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Background: To explore the efficiency of transvaginal ultrasonography in
determining muscular infiltration of phase I endometrial cancer prognosis for
radiotherapy. Materials and Methods: A total of 96 phase I endometrial
cancer patients who were admitted between March 2018 and March 2020
were enrolled and transvaginal ultrasonography was applied for the diagnosis
of muscular infiltration. Demographic variables and radiotherapy outcomes
were recorded. We hypnotized that only patients with unfavorable profile of
sonography receive pelvic radiotherapy. Results: Patients with muscular
infiltration > 1/2 had much thicker endometrium than those with muscular
infiltration ≤ 1/2. the sensitivity, specificity, accuracy, positive predictive value
and negative predictive value of transvaginal ultrasonography in diagnosis of
muscular infiltration of phase I endometrial cancer versus surgery results
were 84.9%, 88.9%, 87.5%, 80.0% and 91.8%, while the consistency and
Kappa value between the transvaginal ultrasonography and pathological test
was 72.2% and 0.580. Positive Likelihood ratio of muscular infiltration more
than 1/2 was 2.10 (CI95%: 1.22 to 3.61), meaning that approximately 10
patients of 17 patients with muscular infiltration more than ½ would
experience radiotherapy later. Negative Likelihood ratio was 0.63 (CI95%:
0.44 to 0.91), meaning that approximately 10 patients of 15 patients with
muscular infiltration less or equal than ½ would not experience radiotherapy
later. Conclusion: Muscular infiltration of endometrial cancer in transvaginal
ultrasonography could be a reliable, simple, convenient and low-cost method
predicting the need for the external beam pelvic radiotherapy as an
unfavorable progression in endometrial cancer.
Keywords: Transvaginal ultrasonography, endometrial cancer, phase I, muscular
infiltration.

INTRODUCTION
Endometrial cancer, as a kind of endometrial
epithelial malignant tumor, ranks the third in the
tumor-related mortality rate in the tumors of
female reproductive system, only lower than the
ovarian cancer and cervical cancer (1). Peri- and
post-menopause women are the high-risk
population of endometrial cancer, and the
clinical prevalence of endometrial cancer
presents with the evident trend of increase.
Current evidence has shown that early diagnosis

and treatment can remarkably improve the
efficacy, and appropriate, in-time treatment
could increase the 5-year survival rate of
patients to 80% [2]. Hence, early diagnosis and
the appropriate, in-time surgical treatment are
quite important to the patients. Though uterus
curettage is one of the options for diagnosis of
endometrial cancer, it fails to reflect the range
and depth of lesions (2). Magnetic resonance
imaging (MRI), though it can reflect the degree
of muscular infiltration in uterus, has also been
limited in the application due to the high
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expense (3). Transvaginal ultrasonography can
display the size of infiltrated lesions and the
Doppler indicators of the local lesions, while the
depth of muscular infiltration affects directly the
prognosis of endometrial cancer patients, so it is
necessary to measure the depth of muscular
infiltration prior to the surgery (4).
Previous studies have used molecular
methods to determine the need for the
radiotherapy. Based on the PORTEC-3 trial,
patients with stages II and III and high-risk stage
I endometrioid endometrial cancer would need
radiation (5). Also, plenty studies have conducted
to demonstrate the imaging characteristics of
each stage of this cancer. High-risk lesions were
less prone to have normal endometrialmyometrial junction, larger, and more probable
to have non-uniform echogenicity compared to
low-risk tumors (6). This would be easy for
clinicians to decide radiotherapy initiation in
high-grade cancers; but, at early stages, the
decision would be doubtful.
Based on the PORTEC-2 trial, patients with
stage 1C grade 1/2, or 1B grade 3 cancer were
included in study. They randomly assigned
patients to groups receiving external beam
radiotherapy or vaginal brachytherapy (7) and
there were no definitive criteria to assign
patients for these treatments. While imaging
studies could be used to assess the response rate
to various treatments as those are reflections of
the pathological findings of the tumor; there is
no such progression risk analysis based on the
imaging methods even before surgery. Thus, in
this study, we investigated the efficiency of
transvaginal ultrasonography in diagnosis of the
depth of muscular infiltration of phase I
endometrial cancer and its association with the
later occurrence of a radiotherapy, and the
detailed information is reported as follow.

upon the results of pathological examination,
represented based on the FIGO staging (Ia/ Ib/
Ic). All patients were informed of the content of
this study and agreed to participate in this study,
and this study had been approved by the Ethical
Board of fourth hospital of Shijiazhuang. (Ethic
registration number: EC-2018-9)
Inclusion criteria was phase Ia/ Ib/ Ic
endometrial cancer diagnosed by pathology
findings in patients who had a surgery for the
tumor removal. Patients with the severe
disorders in liver or kidney, or in lactation
period were excluded from this study.
A Color Doppler Ultrasonography Device
(GE730, General Electric, USA) was used in this
study, with the frequencies of probe in the
abdomen and vagina being set between 2 and 5
MHz and 5.0 and 7.5 MHz. In brief, abdominal
ultrasonography was performed to detect the
anomalies in uterine adnexa and pelvic cavity,
and patients were then required to void the
bladder for vaginal ultrasonography. Coupling
agent was smeared on the vaginal probe that
was coated by the condom, and then the probe
was placed in the vagina for continuous
scanning procedures by adjusting the direction
and depth of probe. Myometrial depth of
infiltration was determined by experienced
expert to be lower or higher than 50%
infiltration (figure 1).
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MATERIALS AND METHODS
General data
A total of 96 phase I endometrial cancer
patients who were admitted to this hospital
between March 2018 and March 2020 were
enrolled into this study, and diagnosis was made
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Figure 1. Myometrial depth of infiltration more than 50%
Myometrial infiltration is shown in comparsion of the normal
view of the myometer with no infilteration.
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46 Gy, with 2 Gy fractions, 5 times per week
was prescribed as radiation therapy dosage for
patients who were detected eligible based on
the physicians
decision (external beam
radiotherapy machine, TSE: 6501, Hitachi Ltd.
Japan).
Criteria for evaluation
Evaluation of muscular infiltration: Depth of
infiltration refers to the thickness of normal
muscular layer minus the depth of infiltrated
lesion, and infiltration degree was presented
with the ratio of infiltration depth to the
thickness of normal muscular layer and
categorized into three degrees – 0, ≤ 1/2
and > 1/2.
For the criteria for evaluation of stage, phase
Ia referred to the patients with complete uterine
junction zone, or with complete enhanced zone
of endometrium in enhancement scan, where the
thickness of premenopausal endometrium > 10
mm or that of postmenopausal endometrium > 5
mm; phase Ib referred to patients with the
interruption of uterine junction zone, or with
coarse surface in enhancement scan, with the
signals reaching to the muscular layer ≤ 50%;
phase Ic referred to the patients with signals of
tumor reaching to the muscular layer > 50%.
We hypnotized that only patients with
unfavorable profile of sonography receive pelvic
radiotherapy and assessed the sonography
sensitivity and specificity.
Statistical analysis
Patients’ records were assessed for
demographic variables and performance of an
external beam pelvic radiotherapy based on the
tumor characteristics. SPSS 21.0 software was
utilized to perform the statistical analysis.
Measurement data were shown in form of mean
± standard deviation (SD), and the difference
between two groups was validated by the t test.
Enumeration data were shown in form of rate
(%), and the difference between two groups was
validated by the chi-square test. P < 0.05
suggested that the difference had statistical
significance.
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RESULTS
Patients aged between 34 and 59 years old,
with an average age of (48.1±2.3) years old. As
for the distribution of clinical manifestations,
there were 51 patients with postmenopausal
irregular bleeding, 37 with bleeding in the
reproductive age, 15 with the odor of vaginal
secretions and 7 with no obvious symptoms. For
the postoperative pathological examination,
there were 25 patients in phase Ia, 33 in phase
Ib and 38 in phase Ic. For the type of
endometrial cancer, there were 21 patients
with non-adenocarcinoma and 75 with
adenocarcinoma.
Comparison of the basic condition of patients
with different degrees of muscular infiltration
Patients with muscular infiltration > 1/2 had
much thicker endometrium than those with
muscular infiltration ≤ 1/2. As the histological
category escalated, proportion of patients with
muscular infiltration > 1/2 also increased, while
the proportion of those with muscular
infiltration ≤ 1/2 decreased evidently (all P <
0.05). Patients with the lymph node metastasis
had a higher proportion of muscular infiltration
> 1/2 than those with no lymph node metastasis,
while the proportion of muscular infiltration ≤
1/2 was much lower (all P < 0.05). For patients
with varying menopausal condition and
pathological types, the proportions of patients
with muscular infiltration > 1/2 or ≤ 1/2
showed no significant difference (P > 0.05;
table 1).
Analysis of the parameters of transvaginal
ultrasonography in evaluation of the
muscular infiltration in phase I endometrial
cancer
The sensitivity, specificity, accuracy, positive
predictive value and negative predictive value of
transvaginal ultrasonography in diagnosis of
muscular infiltration of phase I endometrial
cancer were 84.9% (28/33), 88.9% (56/63),
87.5% (84/96), 80.0% (28/35) and 91.8%
(56/61) (table 2).
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Table 1. Comparison of the basic condition of patients with different degrees of muscular infiltration [n (%)].

Clinical features
Thickness of endometrium (mm, mean ± SD)
Menopausal
Condition of
menopause
Non-menopausal
Adenocarcinoma
Pathological types
Non-adenocarcinoma
G1
Histological grades
G2
G3
Yes
Lymph node
metastasis
No

Muscular infiltration
> 1/2 (n = 33)
31.1±5.3
23(41.1)
11(27.5)
24(32.0)
9(42.9)
8(14.0)
14(60.9)
12(75.0)
11(73.3)
22(27.2)

Table 2. Analysis of the parameters of transvaginal
ultrasonography in evaluation of the muscular infiltration in
phase I endometrial cancer (n).
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Transvaginal
ultrasonography
>1/2
≤1/2
Total

Muscular infiltration
>1/2
≤1/2
Total
28
7
35
5
56
61
33
63
96

Analysis of the consistency in diagnosis of
phase I endometrial cancer with transvaginal
ultrasonography and pathological
According to the analysis, the consistency
and Kappa value between the transvaginal
ultrasonography and pathological test was
72.2% and 0.580 (table 3).
Radiotherapy receiving outcome
Considering the Muscular infiltration
more than ½ positive for Transvaginal
ultrasonography and Muscular infiltration ≤1/2
as negative, the Likelihood of the need for
external beam pelvic radiotherapy was assessed.
Based on the results, 21 patients who had
Muscular infiltration >1/2, and 19 patients with
muscular infiltration ≤1/2, received external
beam pelvic radiotherapy (table 4).
Based on the table 5 and figure 2, Positive
Likelihood ratio was 2.10 (CI95%: 1.22 to 3.61).
Negative Likelihood ratio was 0.63 (CI95%: 0.44
to 0.91).
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Muscular infiltration
≤ 1/2 (n = 63)
20.2±3.4
33(58.9)
29(72.5)
51(68.0)
12(57.1)
49(86.0)
9(39.1)
4(25.0)
4(26.7)
59(72.8)

t/c2

P

3.91 <0.05
1.48 >0.05
0.76 >0.05
21.68 <0.05
8.28 <0.05

Table 3. Analysis of the consistency in diagnosis of phase I
endometrial cancer with transvaginal ultrasonography and
pathological (n).

Transvaginal
ultrasonography
Ia*
Ib*
Ic*
Total

Ia
17
5
3
25

Pathological stages
Ib
Ic
Total
8
0
25
24
4
33
7
28
38
39
32
96

Note: according to FIGO staging Ia shows that tumor limited to one
ovary; capsule intact, no tumor on ovarian surface; no malignant cells
in ascites or peritoneal washings, Ib shows that Tumor limited to both
ovaries; capsules intact, no tumor on ovarian surface; no malignant
cells in ascites or peritoneal washings and Ic shows that tumor limited
to one or both ovaries with any of the subcategories below.

Table 4. Positive and negative transvaginal ultrasonography
vs. Radiotherapy occurrence.
Transvaginal
External beam pelvic radiotherapy
ultrasonography
yes
no
Total
for Muscular infiltration
>1/2
21
14
35
≤1/2
19
42
61
Total
40
56
96
Table 5. Likelihood ratio of test.

Positive Likelihood ratio
Posterior probability of
Positive test (odds)
Negative Likelihood ratio
Posterior probability of
Negative test (odds):

Value
2.10

95% CI
1.22 to 3.61

60% (1.5)

47% to 72%

0.63

0.44 to 0.91

31% (0.5)

24% to 39%
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Figure 2. Nomogram of the Likelihood ratio.

In this nomogram, the left, middle, and right
axes represent the pre-test probability,
likelihood,
and
post-test
probability,
respectively. To use this nomogram, the pre-test
and likelihood probabilities in the left and
middle axes get marked (left side). Then a
straight line from the mark on the left axis to the
mark on the middle axis and extended to the line
to the right axis is drawn. The location of the
intersection of this line and the axis on the right
will indicate the probability after the test.
Meaning that approximately 10 patients of 15
patients with muscular infiltration less or equal
than ½ would not experience radiotherapy later
and approximately 10 patients of 17 patients
with muscular infiltration more than ½ would
experience radiotherapy later.

DISCUSSION
While some scholars believe that in the early
stage of endometrial cancer, patients present
with the normal result in ultrasonography, with
no evident enlargement in uterus, so
ultrasonography is only suitable for patients
with tumor invasion into the muscle layer (8-10).
Nearly half of the endometrial cancer patients
Int. J. Radiat. Res., Vol. 19 No. 4, October 2021

are diagnosed in the postmenopausal period,
with the major clinical manifestation of vaginal
bleeding. As the prevalence of endometrial
cancer increases, a method that can reflect the
phase of endometrial cancer is of great
significance for the rational evaluation of
prognosis and appropriate treatment (11).
Especially for patients with phase I endometrial
cancer, accurate evaluation of the infiltration
depth of tumor into the muscle is key to the
selection of surgical methods.
As reported, no muscular infiltration and the
specified infiltration depth into the muscular
layer should be taken as the criteria for
evaluating the phase, where patients in phase Ia
have tumors in the endometrium, with no
infiltration into the muscular layer, patients in
phase Ib have tumors that infiltrate into the
superficial layer of muscle (≤50%), and those in
phase Ic have tumor infiltrating into the deep
layer of muscle (>50%) (12). Moreover, the
varying degrees of muscular infiltration in the
endometrial cancer patients affect the efficacy
and the risk of lymph node metastasis, where
patients in phase Ia usually are free from the
lymph node metastasis, patients in phase Ib have
incidence rate of 30% in lymph node metastasis
and those in phase Ic have incidence rate of over
50% in lymph node metastasis (13). Besides,
patients with the muscular infiltration have a
significant increase in the recurrence rate even
though they receive the appropriate therapy.
Therefore, early diagnosis and appropriate
treatment could maximize the survival time of
patients.
Our study showed that approximately 10
patients of 15 patients with muscular infiltration
less or equal than ½ would not experience
radiotherapy later after the surgery. Also, 10
patients of 17 patients with muscular infiltration
more than ½ would experience radiotherapy
later. Previous studies had attempts to predict
the need for radiotherapy based on the
molecular characteristics of the tumor.
Unfavorable profile of endometrial cancer
which
needs
external
beam
pelvic
radiotherapy was defined by van den et al. (14).
Molecular-integrated risk profile was suggested
by Wortman et al. also confirmed the worse
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condition of the patient and the need for the
radiotherapy. This was also confirmed in our
study; while we used sonography-integrated
risk profile (15).
MRI is believed to be an efficient tool in
evaluating the muscular infiltration, but due to
the high expense, a great number of patients
have to give up this choice. Transvaginal
ultrasonography possesses many advantages,
including the simple, convenient and repeatable
operation, high resolution, no invasion, low cost
and immunization from the effect of obesity and
intestinal gas (16). Besides, the multi-frequency
probe can display the ovary, uterus and the
adjacent tissues of patients clearly, while color
ultrasonography can reflect the changes in the
hemodynamics of patients, in which the
resistance of blood flow can be demonstrated by
the change in the frequency spectrum. Thus,
color doppler ultrasonography in combination
with the uterine curettage is the major way for
diagnosis of endometrial cancer (17).
Transvaginal ultrasonography is a kind of
non-invasive technique, and the high-resolution
probe can display the structure of uterus,
identify the muscular layers and endometrium
precisely and evaluate the muscular infiltration
of patients, thus providing solid evidence for the
staging of endometrial cancer. In the diagnosis
of phase I endometrial cancer, transvaginal
ultrasonography is the first choice for
preoperative examination (18-19).
In this study, we found that patients with
muscular infiltration >1/2 had much thicker
endometrium than those with muscular
infiltration ≤ 1/2. As the histological category
escalated, proportion of patients with muscular
infiltration >1/2 also increased, while the
proportion of those with muscular infiltration
≤1/2 decreased evidently (all P<0.05). Patients
with the lymph node metastasis had a higher
proportion of muscular infiltration >1/2 than
those with no lymph node metastasis, while the
proportion of muscular infiltration ≤1/2 was
much lower (all P < 0.05).
For patients with varying menopausal
condition
and
pathological
types,
the
proportions of patients with muscular
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infiltration >1/2 or ≤1/2 showed no significant
difference (P>0.05). Besides, the sensitivity,
specificity, accuracy, positive predictive value
and negative predictive value of transvaginal
ultrasonography in diagnosis of muscular
infiltration of phase I endometrial cancer were
84.9%, 88.9%, 87.5%, 80.0% and 91.8%, while
the consistency and Kappa value between the
transvaginal ultrasonography and pathological
test was 72.2% and 0.580. These findings are
consistent with the previous results (20).
In another study, Yela et al. showed that in
postmenopausal patients, ultrasonography has a
sensitivity of 99.0%, specificity of 19.0%, PPV of
96.1%, NPV of 50.0%, and accuracy of 95.3%,
and in contrast, hysteroscopy has a sensitivity of
96.7%, specificity of 86.9%, PPV of 99.2%, NPV
of 58.8%, and accuracy of 96.2% (21). However,
in the present study, we examined bedside
sensitivity.
Mohammad et al. conducted a study
comparing the diagnostic power and sensitivity
of
three-dimensional
and
hysteroscopic
transvaginal ultrasound in the diagnosis of
intrauterine lesions. In their study The
reliability, precision, positive predictive value,
negative predictive values and cumulative
overall
accuracy
of
Three-dimensional
transvaginal ultrasound for total irregular
outcomes was 89.13 %, 100 %, 100 %, 44.44 %
and 90 %, respectively, compared with the use
of hysteroscopy (22). In line with the results of
our study, the results of Mohammad et al. study
also show the high sensitivity of ultrasound in
the diagnosis of intrauterine lesions.
In another study 255 patients with
irregular uterine bleeding by ultrasound,
sonohysterography and operative hysteroscopy
were examined by El Tabbakh et al. Histological
examination revealed endometrial hyperplasia
in 70 patients where sensitivity, specificity,
positive predictive value, negative predictive
value and diagnostic accuracy were 77%, 94.6%,
84.4%, 91.6% and 89.8% for transvaginal
ultrasound and 95.7%, 96.8%, 91.8%, 98.35%
and 96.5% for sonohysterography ND 75.7%,
97.3%, 91.4%, 91.45,91.4% for hysteroscopy (23).
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CONCLUSION
Overall, Muscular infiltration of phase I
endometrial
cancer
in
transvaginal
ultrasonography could be assumed as an
indicator of radiotherapy requirement after
surgery in endometrial cancer research. Further
studies in clinical trials would help to determine
the benefits of taking muscular infiltration into
account as an indication of radiotherapy. But,
this approach for predicting the need for the
external beam pelvic radiotherapy as an
unfavorable progression in endometrial cancer
is simple, convenient and low-cost.
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