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Abstract: The diagnostic accuracy of standard transrectal ultrasound-guided (TRUL) biopsy is limited due to the finite
number of cores that can be obtained. It has been shown that the technique is not sufficiently reliable in defining the
location and extent of prostatic cancer. The main aim of this study was to investigate the effectiveness of magnetic
resonance imaging (MRI), and positron emission tomography (PET/CT) imaging techniques in pinpointing potential
tumour lesions prior to prostate biopsy.
Material and methods. The study cohort consisted of 45 men with a raised prostate specific-antigen (PSA) level and/or
suspected prostate cancer (PCa) at digital rectal examinations (DRE). Of the 45 patients, 23 had PCa detected with core
needle biopsy (CNB). All had 11C acetate PET/CT imaging. Ten of those 23 patients underwent radical prostatectomy
(RP), of those ten patients, eight patients had MR spectroscopic imaging (MRSI) with 3 T and six had diffusion weighted
imaging (DWI) with apparent diffusion coefficient calculation (MRI DWI ADC). CNB, PET/CT, 2D MRSI and ADC
map results were compared with postoperative specimen histopathology.
Results. The sensitivity of CNB, PET/CT, MRSI and DWI ADC were 0.53, 0.55, 0.79 and 0.95, whereas the specificity of
was 0.88, 0.87, 0.46 and 0.73, respectively.
Conclusion. MRI improves the PCa detection by defining the areas of interest for targeted CNB of the prostate and can
reduce the number of biopsies required.
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INTRODUCTION
With the advent of prostate-specific antigen (PSA)
screening, most PCa are now diagnosed at an early stage [1,
2]. The 10-year relative survival of men with welldifferentiated PCa has been shown to be 100% regardless
treatment [3]. The 5-year relative survival rate for all stages
of PCa is 98%, which indicates that prostate tumours
develop slowly and survival is hardly affected [4, 5].
In many patients PCa is multifocal. Thus, an imaging
technique that non-invasively verifies the presence and
extent of PCa may help in treatment strategy decisions in
men with PCa. Such techniques include MRI, MRSI, and
PET/CT imaging. These techniques could play an important
role in the detection, localisation, and staging of PCa and
may help guide management strategy [6].
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At present the use of MRI in tumour detection is reserved
for patients with elevated PSA levels where biopsy results
are negative. PET/CT with 11C acetate and other
radiopharmaceuticals is mainly used for staging in primary
disease in patients with high-grade tumours to evaluate the
presence of metastatic disease or to localize the disease
location in biochemical relapse after RP prior to radiotherapy
(RT).
The main aim of this pilot study was to investigate the
effectiveness of MRI, and PET/CT imaging techniques for
targeting suspected tumour growth for guiding core biopsy.
MATERIAL AND METHODS
Forty-five men with an elevated PSA level and/or suspect
PCa at DRE initially underwent TRUL- CNB (10 cores)
from the determined areas, 5 on each side (Fig. 1). The
TRUL-CNB was performed by the same investigator. CNB
confirmed PCa in 24 men. The Gleason Scores (GS) were
between 5 and 10. Ten of those 24 patients with PCa
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Fig. (1). Example of schematic based on mapping 1- 10 biopsy areas. Positive results from CNB (yellow), PET/CT 11C acetate (green)
SUV=7. MRI –DWI ADC maps (red areas) 1.19 – 1.38 x 10 ˉ³ mm²/s; 2D MRSI: H= Healthy; A = Ambiguous, ≥1-2 SD deviation from
normal; S = Suspicious ≥ 2-3 SD; VS = Very Suspicious ≥3SD; S=single voxel MRSI (whole prostate volume). Dark blue = confirmed PCa
at postoperative histology. Gleason 3+4, focal 3+2. TNM postoperative classification: small extra-capsular PCa Mid- Zone ventrolateral left
side was not detected by imaging.

underwent RP and were included in the study. Two patients
were treated with RT, and 11 patients were included into
active surveillance (AS) program.

patients were included with 80 estimates from MRSI and 6
patients with 60 estimates for DWI with ADC maps (Table
2).

Ten patients who underwent RP with postoperative
histology with 4 mm serial slice cuts for reference standard
were compared with CNB, PETT/CT and multiparametric
MRI (mpMRI) results (Fig. 1).

All MRI and PET/CT evaluations were blinded from the
results of both pre- and postoperative histology results.
Informed consent was obtained from all patients. The Local
Ethics Committee approved the study protocol (EPN
2009/191) .Diagnostic and treatment details are shown in
Tables 1 and 2.

The prostate was divided into 10 regions of interest
(ROI) (Fig. 1) according to a standardised CNB scheme:
apex, middle zone (medial and lateral), and base (medial and
lateral). Each region was quantitatively characterised by GS,
ADC values, (Cho+PA+Cr)/Cit spectral intensity ratio, and
by ¹¹C acetate uptake. The region was classified as PCa if GS
was 6 or over and for ADC value was at least two standard
deviations (SD) from the average healthy ratio for the
periphery zon, and (Cho+PA+Cr)/Cit spectral to intensity
ratio was from 2 SD over the average healthy ratio. For
PET/CT examination, areas with a mean standard uptake
value (SUV) 4 or over were classified as PCa.
One hundred estimates were determined for CNB and
PET/CT imaging by the data from 10 patients who
underwent RP. Due to initially incomplete technique, only 8
Table 1.

MRI
All measurements were performed with a 3 Tesla scanner
(Achieva, Philips Medical Systems, Best, Netherlands) using
a surface (cardiac) receiver coil. MRI was performed at 4 to
7 weeks after CNB. High-resolution axial, coronal and
sagittal T2-weighted turbo spin-echo images were used for
an anatomical overview of the prostate and surrounding
tissues (effective TE 100 ms, TR 3028 ms, echo train length
21, field of view (FOV) 160 mm, acquisition pixel size 0.8x1
mm, slice thickness 3 mm, bandwidth/pixel 218 Hz, 3
averages). Maps of apparent diffusion coefficient (ADC)
were acquired with five b values (0, 100, 200, 400, 500

Clinical Parameters, CNB and PCa Volumes, mean and range. 10 Patients Included in the Study
Patient age (N = 10) 65 (50-75)

PSA ng/ml 9 (3.8 -13)

Gleason Score 6-8

Stage T2A-T2C

CNB volume mm³ 85 (72 -107)

No. CNB out of 10 3.8 (2 – 5) positive for PCa,

CNB PCa volume mm³ 13 (1.3-34)

CNB Ca/CNB 19 (1.1 – 25.3) volume %

Prostate volume from 32.2 (24 – 46.9) postop. sections, cm³

PCa volume from 4.3 (1.2 – 8.4) postop. sections, % of P 13.4 cm³ and % of P (3.6 – 23.5)
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Imaging Techniques and Initial CNB in Relation to Postoperative Histology of Specimen. Ten Parameters from each
Examination: 60 Parameters for ADC Maps; 80 for MRSI; 100 for CNB and PET/CT Respectively

CNB, PET/CT, MRSI, ADC maps
Correlated to postoperative histology
CNB

PET/CT

MRSI

DWI ADC

Patients (N)

10

10

8

6

Parameters (N)

100

100

80

60

Sensitivity

0.53

0.55

0.79

0.95

Specificity

0.88

0.87

0.46

0.73

Accuracy

0.64

0.67

0.69

0.87

s/mm2) using a fat suppressed single-shot spin-echo echoplanar imaging sequence ( FOV 200 mm, acquisition pixel
size 1.8x1.8 mm, slice thickness 3 mm, effective TE 55 ms,
TR 1650 ms, EPI factor 121, 6 averages, measurement time
5 min 20 sec). 2D MRSI was performed with the following
parameters: PRESS, TR/TE 1400/140 ms, spectral bandwidth 2000 Hz, 1024 points, spectral matrix 16×16, nominal
voxel size 10×10×20 mm3, 3 acquisitions. The net
measurement time was 14 min 7 sec. Spectra were
considered ambiguous for cancer if the spectral intensity
ratio of choline + polyamines + creatine to citrate
(Cho+PA+Cr)/Cit) was > 1, but ≤ 2 standard deviations (SD)
above the mean normal value. Spectra were designated
possible cancer with a (Cho+PA+Cr)/Cit > 2, but ≤ 3 SD
above the mean healthy ratio, and probable cancer if
(Cho+PA+Cr)/Cit was > 3 SD above the average normal
value [23].
PET/CT
Patients with verified PCa assigned for prostatectomy
(N=10) and 10 of 13 patients with low-grade PCa scheduled
for active surveillance were examined with Positron
Emission Tomography and CT, (PET/CT ¹¹C acetate). Low
dose (40mA) CT imaging was followed by dynamic PET
imaging over the pelvic region.¹¹C-acetate was injected as a
bolus intravenously and PET emission aquisition started
simultaneously. PET image data from 5 to 10 minutes after
injection were combined to form static images. The images
were visually evaluated in fused mode with PET
superimposed on CT. Hot spots within the prostatic gland
were reported as potentially representing tumour growth.
Statistics
The ten parameters related to the schema for biopsy
regions (Fig. 1) were evaluated for each patient; positive for
PCa (=1) and negative (=0) related to tumour localization
from RP specimens.
Statistical analysis for sensitivity, specificity, and
accuracy, (false positive and negative rates, positive and
negative predictive values) were made for correlation of
findings at CNB, PET/CT, MRSI, and MRI Diffusion
weighted images (DWI) ADC map quantification with the
postoperative histology, related to the10 prostate zones.

Diagnostic parameters were calculated on a per-lesion and
per-patient basis.
RESULTS
Clinical parameters, age, PSA level, CNB and PCa
volumes are shown in Table 1.
Cancer detection by CNB and by imaging (MRSI, MRI
DWI ADC and PET/CT) of the ten prostate zones showed
clear conformity between ADC maps and postoperative
findings (Table 2) with high accuracy (87%) and sensitivity
(95%). Results of PET/CT alone (10 patients) may not
provide confident information for targeting biopsy because
of low resolution. Specificity of the method, however, is
high (87%). ¹¹C Acetate signals from cancer with a high GS
were generally high, while some tumours with a low GS
were close to background and not readily visualised. Small
extra-capsular cancer 1.5 to 2 mm in one of the patients
could not be demonstrated by any of the imaging techniques
(Fig. 1).
The total CNB volume is only a small fraction of the
prostate as calculated from this small patient cohort, mean
about 1/400 considering shrinking of the prostate about 4 %
after formalin fixation. The mean PCa cancer volume from
CNB was 13 mm³ corresponding to about 1/2800 part of the
prostate volume, which furthermore indicate the need for
targeted biopsy procedure.
The mean PCa volume in the RP group calculated from
consecutive slices of the prostate (Table 2), was 4,3 cm³
(13.4%). The numbers of cores positive for PCa in the RP
group (Table 2) were 2 to 5 and GS 5 to 8. PCa volume in
CNB was 1.3 – 34 mm³; mean 13.2 mm³ corresponding to
mean 1/2800 part of the prostate volume, as calculated from
the postoperative specimen. The number of PCa positive
CNBs in the AS group was 1-2. The cancer volume in the
CNB in this group was significantly lower than in the RP
group: 0.3 – 13.0 mm³, mean 2.7 mm³, corresponding to
1/21000 of the total prostate volume. Gleason Scores for the
AS group were 5 to 7. Two patients treated by radiotherapy
had GS 7 and 10 (Table 2). The cancer volume was higher in
this group compared to RP and AS, 46.4 mm³, range 4.3 – 89
mm.
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DISCUSSION
The results of our prospective study shows that a
combination of MRI DWI ADC quantification and MR
spectroscopy may provide an improved imaging of the
prostate for targeted biopsy. PET/CT alone may not provide
confident information for targeting biopsy because of low
resolution. However, the specificity of the method is high
(87%).
Transrectal ultrasound-guided core needle biopsy is the
method most commonly used in the histopathological
diagnosis of PCa.
MR imaging and MR spectroscopy are not used as firstline investigations in PCa, but may be useful for targeting
biopsy probes, especially in patients with PSA levels
indicative of cancer but with negative biopsy results.
PCa is histologically a multifocal disease, and biopsy has
limitations in identifying all cancer sites and grades. With a
PSA cut-off level of 4.1 ng/mL, 82% of cancers in men
younger than 60 years and 65% of cancers in men older than
60 years could be missed [7]. Ultrasound-guided transrectal
biopsy is considered the method of choice for PCa detection
and characterisation. However, when biopsy results were
compared with sextant tumour localisation in the radical
prostatectomy specimen, the positive predictive value of
biopsy was 83.3% and the negative predictive value 36.4%
[8]. In other studies, up to 30% of cancers were missed at
sextant biopsy [9].
Clinical T staging is largely dependent on imaging
findings. Compared to CT, US, and DRE, MR imaging has a
higher accuracy in the assessment of uni- and bilobar disease
(stage T2), extra-capsular extension and seminal vesicle
invasion (stage T3), and invasion of adjacent structures
(stage T4). The literature, however, shows a wide range
(50%–92%) in the accuracy of local staging with MR
imaging [10].
Despite its high specificity in the identification of organconfined disease and extra-capsular extension, owing to
lower sensitivity and substantial inter-observer variability,
the routine use of MR imaging in the local staging of PCa
remains controversial. Increased experience in interpretation
and a better understanding of morphologic criteria used to
diagnose extra-prostatic disease are key factors if we are to
further improve the role and accuracy of MR imaging in the
staging of PCa. In one patient, minor extra-capsular
extension was confirmed at postoperative histology of the
specimen but was not detected by either method. PET/CT
using 11C acetate has mainly been used for localisation of
PCa recurrence following PSA relapse after previous radical
prostatectomy [11]. 11C -acetate traces endogenous acetate
and is incorporated into anabolic processes such as lipid
membrane and protein formation associated with
proliferative activity [12]. In this study, there was a high
variability in tumour uptake. A number of prostate tumours
were not distinctly visualised due to low uptake, while some
had intense uptake. It is probable that the uptake pattern
noted in this study is a reflection of the rate of cancer
growth. This implies that PET/CT can be used to detect
intra-prostatic cancer growth when there is high metabolic
activity. More indolent tumours are not identified. Fusion of
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sequentially obtained PET/CT and contrast enhanced 1.5
Tesla MRI data for the location of prostate cancer related to
sextant biopsy samples as method of reference has been
reported [19]. However, resolution with this technique is
lower compared to MRI at 3 Tesla.
The main goal of cancer care is to minimise risk and at
the same time maximise the effectiveness of treatment. In
order to avoid treatment-related risks and to achieve
effective cancer control in men with PCa, location and extent
of spread should be identified. The most reliable basis for
treatment decision of men with prostate cancer is the
combination of PSA level, GS and T stage [13]. Treatment
decisions should also take into consideration the patient's
age, co-morbidity and personal preferences.
The inclusion of MRI and/or MRSI findings in clinical
nomograms may help to improve the prediction of cancer
extent, thereby improving patient selection for therapy. Other
advantages of improved cancer staging include a better
stratification of patients in clinical trials, and the possibility
of monitoring the progress of patients who select active
surveillance. MRSI and MRI (diffusion weighted images and
ADC maps) have shown great promise in distinguishing
between indolent and aggressive disease [14-19]. For MRSI
imaging and DW ADC numerical data, we used our own
reference values when deviated 2 SD or over from our own
developed normal values from healthy individuals [18]. Thus
medium or low-grade cancers were not included in our
calculations.
Though this study included only a small number of
patients, MRI at 3Tesla using a surface coil seems to be a
promising technique for indicating areas of interest for
targeted biopsy of the prostate in cancer diagnosis, compared
to standard 10 CNB. By using surface coil, a reasonable
spatial resolution was achieved by T2-weighted images,
DWI 1.8 x 1.8 x 3 mm for ADC maps, and 1 x 1 x 2 cm for
2D MRSI. It is evident that ADC anatomic mapping with
numerical data has high potential for identification of
aggressive tumour allowing for targeted biopsy and reducing
the number of biopsies. It should be noted that endo-rectal
receiver coil improves significantly the signal-to-noise ratio
and thereby sensitivity of MR examinations [20]. This coil,
however, was not available at our department at the time of
this study.
The local cost for combined 2D MRSI, MRI diffusion
weighted imaging and ADC maps is SEK 7000, (USD
1000). This should be compared with the cost for repeated
biopsies needed in case of missed PCa at routine CNB
against the ability to hit the most active cancer area if
multifocal. The advantages of reducing the number of
biopsies should be considered as well as the possibility to
sustain for repeated biopsies in case no PCa is demonstrated
at MRI investigation.
Standardized system for interpretation and characterization of PCa has been recommended [21] as it is used e.g
for breast cancer diagnosis for the benefit of both research
and clinical work. Clinically significant disease was defined
as Gleason ≥4+3 and/or lesions ≥ 0.5 cc in volume.
Recommendations include the use of at least 16 ROIs for
minimal clinical practice, and 27 ROIs for optimal research
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practice. European Society of Uro-Radiology (ESUR) has
also developed guidelines for diagnostic mpMRI.

especially in patients with PSA levels indicative of cancer
but with negative results from previous biopsies.

Reducing the number of ultrasound-guided CNB
specimens is made possible by restricting biopsy to regions
most likely to contain PCa with the highest GS (cancer area).
To achieve this, a combination of information from MRSI
and DWI ADC quantification together with ultrasound has
been suggested [19, 22, 23].

Patients with negative biopsy results were neither
examined with MRI nor PET scanner and it is therefore
difficult to say whether these patients had PCa despite
negative findings or not. This is one of the weaknesses of the
study. Another weakness is that the results of MRI imaging
was not used to guide the second round of biopsies for
patients included in the active surveillance arm, who are
usually followed-up with a second set of biopsies after three
months.

Franiel et al. [26] demonstrated with targeted ultrasoundguided biopsy after multiparametric 1.5-T ¹H-MRTS
spectroscopy and apparent diffusion-weighted (DW) and
contrast-enhanced MR imaging, increased cancer-positive
rates in 21 of 54 patients who had a median of two prior
negative TRUS-guided biopsies. T2W imaging + MRSI
detection rate was 81%; MRSI DWI ADC quantification
detection rate 91%, and a negative result was found in15 %
of cases.
A biopsy simulation study [24] demonstrated poor
performance of standard TRUS biopsy for detecting
clinically important cancer and only marginal improvement
by additional cores, and the template prostate mapping
(TPM) was the optimal technique.
The detection rate for mpMRI for transperineal fused
MRI/US targeted biopsy using a cognitive registration
technique for clinically significant prostate cancer has been
reported [25]. MRI targeted biopsy and template guided
CNB showed in 103 (57%), and in 113 of the 182 men
(62%) and clinically insignificant cancer in 17 (9.3%) and 31
(17 %) respectively. They found multiparametric MRI
(mpMRI) had encouraging rates of detection of clinically
significant cancer, while also decreasing the detection rate of
clinically insignificant cancer. This was achieved with fewer
biopsy cores than for systematic template guided biopsy

CONCLUSION
We present a method that may be used for further studies
aimed at improving targeted biopsy. Reduction of biopsy
complications is of great importance. This may be achieved
by reducing the number of biopsies by concentrating on
areas suspected of PCa as seen on MRI. We suggest
standardized ROI´s and evaluation of the grade of
malignancy related to SD values for the respective imaging
methods. Numerical data for ADC anatomic mapping has the
potential for targeted biopsy of aggressive tumour of the
prostate. Though with lower resolution, this may be
combined with MRI spectroscopic imaging.
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In literature search by Moore CM et al. [26], fifty unique
records corresponding to 16 discrete patient populations
comparing MR-targeted biopsy with a standard transrectal
approach were found. When MRI was applied to all biopsy
naive men, 62% had MRI abnormalities. In patients
subjected to targeted biopsy, PCa was detected in 66%. They
concluded that MRI-guided biopsy detects clinically
significant cancer in numbers equivalent to standard biopsy.
This is achieved using fewer biopsies in fewer men, with
reduction in the diagnosis of clinically insignificant cancer.
They concluded there is a need for a robust multicenter trial
of targeted biopsies.
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