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CLINICAL AND IMAGING TOOLS IN THE EARLY DIAGNOSIS OF PROSTATE
CANCER, A REVIEW*

P. De Visschere', W. Oosterlinck?, G. De Meerleer?, G. Villeirs'

Measurement of serum Prostate Specific Antigen (PSA) level is useful to detect early prostate cancer. PSA-screening
may reduce the mortality rate from prostate cancer, but this is associated with a high rate of overdiagnosis and
overtreatment. To improve the detection of clinically significant cancers, several auxiliary clinical and imaging tools
can be used.The absolute PSA value can be complemented with parameters such as PSA velocity, PSA density and
free/total PSA.Transrectal Ultrasound (TRUS) has only moderate accuracy in the detection of prostate carcinoma, but
is very useful in the estimation of prostate volume and thus calculation of PSA-density. The role of Magnetic
Resonance Imaging (MRI) in diagnosis and staging of prostate carcinoma is rapidly increasing. Morphologic T2-
weighted MR images (T2-WI), preferably with an endorectal coil, depict the prostatic anatomy with high resolution
and can detect tumoral areas within the peripheral zone of the prostate. Addition of MR spectroscopic imaging
(MRSI), dynamic contrast enhanced MRI (DCE-MRI) and/or diffusion weighted imaging (DWI) further increase the
diagnostic performance of MRI. The gold standard for diagnosis of prostate carcinoma is histological assessment
obtained by transrectal ultrasound-guided systematic core needle biopsy. In the future, imaging-based targeted
biopsies may improve the biopsy yield and decrease the number of biopsy cores. Computed Tomography (CT) and
positron emission tomography (PET) have no value in early prostate cancer detection and the indications are limited

to lymph node staging and detection of distant metastases.

Introduction

Prostate cancer is one of the most
common tumors in Western coun-
tries, but not all detected cancers
will become symptomatic during the
patient’s lifetime if left untreated (1-
3). Treatment selection is based on
prognostic factors such as serum
Prostate Specific Antigen (PSA)
level, histological grading (Gleason
score), tumor size, clinical staging
(TNM classification) and the patient’s
life expectancy and co-morbidity (1,
4, 5). On the basis of these variables,
patients may be either allocated to
active treatment (radical prostatecto-
my, radiotherapy, minimally invasive
surgery) when the tumor is deemed
clinically relevant, or to active sur-
veillance when the impact of the
prostate cancer on the patient’s life
expectancy and quality of life is
deemed insignificant. Such alloca-
tions obviously require a highly
accurate assessment of the above-
mentioned prognostic factors. In this
review article, the role of traditional
clinical parameters (PSA, digital
rectal examination, histological
grading) will be discussed and the
increasing role of imaging tech-
niques to improve treatment stratifi-
cation will be highlighted.

Clinical tools

PSA

Most prostate carcinomas are
detected on the basis of elevated
serum PSA, which is up to present
the best available test for early
detection of prostate carcinoma (3-
6). Its exact cut-off level is age-
dependent but remains controver-
sial (7). Commonly > 3.0 ng/ml is
used as the trigger for further exam-
ination (6). Apart from tumoral etiol-
ogy, PSA levels may also be elevated
due to benign prostatic hyperplasia
(BPH), acute and chronic prostatitis
and recent urologic procedures (1, 4,
7). To improve the differentiation
between benign and malignant
causes of PSA-elevation, additional
parameters such as PSA velocity,
PSA density and free/total PSA are
frequently used (3, 5). PSA velocity
is determined by the evolution of
serum PSA over time. If the serum
PSA increases > 0.75 ng/ml/year,
there is a higher risk of clinically sig-
nificant prostate cancer (3, 5). PSA
density relates serum PSA level to
the prostate volume, usually calcu-
lated with transrectal ultrasound
(TRUS) or magnetic resonance
imaging (MRI). A level below 0.15
ng/ml/cc is more suggestive of
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benign prostatic hyperplasia (BPH)
than of prostate carcinoma (5, 7).The
percentage free/total PSA is used for
further risk assessment in the PSA-
range lower than 10 ng/ml; values
above 25% are most frequently asso-
ciated with BPH, whereas values
under 10% are highly suggestive of
malignancy, although chronic pro-
statitis may show similar low per-
centages (5, 7).

The impact of PSA screening on
prostate cancer survival remains
controversial (4, 6). Recent reports of
large-scale randomized studies
addressing the issues of population
screening for prostate cancer (the
Prostate, Lung, Colorectal, Ovarian
cancer (PLCO) screening trial and
the European Randomized Study
of Screening for Prostate Cancer
(ERSPC) trial) have demonstrated
that PSA-based screening leads to a
significant increase of prostate can-
cer detection and that numerous
patients with prostate cancer are
being identified at an earlier and
potentially more treatable stage (8).
As a result, the mortality rate from
prostate cancer can be reduced by
about 20%. Unfortunately, this can
only be achieved at the cost of a high
rate of overdiagnosis and overtreat-
ment (9). To avoid overdetection, the
European Guidelines Committee
advises no routine PSA testing in
patients younger than 50 years, orin
patients with a life expectancy of
less than 10 years (5, 10). Recently
another biomarker, Prostate Cancer
Gene 3 (PCA3) has been developed.
PCAS3 is highly specific for prostate
cancer and is not influenced by pro-
statitis. It has better diagnostic accu-
racy than PSA for prediction of
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prostate cancer but has not yet been
compared to additional parameters
such as PSA-density. Moreover, it is
expensive and currently not remu-
nerated in Belgium (6, 11-13).

Digital Rectal Examination

PSA-testing is in daily practice rou-
tinely supplemented with a digital
rectal examination (DRE), to assess
the prostatic shape, symmetry,
firmness and nodularity, and to
detect grossly enlarged prostate
glands (14, 15). DRE primarily
detects higher risk tumors and more
advanced disease, but since the
PSA-era the majority of detected
prostate carcinomas is not palpa-
ble (1, 2, 4, 8). Although the overall
diagnostic sensitivity is quite low
and influenced by observer bias, it
is nevertheless capable of finding
about 15% of cancers that would
otherwise go undetected by PSA
screening alone (14).

Histology

The gold standard for diagnosis
of prostate carcinoma is histological
assessment (4). Histological speci-
mens are obtained with ultrasound-
guided transrectal core needle biop-
sy when PSA-results, DRE and/or
imaging studies are not reassuring.
Traditionally, systematic biopsies are
performed with 6 to 12 cores,
depending on the prostatic volume,
but supplemental image-guided tar-
geted biopsies may improve the
detection rate of significant cancer
and decrease the number of biopsy
cores (16). An important histopatho-
logic parameter is the Gleason
score. It reflects the grade of differ-
entiation of the prostate cancer and
thus correlates with tumor aggres-
siveness (4, 16, 17). A score of 3+ 4
or lower corresponds to a less-
aggressive tumor with lower risk of
non-organ confined disease, while a
score of 4 + 3 or higher corresponds
to a more aggressive tumor with
higher clinical significance and mor-
tality risk.

Imaging tools

Transrectal Ultrasound (TRUS)

The prostate can be evaluated
with a high-frequency intrarectal
ultrasound transducer. The normal
prostatic contour is usually clearly
depicted and the isoechoic peripher-
al zone can be differentiated from
the heterogeneous central gland
(Fig. 1, 2). About 70% of prostate
carcinomas are found within the
peripheral zone (4, 10) and may be

E

Fig. 1. — Zonal anatomy of the prostate.
Sagittal (A-D) and axial (E) pictures.

The prostate gland is located caudal to
the urinary bladder, with the urethra run-
ning through it. The seminal vesicles are
convoluted cystic structures at the pos-
terolateral sides of the prostate base
(blue), draining into the ejaculatory ducts
(A).The ejaculatory ducts join the urethra
at the prostatic verumontanum. The cau-
dal part of the prostate is called the apex,
the cranial part the prostate base. The
prostate is divided into a central gland
(yellow) (E) and a peripheral zone (red)
(C, D, E).The central gland consists of the
periurethral glands along the proximal
urethra, the paired pear-shaped transition

zones (gray) and the central zone, that envelopes the ejaculatory ducts (orange) (B, E).
In benign prostatic hyperplasia (BPH) the transition zone enlarges and compresses the
central zone, which becomes a surgical pseudocapsule between the central gland and
the peripheral zone.The peripheral zone is covered by a thin capsule, known as the true
anatomic capsule. Anteriorly, the prostate is covered by the anterior fibromuscular

stroma (brown) (D, E).

(Reprinted from Villeirs GM, Verstraete KL, De Neve WJ and De Meerleer GO, 2005,
Magnetic Resonance Imaging Anatomy of the prostate and periprostatic area: a guide
for radiotherapists, Radiotherapy and Oncology, 76, 99-106, copyright © 2005, with per-

mission from Elsevier).
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Fig. 2. — Transrectal ultrasound of the normal prostate in a 59-year old male, transverse (A, C) and sagittal (B, D) sections.

The prostate is located caudal to the bladder (B) (C, D). The prostatic contour is clearly depicted and can be used for volume esti-
mation (A, B). The isoechoic peripheral zone may be differentiated from the hypo- or hyperechoic central gland (white arrows) (A).
The seminal vesicles present as convoluted hypoechoic structures at both posterolateral sides of the prostate base (SV) (B, C).
Sometimes central gland calcifications are visualised, with typical retroacoustic shadow (white star) (A). On sagittal sections the ure-
thra running through the prostate is demonstrated (white arrowheads) (D).

visible as a predominantly hypoe-
choic area compared to normal
peripheral zone tissue (Fig. 3).
Tumors in the central gland are usu-
ally difficult to detect, because they
blend with the heterogeneous cen-
tral gland background tissue.

TRUS is widely available and is
relatively cheap, but cannot be
used in prostate cancer screening
because it has only moderate accu-
racy for prostate cancer detection in
the general population (1, 4, 18, 19).
In patients with elevated PSA or an
abnormal digital rectal examination
(DRE), however, it can be used for
initial morphologic assessment of
the prostate and seminal vesicles, to
measure the prostatic volume (for
calculation of PSA density), or for
biopsy guidance (1, 4, 18, 19). In an
effort to improve the diagnostic
accuracy of transrectal ultrasound, a
number of ancillary techniques have

been proposed. Tumor neoangiogen-
esis can be detected with Doppler or
Power-Doppler examinations, which
are particularly helpful for the detec-
tion of isoechoic tumors that would
normally be missed with gray-scale
ultrasound (4, 10, 18). Intravenous
injection of sonographic-contrast-
media consisting of stabilized
microbubbles, in conjunction with
contrast harmonic techniques may
further improve the sensitivity for
increased blood perfusion (4, 18, 19).
Tissue Harmonic Imaging results in
improved spatial and contrast reso-
lution (4, 10), and sono-elastography
displays a color-coded qualification
of tissue elasticity (4, 10, 18, 19),
which helps to increase the positive
biopsy yield of elastography-direct-
ed biopsies (20). Improved prostate
cancer detection has also been
reported with Tissue Type Imaging, a
new technique which analyzes the

echo-signal spectrum before it is
converted into an image (19, 21, 22).

Computed Tomography

Computed Tomography (CT) has
little value in the detection of pri-
mary prostate cancer (1, 18). The
margins of the lower prostate halve
are poorly defined on CT, and the
intraprostatic anatomy is not suffi-
ciently demonstrated (1), both on
unenhanced or contrast-enhanced
CT. CT can therefore not be used for
prostate cancer detection and its
indications are limited to lymph
node staging or detection of distant
metastases in patients with known
prostate carcinoma (1, 18).

Magnetic Resonance Imaging (MRI)

The role of MRI in both the
diagnosis and staging of prostate
carcinoma has evolved tremendous-
ly in the past decade. In particular,
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the introduction of endorectal-coil
imaging and the emergence of func-
tional techniques such as MR spec-
troscopy (MRSI), dynamic contrast-
enhanced MRI (DCE-MRI) and diffu-
sion weighted imaging (DWI) has
boosted the diagnostic accuracy
of MRI and its potential to refine
the therapeutic decision making
process (1, 22). Standard morpho-
logic imaging sequences should
include 4 mm transverse, sagittal
and coronal fast-T2 weighted
images (Fig. 4) for tumor detection,
localisation and staging (1, 4), sup-
plemented with a 4 mm transverse
breath-hold T1-weighted sequence
for detection of post-biopsy intra-
glandular hemorrhage (Fig. 5) (1, 2,
4, 23). On 1.5T equipment, the use of
an endorectal coil in conjunction
with a pelvic phased-array coil is
highly recommended (1, 2). It signif-
icantly increases the signal-to-noise
ratio for prostate imaging and
markedly improves spatial and con-
trast resolution. The balloon-covered
endorectal coil is inflated with 60cc

of air or filled with 40cc of perfluoro-
carbon (PFC) to increase the magnet-
ic field homogeneity by eliminating
the air-tissue interface and reducing
susceptibility artifacts (1, 2, 17, 22).
Before the examination Scopo-
lamine (Buscopan®) IV is adminis-
tered to reduce peristaltic motion of
the rectum and adjacent bowel seg-
ments (17).

T2-weighted sequences exquisite-
ly depict the prostatic zonal anatomy
and the presence and extent of low
signal-intensity prostate carcinoma
surrounded by high signal-intensity
normal peripheral zone tissue
(Fig. 6) (24). Because about 70% of
all prostate cancers occur within the
peripheral zone, many of them can
readily be detected on morphologic
T2-weighed images. Nevertheless, a
low signal intensity area is not spe-
cific for prostate cancer, since
benign conditions such as prostati-
tis, hemorrhage, hyperplastic nod-
ules or post-treatment (hormonal or
irradiation) changes may equally
show low signal intensity (1, 2, 24,

Fig. 3. — Transrectal Ultrasound of the prostate in a 65-year
old male with prostate carcinoma.

A. Transverse section of the midprostate shows a subtle
hypoechoic area in the peripheral zone on the left side (white
arrows), suspicious for prostate carcinoma.

B. Elastographic image of the prostate demonstrates harder
consistency of the prostate carcinoma (white arrows) compared
to the surrounding normal peripheral zone tissue.

C. On Doppler flow examination, the tumor is confirmed as a
hypervascular area, due to tumor neovascularity (white arrows).

25). Furthermore, morphologicT2-WI
is less accurate for evaluating central
gland cancers, unless they show an
irregular area of uniform low signal-
intensity (16, 26). Overall, diagnostic
accuracies of about 70% have been
reported for morphologic T2-WI in
the detection of prostate cancer (24,
27, 28).

MR spectroscopy (MRSI) provides
information about the relative con-
centrations of cellular metabolites in
the prostate. A three-dimensional
data set with spectra from small
voxels of 0.5 cc or less is acquired
throughout the prostate. MRSI
sequences suppress signal contri-
butions from water and fat and
measure the relative concentrations
of citrate, choline, creatine and
polyamines, which resonate at dis-
tinct frequencies in the spectrum (1,
24, 29). Citrate is synthesized, stored
and secreted by glandular tissue in
the prostate and is abundantly avail-
able in the normal peripheral zone
and in glandular benign prostatic
hyperplasia (1) (Fig. 7). In prostate
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Fig. 4. — T2-weighted endorectal coil
MR images of the normal prostate in a
63-year old male.

A. Transverse section at midprostatic
level. The normal zonal anatomy is
depicted with high resolution.The central
gland shows a heterogeneous low signal
intensity (white star), whereas the periph-
eral zone shows diffuse high signal inten-
sity (black stars), surrounded by a thin
rim of low signal intensity, which repre-
sents the anatomic or true capsule (white
arrows).

B. Transverse section through the sem-
inal vesicles. These are demonstrated as
convoluted high-signal intensity lobules
(white arrows) at both superolateral sides
of the prostate.

C. Transverse section at level of the
prostatic apex. The peripheral zone is
demonstrated as high signal intensity tis-
sue (white arrows) surrounding the
hypointense external sphincter and ure-
thra.

D. Sagittal section showing the
prostate (white arrows), caudal to the uri-
nary bladder (black star), and anterior to
the rectum with the endorectal coil.

Fig. 5. — Transverse T1-weighted MR image of the prostate in Fig. 6. — Transverse T2-weighted MR image in a 77-year-old
a 75-year-old male 4 weeks after transrectal ultrasound-guided male with prostate cancer.
biopsy. The tumor is demonstrated as a circumscribed low signal-
Post-biopsy artefacts are demonstrated as high signal intensi- intensity lesion in the peripheral zone of the prostate (white

ty foci in the prostate on T1-weighted images (white arrows), as  arrows).
blood demonstrates high signal on these sequences.
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however, the citrate

carcinoma,
level is significantly reduced, in part
because of oxidation of citrate (29).
Choline is an important constituent

in the cell membrane metabolism
and its concentration increases in
highly cellular areas, such as tumor
lesions (29). The contributions of
polyamines and creatine are less
important. Polyamines are reduced
or absent in prostate cancer (30), but
on 1,5T clinical MRI scanners, they
cannot be entirely resolved from
choline and creatine peaks (1). The
creatine peak is not substantially
different in cancer than in normal
peripheral zone tissue and is includ-
ed in the analysis only to ease the
quantification of choline compounds
(1, 31).

The complimentary changes of
these metabolites are used to predict
the presence or absence of prostate

old male.

cancer by means of the choline-plus-
creatine-to-citrate (CC/C) ratio, in
which higher ratios are increasingly
more suggestive of prostate cancer.
Diagnostic accurracies up to 70-90%
for MRI combined with MRSI have
been reported, vyielding a 20%
improvement compared to morpho-
logic T2-WI alone (Fig. 8) (24, 28, 29,
32). Interestingly, the CC/C ratio has
also been shown to correlate with
the Gleason score, therefore MRSI
has the potential to non-invasively
asses tumor aggressiveness (1, 2,
29). In our own investigation in
356 men with elevated PSA (33) the
combination of MRI and MRSI was
able to predict the presence or
absence of high grade (Gleason 4 + 3
or higher) prostate carcinoma with a
sensitivity of 92,7%, and a negative
predictive value of 98,5%. This is of
particular importance in patients

Fig. 7 — MR spectroscopy of the normal prostate in a 67-year-

A. On morphologic transverse T2-weighted MR image the
peripheral zone shows diffuse high signal intensity, in accor-
dance with healthy prostatic tissue.

B. Transverse MR-spectroscopy at the same level of A) shows
normal metabolite indices in all voxels throughout the prostate.

C. Detail of the encircled voxel in B), demonstrating a
dominant citrate peak, and low concentrations of choline and
creatine, typical spectrum of non-cancerous tissue.

with persistently elevated PSA and
multiple previous negative biopsies,
in whom a negative MRl + MRSI may
reduce the need for rebiopsy, but a
positive MRI + MRSI warrants sys-
tematic rebiopsy, supplemented
with biopsies targeted at the suspi-
cious areas. Furthermore, the exclu-
sion of high grade tumors with MRI
+ MRSI may support the choice for
active surveillance in a prostate can-
cer patient in whom active therapy is
deemed inappropriate.

In dynamic contrast enhanced
MRI (DCE-MRI) the prostate is evalu-
ated on serial (every 2-5 sec) 3D GE
T1-WI after intravenous bolus
injection (0.1 mmol/kg) of a low-
molecular weight contrast agent
(Gadolinium chelate) (1, 17). Alter-
natively, T2*-sequences have been
designed that are sensitive to tissue
perfusion and blood volume, but up
to present there are only limited data
on these methods (2, 24). Prostate
carcinoma is associated with de
novo angiogenesis, increased micro-
vessel density and increased vas-
cular permeability. Most prostate
carcinomas show earlier and higher
peak enhancement with initial steep
slope of the signal intensity — time
curve, as well as early washout (1,
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Fig. 8. — 78-year-old male with prostate carcinoma in the central gland on the left side.
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Tra=Cor(5.6)

Tra>Cor(5.6);

A. OnT2-weighted MR images there is normal high signal intensity in the peripheral zone.The central gland shows heterogeneous

low signal intensity.

B. Diffusion weighted MR image at the same level as a) demonstrates no restricted diffusion.

C. MR-spectroscopy at the same level as A) and B) reveals reduced citrate levels and high choline levels in several voxels in the
central gland on the left side, suspicious for prostate carcinoma.

D. Detail of the encircled voxel in C), demonstrating a dominant choline peak and decreased concentration of citrate: typical

spectrum of prostate cancer.

17). Several quantitative postpro-
cessing parameters have been
developed, such as Kw™ (=transfer
constant or the permeability surface
area, relating the fraction of contrast
agent transferred from blood to the
interstitial space), v. (= extravascular
extracellular space (EES) or intersti-
tial space) and k., (= rate constant,

representing the efflux from the EES
to blood plasma) (1, 17, 23, 27). Most
prostate carcinomas show an
increased vascular permeability Kt
and higher k., (17). However, there
still appears to be some overlap in
the enhancement patterns between
tumors and benign conditions such
as prostatitis, postbiopsy hemor-

rhage and benign prostatic hyperpla-
sia (27). Accurracies of 70 to 90%
have been reported for dynamic con-
trast enhanced MRI in primary diag-
nosis of prostate carcinoma, again
yielding a 20% improvement com-
pared to morphologic T2-WI alone
(17, 27).

Diffusion weighted imaging (DWI)
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Fig. 9. — 70-year-old patient with prostate cancer in the central gland.

A. Morphologic T2-weighted MR image through the midprostate shows normal high signal intensity in the peripheral zone. The
central gland shows diffuse low signal intensity.

B. Apparent diffusion coefficient map, corresponding to A) demonstrates restricted diffusion on the right side in the central gland.
Targeted biopsy under transrectal ultrasound-guidance, confirmed prostate cancer in this area.

provides information about the
amount of random ‘Brownian’
movements of water molecules.
4 mm single-shot fat-suppressed
echo-planar images (EPI) are
acquired at various gradients of dif-
fusion (b-values =0, 250, 500, 750
and 1000 s/mm?), with calculation of
an apparent diffusion coefficient
(ADC) (23, 24). The degree of diffu-
sion of protons is dependent on tis-
sue density, cell organisation and
binding to macromolecules. Protons
are very mobile in normal acinous
water-rich glandular tissue, but
restricted in their movement in
densely packed water-poor tissue
such as tumor areas, which contain
many hydrophobic cell mem-
branes (24). As a consequence,
prostate cancer in both the peripher-
al zone and transition zone displays
significantly lower ADC values com-
pared to benign prostatic tissue (2,
23, 24, 34) (Fig. 9). Increased tumour
detection with DWI and a correlation
between Gleason score and ADC val-
ues have been reported by several
authors but the overall diagnostic
efficacy still remains unclear (2, 23-
25, 35-38).

Positron Emission Tomography (PET)

FDG-PET has a disappointingly
low sensitivity for prostate cancer
detection, with no difference in trac-
er uptake between benign prostatic
hyperplasia and prostate carcino-
ma (1). New tracers such as

"C Choline and '"®F Fluorocholine are
promising (18) as they show lower
streak artifacts arising from the
tracer-filled bladder and their very
high sensitivity. Due to their low
specificity they are not recommend-
ed for detection of primary prostate
carcinoma (39-41), but are gaining
acceptance in lymph node staging
and in treatment follow up in
patients with biochemical evidence
of recurrence (1).

Conclusion

Most prostate carcinomas are
detected on the basis of elevated
serum PSA levels but the gold stan-
dard for diagnosis of prostate carci-
noma is histological assessment.
Transrectal ultrasonography has a
low diagnostic yield in detection of
prostate carcinoma and is therefore
not recommended for screening, but
is useful for calculation of prostatic
volume and for biopsy guidance. CT
and PET are not indicated in the
detection of primary prostate cancer
and are reserved for lymph node
staging and detection of distant
metastases. MR imaging, particular-
ly the combination of endorectal coil
T2-weighted morphologic imaging
with functional MRI techniques such
as MR spectroscopy, Diffusion
Weighted MRI and Dynamic Contrast
Enhanced MRI will undoubtedly play
an increasing role in the early detec-
tion and characterization of prostate

cancer, especially of high grade
tumors. MRI is not a first-line
approach for the diagnosis of
prostate cancer, but it may improve
the diagnostic yield of targeted
biopsy, especially in patients with
persistently increased PSA levels
but negative previous biopsies.
Exclusion of high grade cancer is of
particular interest in patients with
prostate cancer who choose for
active surveillance.
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