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Abstract: Transvaginal sonographic elastography can be used for the differentiation of malignant and benign lesions
in different systems. Recent studies on strain elastography showed that different endometrial tissues demonstrated
different stiffness characteristics. In this study, we aim to evaluate the diagnostic value of transvaginal sonographic
elastography to distinguish endometrial cancer from benign masses. A prospective study was conducted on patients
with suspected intracavitary uterine focal lesions, abnormal uterine bleeding for routine ultrasound examination of
the pelvis. A total of 217 patients were included and underwent both conventional B-mode sonography and elas-
tography. Endometrial lesions were categorized into 3 types for qualitative analysis and the strain ratio (SR) was
measured for quantitative analysis. Pathological examinations were also conducted to establish final diagnosis.
There were 104 patients diagnosed with endometrial cancer and 113 with benign lesions. All type 1 endometrial
lesions were diagnosed as benign, while 95.8% of type 3 were malignant. For quantitative elastography results,
the AUC for SR was 0.904 with 95% CI between 0.866 and 0.942. Using an ROC curve, the best cut-off SR value
was found to be 3.02 and it could achieve a sensitivity of 81.7%, a specificity of 85%, a positive predictive value of
83.3% and a negative predictive value of 83.5%. Our results suggested that transvaginal sonographic elastography
is a promising diagnostic tool for differentiating endometrial cancer from benign masses, and that SR has excellent
diagnostic performance.
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Introduction Among all the methods used in clinical practice
for diagnosis of endometrial pathologies, non-
invasive preoperative diagnostic techniques

are more favorable than other intra-operative

With bleeding being the major symptom, endo-
metrial cancer is one of the most commonly

seen gynecologic malignancies and poses
increasing threat to postmenopausal women in
developed countries [1]. The prognosis of the
disease depends largely on patient age, histo-
logical type, and the presence and grade of
invasion and metastases [2]. While the out-
come of endometrial cancer is generally good
with an overall 5-year survival rate in about
90%, if the patients are diagnosed at stage |.
Those patients with myometrial invasion or cer-
vical stroma invasion are usually with worse
prognosis [3]. Thus accurate diagnosis and
staging of the disease as well as proper selec-
tion of adjuvant therapy for endometrial cancer,
are of great importance in reducing the locore-
gional recurrence rate [4].

examinations since healthcare resources can
be optimized and surgery can be tailored to
avoid unnecessary morbidity [5]. Imaging has
always played an indispensable role in tumor
staging, treatment planning, treatment res-
ponse assessing and detecting recurrent dis-
ease. Due to wide availability, low cost and no
radiation, transvaginal ultrasound is the most
widely used imaging method to screen women
with endometrial carcinoma [6]. However, the
detection of lesions largely depends on the
skills and clinical experience of the examiner.
This makes conventional transvaginal ultra-
sound particularly prone to interobserver varia-
tion [7]. Thus, the application of a novel tech-
nique, which could both qualitatively and
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Table 1. Patient demographics and histopathological diagno-

sis (n = 217)

benign tumors. Thus, the aim
of this study is to evaluate the

Characteristics (n=113)

Benign Malignant
(n=104)

diagnostic performance of elas-
Pvalue tography in differentiating endo-

Age (years)

Weight (kg)

Height (cm)

Body mass index (kg/m?)
Final diagnosis; n (%)

Endometrial cancer -

Endometrial hyperplasia 48 (22.1)
Endometrial polyps 65 (30.0)
Endometrial thickness (mm) 72+51
Endometrial volume (cm?) 3.3+26
Strain ratio 2.8+1.3

439+61 56.2+54
71.2+104 73.5+9.8
159.2+5.3 158.1+5.7
32.7+14 342+18

104 (47.9)

19.8 £ 8.3

74 +£3.4
45+23

metrial cancer from benign mass-

< 0.001**
0.882 es. When available, the patho-
0.724 logical results are used as the
0'01* gold standard.
Materials and methods
Participants
< 0.001%* This cross-sectional study was
< 0.001%* conducted at the Department of
<0'001** Obstetrics and Gynecology, from

*p < 0.05; **p < 0.001.

quantitatively evaluate the tissue characteris-
tics, might enhance the diagnostic accuracy of
the disease.

Elastography is an ultrasound technology first
introduced in the 1990s and is known for being
able to sensitively and non-invasively assess
stiffness and the mechanical properties of tis-
sues [8]. The stiffness of the tissue can be esti-
mated either by evaluating the strain in the tis-
sue under stress, or by imaging the shear
waves and mechanical waves [9]. By using the
quasi-static method elastography, a compres-
sion is applied to the tissue to induce a color-
coded map of the strain and to visualize the
stiffness of the examined areas. With changed
elasticity in soft tissues, specific pathological
processes can be detected by elastography,
enabling the differentiation of solid tumors
from normal tissues. Potential clinical applica-
tions, like assessing the severity of liver fibrosis
and differentiating breast lesions [10], thyroid
nodules and prostate abnormalities, are pro-
posed by the guidelines published by the
European Federation for Ultrasound in Medicine
and Biology [11]. In obstetrics and gynecology,
possible uses of elastography include predic-
tion of preterm delivery [12, 13] and successful
labor induction [14, 15]. A real-time elasto-
graphical study [16] showed high agreement
with diagnosis related to magnetic resonan-
ce imaging for fibroids and adenomyosis.
Considering that endometrial cancer might
cause changes in tissue elasticity, elastogra-
phy can provide extra insights into differentiat-
ing between endometrial malignancies and
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November 2015 to September
2018. The study protocol was
approved by the local institutional
review board and written consent was obtained
from the subjects for this prospective study.

Subjects included women with suspected intra-
cavitary uterine focal lesions, abnormal uterine
bleeding and/or patients undergoing routine
ultrasound examination of the pelvis. They were
referred to the current study all subjects had
to go through a thorough process which includ-
ed an examination of their medical history,
complete general check up including gyneco-
logical examination and preliminary transvagi-
nal ultrasound. Subjects with intrauterine
lesions confirmed through B-mode sonography
were recruited, but those with uterine fibroids,
adenomyosis, uterine anomalies and use of
hormonal drugs within the past 3 months were
excluded.

Experimental design

On the day of admission to the hospital, all sub-
jects underwent a transvaginal sonographic
elastography to assess the intrauterine lesion
stiffness. Dilation and curettage (D&C) or hys-
teroscopy was conducted the following day
and the lesions were sent for pathologic exami-
nation to confirm the final diagnosis (patholo-
gists were blind to sonographic and elasto-
graphic findings).

Elastograms acquisition and analysis

All sonographic and elastographic examina-
tions were performed by the same radiologists
(Che and Wei) who have 10 years’ experience in

Am J Transl Res 2019;11(2):1049-1057



Elastography in endometrial cancer

Freq. penet

T200 / M5
P6 / LD1
PRF 25?12()‘1?

125°/ 11Hz
GYN1

%(-) 0.03 0.14
t 0.00 sec

r/\f/\

4
ratio(-) 5.13 100
t 0.00 sec

Har-mid
Gn 3
cg/M11
P3 /E1
-‘ /\/-/\_,\/
2 /
1 .......-...__-_-—_...

T AT

Figure 1. Transvaginal sonographic elastography image of a 52-year-old woman with thickened endometrium and
confirmed to be endometrial carcinoma. The right side shows the two images obtained by transvaginal sonographic
transducer. The upper shows the elastography mode while the lower shows the routine B-mode sonography. The two
circles represent the regions of interest (ROl) which were used for the calculation of strain ratio (SR). Green circle
(reference ROI) is placed on the endometrium and the yellow circle on the myometrium. The right lower side shows
the line graph obtained from the ROIs and indicates the SR of endometrial tissue versus myometrial tissue. This
lesion is predominantly blue thus was qualitatively categorized as type 3 with SR value of 5.13.

gynecology. A digital sonography scanner (Vo-
luson E8, GE Healthcare, Wisconsin, USA,
equipped with a 4.0-9.0 MHz multifrequency
transvaginal probe) to perform real-time tissue
elastography was used for both B-mode ultra-
sound and elastography to assess the endome-
trial thickness and endometrial volume. Dur-
ing the procedure, patients were asked to
breathe normally and the elastographic images
of the uterus were generated by the breathing
movements and arterial pulsation. The elastic-
ity of the regions of interest (ROIs) was assessed
by means of color-coded maps, with red as
soft, yellow as medium soft, blue as medium
hard and dark blue as hard. The percentages
of the different colors of the total area were
determined and lesions were classified qualita-
tively according to the dominant elastographic
color pattern: type 1, predominantly non-blue;
type 2, partly blue and partly non-blue and type
3, predominantly blue. ROIs were adjusted to
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include maximum homogeneous and thick tis-
sue to avoid the ROI bias. On average, 3 (range
2-5) clips and 4 (range 3-6) static images were
obtained for each subject. The strain ratio (SR)
was obtained to evaluate the stiffness of the
endometrium quantitatively. SR measurements
were performed at least 3 times by two inde-
pendent observers, based on different static
images. The average SR was recorded as the
final result.

Statistical analysis

For continuous variables, Kolmogorov-Smirnov
Test was performed. For comparisons between
endometrial cancer and different types of
benign lesions, student’s T-test was used. In
addition, receiver operating characteristics
(ROC) curve was fitted and the area under the
ROC curve (AUC) with 95% CI was determined
to find the cut-off SR value to differentiate
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Figure 2. Transvaginal sonographic elastography image of a 45-year-old woman with thickened endometrium and
confirmed to be endometrial polyps. This lesion is predominantly non-blue thus was qualitatively categorized as type

1 with SR value of 1.72.

between endometrial cancer and benign mass-
es. Sensitivity, specificity, positive predictive
value and negative predictive value were calcu-
lated respectively. For all statistical analyses,
level of significance was set at P < 0.05. SPSS
22.0 (SPSS, Chicago, IL) was used for all the
statistical analyses.

Results

A total number of 217 females (mean age: 47.9
+ 8.3 years) with confirmed pathological results
are included in the study (detailed demograph-
ics are summarized in Table 1). From 217 sub-
jects, 104 subjects (32 pre-menopausal and
72 post-menopausal) were confirmed to have
endometrial cancer (Figure 1), based on patho-
logical findings. Out of the remaining 113 sub-
jects, two types of benign endometrial lesions
were found: endometrial polyps (65 subjects
with mean age of 46.8 *+ 7.3 years) as shown
in Figure 2 and endometrial hyperplasia (48
subjects with mean age of 39.2 + 4.3 years)
as shown in Figure 3. Endometrial hyperplasia
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was confirmed after performing D&C in 31
patients and after hysterectomy in 17 patients.
Considering that surgical removal is not recom-
mended for benign lesions like endometrial pol-
yps, all cases were monitored over time and
patients were asked to go through routine ultra-
sound every 6 months.

Patients with endometrial cancer were signifi-
cantly older than those with benign endometri-
al lesions, with a significantly higher BMI (P =
0.01). Moreover, based on the endometrial
thickness and endometrial volume measured
by traditional B-mode sonography, patients
with endometrial cancer showed a significantly
higher value for both measurements.

With interpreting the results, Table 2 shows
the distribution of endometrial lesions accord-
ing to qualitative elastography and final diagno-
sis. All type 1 endometrial lesions were diag-
nosed as benign, while 95.8% of type 3 were
found to be malignant. Table 2 shows the SR
values of benign and malignant lesions, results
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Figure 3. Transvaginal sonographic elastography image of a 37-year-old woman with thickened endometrium and
confirmed to be endometrial hyperplasia. This lesion is predominantly non-blue thus is qualitatively categorized as

type 1 with SR value of 0.57.

Table 2. Qualitative and quantitative elastog-
raphy results of endometrial lesions

Elastographic Benign  Malignant

features (n=113) (n=104) ' value

Type 1 74(65.5) 0(0) <0.001**
Type 2 35(31.0) 13(12.5) < 0.001%*
Type 3 4(35) 91(875) <0.001**

Strain ratio 22+08 41+13 <0.001**
**p < 0.001.

obtained from a quantitative assessment of
elastography. Patients with endometrial cancer
had a significantly higher SR value (P < 0.001)
than patients with endometrial benign lesions.
The ROC curve is shown in Figure 4 and the
AUC for SR is 0.904 with 95% Cl between 0.866
and 0.942. Using an ROC curve, the best cut-off
SR value is 3.02 with a sensitivity of 81.7%,
specificity of 85%, positive predictive value of
83.3% and negative predictive value of 83.5%.

Discussion

To the best of our knowledge, this is the first
large-population study conducted with subjects
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of Chinese ethnicity, to evaluate the efficacy of
strain elastography for differentiating endome-
trial cancer from other benign endometrial
masses. Our study demonstrated that elastog-
raphy is a sensitive tool, complementary to tra-
ditional B-mode sonography in detecting en-
dometrial malignancies. By using strain elas-
tography, its derived SR value demonstrated
excellent performance in differentiating endo-
metrial cancer from benign lesions. Thus, elas-
tography is applicable to clinical practices and
can provide extra diagnostic accuracy in daily
work.

When endometrial lesions are suspected, D&C
and pathological examinations are usually
administered by clinicians to secure a definite
diagnosis [17, 18]. While cytology, biopsy and
D&C results are the universal gold standards
for establishing accurate diagnosis, these pro-
cedures are invasive and sometimes bring seri-
ous complications for patients with vaginal or
cervical stenosis [19, 20]. A significant number
of patients do not go through any pathological
testing. Thus, there are no treatment plans sug-
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Figure 4. Receiver operating characteristic curve
(ROC) for elastography strain ratio in differentiating
endometrial cancer from benign endometrial lesions.

gested or treatment received after the medical
examination, and this leads to a waste of medi-
cal resources. Thankfully, as a safe, accessible
and less expensive imaging method, sonogra-
phy has become the first-line diagnostic tool to
identify the cause of clinical gynecological
problems and avoid unnecessary procedures.

According to studies [21, 22] in the past, ultra-
sound measurement of endometrial thickness
was commonly used to triage patients with
abnormal uterine bleeding. In spite of the high
sensitivity involved with diagnosing endometri-
al cancer, measuring endometrial thickness
also has a well-defined false-negative rate. For
instance, Naftalin [23] reported two cases of
endometrial cancer that were found to have a
thin, normal endometrium detected after a tra-
ditional B-mode ultrasound. This suggested
that cancer may also originate from foci of ade-
nomyosis within the myometrium and has a
normal appearance of the endometrium. Thus,
measuring endometrial thickness is not enough
and may not detect all cases of endometrial
cancer. Thankfully, as an extension of conven-
tional sonography, elastography integrated with
conventional scanning is more powerful than
any single one of them. In clinical practices like
assessment of fibrosis in chronic liver diseas-
es, thyroid nodules detection, assessment of
gastrointestinal tract contractility, classifica-
tion of benign and malignant lymph nodes, and
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screening of prostate abnormalities, different
forms of elastography showed great potential
[14]. Further, in previous gynecological studies,
the diagnostic value of elastography in uterine
disorders was also investigated. For instance,
Lu [24] observed that the performance of elas-
tography in identifying cervical lesions that are
likely to be malignant was positive, and that SR
yielded the best results in differential diagnosis
of benign and malignant cervical lesions than
other elastic scores. When studying different
endometrial pathologies, Krzysztof [25] found
that atrophic and normal endometrial tissues
were the softest among all pathologies, fol-
lowed by endometrial polyps and hypertrophy.
Our study found that like other tumorous tis-
sues that are usually harder than the healthy
tissue, endometrial cancer demonstrated high-
est SR than other benign pathologies. Similar
results were shown in a recent study [26] that
although elastography was not capable of dis-
tinguishing different benign endometrial le-
sions, like endometrial polyps and endometrial
hyperplasia, it could sensitively detect endome-
trial pathologies with thickened endometrium
at an early stage. When distinguishing fibroids
and adenomyosis, elastographical results were
in full agreement with those of magnetic reso-
nance imaging [16].

In the past, applications of elastography which
were used to distinguish endometrial patholo-
gies, the tissue elasticity was only assessed
quantitatively by measuring the SR in ROIs. To
our knowledge, we are the first to characterize
the endometrial tissue elasticity both qualita-
tively and quantitatively. For qualitative analy-
sis, endometrial lesions were categorized into 3
types, based on the dominant elastographic
color patterns. This method was used in other
studies and demonstrated its accuracy in pre-
dicting benign and malignant lymph nodes [27,
28]. Owing to subjective interpretations, quanti-
tative method to assess SR is developed to
improve diagnostic accuracy and has shown
efficacy in benign/malignant differentiation in
previous studies [29, 30]. Mahmoud [31] found
that by using the SR value of 7.2 as the cut-off
value, elastography achieved the sensitivity
and specificity of 92.3% and 100% respectively
in differentiating endometrial carcinoma and
endometrial hyperplasia. Similarly, when distin-
guishing endometrial carcinoma from atypical
endometrial hyperplasia, Metin [32] observed
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a sensitivity of 92.9% and specificity of 71.9%
with SR value of 1.05. In the current study, we
included both endometrial hyperplasia and
endometrial polyps in benign endometrial
masses group. Although we were not able to
achieve the high sensitivity and specificity
described in Mahmoud’s study, the heteroge-
neity of tissue characteristics due to the inclu-
sion of more pathological types makes our
analysis more comprehensive in nature. By
using the cut-off SR of 3.02, our method could
distinguish endometrial cancer from two com-
monly seen benign endometrial masses and
achieve the sensitivity of 81.7% and the speci-
ficity of 85%, despite the very large patient pop-
ulation we have. Thus our study can be consid-
ered superior to past studies in some ways.

However, there are also several limitations to
this study. Firstly, this is a single centered study
with only 2 radiologists as operators and
observers. Thus, the inter-observer reliability of
current method is not tested. Nevertheless,
based on past quality rating studies, the inter-
and intra-rater reliability of elastography are
high and reached ICC = 0.84-0.95 and ICC =
0.77-0.94 respectively [33]. For examinations
conducted on different body sites, the interra-
ter reliability is high for 15 out of 17 body sites
with ICC = 0.613-0.916 [34]. Moderate or poor
interrater reliability has only been observed on
body site like fingers, which were all hard tis-
sues [34]. This issue will be addressed in a
future study of ours. Secondly, we did not fur-
ther stage the patients with endometrial cancer
to investigate the possible relations between
SR and malignancy staging. This would be a
very interesting topic to include in the future
studies. Thirdly, we did not compare the diag-
nostic performance of elastography with con-
ventional B-mode sonography. Although we
believe the combination of two methods offers
more diagnostic value than either one alone, it
would still be meaningful to study this topic.
Lastly, all the patients included in the current
study were selected based on B-mode findings
and this may yield potential selection bias.

Conclusion

In conclusion, transvaginal sonographic elas-
tography is a promising diagnostic tool, comple-
mentary to conventional sonography for differ-
entiating between malignant and benign en-
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dometrial lesions. Both qualitative and quan-
titative methods could be applied to improve
the diagnostic performance of elastography,
and SR has demonstrated good diagnostic
performance.
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