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*e predictive values of region of interest (ROI) target detection algorithm-based radiomics for endometrial cancer (EC) lymph
node metastasis was investigate in this work. 143 patients with EC admitted by hospital were selected as the research objects and
divided randomly into a training group (group A) and a test group (group B). *ey received preoperative pelvic-enhanced
magnetic resonance imaging (MRI) scanning. *e ROI algorithm was applied to extract features to construct an EC lymph node
radiomics model that was compared with a comprehensive prediction model of EC lymph node. *e receiver operating
characteristic (ROC) curve was employed to evaluate the diagnostic efficiency of the radiomic model and comprehensive
predictive model. Results showed that both the radiomics model (area under the curve (AUC) of group A� 0.875 and AUC of
group B� 0.882) and comprehensive predictionmodel (AUC of groupA� 0.917 and AUC of group B� 0.893) had good predictive
effects, and effect of the latter was markedly better than that of the former. It indicated that radiomics parameters of ROI target
detection algorithm were effective markers for preoperative prediction of EC lymph node metastasis, and its comprehensive
prediction model could play a guiding role in clinical decision-making.

1. Introduction

EC is a very common gynecological malignant tumor [1, 2].
In developed countries such as the United States, EC is the
fourth largest cancer after breast, lung, and colorectal cancer
[3]. *e incidence of EC in China is also increasing year by
year, and it is getting younger and younger. Although it is
still more common in older women and its mortality is
increasing, it is also being diagnosed among younger and
younger women. *us, EC has brought a great threat to the
health of women in China [4]. EC is featured with high
heterogeneity, and the prognosis of different risk stratifi-
cations is also different. Lymph node metastasis, myometrial
infiltration, pathological grading, and age are the main
factors affecting the prognosis, so the clinical treatment
decisions are influenced by them to a certain extent [5].
Besides, low to moderate risk of EC can be treated non-
surgically. Radiation and chemotherapy can also play a

therapeutic role. *e main treatments for EC are total
hysterectomy and bilateral salpingo-oophorectomy [6].
However, there are complications in surgical treatment, and
not many people really suffer from lymph node metastasis.
Most patients can be diagnosed early based on postmeno-
pausal vaginal bleeding of EC, but it is not appropriate for all
patients to take lymph node dissection. How to take an
effective diagnosis method to accurately evaluate the lymph
node metastasis of EC is of great significance to the treat-
ment decision of patients with EC.

Clinically, imaging diagnosis technology is mainly used
for preoperative evaluation of EC. Pelvic-enhanced MRI is a
common diagnostic method [7, 8], but its sensitivity to the
identification of lymph node metastasis needs to be im-
proved. In recent years, the emergence of radiomics has
become a new way to solve the prediction of lymph node
metastasis. *e important idea of radiomics is that medical
images are not only pictures but also data [9]. At present,
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radiomics is widely applied in the tumor research, such as
tumor staging, efficacy evaluation, and prognostic analysis,
and it is extensively used in diseases such as nonsmall cell
lung cancer, cervical cancer, and pulmonary nodules
[10, 11]. Existing studies have constructed preoperative
prediction models of lymph node metastasis for colorectal
cancer and bladder cancer based on radiomics, which
suggests that radiomics technology has reliable clinical value
for lymph nodemetastasis prediction. Radiomics technology
involves image acquisition, identification, and segmentation
of volumes of interest, extraction and analysis of quantitative
features, and the development of classification or prediction
models. Compared with traditional medical image vision,
the in-depth mining of medical images by radiomics tech-
nology makes feature acquisition more effective, relatively
objective, and rich in feature types. Moreover, image seg-
mentation is to delineate ROI for subsequent feature ex-
traction [12].

Based on the feature location of the MRI target image,
the ROI area of image was established in this study to achieve
the purpose of target detection. *erefore, ROI target de-
tection algorithm imageomics was proposed and applied to
the prediction and analysis of EC lymph node metastasis, so
as to provide theoretical basis for clinical imaging diagnosis
of EC and preoperative evaluation.

2. Materials and Methods

2.1. Research Objects. 143 patients with EC were selected as
the research objects received, who were admitted to hospital
from October 2016 to October 2019. *e age of the patients
ranged from 51.24 years to 57.93 years, with an average age
of 53.82± 3.76 years. *is experiment had been approved by
the Ethics Committee of the hospital, and the patients in-
cluded in the study had known and agreed.

*e criteria for inclusion were defined to include patients
who were diagnosed as EC, underwent MRI examination
(sequence parameters of Tl weighted imaging + contrast
enhanced imaging (T1WI+C), T2 weighted imaging
(T2WI), and diffusion weighted imaging (DWI) are shown
in Table 1), had the lymph node dissection results, and had
complete clinical data.

*e criteria for exclusion were defined to include pa-
tients who suffered from cervical cancer, had a history of
nonsurgical treatment, had negative lymph node metastasis,
had poor quality of MRI image, possessed the unstan-
dardized MRI sequence, and had incomplete clinical data.

2.2. MRI Imaging Based on ROI Target Detection Algorithm.
*e ratio of positive and negative lymph node patients
included in the study was generally 1 : 3–1 : 4, which was the
best. *e research objects in this study were retrieved from
the Department of Medical Records and Pathology. A total
of 153 patients were retrieved from positive patient database,
and 50 cases of them could retrieve pelvic-enhanced MRI
images through picture archiving and communication
system (PACS). *en, 33 cases of them were obtained
through the inclusion criteria limited machine scanning. In

addition, a total of 1,065 patients were retrieved from
negative patient database, and the pelvic-enhanced MRI
images of 496 cases could be retrieved through PACS. Fi-
nally, 383 cases were selected after the scanning of inclusion
criteria limited machine.

All relevant data of the selected patients were collected,
and manual reading was adopted during the collection
process. *ose that did not meet the inclusion criteria would
be excluded. *e collected information was as follows. First
one was the MRI images and related reports of patients, and
the report should have the artificial evaluation of the pa-
tient’s lymph node metastasis state and myometrial infil-
tration. Second one was the clinically basic information,
mainly including the age of patients, carbohydrate antigen
125 (CA125), and biopsy pathological types. *ird one was
macropathological lymph node metastasis. *en, a database
was established after information was collected, and the
standards of inputting data included the following. First one
was that the exact age of patients should be recorded. Second
one was the values of CA125. If there was an increase before
the surgery, it was recorded as “1;” if the value was within the
normal range, namely, CA125≤ 35U/mL, it was recorded as
“0.” *ird one was the preoperative biopsy results. It was
recorded as “1” if the patient was at high risk, and “0” should
be given if the patient was at low risk. Fourth one was the
MRI imaging results. If the image presented possible lymph
node metastasis, it was recorded as “1;” if the patient’s lymph
node state was normal, it was recorded as “0;” if the lymph
node state was not mentioned in the MRI examination
result, it was also recorded as “0;” “1” would be given if it
indicated that the myometrium was infiltrated; in addition,
“0” would be recorded if this phenomenon did not occur.
Fifth one was the outcome of macropathological lymph
nodes. If metastasis occurred, it was recorded as “1,” and “0”
would be given if there was no metastasis. *e above five
aspects of data needed to be complete, and the information
of a patient would not be input if any item was omitted. In
the end, 26 patients were selected from the positive patient
database and 302 patients were chosen from the negative
patient database. A simple random sampling was used for
the negative patient database, and finally, 142 patients were
selected.

*e pelvic MRI images of all patients were downloaded
from PASC, ITK Snap 3.8.0 software was employed to de-
lineate ROI, and the primary lesion of EC was used as ROI.
*e MRI scanning sequence included axial view (T1WI,
T2WI, T1WI+C, and DWI), coronal view (T1WI +C), and
sagittal view (T2WI and T1WI+C). In this study, the MRI
images were selected to delineate the lesion area and then
transferred to the postprocessing workstation to obtain the
analog-to-digital converter (ADC) images. Because of the
full-layer delineation method applied in this study, the re-
sults obtained from different orientations of the same se-
quence were almost the same.*erefore, each sequence only
needed to choose one orientation and the final lesion de-
lineation selected sagittal T2WI and sagittal T1WI+C in this
study. Based on the above, the EC lesions were delineated by
sagittal T2WI, sagittal T1WI+C, and axial ADC. *e pa-
tients should be excluded if their images had poor image
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quality and could not be delineated during this process.
Finally, 25 positive cases and 118 negative cases were se-
lected, with a total of 143 patients.

2.3. Radiomics Analysis. *e obtained 143 patients were
grouped randomly into group A and B. Furthermore, there
were 95 patients in group A and 48 patients in group B. After
imaging analysis, the process was shown in Figure 1.

First, there was image feature extraction, and T2WI,
T1WI +C, and ADC sequences were extracted to all obtain
524 3-dimensional (3D) features in turn. A total amount of
3D features was 1572 (�524× 3), of which 16 were first-order
statistical features, 456 were wavelet features, 6 were mor-
phological features, and 46 were texture features. After
feature screening, the screening process was shown in
Figure 2.

Finally, the model was constructed and evaluated.
*rough the construction and analysis of the logistic re-
gression model, the patient’s Radiomic score was obtained
and could represent the prediction probability value of the
radiomics model of lymph node metastasis. In addition, it
could be expressed as

Radiomic signature �
1

1 + e
− radiomic score. (1)

*en, the basic information of patients in group A was
for the clinical information screening that was adopted by
the forward stepwise regression method. *e marked dif-
ference of pathological features obtained after screening
included CA125 and preoperative biopsy pathology
(P< 0.05), as shown in Table 2.

On the basis of the radiomics model constructed above,
the new comprehensive prediction model for lymph node
metastasis was established by combining with the clinical
information screening. *e ROC curve was applied to assess
the diagnostic performance of the EC radiomics model and
comprehensive predictive model, including AUC, sensitiv-
ity, specificity, and accuracy.

2.4. Statistical Analysis. SPSS20.0 statistical software was
used for analysis, measurement data were expressed as the
mean± standard deviation (‾x± s), and Mann–Whitney U
test was used for comparative analysis. Besides, the count
data was represented by percentage (%) and compared and
analyzed between groups by χ2 test. If P< 0.05, the differ-
ence was statistically substantial.

3. Results

3.1. Basic Information of Patients in the TwoGroups. *e 143
patients with EC were selected and divided randomly into

group A and B, and there were 95 patients in group A and 48
patients in group B. Table 3 shows the basic conditions of
patients with EC in group A and B. It was found that the age
of EC patients in group A was 51.24–57.89 years, with an
average age of 53.27± 4.65 years. *ere were 22 cases with
elevated values of CA125 and 73 cases with normal values of
CA125. Besides, 31 cases had high-risk preoperative biopsy
results and 64 cases had low-risk preoperative biopsy results.
*e macropathological results of 18 cases showed positive
and those of 77 cases displayed negative. 4 patients might
suffer from lymph node metastasis, 32 patients had multiple
small lymph nodes, and 59 patients were normal or not

Table 1: MRI detection sequence information.

Sequence Orientation *ickness of layer (mm) Time of repetition (TR)/time of echo (TE) (msec) B value (sec/mm2) Matrix
DWI Axial view 5 4800/96 600 192×128
T2WI Sagittal view 5 3120/88 — 192× 320
T1WI+C Sagittal view 5 130/1.2 — 192× 288

MRI image feature extraction

Feature screening

T2WI T1WI + C ADC

Radiomics model construction

Clinical information screening

Comprehensive prediction model
construction

Model evaluation and verification

Figure 1: Radiomics analysis process.

Image feature z-score
standardization

Wilson rank
sum

test, P < 0.05

Spearman
correlation
coefficient

Use decision
tree to rank
importance

Figure 2: Image feature screening process.
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mentioned. In addition, there were 8 cases with deep
myometrial infiltration and 87 cases with shallow or no
myometrial infiltration.

In group B, patients were 52.48–57.93 years old, with an
average of 54.01± 3.98 years. *e CA125 values of 9 cases
were increased and 39 cases had normal values of CA125.
*e macropathological results of 10 cases reflected positive
and those of 38 cases displayed negative. *ere were 3 cases
with lymph node metastasis perhaps, 18 cases with multiple
small lymph nodes, and 27 cases with normal or unmen-
tioned. Moreover, 2 patients were for deep myometrial
infiltration and 46 were for shallow or no myometrial in-
filtration. Compared with the distribution of the above six
features of EC patients in group A and B, the difference was
not statistically obvious (P> 0.05).

3.2. MRI Imaging Features of Patients with Endometrial
Cancer. Figure 3 indicated the MRI imaging features of
patients with EC. It revealed that the imaging features were
mainly as follows. *e image of T1WI examination showed
iso-signal, the image of T2WI examination displayed en-
dometrial signal slightly lower than the normal, the image of
DWI presented that the tumor signal was risen and its ADC
value was reduced, and the image of T1WI+C reflected that
the degree of enhancement in the delayed stage was sharply
lower than that of the endometrium.

3.3. Comparison of Model Prediction Efficiency. *e ROC
curve method was applied to assess the diagnostic efficacy of
the radiomics model and the comprehensive prediction
model of EC lymph node metastasis, and the detailed results
are shown in Figures 4–9. Figures 4 and 5 indicate that the
AUC values of the radiomics model in group A and B were
73.4 and 89.2 in sequence, while the AUC values of the

comprehensive prediction model in group A was 79.2 and
that of group B was 66.9. *erefore, the training results and
test results were similar to the prediction performance re-
sults of the two models. Both the radiomics model and the
comprehensive prediction model had good predictive ef-
fects, and the comprehensive prediction model had better
prediction performance in contrast to the radiomics model.
Figures 6–9 showed that the radiomics model in group A
had an accuracy of 82.1%, a specificity of 84.7%, and a
sensitivity of 73.4% for predicting lymphatic metastasis of
endometrial cancer, while the accuracy, specificity, and
sensitivity of the comprehensive prediction model were
87.9%, 90.2%, and 79.2% in turn. Furthermore, the accuracy,
specificity, and sensitivity of the radiomics model in group B
were 83.8%, 82.3%, and 89.2% in turn for EC lymphatic
metastasis prediction. Moreover, the comprehensive pre-
diction model had an accuracy of 83.5% for endometrial
cancer lymphatic metastasis prediction, a specificity of
86.8%, and a sensitivity of 66.9%.

4. Discussion

EC is the most common malignant tumor of the female
reproductive tract inWestern countries [13]. EC patients are
classified into different risk categories based on histopath-
ological tumor type and grading and depth of myometrial
infiltration. *e International Federation of Obstetrics and
Gynecology (FIGO) system is used for EC to have surgical
staging. Since FIGO (2009) staging is related to prognosis,
preoperative staging is essential for tailored treatment. MRI
plays a crucial role in the evaluation of EC and cervical
cancer, from detection to evaluation of recurrent disease.
MRI shows the depth of myometrial infiltration, which is
correlated to tumor grading and lymph nodemetastasis, so it
is associated with prognosis [14]. Radiomics is very

Table 2: Screening of clinical information for EC patients.

Item Age CA125
MRI

Biopsy pathological type
Lymph node metastasis Myometrial infiltration

P 0.1254 0.0032 0.8721 0.1432 0.010

Table 3: Basic information of patients with EC in the two groups.

Group A (n� 95) Group B (n� 48) P

Age (years old) Range 51.24–57.89 52.48–57.93 0.654Average 53.27± 4.65 54.01± 3.98

CA125 Elevated 22 9 0.209Normal 73 39

Preoperative biopsy results (number of cases) High risk 31 10 0.072Low risk 64 38

Macropathological results (number of cases) Positive 18 10 0.306Negative 77 38

State of lymph node (number of cases)
Metastasis perhaps 4 3

0.423Multiple small lymph nodes 32 18
Normal/not mentioned 59 27

Myometrial infiltration (number of cases) Deep 8 2 0.213Shallow or none 87 46
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promising in tumor screening, early diagnosis, accurate
grading and staging, and treatment and prognosis. It is
helpful for tumor diagnosis and prediction [15]. *e
radiomics based on the ROI target detection algorithm was
employed in this study to predict and analyze the focal
metastasis of EC, and the radiomics model and compre-
hensive prediction model were constructed, suggesting that
the radiomics model (AUC of group A� 0.875 and AUC of
group B� 0.882) and the comprehensive prediction model
(AUC of groupA� 0.917 and AUC of group B� 0.893) could
have great predictive effects.

*e assessment of lymph node metastasis is very vital for
the treatment decision and prognosis prediction of EC. De
et al. [16] adopted radiomics technology for the construction
of positron emission tomography (PET) EC lymph node
metastasis prediction model, and the results showed that this
method could improve the sensitivity of lymph node staging
detection and better provide stratified treatment options for
patients. However, PET is not a routine examination for EC,
and the sensitivity of routine MRI is low. Xu et al. [17]
explored the role of prediction models based on magnetic
resonance images and clinical parameters in the prediction
of EC lymph node metastasis, extracted 4,179 radiological
features to establish the clinical models, radiomics models,
and two combined models. *e results suggested that these
four models had the ability to predict lymph node metas-
tasis.*e combinedmodels were in the training group (AUC
was 0.892 and 95% CI was 0.834–0.951) and in the test group
(AUC was 0.883 and 95% CI was 0.786–0.980) showed the
best recognition ability. In the analysis of the ROI target
detection algorithm-based radiomics, 1,572 3D features were
extracted in this study, of which 16 were first-order statistical
features, 456 were wavelet features, 6 were morphological
features, and 46 were texture features. Moreover, the models
could meet both the specificity and sensitivity at the same
time. In group A, the radiomics model had an accuracy of
82.1%, a specificity of 84.7%, and a sensitivity of 73.4% for
predicting lymphatic metastasis of EC; the accuracy, spec-
ificity, and sensitivity of the comprehensive prediction
model for predicting lymphatic metastasis of EC were 87.9%,
90.2%, and 79.2%, respectively. *e accuracy of the radiomic

(a) (b) (c)

Figure 3: MRI images of patients with EC: (a) the image after DWI examination; (b) the image after T2WI examination; and (c) the image
after T1WI +C examination.
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Figure 4: ROC curve analysis results of group A.
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Figure 5: ROC curve analysis results of group B.
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model for predicting lymphatic metastasis of EC was
83.8% in group B, its specificity was 82.3%, and its sen-
sitivity was 89.2%; the comprehensive prediction model
for EC lymphatic metastasis prediction had an accuracy of
83.5%, a specificity of 86.8%, and a sensitivity of 66.9%.
*e comprehensive prediction model had better diag-
nostic performance in group A and B in contrast to the
radiomics model, which was consistent with the research

results of Xu et al. (2019). It revealed that the evaluation of
the disease required a combination of clinical, imaging,
and pathological information. Among the five clinical
pathological information evaluated in this study, CA125
and preoperative biopsy pathological results were obvi-
ously different (P< 0.05) and were included in the com-
prehensive prediction model. *is suggested that CA125
and preoperative biopsy pathological results were im-
portant risk factors for lymph node metastasis in EC,
which was in accord with the findings of previous studies
by Ünsal et al. [18] and Li et al. [19]. *e insignificant
differences in the other four clinical pathological infor-
mation might also be caused by the limited number of this
study or other factors, which still should be further
confirmed by subsequent research.

5. Conclusion

In order to investigate the application values of the ROI
target detection algorithm in the prediction of EC lymph
node metastasis, the EC radiomics model and compre-
hensive prediction model were constructed in this study. It
was found that the diagnosis efficacy of the comprehensive
prediction model was superior to the radiomics model,
indicating that the parameters of the ROI target detection
algorithm-based radiomics were effective preoperative
prediction markers for EC lymph node metastasis, and its
comprehensive predictionmodel could play a guiding role in
clinical decision-making. However, there were still some
shortcomings in this study. For example, the number of
samples was limited and geographical factors were not
considered, and other factors were not included, such as
cervical involvement, human epididymis protein 4 (HE4),
and genetic markers. In the future, the number of samples
should be increased, the scope of the experiment should be
expanded, and the discussions of influence on factors, such
as cervical involvement, HE4, and genetic markers. To sum
up, the results of this study could provide a reference for the
prediction of lymph node metastasis of EC before surgery.

Data Availability

No data were used to support this study.

0.0
0.1
0.2

0.80

0.85

0.90

0.95

1.00

AU
C

Group A Group B

Radiomics model
Comprehensive prediction model

Figure 7: Comparison on AUC values of different prediction
models.

0
10
20
60

70

80

90

100

Se
ns

iti
vi

ty
 (%

)

Group A Group B

Radiomics model
Comprehensive prediction model

Figure 8: Comparison on sensitivity of different prediction
models.

Group A Group B
0

10
20
80

85

90

95

Radiomics model
Comprehensive prediction model

Sp
ec

ifi
ci

ty
 (%

)

Figure 9: Comparison on specificity of different predictionmodels.

0
10
20
80

82

84

86

88

90

Pe
rc

en
ta

ge
 (%

)

Group A Group B

Radiomics model
Comprehensive prediction model

Figure 6: Comparison on accuracy of different prediction models.

6 Scientific Programming



Conflicts of Interest

*e authors declare that they have no conflicts of interest.

References

[1] M. Habiba, N. Pluchino, P. Petignat, P. Bianchi, I. A. Brosens,
and G. Benagiano, “Adenomyosis and endometrial cancer:
literature review,” Gynecologic and Obstetric Investigation,
vol. 83, no. 4, pp. 313–328, 2018.

[2] M. E. Urick and D. W. Bell, “Clinical actionability of mo-
lecular targets in endometrial cancer,”Nature Reviews Cancer,
vol. 19, no. 9, pp. 510–521, 2019.

[3] M. M. Braun, E. A. Overbeek-Wager, and R. J. Grumbo,
“Diagnosis and management of endometrial cancer,” Amer-
ican Family Physician, vol. 93, no. 6, pp. 468–474, 2016.

[4] K. Moore and M. A. Brewer, “Endometrial cancer: is this a
new disease?” American Society of Clinical Oncology Educa-
tional Book, vol. 37, pp. 435–442, 2017.

[5] R. A. Brooks, G. F. Fleming, R. R. Lastra et al., “Current
recommendations and recent progress in endometrial can-
cer,” CA: A Cancer Journal for Clinicians, vol. 69, no. 4,
pp. 258–279, 2019.

[6] M. Janda, V. Gebski, L. C. Davies et al., “Effect of total lap-
aroscopic hysterectomy vs total abdominal hysterectomy on
disease-free survival among women with stage I endometrial
cancer,” Journal of the AmericanMedical Association, vol. 317,
no. 12, pp. 1224–1233, 2017.

[7] S. Nougaret, M. Horta, E. Sala et al., “Endometrial cancer MRI
staging: updated guidelines of the european society of uro-
genital radiology,” European Radiology, vol. 29, no. 2,
pp. 792–805, 2019.
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