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Abstract

Purpose—To describe the practical technical aspects of magnetic resonance imaging (MRI) and
magnetic resonance spectroscopic imaging (MRSI) and to summarize the current and potential future
status of MRI and MRSI in the localization, staging, treatment planning, and post-treatment follow-
up of prostate cancer.

Technique—Published contemporary series of patients with prostate cancer evaluated by MRI and
MRSI before or after radiation therapy were reviewed, with particular respect to the role of MRI and
MRSI in treatment planning, outcome prediction, and detecting local recurrence.

Results—Volumetric localization is of limited accuracy for tumors less than 0.5 cm3. Staging by
MRI, which is improved by the addition of MRSI, is of incremental prognostic significance in patients
with moderate and high-risk tumors. The finding of more than 5 mm of extracapsular extension prior
to radiation seems to be of particular negative prognostic significance, and the latter group may be
candidates for more aggressive supplemental therapy. The use of MRI to assist radiation treatment
planning has been shown to improve outcome. MRSI may be helpful in the detection of local
recurrence after radiation.

Conclusions—Only MRI and MRSI allow combined structural and metabolic evaluation of
prostate cancer location, aggressiveness, and stage. Combined MRI and MRSI provide clinically and
therapeutically relevant information that may assist in planning and post-treatment monitoring in
patients undergoing radiation therapy.

INTRODUCTION

MAGNETIC RESONANCE IMAGING (MRI) uses strong magnetic fields to induce coherent
spinning of hydrogen protons, and then applies radiofrequency pulses to generate a map of
proton signal intensity by spatial location. Prostate cancer typically appears as a masslike or
crescent subcapsular region of low T2 signal intensity in the peripheral zone of the prostate at
magnetic resonance imaging (MRI)! (Fig. 1). It should be noted that most publications related
to MRI and magnetic resonance spectroscopic imaging (MRSI) of prostate cancer have focused
on peripheral zone cancers, because these are the most common, and the characteristics of
central gland tumors are less well established. During routine MRI, the signal intensity of all
hydrogen protons is combined, although the signals from hydrogen protons in different
molecules have slightly different frequencies (a property known as chemical shift). MRSI is
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an advanced form of MRI that exploits this chemical shift to produce a map of signal intensity
versus frequency (i.e., a spectrum) that reflects the relative concentration of different
metabolites. The metabolic peaks relevant to prostate MRSI are choline, creatine, and citrate.
Research has shown that peripheral zone prostate cancer is characterized at MRSI by raised
choline (a normal cell membrane constituent, which is elevated in many tumors) or reduced
citrate (a constituent of normal prostatic tissue) or both? (Fig. 2). Although complex
interpretative schemes for prostate MRSI have been described,? a simple approach that works
reasonably well is to compare the height of the two metabolic peaks (i.e., choline plus creatine
and citrate). If the first peak (choline plus creatine) is lower than the second (citrate), the voxel
likely consists of normal tissue. On the other hand, the voxel likely consists of malignant tissue
if the first peak is higher or of similar height to the second. Optimal results are obtained when
both MRI and MRSI datasets are interpreted in an integrated fashion.*

MRI and MRSI of the prostate can be performed as a single combined examination that takes
about 60 minutes in total. An endorectal coil is essential for performance of spectroscopy, and,
in addition, has been shown to improve the MRI component, resulting in higher staging
accuracy.*@ Special software is required for performance of MRSI. Several papers published
in the last decade have described the role of MRI and MRSI before and after radiation therapy
of prostate cancer, and therefore we undertook this review to describe the practical technical
aspects of MRI and MRSI and to summarize the current and potential future status of MRI and
MRSI in the localization, staging, treatment planning, and post-treatment follow-up of prostate
cancer.

TECHNIQUE OF ENDORECTAL MRI AND MRSI OF THE PROSTATE

Prostate MRI protocols vary slightly among institutions, but in general will include at least the
following: (1) T1-weighted images for detection of post-biopsy hemorrhage; (2) high-
resolution T2-weighted images, in at least two different planes, usually axial and coronal; and
(3) three-dimensional spectroscopic imaging of the entire gland (Table 1). Most institutions
will perform the study using an endorectal coil in association with a pelvic-phased array coil.
Although some authors contest the use of endorectal coil, especially after the advent of stronger
magnets, it increases signal-to-noise ratio by a factor of 10, which results in higher spatial and
spectral resolution.>= In fact, the use of an endorectal coil is essential for spectroscopic
imaging. Multiple authors have compared the quality and accuracy of prostate MRI acquired
using surface coils alone to those achievable with endorectal prostate MR imaging.4:8-11
Although the design and results of these studies differ, overall they show that the use of an
endorectal coil is advantageous or at the very least provides results similar to an approach using
a surface coil only.

THE ROLE OF MRI AND MRSI BEFORE RADIATION THERAPY

Prostate cancer is characterized by homogeneous low signal intensity on T2-weighted MR
images against the normal high signal intensity of the peripheral zone.12 This finding, however,
has limited sensitivity, because some tumors are isointense to the peripheral zone and there are
benign causes of low signal intensity, such prostatitis, hemorrhage, and scarring.13-1% MRI is
usually reserved for staging patients after a biopsy-proven diagnosis of prostate cancer, and
only a few studies have investigated its use as a diagnostic tool. Some authors, however, have
evaluated its use in patients with elevated prostate-specific antigen (PSA) and prior negative
biopsies. The results of these studies suggest that MRI may be modestly useful as a tool to
select patients and/or to provide guidance for further biopsy.16-18

MRI has no role as a screening tool for prostate cancer in the general population.
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STAGING PROSTATE CANCER WITH MRI AND MRSI

Treatment of prostate cancer is greatly dependent on local staging, particularly the presence
or absence of extracapsular extension. As a general rule, patients with disease localized to the
prostate (stage T1 or T2 disease) are candidates for radical prostatectomy, whereas those with
tumor extension beyond the prostatic capsule (stage T3 disease) are probably more
appropriately managed with radiation therapy. Of course, those with low-risk disease,
comorbidities, or limited life expectancy can be offered active surveillance.

Multiple studies have investigated the use of MRI for prostate cancer staging, with results
showing an accuracy that reaches up to 95%, depending on research design, patient population,
and age of technology.1119-25 MRI seems to be most beneficial for the evaluation of moderate
or high-risk patients with clinically localized disease. The findings that are most predictive of
extracapsular extension on MRI are focal irregular capsular bulging, asymmetry of the
neurovascular bundles, and obliteration of the rectoprostatic angle.26:27 The addition of MRSI
to MRI appears to increase the accuracy of staging only for the less-experienced readers, but
reduces interobserver variability.2428

PREDICTIVE ROLE OF PRE-EBRT MRI

Preoperative endorectal MRI of the prostate has been investigated as a prognostic tool for
predicting outcome after radical prostatectomy. D’Amico and his group published two studies
evaluating the role of MRI to predict time to PSA failure after radical prostatectomy. The first
study investigated the use of MRI in any men with clinically localized or PSA-detected prostate
cancer,29 whereas the second targeted patients with clinically localized, but high-grade disease
(biopsy Gleason score 7—10 and clinical T1c or T2a disease).30 According to their results, MRI
provides relevant stratification of PSA outcome for these patients. Actuarial survival analysis
showed that 22% and 28% of patients with stage T2 disease developed PSA failure after 3 and
5 years, respectively, versus 75% and 67% of patients who had stage T3 disease. More
specifically, the detection of extracapsular extension significantly increased the risk of PSA
failure. D’Amico has also shown that MRI was a better predictor of extracapsular extension,
seminal vesicle invasion, and positive surgical margins than Gleason score or serum prostatic
specific antigen level.3! Nonetheless, surgical series inevitably include patients with lower-
risk tumors when compared to patients undergoing radiation therapy, and may not fully reflect
the potential predictive value of MR findings.

Little is known regarding the predictive value of MRI prior to radiation therapy of prostate
cancer. McKenna et al recently presented promising results showing that pretreatment
endorectal MRI findings are predictive of outcome in patients who undergo external beam
radiotherapy.32 Their data suggest that the presence and degree of extracapsular extension at
MRI is a strong predictor of metastatic recurrence. Multivariate Cox analysis showed that the
mean diameter of extracapsular extension was an independent predictive variable (relative
hazard ratio 2.06, 95% confidence interval of 1.22-3.48). Although further investigation is
needed, their results imply that patients with more than 5 mm of radiological extracapsular
extension may be potential candidates for more aggressive therapy such as radiation dose
escalation or extended androgen deprivation.

Nguyen et al published a paper in 2004 in which they demonstrated that the identification of
seminal vesicle invasion on MRI in patients with clinically localized disease increased the risk
of biochemical failure after external beam radiation therapy (EBRT).33 The risk of biochemical
failure in that population was equivalent to the risk of failure in patients with locally advanced
prostate cancer.
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MRI AND RADIATION THERAPY PLANNING

Treatment of prostate cancer with EBRT has evolved. 3D conformal radiotherapy allows for
an accurate delineation of the target organ, reducing the amount of radiation delivered to
adjacent tissues. Intensity-modulated radiation therapy is a refinement of the 3D conformal
radiation therapy. It refers to the technique that permits the modulation of each radiation beam,
resulting in a conformal inhomogeneous field that maximizes irradiation dose to the tumor
volume, while reducing the toxicity of radiation to the surrounding tissues.34 It is known that
poor treatment coverage at radiotherapy is associated with increased risk of local and probably
distant recurrence.3>:36 The radial distance of extra prostatic extension of prostate cancer
influences radiation treatment planning,3” because the dose falloff at the periphery of the field
may result in incomplete treatment, although wide treatment margins increase the risk of
radiation injury. T2-weighted MRI of the prostate has much higher soft tissue contrast than
computed tomography (CT), which is usually used for planning EBRT. This high soft tissue
contrast allows for the depiction of the zonal anatomy of the prostate, the extent of neoplastic
disease, as well as the periprostatic structures.23:38—40 This leads to a more accurate delineation
of the irradiation field, which decreases the dose to the periprostatic tissues and urethra, while
delivering the maximum dosage to the target within the prostate.41—44

Similarly, an accurate identification and localization of prostate cancer is very important in
patients who elect brachytherapy as primary or salvage treatment. Transrectal ultrasound
imaging is routinely used as a guide for seed placement; however, an optimal distribution of
radiation to a specific target is often impossible and in most cases, a maximum dosage will be
delivered to the entire prostate. Because of its inherent high soft tissue contrast, MRI may
overcome this limitation and guide targeted placement of brachytherapy seeds, concentrating
the radiation dose in areas of larger tumor volume. Clarke et al found that MRI is a valuable
tool for patients treated by seed implantation.#® It adequately identified cancer and modified
clinical staging, permitting adequate coverage and increasing the success rate of treatment of
prostate cancer. Seventy percent of the 327 patients in their study had an upgrade in staging
after MRI, when compared to digital rectal examination-based clinical stage; 79 patients who
were originally diagnosed with stage T1 and T2 disease were upstaged to T3. The proposed
therapy was modified in 18% of their patients after evaluation of MRI findings. Furthermore,
along with the percentage of positive core biopsies, the lack of a pretreatment MRI was a
predictor of PSA failure in 38 months. Different MR-guided procedures have been developed,
but those are not yet widely available.46—48

THE ROLE OF MRI AND MRSI AFTER RADIATION THERAPY

Follow-up after EBRT

Tumor detection by magnetic resonance imaging in the irradiated gland is limited by treatment
changes that include prostatic shrinkage, the development of diffuse low T2 signal intensity in
the gland, and indistinctness of the normal zonal anatomy.4?—>1 MRSI, which detects abnormal
metabolism rather than abnormal anatomy, has shown considerable promise in the local
evaluation of prostate cancer prior to treatment.24:52:53 Preliminary studies evaluating MRSI
in the local evaluation of prostate cancer after radiation therapy have also been promising.>*~
56 Coakley et al, examining 21 patients with biochemical failure after EBRT, found that MRS
had an area under the receiver-operating curve of 81% for the detection of recurrent cancer.
54 Endorectal MRI alone performed poorly in this study, with an area under the receiver-
operating curve (AU-ROC) of 49-50%. In a similar study, Pucar et al found that MRSI had an
AU-ROC of 88% for discrimination of benign and malignant prostatic tissue after EBRT.%® In
the study by Menard et al, the sensitivity and specificity of MRSI for diagnosing post-treatment
malignancy were 88.9% and 92%, respectively, with an accuracy of 91.4%.°6 The results of
these studies suggest that MRSI has the ability to detect or exclude local recurrence within the
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prostate and could facilitate salvage treatment, or potentially support the decision to commence
systemic therapy in patients with presumed distant disease based on biochemical failure in the
absence of detectable local recurrence

In another study, Pickett et al demonstrated that post-treatment MRI and MRSI increase the
level of confidence of local control assessment, helping to distinguish a benign PSA blip from
local recurrence.>’

Follow-up after brachytherapy

In patients who undergo brachytherapy, the adequacy of dosimetry largely depends on accurate
quantification of the prostate volume after the implantation of seeds. The most common method
used for this purpose is CT.58 However, several authors have demonstrated the improvement
of volume determination with MRI when compared to CT. Although CT overestimates the
volume of the gland,>®%1 MRI decreases the interobserver variability in prostate
contouring®: 63 and allows better identification of the gland apex.*4:64.:65 MRI may also be
the tool of choice to follow up these patients for treatment response and to assess locoregional
tissue toxicity. Coakley et al, for instance, have demonstrated that MRI clearly depicts both
intra- and extraprostatic seed distribution, while evaluating treatment changes.56

CONCLUSION

Prostate MRI/MRSI is a valuable staging procedure for patients with prostate cancer.
Furthermore, it has the ability to predict PSA outcome after radiation therapy in intermediate
and high-risk patients, acting as an additional guide for adequate treatment selection. Because
of its high soft tissue contrast, MRI provides better delineation of the tumor and periprostatic
structures than CT does. This leads to a more accurate demarcation of the irradiation field,
decreasing treatment-related toxicity. Finally, MRI/MRSI is an adequate tool to follow up
patients treated with radiation therapy. It clearly depicts the expected changes related to
treatment, while allowing for the detection of persistent or recurrent disease.
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FIG. 1.

Axial T2-weighted endorectal MR image of the prostate (TR 5000/TE 96) of a 57-year-old
man with elevated PSA (8.1 ng/mL) and biopsy-proven cancer. A focal mass-like lesion of
low signal intensity is identified within the peripheral zone (arrow).
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FIG. 2.
Spectra of benign and malignant peripheral zone prostatic tissue. Note elevation of choline and
decrease of citrate in cancer.
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Table 1
Endorectal MRI/MRSI Protocol
Sequence Plane TRITE Comments
Localizer
FSE Sagittal T2 Evaluation of coil position.
SE Axial T1 Entire pelvis, starting at the aortic bifurcation.
Search for | post-biopsy hemorrhage.
FSE Axial T2 Prostate evaluation.
FSE Coronal T2 Prostate evaluation.
PROSE Axial Spectroscopy Prostate evaluation.

FSE = fast spin echo; SE = spin echo; PROSE = prostate spectroscopy and imaging examination.
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