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ARTICLE INFO ABSTRACT

Keywords: Purpose: To determine the capabilities of MRI-based traditional radiomics and computer-vision (CV)
Uterus nomogram for predicting lymphovascular space invasion (LVSI) in patients with endometrial carcinoma
Endometrial neoplasm (EC).

I\N/l;ir:)egtr':r;esomnce Imaging Materials and methods: A total of 184 women (mean age, 52.9 9.0 [SD] years; range, 28-82 years) with EC

were retrospectively included. Traditional radiomics features and CV features were extracted from pre-
operative T2-weighted and dynamic contrast-enhanced MR images. Two models (Model 1, the radiomics
model; Model 2, adding CV radiomics signature into the Model 1) were built. The performance of the
models was evaluated by the area under the curve (AUC) of the receiver operator characteristic (ROC)
in the training and test cohorts. A nomogram based on clinicopathological metrics and radiomics signa-
tures was developed. The predictive performance of the nomogram was assessed by AUC of the ROC in
the training and test cohorts.
Results: For predicting LVSI, the AUC values of Model 1 in the training and test cohorts were 0.79 (95%
confidence interval [CI]: 0.702-0.889; accuracy: 65.9%; sensitivity: 88.8%; specificity: 57.8%) and 0.75
(95%Cl: 0.585-0.914; accuracy: 69.5%; sensitivity: 85.7%; specificity: 62.5%), respectively. The AUC values
of Model 2 in the training and test cohorts were 0.93 (95% CI: 0.875-0.991; accuracy: 94.9%; sensitivity:
91.6%; specificity: 96.0%) and 0.81 (95% CI: 0.666-0.962; accuracy: 71.7%; sensitivity: 92.8%; specificity:
62.5%), respectively. The discriminative ability of Model 2 was significantly improved compared to Model
1 (Net Reclassification Improvement [NRI]=0.21; P=0.04). Based on histologic grade, FIGO stage, Rad-
score and CV-score, AUC values of the nomogram to predict LVSI in the training and test cohorts were
0.98 (95% CI: 0.955-1; accuracy: 91.6%; sensitivity: 91.6%; specificity: 96.0%) and 0.92 (95% CI: 0.823-1;
accuracy: 91.3%; sensitivity: 78.5%; specificity: 96.8%), respectively.
Conclusions: MRI-based traditional radiomics and computer-vision nomogram are useful for preoperative
risk stratification in patients with EC and may facilitate better clinical decision-making.

© 2021 Société francaise de radiologie. Published by Elsevier Masson SAS. All rights reserved.

Computer vision

1. Introduction among females in developed countries with an estimated 320,000
new cases worldwide every year [1,2]. Women with early-stage EC
are treated mainly by surgery consisting of total hysterectomy and
bilateral salpingo-oophorectomy with or without lymphadenec-
tomy, and the overall survival is approximately 90%; adjuvant
radiotherapy is used for stage I-II patients with high-risk factors
and stage Ill lymph node-negative patients [2,3].

Lymphovascular space invasion (LVSI) is defined by the presence
of cancer in lymphatic and/or vascular spaces within the uterine
myometrium [4]. LVSI is an important prognostic factor and is

Endometrial cancer (EC) is the sixth most common malig-
nancy worldwide and the most common gynecological malignancy

Abbreviations: AUC, Area under the curve; Cl, Confidence interval; CV, computer
vision; DCE, Dynamic contrast-enhanced; DICOM, Digital imaging and medical com-
munications; EC, Endometrial carcinoma; IBSI, Image biomarker standardization
initiative; LVSI, Lymphovascular space invasion; MRI, Magnetic resonance imag-

ing; NRI, Net reclassification improvement; ROI, Regions of interest; ROC, Receiver
operating characteristic; SD, Standard deviation; T2WI, T2-weighted image.
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an independent risk factor for lymph node metastasis and poor
outcomes in EC [5]. As a positive LVSI status is associated with
a high rate of para-aortic lymph node metastases, preoperative
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clarification of LVSI status may aid in clinical treatment decision-
making, such as the resection of para-aortic lymph nodes, which
is needed in patients with LVSI-positive tumors. Therefore, it is
extremely important to assess LVSI accurately before surgery. In
routine clinical practice, magnetic resonance imaging (MRI) is
widely accepted as the imaging modality of choice for preopera-
tive assessment of EC, as it can accurately evaluate the extent of
local disease and depict extrauterine tumor spread [6,7]. However,
LVSI cannot be assessed by MRI or biopsy before surgery and can
currently be assessed only after surgical resection of the uterine
corpus [8].

Recently, the study of radiomics has become a hot sub-
ject of research. As a noninvasive, quantitative and low-cost
approach, radiomics can be used to evaluate tumor heterogene-
ity objectively and comprehensively by extracting and analyzing
high-throughput quantitative features from medical images (i.e.,
computed tomography, positron emission tomography or MRI)
through data characterization algorithms [9]. Radiomics can relate
image features to phenotypic or gene-protein features by build-
ing descriptive and predictive models, which have the potential
to provide valuable information for tumor detection, differen-
tial diagnosis, and therapeutic response assessment in oncology
[10-15]. However, most of the traditional radiomic features are
susceptible to noise and shallow and low-order image features,
which are defined by mathematical formulas [16]. Therefore, tra-
ditional radiomic features may not be sufficient to reveal tumor
heterogeneity and to predict LVSI in patients with EC. To over-
come these limitations, several new strategies such as computer
vision (CV) have been proposed. Computer vision features (CVFs),
which include local and global features, have been used widely
in traditional image processing [17]. Compared to traditional fea-
tures, CVFs have the advantages of being insensitive to noise as
well as rotation invariant. These advantages have the potential
to avoid the effects of noise that affect handcrafted features on
CVFs. In addition, CVFs have been used for disease diagnosis and
prognosis prediction in medical imaging [18,19]. To date, no stud-
ies study have used the CV signature for the prediction of LVSI in
EC.

The purpose of this study was to determine the capabilities of
MRI-based traditional radiomics and CV nomogram for predicting
LVSI in patients with EC.
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2. Materials and methods
2.1. Patients

This retrospective study was reviewed and approved by our
institutional review board, and written informed consent was
waived. From January 2014 to July 2020, 269 consecutive women
with suspected EC who had undergone pelvic MRI before treat-
ment were eligible for this study. Patients were excluded for the
following reasons:

e maximal tumor diameter of less than 1cm or tumors were not
visualized on MRI (n=60);

¢ lack of dynamic contrast-enhanced (DCE) imaging (n=5);

e motion artifacts affecting the focus of the lesion in MRI (n=5);

e lack of complete surgical pathology reports (n=38);

e preoperative neoadjuvant therapy or chemoradiotherapy (n=7).

The final study population comprised 184 women. A flowchart
ofthe patient demographics and exclusion criteriais showninFig. 1.

2.2. MRI protocol

All MRI examinations were performed with a 1.5-T MRI scan-
ner (Ingenia®, Philips Healthcare) by using an eight-element pelvic
phased-array surface coil. MRI imaging examination included axial
T1-weighted images; sagittal, axial oblique (perpendicular to the
long axis of the uterus) T2-weighted images without fat satura-
tion; axial T2-weighted fat-saturated images; and axial oblique DCE
images (three phases: 18, 55, and 120 seconds after injection). The
gadolinium-based contrast agent (gadoterate meglumine, Hengrui)
was intravenously injected at a dose of 0.2 mL/kg at a rate of 2 mL/s
with a power injector, followed by a 20 mL saline flush at a rate of
2mL/s (Table 1).

2.3. Image segmentation and feature extraction

Digital imaging and communications in medicine (DICOM)
images, including axial oblique T2-weighted and axial oblique DCE
(the second phase, 55 seconds after injection) images were down-
loaded from our picture archive and communication system for

269 women with suspected endometrial cancer who had

2014 to July 2020

undergone pelvic MRI before treatment between January

Excluded patients (n = 85)
Small tumor (< 1 cm) or not visible on MRI (n = 60)

MRI study without DCE (n =5)
MRI studies with severe motion artifacts (n = 5)
Lack of complete surgical pathology reports (n = 8)

Preoperative neoadjuvant therapy or chemoradiotherapy (n =7)

l 184 women ultimately enrolled into the study

Fig. 1. Flow chart shows selection process of the study population and exclusion criteria.
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Table 1

MRI protocol.
Parameters Axial T1 Axial T2 Axial SPAIR T2 Sagittal T2 Axial oblique T2 Axial oblique DCE
TR (ms) 520 3000 3371 4722 2565 5.5
TE (ms) 10 100 80 100 100 1.71
Number of slices 24 24 24 24 24 140
Thickness (mm) 8 8 8 3 3 3.5
Acquisition matrix 40 x 330 280 x 409 280 x 317 252 x 252 552 x 501 252 x 180
FOV (mm) 250 x 380 250 x 380 250 x 380 250 x 250 220 x 380 250 x 380
Interslice gap 0.8 0.8 0.8 0 0 1.75
NSA 1 1 1 1 1 1
Flip angle (°) 90 90 90 90 90 15

DCE: Dynamic contrast-enhanced; TR: Repetition time; TE: Echo time; FOV: Field of view; NSA; No. of signals acquired. The axial oblique plane was perpendicular to the long
axis of the uterus. Dynamic contrast-enhanced imaging was performed after intravenous administration of gadoterate meglumine (0.2 mL/kg) at a rate of 2 mL/s, followed

by a 20 mL saline flush.

radiomic feature extraction. Two radiologists (L.L. and L.J., with 11-
and 13 years of experience in pelvic MR imaging, respectively) used
a Philips Radiomics Tool for manual segmentation but were blinded
to the clinical and pathologic outcomes of the patients. The region
of interest (ROI) covered the whole tumor and was delineated on
both the T2-weighted and DCE images on each slice to generate two
three-dimensional segmentations of the entire tumor. Diffusion-
weighted imaging (DWI) was used as a reference for delineation.

According to the IBSI reference manual, image processing was
standardized using in-house software. First, all images were nor-
malized using the min-max scaling algorithm. Second, according to
the IBSI reference manual, the feature category was defined. A com-
plete set of radiomics features consisted of morphology (MORPH)
features, local intensity (LI) features, intensity-based statistics (IS,
STAT) features, intensity histogram (IH) features, intensity-volume
histogram (IVH) features, gray level cooccurrence matrix (GLCM,
CM) features, gray level run length matrix (GLRLM, RLM) features,
gray level size zone matrix (GLSZM, SZM) features, gray level dis-
tance zone matrix (GLDZM, DZM) features, neighborhood gray tone
difference matrix (NGTDM) features, and neighboring gray level
dependence matrix (NGLDM) features [20,21]. Third, the high-level
features were calculated using seven filters (including wavelet, log-
arithm, square, primitive, logarithm exponent, and square root). A
total of 2420 radiomic features were extracted from each patient
(Fig. 2). Four categories of CVFs were extracted from the segmented
images, including:

e Local binary pattern (LBP);

e Histogram of oriented gradients (HOG);
e Speeded up robust features (SURF);

e Haar-like features.

In total, 9806 CVFs were computed based on Python 3.7 (https://
www.python.org/) (Fig. 2).

To evaluate the reproducibility of the extracted feature values,
20 patients were randomly selected for tumor segmentation one
month later by the same and one other radiologist. They both had
no information or knowledge of the clinical and pathologic details.
Subsequently, intraobserver consistency analysis was performed
on the images drawn by the same radiologist, and interobserver
consistency analysis was performed on the images drawn by both
the radiologists.

2.4. Feature selection and model construction

The study population was randomly assigned to a training and
test group at a ratio of 3:1 by stepwise sampling. Feature selection
in the training group adopted a coarse-to-fine strategy. Mann-
Whitney U test or paired Student t test was performed to compare
the robust features between the LVSI-positive and LVSI-negative
groups. All imaging features were ranked in ascending order in
terms of the P-values of the features, and the top 5% were selected.
Then, Pearson correlation coefficient (r) was computed between

Feature Extraction

First Order
Shape
GLCM

< GLRLM
GLSZM
NGTDM
GLDM

Modeling Model Assessment

Features
Difference Test

Features
Correlation Detection

Fig. 2. Workflow of the model building process. Image segmentation was performed on dynamic contrast-enhanced (DCE) and T2-weighted (T2W) MR images. Tradi-
tional radiomics features were extracted from segmented images. For computer-vision features, images containing whole tumor were clipped from the segmented images.

Computer-vision features were extracted from the largest level of the tumor.
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each pair of features, with |r|>0.85 and smaller P-values detected.
Finally, the key features were detected for LVSI status prediction by
using the Boruta algorithm, which is based on random forest. The
feature selection strategy was applied to the handcrafted and CV
radiomics feature selection process.

With the key features, a radial basis function kernel support
vector machine (RBFSVM) was used to construct the models. A
traditional radiomics model (called Model 1) was built using the
handcrafted radiomics signature. Then, to evaluate the improved
performance of the CV radiomics signature, the CV radiomics sig-
nature was added to Model 1 to form Model 2. The models were
trained in the training group, and a 5-fold cross validation was used
to determine the parameters of the models.

2.5. Model performance assessment

Net Reclassification Improvement (NRI) was used to measure
the incremental prognostic value of model 2. Decision curve analy-
sis (DCA) was used to evaluate the clinical usefulness of the models.
The standardized net benefit (SNB) was derived from the decision
curve.

2.6. Histological diagnosis analysis

All patients were surgicopathologically staged according to the
2009 FIGO staging system [22]. Hysterectomy specimens were
sectioned along the longitudinal plane of the uterus, and myome-
trial invasion and cervical stromal invasion were estimated grossly
and confirmed microscopically according to standard criteria. The
uterus was sliced contiguously every 3-4 mm for pathologic anal-
ysis. Tumor histologic subtype, histologic grade (low, grade 1 or
2; high, grade 3 and nonendometrioid subtypes), presence of LVSI,
myometrial invasion, cervical stromal invasion and metastasis in
the sampled lymph nodes were confirmed microscopically.

2.7. Statistical analysis

All statistical analyses were performed with SPSS 22.0 soft-
ware (IBM Corporation). Quantitative data were expressed as
means £ standard deviation (SD) and ranges. Qualitative data
were expressed as raw numbers, proportions and percentages.
The two-way random effects model, single rater, absolute agree-
ment intraclass correlation coefficient (ICC) was used to assess
intraobserver and interobserver consistency, and an ICC > 0.75 was
considered to indicate good agreement [23]. Differences in cate-
gorical variables were searched for using Chi-square (x2) test and
Mann-Whitney U test was used for continuous variables. Receiver
operator characteristic (ROC) curves were used to evaluate the pre-
diction identification performance in each model. A nomogram
based on the Rad-score, CV-score and clinicopathological met-
rics was built into the training cohort to predict the potential for
LVSI of EC and validated in the test cohort. The diagnostic perfor-
mance of the nomogram was assessed using the ROC curve in the
training cohort and the test cohort. All tests were two sided, and
P-values <0.05 were considered to be significant.

3. Results
3.1. Patient characteristics and surgical-histological results

A total of 184 women with a mean age of 52.9+9.0 (SD) years
(range: 28-82 years) were included. All patients underwent total
hysterectomy, bilateral salpingo-oophorectomy and were surgico-
pathologically staged according to the 2009 FIGO staging system
[22]. Of the 184 patients, 132/184 (71.7%) were FIGO stage [,32/184
(17.4%) were FIGO stage II, 15/184 (8.2%) were FIGO stage III, and
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5/184 (2.7%) were FIGO stage IV. In terms of grade, 117/184 EC
(63.6%)were low grade and 67/184 (36.4%) were high grade. Patient
clinicopathological findings are reported in Table 2. There were
no significant differences between the two groups in terms of age
(P=0.276). The associations between LVSI and histologic grade and
FIGO stage were significant (P<0.001).

3.2. Interobserver agreement

The intraobserver ICCs ranged from 0.80 to 0.99. The interob-
server ICCs ranged from 0.78 to 0.89, indicating good interobserver
agreement.

3.3. Model development and performance

The key features of radiomics and CV are shown in Table 3.
The performances of each predictive model are shown in Table 4.
To predict LVSI, the AUC value of Model 1 in the training cohort
was 0.79 (95% confidence interval [CI]: 0.702-0.889). The accu-
racy, sensitivity and specificity values of Model 1 and corresponding
proportions and 95%Cl in the training cohort were as follows: accu-
racy, 65.9%(91/138; 95%Cl: 0.655-0.677); sensitivity, 88.8% (32/36)
[0.874-0.905]; specificity, 57.8% (59/102; 95%Cl: 0.576-0.603).
The AUC value of Model 1 in the test cohort was 0.75 (95% CI:
0.585-0.914). The accuracy, sensitivity and specificity values of
Model 1 and corresponding proportions and 95%Cl in the test cohort
were as follows: accuracy, 69.5% (32/46; 95%Cl: 0.670-0.710);
sensitivity: 85.7% (12/14; 95%Cl: 0.827-0.890); specificity: 62.5%
(20/32; 95%CI: 0.600-0.651). The AUC value of Model 2 in the train-
ing cohort was 0.93 (95% CI: 0.875-0.991). The accuracy, sensitivity
and specificity values of Model 2 and corresponding proportions
and 95%ClI in the training cohort were as follows: accuracy, 94.9%
(131/138; 95% CI: 0.945-0.955); sensitivity, 91.6% (33/36; 95% CI:
0.913-0.938); specificity: 96.0% (98/102; 95% CI: 0.954-0.964).
The AUC value of Model 2 in the test cohort was 0.81 (95% CI:
0.666-0.962). The accuracy, sensitivity and specificity of model 2
and corresponding proportions and 95%ClI in the test cohort were
as follows: accuracy: 71.7% (33/46; 95% CI: 0.700-0.741); sensitiv-
ity: 92.8% (13/14; 95% CI: 0.926-0.964), specificity: 62.5% (20/32;
95% CI: 0.604-0.655). After adding the CV signature to Model 1 to
form Model 2, the discriminative ability of Model 2 was significantly
improved compared to Model 1 (NRI=0.21, P=0.04).

3.4. Clinical utility

To provide clinicians with an easy-to-use tool, the histologic
grade, FIGO stage, Rad-score and CV-score were used to develop the
nomogram in the training cohort (Fig. 3). The Hosmer-Lemeshow
testindicated that there was no significant difference in each cohort
(training cohort, P=0.15; test cohort, P=0.81), indicating that the
nomogram was acceptable. The calibration curve of the nomo-
gram for the possibility of LVSI positive is shown in Fig. 4. The
DCAs indicated that model 2 and the nomogram were beneficial
for predicting LVSI; model 2 obtains a higher sNB than model 1
within certain ranges of the risk threshold (Fig. 5). The AUC values
of the nomogram for predict LVSI in the training and test cohorts
were 0.98 (95% CI: 0.955-1; accuracy: 91.6%; sensitivity: 91.6%;
specificity: 96.0%) and 0.92 (95% CI: 0.823-1; accuracy: 91.3%; sen-
sitivity: 78.5%; specificity: 96.8%), respectively.

4. Discussion

In our study, we developed and validated predictive models for
LVSIin patients with EC, including model 1 (traditional handcrafted
radiomics signature), model 2 (CV radiomics signature was added
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Table 2
Characteristics of 184 women with endometrial carcinoma.
Variable LVSI (+) (n=50) LVSI (=) (n=134) P-value
Age (years) 53.3+8.5[33-82] 53.6+9.1[28-81] 0.276
Grade (%) <0.001
Low grade 19 (19/50; 38.0%) 98 (98/134; 73.1%)
High grade 31(31/50; 62.0%) 36 (36/134; 26.9%)
FIGO stage (%) <0.001

I 24(24/50; 48.0%)

1l 11 (11/50; 22.0%)
1 11 (11/50; 22.0%)
v 4(4/50; 8.0%)

108 (108/134; 80.6%)
21(21/134; 15.7%)
4(4/134; 3.0%)
1(1/134; 0.7%)

LVSI: lymphovascular space invasion; FIGO: International Federation of Gynecology and Obstetrics classification. Quantitative variables are expressed as means + standard
deviation; numbers in brackets are ranges. Qualitative data are expressed as raw numbers; numbers in parentheses are proportions followed by percentages. Bold indicates

significant P values.

Table 3
Features for constructing model.

Traditional radiomic features

CV Features

Feature name
DCE_-WaveletFirstOrder-wavelet-LLH_TotalEnergy
DCE_WaveletGLCM_wavelet-LLH_Correlation
DCE-WaveletFirstOrder-wavelet-LLH-Minimum
DCE_LogarithmGLDM_logarithm_SmallDependenceHighGrayLevelEmphasiss
DCE_LogarithmGLDM _logarithm_LargeDependenceLowGrayLevelEmphasis
DCE_LogarithmFirstOrder_logarithm_Range
DCE_SquareRootFirstOrder_squareroot_TotalEnergy
DCE_LogarithmGLSZM_logarithm_GrayLevelNonUniformityNormalized
DCE_LogarithmFirstOrder_logarithm_Median
T2WI_LogarithmGLRLM_logarithm_GrayLevelNonUniformityNormalized
T2WI_LogarithmNGTDM_logarithm_Coarseness

DCE_haar2059
DCE_haar3718
DCE-haar2217
DCE_haar2558
DCE_haar2933
T2WI_haar2288
T2WI_haar3999
T2WI_haar2324
T2WI_haar4005
T2WI_haar2151
T2WI_haar3658

CV: computer-vision; DCE: Dynamic contrast-enhanced; T2WI: T2-weighted image.

Sensitivity? Specificity?

Table 4
Performance of two predictive models in the training and test groups.
AUC (95% CI) Accuracy?
Model 1
Training group 0.70 [0.702-0.889] 65.9 (91/138) [0.655-0.677]
Test group 0.75[0.585-0.914] 69.5 (32/46) [0.670-0.710]
Model 2
Training group 0.93[0.875-0.991] 94.9 (131/138)[0.945-0.955]
Test group 0.81 [0.666-0.962] 71.7 (33/46) [0.700-0.741]

88.8 (32/36) [0.874-0.905]
85.7 (12/14) [0.827-0.890]

57.8 (59/102) [0.576-0.603]
62.5 (20/32) [0.600-0.651]

91.6(33/36) [0.913-0.938]
92.8 (13/14) [0.926-0.964]

96.0 (98/102) [0.954-0.964]
62.5 (20/32) [0.604-0.655]

AUC: Area under the receiver operating characteristic curve; CI: Confidence interval.

2 Accuracies, sensitivities and specificities are expressed in percentages; numbers in parentheses are proportions; numbers in brackets are 95% confidence intervals.

to model 1 to form model 2). Our findings suggest that the pre-
dictive value of model 2 for LVSI is higher than that of model 1,
indicating that the addition of CV features can improve the predic-
tion ability of LVSI in patients with EC.

LVSI is an independent prognostic for EC. Some previous stud-
ies reported that the 5-year survival rates of LVSI-positive and
LVSI-negative patients were 64.5% and 83%, respectively, and
deaths occurred in 26.7% of the patients with clinical stage I dis-
ease who had LVSI, compared with 9.1% in those without LVSI
[24,25]. Predicting LVSI before surgery is important, as it can avoid
overtreatment and lead to the selection of appropriate personal-
ized treatment options, such as the resection of para-aortic lymph
nodes [26]. As a noninvasive examination method, MRl is currently
the main preoperative assessment method for EC. However, LVSI
cannot be assessed by MRI or biopsy before surgery and can be
assessed only after surgical resection of the uterine corpus.

In our study, we extracted traditional handcrafted radiomics
features and CVFs of primary tumors and constructed a radiomics
model to investigate the potential to predict LVSI in EC. T2W and
DCE images can accurately delineate tumor boundaries. Hence, we
extracted quantitative radiomic features of tumors using both T2W
and DCE images.

Ueno et al. used an MRI-based radiomics model to identify LVSI
in EC [27]. For identifying LVSI, the AUC and accuracy values were
0.80 and 76.6%, respectively. Although the effect of their hand-
crafted radiomics model was superior to model 1 of our research,
their results lack an independent validation set for model valida-
tion. In contrast, arecent study by Bereby-Kahane et al. explored the
capabilities of MRI-based texture analysis features to identify LVSI
in EC, obtaining an AUC of 0.59 (sensitivity = 71%; specificity = 59%),
suggesting that the predictive value of texture analysis for LVSI is
limited [28]. The reason for this contradictory conclusion may be
that this study included only 73 patients [28].

CVFs have been used widely in image processing. Some stud-
ies have suggested that CV features are valuable for predicting
lymph node metastasis and disease diagnosis [17,18,29]. In our
study, we extracted CVFs for the first time to build a model for
predicting LVSI in EC. When the CV radiomics signature was added
to the traditional radiomics signature, model 2 achieved encourag-
ing performance in both the training cohort (AUC=0.93) and the
test cohort (AUC=0.81). The value of model 2 in predicting LVSI
was higher than that of model 1, and the discriminative ability of
model 2 was significantly improved compared to that of model
1 (NRI=0.21; P=0.04). Our decision curve showed that model 2

459



L.Long,].Sun, L. Jiangetal.

Diagnostic and Interventional Imaging 102 (2021) 455-462

0 10 20 30 40 50 60 70 80 90 100
Points L . L L . L 7 ) L L :
Radscore
0.12 0.18 024 03 0.36
CVscore T T T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
2
FIGOstage r - : !
1 3
High
HistologicGrade ~
Low
Total Points T T T T T T T 1
0 20 40 80 100 120 140 160
Risk r T T )
0.01 0.1 0.53 0.95

Fig. 3. Figure shows nomogram for predicting lymphovascular space invasion in patients with endometrial carcinoma.

can add more benefit to predicting LVSI than model 1, and it
may be supported as a potentially useful tool to help treatment
decision-making in clinical settings. The reason is that local fea-
tures of CV excel in low computational complexity, since there
is no prelearning process, no additional parameters to learn and
they are highly robust to noise. A recent study carried out by
Kailasam et al. also pointed out that local feature-based CV has
the potential to provide relevant candidate diagnosis results for
radiologists, which indicates that CV may make full use of texture,
shape, and contour information to quantify the heterogeneity of
tumors [29]. A previous study showed that CV features extracted
from CT images combined with traditional radiomic features had
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Fig. 4. Graph shows calibration curve of the nomogram.

potentially improved survival prediction ability in patients with
esophageal squamous cell carcinoma [17].In brief, the CV radiomics
signature may be able to obtain more detailed information about
tumors that cannot be mathematically defined.

Furthermore, we developed and validated a nomogram that
incorporates the four items of Rad-score, CV-score, histologic grade,
and FIGO stage, which showed excellent discrimination in the train-
ing and validation cohorts with AUCs of 0.98 and 0.92, respectively.
The nomogram associated these independent variables and evalu-
ated the risk of LVSI-positive status in each patient, which may
facilitate better clinical decision-making. Luo Y et al. developed a
nomogram algorithm consisting of the Rad-score, age, and tumor
grade, which showed good predictive ability in predicting LVSI of
EC preoperatively and presented AUCs of 0.820 and 0.807 in the
training and test cohorts, respectively [30]. Compared with the pre-
vious study, a newly added CV score to our nomogram model, and
the diagnostic efficacy of our nomogram model is higher than that
of the previous study.

There are some limitations to our study. First, MR images did not
include DWI, and DWI is more likely to produce artifacts because
of the influence of the pelvis, so the inclusion of DWI analysis may
be counterproductive. Second, all data in the present study were
derived from the same institution, which needs to be further ver-
ified by multiple center validations. In the future, an attempt will
be made to explore the performance of adding this factor in our
research.

In conclusion, this study added the CV signature to develop a
nomogram model for LVSI in patients with EC, which showed better
predictive performance and clinical applicability.
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