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Introduction

In recent years, prostate cancer-specific death rates
have fallen significantly in industrialized nations,
contributed in part by the widespread application
of curative intent treatment and early disease
detection afforded by PSA screening [1].
Unfortunately, this progress has been accompa-
nied by the overtreatment of many patients likely
to have never died of their prostate cancer.
Distinguishing between clinically significant and
indolent cancers is a major focus of current inquiry.
Contemporary clinical screening regimens utiliz-
ing serum PSA and systematic transrectal ultra-
sound-guided biopsy suffer from poor sensitivity
and specificity [2, 3] and ultimately lead to both
overdetection of low-risk indolent disease as well
as missed cancers of more clinical significance.
This clinical uncertainty is reflected in the high
upgrading rate of approximately 30 % between
clinical diagnosis and radical prostatectomy [4].
As aresult, neither clinician nor patient can rely on
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clinical staging information with certainty in order
to predict behavior. As a result, many men turn to
more invasive and radical treatments even in the
setting of predicted low-risk cancer, which while
effective in controlling oncologic risk are associ-
ated with significant morbidity and cost.

Much investigative work has been performed in
the hopes to improve and possibly remove this
uncertainty. Recent advances in prostate cancer
imaging, specifically those protocols which utilize
3 T Magnetic Resonance Imaging (MRI) coupled
with an endorectal coil, have significantly improved
the signal to noise ratio of image acquisition. As a
result, a revolutionary improvement in temporal
and spatial resolution has been achieved [5]. This
imaging clarity has finally offered adequate insight
into the three-dimensional anatomy of the gland to
allow identification and characterization of indi-
vidual prostate tumor lesions within the gland.

Moreover, by combining conventional ana-
tomic MR imaging with advanced functional MR
sequences (known as multiparametric imaging,
including diffusion-weighted imaging, dynamic
contrast-enhanced imaging, and spectroscopy),
additional biophysical information can be gathered
which allows true radiologic discernment between
individual prostate cancer lesions and adjacent
benign areas of the prostate [6, 7]. Initial reports at
centers utilizing MRI in guiding diagnostic biopsy
have shown it to be superior to established tech-
niques of random sampling in the clinical diagno-
sis of disease [8, 9]. In this chapter, we aim to
provide an overview of mpMRI of the prostate.
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Multiparametric Magnetic
Resonance Imaging

Multiparametric Magnetic Resonance Imaging
(MP-MRI) is a noninvasive imaging technique
with superior diagnostic characteristics in com-
parison to other imaging modalities such as ultra-
sound and computed tomography. Recent
technologic advancements including high field
strength magnets (3 T and greater) and new mag-
netic coil designs (including endorectal coil and
multichannel surface coils) as well as advance-
ments in software and computational algorithms
have allowed the addition of more complex func-
tional imaging to clinical imaging. Here we
describe the four component parameters of a con-
temporary mp-MRI study.

T2-Weighted MRI (Anatomic Imaging)

T2-weighted anatomic imaging is the most
commonly used and widely available imaging
sequence. This modality provides excellent delin-
eation of prostate zonal anatomy, gland borders,
and visualization of surrounding tissues (Fig 3.1)
[6]. Normal prostatic tissue exhibits relative high
T2 signal intensity in the prostate peripheral zone
(the origin of most adenocarcinoma lesions),
and lower signal intensity in the central gland.
Classically, prostate cancer lesions are noted to
exhibit low signal intensity, a characteristic most
easily visualized in the peripheral zone due to
its normally higher signal intensity. Thus, rare
transitional zone and central gland lesions are
much more difficult to identify in this sequence.
In addition, many benign conditions can mimic

Fig. 3.1 Axial MRI images of the prostate: (a) Axial
T2-weighted image of the prostate shows a large decreased
signal intensity lesion in the right anterior mid-transitional
zone (arrow). (b) DWI ADC map of the prostate
shows restricted diffusion within this lesion (arrow).

(c) DCE-MRI subtracted contrast image clearly outlines
the lesion (arrow). (d) DCE-MRI color map overlay indi-
cates that the lesion is hypervascular with rapid contrast
wash-in and wash-out (arrow)
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this appearance of low signal intensity (such as
inflammation). As a result, when relying on only
this parameter approximately half of lesions are
missed [10]. Also, not surprisingly, lesion size has
significant impact on detection, with larger tumors
(1 cm) nearly always visualized and smaller
tumors (<5 mm) much more likely missed [11].

Owing to the detail of T2 imaging, it is the
most helpful sequence for assessing local inva-
sion into surrounding tissues. Detection of this
local invasion has clinical relevance as it
decreases the likelihood of cure from local ther-
apy. Such invasion can be seen most overtly as
direct invasion into the periprostatic fat. In addi-
tion, other findings suggestive of local invasion
are irregularity of the gland margin, capsular
bulge, and a low signal area within the seminal
vesicles (which normally exhibit very high signal
intensity). The results from such local staging
predictions are not perfect, however, and absence
of findings may occur in the setting of true dis-
ease with reports ranging with diagnostic sensi-
tivity of 50-60 % [12, 13].

Diffusion-Weighted MRI

Diffusion-Weighted MRI (DW-MRI) sequences
can detect and quantify the Brownian motion of
water within tissue in vivo [14]. As this relates to
cellular density, cell permeability, and free water
diffusion within the interstitial spaces, DW-MRI
can assess tissue structural architecture and dif-
ferentiate benign tissue from malignant tissue.
Benign tissue exhibits high signal intensity as it
normally allows free water to diffuse with rela-
tive ease. In the malignant setting, relative higher
nuclear:cytoplasmic ratio and loss of extracellu-
lar spaces due to cellular proliferation results in
decreased free water diffusion and thus relative
decreased signal intensity on DW-MRI [15].
Furthermore, DW-MRI findings have been sig-
nificantly correlated to underlying histopatho-
logic grade and clinical risk scores [16],
which allows some prediction of tumor histo-
pathologic behavior based on radiologic findings.

Downsides of DW-MRI include its relatively
poor spatial resolution (especially in comparison
to T2-weighted MRI) which limits the ability to
evaluate staging using this sequence in isolation.
In addition, DW-MRI is more challenging to
interpret in the central gland as the presence of
BPH-associated nodules in this area of the pros-
tate can mimic the low signal intensity of malig-
nant lesions [17]. Despite this, addition of
DW-MRI to standard anatomic T2-weighted
imaging has been demonstrated to improved
diagnostic accuracy [10].

Dynamic Contrast-Enhanced
Magnetic Resonance Imaging

Dynamic Contrast-Enhanced Magnetic Resonance
Imaging (DCE-MRI) allows assessment of tissue
vascular supply. This is accomplished by acquiring
T1-weighted images continuously before, through-
out, and continuing after the injection of an MRI
detectable contrast agent (i.e., gadolinium). Signal
increase during this protocol results from blood
supply to the tissue of interest. Differentiation
between normal and malignant tissue is possible,
as cancers have a typical imaging signature owing
to their disordered angiogenesis. Malignant tissue
is correlated with early uptake and early washout
(temporal imaging) of vascular contrast [18].
These changes are most easily seen in larger
lesions and in lesions which are of higher grade. In
addition, similar to T2-weighted and DWI-MRI,
lesions in the central gland are more challenging to
differentiate as BPH nodules themselves can show
early uptake, though they do not classically have
the rapid washout typical of malignant lesions.
DCE-MRI has been shown to have higher diagnos-
tic power than T2W sequences alone, especially in
lesions larger than 5 mm [19]. Similar to DWI,
DCE-MRI sequences have relatively poor spatial
resolution (in comparison to T2-weighted MRI)
which limits the ability to evaluate staging using
this sequence in isolation. However, it is felt to
be most useful in assessment treatment effect in
settings where the prostate gland remains in situ.
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Magnetic Resonance Spectroscopic
Imaging

Nuclear magnetic resonance spectroscopy is pos-
sible in situ using Magnetic Resonance
Spectroscopic Imaging (MRSI) which allows
relative quantification of metabolites within the
tissue of interest. In this technique, the tissue of
interest is divided into discrete areas (volumes of
interest) known as voxels. For each voxel, a spec-
tra of EM radiation is acquired which represents
a fingerprint of the composition of the volume.
This data can be used to differentiate benign from
malignant tissue. Benign prostate typically har-
bors high levels of citrate, which can be detected
as a specific peak on MRSI spectra. In the setting
of cancer, the increased cellular turnover results
in a relatively high concentration of choline, also
detectable on the MRSI spectral curve. From this
data, the relative concentration of choline:citrate
can be calculated, with increased ratios signify-
ing malignant changes. The addition of MRSI
has been shown to improve diagnostic accuracy
over T2-weighted imaging alone, with especially
high specificity [20]. Some challenges to this
technique are that inflammation can mimic
citrate:choline signal changes, and that spatial
resolution (similar to DWI and DCE-MRI) is not
as good as T2-weighted MRI in the aid of local
staging. In addition, some centers report that it is
technically challenging and on some platforms it
increases acquisition times limiting its wide-
spread utilization.

MP-MRI: Combining Imaging
Parameters for Improved
Diagnostic Power

As each individual parameter is capturing
orthogonal data, the combination of them has
been demonstrated to have improved diagnostic
power over each individual in isolation. Using
careful histopathologic correlation of radical
prostatectomy specimens, it has been demon-
strated that a lesion identified has a positive
predictive value of 98 %, with excellent sensi-
tivity especially in larger lesions of clinical
significance (>5 mm) [20].

S. Vourganti and A.R. Wojtowycz

Harnessing the Diagnostic Power
of MRI: MRI Targeted Biopsy

A number of strategies have been employed to
take advantage of this additional diagnostic infor-
mation from MRI. While in gantry biopsy has
been performed to directly sample areas of suspi-
cion, the added imaging time and need for spe-
cialized non-ferrous equipment makes it difficult
to implement widely and in a cost-effective man-
ner. Most contemporary strategies target areas of
suspicion in an outpatient setting following a
priori evaluation of MRI imaging by an experi-
enced radiologist. The most popular methods
employ software-based co-registration systems,
known as fusion MRI-US biopsy (Fig 3.2). These
systems utilize mechanically encoded biopsy
arms or electromagnetic tracking to guide the
needle to aforementioned areas of suspicion
using software calculations which correlate MRI
findings with real-time US data. Preliminary
reports demonstrate excellent diagnostic power
utilizing these strategies with improved sensitiv-
ity, specificity, and decreased upgrading rate
[21]. In addition, manual targeting has been per-
formed (so called “cognitive” biopsy), and in
experienced hands, has been able to approximate
the improved diagnostic power of computer-
aided fusion-based systems [22].

While data is still preliminary, early results
of the performance of MR imaging have been
promising. Such strategies have proved useful in
challenging situations such as persistent clinical
suspicion in the setting of prior negative biopsy [9],
as well as more accurately characterizing appropri-
ate candidates considering active surveillance [23].

Conclusion

MRI of the prostate has offered additional diag-
nostic certainty in the setting of prostate cancer
diagnosis over established standard of care meth-
ods. Contemporary experience is still very pre-
liminary; however, it is likely that MRI will be
utilized in all stages of prostate cancer diagnos-
tics including staging, guiding of therapy, and
follow-up after treatment.
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Fig.3.2 Real-time
transrectal ultrasound
image (top panel)
co-registered with MRI
reconstruction data (bottom
panel) using MRI-US
Fusion software. This
allows needle targeting of a
predetermined area of
suspicion (blue and red
target) which is dynami-
cally overlayed onto both
images simultaneously
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