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Abstract

Objective To retrospectively evaluate the diagnostic ability
of magnetic resonance (MR) spectroscopy for distinguish-
ing benign and malignant lesions in patients with uterine
corpus tumours at MR imaging.

Methods Pelvic MR spectroscopy was performed in
patients with pathologically diagnosed benign and malig-
nant uterine corpus tumours at 3T-MR imaging. Single-
voxel MR spectroscopy data were collected from a single
square volume of interest that encompassed the uterine
corpus lesion. The total choline compounds (tCho) reso-
nance peak areas were quantified relative to unsuppressed
water using a software package. Patients who fulfilled the
criteria for estimates of acceptable reliability were included.
Results A total of 32 patients (age range, 24—76 years) with
32 lesions were evaluated in this study. The median lesion
size at MR imaging was 50 mm (range, 19-218 mm). A
tCho peak was present in all 32 lesions including 14
malignant lesions (9.21+2.21 mM), and 18 benign lesions
(4.59+£2.22 mM) (p<0.0001). Using a cut-off value of
7.00 mM for malignant lesions had a sensitivity of 93%,
specificity of 83%, PPV of 81% and NPV of 94%.
Conclusion Proton MR spectroscopy with quantitative
evaluation of tCho concentration can provide helpful
information in distinguishing benign and malignant uterine
corpus tumours.
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Introduction

Both benign and malignant processes can occur within the
endometrial cavity; therefore, preoperative diagnosis is
important to plan treatment. Various benign and malignant
tumours in the endometrial cavity, such as endometrial
polyp, endometrial hyperplasia and endometrial cancer may
show similar magnetic resonance (MR) manifestations [1-3].
However some diseases can be diagnosed via endometrial
cytology or endometrial curettage, conclusive pathological
diagnosis is not always available. The treatment needed for
benign endometrial polyp or hyperplasia is polypectomy and
curettage, whereas the standard treatment of endometrial
carcinoma is hysterectomy with bilateral salpingo-
oophorectomy [4, 5]. On the other hand, most of the uterine
myometrial tumours are benign leiomyomas, typically
appearing as well-circumscribed low signal intensity masses
on T2-weighted images [6]. However, it may occasionally be
difficult to distinguish leiomyomas from malignant tumours
because leiomyomas may show high signal intensity on T2-
weighted images because of oedema or degeneration [7-9].
Benign leiomyomas are usually asymptomatic and not
require treatment. When leiomyomas are symptomatic,
interfere with fertility, or show rapid growth, hormonal
therapy or surgical treatment such as myomectomy or
hysterectomy may be required [10]. Because malignant
myometrial tumours usually require surgical treatment as
soon as possible, diagnosis based on imaging is important.
Both malignant uterine corpus tumours and benign lesions
with cystic components, oedema or degeneration show high
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signal intensity on T2-weighted images, it may be difficult to
distinguish malignant and benign uterine corpus lesions by
conventional MR imaging [5-7]. Proton MR spectroscopy
(hydrogen 1 [1H] MR spectroscopy) provides metabolic
information, which is useful for the differentiation of benign
and malignant tumours in the brain, prostate and other
various organs [11-16]. The diagnostic value of proton MR
spectroscopy is typically based on the detection of elevated
levels of total choline compounds (tCho) such as choline,
phosphocholine and glycerophosphocholine, which are bio-
markers of cancer tissue and are increased in actively
proliferating tumours [17, 18]. 3T-MRI can offer high-
quality MR spectroscopy because of superior spectral
separation and increased signal-to-noise ratio. The purpose
of this study is to verify the feasibility of MR spectroscopy
at 3T to differentiate benign and malignant uterine corpus
tumours.

Materials and methods
Patients

Our institutional review board approved this retrospective
study and informed consent was obtained from each patient
before performance of MR spectroscopy. We cross-
referenced the gynaecological database of our institution
to identify all patients who had undergone MR spectroscopy
for the evaluation of uterine corpus tumours between April
2007 and August 2009. Forty-three patients with uterine
corpus tumours had undergone MR spectroscopy. Of these 43
patients, those who fulfilled the following three criteria were
retrospectively included in the study: known histological
diagnosis made by surgical resection, dilatation and curettage,
or transvaginal biopsy; lesions containing enough solid
components for MR spectroscopic measurement; the
tCho concentration with a percentage standard deviation
(%SD) <20%. That was because %SD <20% has been used
by many as a criterion for estimates of acceptable reliability
according to the LCModel manual [19]. The data of eleven of
the 43 patients were excluded from the study because
histological diagnosis was not available in seven patients,
three lesions contained minimal solid components because of
massive necrosis, and %SD >20% in one patient. The data of
32 patients who had a total of 32 uterine corpus tumours and
fulfilled these criteria were included in the study: 32 women
with a mean age of 54 years (range, 24-76 years). The 32
uterine corpus tumours included 14 malignant tumours
(11 endometrial carcinomas and 3 myometrial tumours: one
rhabdomyosarcoma and 2 malignant lymphoma) and 18
benign tumours (5 endometrial polyps/hyperplasia and 13
myometrial lesions: 11 leiomyomas and 2 adenomyotic
lesions). The median lesion size, which was the longest

diameter measured by MR imaging was 50 mm (range, 19—
218 mm).

MR Spectroscopic measurement

All patients were studied on 3T superconducting MRS
using body coil transmission and an 8-channel phased-array
receiver designed for cardiac studies (Signa HDx 3T, GE
Healthcare, Milwaukee, WI, USA). T2-weighted axial fast
spin echo images (512 %288 over a 28-cm field of view; 6-mm
section thickness with a 1-mm intersection gap; repetition
time/echo time, 7000/100 milliseconds), and diffusion-
weighted axial echo planar images (128192 over a 40-cm
field of view; 5-8-mm section thickness with a 0-2-mm
intersection gap; repetition time/echo time, 6000-6500/56.1—
64 milliseconds; b factors, 0 and 800 s/mmz) were obtained
to depict the anatomy. The b value was set at 800 s/mm?>,
high enough to reduce the effects of perfusion of the tissue
and T2 shine-through effect, and low enough to maintain the
signals of background structures for image interpretation.
Using these images, a single square spectroscopic volume-
of-interest (VOI) was prescribed within the uterine corpus
tumours, avoiding cystic or necrotic areas as possible for
heterogeneous lesions. The voxel size was 8§ mL (2x2x
2 cm?®), and outer volume suppression bands were automat-
ically applied at the six edges of the VOI. However the size
of VOI may cause the restriction of measurement in smaller
tumours, the size was not reduced to maintain the detect-
ability of metabolites. All patients were studied using point
resolved spectroscopic sequence (PRESS) sequence (repeti-
tion time/echo time, 2000/144 milliseconds) with an auto-
mated shimming method. The number of averages was 96
for the acquisition with water suppression and 12 for
unsuppressed water spectrum, and total MR spectroscopic
data acquisition took about 5 min.

Analysis methods

The presence of tCho peak at 3.2 ppm was visually
evaluated at first by two radiologists (K. M. and M. T.)
with 20 and 11 years’ experience in pelvic MR imaging,
respectively. They were blinded to the histopathological
and clinical diagnoses of the lesions. The metabolite
concentration level was classified into three classes, in
comparison with the noise level by visual estimation: that
is, twofold higher than the average noise level (++), higher
than the average noise level but lower than a twofold higher
noise level (+), and the same as the average noise level (-)
[20, 21]. Agreement between the two radiologists was
reached in consensus after careful individual evaluation.
Signals in spectra were analysed by LCModel (version 6.2,
Stephen Provencher Inc.) and the quantification of the tCho
level was based on the unsuppressed water reference signal
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Fig. 1 A 58-year-old woman with an endometrial polyp. a. Sagittal
T2-weighted fast spin-echo image (TR/TE, 7000/106.7) shows hyper-
intense mass (arrow) in the uterine cavity. b. Single-voxel MR
spectroscopy image shows a low tCho peak (arrow) with an estimated

together with the assumed water concentration obtained
from the same voxel using the automated water-scaling
function in the LCModel package. The tCho ratio to the
unsuppressed water was converted to approximate mM
units assuming the concentration of MR-visible tissue water
content to be 35 M [22]. The criteria for selecting reliable
metabolite concentrations were based on the %SD of the fit
for each metabolite reflecting the Cramer-Rao lower
bounds. Only results with a %SD <20% were included in
the analysis [19]. The Mann-Whitney U test was used to
compare the tCho concentration among benign and malig-
nant uterine corpus tumours. A value of p<0.05 was
considered statistically significant. The tCho concentration
cut-off value (mM) to differentiate benign from malignant
lesions was calculated, with their sensitivity, specificity,

3 2 1 ©

tCho concentration of 1.98 mM. A low peak (arrowhead) at 2-2.1
ppm may be assigned to N-acethyl mucous compounds. Lip: Lipid
peak centred at 1.3 ppm

positive predictive value (PPV) and negative predictive
value (NPV).

Results

The tCho peak was observed in all 32 uterine corpus tumours
(Figs. 1, 2, 3, and 4). Six benign lesions were classified as
(1), and the other 12 benign lesions and all 14 malignant
lesions were classified as (++). The tCho concentration in
malignant tumours (9.21+2.21 mM) was significantly higher
than that in benign lesions (4.59+£2.22 mM) (p<0.0001)
(Fig. 5). The average full-width at half-maximum was 7.2+
3.0 Hz. There was no significant difference between the
tCho concentration in malignant endometrial and myometrial
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Fig. 2 A 66-year-old woman with endometrial cancer (serous
adenocarcinoma). a. Sagittal T2-weighted fast spin-echo image (TR/
TE, 7000/106.7) shows a hyper-intense mass (arrow) in the uterine
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cavity. b. Single-voxel MR spectroscopy image shows a high tCho
peak (arrow) with an estimated tCho concentration of 10.70 mM. Lip:
Lipid peak centred at 1.3 ppm
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Fig. 3 A 61-year-old woman with uterine leiomyoma with oedema-
tous change. a. Coronal T2-weighted fast spin-echo image (TR/TE,
7000/105.6) shows a heterogeneously hyper-intense uterine myome-
trial mass (arrow). b. Single-voxel MR spectroscopy image shows a

tumours (p=0.10), and in benign endometrial and myome-
trial lesions (p=0.17) (Fig. 6). Using a cut-off value of
7.00 mM for overall malignant tumours had a sensitivity of
93% (13/14), specificity of 83% (15/18), PPV of 81% (13/16)
and NPV of 94% (15/16). Using a cut-oft value of 7.00 mM
for endometrial malignant tumours had a sensitivity of 91%
(10/11), specificity of 100% (5/5), PPV of 100% (10/10) and
NPV of 83% (5/6), and for myometrial malignant tumours had
a sensitivity of 100% (3/3), specificity of 77% (10/13), PPV of
50% (3/6) and NPV of 100% (10/10). Only one malignant
lesion (endometrial cancer, well differentiated endometrioid
carcinoma, grade 1, stage Ia; size: 40 mm) showed a tCho
concentration lower than 7.00 mM (4.35 mM), whereas three
benign lesions (leiomyomas including one cellular leio-

—p Wbty

low tCho peak (arrow) with an estimated tCho concentration of
4.80 mM. A low creatine peak (arrowhead) at 3 ppm is observed. Lip:
Lipid peak centred at 1.3 ppm

myoma; size 64, 96, and 116 mm) showed a tCho
concentration higher than 7.00 mM (7.76 to 8.44 mM). The
endometrial cancer with low tCho concentration was diag-
nosed as low-grade endometrioid carcinoma and no obvious
necrosis was revealed on histopathological examination. The
leiomyomas with high tCho concentration were relatively
larger lesions occurred in younger patients (32—42 years old).
No marked degeneration was observed in these lesions on
histopathological examination. Although some benign myo-
metrial lesions such as leiomyomas with oedema or myxoid
degeneration and adenomyotic lesions showed heterogeneous
high signal intensity on T2-weighted images mimicking
uterine sarcomas, low tCho concentration suggested their
benignity (Fig. 3).
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Fig. 4 A 62-year-old woman with a malignant lymphoma. a. Sagittal
T2-weighted fast spin-echo image (TR/TE, 7000/106.7) shows a
hyper-intense uterine myometrial mass (arrow). b. Single-voxel MR
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spectroscopy image shows a high tCho peak (arrow) with an
estimated tCho concentration of 8.49 mM
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Fig. 5 Scatter plots of the tCho concentration obtained in benign and
malignant uterine corpus tumours. The tCho concentration in
malignant lesions is significantly higher than that in benign lesions
(p<0.0001)

Discussion

In our study the tCho peak was observed in all solid
tumours, and tended to show a higher peak in malignancy
by visual evaluation. These observations are consistent with
previous MR spectroscopic studies in various gynaecological
abnormalities [20-25]. Okada et al. performed MR spectros-
copy at 1.5T and found tCho peak in the solid portion of all
benign and malignant female intrapelvic tumours (ovarian
tumours including ovarian cancer and thecoma, uterine

lesions including endometrial carcinoma, leiomyoma, adeno-
myosis and intrapelvic neurogenic tumours), and the signal
intensity varied among different histological types of
tumours possibly reflecting the metabolic activity of the cell
membrane [20, 26]. The qualitative analysis of tCho is not
discriminating enough to differentiate benign and malignant
lesions.

By their semiquantified evaluation of tCho concentration
both benign uterine lesions (leiomyomas and adenomyosis)
and uterine malignancy (endometrial carcinoma) were
classified as (++). They concluded that the tCho could not
be used for differential diagnosis between benign and
malignant tumours [20]. In our results all malignant lesions
were classified as (++), whereas one-third of benign lesions
were classified as (+) and the other two-thirds were as (++).
Although malignant tumours tended to show a higher tCho
peak, there was considerable overlap.

Celik et al. performed MR spectroscopy at 1.5T and
found the tCho peak in 14 of the 15 leiomyomas [21]. In
their results six leiomyomas were classified as (+) and eight
were as (++) by the same semiquantified evaluation
methods as Okada’s and ours [20, 21]. Booth et al.
performed MR spectroscopy at 3T and have found tCho
peak in a high proportion of all their gynaecological
neoplasms, both benign and malignant, (ovarian cancer,
and uterine tumours including endometrial and cervical
cancers and leiomyoma) [24]. Visually assessed higher
levels of tCho in malignant tumours compared with the
benign lesions may be due to the enhancement of
phospholipid basement membrane turnover associated with
tumour cell proliferation [24, 26]. However, quantification
of the tCho concentration is recommended to improve

Fig. 6 Scatter plots of the tCho 16
concentration obtained in
malignant endometrial and 14 P10 g
myometrial tumours, and in =
benign endometrial and myo-
metrial lesions. There are no 12 .
significant differences between .
the tCho concentration in 10 "
malignant endometrial and s 4
myometrial tumours (p=0.10), £ 8 * ' %
and in benign endometrial and 2 i *
myometrial lesions (p=0.17) e B
6 " s
+
4 ¢ i
]
& ®
2 e
0
Endometrial Myometrial Endometrial Myometrial
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diagnostic accuracy by determining objective detection
thresholds, inter-observer reproducibility and ease of inter-
patient comparison [22].

Stanwell et al. performed semi-quantitative analysis of
ovarian tumours at 3T by calculating the ratio of choline/
creatine (Cho/Cr) for each voxel studied [25]. Because
creatine peak is generally much smaller than choline peak,
the creatine ratio method may magnify experimental errors
[22].

On the other hand, the internal water signal is very
intense and this approach has been pursued in several
studies [16, 18, 22]. McLean et al. applied LCModel to
quantify the tCho concentration relative to water in
evaluating ovarian tumours [22, 27, 28]. In our study the
tCho concentration in malignant tumours was 9.21+
2.21 mM, and similar ranges in tCho (water-normalised
tCho varied 2.0-16.6 mM) were reported by McLean et al.
in primary and metastatic ovarian cancers obtained at 3T
[22]. They found that MR spectroscopy of ovarian masses
could be measured at 3T with acceptable spectral quality
and good signal-to-noise ratio for semi-quantitative or
quantitative analysis of metabolites [22, 25].

Ours is the first study to attempt to differentiate benign
and malignant uterine corpus tumours by using MR
spectroscopy at 3T with quantification of the tCho
concentration. Both benign endometrial polyps/hyperplasia
and endometrial cancer, and both malignant myometrial
tumours and some benign myometrial lesions with oedema
or myxoid degeneration showed high signal intensity on
T2-weighted images, and quantitative evaluation of the
tCho concentration was helpful to distinguish between
benign and malignant tumours. Because VOI was pre-
scribed within the tumours, avoiding cystic or necrotic
areas as possible in our study, the tCho concentration was
considered to correlate with the biochemical activity of
solid tumoural viable components, and was higher in
malignant tumours [26]. The retrospective nature of the
study and the relatively small population were limitations
of our study. In addition, histologically unproven cases
were excluded from this study. Prospective studies with
larger populations are needed to support our results.
Recently the usefulness of diffusion-weighted MR imaging
in diagnosing gynecologic diseases was reported in several
studies [9, 29-32]. Malignant uterine corpus tumours show
high signal intensity on diffusion-weighted imaging reflect-
ing hypercellularity of tumour cells and long T2 relaxation
time of cancerous tissues [9, 30—32]. Malignant tumours
with increased cellularity show low apparent diffusion
coefficient (ADC) values, whereas relative hypocellular
benign lesions tend to show relatively higher ADC values
[9, 30-32]. The comparative study of MR spectroscopy and
diffusion-weighted imaging may be required to improve the
overall diagnostic ability of MRI. We conclude that MR

spectroscopy with quantitative evaluation of the tCho
concentration can provide helpful information in distin-
guishing benign and malignant uterine corpus tumours.
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