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Abstract

Purpose To investigate the positive biopsy rate of MRI-

guided biopsy (MR-GB) in a routine clinical setting,

identify factors predictive for positive biopsy findings and

to report about the clinical significance of the diagnosed

tumors.

Methods Patients with at least one negative trans-rectal-

ultrasound-guided biopsy (TRUS-GB), persistently ele-

vated or rising serum prostate specific antigen (PSA) and at

least one lesion suspicious for PCa on diagnostic 1.5 Tesla

endorectal coil MRI (eMR) were included. Biopsies were

carried out using a 1.5 Tesla MRI and an 18 G biopsy gun.

Clinical information and biopsy results were collected;

logistic regression analysis was carried out. Definite

pathology reports of patients with diagnosis of PCa and

subsequent radical prostatectomy (RP) were analyzed for

criteria of clinical significance.

Results One hundred patients were included, mean

number of previous biopsies was 2 (range 1–9), mean PSA

at time of biopsy was 11.7 ng/ml (1.0–65.0), and mean

prostate volume was 46.7 ccm (range 13–183).

In 52/100 (52.0%) patients, PCa was detected. Out of 52

patients, 27 patients with a positive biopsy underwent RP,

20 patients radiation therapy, and 5 patients active sur-

veillance. In total, 80.8% of the patients revealed a clini-

cally significant PCa.

In univariate regression analysis, only serum PSA levels

were predictive for a positive biopsy result. Number of

preceding negative biopsies was not associated with the

likelihood of a positive biopsy result.

Conclusions MR-GB shows a high detection rate of

clinically significant PCa in patients with previous negative

TRUS-GB and persisting suspicion for PCa.

Keywords Detection rate � MRI-guided biopsy �
Prostate cancer � PSA � Significant carcinoma � TRUS

Introduction

To date, systematic trans-rectal ultrasound-guided biopsy

(TRUS-GP) of the prostate represents the gold standard

for diagnosis of prostate cancer [12]. Approximately

24.1% of men in a screening population undergoing

TRUS-guided biopsy (TRUS-GB) will be diagnosed

with prostate cancer (PCa) [21]. Still the rate of false

negative results may be as high as 35% depending on the

biopsy technique used [17]. Patients with persisting

suspicion of PCa after negative prostate biopsy pose a

significant problem on both the patient and the treating

urologist.

Conventional gray scale TRUS has a limited sensitivity

and specificity for the detection of malignant intraprostatic

lesions [18], and the low detection rates after secondary or
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tertiary biopsies demonstrate the flaws of systematic but

non-targeted tissue sampling [7, 15].

Magnetic resonance imaging (MRI) for localization and

staging of PCa has been well investigated over the past

years [23]. The lesion-by-lesion detection rate for PCa with

T2-weighted endorectal coil magnetic resonance tomog-

raphy (eMRT) depending on the size and localization of the

tumor reaches up to 88% [5, 20] and can be further

improved by multi-modality imaging using spectroscopy

and diffusion imaging [14, 23]. The technique of MRI-

guided biopsy (MR-GB) has been established and imple-

mented into clinical routine in our institution six years ago

[3]. Meanwhile, several groups reported about MRI-guided

biopsies [4, 8, 11].

In this study, we present the largest cohort of consecu-

tive patients undergoing MR-GB after previous negative

TRUS-GB. Goal of the present study was to demonstrate

the detection rate of MR-GB and evaluate the clinical

significance of the detected carcinomas. We also sought to

identify factors predictive for a positive biopsy result.

Materials and methods

Patients

Between 8/2005 and 12/2009, one hundred consecutive

patients with at least one prior negative TRUS-GB, per-

sistently elevated or rising PSA values and at least one

lesion suspicious for PCa in previous eMRI were submitted

for MR-GB biopsy by the Department of Urology of the

University Hospital Tuebingen. Patients with a history of

radiation therapy of the prostate or current hormone

deprivation therapy were excluded from the study.

Devices and procedures were approved by the institu-

tional ethics committee.

Magnetic resonance imaging and MR-guided biopsy

To identify suspicious lesions and for planning of the

intervention, all patients underwent eMRI (1.5 Tesla,

endorectal coil, Medrad GmbH, Volkach, Germany) before

the MR-GB. Primary diagnostic sequence was a T2-

weighted turbo spin echo sequence (T2w TSE), since during

biopsy, a T2w sequence was applied. To differentiate

benign and malignant areas in the prostatic gland, additional

sequences, including diffusion weighted imaging (DWI),

MR-spectroscopy, and dynamic contrast enhanced imaging

(DCE) were used after the first 52 patients after multi-

parametric imaging that had been established in our

department 2007.

MRI-guided biopsies were performed on a 1.5 Tesla

scanner (Siemens Magnetom Avanto or Espree, Erlangen,

Germany); images were acquired with combined body- and

spine-phased array coils. Patients were placed in a prone

position, a needle guide filled with a Gd-chelate dotted gel

for visualization fixed to a portable biopsy device was

introduced rectally (Invivo GmbH, Schwerin, Germany).

Biopsies were taken with an MRI-compatible 18-gauge,

fully automatic, core needle, double-shot biopsy gun

(needle length 150 mm, total probe feed 25 mm, TSK

Laboratory, Japan/Invivo GmbH, Schwerin, Germany).

A transversal and coronal T2w TSE (FOV 230 9 230,

matrix size 230 9 256/346 9 384, TR 4000/5560, TE

121/121, 4 mm slices) and a final axial T1w TSE sequence

for detection of hemorrhage (FOV 270 9 270, matrix

230 9 320, TR 500, TE 9.4, 3 mm slices) were obtained.

Three-dimensional adjustments of the needle guide were

based on transversal T2w images, adapted in an oblique

orientation parallel to the needle guide. Interpretation of

MRI, placement of the needle guide, and biopsy were con-

ducted in cooperation of a urologist and a radiologist. At least

two specimens were taken from a suspicious area in case of

multifocality all suspicious lesions were biopsied.

Criteria for clinical significance

To evaluate the tumors for clinical significance, the criteria

reported for MRI-GB by Hambrock et al. were applied

[11]: In patients undergoing RP after positive MR-GB, PCa

was considered clinically significant if at least one of the

following criteria was present: (a) Gleason pattern C 4 in

the definite pathology report, (b) final T stage C pT3a and/

or pN1 and (c) tumor volume [ 0.5 cc. In patients under-

going radiation therapy or active surveillance criteria for

clinical significance were either one of the following:

(a) biopsy Gleason pattern C 4 (b) serum PSA [ 10 ng/ml

and (c) PSA density [ 0.15 ng/ml/cc.

Statistical analysis

The data were analyzed using the statistical software

package JMP� (SAS Institute, Cary, NC, USA). Contin-

gency tables/chi-square tests were used to compare ordinal

variables, and univariate linear regression analysis was

performed with Fisher’s exact test. If possible, Pearson’s

correlation coefficient was calculated. A p value of

p \ 0.05 was considered as statistically significant.

Results

Patients

A total of 100 patients underwent MRI-guided biopsy of

the prostate. Mean patient age was 64.9 years (median 66,
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range 48–81). Mean PSA level at time of biopsy was

12.3 ng/ml (median 8.7, range 3.9–65.0). Average prostate

volume in diagnostic eMRI estimated by the ellipsoid

formula was 46.7 ccm (median 41, range 13–183). The

median number of previous TRUS-guided biopsies was 2

(range 1–9). Since the majority of previous biopsies had

been performed outside our institution, information on

biopsy technique and number of cores was not available for

most patients.

Biopsy results

Mean number of suspicious areas identified by eMRI was

1.16. A median of 4 biopsy cores per patient was obtained

(range 2–8) and average time of the MR-GB procedure was

48 min (range 28–95). All procedures were well tolerated

by the patients. Figure 1 shows an example of T2w-MRI

with the needle guide positioned transrectally.

In 52 (52.0%) patients, PCa was detected by MR-GB.

The median biopsy Gleason score was 7 (range 5–9). In 33

(63.5%) patients, PCa was localized in the peripheral zone

and in 18 (34.6%) in the transitional zone.

In 48 patients, no PCa was detected. In 14/48 (29.2%)

patients without evidence of PCa, histology revealed

prostatitis; PIN or ASAP was reported in 9 (18.8%).

Clinical significance of PCa

Of the 52 patients with PCa, 27 subsequently underwent RP.

The definite pathology report showed PCa confined to the

prostate (pT2) in 12 and non-organconfined PCa in 15 patients

(pT3a: 6, pT3b: 7, pT4: 2; see Fig. 2a for stage distribution).

Eight of the 17 patients with Gleason sum B6 showed an

upgrading to a Gleason score C 7. In total, 20/27 patients

undergoing RP had a Gleason pattern of 4 or 5. Estimated

tumor volume was [0.5 cc in 18 patients. In summary, 23

patients after RP met the criteria for clinically significant PCa.

Of the 25 patients with PCa not undergoing RP,

20 underwent external beam radiation and 5 active

surveillance. In 11 of these patients, biopsy showed a

Gleason pattern of 4 or 5, in 12 PSA was C10 ng/ml.

Sixteen patients had a PSA density [ 0.15 ng/ml/cc. In this

group, 19 patients were considered to harbor clinically

significant disease.

Adhering to these criteria, forty-two of the 52 patients

(80.8%) diagnosed with PCa exhibited clinically significant

PCa.

Logistic regression analysis

Statistical analysis of clinical factors to predict a positive

biopsy result was carried out. Neither patient age, prostate

volume, PSA levels, number of preceding biopsies nor

anatomical location of the suspicious lesion on eMRI

correlated significantly with findings of PCa in the biopsy

specimen (Table 1). In a second step, only serum PSA

levels [10 ng/ml correlated positively with a positive

biopsy result in univariate analysis of subcohorts (Table 2).

Discussion

The dilemma of repeated negative biopsies in men with

persistently elevated or even rising serum PSA is well

known. Although saturation biopsies improve the detection

rate of PCa, solely increasing the number of biopsy cores

may also contribute to the detection of clinically insignif-

icant disease [26]. Several groups have shown that con-

sidering suspicious lesions detected on eMRI or M-M

eMRI on TRUS-guided re-biopsies significantly improves

the detection rate [2, 25]. In the following years, several

groups established direct MR-GB of the prostate and

reported promising results [4, 10, 28].

In our institution, the technique has been implemented

into clinical routine more than five years ago. In the current

study, fifty-two percent of patients with at least one neg-

ative TRUS-GB and elevated or rising PSA can be diag-

nosed with PCa using MR-GB. Although most men in our

Fig. 1 65-year-old patient with

PSA 8 ng/ml and 5 previous

negative TRUS-GB. Poorly

defined hypointense area (*) in

the ventral transitional zone

(A, oblique T2w TSE before

biopsy) with suspicious

correlate (*) in DWI.

Histopathology reported a

Gleason score 3 ? 4, final

histopathologic result after

radical prostatectomy revealed

Gleason Score 4 ? 5
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cohort underwent more than one TRUS-biopsy before

MR-GB, in 69.2% of our patients clinically significant

carcinomas were detected. This is in concordance with

Hambrock et al. who found clinically significant disease in

37 of 40 patients diagnosed with PCa by MR-GB [11].

There is evidence that the sensitivity to PCa detection in

eMRI correlates with histological features of the tumor. In

a study of 123 patients undergoing MRI before RP, the

sensitivity to predicting tumor foci was 44% in patients

with Gleason 3 ? 3 tumors and 89% in patients with

Gleason 4 ? 4 and higher [27]. The histopathologic grad-

ing of PCa diagnosed after biopsy of suspicious lesions in

Table 1 Patients’ characteristics dichotomized in negative and

positive findings of MR-GB show no significant difference

Biopsy result

Positive Negative p value

Patients (n) 52 48 –

Age (y) 65.5 64.2 0.45

Prostate volume (ccm) 43.1 50.1 0.15

PSA (ng/ml) 13.2 10.2 0.13

Previous biopsies (n) 2.0 1.9 0.49

Cores taken (n) 4.0 4.4 0.19

PCa [n (%)]

Transitional zone 18 (34.6)* – *0.14

Peripheral zone 33 (65.4)*

PCa prostate carcinoma

Table 2 Univariate logistic regression analysis of subcohorts

Total Subcohort

(pairs tested)

p value

Age (y) \65 [65 0.69

Median 66

Range 48–81

Prostate volume (ml) 40–60 [60 0.45

Median 41

Range 13–183

Serum PSA (ng/ml) 4–10 [10 \0.03*

Median 8.9

Range 3.9–65.0

Previous biopsies (n) 1–2 [2 0.56

Median 2

Range 1–9

PCa prostate carcinoma, * statistically significant

Fig. 2 MR-GB detects clinically significant tumors in the majority of

patients with a positive biopsy result (n = 52). PCa Prostate

carcinoma, GS Gleason Score, MR-GB MRI-guided biopsy. a Distri-

bution of serum PSA values in patients with a positive MR-GB

(n = 52). b Distribution of Gleason Score (GS). About 59.7% of all

patients diagnosed with PCa harbored tumors with GS 7 or greater.

Biopsy GS in patients undergoing radiotherapy or active surveillance

(n = 23), definite GS in patients after RP (n = 29). c Distribution of

pathologic T stage in patients undergoing radical prostatectomy (RP,

n = 29) after positive MR-GB

b
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MRI seems to reflect the definite pathological grading of

the surgical specimen: In a series of 70 consecutive patients

with diagnosis of PCa after MRI-directed TRUS-GB, the

biopsy Gleason score was confirmed in 90% of the cases.

Downgrading only occurred in 1.4% of these patients [13].

This emphasizes the capability of MR-GB to diagnose

clinically significant tumors, but also opens new perspec-

tives for patients under active surveillance [9]: The

scheduled targeted re-biopsy of a defined dominant intra-

prostatic lesion/index lesion may aid to monitor patients

more accurately than by repeated random TRUS-biopsy.

Several anatomical factors influence the detection rate

of PCa in TRUS-GB: localization of the tumor and prostate

volume. Although histopathological studies have demon-

strated that the majority of PCa lesions are situated in the

peripheral zone [16], the analysis of the biopsy cores in our

study revealed that about 34.6% of the tumors were

localized in the transitional zone. Similarly, this has been

observed for rebiopsy populations in other investigations

where up to 18.1% of the patients with prior negative

TRUS-GB were diagnosed with cancer in the transitional

zone only [6]. In a study reporting about MRI-guided,

diffusion weighted TRUS-rebiopsy, even 13 of 17 patients

with a positive biopsy had cancer in the transitional zone

[19]. Routine random TRUS-GB with 10 or 12 biopsy

cores will not include tissue samples from this region and

part of the tumors might have been missed in previous

biopsy rounds. This might explain the substantially higher

number of positive transitional zone biopsies in the tar-

geted re-biopsy setting.

The mean prostate volume in our patient cohort was

46.7 ccm, suggesting a substantial number of patients with

enlarged prostate glands. The likelihood of a positive

biopsy result decreases in prostates with larger volumes

[24]. The high tumor detection rate of over 50% empha-

sizes the advantages of targeted biopsy techniques in this

selected population.

The most prevalent histological classification in nega-

tive biopsy specimens was prostatitis. In fact, currently, the

specificity of MR-imaging is mainly limited by the dif-

ferentiation of malignant and inflamed lesions. Advances in

multimodality imaging and improved resolution with 3

Tesla MR-devices might lead to a further improvement in

diagnostic accuracy [1].

Analysis of clinical factors in our cohort revealed that

only PSA was associated with a positive biopsy outcome.

Interestingly, the number of preceding biopsies did not

affect the probability of finding PCa on MR-GB. With

increasing number of biopsies, the likelihood of detecting

PCa on TRUS-GB decreases from 23% after the first round

to 17.6% and 11.7% on the second and third re-biopsy

respectively[26]. The positive biopsy rate of [50% in our

cohort of patients underlines the advantage of a targeted

biopsy in this selected patient cohort.

Some limitations of our study have to be considered.

First, the cohort is not homogeneous, including patients

with varying number of previous negative biopsies. Sec-

ond, there is a pre-selection bias: All patients undergoing

MR-GB demonstrated a suspicious lesion on previous

diagnostic eMRI. Since sensitivity to eMRI correlates with

Gleason Score and tumor size [13, 20, 27], it can be

hypothesized that MR-GB might contribute in selecting

patients with clinically significant cancer. Last, follow-up

information for the patients with negative biopsies was not

available for the majority of the patients. Therefore, the

true false-negative rate of MR-GB cannot be assessed. This

issue should be addressed in further studies concerning

biopsy techniques.

Considering the technical complexity, incremental costs

and still limited sensitivity to eMRI for cancer detection,

MR-GB will not replace systematic TRUS. Therefore, in

our institution, the method is restricted to patients with

persisting suspicion of PCa after previous negative TRUS-

GB. MRI-directed TRUS biopsies might overcome the

aforementioned drawbacks [22]. However, translation of

the findings in eMRI to gray scale ultrasound may not

always be accurate. Fusion imaging might overcome these

obstacles in the future. In this context, the potential not

only for primary cancer detection but also for monitoring

patients under active surveillance with scheduled targeted

rebiopsies of index lesions has to be kept in mind.

Conclusions

The results of our investigation demonstrate the effective-

ness of MR-GB to diagnose clinically significant PCa in

patients with persistently elevated PSA levels after nega-

tive TRUS-GB. The increased cancer detection rate justi-

fies the use of this elaborate biopsy technique in this

particular subset of men with detectable lesions on eMRI.

Further prospective studies will have to elucidate whether

this method might be advantageous in differentiating

clinically significant from insignificant disease. The pos-

sibility of reproducibly biopsy target lesions (e.g., domi-

nant intraprostatic lesions) may open new perspectives for

the follow-up of patients with PCa opting for active sur-

veillance. In future, fusion imaging might lead the way for

a more widespread application.
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