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Abstract

Resumo

Magnetic resonance imaging of the prostate:
an overview for radiologists™

Ressonédncia magnética da prostata: uma visdo geral para o radiologista

Ronaldo Hueb Baroni', Maria Ines Novis?, Angela Hissae Motoyama Caiado?,
Luciana Mendes de Oliveira Cerri', Claudia da Costa Leite*, Giovanni Guido Cerri®

Prostate adenocarcinoma is the second tumor in incidence and mortality among malignant neoplasms in men.
The differentiation between tumors confined to the organ and those with extraprostatic extension is critical
for an appropriate therapeutic planning. Different studies have demonstrated that magnetic resonance imaging
of the prostate with endorectal coil is useful in the local staging of these tumors. The present article presents
information on the prostate gland anatomy, the tumor aspect at magnetic resonance imaging, specific signs
of extracapsular extension and seminal vesicles invasion, protocol suggestions, general principles and relevance
of proton spectroscopy, perfusion and diffusion imaging, role of magnetic resonance imaging in the
postoperative and post-radiotherapy detection of local tumor recurrence, and also in the detection of lesions
in patients with clinical/laboratory suspicion of prostate adenocarcinoma. Additionally, the present article
describes differential diagnoses and limitations of the method.

Keywords: Prostate cancer; Adenocarcinoma; Magnetic resonance imaging; Cancer staging.

O adenocarcinoma prostatico é o segundo tumor em incidéncia e mortalidade dentre as neoplasias malignas
masculinas. Para adequada programacéo terapéutica é importante a distincdo entre tumores confinados a
prostata e aqueles com extensédo extraprostatica. Diferentes estudos tém demonstrado que a ressonancia
magnética da préstata com bobina endorretal auxilia no estadiamento local destes pacientes. Este artigo
apresenta informacdes sobre a anatomia prostatica, o aspecto tumoral a ressonancia magnética, sinais de
extensdo tumoral extraprostatica e invasdo de vesiculas seminais, sugestées de protocolo, principios gerais
e importancia da espectroscopia de prétons, do estudo perfusional e da difusédo, indicacées da ressonéancia
magnética na investigacdo de recidiva pds-operatéria e pds-radioterapia, seu papel na deteccédo de lesbes
suspeitas em pacientes com suspeita clinico-laboratorial de adenocarcinoma prostatico, além de apresentar
os diagnésticos diferenciais e limitacoes do método.

Unitermos: Neoplasias da préstata; Adenocarcinoma; Imagem por ressonancia magnética; Estadiamento de
neoplasias.
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INTRODUCTION

Prostate adenocarcinoma (PCa) is the
second tumor in incidence and mortality
among the malignant neoplasms in men,
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surpassed only by non-melanomaskin can-
cer in incidence, and by lung cancer in
number of deaths™?,

The methodsemployed in the screening
for PCain the population are prostate-spe-
cific antigen (PSA) test and digital rectal
examination. Transrectal ultrasonography-
guided biopsy is the method of choice for
histological diagnosis of the disease.

An accurate staging of the disease is of
paramount importance for an appropriate
therapeutic planning. The nomograms in-
troduced by Partin combine clinical stag-
ing based on digital rectal examination,
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PSA levels and the Gleason score deter-
mined by biopsy (the highest the Gleason
score, the highest is the tumor aggressive-
ness), with a relatively high accuracy in
local staging of PCa®.

Several studies have demonstrated that
magnetic resonance imaging (MRI), with
its high anatomical resolution, adds rel-
evant information to the clinical nomo-
grams in the loca staging of PCa
Endorecta coil MRI presents an accuracy
of 85% in the prediction of extracapsular
extension and up to 97% for seminal
vesicles invasion™®®,

New prospectsincludethe 3tesaMRI,
that may be utilized with endorectal coil
(possibly increasing even further the sen-
sitivity and specificity in the local staging
of PCa), or without the endorecta coil with
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consequential reduction in discomfort for
the patient®?.

The present study is aimed at present-
ing the most relevant aspects of the evalu-
ation of the prostate by meansof MRI, par-
ticularly those related to the detection and
staging of PCa

ANATOMY

Zonal anatomy of the prostate

The prostateisan inverted cone-shaped
gland with the base adjacent to the vesical
floor and the apex postero-inferior to the
pubic symphysis. It is divided into four
glandular zones: peripheral, transitional,
central and periurethral®. Thetransitional,
central and periurethral zones, hardly dif-
ferentiated by imaging methods, arejointly
denominated central gland. The limit be-
tween the peripheral zone and the centra
gland is called “surgical capsule’, and the

B Fibromuscular stroma
B Peripheral zone
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discontinuous fibromuscul ar layer covering
the gland isthe “ prostatic capsule” (Figure
1). For abetter localization of lesions and
biopsy guidance, the prostateis convention-
ally divided into threeregionsby imaginary
cross sectiona lines (base, middle and
apex), and in two sides by an imaginary
longitudinal median line (left and right),
thus configuring the prostatic sextants.

Seminal vesicles

Normal seminal vesicles present atypi-
cal ductal pattern and hyperintense signa
on MRI T2-weighted sequences.

DESIGN AND OPTIMIZATION
OF THE PROTOCOL

General recommendations

A four-hour fasting and rectal prepara-
tionisrecommended for greater comfort of
the patient. Shortly before the examination

Central gland
=) Vascular-nervous bundle

m) Prostatic capsule

Figure 1. Correlation between MR T2-weighted image (A) and macroscopic aspect of a surgical speci-

men (B).

1 mL of N-butylescopolamine (20 mg/mL)
shall be administered to reduce intestinal
peristalsis.

Sudy of the pelvis

The images shall be obtained from the
aortic bifurcation to the lower limit of the
pubic symphysis, utilizing thetorso or pel-
vic phased-array coil.

Suggested protocol —Axid T2-weighted
fast spin echo (FSE) with fat saturation, and
axial T1-weighted gradient echo (GRE), 7
mm slicethickness, 1-2 mm interslice gap,
256 x 192 matrix, number of excitations
(NEX) = 3 for T2-weighted sequences,
NEX = 1for T1-weighted sequences, field-
of-view (FOV) of approximately 30 cm.

Sudy of the prostate

Initialy, the patients shall be given an
explanation about the procedure. After that,
adigital rectal examination isperformed to
evaluate the prostate sizeto guidean appro-
priate positioning of the coil. The coil
(which is disposable) is covered by acon-
dom and lubricated with local anesthetic
gel (xylocaine). After thecoil isin place, it
isfilledwith 40to 80 ml of air or perfluoro-
carbon, with the objective of keeping the
coil in place and reducing sphincter con-
traction artifacts. Perfluorocarbon is pre-
ferred in examinations with spectroscopy,
and its advantages will be further detailed.

The protocol for specific study of the
prostate and seminal vesicles after endo-
rectal coil insertion must comprise high-
resolution FSE T2-weighted sequencesin
the axial, coronal and sagittal planes, from
the bottom of the seminal vesicles to the
prostate apex (Figure 2).

Figure 2. Endorectal coil MR, high-resolution T2-weighted images — axial (A), coronal (B), and sagittal (C) planes.
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Suggested protocol — The sequences
may be performed with 34 mm thick
dices, 0-1 mminterslicegap, FOV from 12
to 16 cm, 256 x 256 matrix, NEX =3 or 4
and TE = 120-160.

TUMOR STAGING

Pathological staging

The systems accepted for PCa staging
are TNM and Jewett-Whitmore, TNM be-
ing the most widely utilized. The TNM
classification describes the primary tumor
extent (T), presence or absence of locore-
giona lymph node involvement (N) and
presence or absence of metastases (M)©.

The appropriate preoperative PCa stag-
ing presentstherapeutic and prognosticim-
plications. Specifically, the detection of ex-
tracapsular extension and seminal vesicles
invasion are of great importance, as they
allow the differentiation between T2 and
T3 stages™.

Local staging—MRI

Tumor identification —PCaismost fre-
quently found in the peripheral zone (65%

Y
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to 74%). Usually the lesion presents like a
poorly defined nodule with hypointense
signal intensity on T2-weighted sequences,
in contrast with signal hyperintensity inthe
normal peripheral zone (Figure 3).

Detection of extracapsular extension
— The detection of extracapsular extension
can beinferred from both specific and non-
specific signsat MRIW

Specific signs of extracapsular exten-
sion (Figure 4): solid tissue in the peripro-
static fat; irregular bulging of the prostatic

capsule; obliteration of the rectoprostatic
angle.

Non-specific signs of extracapsular ex-
tension: regular capsular thickening; cap-
sular discontinuity; regular bulging of the
prostatic capsule.

Invasion of seminal vesicles—Invasion
of seminal vesicles may occur by direct
extension of thetumor localized inthe base
of the prostate gland, through the gjacula-
tory duct, or by hematogeneous spreading
(Figure5).

Figure 3. Endorectal coil MR — axial T2-weighted images depicting examples of nodular (A) and poorly

defined (B) PCa.

/.

Figure 4. Endorectal coil MR — axial T2-weighted images demonstrating examples of PCa with extracapsular extension appearing as solid extraprostatic tissue
(A), irregular capsular contour bulge (B) and rectoprostatic angle obliteration (C).

Figure 5. A: MR coronal T2-weighted image dem-
onstrating PCa invading the seminal vesicles by
contiguity. B: MR axial T2-weighted image dem-
onstrating extensive tumor canalicular invasion of
the left seminal vesicle through ejaculatory ducts.
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Diagnostic findings of seminal vesicle
invasion are: hypointense signal on T2-
weighted sequences and loss of the typical
ductal pattern®?.

Regional staging

It is also important to evaluate the se-
quences of the pelvisand of the prostatein
the search for regional lymphadenopathies
(> 1 cminthesmallest diameter), invasion
of periprostatic structures and bonelesions
(Figure 6).

SPECTROSCOPY

General principles

Proton spectroscopy allows a nonin-
vasive evaluation of anatomic and biologi-
cal characteristics of the tumor, emphasiz-
ing the detection, localization and staging
of PCa. Spectroscopy utilizes a powerful
magnetic field and radiofrequency waves
to obtain metabolic data, based on therela-
tive concentration of endogenous prostatic
metabolites. It is aways performed in as-
sociation with endorectal coil MRI, in-
creasing total examinationtimeby 10to 17
minutes.

Voxels of 0.3 cm?®are programmed in
the whole prostate extent, utilizing T2-
weighted images as a reference, which al-
lows the joint analysis of anatomical and
metabolic alterations. The metabolites ana-
lyzed are: choline, creatine, citrate and,
more recently, polyamine. The analysisis
performed by means of amplitude x fre-
quency graphs, the frequencies being spe-
cific for each metabolite. The areas under
the peaks correlate with the concentration
of each metabolite in the prostatic tis-
sue™ (Figure 7).

Citrate — peak: 2.6 ppm. Metabolite
synthesized by a healthy prostate, most re-
markably in the peripheral zone. Hyper-
plastic nodulesmay present citratelevelsas
high as those observed in the peripheral
zone. In the presence of cancer, citrate lev-
els are reduced or undetectable.

Choline—peak: 3.22 ppm. Cell metabo-
lism marker. Increased choline levels are
observed in malignant tissues, because of
high phospholipid metabolism of the cell
membrane.

Cregtine — peak: 3.03 ppm. Energy re-
servewith constant concentration. Because
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of the proximity between creatine and cho-
line pesks, they may be inseparable on the
spectral line; therefore, the (choline + cre-
atine)/citrateratio is utilized in the spectral
analysis. (Choline + creatine)/citrate ratios
> 0.5 are suggestive of malignancy (the
higher the ratio, the higher is the possibil-
ity of cancer).

Polyamine — peak: 3.1 ppm. This peak
resolution is better observed when the
endorectal coil is filled with perfluoro-
carbon. It is reduced in suspicious areas,

being identified as an acute decreasing
curve between the choline and creatine
peaks.

Perfluorocarbon, a fluorine and carbon
compound without hydrogen atoms, can be
utilized toinflate the endorecta coil, reduc-
ing the magnetic susceptibility difference
between the air and the prostatic tissue. It
improves the characterization of peaks of
low spectral signalsin the peripheral zone,
as well as the peak resolution of each me-
tabolite!™.

Figure 6. A: MR axial T2-weighted image demonstrating bilateral obturatory lymphadenopathy. B: MR
axial T2-weighted image demonstrating a metastatic bone lesion in the sacrum.

Figure 7. A: Normal peripheral zone, with high signal-intensity on MR axial T2-weighted image, and with
a spectral graph demonstrating low choline and high citrate levels B: PCa in the peripheral region, with
low signal-intensity on MR axial T2-weighted image, and spectral graph showing high choline and low
citrate levels.
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Jung et al.“® described a score system
in an attempt to standardize and system-
atize the prostatic metabolic evaluation.
This five-score system utilizes progres-
sively more suspicious spectral patterns,
with good accuracy (74.2% to 85.0%) and
excellent interobserver agreement, using a
score = 4 for tumor detection. Additional
criteria, such as polyamine peak inversion,
should be considered.

Role of proton spectroscopy

Toincreasethe MRI specificity —Le-
sions with hypointense signal on T2-
weighted sequences may be observed in
other non-tumor conditions such as hem-
orrhageand chronic prostatitis, among oth-
ers. The addition of spectroscopy to
endorectal coil MRI increases specificity
and reduces interobserver variability™®”.

To improve local staging (number of
tumor voxels X risk for extracapsular
extension) — Studies demonstrate that the
higher the number of tumor voxels at spec-
troscopy, the higher is the risk for extra-
capsular extension. Patients with small tu-
mors at MRI spectroscopy (0-1 tumor
voxel/dice) presented arisk of 6% for ex-
tracapsular extension, while those with
extensive tumors (> 4 tumor voxels/dlice)
presented arisk of 80%“® (Figure 8).

To predict tumor aggressiveness —
MRI spectroscopy has the potentia to
noninvasively infer tumor aggressiveness.
Tumor changesvary from asubtleincrease
in choline levels and moderate citrate lev-
elsin low grade tumors, to asharp rise in
choline levels and reduction/absence of
citrate in high grade tumors9.

To predict tumor volume — Three-di-
mensional spectroscopy in combination
with MRI increases global accuracy of tu-
mor volume estimates. The prediction of
tumor volume by MRI spectroscopy in le-
sions> 0.5 cm?® obtained a significant cor-
relation with histopathologic tumor vol-
ume'®

PERFUSION STUDY (DYNAMIC
CONTRAST-ENHANCED MRI)

Dynamic contrast-enhanced MRI isuse-
ful inthe detection of areasunder suspicion
for neoplastic involvement. Itis performed
with 3D T1-weighted sequences, before
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Figure 8. MR axial T2-weighted image demonstrating a lesion with low signal-intensity on the left apical

peripheral zone, and four contiguous voxels with a neoplastic spectral pattern (increased choline and

decreased citrate levels).

and after intravenous gadolinium injection
(0.2 mmol of gadopentate dimeglumine/kg
of weight), administered by injection pump
at least 2.5 mL/s, followed by 15mL saline
solution. Initially, anon-contrast enhanced
series is obtained (“mask™), followed by
repeated high temporal resolution, con-
trast-enhanced series (< 20 seconds/series)
during 5 to 10 minutes, in order to evalu-
ate the hemodynamic behavior of the
whole prostatic tissue.

The contrast-enhancement peak corre-
sponds to the concentration at which the
exponential curve is at its highest. The
clearance is defined as the decreasing ex-
ponential delay curve. Tumors, particularly
in the peripheral zone, demonstrate faster,
more intense and short-lasting contrast-
enhancement than healthy tissues, mainly
due to newly formed vessels with greater

permeability. The combination of early
enhancement peak (wash-in) and the pres-
ence of clearance (wash-out) are strong
indicator of PCa®*?® (Figure 9).

DIFFUSION-WEIGHTED MRI

Diffusion-weighted MRI may be uti-
lized toincrease MRI sensitivity and speci-
ficity in the evaluation of prostate tumors,
considering that neoplasms usually restrict
the diffusion of water molecules. Se-
guences acquisition should be performed
with high b values (500 to 1000) and al-
ways with analysis of images at the appar-
ent diffusion coefficient map for tumor
detection. Recent studies have shown that
diffusion adds accuracy to MRI in tumors
detection, particularly when combined with
spectroscopy 627,

Figure 9. Paramagnetic contrast-enhanced MR axial T1-weighted image demonstrating a lesion with early
enhancement in the right peripheral zone. Perfusion graph: early enhancement peak, followed by wash-
out in the tumor area (purple line) and progressive and persistent enhancement of the normal peripheral
zone at left (green line).
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CENTRAL GLAND

Approximately 65% to 74% of tumor
nodulesoriginatein the prostatic peripheral
zone. Although frequently tumors origi-
nated in the central gland present extension
to the peripheral zone at the time of the
diagnosis, this region may hide PCa in
more than 25% of the cases, as demon-
strated in specimens from radical prostate-
ctomy®). Therefore a significant percent-
age of al PCa's may not be diagnosed in
case the radiol ogist focuses on the periph-
eral zone only. Prostate cancer detectionin
the central gland is difficult, as thisregion
presents a high incidence of benign hyper-
plastic nodules, whose signal intensity is
heterogeneous, and sometimes similar to
the one in cases of cancer.

One may suspect of tumorsin the cen-
tral gland by the presence of a homoge-
neously hypointense area on T2-weighted
images, with poorly defined or spiculate
margins, lenticular shape conditioning the
poor definition of the surgical capsule, in-
vasion of the urethra or anterior fibromus-

Baroni RH et al.

cular stroma, (choline + creatine)/citrate
ratio > 0.7 at spectroscopy, and/or early en-
hancement peak and prominent clearance
at the perfusion study (Figure 10). In con-
trast, benign prostatic hyperplasic nodules
generally present well defined contours,
hypointense halo and signal intensity het-
erogeneity on T2-weighted images'?29),

TUMOR DETECTION

Patients with high PSA levels
and negative biopsy

Approximately 66% of patients with
PSA levels>4 ng/ml present negative pros-
tate biopsies, many of them being submit-
ted to rebiopsy with a higher number of
fragments. MRI spectroscopy and/or per-
fusion studies have demonstrated good re-
sultsin theidentification of suspiciousfoci
in patients with clinical-laboratory suspi-
cion of PCaand at |east one previous nega-
tive biopsy, targeting ultrasound-guided
rebiopsy with additional samples of those
areas (Figure 11). Accuracy between 80%
and 90% has been demonstrated for spec-

troscopy and perfusion in the detection of
tumors = 0.5 cm3C03D,

Postoper ative tumor recurrence

MRI may demonstrate post prostatec-
tomy local recurrence and/or residual tu-
mor, which are seen as soft tissue masses
with subtle hyperintense signal on T2-
weighted images as compared with the ad-
jacent musculature (Figure 12). The main
differentiation to be considered iswith post-
operative fibrosis, which shows marked
hypointensity on T2-weighted images. The
main|ocationsfor tumor recurrenceinclude;
retrovesical (40%), perianastomotic (29%)
and in retained seminal vesicles (22%)°2.

Post-radiotherapy tumor recurrence

Approximately 25% of patients with
prostate cancer are treated with radiother-
apy, with the rate of PSA recurrence after
5yearsranging from 15% to 67%, depend-
ing on each patient’s risk.

After radiotherapy, a diffuse reduction
in the signal intensity on T2-weighted se-
guences is observed, as a consequence of

Figure 10. MR axial T2-weighted image demonstrating an ill-defined lesion markedly hypointense signal in the central gland at left, with elevated choline peak
spectroscopy (A). Perfusion study: neoplastic pattern with early enhancement followed by washout (B). Biopsy revealed PCa.

Figure 11. Patient with PSA = 7 ng/mL and five previous negative biopsies. MR axial T2-weighted image shows a small lesion with low signal intensity in the
middle peripheral zone at left, with increased choline level and decreased citrate level at spectroscopy, and enhancement pattern strongly suggestive of neo-
plasm at perfusion study. Guided biopsy revealed PCa in this location.
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Magnetic resonance imaging of the prostate

Figure 12. A: MR sagittal T2-weighted image demonstrating local post-prostatectomy recurrence in the
retrovesical region. B: MR axial T2-weighted demonstrating local post-prostatectomy recurrence in the
perianastomotic region.

fibrosisand glandular atrophy. Thefollow-
ing imaging criteria are adopted in case
tumor recurrence is suspected®:

— MRI criterion: nodular area with
marked hypointense signal on T2-weighted
sequences.

— Spectroscopy criterion: voxelswith a
(choline + creatine)/citrate ratio = 0.5; or
any voxel with increased choline levels,
when there is too much noise limiting the
appropriate individualization of the other
metabolites.

DIFFERENTIAL DIAGNOSIS

Other conditionswith hyposignal inten-
sity in the peripheral zone on T2-weighted
images may mimic prostate cancer, such as
hemorrhage, prostatitis, benign prostatic
hyperplasia, trauma, other tumors such as
lymphoma and sarcoma, among other
causes.

Post-biopsy hemorrhage is character-
ized by hypointensesignal on T1-weighted
images and variablesignal intensity on T2-
welghted images. Hemorrhagic foci present
asignificant decrease 21 daysafter the pro-
cedure, so that thisminimum interval should
be utilized between biopsy and MRI.

METHOD LIMITATIONS

MRI islimited asfar assmall tumors (<
0.5 cm®) and low grade tumors (Gleason
sum < 6) are concerned, and such limita-
tions persist even with the utilization of
spectroscopy and perfusion. MRI study is

Radiol Bras. 2009 Mai/Jun;42(3):185-192

also impaired in the presence of extensive
hemorrhage, hence the already mentioned
recommendation of aminimum interval of
21 days between biopsy and MRI.

Artifacts caused by sphincter contrac-
tion or body motion may also affect study
quality. For thisreason, the patient must be
carefully instructed on how to avoid these
factors prior to the examination. Intestina
peristalsis artifacts can aso be minimized
with the use of antiperistaltic medication
(N-butylescopolamine bromide).

Artifactsmay also befound on spectros-
copy studies (for example: lipid contami-
nation, partial water peak suppression, low
signal-to-noiseratio, susceptibility artifacts
affecting the metabolite signals), particu-
larly in patients with prostheses or other
metal devices. A correct planning of the
spectroscopy sequence, eventually comple-
mented with manual calibration of the se-
quence, can minimize the effect of such
artifacts.

CONCLUSION

MRI plays arelevant role in the study
of the prostate, particularly in the detection
and staging of tumors, with the potential to
provide valuable information in the thera-
peutic planning of prostate cancer. There-
fore, radiol ogists must have the knowledge
ontheindications, potential and limitations
of the method.
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