the cavernosal nerves or widely resect the 
periprostatic tissue. In this study, surface coil MRI was both 

Table 4. Diagnostic performance of surface coil magnetic resonance imaging in detecting seminal vesicle invasion in patients 
with intermediate and high risk prostate cancer

TP TN FP FN Sensitivity 
(%) 

Specificity 
(%)

PPV 
(%)

NPV 
(%)

All patients (n = 64) 10 48 4 2 83.3 
(51.6–97.9)

92.3 
(81.5–97.9)

71.4 
(41.9–91.6)

96.0 
(86.3–99.5)

Intermediate risk (n = 20) 2 17 0 1 66.7 
(9.4–99.2)

100 
(80.5–100)

100 
(15.8–100)

94.4 
(72.7–99.9)

High risk (n = 44) 8 31 4 1 88.9 
(51.8–99.7)

88.6 
(73.3–96.8)

66.7 
(34.9–90.0)

96.7 
(82.8–99.9)

TP = true positive; TN = true negative; FP = false positive; FN = false negative; PPV = positive predictive values; NPV = negative predictive values.

Table 5. Diagnostic performance of surface coil magnetic resonance imaging in detecting pelvic lymph node involvement in 
patients with intermediate and high risk prostate cancer

TP TN FP FN Sensitivity 
(%) 

Specificity 
(%)

PPV 
(%)

NPV 
(%)

All patients (n = 64) 14 41 6 3 71.4 
(29.0–96.3)

94.7 
(85.4–98.9)

62.5 
(24.5–91.5)

96.4 
(86.6–99.6)

Intermediate risk (n = 20) 2 12 4 2 100 
(2.5–100)

94.7 
(74.0–99.9)

50.0 
(1.3–98.7)

100 
(81.5–100)

High risk (n = 44) 12 29 2 1 66.7 
(22.3–95.7)

94.7 
(82.3–99.4)

66.7 
(22.3–95.7)

94.7 
(82.3–99.4)

TP = true positive; TN = true negative; FP = false positive; FN = false negative; PPV = positive predictive values; NPV = negative predictive values.
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sensitive and specific for EPE, particularly in patients with 
high-risk features. Currently, prostate cancer stage predic-
tion is based on digital rectal exam findings, preoperative 
PSA values and prostate biopsy histology. Several large 
data sets have confirmed the predictive value of these dis-
ease features and they have been incorporated into vari-
ous pre-treatment nomograms, tables and algorithms.23-25 
Furthermore, side-specific nomograms for EPE have helped 
define the laterality of EPE, with predictive accuracies of 81 
to 84%.26-28 However, nomograms are inadequate to direct 
surgical approach in the common situation when a patient 
has an intermediate risk of EPE. For example, in this study, 
one patient had a PSA of 9.9 ng/mL, cT3b, Gleason 3+3 
adenocarcinoma in 20% of biopsy cores. The nomogram-
calculated risk for left-sided EPE was 28%.26 In this patient, 
surface coil MRI was useful, as EPE was suggested on MRI 
and confirmed pathologically. Indeed, recent studies have 
demonstrated an improvement in predicting EPE when com-
bining MRI findings with nomograms and clinical variables, 
such as PSA, Gleason score and clinical stage.29,30 However, 
it is not feasible to perform preoperative MRI on all prostate 
cancer patients. Therefore, if the diagnostic performance 
of surface coil MRI is validated in larger studies, testing 
thresholds could be calculated based on side-specific pre-
test probabilities to help clinicians determine which patients 
could benefit from preoperative imaging.27,31

Consistent with other studies, surface coil MRI was high-
ly specific and reasonably sensitive in predicting tumour 
involvement of the SV. Allen and colleagues reported 100% 
specificity in detecting SV invasion, however, this study simi-
larly had a low incidence of events (6 cases).32 Engelbrecht 
and colleagues performed a meta-analysis on the local sta-
ging of prostate using MRI (with and without an endorectal 
coil) and found a joint maximum sensitivity and specificity 
of 82% for SV invasion from the summary receiver operat-
ing characteristic (ROC) curve.33 While the performance of 
surface coil MRI in predicting SV invasion seems favourable, 
the low incidence of events in all series necessitates caution 
when interpreting these findings. 

As stated for SV invasion, the utility of MRI in PLN predic-
tion remains unclear given the low prevalence of this patho-
logic finding. We observed high sensitivity and intermediate 
specificity in the prediction of PLN metastases. Hövels and 
colleagues demonstrated a pooled specificity of 82% and 
sensitivity of 39% in a meta-analysis. However, considerable 
heterogeneity was observed between studies.34 The incon-
sistency between this and other studies could be attributed 
to small sample sizes and a lack of a standardized definition 
for suspected nodal involvement. 

The favourable performance of surface coil MRI in our 
study may be due to recent advances in fast spin-echo 
sequences and pelvic phased-array surface coils that have 
significantly improved the signal-to-noise ratio, and tempor-

al and spatial resolution.21,35 However, these data should be 
used for hypothesis generation as several limitations preclude 
generalization. As with all diagnostic procedures, inter-rater 
reliability must be ascertained prior to recommending use in 
general practice. Allan and colleagues compared diagnostic 
accuracy of pelvic MRI between a “specialist” compared 
with a “general” radiologist and found a significant differ-
ence in accuracy.32 Certainly, the interpretation of the MRI 
images is subjective and we suspect the expertise of the 
radiologist to be an important factor in the validity of this 
diagnostic test. In our series, the radiologist had a special 
interest in pelvic MRI and no sub-specalized training in 
prostatic imaging.

The relatively small sample size of this series should also 
be considered. The analysis was performed evaluating each 
prostate lobe (left and right) independently. In doing so, our 
risk group analysis may have been affected since clinical 
stage and risk group determinations were based on the pros-
tate gland as a whole. For instance, there were 4 patients 
categorized in the intermediate-risk group and 7 patients in 
the high-risk group with tumour localized only to one side, 
however, both samples were considered to be intermedi-
ate- and high-risk, respectively. This may explain why we 
found no significant differences between intermediate- and 
high-risk groups. It is difficult to assess the degree to which 
the side-specific examination may have affected our group 
analysis, but the overall result is likely unchanged since 
pathological and radiological determinations are performed 
independent of clinical stage. 

Conclusion 

Location-specific stage prediction of prostate cancer is 
important for pre-treatment planning and intra-operative 
decision-making. Our data suggest that pelvic phased-array 
surface coil MRI performs well in patients with high-risk 
and select intermediate-risk prostate cancer. It is reasonably 
accurate in confirming the presence of large tumours in 
the prostate and detecting extraprostatic extension. A large 
multi-institutional study of surface coil MRI will better define 
the performance of this test and will help define the role of 
MRI in preoperative assessment of prostate cancer. 
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