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Abstract

Purpose: To establish the additional value of 3D mag-
netic resonance spectroscopy (3D-MRS) imaging to
endorectal MR imaging in the diagnosis of prostrate
cancer in the peripheral zone.
Materials and methods: MR imaging and MRS imaging
were performed in 79 patients with suspicion of prostate
cancer on the basis of digital rectal exploration, trans-
rectal ultrasound and PSA level. All the examinations
were performed with 1.5 T MR scan using an endorectal
coil (transverse and coronal FSE T2-weighted sequences,
axial SE T1-weighted and PRESS 3D CSI). MR exam-
inations have been evaluated by two Radiologists blind
of the clinical data in a ‘‘per patients’’ analysis. MR
imaging and MRS imaging findings were compared with
the result of histological data from radical prostatectomy
in 53 patients and biopsy in 17 patients.
Results: Nine patients (11.4%) were excluded because of
serious artefacts in the MR spectrum. The reported
values of sensitivity, specificity, PPV and NPV for MR
imaging alone were respectively 84%, 50%, 76% and 63%
(LR+ 1.7; LR) 0.3). Instead the reported values of
sensitivity, specificity, PPV and NPV for the combina-
tion of MR imaging to MRS imaging were respectively
89%, 79%, 89% and 79% (LR+ 4.28; LR) 0.14). We
found an incremental benefit of MRS imaging to MR
imaging for tumour diagnosis although these results did
not show statistically significant differences.

Conclusions: The MRS imaging improves the accuracy of
the endorectal MR imaging in the diagnosis of prostate
cancer.
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High-resolution endorectal–pelvic-phased array MR
imaging has demonstrated good sensitivity (78%–91%),
but low specificity (27%–55%) in identifying tumour
location because of a large number of false positives [1–
5]. The diagnosis is based on the finding of low signal
intensity on T2-weighted sequences, which is not specific
and can also be detected with post-biopsy haemorrhage,
prostatitis and sequelae resulting from radiation or
hormonal treatment [1–3, 5, 6]. The recent introduction
of 3D MR spectroscopy imaging (3D-MRSI) into clini-
cal practice adds information to the morphological data
of endorectal MR imaging, enabling a more specific
diagnosis of prostate cancer. A number of in vitro [9–11]
and in vivo studies [7, 8, 12–19] has found high choline
levels and low citrate levels in the areas affected by
prostate carcinoma. The results achieved so far with 3D-
MRSI in prostate cancer identification [12], extracap-
sular extension [13], tumour volume [16], tumour
aggressiveness [17], and changes produced by radiother-
apy [18] or by hormone therapy [19] are promising, but
the number of studies is still inadequate to prove its
value. Furthermore, due to the fact that all the studies
published to date have been conducted by a limited
number of research groups, there is the need to demon-
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strate the reproducibility of the results. The aim of this
study is to define the contribution of 3D-MRSI to en-
dorectal MR imaging in diagnosing prostate cancer in
the peripheral zone in our institution.

Materials and methods

Study population

In this retrospective study we reviewed the endorectalMR
imaging and 3D-MRSI prostate scans of 79 patients who
presented to us with suspected prostate cancer based on
digital rectal exploration (DRE) and/or on transrectal
ultrasound (TRUS) and/or PSA levels. The minimum
inclusion criteria were an increment in prostate consis-
tency at DRE, a visible nodule in the peripheral zone at
TRUS or a PSA level greater than 4 ng/mL. For the
inclusion, in the study, it was sufficient for patients to fulfill
at least one of these criteria. All patients gave written in-
formed consent and the study was approved by the local
ethic committee. Average patient age was 68.1 years
(±5.2). The mean PSA level at diagnosis was 9.54 ng/mL
(range 4.5–40.4 ng/mL). All patients underwent biopsy
after MRI (average interval 5 days; range 3–12 days).
Fifty-three patients underwent laparoscopic radical pro-
statectomy. Patients with negative biopsy underwent a
second biopsy 4–8 months later. None of the patients re-
ceived preoperative hormonal or radiation therapy.

MR technique

MR imaging was performed by using a 1.5-T whole-body
MR imaging unit (Signa; GE Medical Systems, Milwau-
kee, Wis). The endorectal coil (Medrad, Pittsburgh, PA,
USA) was connected to the pelvic phased-array coil, and
combined images were obtained. The endorectal coil was
positioned with the patient in a lateral recumbent position
and 100 mL of room air was insufflated, after intravenous
administration of 20 mg of butylscopolamine (Buscopan,
Boehringer Ingelheim, Deutschland) to reduce intrinsic
rectalmovements anddiscomfort during examination. T2-
weighted FSE sequences with theDriver Equilibrium Fast
Recovery technique was performed in the transverse and
coronal planes from the seminal vesicles to the prostatic
apex, using the following parameters: TR/TE 4000–
5000 ms/102 ms; ETL 15–17; 3-mm thick sectionswithout
interval; 14-cm field-of-view, 3 signals acquired, matrix
256 · 192. Transverse T1-weighted SE sequence from the
aortic bifurcation to the prostate to assess pelvic adenop-
athy (TR/TE 500–700 ms/12 ms, 5-mm thick sections, 1-
mmgap, 2 signals acquired, 26-cmfield-of-view, 512 · 224
matrix, no phase wrap) were also obtained.

MR spectroscopy protocol

For the 3D-MRS imaging, a PRESS 3D CSI (Point
Resolved Spectroscopy 3D Chemical Shift Imaging) was

used. Selective spectral 180� re-focusing pulses were used
to reduce the contaminating signals of water and lipids,
respectively to the left of the choline peak and to the
right of the lipid peak in the scale of frequencies. About
1024 signal encodings were performed, respectively
16 · 8 · 8 in x, y and z, for a total of 17 min of acqui-
sition (TR 1000 ms). Acquisition FOV was 110-mm, with
a spatial resolution of 0.24–0.70 cm3. The PRESS 3D
CSI sequence was localised on the axial T2 images to
obtain coverage of most of the prostate without the
periprostatic fat. About 10–12 presaturation bands were
also positioned to minimise contamination of the spectra
by periprostatic fat.

MR images interpretation

The MR scans were assessed by two radiologists, expert
in prostate MR imaging (over 1000 examinations in the
last 5 years), blinded to the clinical data, ultrasound
findings, PSA levels and histological results. The quality
of MR images was graded by using a three-point scale:
one for diagnostic images; two for diagnostic images with
few artefacts; three for non-diagnostic images with
numerous artefacts.

Peripheral prostate signal alteration detected with
MR imaging was graded on the basis of likelihood of
tumour presence by using the following five-point scale:
(a) certainly normal (high T2-signal intensity); (b)
probably normal (linear or triangular hypointense
alterations); (c) dubious (diffuse peripheral hypointensi-
ty, rounded or plaque-like hypointensities alterations);
(d) probably pathological (rounded or plaque-like hy-
pointensities with signs of minimal ECE); (e) certainly
pathological (rounded or plaque-like hypointensities
with signs of massive ECE). To simplify statistical cal-
culations it was applied a dichotomy of the results con-
sidering scores of 1 and 2 as not-cancerous (negative) and
scores of 3, 4 and 5 as cancerous (positive). Every pa-
tients was in this way registered as having not-cancerous
lesions (lesions with a score of 1 or 2) or having one or
more cancerous lesions (score of 3, 4 and 5).

Analysis of combined MR images and 3D-MRS
imaging (MRI/3D-MRSI)

The data of the PRESS 3D CSI sequence were auto-
matically analysed by the 3D PROSE software both in
the time domain—by means of a 2 Hz Lorentzian filter
(apodization filter)—to reduce the spectral noise and
improve their identification, and in the frequency do-
main—by means of phase correction (first point phasing
correction). Subsequently, the spectra obtained were
analysed by the Functool 2 software (General Electric,
USA) with an algorithm for reconstruction and visuali-
sation of the parametric images of the concentration of
metabolites in the prostate. This software also allows
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superimposition of the spectroscopic images on the axial
anatomical imaging data. The metabolites choline, cre-
atine and citrate were analysed considering their con-
centration within their respective areas. For each
metabolite, the area under the peak was placed near the
average value of signal intensities in the frequency
interval of the corresponding metabolite, since the soft-
ware was not used with the appropriate automatic inte-
gration function. Spectral evaluation was then carried
out by using the axial T2 MR image as a reference. The
spectral quality of each examination was subjectively
rated as valuable or not valuable on the basis of signal-
to-noise considerations, magnetic field homogeneity,
overall shim and the presence of baseline distortions in-
duced with water and lipid. Spectral quality was con-
sidered valuable if the signal-to-noise ratio of all
metabolites was above eight; all metabolic resonances
were reasonably well resolved, or there were minimal
baseline distortions owing to residual water or lipid.
Examinations with lower signal-to-noise ratios were
considered of fair spectral quality, provided there was no
lipid contamination. Examinations with substantial lipid
contamination were considered to have poor spectral
quality. Examinations with lower signal-to-noise ratios,
with substantial lipid contamination or when peripheral
zone coverage did not match with alterations found at
MR imaging were considered to be not valuable.

The 3D-MRSI analysis was conducted to evaluate
choline + creatine/citrate ((Cho + Cr)/Cit) ratio and
the choline-to-creatine (Cho/Cr) ratio on the alterations
revealed at MR exam.

The likelihood of the presence of prostate cancer
was graded with a two-point scale: (a) normal (nega-
tive): (Cho + Cr)/Cit ratio < 0.75 and Cho/Cr ratio
less than two SD (no decrease in polyamines); (b)
abnormal (positive): hypointensities with a (Cho + Cr)/
Cit ratio greater than two SD as compared to the
normal population, i.e., >0.75, elevated choline, re-
duced or normal citrate with respect to background
noise and Cho/Cr greater than two SD (decrease in
polyamines).

Histopathological review

All patients underwent biopsy after MRI (average
interval 5 days; range 3–12 days). Two biopsies were
taken for each side (right and left) and level (apex,
middle portion and base), for a total of 12 biopsies per-
patient. Fifty-three patients, in which the biopsy revealed
tumour cells, underwent radical prostatectomy through
laparoscopy. The excised prostate was coloured on its
surface with Indian ink and fixed in formalin. The par-
affin-embedded, haematoxylin–eosin-stained histological
sections were sliced at 3-mm intervals from the prostate
base to apex in a plane perpendicular to the longitudinal
axis of the gland, which was divided into right and left

lobe on three levels: apex (A), middle portion (M) and
base (B). In all cases, the histological examination con-
sidered the presence or absence of findings compatible
with prostate adenocarcinoma and the cell differentia-
tion assessed according to the Gleason score.

The results of histopathological examination were
then compared to MR imaging and MR spectroscopic
findings and the results were registered on a ‘‘per pa-
tient’’ basis.

The comparison with the anatomical and pathologi-
cal results was possible only in the cases in which both
the morphological images and the MR spectrum were
assessable.

Statistical analysis

The statistical analysis was carried out by calculating
sensitivity and specificity, positive and negative predic-
tive values with CI 95%. We considered the likelihood
ratio, particularly the positive; this value has an enor-
mous practical value and it is becoming the preferred
way of expressing and comparing the usefulness of dif-
ferent tests. Data were analyzed with Pearson Chi Square
and McNemar test when appropriate.

Results

The quality of morphological examinations (MR imag-
ing) was diagnostic in all patients. The quality of MRSI
was diagnostic without artefacts (score 1) in 45 patients
(57%), diagnostic with few artefacts (score 2) in 25 pa-
tients (31.6%) and non-diagnostic with numerous arte-
facts (score 3) in 9 patients (11.4%).

Only in the 70 cases in which the spectrum proved to
be diagnostic, it was possible to determine the contri-
bution of the MRS imaging to the MR imaging alone. In
46 of 70 patients, the results of MR imaging and MRS
imaging were compared with the histological results of
radical prostatectomy and in 24 of 70 patients with re-
sults of needle biopsy. The histological examination re-
vealed adenocarcinoma in 46 patients, prostatitis in 5
(aspecific n = 3; tuberculous n = 2) and no alterations
in the remaining 19 patients.

The MR assessment based on the morphological scale
described above yielded the following scores: lesions with
a maximum score of 1 in 5 patients, 2 in 14 cases, 3 in 29
cases (Fig. 1), 4 in 13 cases and 5 in 9 cases (Fig. 2). In
the identification of tumour in the peripheral zone of the
prostate with MR imaging alone, the following values
were obtained: sensitivity 84%, specificity 50%, PPV 76%
and NPV 63%, with 12 false positives (Fig. 3) and 7 false
negatives (Fig. 4).

The MRI/3D-MRSI evaluation, according to the two
level scale described above, gave the following scores: 1
in 26 cases and 2 in 44 cases. In the identification of
cancer in the peripheral portion of the prostate by MRI/
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3D-MRSI, the following values were obtained: sensitivity
89%, specificity 79%, PPV 89% and NPV 79%, with five
false positives and five false negatives. The positive
likelihood ratio were, respectively, 1.70 (1.12–2.58) for
MRI and 4.28 (1.25–9.39) for MRI/3D-MRSI and the
negative likelihood ratio were, respectively, 0.30 (0.14–
0.67) for MRI and 0.14 (0.06–0.32) for MRI/3D-MRSI
(Table 1). The statistical relevance of these results were
analyzed with the McNemar test but it did not show
significant differences between the accuracy values of the
two methods (P = 0.227).

In all the patients with negative biopsy, the second
biopsy resulted negative, too.

Discussion

Although good results have been obtained on the
contribution of MRS imaging to MR imaging in the
identification of prostate cancer, the number of studies
published so far is still limited. However, considering
that most of the studies published up to now have
been carried out by a limited number of research

Fig. 1. FSE T2-weighted transverse MR image through the
middle gland obtained with endorectal coil (A) and MR spec-
trum in the left peripheral zone (B). Area of decreased signal

intensity (MR score: 3) in the left peripheral zone (A) with normal
spectrum pattern (citrate dominant and no abnormal elevation
in choline) (B). Findings were confirmed by histopathology.

Fig. 2. FSE T2-weighted transverse MR image through the
middle gland obtained with endorectal coil (A) and MR
spectrum in the right peripheral zone (B). A tumor nodule is
seen as an area of decreased signal intensity (MR score: 5) in
the right peripheral zone with capsular penetration (A); at the

same level MR spectrum demonstrated elevated choline and
reduced citrate and polyamines, a pattern consistent with high
grade cancer (B). Findings were confirmed by histopathology
high grade (Gleason 9) prostate cancer.
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groups, there are limited chances to compare experi-
ences to demonstrate the reproducibility of the data
obtained.

The positive likelihood ratio has an enormous prac-
tical value and it is becoming the preferred way of
expressing and comparing the usefulness of different
tests. In our 70 patients the MRI/3D-MRSI has in-
creased the odds of that diagnosis by a factor of 4.28 (CI
95% 1.95–9.39) respect to MR imaging alone.

In the 70 cases by MRI/3D-MRSI, the sensitivity,
specificity and accuracy in the identification of peripheral
prostate cancer showed an improvement, respect to MR
imaging alone; the data obtained were sensitivity 89%
and specificity 79% with MRI/3D-MRSI, against a sen-
sitivity of 84% and a specificity of 50% with MR imaging
alone. Our results are in line with that of other authors

[12, 20] which also registered increasing of the specificity
(87%) MRI/3D-MRSI respect to MR imaging alone
(79%).

The five false negatives we obtained are presumably
to be referred to the dimensions (diameter less than
9 mm) as well as to the low Gleason score (3 + 3 = 6)
of the tumours, which were neither identified through the
morphological exam, nor through the MRS imaging, in
relation to the spatial resolution of the methodology. A
region containing a small focus of cancer with a high
(Cho + Cr)/Cit might be partially diluted by the pres-
ence of normal tissue within the same spectroscopic vo-
xel, creating a false-negative reading.

In the five false positives in which the peripheral zone
of the prostate appeared diffusely low signal intensity on
the T2-weighted sequence and the MRS imaging showed

Fig. 4. Transverse T2-weigheted fast spin-echo MR image
through the middle gland (A) shows focal area of decreased
signal intensity (MR score: 3) in the left peripheral zone. MR
spectrum obtained from the same area (B) demonstrates

elevated choline and normal citrate, a pattern consistent with
low grade cancer. Findings were confirmed by histopathology
low grade (Gleason 5) prostate cancer

Fig. 3. Transverse T2-weigheted fast spin-echo MR image
(A) shows a focal area with well defined margins of decreased
signal intensity in the peripheral zone of the right gland. MR
spectrum obtained from the same area of imaging abnor-

mality in the right peripheral zone (B) demonstrates moderate
elevated choline and normal citrate, a pattern consistent with
low grade cancer. Histopathology from US-guided biopsy
demonstrates granulomatous prostatitis.

800 E. Casciani et al.: COX-2 Inhibition and Bone Formation



an increased concentration of choline, the biopsy dem-
onstrated prostatitis. In recent studies [21, 22] choline
was elevated with histopathologically confirmed chronic
prostatitis, with a metabolic pattern mimicking the one
of cancer, with consequent false-positive findings.

We believe it is important to focus the attention on
some potential technical limits of the software actually
available. First, the time required to acquire high-quality
spectroscopy images is still too long. Second, only a
limited volume of the prostate could be imaged, and a
portion of either the base or apex is excluded in patients
with large glands. In our study, MRS imaging could not
add any diagnostic information to MR imaging because
of artefacts that obscured the metabolic frequency range
in nine patients (11.4%). Even in the Jung et al. study
[20], a significant number of patients (15/37) with poor or
fair spectral data were excluded. In our study, the arte-
facts have been determined in five cases by the patient�s
movement (body motion and peristaltic movements)
presumably due to the length of the sequence. In spite of
the use of drug for smooth muscle relaxation, and the
accurate instruction to the patient to be motionless, these
five patients were not able to be motionless for 17 min
(the spectroscopic sequence time is not changeable). In
other two patients, we registered periprostatic fat tissue
artefacts due to the very large and irregularity shape
glands. In the last two patients we registered urine arte-
facts in patients who had previously undergone trans-
urethral resection of the prostate, because of an open
bladder neck. When the spectroscopic volume is set with
the software at our disposal, it is necessary a compromise
between the volume which can be studied and the spec-
trum quality. If an attempt is made to include the whole
of the peripheral portion, it is easier to find artefacts in
the contamination spectrum with the periprostatic tis-
sues. On the other hand, if the volume to be explored is
smaller, the spectrum quality improves, but the more
peripheral regions could be excluded from the spectro-
scopic evaluation. However, even in the studies by
Scheilder et al. [12] and Yu et al. [13] the coverage of the
peripheral portion has been, respectively, less than 50%
in 18/53 and 20/53 patients and only 12 of them have
obtained coverage of the peripheral portion between 75%
and 100%.

This study has an important limitations. As with
prior studies [8, 16, 17] concerning the investigation of
MR imaging and MRS imaging in prostate cancer, we
only included tumours in the peripheral zone, because
heterogeneity in the hyperplastic transition zone of older
men limits tumour depiction.

The results obtained in this study, together with those
published by the few groups that have investigated
prostate MRS imaging, demonstrate the potential clini-
cal utility of the metabolic information.

In conclusion, in spite of the improvements achieved
so far, further technological developments are desirable,
in order to reduce the time necessary to examine a
spectroscopic sequence, to improve the anatomic cover-
age of the spectroscopic volume as well as to identify new
metabolic markers with specific tissue type, markers for
cellular proliferation, apoptosis and neoangiogenesis,
considering that there is overlapping between tumour
and inflammatory tissues.
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