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Absitract

In many areas of oncology, dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) has proven to
be a clinically useful, non-invasive functional imaging
technique to quantify tumor vasculature and tumor
perfusion characteristics. Tumor angiogenesis is an
essential process for tumor growth, proliferation,
and metastasis. Malignant lesions demonstrate rapid
extravasation of contrast from the intravascular space
to the capillary bed due to leaky capillaries associated
with tumor neovascularity. DCE-MRI has the potential
to provide information regarding blood flow, areas of
hypoperfusion, and variations in endothelial permeability
and microvessel density to aid treatment selection, enable
frequent monitoring during treatment and assess response
to targeted therapy following treatment. This review will
discuss the current status of DCE-MRI in cancer imaging,
with a focus on its use in imaging prostate malignancies
as well as weaknesses that limit its widespread clinical
use. The latest techniques for quantification of DCE-MRI
parameters will be reviewed and compared.

Key words: Prostate cancer; Prostate magnetic resonance
imaging; Tumor angiogenesis; Dynamic contrast-en-
hanced magnetic resonance imaging; Ke = rate constant
between extracellular extravascular space and plasma
space; K™" = volume transfer constant
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Core tip: Dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI) of prostate cancer can characterize
tissue vascularity with important clinical application
including aid in the detection, localization and staging,
assessment of tumor aggressiveness, and assessment
of treatment response. The current lack of standardized
acquisition and analysis methods should be addressed to
encourage more wide spread use of DCE-MRI in prostate
cancer imaging.
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INTRODUCTION

This review describes dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) techniques for
aiding prostate cancer management. First, we review
methodologies for the acquisition and analysis of DCE-
MRI data, including a commonly used model for the
quantification of DCE-MRI data sets. Second, we discuss
several current and potential future clinical applications
of DCE-MRI and pharmacokinetic parametric maps in
prostate cancer imaging. These include: (1) Primary tumor
detection, localization, and staging; (2) risk assessment; (3)
treatment planning; (4) treatment response assessment;
and (5) detection of residual or locally recurrent cancer after
treatment. Finally, we present an overview of the challenges
of DCE-MRI in the management of prostate cancer and
future directions.

BASIC CONCEPTS

To characterize tumor vasculature, a number of para-
magnetic agents have been approved for routine clinical
use. The most commonly-used contrast agents are
gadolinium (Gd) chelates of low molecular weight. The
mechanism of most T: methods involves characterization
of the influxes and out-fluxes of the contrast agent
and of the extracellular extravascular volume fraction
within the tumor vasculature. In conventional contrast-
enhanced imaging, data are acquired before contrast
administration and again one or two times after contrast
administration. An intravenous line may be set up during
or prior to the exam to allow the injection of gadolinium
contrast [gadolinium-diethylenetriamine pentaacetic
acid (Gd-DTPA)] during a magnetic resonance (MR)
acquisition. For some patients, Gd-DTPA may be injected
into the arm by a nurse, just as is done for many routine
clinical MRI exams. Gd-DTPA is administered into the
right antecubital vein.

DCE-MRI is the acquisition of sequential images
during the passage of a contrast agent within a tissue
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of interest. DCE-MRI data are acquired rapidly during
imaging following IV injection of the contrast agent and
allow modeling of the passage of the contrast agent.
Numerous pharmacokinetic models have been proposed
for quantitative analysis of the observed signal intensity
changes following contrast agent administration and
for estimating pharmacokinetic parameters*). For
a comprehensive review of DCE-MRI tracer kinetic
models see™ as well as a recent article by Sourbron and

Buckley™.

IMAGING STRATEGIES: RAPID DYNAMIC
CONTRAST-ENHANCED IMAGING

In “dynamic” contrast-enhanced MR imaging, 3D Ti-
weighted fast spoiled gradient-echo MRI sequences are
obtained every 5-10 s before, during, and several minutes
after administration of contrast in a sequential or “dynamic”
fashion for a period of up to 10 min. Acquisition times of
greater than 15 s are generally not used due to difficulty
detecting early enhancement and capillary transit time
of < 5 s. Contrast agents create shorter relaxation times,
resulting in a brightening of Tz signal on images. Contrast
signal depends on both extravasation of contrast as well
as velocity of blood flow to the target area™®. There is
no consensus on the best method for acquiring DCE-MRI
data.

QUANTIFICATION OF DCE-MRI DATA

The assessment of signal enhancement after contrast
injection can be performed through a semi-quantitative
analysis of signal intensity changes over time. In this
approach parameters, including curve shape, maximum
signal intensity, wash-in (or upslope) and washout rates,
as well as the initial area under the signal intensity curve
or contrast medium concentration (IAUGC) curve, are
estimated. Alternatively, it is possible to use a quantitative
approach, which is based on pharmacokinetic modeling
of the contrast agent. Numerous pharmacokinetic models
have been proposed for quantitative analysis of signal
intensity changes and for estimating pharmacokinetic
parameterst?,

Semi-quantitative/model-free method

Data modeling impacts the accuracy of parameters
derived from DCE-MR images, which depends on both
temporal sampling and signal intensity from the injected
contrast agent. As an alternative to data modeling, data
can be compared in a semi-quantitative method by using
pixel-by-pixel analysis™®. From the corresponding signal
intensity-time curves, enhancement kinetic parameters,
semi-quantitative parameters are estimated. The typical
parameters estimated for the semi-quantitative or non-
model-based analysis include peak enhancement (PE),
time-to-peak (TTP), wash-in, washout, and IAUGC. PE
refers to the maximum signal intensity value between
contrast arrivals, hormalized by subtraction of the baseline
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signal intensity. The quantity TTP is the corresponding
time when the peak-enhancement is observed. The
enhancement-slope and washout-slope allow for the
quantitative evaluation of the wash-in and wash-out
of the contrast agent and refer to the steepness of the
curve during wash-in and wash-out (until the end of the
acquisition), respectively. Semi-quantitative parameters
are readily calculated with post-processing software
available from the manufacturer of the MR unit and do not
require measurement of arterial input function or tissue T:
relaxation. One notable disadvantage of semi-quantitative
parameters is that they are estimated directly from the
signal intensity measurements (or concentration if in
addition T: maps are generated) without a physiological
or empirical model. Another disadvantage is that these
parameters are dependent on experimental factors such as
hardware, sequence parameters, and contrast dose, which
limit their comparability across different sites or different
acquisitions under different experimental conditions.

The semi-quantitative analyses provide parameters
of area under the curve, time to peak, maximum
enhancement, and slope of regions of interest. Advan-
tages of these analytical parameters are their ease
of acquisition, good visual image quality, and the fact
that they do not require additional information such as
tissue T: or measurement of the arterial input function.
However, variability in dosing, bolus time, sequence
parameters, tissue characteristics or other factors could
affect reproducibility, presenting problems when utilizing
these descriptive parameters. Models have been utilized to
quantify and standardize parameters of contrast agents.

Quantitative analysis of DCE-MRI

A number of methods have been presented in the
literature for the acquisition and analysis of DCE-
MRI data sets. In this section we will review the basic
principles of DCE-MRI analysis and introduce a few
widely used analysis methods.

Relationship between MR signal and contrast agent
concentration

In contrast-enhanced MRI, the relationship between
signal and contrast agent concentration is not linear.
To estimate contrast agent concentration, required for
quantification of DCE-MRI parameters, the relationship
between Ti, signal intensity, and contrast agent
concentration is applied. The signal intensity for a
spoiled gradient echo in steady-state is given by: S (a)
= Mo [(1-E1) sin (a)]/[1-E1 cos(a)] x eT¥™

[1].

Where E1 = ™™ | a is the flip angle, Mo is the
proton density, TR is the repetition time, TE is the echo
time, and T2 is the effective transversal relaxation time.
The change in relaxation rate per unit of contrast agent
concentration is given by, assuming that the tracer
concentration is to be linearly proportional to the change
in the relaxation rate under the assumption of a fast
exchange limit: C (t) = (1/R1) {[1/T1(t)] - [1/T:(0)1} [2].
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Where Ti(t) and Ti(t) are the relaxation times with
contrast agent at time t, and pre-enhancement, R: is
the relaxivity in (mM-s)” taken to equal 4.5 mmol/s at
1.5-Tesla field strength, and C (t) is the concentration of
the contrast agent.

Tofts model

Following the convention proposed by Tofts et al®!, a
simple one-compartmental model of the tumor is used
to predict the flow of the contrast agent into the EES as
a function of time (Figure 1): [d C: (£)]/dt = K™™ x {GC» (t)
=[G (O)/ve]} [8].

Where Cp (t) is the tracer concentration in blood
plasma Cp = Cv/(1-Hct), and the hematocrit (Hct) in
tumors is typically assumed to equal 0.25"". K™ (min)
is the volume transfer constant between the blood
plasma and the EES; Kep (min) is the rate constant
between the EES and the blood plasma and is given by:
Kep = (K™™/ve) where ve is the fractional volume of the
EES. Intuitively, K™ describes the diffusive transport
of the contrast agent across the capillary endothelium.
The solution to Eq.™, with the assumption that the
contribution to the concentration of the contrast agent
due to plasma is negligible, is given by the following
(referred to as the original Tofts model): GCp (t) = K™ [
o' Co(u) x exp {- [K™™ (t-u)]/ve} du [9].

Extended Tofts model (ETM)
In the case of tumors, the above-mentioned assumption
is not valid, and thus the two-compartment extension
of the Tofts model is required, where the tissue
concentration is the sum of the contribution due to the
plasma volume, vp, as well as the fractional volume of
the EES, Ve: Ct (t) = VpCp(t) + VeCe(t)
[10].

The extended Tofts model corresponds to two com-
partments with the assumption that the concentration
of the contrast agent is derived from the EES and
plasma, given by: Ci(t) = K™ o' Co (u) x exp {- [K™™
(t-u)]/ve} du + veCo(t) [11].

Additional considerations in quantitative DCE-MRI
A number of factors need to be taken into account in
the estimation of parameters from DCE-MRI.

Choice of arterial input function

Measurement of the patient-specific arterial input
function (AIF) or plasma concentration requires
localization of a large vessel that delivers blood to the
organ of interest. Alternatively a bi-exponential AIF,
Co(t), can be generated assuming a bi-exponent model
given by"® (Figure 2): Co(t) = D [a: exp(-mit) + a2
exp(-mazt)] [10].

Where D is the dose of the contrast agent (mmol/
kg of body weight). This is referred to as a model-
based AIF. The first term in this expression corresponds
to the equilibration of contrast agent between blood
and extracellular space (fast), while the second term
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Figure 1 Schematic diagram of the Tofts kinetic model with the commonly
used estimated parameters K™ and kep.

corresponds to the removal of contrast agent from the
plasma by the kidneys (slow). Substituting Eq.™*® into
Eq.™ and solving for Ci(t) in the tumor tissue we obtain:
Go(t) = D x K™ 3% -1 {[a1exp(-mit) + a2z exp(-Kept)]/kep-
mi} [11].
An alternative to calculating the bi-exponential AIF
is to derive the AIF in a select population and extend
it to future studies. This is referred to as a population
average AIF. One study compared prostate DCE-MRI
parameters obtained at 3 Tesla before biopsy using
three AIF estimates: Patient-specific or individual AIF,
population average AIF, and model-based AIF™'Y, The
study found patient-specific and population average
AIFs had the highest sensitivity in predicting the
biopsy results in prostate cancer, while the model-
based bi-exponential AIF had the highest specificity.
The areas under the ROC curves were not significantly
different between any of the AIFs. In another study™?,
investigators compared the effects of using population
based AIF or semi-automated or fully automated
image-based patient-specific AIF to calculate DCE-
MRI parameters in the prostate; they found that K™"™
estimates were more sensitive to the choice between
population vs patient-specific AIF as compared to kep.

T+ mapping
An estimate of the voxel contrast concentration in
DCE-MRI requires T: estimation in order to convert
signal intensity to T: values. T: relaxation times can be
estimated from T: maps acquired prior to the injection of
contrast. Typically, before contrast agent administration,
a series of spoiled gradient echo volumes at different flip
angles are acquired™®. The steady-state signal is given
by Eqg.[1], which can be rearranged to yield: S(a)/sin(a)
= E:1 [S(a)/tan(a)] + Mo x (1-E:1) x (%™
[12].

With a series of acquisitions at different flip angles,
a linear fit of S(a)/sin(a) vs S(a)/tan(a) will allow
estimation of Ti from a linear fit T = -TR/In(m), where
m is the slope between measurement points. At least
two flip angles are required to estimate T: maps.

DCE-MRI of prostate

Studies on the use of dynamic or conventional contrast-
enhanced MRI for prostate cancer have focused on
localization and staging, assessment of prostate cancer
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Figure 2 Model-based arterial input function. Shown is the model-based
arterial input function, based on the Parker function.

aggressiveness, and assessment of treatment response
(Figure 3). These studies suggest the many ways that
contrast-enhanced MRI could be used to augment the
value of a prostate MRI exam.

Localization and staging

Numerous studies have investigated the accuracy
of DCE-MRI in localization and staging of prostate
cancer using DCE-MRI (Figures 4 and 5). In a study
performed at 1.5 Tesla, the accuracy of DCE-MRI
in tumor localization was found to be significantly
higher than that of T2-weighted imaging (as well
as significantly higher than that of quantitative
spectroscopic imaging)™*. The same group reported
that accuracy in prostate cancer localization (again at
1.5 Tesla) was significantly higher with DCE-MRI and
3D MRSI than with T2-weighted imaging'***. Using a
3.0-Tesla system, Kim et a*® found that detection of
prostate cancer in the peripheral zone was better with
DCE-MRI than with T2-weighted imaging. Sensitivity,
specificity, and accuracy were 55%, 88% and 70%,
respectively, with T2-weighted MRI as compared to
73%, 77%, and 75%, respectively, with dynamic
contrast-enhanced imaging. In another study phased-
array coils were used for signal homogeneity to image
patients on a 1.5 T system before biopsy; based on
early and intense enhancement areas on T1-weighted
DCE images, sensitivity, specificity, and positive and
negative predictive values were 90%, 88%, 77% and
95%, respectively for the detection of foci greater than
0.5 cc vs 77%, 91%, 86% and 85% for the detection
of foci greater than 0.2 cc'”). Ocak et a*® found the
forward volume transfer constant (K™™), the reverse
reflux rate constant between extracellular space and
plasma (Kep), and the area under the gadolinium curve
(AUGC) to be significantly higher in cancer than in the
normal PZ. Engelbrecht et a''® identified relative peak
enhancement in the PZ and washout rate in the central
gland as DCE-MRI parameters useful for prostate cancer
detection and localization, but they did not find strong
correlations between dynamic parameters in prostate
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Figure 3 Example of enhancement kinetics pattern from two regions-of-interest. A: Transverse T2-weighted image. The green regions-of-interest (ROls)
corresponds to a benign PZ region. The red ROI corresponds to region with prostate cancer; B: Contrast curves of the two ROIls shown in A. The curves are
characteristic of the types of time-intensity curves obtained with dynamic contrast-enhanced MRI. The green ROI shows moderately slow and slight enhancement
wash-in pattern. This is characteristic for many benign, enhancing tissues, such as normal prostate tissue. The red ROI shows a rapid rise in signal intensity with
subsequent wash-out as is typical in tumors.

Peak enhancement

U

Enhancement slope Washout slope
C D
T #oh
B L k] i _L Y
Pt W X
Fa Foo
: 4 £
Time to peak IAUC 60 s
E F
120.83
96.67
72.5
48.33
24.17
G 0.8

0.67
0.53
0.4

0.27
0.13

Figure 4 Representative 3T data in 63-year-old patient with prostate cancer (presurgical prostate-specific antigen level, 3.4 ng/mL). A: Transverse T2-
weighted image. Pharmacokinetic parameter maps based on the semi-quantitative method and the Toft's kinetic model. Parametric maps for the semi-quantitative
parameters, including; B: Peak-enhancement; C: Enhancement slope; D: Wash-out slope; E: Time-to-peak; and F: Intensity curve or contrast medium concentration at
60 s. Using the Toft's kinetic model, the pharmacokinetic parameter maps for G K™™ and H ve are shown.
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Figure 5 Representative 3T data in a 54-year-old prostate cancer patient [presurgical prostate-specific antigen level, 4.7 ng/mL; biopsy Gleason score, 7
(3 + 4)]. Pharmacokinetic parameter maps based on the semi-quantitative method and the Toft's kinetic model. Parametric maps for the semi-quantitative parameters,
including B: Peak-enhancement; C: Enhancement slope; D: Wash-out slope; E: Time-to-peak; and F: Intensity curve or contrast medium concentration at 60 s. Using
the Toft's kinetic model, the pharmacokinetic parameter maps for G K™ and H ve are shown.

cancer regions and tumor stage, Gleason score, patient
age, tumor volume, or prostate-specific antigen. Alonzi
et al®™ provided a table summarizing the early literature
on prostate tumor localization.

With regard to staging of prostate cancer with
DCE-MRI, one study compared the performance of an
experienced reader to that of a less experienced reader™".
The investigators found that for the experienced reader,
the sensitivity, specificity, and accuracy of staging with
dynamic contrast-enhanced MR imaging were 69%,
97%, and 87%, respectively, and were not significantly
different from the corresponding values obtained with T2-
weighted imaging alone. However, for the less experienced
reader, the use of DCE-MRI parametric maps resulted in
a significant improvement in the area under the receiver
operating characteristic curve as compared to T2-weighted
imaging alone. Bloch et al** presented findings from
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1.5-Tesla high-spatial-resolution T2-weighted imaging and
DCE-MR imaging in 32 patients. When the T2-weighted
imaging and DCE-MR imaging data sets were combined,
the mean sensitivity, specificity, P value, and negative
predictive values for the assessment of extracapsular
extension (ECE) were 86%, 95%, 90%, and 93%,
respectively; the determination of ECE was significantly
better when the data sets were combined than when T2-
weighted imaging was used alone.

ROLE OF DCE-MRI IN THE PI-RADS
(PROSTATE IMAGING REPORTING AND

DATA SYSTEM) CLASSIFICATION

The European Society of Urogenital Radiology (ESUR)
has provided a set of guidelines for MR imaging of the
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prostate®®. These guidelines provide recommendations
for minimum standards of MR protocols as well outlining
a structured reporting scheme, referred to as PI-RADS
which are based on the BI-RADS classification for breast
imaging. The reporting provides scores ranging from
1 to 5. The PI-RADS classification of DCE-MRI uses
the time-resolved signal intensity curve to provide a
qualitative analysis of the shape of the signal intensity
curve. A score of 1 is assigned when the signal intensity
curve increases gradually (Type I curve). Score of 2
is assigned when there is progressive signal intensity
stabilization followed by a slight and late decrease in
signal intensity (Type II curve). Score of 3 is assigned
if the signal intensity curve demonstrates rapid washout
after reaching peak enhancement (Type I curve). Focal
lesions which enhance according to Type II or Il curves
are assigned an additional point. Asymmetric lesions or
unusually located lesions which enhance according to
Type 1I or Il curves receive an additional point™*,

Assessment of prostate cancer aggressiveness

The Gleason score, determined by histopathology,
characterizes prostate cancer aggressiveness based
on the microscopic appearance of the cancer tissue®.
Together with other parameters, the Gleason score
is used for prostate cancer staging, assessment of
the patient’s prognosis and treatment selection. Most
commonly, the Gleason score is determined by biopsy,
which is performed when an elevated serum prostate-
specific antigen (PSA) level and/or an abnormal digital
rectal examination (DRE) suggest that the patient may
have prostate cancer. The biopsy Gleason score and the
amount of cancer in each biopsy core are both important
predictors of prostate cancer aggressiveness and rate of
progression®®?”), However, biopsy underestimates the
Gleason score relative to the prostatectomy Gleason
score in as many as 50% of cases®”®.. Moreover, sextant
biopsy samples mostly the posterior peripheral zone
of the prostate, thereby potentially missing tumors in
anterior portions of the gland.

A review of prior studies to identify associations
between MRI perfusion parameters and Gleason score
suggests no such associations have been consistently
found™® !, An earlier study by Padhani et a/*** found
only a weak correlation between MRI tumor stage and
tumor vascular permeability. However, no correlation
was observed between enhancement patterns (i.e.,
both quantitive and semi-quantitive parameters) and
Gleason score or PSA levels. Another study used an
enhanced inversion-prepared dual-contrast gradient-
echo sequence at 1.5 Tesla to perform DCE-MRI com-
bined with dynamic susceptibility contrast (DSC) MR
imaging, which allows simultaneous calculation of the
parameters blood volume, blood flow, and interstitial
volume. Subsequently, the parameters were correlated
with histologic mean vessel density (MVD), mean vessel
area (MVA), and mean interstitial area (MIA), and it was
found that the measured quantities of blood volume
and interstitial volume did not reliably correlate with
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the histologic parameters®™. Chen et al®" performed

both semi-quantitative and quantitaive analysis of DCE-
MRI and correlated the parameters with Gleason score;
they found that only the washout gradient correlated
significantly with Gleason score. Another study using
quantitaive analysis of DCE-MRI was also unable to
identify any significant correlations with Gleason score
or vascular endothelial growth factor (VEGF) expression,
although kep was found to correlate moderately with
microvessel density®?. Recently, a study at 3 Tesla
found that both semi-quantitative and quantitative
parameters (mean and 75" percentile values of wash-
in, mean wash-out, and 75" percentile of K™"), differed
significantly between low-grade (Gleason grades 2 and
3 present) and high-grade prostate cancer (primary
Gleason grade of 4 and/or any 5 component) in the
peripheral zone™!. Two factors which were identified
as being important in acquisition of data for optimal
modeling were: (1) the use of high temporal resolution
imaging (temporal resolution = 3 s), which allowed the
investigators to more accurately probe the early phase
of enhancement; and (2) the use of patient-specific AIF
rather than population-based AIF.

ASSESSMENT OF TREATMENT
RESPONSE

Androgen deprivation therapy

VEGF also called vascular permeability factor, is a stimulus
of tumor neo-angiogenesis®*. It has been shown that
androgens induce the simulation of vascular endothelial
growth factor production in human prostate cancer™. A
study of 56 patients measured the effects of androgen
deprivation therapy (ADT) on prostatic morphology
and vascular permeability”®® and found a significant
reduction in tumor permeability surface area product in
the peripheral zone, central gland and tumor, as well as
changes in washout patterns™. The authors also reported
significant reductions in K™ in the peripheral zone and
central gland as well as a weak correlation between tumor
K™™ and tumor volume change.

Another study examined the effect of ADT on pro-
state tumor blood flow by comparing quantitative
parametric maps of the prostate for blood flow, blood
volume, and blood oxygenation [intrinsic relaxivity (R2*)],
measured using a DSC-MRI acquisition and analysis, and
K™ and ve, measured using a DCE-MRI acquisition and
analysis; values acquired before ADT was administered
were compared to those acquired after 1 mo and 3 mo
of therapy™. The study found significant decreases in
tumor blood volume and flow in the first month after
treatment, and significant increases in R2* of the prostate
tumor by three months; the study also found significant
reductions in tumor K™™ from baseline at both 1 and 3
mo. Another study looking at monitoring response with
both DCE and DWI found that DCE-MRI parameters (K™,
ve, Vp, IAUGC-90) measured in tumor after 3 mo of
therapy were significantly reduced as compared to those
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measured before treatment, whereas normal-appearing
peripheral zone tissue showed no significant change™®.

External-beam radiation therapy

When local recurrence is suspected after radiation
treatment, MRI may be used to identify a target for biopsy
and estimate the location and extent of the tumor. In an
early study by Rouviére et al* assessing the value of
DCE-MRI in patients with suspected recurrent prostate
cancer after external beam radiotherapy (EBRT), readers
interpreted contrast-enhanced images during the early
phases, when prostatic tissue showed some degree of
enhancement (the images were referred to as arterial
phase images). They found that as compared to T2-
weighted imaging, contrast-enhanced MRI localized
recurrent cancer after EBRT more accurately and with
less inter-observer variability. A later study found that in
the localization of recurrent prostate cancer by sextant in
patients with suspected relapse after EBRT, the sensitivity,
positive predictive value and negative predictive value
of DCE-MRI were significantly higher than those of T2-
weighted imaging™”. Although the investigators found
that DCE-MRI had excellent sensitivity, negative predictive
value (both of 100%), and good accuracy (82%) for
the detection of prostate cancer recurrence after EBRT,
the positive predictive value was not very high (46%),
even though it was higher than that of T2-weighted
imaging. Multi-parametric approaches have also been
investigated™*?. One recent study found multi-parametric
methods to be superior to T2-weighted imaging in the
detection of recurrent prostate cancer after image-guided
radiation therapy; however, there was no additional
benefit when DCE-MRI was added to combined T2-
weighed imaging and diffusion-weighted MRI (DW-MRI)"*2,

High-dose-rate brachytherapy

A recent article retrospectively evaluated the ability of
multiphase (specifically, 5-phase) dynamic contrast-
enhanced MRI obtained every 30 s (as well as DW-
MRI) to detect local recurrence after high-dose-rate
brachytherapy*®!. Whereas the sensitivity, specificity, and
accuracy of T2-weighted imaging were 27%, 99%, and
87%, respectively, those of DCE-MRI were 50%, 98%,
and 90%, respectively. The authors found that a multi-
parametric approach combining T2-weighted MRI, DW-
MRI and DCE-MRI achieved the highest sensitivity (77%)
with a slight reduction in specificity (92%) as compared
to DW-MRI.

High-intensity focused ultrasound

For the treatment of patients with localized prostate
cancer, a nonsurgical, noninvasive treatment referred
to as transrectal high-intensity focused ultrasound
(HIFU) can be considered™***!, DCE-MRI (combined
with T2-weighted imaging) can have a role in detecting
local cancer recurrences after HIFU. It can assist in
distinguishing residual or recurrent cancers within 2-5 d
after HIFU treatment™* which are typically hypervascular
from post-HIFU fibrosis which are often homogeneous and
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hypovascular™®”? and can guide post-HIFU biopsy towards
areas of recurrent cancer. One study found that although
Gadolinium-enhanced MRI can accurately determine the
extend of tissue damage following HIFU, it cannot predict

histological results™®!,

Surgery

A study by Casciani et al*® to determine the ability
of endorectal MRI (T1- and T2-weighted imaging)
combined with DCE-MRI to detect local recurrence after
radical prostatectomy found that all recurrences showed
signal enhancement after gadolinium administration.
In most cases of recurrence (22/24), tumors display
rapid and early signal enhancement. The study found a
significant improvement in the detection of recurrence
with combined MRI and DCE-MRI as compared to MRI
alone. Similarly, Sciarra et al®' found that the use of
DCE-MRI alone or in combination with spectroscopic
imaging was accurate for identifying local prostate
cancer recurrence in patients with biochemical pro-

gression after radical prostatectomy.

CHALLENGES AND FUTURE DIRECTIONS

Limitations in DCE-MRI specific to prostate cancer
include motion artifact, specifically from rectal and
colonic peristalsis. Further, hyperintense findings on
MRI may correlate not only with abnormal tumor tissue
but any changes in vascularity including BPH nodules,
post-biopsy changes, and prostatitis. At present, an
additional limitation of DCE-MRI of the prostate, which
also applies to the imaging of all other organ systems,
is the lack of standardization of sequences and analysis
parameters™. With the availability of a wide range
of imaging sequences on most MR units, a defining
objective of many studies today is to identify the role of

DCE-MRI as part of a multi-parametric examination”.

CONCLUSION

We have reviewed DCE-MRI acquisition and data analysis
methods for the detection and monitoring of cancer
in the prostate. Potential clinical applications of DCE-
MRI for prostate cancer include detection, localization
and staging, assessment of tumor aggressiveness, and
assessment of treatment response. Limitations include
lack of standardized acquisition and analysis methods
which can results in variability in the results. We expect
that with the standardization of these methods will
encourage more wide spread use of DCE-MRI in prostate

cancer imaging.
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