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AIM: To further verify the effectiveness of diffusion-weighted (DWI) magnetic resonance
imaging (MRI) and 'H magnetic resonance spectroscopy (MRS) using a 3 T MRI system to
differentiate benign leiomyomas from uterine sarcoma; to investigate the benefit of adding
MRS to the apparent diffusion coefficient (ADC) for improving the specificity of the benign/
malignant classification.

MATERIALS AND METHODS: The dataset included 21 uterine sarcoma from 14 patients and
84 benign leiomyomas from 51 patients. T1-and T2-weighted images as well as DWI were
obtained using a 3-T MRI system. Approximately 60% of patients also underwent MRS. The chi-
square test was used to compare the percentage of malignant lesions that showed choline
peaks, lipid peaks, and restricted diffusion to the corresponding percentage of benign masses.
Using the area under a receiver operating characteristic (AUC) curve, the efficacy of different
parameters for distinguishing uterine sarcomas from leiomyomas was measured.

RESULTS: The visual assessment of DWI images showed that 100% of malignant lesions
exhibited restricted diffusion while the corresponding figure for benign leiomyomas was only
5%. The mean ADC of malignant tumours differed significantly from that of benign ones
(p<0.001). The percentage of malignant lesions for which choline and lipid peaks were present
was significantly higher than that of benign lesions. By combining the ADC and MRS findings,
an accuracy of 98.3 (95.1—100) was achieved.

CONCLUSIONS: The findings suggested that a combination of DWI and MRS could be useful
in the preoperative assessment of uterine masses to differentiate benign leiomyomas from
leiomyosarcoma.

© 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

* Guarantor and correspondent: M. Malek, Department of Radiology, Medical Imaging Center, Imam Khomeini Hospital Complex (IKHC), End of Keshavarz
Blvd, Tehran, 1419733141, Iran. Tel.: +98 21 61190; fax: + 98 21 6658 1615.
E-mail addresses: malek.mahrouz18@gmail.com, mmalek@tumc.ac.ir (M. Malek).

https://doi.org/10.1016/j.crad.2019.03.011

0009-9260/© 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.


mailto:malek.mahrouz18@gmail.com
mailto:mmalek@tumc.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crad.2019.03.011&domain=pdf
www.sciencedirect.com/science/journal/00099260
http://www.clinicalradiologyonline.net
https://doi.org/10.1016/j.crad.2019.03.011
https://doi.org/10.1016/j.crad.2019.03.011
https://doi.org/10.1016/j.crad.2019.03.011

571.e10

Introduction

Benign leiomyomas are the most prevalent pelvic tu-
mours among women. Fortunately, with the appropriate
treatment, the prognosis is typically favourable. In
contrast, uterine sarcomas are uncommon and have a
poor prognosis. * Among different types of uterine sar-
comas, leiomyosarcoma is the most common and shares
several features with leiomyomas. Both usually present as
a myometrial lesion. Although some preoperative findings
can help to differentiate benign leiomyomas from uterine
sarcomas, there is a significant overlap in their
characteristics.?

Previously, benign leiomyomas were treated through
hysterectomy; postoperative histopathology analysis was
performed to determine the presence of uterine sarcoma
and further treatment was provided to women with ma-
lignancies. Therefore, no sarcoma was missed. Today,
however, benign leiomyomas are mostly treated using less
invasive  uterine-preserving alternatives such as
gonadotropin-releasing hormone analogues® or uterine
arterial embolisation.® Therefore, the accurate preoperative
identification of uterine sarcoma is vital to select the
appropriate treatment, particularly for patients of repro-
ductive age.

Previous studies suggested that magnetic resonance
imaging (MRI) plays a crucial role in the preoperative
evaluation of uterine masses and assists in the selection of
an appropriate treatment regimen for each patient.” Studies
of the MRI appearance of uterine masses revealed that
uterine sarcomas typically appear as hyper-signal lesions
whereas leiomyomas are mostly characterised as well-
defined hyposignal lesions on T2-weighted images.®”
Leiomyoma, however, can exhibit an unusual appearance,
and could, therefore, be misdiagnosed as uterine
sarcoma.®'"* For example, haemorrhage or cystic degen-
eration and necrosis may be observed in leiomyomas,
although in most cases the presence of necrosis is sugges-
tive of a leiomyosarcoma.'! As a result of this overlap be-
tween malignant and benign lesions and lack of
standardised diagnostic criteria, in current practice, pa-
tients with lesions presenting mixed characteristics are
treated with a hysterectomy, although some could benefit
from a less-invasive uterine-preserving treatment.

Diffusion-weighted imaging (DWI) is an emerging im-
aging technique that typically displays malignant lesions as
a hyperintense region with excellent tissue contrast.'” Using
DWI, the apparent diffusion coefficient (ADC) value, which
is a quantitative measurement associated with the nuclear-
to-cytoplasm ratio and cellular density of tissue, can be also
obtained.'® Previous studies indicated the usefulness of
DWI and ADC for distinguishing benign conditions from
malignancies in different organs, such as bowel,"” lung,®
breast,”> and ovaries.'® It has been also used for assessing
female pelvic masses in a few studies. For example, in19, it
was shown that DWI can be utilised for the differentiation
of completely hyalinised uterine leiomyomas from ordinary
leiomyomas and in20, the value of DWI and ADC in
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distinguishing uterine adenomyosis from leiomyoma has
been investigated. In addition, a few small studies'>'4?!
showed that the DWI and ADC values could be potentially
utilised for distinguishing uterine sarcomas from benign
leiomyomas. Recently, Li et al?’ indicated that uterine
leiomyosarcoma can be differentiated from degenerated
leiomyoma using DWI and ADC; however, in the present
study,”” images were acquired using 1.5-T MRI systems.
Namimoto et al.>® investigated the discriminative power of
DWI images acquired using a 3 T unit. Although the mean
ADC differed significantly between leiomyosarcoma and
leiomyomas, a considerable overlap between two lesion
types was observed.”® It was also shown that a combination
of T2-weighted sequences and ADC improved both sensi-
tivity and specificity for distinguishing leiomyosarcoma
from leiomyomas compared to ADC.>

In vivo "H magnetic resonance spectroscopy (MRS) is a
non-invasive imaging technique that provides a marker of
biochemical processes related to metabolic information and
the transformation of normal to malignant tissue and the
presence of active tumours.”*?> MRS has been adopted for
studying diseases in different body organs and the presence
of various metabolite peaks. Early studies utilised MRS
mainly to investigate metabolic changes in diseases
affecting the brain such as Alzheimer’s disease, seizure
disorders, strokes, and brain tumours.”® Later, MRS was
applied for the assessing tumours in other sites such as the
breast,’*?>?’ 31 prostate,>*>* bowel,** ovaries,> and
uterus>®>’; however, findings related to the efficacy of MRS
are still controversial. For example, in the case of breast
cancer, several previous studies’*?>?’—3! have indicated
that MRS could potentially be used to distinguish breast
malignancies from benign conditions, and the presence of
choline peak in MRS spectra was associated with malig-
nancies. Other findings, however, suggested that choline
peaks might also be present in some benign conditions such
as fibroadenomas or tubular adenomas.””>®

A preliminary study on Japanese women revealed that
the presence of a choline peak in MRS spectra obtained
using 3-T scanner could be used to differentiate benign
uterine masses from the malignant ones.>® The study ach-
ieved a sensitivity of 93% and a specificity of 83% for the
benign/malignant categorisation.*® In another study, Take-
uchi et al.*” focused on the presence of a high lipid peak on
MRS spectra and showed that it is an indicator of uterine
sarcoma and hence MRS could be beneficial in differenti-
ating uterine sarcomas. They included 26 leiomyomas and
12 uterine sarcomas and obtained a sensitivity of 100% and
specificity of 96%.>” In another study, Zhang et al.>° inves-
tigated whether the presence of the choline peak was
suggestive of a malignant lesion and demonstrated that the
MRS was able to distinguish endometrial cancer from
benign lesions.

The aim of the present study was to (i) further validate
the effectiveness of DWI and the ADC value using a 3-T
scanner to differentiate benign leiomyomas from leiomyo-
sarcomas on a larger number of lesions; (ii) further verify
the feasibility of adopting MRS (the presence of choline and
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lipid peaks) to distinguish benign leiomyomas from leio-
myosarcomas on a larger cohort; and (iii) investigate the
benefit of adding MRS to ADC for improving the specificity
of malignancy detection. To the authors’ knowledge, no
previous study has investigated the added benefit of MRS to
DWI in the differentiation of uterine masses from leio-
myomas. In addition to further verification of the efficacy of
DWI and MRS in distinguishing benign lesions from ma-
lignancies, this study sought to explore whether MRS pro-
vides complementary information to the ADC to improve
the specificity of the malignant/benign categorisation.

Materials and methods
Patients

The study was approved by the institutional ethical re-
view board. Signed informed consent forms were obtained
from all patients who participated in the study. All women
with suspicious myometrial masses referred to the
department for 3 T MRI assessment preoperatively from
September 2014 to September 2015 were included. Patients
who weighed >100 kg or had an electronic implant, such as
an inner ear prosthesis, pacemaker, neuron stimulator, or
insulin pump, were excluded. The ultimate diagnosis of
each lesion was made on a pathological specimen obtained
after hysterectomy, based on the consensus opinion of
experienced pathologists. Only patients who underwent
hysterectomies and those with benign or malignant myo-
metrial tumours were included.

Sixty-five women confirmed to have a total of 105
masses were included. Patient age, menopausal status, and
lesion size were recorded. Fourteen women (21.5% of pa-
tients) included in the study had a diagnosis of malignancy
(the specimen contained at least one malignant mass).
Overall, of 105 lesions, 21 were malignant whereas the
remainder were benign. The average age of patients in the
benign and malignant groups was 42.84+13.3 and 39.5+11.2,
respectively. Approximately 62% of lesions belonged to
premenopausal women in both groups. Table 1 summarises
the patients’ characteristics in each group.

Imaging protocol

All included patients were examined using a 3 T MRI
system (Magnetom Trio, Siemens, Erlangen, Germany). The
patients were asked to fast for 3 hours before the imaging.
Immediately before commencement of the scan, 20 mg
hyoscine butylbromide was administered intravenously.
Previous studies have recommended administration of an
intra-muscular anti-peristaltic agent such as hyoscine

Table 1
Patients’ characteristics.
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butylbromide in oncological MRI as it improves lesion vis-
ualisation.”” The routine pelvic MRI protocol was performed
prior to the acquisition of DWI images. DWI images were
acquired using a single-shot echo-planar sequence in the
axial plane with a section thickness of 4 mm, an intersection
gap of 0.8 mm, and field-of-view of 280 mm. For four benign
lesions, DWI was noisy and inconclusive, so they were
excluded from the study. All patients were positioned su-
pine on the scanner table with their pelvis centred on the
phased-array coil.

Patients also underwent MRS using a point-resolved
spectroscopy sequence (PRESS) technique, and single-voxel
water-suppressed spectroscopy with automatic shimming
was performed in patients. By referring T1-and T2-weighted
images as well as DWI sequences, an experienced technol-
ogist under the guidance of a radiologist placed a single
2x2x2cm’ cubic spectroscopic volume-of-interest over the
mass areas so that cystic or necrotic areas, large vessels,
calcification, and haemorrhage were excluded where
possible. The total data acquisition time was approximately 5
minutes. Approximately 60% of MRS data were approved by a
physicist according to background noise.

Image analysis

The magnitude of diffusion sensitisation in DWI is
defined by the b value. From the DWI images, the ADC maps
were automatically generated on a pixel-by-pixel basis us-
ing (1) where bg and by represent lower and higher b values,
respectively, while Sg and S; are the corresponding signal
intensity for these b values. The calculations were done off-
line using an in-house software and b; and by were set to
0 and 1000 sec/mm?, respectively.

Diffusion coefficiency = —(In(5) - In(5;)) (1)

(b1 —bo)

To calculate the ADC value of the mass, an experienced
radiologist determined the region of Interest (ROI), which
encompassed the solid part of the tumour, while avoiding
healthy tissues and myometrium, and the ADC mean value
was calculated over the ROL*!

Previous studies indicated that malignant lesions typi-
cally exhibit considerably high signal intensity on high b
value images, as a result of water diffusion restriction in the
dense cellular area with larger cells.*>*> Therefore, the
signal intensity of DWI images (presence of diffusion re-
striction) for a b value of 1,000 s/mm? and ADC signal were
also visually assessed within the solid area of the tumour by
an experienced radiologist. When the lesion had a high
signal on b=1,000 s/mm? and low on ADC map, it classified
in the restricted group.

No. of patients (%) No. of lesions (%)

Premenopausal women (%)

Age (mean+SD, range), year  Lesion size (mean+SD, range), mm

Benign 51 (78.5%) 84 (30%) 52 (61.9%)
Malignant 14 (21.5%) 21 (20%) 13 (61.9%)
Overall 65 105 65 (61.9%)

42.8+13.3 (21-66)
39.5+11.2 (18—68)
42.1+11.7 (18—68)

68.2+41.8 (8—219)
79.5:£79.5 (20—192)
70.5:+45.1 (8—219)
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The raw acquired spectroscopy data were processed
off-line with an in-house computer software involved a
Fourier transformation, automatic frequency shift
correction, and baseline correction, followed by an
automatic  voxel-specific phase correction based
on choline and lipid peaks, and automatic voxel-specific
curve fitting. The detection of apparent resonance peaks
at 1.33 and 3.23 ppm were corresponding to the lipid
and choline respectively. The lipid and choline concen-
tration levels were evaluated visually and images were
categorised into two classes, i.e. positive and negative,
compared to the noise level by visual estimation.

Statistical analysis

The statistical tests have been used to assure the
baseline characteristics were matched between benign
and malignant lesions. The lesion size and patients’ age
were compared between two lesion types utilising two
independent sample t-test. Moreover, the chi-square test
was used to compare the percentage of premenopausal
women between the two groups.

The percentages of lesions that showed restricted diffu-
sion were compared between the benign and malignant
groups using the chi-square test. Similarly, the percentage
of malignant lesions that exhibited a lipid peak was
compared with that of benign lesions. In addition, a chi-
square test was utilised to investigate whether the per-
centage of lesions that manifested a choline peak differed
significantly between the benign and malignant groups. All
statistical analyses were performed using SPSS, version 22.0
(IBM, Armonk, NY, USA).

Using the two sample independent t-test, the mean
ADCs of the malignant lesions were compared to those of
the benign lesions. For assessing the effectiveness of ADC
in differentiating benign from malignant masses, receiver
operating characteristic (ROC) curves were generated and
the corresponding area under ROC curve (AUC) values
were calculated. An AUC value of 1 demonstrates a perfect
classifier whereas a value of 0.5 shows a random classifier.
The confidence intervals for AUC were computed using the
bootstrap method. The knee point of the ROC curve was
also extracted, which is known as the optimal operating
point of the classifier where a transition from the rapid
increase of sensitivity to the rapid decline of specificity
occurs. A binary classifier was generated based on the ADC
metric, by using the ADC value corresponding to the knee
point as a cut-off threshold for categorisation of the masses
either as benign or malignant.

Five measures of accuracy including sensitivity, speci-
ficity, negative predictive value (NPV), positive predictive
value (PPV), and overall accuracy were extracted for the
classifier based on ADC values. The classification of
masses was also based on other variables, i.e., DWI re-
striction as well as lipid and choline MRS signals and the
accuracy measures were compared to that of ADC. Finally,
to investigate the added benefits of DWI and MRS, the
accuracy of the classifiers was compared to that of clas-
sifiers that categorised masses based on the signal
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intensity of T1 and T2-weighted images. The signal in-
tensity was assessed visually by an experienced radiolo-
gist. For all accuracy measures, 95% confidence intervals
were also calculated.

Whether combining the ADC with the MRS results
increased the accuracy was also investigated. To do so, a
classifier was designed that categorised a lesion as a
malignant one when the ADC was less than the cut-off
point, and the specimen exhibited a lipid or choline
peak (at least one of the peak was present). The rest of
the lesions were classified as leiomyomas. The five
accuracy measures were also calculated for this
classifier.

Results

The two independent sample t-test has shown that the
mean age of patients in the malignant and benign groups
did not differ significantly (p=0.25). In addition, there was
no significant difference between the malignant and benign
groups regarding mean lesion size (p=0.70) and meno-
pausal status (p=1.0). Therefore, the baseline characteristics
of two groups were matched.

Table 2 presents the number and percentage of benign
and malignant lesions that exhibited restricted diffusion at
DWI, and choline and lipid peaks at MRS. As shown in
Table 2, the percentages of positive cases for the variables
differed significantly between benign and malignant
groups (p<0.001). Fig 1 shows T2-weighted and DWI im-
ages as well as ADC map for a 45-year-old patient with
multiple benign tumours. The absence of the restricted
diffusion can be seen in Fig 1b and c. Fig 2 indicates similar
images for a 56-year-old patient with invasive leiomyo-
sarcoma. For this patient, MRS further validated the ma-
lignant nature of the mass as a high lipid peak was present
in MRS spectra (Fig 2d).

Both Figs 1 and 2 depict typical benign and malignant
tumours. Fig 3 indicates a degenerated myometrial mass. As
shown in Fig 3a, the mass was seen as a hyper signal lesion
on T2-weighted imaging. T2 hyperintensity is generally
seen in malignant tumours, but is not specific as this feature
can also be demonstrated in degenerated leiomyomas.’? For
the patient depicted in Fig 3, the DWI image, ADC map, and
MRS did not support the presence of malignancy as the

Table 2

The mean, standard deviation, 95% confidence interval, and the range of the
extracted quantitative variables for the entire population along with the
mean values of each parameter for benign and malignant lesions.

b

Variable No. missing” p-Value Status” Positive  Negative
DWI restriction 4 <0.001 B 4 (5%) 76 (95%)
M 21 (100%) 0 (0%)
MRS choline 43 <0.001 B 4(8.2%) 45(91.8%)
peak M 9 (69.2%) 4 (30.8%)
MRS lipid peak 43 <0.001 B 2 (4%) 48 (96%)
M 8 (61.5%) 5(38.5%)

DW], diffusion-weighted imaging; MRS, magnetic resonance spectroscopy.
2 Number of cases for which the imaging was not performed.
b B and M represent benign and malignant groups respectively.
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T2-weighted image Diffusion-weighted

Apparent diffusion coefficient map)|

Figure 1 A 45-year-old patient with a history of abnormal uterine bleeding (AUB). Multiple typical myometrial masses were observed on the T2-
weighted image (left image). Masses (white arrows) had well-defined and regular margins and showed hyposignal intensity on the T2-weighted
image. DWI image (top, right image) and ADC map (bottom, right image) are also shown. According to the DWI and ADC mabp, the region did not
demonstrate abnormal diffusion restriction. The ADC value was 1.162x10~> mm?/s. All findings were suggestive of the benign nature of the
masses.

Diffusion-weighted

T2-weighted

\ MR spectroscopy

Lipid Peak

Figure 2 A 56-year-old patient with pelvic pain 6 years after total abdominal hysterectomy with bilateral salpingo-oophorectomy. A hetero-
geneous malignant mass (leiomyosarcoma) was observed on the T2-weighted image (left image). The heterogeneity of a mass could represent
sarcoma or atypical myoma. The DWI image (top, right image) and ADC map (middle, right image) are also shown. The ADC value was
0.845x10~2 mm?/s. DWI and ADC map demonstrated restricted diffusion (an indicator of uterine sarcoma). The MRS image (bottom, right image)
of the mass showed a high lipid peak (an indicator of uterine sarcoma). Masses are shown using arrows.
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T2-weighted image

Post contrast image
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Diffusion-weighted

MR spectroscopy

Figure 3 A 56-year-old patient with a history of abnormal uterine bleeding (AUB) and a single atypical (degenerated) myoma. The mass
exhibited central high signal area on the T2-weighted image (top, left image) and central non-enhancing area on the post-contrast image
(bottom, left image); findings are common features of atypical myometrial mass and uterine sarcomas. The DWI image (top, right image) and
ADC map (middle, right image) are also shown. According to the DWI and ADC map, the region did not demonstrate abnormal diffusion re-
striction. The ADC value was 1.2x10~> mm?/s. MRS (bottom, right image) of the mass did not show a prominent choline or lipid peak. Masses are

shown using arrows.

region did not demonstrate abnormal diffusion restriction
and elevated choline and lipid peaks were not present in the
MRS spectra.

In Fig 2d, a dominant lipid peak was indicative of the
malignant nature of the tumour. The presence of a choline
peak denoting increased membrane formation in a hyper-
cellular tumour is another indicator for malignancy. In Fig 4,
a histologically proven endometrial stromal sarcoma was
shown. Similar to the case presented in Fig 2, T2-weighted
image, DWI image, and ADC map are shown. As shown in
Figs 2d and 4d, the lesion presented in Fig 2 exhibited a
dominant lipid peak while a dominant choline peak was
present in the one shown in Fig 4.

The distribution of the ADC values for both malignant
and benign groups is indicated in Fig 5. The mean ADC of
malignant tumours differed significantly from that of
benign ones (0.877+0.384 versus 1.426+0.233, p<0.001).
The ADC values of malignant lesions ranged from 0.573 to
1.672 while the minimum and maximum values of ADC
for benign lesions were 0.000 and 2.377 respectively.

To evaluate the diagnostic value of the ADC, the ROC
curve (Fig 6) was generated. The metric achieved an AUC
of 92.42 (82.67—97.15), which differed significantly from
chance (p<0.001). An optimal cut-off value (optimal

decision threshold) of 1.057 was used for classifying le-
sions as malignant or benign. The accuracy measures for
the classifier are shown in Table 3. In addition, Table 3
indicates the accuracy measures for the benign/malig-
nant categorisation of masses based on the presence of
restricted diffusion and choline and lipid peaks at MRS.
The performance measures of classifiers based on signal
intensity on T1-and T2-weighted images are also listed in
Table 3 for comparison. As shown, both the signal in-
tensity of T2 and DWI restriction obtained a sensitivity of
100%. Meanwhile, DWI restriction also achieved the sec-
ond highest specificity, NPV, and overall accuracy among
the included variables. The signal intensity of T1 resulted
in the highest specificity; however, due to its low sensi-
tivity and PPV, its diagnostic value is limited. In the last
row of Table 3, the accuracy measures of the classifier,
which combined the ADC with MRS findings, are indi-
cated. The classifier categorised a lesion as a malignancy
only when the ADC was less than the cut-off point, and
the lesion manifested a lipid or choline peak (the pres-
ence of at least one of them). Otherwise, the masses were
categorised as benign lesions. As shown, by combining the
ADC with MRS findings, the highest specificity, NPV, and
overall accuracy were obtained.
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Figure 4 A 26-year-old patient with a history of abnormal uterine bleeding (AUB) and histologically proven endometrial stromal sarcoma. A
heterogeneous malignant mass (leiomyosarcoma) was observed on the T2-weighted image (left image). The heterogeneity of a mass could
characterise both leiomyosarcomas and atypical myometrial masses. The DWI image (top, right image) and ADC map (middle, right image) are
also shown. The ADC value was 0.92x10~3 mm?/s. DWI and ADC map demonstrated restricted diffusion (an indicator of uterine sarcoma). The
MRS image (bottom, right image) of the mass showed a high choline peak (an indicator of uterine sarcoma). Masses are shown using arrows.

Discussion

In the present study, the usefulness of DWI for differ-
entiating benign leiomyomas from leiomyosarcoma was
studied. DWI can provide a quantitative metric of ADC,
which is a marker of cellular density. The present data
suggested that the ADC value has a promising discrimina-
tive power in differentiating malignant masses from benign

241
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Figure 5 The distribution of ADC values across benign and malignant
lesions. The red line and the notches show the median value and the
95% confidence interval for the median value. The bottom and top
edges of the box indicate the first and third quartile while the
whiskers extend to 1.5x the interquartile range.

ones. The present findings also showed that the presence of
choline and lipid peaks was suggestive of leiomyosarcoma.
Finally, the present results suggested that a combination of
MRS and ADC could be utilised to improve the specificity of
the benign/malignant classification.

Previously, it was shown that DWI and ADC can be uti-
lised for distinguishing benign conditions from the malig-
nancies in different organs such as breast'> and ovaries.'® It

o
3

o
o

True-Positive Rate (Sensitivity)

0.4
-
0.2
—ADC
. ‘ : Random‘-classifier
O0 0.2 0.4 0.6 0.8 1

False-Positive Rate (1-Specificity)

Figure 6 The ROC curve for ADC values.
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Table 3
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Performances of different variables in distinguishing malignant lesions from benign ones.

Variable (Cut-off Point)

Sensitivity (%)

Specificity (%)

NPV (%)

PPV (%)

Accuracy (%)

Signal intensity of T2
Signal intensity of T1

DWI restriction
MRS lipid

MRS choline
ADC
Combined*®

100 (95.6—100)
14.3 (8.5-22.6)
100 (95.4—100)
61.5 (48.4—73.3)
69.2 (56.1—80.1)
95.2 (88.5—98.6)
90.9 (79.9-97.0)

60.4 (78.6—45.7)
88.7 (98.6—42.9)
88.2 (98.5—84)
86.9 (99.8—80)
81.3 (97.5—69.2)
76.2 (91.2—62.5)
100 (92.5—100)

457 (36—55.6)

429 (33.4-52.9)
84.0 (75.1-90.4)
80.0 (67.7—88.9)
69.2 (56.1—80.1)
62.5 (52.3—71.8)
100 (92.5—100)

100 (95.6—100)

81.6 (72.6—88.4)
100 (95.4—100)

90.6 (79.9—96.6)
91.8 (81.3—-97.5)
98.6 (93.1—100)
98.0 (89.4—100)

76.2 (69.3—83.0)
79.0 (72.5—85.6)
96.0 (92.8—99.2)
88.9 (82.4—95.4)
87.1(80.1-94.1)
87.2 (81.6—92.6)
98.3 (95.1—100)

The sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), and accuracy are shown. The 95% confidence intervals for each
measure are shown in the parentheses. The highest value in each column is shown in bold.
2 A combination of ADC (whether the value is less than 1.06) and the MRS findings (the presence of a lipid or choline peak).

has also been utilised for distinguishing uterine sarcoma
from benign leiomyomas.'>'#?!~2*> The findings from the
present study also suggested the usefulness of DWIand ADC
for the leiomyosarcoma/benign leiomyomas classification.
Table 4 indicates how the results compared with the pre-
vious similar studies aimed at utilising DWI and ADC for
distinguishing benign leiomyomas from uterine sarcoma.
As shown, overall the present findings are coherent with
the existing literature and confirm the diagnostic value of
DWI and ADC for distinguishing uterine sarcoma from
benign leiomyomas. As it is indicated in Table 4, the main
strength of the present study was including the larger
number of malignant lesions. Moreover, the age of women
in benign and malignant groups matched in the dataset, this
makes the included samples more challenging regarding
making the preoperative diagnosis. In addition, the present
study differed from most of the previous studies regarding
the MRI system used as only one of the previous studies
utilised a 3 T unit for imaging.’*In the present study, all
diagnoses were confirmed with the pathologic analysis af-
ter hysterectomy; however, in24, only 35 benign cases

underwent hysterectomy, and hence the diagnosis
confirmed the histopathological analysis.

The present study showed that the presence of lipid and
choline peaks in MRS spectra was suggestive of the leio-
myosarcoma. This finding is in line with previous studies on
uterine masses>®>’ and confirms the efficacy of utilising
MRS for distinguishing benign from malignant uterine
masses; however, the sensitivity and specificity that were
achieved in the present study for benign/malignant classi-
fication were lower than that of two previous studies.>®>’
The difference could be due to variations in the nature of
the masses included in the study; they included both
endometrial and myometrial lesions whereas the present
study was limited to myometrial lesions.

In two previous studies,'>?? the diagnostic benefit of
combining T2-weighted and DWI images were investi-
gated. Thomassin-Naggara et al.'® achieved an overall
accuracy of 92.4% by combining T2-weighted, b=1000,
and ADC features. In addition, Namimoto et al.2> indicated
that a combination of ADC and T2-weighted sequences
obtained an accuracy of 100%. In the present study, the

Table 4
Comparison of the study’s findings regarding DWI and ADC analysis with that of similar studies.
Study Masses included in the study® Difference between Unit Main results
mean age”
14 10 leiomyosarcoma from 5 patients and 83 p<0.01 15T Sensitivity of 100%; specificity of 94%; PPV of
leiomyoma nodules from 76 patients 66.7%; NPV of 100%; overall accuracy of 94.6%
LS 26 benign leiomyoma and 19 malignant uterine p<0.0001 15T  High byggo signal intensity and mean ADC were
mesenchymal tumour (3 leiomyosarcomas) suggestive of malignancy
2 8 uterine sarcomas (4 leiomyosarcomas) and 95 Not stated 3T The mean ADC value differed significantly from
benign leiomyomas that of leiomyomas; however, there was a
considerable overlap
2 16 leiomyosarcoma and 26 degenerated p<0.001 15T The mean ADC value differed significantly from
leiomyoma that of leiomyomas. The sensitivity, specificity,
accuracy, PPV, and NPV were 100%, 90%, 93%, and
83% and 100% based onbg and 100%, 93%, 96%, and
90% and 100% based on b=1000
2 7 uterine sarcomas (5 leiomyosarcomas) and 51 Not stated 15T The mean ADC value differed significantly from
benign leiomyomas. that of leiomyomas; however, there was an overlap
This study 21 leiomyosarcoma from 14 patients and 81 p=0.25 3T The sensitivity, specificity, accuracy, PPV, and NPV

leiomyomas from 47 patients

based on ADC and the visual assessment of the
presence of restricted diffusion were 95.2%, 76.2%,
62.5%, and 98.6% and 100%, 88.2%, 84%, and 100%.

2 Number of leiomyosarcomas is shown in parenthesis where provided separately.

b If the mean age of the two groups differed significantly.
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added benefit of MRS to ADC in distinguishing benign
leiomyomas from uterine sarcoma was investigated with
the proposed framework shown in Fig 7. The present re-
sults showed that, at the expense of <5% drop in the
sensitivity, the specificity increased by approximately
24%. This finding was consistent with the studies on uti-
lising MRS for breast cancer, where it was shown that
MRS could be beneficial for improving the specificity of
malignancy detection.*®

The present study has a number of limitations. Firstly,
the present cohort might not representative of all benign
leiomyomas as only those patients who underwent hys-
terectomies were included. As the post-hysterectomy
histopathological examination is the reference standard
for benign/malignant differentiation, this limitation was
inevitable. Secondly, although the dataset was larger than
that of many previous studies, further verification of the
proposed framework on a larger dataset with more
borderline cases is required and conducting large-scale
prospective cohort studies could be a future step.
Thirdly, in the present study, a binary variable was used
for describing the status of lipid and choline peaks and
information about the magnitude of the peak was not
used. Further investigations on the magnitude of peaks
could be a potential avenue for the future work. In addi-
tion, the presence of restricted diffusion was visually
assessed by an expert radiologist, and hence, was subject
to inter- and intra-reader variability. In the future, these
variations should be studied.

In summary, the present study provided further verifi-
cation for the feasibility of using DWI and ADC in the

ADC<1.06

Presence of lipid peak? Malignant

Presence of choline peak? Malignant

Figure 7 The flowchart of the proposed framework for distinguishing
benign from malignant myometrial tumours by combining the ADC
value extracted based on DWI with MRS findings.

571.e17

preoperative differentiation of benign from malignant
myometrial tumours. The study also showed that the
presence of lipid or choline peaks was suggestive of leio-
myosarcoma. Finally, the efficacy of combining the ADC
with MRS results for differentiating benign myometrial le-
sions from malignant ones is also supported. Therefore, the
proposed framework has major implications for improving
the current management of uterine masses through the
non-invasive detection of benign cases that could be treated
less aggressively.
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