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Transition Zone Prostate
Cancer: Metabolic
Characteristics at 1H MR
Spectroscopic Imaging—
Initial Results1

PURPOSE: To determine whether cancers of the prostate transition zone (TZ)
possess a unique metabolic pattern by which they may be identified at proton
magnetic resonance (MR) spectroscopic imaging.

MATERIALS AND METHODS: Findings in 40 patients who underwent combined
endorectal MR imaging and hydrogen 1 MR spectroscopic imaging before radical
prostatectomy and who had TZ tumor identified subsequently at step-section
pathologic analysis were retrospectively reviewed. Within this population, a subset
of 16 patients whose TZ tumor had a largest diameter of 1 cm or greater and was
included in the MR spectroscopic imaging excitation volume was identified. In these
16 patients, the ratios of choline-containing compounds (Cho) and creatine/phos-
phocreatine (Cr) to citrate (Cit) (ie, [Cho � Cr]/Cit), Cho/Cr, and Cho/Cit were
compared in tumor and control tissues. The presence of only Cho and the absence
of all metabolites were also assessed.

RESULTS: The mean values of (Cho � Cr)/Cit, Cho/Cr, and Cho/Cit were different
between TZ cancer and control tissues (P � .001, P � .003, and P � .001,
respectively; Wilcoxon signed rank test). Nine (56%) of 16 patients had at least one
tumor voxel in which Cho comprised the only detectable peak, while no control
voxels showed only Cho (P � .008, McNemar test). The percentage of voxels in
which no metabolites were detected did not differ between tumor and control
tissues (P � .134, McNemar test).

CONCLUSION: TZ cancer has a metabolic profile that is different from that of
benign TZ tissue; however, the broad range of metabolite ratios observed in TZ
cancer precludes the use of a single ratio to differentiate TZ cancer from benign TZ
tissue.
© RSNA, 2003

Magnetic resonance (MR) imaging and MR spectroscopic imaging have been gaining
acceptance as tools in the evaluation of prostate cancer (1–10). Thus far, MR imaging and
MR spectroscopic imaging assessment of prostate cancer has focused on the peripheral
zone (PZ) of the prostate gland. Although 65% of prostate cancers arise in the PZ, up to
30% arise in the transition zone (TZ) (11). Evaluation of the TZ with imaging, including
both MR imaging and ultrasonography (US), is difficult because the TZ is the site of origin
of benign prostatic hyperplasia (BPH), which can have a heterogeneous appearance
(12,13).

Proton MR spectroscopic imaging has been successfully applied to the diagnosis of
cancer in the PZ on the basis of the elevation of choline-containing compounds (Cho) and
the reduction of citrate (Cit) in cancerous tissue compared with normal, healthy PZ tissue
(10,14–17). The ratio (Cho � Cr)/Cit, where Cr is creatine/phosphocreatine, has been used
to aid in the diagnosis of cancer, and the combination of endorectal MR imaging and MR
spectroscopic imaging has shown high sensitivity and specificity for detecting tumors of
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the PZ (10). The goal of the current study
was to determine whether cancers in the
TZ possess a unique metabolic pattern by
which they may be identified at proton
MR spectroscopic imaging.

MATERIALS AND METHODS

Initial Patients and MR Data
Acquisition and Processing

From January 2000 to January 2002, a
total of 130 previously untreated patients
underwent combined endorectal MR im-
aging and hydrogen 1 (1H) MR spectro-
scopic imaging (hereinafter referred to as
MR imaging/MR spectroscopic imaging)
followed by radical prostatectomy and
whole-mount step-section pathologic ex-
amination. MR imaging/MR spectro-
scopic imaging studies were performed
with a 1.5-T Signa Horizon MR imaging
unit (GE Medical Systems, Milwaukee,
Wis) by using MR spectroscopic imaging
software developed at the University of
California at San Francisco (15,18–21).
Informed consent was obtained from all
patients according to a protocol that was
approved by the institutional review
board of our institution.

In the imaging portion of our study,
transverse T1-weighted MR images were
obtained from the aortic bifurcation to
below the prostatic apex by using a spin-
echo pulse sequence with the following
parameters: repetition time msec/echo
time msec, 700/14; field of view, 24 cm;
section thickness, 5 mm; gap, 1 mm; and
number of signals acquired, two. T2-
weighted MR images in the transverse
and coronal planes were acquired by us-
ing a fast spin-echo sequence with the
following parameters: 4,000/102; echo
train length, 12; field of view, 14 cm;
section thickness, 3 mm; gap, 0 mm; and
number of signals acquired, four. MR
spectroscopic imaging consisted of point-
resolved spectroscopy (PRESS) voxel exci-
tation (22) with band-selective inversion
with gradient dephasing (BASING) water
and lipid suppression (18) and spatial en-
coding by chemical shift imaging (23) at
6.25-mm resolution in all three dimen-
sions. Timing parameters were 1,000/130
and imaging time, 17 minutes.

Data processing was performed at a Sun
Ultra 10 workstation (Sun Microsystems,
Mountain View, Calif) and included 2-Hz
Lorentzian spectral apodization, four-di-
mensional Fourier transform, and auto-
mated frequency, phase, and baseline cor-
rection (21). Spectral data were zero filled
to 3.1-mm resolution in the superior-infe-
rior dimension and overlaid on corre-

sponding transverse T2-weighted MR im-
ages. Peak areas were calculated by using
numeric integration. To provide a noise
measurement, we calculated the SD of the
MR signal intensity in a region of the spec-
trum containing only noise. Metabolite
peak areas were then normalized with re-
spect to the noise SD to yield an approxi-
mate signal-to-noise ratio.

Pathologic Examination and Final
Patient Group

Prostatectomy was followed by speci-
men fixation in 10% formalin for 36
hours. The distal 5-mm portion of the
apex was amputated and coned. The re-
mainder of the gland was serially sec-
tioned from the apex to the base at
3–4-mm intervals and entirely submitted
for paraffin embedding as a “whole
mount.” The seminal vesicles were am-
putated and embedded separately. After
paraffin embedding was performed, mi-
crosections were cut at 3-mm intervals,
placed on glass slides, and stained with
hematoxylin-eosin. Cancer foci were out-
lined in ink by a pathologist (K.S. or
V.E.R.) on slides of the whole-mount,
apical, and seminal vesicle slices so that
the foci could be grossly seen and photo-
graphed. These photographs constituted
the tumor maps. For the purposes of this
study, tumors considered to arise in the
TZ and tumors of PZ origin with a large
component invading the TZ were in-
cluded. For each patient, the Gleason
scores for both the entire radical prosta-
tectomy specimen and the TZ tumor, the
pathologic stage, the zonal origin of the
TZ tumor, and the presence or absence of
synchronous PZ tumors were tabulated.

Forty patients with histopathologically
detected TZ cancer were identified in the
total population of 130 patients. To en-
sure that more than 90% of at least one
MR spectroscopic imaging voxel in-
cluded tumor, we restricted the patient
population to those 20 patients in whom
the pathology step-section map showed a
TZ tumor of 1 cm or greater in largest
in-plane diameter. Data from four of
these patients were eliminated from MR
spectroscopic imaging analysis because
most or all of the tumor was far anterior
and was not included in the PRESS exci-
tation volume; this yielded 16 patients
with TZ tumors for quantitative analysis.
Age, presurgical prostate-specific antigen
(PSA) level, and clinical stage were re-
corded for each patient.

Quantitative Analysis of MR
Spectroscopic Imaging Data

A radiologist (H.H.) with over 10 years
of experience interpreting endorectal MR
images of the prostate matched the
whole-mount pathology step sections
with the most closely corresponding MR
images and identified the tumor region
of interest in the images. Only MR spec-
troscopic imaging voxels with more than
90% of their volume contained within
the tumor region of interest were consid-
ered “tumor” voxels. The metabolites
studied were those resonating at approx-
imately 3.22 parts per million (ppm) (ie,
Cho, a peak that can have contributions
from free choline, phosphocholine, glyc-
erophosphocholine, ethanolamine, phos-
phoethanolamine, spermine, and taurine
and that is dominated by the tri-methyl
protons of choline and phosphocholine
[15,24]), 3.02 ppm (ie, Cr), and 2.62 ppm
(ie, Cit).

The normalized peak areas for Cho, Cr,
and Cit for each tumor voxel were tabu-
lated and used to calculate the following
ratios: (Cho � Cr)/Cit, Cho/Cr, and Cho/
Cit. For a voxel to be considered diagnos-
tic in this study, at least one of the me-
tabolites (Cho, Cr, or Cit) was required to
have a signal-to-noise ratio of 2:1 or
higher. In addition, any metabolite with
a signal-to-noise ratio less than 1 was
simply assigned the noise value. For each
patient, the mean value of each ratio in
the tumor region of interest was calcu-
lated. “Benign control” voxels were cho-
sen randomly from the set of TZ MR spec-
troscopic imaging voxels that did not
contain tumor and were not adjacent to
tumor or the urethra. Whenever possible,
the number of control voxels was made
equal to the number of tumor voxels. For
some patients with very large TZ tumors,
there were fewer control voxels than tu-
mor voxels. The number of voxels in tu-
mor regions ranged from one to 47 in the
16 patients, while the number of control
voxels ranged from one to 25. In addition
to metabolite ratios, the number of vox-
els in which only Cho was detectable
(with a signal-to-noise ratio of 2:1 or
higher) was assessed. Finally, in both tu-
mor and control regions, the percentage
of voxels that contained no detectable
metabolites was tabulated.

Statistical Analysis

Wilcoxon signed rank tests were used
to compare tumor with control tissue for
each of the following variables: (Cho �
Cr)/Cit, Cho/Cr, and Cho/Cit. In each
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case, cancer tissue was paired with normal
tissue for each patient. The significance of
detecting just Cho in tumor voxels versus
control voxels and the significance of de-
tecting no metabolites were assessed with
the McNemar test (25). A P value of less
than .05 was considered to indicate a sta-
tistically significant difference.

RESULTS

The Table contains a summary of the
clinical and pathologic information from
the 16 patients evaluated in the quanti-
tative study. The mean age of the popu-
lation was 57.3 years � 5.5 (SD). The
mean pretreatment PSA level was 8.25 �
6.02, and the mean Gleason score for the
gland (as evaluated after radical prosta-
tectomy) was 6.62 � 0.50. Nine patients
had only a Gleason 3 component in their
TZ tumors, while seven had both Gleason
3 and Gleason 4 components. There were
11 tumors of TZ origin, four of PZ origin
with large TZ components, and one with
a large TZ component whose origin could
not be determined. Of the 16 patients, 15
had at least one focus of PZ cancer in
addition to the TZ tumor.

The mean (Cho � Cr)/Cit, Cho/Cr, and
Cho/Cit ratios in tumor and control re-
gions for the 16 patients are illustrated in
Figure 1. The following differences were
found: The mean (Cho � Cr)/Cit ratio
was 1.74 � 1.35 (SD) in tumor tissue ver-
sus 0.63 � 0.20 in control tissue (P �
.001), the mean Cho/Cr ratio was 3.01 �
1.61 in tumor tissue versus 1.70 � 0.89 in
control tissue (P � .003), and the mean

Cho/Cit ratio was 1.28 � 1.16 in tumor
tissue versus 0.35 � 0.11 in control tissue
(P � .001). These findings indicate that
TZ tumors tend to have higher Cho and
lower Cr and Cit levels than benign TZ
tissue. This is illustrated in Figure 2,
which shows data from a patient with a
large TZ tumor in the left side of the
prostate. The spectra indicate that the pa-
tient’s PZ in this plane was healthy ap-
pearing, with high levels of Cit and low
levels of Cho plus Cr. Voxels within the
TZ tumor region showed comparatively
high levels of Cho and little or no detect-
able Cr or Cit. The tumor was composed
mostly of Gleason 3 tissue, with a small
percentage of Gleason 4 tissue.

The data in Figure 1 indicate that there
was substantial overlap between some tu-
mor metabolite ratios and control ratios.
In Figure 3, the variability of the proton
metabolic profile in BPH, which was a
possible factor in this overlap, is evident.
In the glandular BPH region, the amount
of Cit is high, while in the stromal re-
gion, the Cit level is much lower, dem-
onstrating the variability of Cit content
in the TZ. The patient described in Figure
3 also had a large anterior TZ tumor,
which, in the plane in which Figure 3a
was acquired, was almost entirely ex-
cluded from the PRESS excitation vol-
ume. At the time of our study, the exci-
tation volume was selected to include the
entire PZ while excluding as much
periprostatic lipid as possible; this re-
sulted in the exclusion of some of the TZ
tumor. Figure 4 shows a more inferior
transverse MR imaging section obtained

in the same patient for which, owing to
the orientation of the gland, the excita-
tion volume included more of the ante-
rior TZ tumor. The metabolic profile re-
vealed that this tumor had elevated Cho
and low or absent Cr and Cit levels—
similar to the tumor shown in Figure 2.

Nine (56%) of the 16 patients had at
least one tumor voxel in which Cho was
the only detectable peak. For the tumor
whose spectra are shown in Figure 2b,
Cho was the only detectable peak in sev-
eral voxels. No control (ie, BPH) voxels in
which only Cho was detectable were
found for any patient. Results of McNe-
mar testing indicated that Cho-only ex-
pression in tumor tissue was significantly
higher than that seen in control tissue
(P � .008). The percentage of voxels with
no detectable metabolites did not signif-
icantly differ for cancer tissue versus con-
trol tissue (P � .134).

DISCUSSION

To our knowledge, this is the first in vivo
1H MR spectroscopic imaging study fo-
cused specifically on TZ tumors. Differen-
tiation of tumor from BPH with imaging
modalities such as US and MR imaging
has been problematic (12,13,26,27). BPH
has been described as “multiple tissue
nodules that express a wide spectrum of
gland density and activity . . . separated
by widely variable quantities of inter-
nodular tissue showing a range of atro-
phic changes” (28). On the basis of this
description, hypertrophied TZ tissue
might also be expected to demonstrate

Clinical and Pathologic Data for 16 Patients with TZ Tumors

Patient No./Age (y) PSA Level (ng/mL) Clinical Stage Pathologic Stage
Gleason Score

for Gland
Gleason Score
for TZ Tumor Tumor Origin

1/62 8.7 T1c T2bN0M0 3 � 4 3 � 3 TZ
2/50 2.9 T2a T2bN0M0 3 � 3 3 � 3 PZ*
3/51 6.1 T2b T2bN0M0 3 � 4 3 � 4 TZ
4/68 28.4 T1c T2bN0M0 3 � 3 � focal 4† 3 � 3 PZ*
5/51 4.5 T1c T2bN0M0 3 � 4 3 � 4 PZ*
6/53 3.8 T1c T4N0M0 3 � 3 3 � 3 TZ
7/55‡ 4.93 T3a T3aN0M0 3 � 4 3 � 3 TZ
8/56 12.0 T2c T2bN0M0 3 � 4 3 � 4 TZ
9/54 4.8 T2a T2bN0M0 3 � 4 3 � 4 TZ

10/51 6.9 T2b T3bN0M0 4 � 3 3 � 3 TZ
11/63 8.7 T2a T2bN0M0 3 � 4 3 � 4 TZ
12/58 5.5 T1c T4N0M0 3 � 4 3 � 4 TZ
13/62 4.7 T2a T2bN0M0 3 � 4 3 � 3 PZ*
14/59 9.8 T2a T2bN0M0 3 � 3 3 � 3 TZ
15/63 9.3 T2a T4N0M0 3 � 4 3 � 3 TZ
16/61 11.0 T2c T2bN0M0 4 � 3 4 � 3 Indeterminate§

* Origin in PZ but large component in TZ.
† Gleason 4 component less than 5%.
‡ Only patient without at least one synchronous tumor in PZ.
§ Unclear whether origin was TZ or PZ.

Volume 229 � Number 1 1H MR Spectroscopic Imaging of Transition Zone Prostate Cancer � 243

R
a

d
io

lo
gy



metabolic heterogeneity, which could
complicate its differentiation from can-
cer.

In vitro MR studies of prostate tissue
extracts have been performed on trans-
urethral and radical prostatectomy spec-
imens (16,29–33). Proton MR has re-
vealed, on average, elevated Cit levels in
BPH tissue as compared with human
prostate cancer in unspecified zones
(29,30,32) and human prostate cancer in
the PZ (33). However, the Cit level in BPH
has been found to positively correlate
with the percentage of glandular tissue in
the specimen, and some stromal BPH tis-
sue has been observed to contain levels of
Cit comparable to those in cancer tissue
(33). Kurhanewicz et al (16,30) and Cor-
nel et al (32) reported higher levels of
Cho in cancer than in BPH, while Schieb-
ler et al (33) found no difference between
choline content in cancer and in BPH.
Cancer has also been shown to have
lower levels of phosphoethanolamine
than BPH (16,30,32). In a study involv-
ing phosphorus 31 (31P) MR spectros-
copy, a lower ratio of phosphoethano-
lamine to phosphocholine was observed
in human prostate cancer grown in nude
mice and in a high-grade human tumor
as compared with that in BPH (31,32).
On the basis of results of extract studies,
Cit content and the ratios of Cit to total
choline, Cit to lactate, phosphocholine
to total creatine, choline to total creatine,
and phosphoethanolamine to phospho-
choline have been suggested as in vivo
markers for differentiating BPH from
prostate cancer (30–32).

Improved hardware has permitted in
vivo MR studies that have provided in-
formation on prostate cancer, BPH, and
normal tissue (15,31,34–36). Results of
an early 31P MR study showed that pros-
tate glands from patients with BPH had
elevated phosphomonester/nucleotide
triphosphate levels compared with nor-
mal prostates (31). Localized proton MR
techniques such as PRESS (22) and STEAM
(stimulated-echo acquisition mode) (37),
more recently combined with chemical
shift imaging (23), have been used for fur-
ther characterizing zonal anatomy in nor-
mal tissue and in disease (15,16,35,36).
Healthy young volunteers with no BPH
have been found to have a significantly
lower Cit content in the central zone of the
prostate than in the PZ (35,36). Results of
1H MR spectroscopic imaging have shown
that glandular BPH nodules have Cit levels
comparable to those in normal, healthy PZ
tissue, while stromal BPH regions have re-
duced Cit levels that are in some cases sim-
ilar to those in PZ cancers identified at MR

imaging (15). Choline in BPH has been
found to be elevated compared with cho-
line in normal PZ tissue (15,16). Compared
with levels in cancers of the PZ, mean Cho,
Cr, and (Cho � Cr)/Cit levels in BPH have
been found to differ significantly; how-
ever, overlap was substantial (15).

The present study was focused on TZ
tumors that were identified at step-section
histopathologic examination and were
spatially correlated with T2-weighted MR
images and MR spectroscopic images. Al-
though previous prostate cancer extract
studies were not specifically focused on
TZ tumors, the trend of reduced Cit and
elevated Cho levels seen in those studies
agrees with the results of this in vivo
study (29,30,32,33). In addition, the dif-
ference in (Cho � Cr)/Cit values between
TZ cancer and BPH observed in the
present study is similar to that observed
between PZ cancers and BPH in a previ-
ous in vivo study (15). We suspect that
the difference between TZ tumor and
BPH metabolite ratios arises from both a
reduction of Cit and an elevation of Cho
in the tumor. It has been suggested that
tumor cells, as compared with normal
prostatic epithelium, have increased oxi-
dation of Cit (38). Cho are constituents
of membrane synthesis and degradation
pathways and have been found to be el-
evated in many cancers (39–45). One
possible reason for this elevation is in-
creased cell proliferation (46–48).

Although one might have expected a
wide range of (Cho � Cr)/Cit and Cho/
Cit values in BPH voxels owing to varia-
tions in Cit levels, tumor ratios in the
present study showed even greater vari-
ability. It has been shown in vitro that
prostate tumor tissue samples containing
no normal epithelial cells had no detect-

able Cit, while tumor samples containing
nonmalignant epithelial cells contained
substantial amounts of Cit (32). In our
study, because the presence of normal or
nonmalignant cells within a tumor voxel
could not be ruled out, Cit may have
been present to some degree. Also, al-
though data were restricted to larger tu-
mors that filled more than 90% of the
voxel, some volume averaging of tumor
with benign glandular tissue may have
occurred. The level of Cho may vary with
tumor grade (49). However, the small
number of patients in the present study
did not permit stratification on the basis
of tumor grade.

The relatively close grouping of
(Cho � Cr)/Cit and Cho/Cit in benign
voxels that was observed in this study
could have been caused in part by the
elimination of voxels with no detectable
metabolites—presumably those in stro-
mal regions. This would have biased the
benign voxel (Cho � Cr)/Cit and Cho/
Cit ratios toward lower values (higher
Cit). The Cho/Cr ratios in tumor and
control voxels showed large variations
and overlapped considerably, possibly
due to the low signal-to-noise ratio of the
Cr peak. In addition, Cho and Cr are not
always well resolved, adding to the un-
certainty.

In the PZ, (Cho � Cr)/Cit values in
benign tissue and cancer tissue have been
shown to not only be statistically differ-
ent but also to have very little overlap
(15,50). However, in the cases of TZ can-
cer evaluated in our study, there was sub-
stantial overlap between metabolite ra-
tios in tumor and those in benign tissue,
and choosing a cutoff value of (Cho �
Cr)/Cit or Cho/Cit for differentiating
cancer would result in some cancers go-

Figure 1. Scatterplot depicts average metabolite ratios for 16 pa-
tients in cancerous TZ regions (Ca) and benign control regions.
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ing undetected. On the basis of the data
in this study, the metabolic characteristic

most likely to indicate TZ cancer is the
presence of at least one voxel in which
Cho is the only detectable metabolite
peak.

Figure 2. MR imaging/MR spectroscopic imag-
ing data and pathology section in a 51-year-old
patient (patient 5) with a large left-sided TZ tu-
mor. The patient also had a small tumor in the
right side of the PZ. (a) MR spectroscopic imag-
ing grid superimposed on transverse T2-
weighted MR image obtained with 1,000/130,
PRESS volume excitation with BASING water
and lipid suppression, 16 � 8 � 8 chemical shift
imaging, a 100 � 50 � 50-mm field of view, 6.25-
mm resolution, one signal acquired, and a 17-
minute imaging time shows tumor (T) in dashed
region. (b) Spectral grid corresponding to a
shows metabolite levels. T and dashed lines in-
dicate tumor regions. (c) Whole-mount pathol-
ogy step section shows tumor regions (outlined).

Figure 3. MR imaging/MR spectroscopic im-
aging data and pathology section in a 56-year-
old patient (patient 8) with glandular BPH,
stromal BPH, and TZ tumor. (a) MR spectro-
scopic imaging grid superimposed on trans-
verse T2-weighted MR image obtained with
1,000/130, PRESS volume excitation with BAS-
ING water and lipid suppression, 16 � 8 � 8
chemical shift imaging, a 100 � 50 � 50-mm
field of view, 6.25-mm resolution, one signal
acquired, and a 17-minute imaging time shows
tumor, which is indicated by dashed line. G �
glandular BPH, S � stromal BPH. (b) Subgrid of
spectra corresponding to the black rectangular
region in a. G � glandular BPH, S � stromal
BPH. (c) Pathology step section corresponding
most closely to a shows tumor regions
(outlined).

Figure 4. MR imaging/MR spectroscopic im-
aging data obtained in the same patient as in
Figure 3 but at a more inferior location. (a) MR
spectroscopic imaging grid superimposed on
transverse T2-weighted MR image obtained
with 1,000/130, PRESS volume excitation with
BASING water and lipid suppression, 16 � 8 �
8 chemical shift imaging, a 100 � 50 � 50-mm
field of view, 6.25-mm resolution, one signal
acquired, and a 17-minute imaging time shows
tumor (T) surrounded by dashed line. (b) Sub-
grid of spectra corresponding to the black rect-
angular region in a. T � tumor. (c) Pathology
step section corresponding most closely to a
shows tumor regions (outlined).
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While demonstrating the proton met-
abolic characteristics of TZ tumors, the
results of this study also illuminated the
technical difficulties involved in evaluat-
ing the TZ with MR spectroscopic imaging.
For high-resolution MR spectroscopic im-
aging (6.25-mm in-plane resolution), an
endorectal probe is used to achieve ade-
quate signal-to-noise ratio within a clini-
cally feasible imaging time. However, the
anterior portion of the prostate gland,
which is most distant from the probe, can
still have relatively low signal-to-noise ra-
tio on such images. Indeed, the signal-to-
noise threshold level used in the present
study was lower than that used previously
in studies of the PZ (8,51). However, be-
cause this is the current technological
limit, the lower threshold and the possibil-
ity of increased scatter in the data were
accepted. Coverage of the anterior gland at
MR spectroscopic imaging was purpose-
fully restricted because (a) the PZ was the
main region of clinical interest and (b) ex-
citation of anterior periprostatic lipids can
result in lipid contamination artifacts in
MR spectroscopic imaging data. Therefore,
tumors that were very anterior were in
some cases partially or completely ex-
cluded from the excitation volume. Fi-
nally, the TZ is immediately adjacent to
the urethra, which can contain glycero-
phosphocholine in seminal fluid (52).
Glycerophosphocholine resonates in the
choline region, making detection of TZ
cancer adjacent to the urethra difficult.

Despite the difficulties in assessing the
TZ, the benefits could be substantial. Cur-
rently, the PZ is targeted at most biopsies.
It is not uncommon for a patient to be
strongly suspected of having prostate
cancer on the basis of a rising PSA level
and yet have negative biopsy results
(sometimes after multiple biopsy at-
tempts) because the cancer is in the TZ.
In fact, it has been suggested that pa-
tients with multiple negative biopsy re-
sults and an elevated and/or rising PSA
level should undergo biopsies in which
the TZ is specifically targeted (53). Even
when the TZ is specifically targeted at
biopsy, smaller tumors (�2 cm3) may be
missed (28). Accurate imaging guidance
could help improve positive yield for TZ
biopsies. TZ tumors are more likely to be
organ confined, have a lower Gleason
score, and have higher biochemical cure
rates than same-volume PZ tumors
(13,54). Even quite large TZ tumors (7–86
cm3) are more likely to remain organ
confined (55). Thus, if patients with sin-
gle or dominant TZ tumors can be given
a confident diagnosis with use of an im-
aging modality, they may be candidates

for alternative therapies or watchful wait-
ing, depending on other clinical consid-
erations.

In the present study, we assessed only
the MR spectroscopic imaging parame-
ters of TZ cancers. Features indicating the
presence of TZ tumors on T2-weighted
MR images have recently been reported
(56,57). In addition, dynamic contrast
material–enhanced MR imaging may
show promise for differentiating cancer
from BPH (57,58). Recent technical im-
provements, including outer volume sat-
uration pulses (59) and the ability to pre-
scribe oblique MR spectroscopic imaging
volumes, should permit the assessment
of the entire TZ. With currently available
technology, it is important that the TZ
not be overlooked during prostate stag-
ing evaluation with MR imaging/MR
spectroscopic imaging.

In summary, although a trend toward
elevation of Cho and reduction in or lack
of Cit was observed in TZ tumors when
they were compared with BPH, the broad
range of metabolite ratios observed pre-
cludes the use of a single ratio to differ-
entiate TZ cancer from benign TZ tissue.
A prospective study is now needed to as-
certain the value of combined MR imag-
ing/MR spectroscopic imaging in the de-
tection of TZ tumors.
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