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The predictability of T3 disease in staging MRI following
prostate biopsy decreases in patients with high initial PSA
and Gleason score

Young Hwii Ko1, Deuk Jae Sung2, Sung Gu Kang1, Seok Ho Kang1, Jeong Gu Lee1, Je Jong Kim1 and Jun Cheon1

To obtain improved accuracy in predicting extracapsular extension (ECE) and seminal vesicle invasion (SVI), we evaluated the variables

affecting the predictability of staging magnetic resonance imaging (MRI, phased-array coil) and estimated their impact on

accuracy between preoperative MRI staging and histological outcome. A total of 121 patients with localized or locally advanced

prostate cancer who underwent robotic radical prostatectomy (RALP) were included. Following transrectal biopsy, all enrolled patients

had undergone MRI for staging work-up. After RALP, only 43.8% (53/121) of the patients were matched with the MRI predicted stage.

Compared to the matched group in the prediction of ECE, the unmatched group had significantly higher initial prostate-specific antigen

(PSA, 12.8 ng ml21 versus 8.1 ng ml21, P50.048). In the prediction of SVI, initial PSA (8.1 ng ml21 versus 17.3 ng ml21, P50.009)

and biopsy Gleason score (6.5 versus 7.6, P50.035) were significantly higher in the unmatched group. When applying clinical cutoffs

of initial PSA of 10 and 20 ng ml21, the accuracy of MRI in the prediction of ECE was decreased in the group with PSA over 20 ng ml21

(75.6, 64.5 and 37.5%, P50.01), and this group had significantly decreased accuracy of MRI in the prediction of SVI (91.5, 77.4 and

37.5%, P,0.01). Applying the clinical cutoff of a Gleason score of 7, the accuracy of MRI in the prediction of SVI was decreased in the

higher Gleason score group (93.9, 82.1 and 62.9%, P50.01). Thus, for these patient groups, to obtain margin negativity during radical

prostatectomy, operative findings, rather than post-biopsy MRI images, may provide substantial information, implying a clinical

advantage in conducting MRI before prostate biopsy.
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INTRODUCTION

When evaluating prostate cancer prior to decisive procedures, know-

ledge of the extent of the disease can enable improved oncological

control1 by changing treatment modality or surgical refinement.

Considering that the margin positivity and risk of recurrence are higher

in T3 disease with extracapsular extension (ECE) or seminal vesicle

invasion (SVI), improved preoperative staging is pivotal. To obtain

this, magnetic resonance imaging (MRI), which provides the best

depiction of the contours of the prostate as well as its internal zonal

anatomy, has emerged as the most promising method for radiological

evaluation, allowing evaluation of tumour location, tumour volume,

capsular penetration, invasion of the neurovascular bundle and sem-

inal vesicle involvement2–4 according to recent reports in the literature.

Although it is routinely used as a preoperative radiological evalu-

ation, there are several limitations associated with local staging of the

prostate by MRI after pathological confirmation of prostate cancer via

prostate biopsy. Low-signal intensity lesions in the peripheral zone

may also be caused by several other factors, including post-biopsy

haemorrhage, prostatitis, intraglandular dysplasia and benign pro-

static hyperplasia.5–8 In particular, haemorrhage after biopsy, which

is generally observed during the first 8 weeks after the procedure, is a

substantial limitation of MRI in this setting, resulting in both over-

and underestimation of tumour extent.9,10 Moreover, MRI cannot

detect microscopic invasion; none of the currently available imaging

modalities allows for detection of microscopic invasion.11 All of these

factors together affect the accuracy of MRI as a staging work-up,

resulting in considerable variation in terms of sensitivity and specifi-

city: 14.4–100 and 67–100%, respectively.

Thus, to obtain improved accuracy in predicting ECE and SVI, we

evaluated the variables affecting the predictability of staging MRI and

estimated the variables’ impact on accuracy between preoperative

MRI and pathological outcome. Efforts to identify the variables may

not only allow refinements in surgical technique but also improve

overall oncological outcomes by providing detailed information on

ECE and SVI status, which facilitates obtaining negative margins.

MATERIALS AND METHODS

Patient selection and data collection

A total of 121 patients with localized or locally advanced prostate

cancer (clinical stage T1c to T3c) diagnosed by transrectal prostate

biopsy who underwent robotic radical prostatectomy (RALP) from

July 2007 to December 2009 in our institution were included in this
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study. Following transrectal biopsy, all enrolled patients had under-

gone MRI following the same protocol for staging work-up, mainly for

preoperative staging for the purpose of refining the surgical plan.

Because of the anxiety of patients who might prefer early surgery

rather than a waiting period of 4–8 weeks after biopsy, as well as recent

data suggesting no relationship between time to surgery after trans-

rectal biopsy and operative outcome, our policy for radical prostatect-

omy is one with a minimal wait after confirmation of histological

confirmation of the diagnosis. Thus, we have no previously set period

for MRI evaluation after initial biopsy.

RALP procedures were performed by a single experienced full fac-

ulty robotic surgeon (J. Cheon). Following prostatectomy, resection

specimens were fixed in 10% neutral buffered formalin for 36 h. After

inking of the margins, routine sections of all of the surgical margins,

including the prostatic base, apex and peripheral zone, capsule, peri-

prostatic soft tissue, seminal vesicle, urethra and bladder neck, were

examined with permanent staining. Based on these findings, ECE, SVI

and positive surgical margins were evaluated by a single full faculty

uropathologist who was unaware of the preoperative MRI findings.

Diseases extending into but not through the prostatic capsule were

considered negative for ECE in pathological examination.

Considering the effect on final pathological outcomes, patients who

had undergone prior hormone treatment, radiotherapy or any ablative

technique were excluded from this study.

All patients who had undergone RALP in our institution were regis-

tered in a specific database that includes all important information

pertaining to tumour and patient characteristics, including age, pro-

state weight, initial prostate-specific antigen (PSA), number of biopsy

cores, biopsy Gleason score, interval from biopsy to MRI evaluation,

interpretation of MRI and pathological report. Following approval by

the local institutional review board, data from enrolled patients were

evaluated and analysed. Clinical and pathological stage were assigned

according to the 1992 TNM staging system in this series based on

digital rectal examination, transrectal ultrasound findings and MRI.

Protocol for pelvic MRI and image interpretation

MRI was performed using a 3.0-T whole-body MR scanner

(Magnetom Tim Trio; Siemens Medical Systems, Erlangen,

Germany) with a pelvic array coil (3T Body Matrix TIM Coil;

Siemens Medical Systems). All MRI examinations were performed

according to the same protocol. The imaging protocol included trans-

verse T2-weighted turbo spin-echo sequence imaging, transverse

unenhanced T1-weighted imaging and transverse echo planar dif-

fusion-weighted imaging. The imaging parameters are summarized

in Table 1. MR images were interpreted by a single experienced uror-

adiologist who is board-certified in both radiology and urology. The

radiologist was aware that the patients had prostate cancer but was

unaware of all other clinical and pathological findings, including

Gleason score, tumour location at biopsy, clinical stage and outcome

of digital rectal examination. Haemorrhage was considered present

when an area of high signal intensity within the prostate was observed

on T1-weighted MRI. The following criteria were used for diagnosis of

ECE: tumour tissue in the extraprostatic tissue; obliteration of the

rectoprostatic angle; bulging of the prostate contour caused by the

tumour; asymmetry or direct involvement of the neurovascular bun-

dles; thickening, retraction or irregularity of the prostate capsule;

disruption of the prostatic capsule adjacent to the tumour; and strand-

ing of the periprostatic fatty tissue.11 Capsular irregularity was defined

as spiculated or streaky low signal intensity extending from the cap-

sule, low signal intensity in the periprostatic tissue, or focal irregular

bulging of the capsule.12 The criterion for SVI was abnormal asym-

metric low signal intensity within the lumen or dilatation with or

without asymmetry of the seminal vesicles on T2-weighted images.13

The primary end point of this series was the accuracy (matching of

the pathological finding to the MRI-based prediction) between pre-

operative MRI and pathological outcome (Figure 1). Staging, and

prediction of ECE and SVI were evaluated. SPSS (version 12.0 for

Windows; SPSS Inc., Chicago, IL, USA) was used as a statistical pro-

gram. Receiver operating characteristic (ROC) derived areas under the

curve (AUCs) were estimated in order to evaluate the predictability of

each clinical variable with regard to accuracy. Mann–Whitney U test

and logistic regression was used, and the exact method used is

described in result session. Statistical significance in this study was

set at P,0.05, and all reported P values are two-sided.

RESULTS

The characteristics of the patients are summarized in Table 2. In

53.7% of patients, MRI was conducted within 3 weeks after biopsy,

and intraprostatic haemorrhage was found in 87 images (71.9%). After

RALP, 43.8% (53/121) of the patients were matched with the MRI

predicted stage. Upstaging from the T1c stage, which contains upstag-

ing above T2a, was found in 48 patients (39.7%), and no preoperative

radiological tumour focus was found in nine patients (7.4%). In these

nine patients, although the mean Gleason score (6.260.4) and mean

initial PSA (6.361.7 ng ml21) were lower than those of the patient

with preoperative radiological tumour focus, the difference was not

statistically significant (P50.15 and 0.21, respectively, by Mann–

Whitney U test). The pathological stage was lower than the MRI-pre-

dicted stage in 11 patients (9.1%).

The estimated accuracy of MRI imaging was 69.4% for ECE, 84.3%

for SVI and 73.6% for pathological stage T3 (Table 3). A false negative

occurred in 51.4% and 52.6% for ECE and SVI, respectively.

When comparing the matched group with MRI findings in predic-

tion of ECE, the unmatched group had significantly higher initial PSA

(12.8611.0 versus 8.164.6 ng ml21) in both univariate and multi-

variate logistic regression analysis (P50.006 and 0.048; Table 4). In the

prediction of SVI, initial PSA (8.164.7 versus 17.3613.2 ng ml21,

P,0.001 and 0.009) and biopsy Gleason score (6.561.0 versus

7.661.2, P,0.001 and 0.035) were significantly higher in the unmatched

group than in the matched group (Table 5). However, in a comparison

of the false-positive and -negative subgroups, no variable showed a

statistical difference in prediction of either ECE or SVI (data not shown).

In ROC analysis, the AUC of initial PSA in accurate prediction of

ECE was 0.652 (P50.008, 95% confidence interval (CI): 0.543–0.761;

Figure 2a). The AUCs of initial PSA and biopsy Gleason score in

accurate prediction of SVI were 0.771 (P,0.001, 95% CI: 0.645–

0.897) and 0.748 (P50.001, 95% CI: 0.626–0.870, Figure 2b),

Table 1 MRI sequence protocol

Parameters
T2-weighted

SE sequence

T1-weighted

SE sequence

Diffusion-weighted

Imaging

Time (ms)

Repetition 3290 440 3150

Echo 120 11 71

Matrix 3843384 4483359 1283104

Field of view (mm) 250 250 280

Section thickness (mm) 4 4 4

Flip angle ( u ) 140 150 —

b value (s mm22) — — 1000

Abbreviations: MRI, magnetic resonance imaging; SE, spin echo.
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respectively. Using a PSA cutoff of 10.33 ng ml21, the sensitivity was

73.5% and the specificity was 63.2%. With a Gleason score cutoff of

7.5, the sensitivity was 83.3%, and the specificity was 52.6%. When

applying clinical cutoffs of initial PSA of 10 and 20 ng ml21, the

accuracy of MRI in the prediction of ECE was significantly decreased

in the group with PSA over 20 ng ml21 (75.6%, 64.5% and 37.5%,

P50.01 by Chi-square test, Table 6), and this group also had signifi-

cantly decreased accuracy of MRI in the prediction of SVI (91.5%,

77.4% and 37.5%, P,0.01; Table 7). Applying the clinical cutoff of a

Gleason score of 7, the accuracy of MRI in prediction of SVI was

significantly decreased in the higher Gleason score group (93.9%,

82.1% and 62.9%, P50.01).

DISCUSSION

Treatment of prostate cancer is greatly dependent on local staging, and

knowledge of the spread of cancer beyond the prostate capsule is

critical for the selection of appropriate therapy. For clinically localized

organ-confined disease, radical prostatectomy has been established as

the standard treatment, providing a 10-year progression-free prob-

ability in approximately 90% of men,14 whereas for patients with more

advanced disease with the presence of ECE or SVI, surgery may carry a

substantial risk of positive surgical margins, subsequently comprom-

ising cancer control. In addition, invasion of seminal vesicles markedly

reduces long-term survival in patients undergoing radical prostatect-

omy.15 Thus, accurate preoperative evaluation of the local stage is

pivotal in the selection of a proper modality for each patient.

a b

Figure 1 False-negative findings in preoperative MRI. (a) Transverse T2-weighted MRI shows an area of low signal intensity (asterisk) in the left peripheral zone with

irregular bulging and disruption of the prostatic capsule (arrow), which are signs of locally advanced disease. Histopathological examination of the radical prosta-

tectomy specimen confirmed that the tumour was confined within the prostatic capsule with surgical margins negative for tumour. (b) Transverse T2-weighted MRI

shows areas of low signal intensity (arrows) in the medial aspect of the seminal vesicles displaying a sign of seminal vesicle invasion. Histopathological examination of

the radical prostatectomy specimen confirmed only haemorrhage and inflammation in the seminal vesicles. MRI, magnetic resonance imaging.

Table 2 Patient characteristics

Mean (range) s.d.

Age (year) 62.8 (46–74) 6.3

Prostate weight (g) 29.5 (12–75) 11.1

Initial PSA (ng ml21) 9.6 (0.4–24.4) 7.5

Number of biopsy core 10.6 (6–14) 2.2

Biopsy Gleason score 6.7 (4–10) 1.1

Risk stratification, n (%)

Low risk 50 (41.3) —

Intermediate risk 41 (33.9) —

High risk 30 (24.8) —

Clinical stage, n (%)

T1 9 (7.4)

T2 93 (76.9)

T2a 30 (24.8)

T2b 21 (17.4)

T2c 42 (34.7)

T3 17 (14.0)

T3a 10 (8.3)

T3b 2 (1.7)

T3c 5 (4.1)

T4 2 (1.7)

Pathological stage, n (%)

T2 78 (64.5)

T2a 17 (14.0)

T2b 11 (9.1)

T2c 50 (41.3)

T3 38 (31.4)

T3a 21 (17.4)

T3b 7 (5.8)

T3c 10 (8.3)

T4 5 (4.1)

Interval after biopsy to MRI (day) 26.0 (2–110) 17.2

Abbreviations: MRI, magnetic resonance imaging; PSA, prostate-specific antigen.

Table 3 The accuracy of staging MRI in predicting pathological

T3 disease

Predict

extracapsular

extension

Predict

seminal vesicle

invasion

Predict

pathological

stage T3

Matched with final pathology, n (%) 84 (69.4) 102 (84.3) 89 (73.6)

Unmatched with final pathology, n

(%)

37 (30.6) 19 (15.7) 32 (26.4)

Categories for unmatching, n (%)

MRI predicted no lesion, but

pathology revealed the presence

of a lesion (false negativity in MRI)

19 (51.4) 10 (52.6)

MRI predicted the presence of a

lesion, but pathology revealed

no lesion (false positivity in MRI)

18 (48.6) 9 (47.4)

Abbreviation: MRI, magnetic resonance imaging.
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Currently, MRI is believed to play an important role in the local

staging of prostate cancer, and many centres in the United States are

now routinely performing MRI and MR spectroscopic imaging of the

prostate, mainly due to the ability of MRI to generate high-resolution

anatomical images based on various inherent tissue characteristics. In

addition, MRI also enables functional assessment using techniques

such as diffusion-weighted MRI, MR spectroscopy and dynamic con-

trast-enhanced MRI (DCE-MRI).

The peculiarity of this series is that our data showed that radiological

accuracy was affected by clinical variables. Predictability of ECE was

affected by initial PSA, and predictability of SVI was affected by initial

PSA and biopsy Gleason score. Of particular interest is that the initial PSA

and Gleason scores were higher in the mismatched group compared with

the matched counterpart. While a clinically acceptable cutoff was not

determined, the AUC in ROC using initial PSA was 0.652 in the predic-

tion of ECE and 0.771 in the prediction of SVI. Using the clinical cutoffs

of PSA 10 and 20 ng ml21 and a Gleason score of 7 points, accuracy

decreased significantly in the high PSA and Gleason score groups. These

observations imply that for patients with PSA over 20 ng ml21 or Gleason

score over 7 points, the presence of ECE or SVI in specific sites on the

prostate cannot be reliably predicted with only preoperative MRI findings

that were conducted after prostate biopsy.

However, this finding is opposite to that of other researchers. Ellis

et al.16 reported that high-grade tumours are more likely to be detected

on a T2 sequence. Later, Ikonen et al.17 confirmed that endorectal

MRI can detect poorly differentiated prostate cancer lesions more

Table 4 The effects of clinical variables on the predictability of extracapsular extension in staging MRI

Patients’ characteristics
Total patients

(n5121)

Predictability in extracapsular extension Univariate Multivariate

Matched group

(n584, 69.4%)

Unmatched group

(n537, 30.6%)
P value

Relative risk

(95% CI)
P value

Relative risk

(95% CI)

Age (year) 62.866.3 62.666.4 63.266.0 0.66 1.01 (0.95–1.08) 0.62 1.02 (0.95–1.09)

Prostate weight (g) 29.5611.1 29.9610.8 28.4611.7 0.46 0.99 (0.95–1.02) 0.74 0.99 (0.95–1.04)

Initial PSA (ng ml21) 9.667.5 8.164.6 12.8611.0 0.006 1.09 (1.03–1.17) 0.048 1.08 (1.02–1.17)

No. of biopsy cores 10.662.2 10.462.4 11.061.5 0.22 1.13 (0.93–1.38) 0.19 1.18 (0.93–1.49)

Biopsy Gleason score 6.761.1 6.661.1 7.061.0 0.07 1.39 (0.97–2.01) 0.37 1.42 (0.66–3.06)

Interval after biopsy to MRI (day) 26.0617.2 27.0617.6 23.6616.2 0.31 0.99 (0.96–1.01) 0.93 1.00 (0.97–1.03)

Clinical stage, n (%)

T1 9 (7.4) 8 (9.5) 1 (2.7) — — — —

T2 93 (76.9) 69 (82.1) 24 (64.9) 0.35 2.8 (0.33–23.4) 0.48 2.23 (0.25–20.1)

T3 17 (14.0) 7 (8.3) 10 (27.0) 0.04 11.4 (1.15–113.1) 0.09 7.8 (0.72–85.50)

T4 2 (1.7) — 2 (5.4) — — — —

Risk stratification, n (%)

Low risk 50 (41.3) 40 (47.6) 10 (27.0) — — — —-

Intermediate risk 41 (33.9) 27 (32.1) 14 (37.8) 0.13 2.07 (0.81–5.35) 0.85 1.13 (0.32–4.03)

High risk 30 (24.8) 17 (20.2) 13 (35.1) 0.03 3.06 (1.12–8.32) 0.58 0.54 (0.06–4.80)

Presence of intraprostatic haemorrhage on MRI, n (%)

Haemorrhage 87 (71.9) 61 (72.6) 26 (70.3) — — — —

No haemorrhage 34 (28.1) 23 (27.4) 11 (29.7) 0.79 1.12 (0.48–2.63) 0.87 0.91 (0.31–2.73)

Abbreviations: CI, confidence interval; MRI, magnetic resonance imaging; PSA, prostate-specific antigen.

Table 5 The effects of clinical variables on the predictability of seminal vesicle invasion in staging MRI

Patients’ characteristics
Total patients

(n5121)

Predictability in Seminal vesicle invasion Univariate Multivariate

Matched group

(n5102, 84.3%)

Unmatched group

(n519, 15.7%)
P value

Relative risk

(95% CI)
P value

Relative risk (95%

CI)

Age (year) 62.866.3 62.966.2 62.366.9 0.72 0.99 (0.91–1.07) 0.97 1.002 (0.89–1.12)

Prostate weight (g) 29.5611.1 30.3611.6 25.366.7 0.074 0.95 (0.89–1.005) 0.11 0.92 (0.84–1.02)

Initial PSA (ng ml21) 9.667.5 8.164.7 17.3613.2 ,0.001 1.16 (1.07–1.26) 0.009 1.19 (1.05–1.36)

No. of biopsy core 10.662.2 10.662.3 10.961.6 0.52 1.08 (0.85–1.39) 0.53 1.13 (0.78–1.62)

Biopsy Gleason score 6.761.1 6.561.0 7.661.2 ,0.001 2.50 (1.52–4.12) 0.035 4.04 (1.10–14.8)

Interval after biopsy to MRI (day) 26.0617.2 27.1618.1 19.768.9 0.09 0.96 (0.92–1.005) 0.38 0.97 (0.92–1.03)

Clinical stage, n (%)

T1 9 (7.4) 9 (8.8) — — — — —

T2 93 (76.9) 82 (80.4) 11 (57.9) 0.28 0.87 (0.83–13.7) 0.36 0.66 (0.70–11.2)

T3 17 (14.0) 10 (9.8) 7 (36.8) 0.01 4.75 (1.15–98.1) 0.07 3.21 (0.92–68.5)

T4 2 (1.7) 1 (1.0) 1 (5.3) 0.72 6.82 (2.42–5.21) 0.99 4.78 (1.87–3.93)

Risk stratification, n (%)

Low risk 50 (41.3) 48 (47.1) 2 (10.5) — — — —

Intermediate risk 41 (33.9) 35 (34.3) 6 (31.6) 0.095 4.11 (0.78–21.61) 0.58 0.52 (0.52–5.3)

High risk 30 (24.8) 19 (18.6) 11 (57.9) 0.001 13.9 (2.81–68.7) 0.34 0.18 (0.05–6.5)

Presence of intraprostatic haemorrhage on MRI, n (%)

Haemorrhage 87 (71.9) 73 (71.6) 14 (73.7) — — — —

No haemorrhage 34 (28.1) 29 (28.4) 5 (26.3) 0.85 0.90 (0.30–2.72) 0.23 0.28 (0.04–2.24)

Abbreviations: CI, confidence interval; MRI, magnetic resonance imaging; PSA, prostate-specific antigen.
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accurately than well-differentiated tumours, although there was no

statistically significant difference between PSA groups in detection

of tumours. In a recent series using DCE-MRI, the sensitivity and

specificity for identification of .10% of Gleason grade 4/5 were 81

and 82%, respectively.18 These observations, which were in discord-

ance with ours, require explanation here. We hypothesize the charac-

teristics of our data, which show a relatively short interval from

prostate biopsy to conducting preoperative MRI, and evaluating

ECE or SVI instead of identification of intraprostatic lesion.

In this series, we evaluated the accuracy of MRI using pathological

outcome as a reference. Each assessed MRI method showed good

specificity and positive predictable value but low sensitivity and nega-

tive predictable value in the detection of characteristics of prostate

cancer. The use of MRI in the post-biopsy setting is associated with

Figure 2 ROC analysis of initial PSA and Gleason scores in the accurate prediction of (a) extracapsular extension and (b) seminal vesicle invasion. ROC, receiver

operating characteristic; PSA, prostate-specific antigen.

Table 6 Discrepancy in predicting ECE based on initial PSA

No. of patients (%)

No. of ECE cases/total No. (%)

Sensitivity Specificity PPV NPV Accuracy

Overall 121 9/27 (33.3) 76/94 (80.9) 9/27 (33.3) 76/94 (80.9) 85/121 (70.2)

Initial PSA

,10 82 (67.8) 2/9 (22.2) 60/73 (82.2) 2/15 (13.3) 60/67 (89.6) 62/82 (75.6)*

10–20 31 (25.6) 5/13 (38.5) 15/18 (83.3) 5/8 (62.5) 15/23 (65.2) 20/31 (64.5)*

.20 8 (6.6) 2/5 (40.0) 1/3 (33.3) 2/4 (50.0) 1/4 (25.0) 3/8 (37.5)*

Abbreviations: ECE, extracapsular extension; NPV, negative predictive value; PPV, positive predictive value; PSA, prostate-specific antigen.

*P50.01, by Chi-square test.

Table 7 Discrepancy in predicting SVI based on Gleason score and initial PSA

No. of patients (%)

No. of SVI cases/total No. (%)

Sensitivity Specificity PPV NPV Accuracy

Overall 121 2/12 (16.7) 100/109 (91.7) 2/11 (18.2) 100/110 (90.9) 102/121 (84.3)

Gleason score

,7 66 (54.5) 0/1 (0) 62/65 (95.4) 0/3 (0) 62/63 (98.4) 62/66 (93.9)*

7 28 (23.1) 0/3 (0) 23/25 (92) 0/2 (0) 23/26 (88.5) 23/28 (82.1)*

.7 27 (22.3) 2/8 (25.0) 15/19 (78.9) 2/6 (33.3) 15/21 (71.4) 17/27 (62.9)*

Initial PSA

,10 82 (67.8) 0/3 (0) 75/79 (94.9) 0/4 (0) 75/78 (96.2) 75/82 (91.5)**

10–20 31 (25.6) 2/8 (25.0) 22/23 (95.7) 2/3 (66.7) 22/28 (78.6) 24/31 (77.4)**

.20 8 (6.6) 0/1 (0) 3/7 (42.9) 0/4 (0) 3/4 (75.0) 3/8 (37.5)**

Abbreviations: NPV, negative predictive value; PPV, positive predictive value; PSA, prostate-specific antigen; SVI, seminal vesicle invasion.

*P50.01, **P,0.01, by Chi-square test.
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a significant artefact that confounds MRI accuracy. In MRI, T2-

weighted imaging provides high-resolution morphological imaging

of the gland in the three planes, and axial T1-weighted imaging is used

in detection of post-biopsy haemorrhage. While cancer has generally

been identified as a low signal in T2-weighted imaging, there are

numerous false positives (inflammation, scars, post-radiotherapy

appearance, etc.), and infiltrating cancers may not show such a typical

appearance. Among these factors, post-biopsy haemorrhage repre-

sents the most common obstacle preventing accurate detection of

prostate cancer because most patients undergo imaging of the prostate

after biopsy. A haemorrhage resulting from a biopsy can show areas of

low signal intensity that are similar to those of prostate cancer, and

thus the haemorrhage causes discrepancies between the results of MRI

and histopathology.19 Post-biopsy T1-weighted MRI has been shown

to exhibit high signal-intensity changes in 28%–77% of patients.5,20

Due to these limitations, investigators in prior studies have recom-

mended an interval of 3 weeks between biopsy and MRI,20 and inves-

tigators in a more recent study suggested that a post-biopsy interval of

8 weeks before MRI may be more beneficial.12 However, in this series,

the mean interval from biopsy to MRI was only 26 days, and MRI was

taken within 3 weeks in 53.7% of patients. In this series, haemorrhage

was found in 71% of patients, and the presence of intraprostatic

haemorrhage may have had a negative effect on the predictive ability

of MRI. To overcome the artefacts mainly induced by post-biopsy

haemorrhage, some researchers suggested conducting MRI before

prostate biopsy. Using DCE-MRI, Hara et al.21 demonstrated a sens-

itivity of 93% and a specificity of 96% in 90 men with elevated PSA

who had MRI before prostate biopsy. However, voxels suspicious of

malignancy were demonstrated in 44 patients, with only 11 of these

having cancer on biopsy, hence leading to a specificity of 54% and an

accuracy of 60%. While MRI applied in a pre-biopsy setting may

potentially increase the predictability of MRI, more data will be

needed to obtain actual evidence supporting this strategy.

Studies using whole-mount histology as the reference standard have

reported T2-weighted MRI scans with broad spectrums of sensitivity

ranging between 37% and 96%.22 The wide variation in results is a

consequence of equipment, patient selection, experience and the accu-

racy of pathological correlation.23 In addition, interobserver variabil-

ity for the reference of each finding is also likely to affect the

outcome.24 For example, ECE can be detected on T2-weighted images

by visualisation of the direct extension of the tumour into the peripro-

static fat or by an interruption in the usually continuous black line

representing the prostate capsule. Capsular irregularity is also consid-

ered an important MRI sign of ECE;9,25 however, this irregularity may

be related to trauma, including prostatic biopsy.5 Actually, more than

20 different criteria exist for ECE.26 In fact, previous studies have

shown that if a diagnosis of extraprostatic tumour spread is based

solely on obvious findings, the high specificity may be associated with

a downside of extremely poor sensitivity.27 When stricter definitions

were used, accuracy rates fell from an average sensitivity of 70%–80%

to below 40% in one particular report.28 Using contour deformity with

only irregular margins as a criterion for capsular penetration, Chelsky

et al.9 achieved an increase in specificity from 78% to 96%. In addition,

the degree of ECE was associated with the predictability of ECE by

MRI. The sensitivity of endorectal T2-weighted-MRI for extracapsular

extension of less than 1 mm was only 14% compared with 71% for

extracapsular extension greater than 1 mm.29

SVI, which shows low-signal foci within an otherwise high-signal

chamber, can be directly visualized as extension of the tumour from

the base of the prostate or as a low-signal intensity lesion that is

discontinuous from the primary tumour. However, in elderly men,

atrophic changes within the seminal vesicles can render the entire

seminal vesicle low in signal on T2-weighted imaging, thus interfering

with the diagnosis. False-positive findings of SVI can occur as a result

of post biopsy haemorrhage or inflammatory changes.5,30

We recognize several limitations in this series. Because we did not

have a policy regarding the timing of MRI after prostate biopsy, MRI

was performed earlier than in other series. While this MRI interval was

not a significant variable statistically affecting the accuracy of the

pathological finding in this series, it is not certain whether the finding

that predictability of ECE and SVI was negatively affected by the pres-

ence of higher initial PSA or Gleason score can be translated to other

patient groups with a longer MRI interval. Additionally, we did not

evaluate the degree of haemorrhage, mainly because we believe that

there is no reliable tool for exact assessment of the degree. In addition,

because this study was based on actual clinical data before radical

prostatectomy in our institution, all MR images in this series could

be interpreted only by a single full-faculty uroradiologist, as opposed

to other research based on retrospective image interpretation by sev-

eral radiologists. This limitation also hindered subjective estimation of

the degree of haemorrhage. However, considering that degree of

haemorrhage showed a significantly negative correlation with tumour

size,31 it is possible that a large haemorrhage from a small tumour,

resulting in capsular irregularity, could be misinterpreted as ECE.

Finally, the use of MRI in treatment of prostate cancer is evolving.

Various functional MR images, including diffusion-weighted MRI,

MRI, DCE-MRI and endorectal coil MRI, may improve cancer detec-

tion and localisation, as well as information regarding the biological

behaviour, volume and staging of cancers for individualized therapy.32

However, each technique has one or more limitations, such as no

standard parameters or low accuracy in central region of the gland.33

Particularly for endorectal coil MRI, while it had been reported to

have advanced sensitivity and specificity for detecting T3 disease

over 90%, controversy still exists over the role of endorectal coil

MRI of the prostate in detecting locally advanced disease,34,35 with

unique complications including rectal bleeding, erosion and proctitis.

Considering these limitations and cost effectiveness, these functional

images and endorectal coil MRI were not routinely conducted in our

institution. We think that a comprehensive understanding of the

advantages and disadvantages of various MR imaging techniques

and protocols will improve the MR-based detection and localisation

of prostate cancer.

In summary, staging MRI after prostate biopsy demonstrated mod-

est accuracy in the prediction of ECE and SVI using pathological

outcome as a reference in patient groups with no previously set

period for MRI evaluation after initial biopsy. The presence of higher

initial PSA or Gleason score negatively affected the accuracy of the

prediction of ECE and SVI. Thus, for these patient groups, to obtain

margin negativity, operative findings rather than preoperative MR

images may provide substantial information, implying a clinical

advantage in conducting MRI in the pre-biopsy setting in selected

patients.
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6 Fuchsjäger M, Shukla-Dave A, Akin O, Barentsz J, Hricak H. Prostate cancer imaging.
Acta Radiol 2008; 49: 107–20.

7 Ikonen S, Kivisaari L, Vehmas T, Tervahartiala P, Salo JO et al. Optimal timing of post-
biopsy MR imaging of the prostate. Acta Radiol 2001; 42: 70–3.

8 Sommer FG, Nghiem HV, Herfkens R, McNeal J, Low RN. Determining the volume of
prostatic carcinoma: value of MR imaging with an external-array coil. AJR Am J
Roentgenol 1993; 161: 81–6.

9 Chelsky MJ, Schnall MD, Seidmon EJ, Pollack HM. Use of endorectal surface coil
magnetic resonance imaging for local staging of prostate cancer. J Urol 1993; 150:
391–5.

10 Gronau E, Goppelt M, Harzmann R, Weckermann D. Prostate cancer relapse after
therapy with curative intention: a diagnostic and therapeutic dilemma. Onkologie
2005; 28: 361–6.
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