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The lymphovascular invasion (LVI) status facilitates the determination of the optimal
therapeutic strategy for superficial esophageal squamous cell carcinoma (SESCC), but
in clinical practice, LVI must be confirmed by postoperative pathology. However, studies
of the risk factors for LVI in SESCC are limited. Consequently, this study aimed to identify
the risk factors for LVI and use these factors to establish a prediction model. The data of
516 patients who underwent radical esophagectomy between January 2007 and
September 2019 were retrospectively collected (training set, n=361, January 2007 to
May 2015; validation set, n=155, June 2015 to September 2019). In the training set, least
absolute shrinkage and selection operator (LASSO) regression and multivariate analyses
were utilized to identify predictive factors for LVIin patients with SESCC. A nomogram was
then developed using these predictors. The area under the curve (AUC), calibration curve,
and decision curve were used to evaluate the efficiency, accuracy, and clinical utility of the
model. LASSO regression indicated that the tumor size, depth of invasion, tumor
differentiation, lymph node metastasis (LNM), sex, circumferential extension, the
presence of multiple lesions, and the resection margin were correlated with LVI.
However, multivariate analysis revealed that only the tumor size, depth of invasion,
tumor differentiation, and LNM were independent risk factors for LVI. Incorporating
these four variables, model 1 achieved an AUC of 0.817 in predicting LVI. Adding
circumferential extension to model 1 did not appreciably change the AUC and
integrated discrimination improvement, but led to a significant increase in the net
reclassification improvement (p=0.011). A final nomogram was constructed by
incorporating tumor size, depth of invasion, tumor differentiation, LNM, and
circumferential extension and showed good discrimination (training set, AUC=0.833;
validation set, AUC=0.819) and good calibration in the training and validation sets.
Decision curve analysis demonstrated that the nomogram was clinically useful in
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both sets. Thus, it is possible to predict the status of LVI using this nomogram scoring
system, which can aid the selection of an appropriate treatment plan.

Keywords: superficial esophageal squamous cell carcinoma, lymphovascular invasion, risk factor, nomogram,

prediction model

INTRODUCTION

Esophageal cancer is the seventh most common malignancy in
the world (1). For the histopathological type of esophageal cancer,
adenocarcinoma account for the majority in western countries,
while esophageal squamous carcinoma is the predominate type in
China (2, 3). Intraepithelial (Tis), mucosal (T1a), and submucosal
(T1b) esophageal squamous cell carcinoma (ESCC), irrespective
of lymph node metastasis (LNM), are considered to be superficial
esophageal squamous cell carcinoma (SESCC), lack any subjective
symptoms, and are associated with a good outcome (4). It is
thought that the most effective treatment for esophageal cancers is
radical esophagectomy, even for cancers confined to the mucosa
(5, 6). However, esophageal cancer has high recurrence rate after
radical surgery because of its aggressiveness. Even for the SESCC,
postoperative recurrence still happen after esophagectomy with
lymph node dissection, remaining the poor prognosis (7, 8).

Lymphovascular invasion (LVI) means tumor cells are
present in blood vessels or lymphatics and is only confirmed
by histopathological methods (9), which plays an important role
in tumor metastasis. Thus, LVI may have significant prognostic
value for patients with cancer (10). Indeed, the negative
prognostic significance of LVI has been confirmed in breast
cancer (11), lung cancer (12), and gastrointestinal tract cancers
including esophageal cancer (13-15). Especially, the unfavorable
impact of LVI on the postoperative tumor recurrence was also
reported (16). However, studies of the risk factors for LVI in
SESCC are limited. Therefore, in this study, we aimed to
determine the risk factors for LVI in patients with SESCC and
establish a nomogram to predict the LVI status to facilitate the
selection of an appropriate therapeutic strategy for individuals
with esophageal cancer.

METHODS

Patient Selection and Data Collection

Between January 2007 and September 2019, the data of patients
with histopathologically-confirmed esophageal cancer (Tis or T1
stage) who underwent esophagus resection at Zhejiang Cancer
Hospital were retrospectively analyzed. The exclusion criteria
were (1) patients who received chemotherapy or radiotherapy
before surgery (2); patients with a history of other malignancies
or incomplete data; and (3) patients with basaloid squamous cell
carcinoma, adenosquamous carcinoma, sarcomatoid carcinoma,
neuroendocrine carcinoma, or spindle cell carcinoma. The final
eligible patients with SESCC who were admitted between January
2007 and May 2015 were assigned to the training set and those
admitted between June 2015 and September 2019 were assigned

to the validation set. The flowchart of patient selection is
summarized in Figure 1.

Patients Evaluation Before Surgery

Before the operation, the esophagus cancer diagnosis must be
confirmed by biopsy and clinical stage need to be evaluated by
CT or endoscopic ultrasonography (EUS). Also, the cardio-
pulmonary function was evaluated by cardiac ultrasound
and pulmonary function test to make sure the patients
can tolerate the operation. Finally, some laboratory
examinations such as blood routine examination, liver and
kidney function, coagulation function, HIV infection, viral
hepatitis, and syphilis were evaluated pre-operatively.

Histopathological Evaluation

Surgical specimens were fixed with formaldehyde and were then cut
serially to make slices. The intervals between the tumor tissue and
adjacent normal tissues in the slices were 2-5 mm. Tumors that
exceed the muscularis mucosa were considered as submucosal
invasion (17). We then classified the location of esophageal
cancer according to the guidelines of the American Joint
Committee on Cancer (18). The portion of the esophagus
extending from the entrance of the thoracic cavity to the
bifurcation of the trachea is considered the upper esophagus, the
section from the trachea bifurcation to the distal esophagus (above
the esophagogastric junction) is regarded as the middle esophagus,
and the intra-abdominal portion of the esophagus and the junction
of the esophagus and stomach constituted the lower esophagus.

Statistical Analysis

Continuous variables are expressed as the median (range) and
were compared using the Mann-Whitney test. Categorical
variables were compared using the y test or Fisher’s exact test.
All variables that were significantly associated with LVI in
univariate analysis were candidates for stepwise multivariate
logistic analysis. The least absolute shrinkage and selection
operator (LASSO) method was used to select the most
significant predictive features (19, 20). LASSO regression was
performed to identify variables with non-zero coefficients using
R with the glmnet package. The integrated discrimination
improvement (IDI) is the difference in the discrimination
slopes for a prediction model with and without one variable,
which indicates whether the discrimination slope of a model will
improve if one important parameter is added. The net
reclassification improvement (NRI) is an index that attempts
to quantify how well a new model correctly reclassifies subjects.
Typically, this comparison is between an original model and a
new model (the original model plus one additional component)
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Patients with esophageal cancer (Tis or T1 stage) treated with
esophagectomy (n=649, January 2007 to September 2019 )

Excluded (n=51)

(1)Patients with chemotherapy or/and
| radiotherapy before surgery (n=21)

Y

Eligible patients (n=598)

Excluded (n=82)

”| (2)History of other malignancies (n=8)
(3)Incomplete data (n=22)

(1)Basaloid squamous cell carcinoma (n=40)
(2)Adenosquamous carcinoma (n=9)
(3)Sarcomatoid carcinoma (n=14)

Y

\4

(4)Neuroendocrine carcinoma (n=16)
(5)Spindle cell carcinoma (n=3)

Final enrolled patients with superficial

esophageal squamous cell carcinoma (n=516)

Y

Y

Training set: n=361
(January 2007 to May 2015)

Validation set: n=155
(June 2015 to September 2019 )

FIGURE 1 | Flowchart of patients included in the analysis.

(21, 22). The IDI and NRI were calculated using R, version 4.0.3
with the PredictABEL package.

According to the results of multivariate logistic regression
analysis, we used R software (version 4.0.3) with the rms package
to formulate a nomogram. The nomogram can proportionally
convert each regression coefficient in the logistic regression to a
scale of 0 to 100 points (23). The points of each independent
variable were summed and the predicted probabilities were
derived from the total points. The area under the curve (AUC)
and calibration curve were used to assess the predictive
performance of this nomogram. In order to evaluate the
clinical utility of the nomogram, decision curve analysis (DCA)
was performed using R with the rmda package. In all analyses,
P<0.05 was considered to indicate statistical significance. All
analyses were performed using SPSS version 22.0 (SPSS Inc,
Chicago, Ill) and R, version 4.0.3.

RESULTS

Clinicopathological Characteristics

The clinicopathologic characteristics of the 516 included patients are
listed in Table 1 and did not significantly differ between the training
(n=361) and validation (n=155) sets. The median age of patients in
the training set was 61 (22-78) years and in validation set was 62

(44-79) years. 303 males (83.9%) and 58 females (16.1%) were
included into the training set, and 137 males (88.4%) and 18 females
(11.6%) were included into validation set. Histopathologically-
confirmed LVI was found in 40 patients (11.1%) and 15 patients
(9.7%) in the training and validation sets, respectively. The median
tumor size was 3 cm in both the training set and the validation set.
According to the depth of tumor invasion, 81 patients (22.4%) had
mucosal cancer and 280 (77.6%) had submucosal cancer in the
training set. In the validation set, 37 patients (23.9%) had mucosal
cancer and 118 (76.1%) had submucosal cancer. LNM was found in
87 patients (24.1%) in the training set and 38 patients (24.5%) in the
validation set.

Independent Risk Factors for LVI

Comparisons of the clinicopathological characteristics between
the LVI-positive and -negative groups are summarized in Table
2. Variables such as tumor size, tumor invasion depth, tumor
differentiation, and LNM, were significantly associated with the
LVTI according to the univariate analysis (Table 2). However, age,
sex, circumferential extension, tumor location, the presence of
multiple lesions, and the resection margin were not correlated
with LVI. Furthermore, ROC curve analysis indicated that the
tumor size cutoff value was 2.5 c¢m in training set (Figure S1).
Tumor size, tumor invasion depth, tumor differentiation, and
LNM were identified as independent predictive factors of LVI in
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TABLE 1 | Participant characteristics.

TABLE 2 | Clinicopathologic findings according to lymphovascular invasion in
training set.

Variables Training set Validation set P
(n=361) (n=155) Variables LVI(-) (n=321) LVI(+) (n=40) P
Sex, n(%) 0.223 Gender, n(%) 0.362
Male 303(83.9) 137(88.4) Male 267(83.2) 36(90.0)
Female 58(16.1) 18(11.6) Female 54(16.8) 4(10.0)
Age(years), median(range) 61(22-78) 62(44-79) 0.107 Age(years), median(range) 61(22-78) 58(48-76) 0.260
Tumor size(cm), median 3(1-9) 3(1-11) 0.116 Tumor size(cm), median(range) 3(1-9) 4(2-7) 0.042
(range) Circumferential extension, n(%) 0.456
Circumferential extension, n 0.343 <1/2 257(80.1) 34(85.0)
(%) >1/2 64(19.9) 6(15.0)
<1/2 291(80.6) 119(76.8) Location within esophagus, n(%) 0.797
>1/2 70(19.4) 36(23.2) Upper 14(4.4) 1(2.5)
Location within esophagus, 0.341 Middle 229(71.3) 28(70.0)
n(%) Lower 78(24.3) 11(27.5)
Upper 15(4.2) 3(1.9) Depth of invasion, n(%) 0.005
Middle 257(71.2) 108(69.7) Mucosa 79(24.6) 2(5.0)
Lower 89(24.6) 44(28.4) Submucosa 242(75.4) 38(95.0)
Depth of invasion, n(%) 0.732 Tumor differentiation, n(%) 0.007
Mucosa 81(22.4) 37(23.9) Carcinoma in situ 13(4.0) 0(0)
Submucosa 280(77.6) 118(76.1) Well 64(19.9) 4(10.0)
Tumor differentiation, n(%) 0.215 Moderate 163(50.8) 16(40.0)
Carcinoma in situ 13(3.6) 3(1.9) Poor 81(25.2) 20(50.0)
Well 68(18.8) 30(19.4) LNM, n(%) <0.001
Moderate 179(49.6) 66(42.6) No 258(80.4) 16(40.0)
Poor 101(28.0) 56(36.1) Yes 63(19.6) 24(60.0)
LVI, n(%) 0.756 Macroscopic type, n(%) 0.222
No 321(88.9) 140(90.3) | 134(41.7) 22(55.0
Yes 40(11.1) 15(9.7) Il 175(54.5) 16(40.0)
Macroscopic type, n(%) 0.771 Il 12(3.7) 2(5.0)
| 156(43.2) 64(41.3) Multiple lesions, n(%) 0.069
Il 191(52.9) 83(53.5) No 299(93.1) 34(85.0)
Il 14(3.9) 8(5.2) Yes 22(6.9) 6(15.0)
Multiple lesions, n(%) 0.996 Resection margin, n(%) 0.632
No 333(92.2) 143(92.3) RO 308 39
Yes 28(7.8) 12(7.7) R1 13 1
LNM 0.919 . )
No 274(75.9) 117(75.5) LVI, meﬁgvascu/ar II’IVaSI‘Oﬂ,' LNM, Lymph node metastaSIIS,"
Yes 87(24.1) 38(24.5) /= supen‘/crval and protrudmg type; Il = .f/at t)fpe; Il = superficial .and excavgted type;
. . P: Categorical variables—j° test or Fisher's exact test; Continuous variables—Mann-
Resection margin, n(%) 0.419 Whitney test.
Y
RO 347(96.1) 162(98.1) The bold values mean statistical significance.
R1 14(3.9) 3(1.9)

LVI, lymphovascular invasion; LNM, Lymph node metastasis;

| = superficial and protruding type; Il = flat type; lll = superficial and excavated type,

P: Categorical variables— ) test or Fisher’s exact test; Continuous variables —Mann-
Whitney test.

the multivariate analysis (Table 3). The LVI rates according to
the risk factors based on the results of multivariate logistic
analysis are summarized in Tables S1 and S2. Patients with
tumors of >2.5 cm in size, submucosal invasion, LNM, and poor
tumor differentiation seemed to have high LVI rate.

Identification of Predictive Factors by
LASSO Regression

In total, 11 characteristics were analyzed by LASSO regression in the
training set, and seven candidate variables were determined to be
associated with LVI (Figure 2). The weights for each factor associated
with LVI were obtained by calculating the coefficients when log
(A) = -1.961 and A = 0.0109 in the LASSO regression model (Figures
2A, B). The coefficients for each parameter were as follows: -0.0546
for sex, 0.9130 for tumor size, 0.4897 for circumferential extension,
0.8064 for depth of invasion, 1.3439 for LNM, 0.6298 for tumor
differentiation, and 0.0693 for multiple lesions.

TABLE 3 | Multivariate logistic analysis of risk factors for lymphovascular
invasion in training set.

Factors B OR 95% CI P
Tumor size
<2.5cm Reference
>2.5cm 1.159 3.186 1.348-7.532 0.008
Depth of invasion
Mucosa Reference
Submucosa 1.583 4.871 1.082-21.925 0.039
Tumor differentiation
Well or Carcinoma in situ -1.619 0.198 0.059-0.659 0.008
Moderate -0.906 0.404 0.182-0.896 0.026
Poor Reference
LNM
No Reference
Yes 1.422 4145 1.991-8.629 <0.001
Multiple lesions, n (%)
No Reference
Yes 0.231 1.260 0.411-3.859 0.686

LNM, Lymph node metastasis; | = superficial and protruding type; Il = flat type; Il =
superficial and excavated type.
The bold values mean statistical significance.
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produced against the log (lambda) sequence.

Confirmation of the Best Prediction

Model for LVI

The base model (model 1) was then created by incorporating the
four variables determined to be associated with LVI (tumor size,
tumor invasion depth, tumor differentiation, and LNM). By
adding sex, circumferential extension, and multiple lesions in
sequence to the model 1, we constructed three new models
named model 2, model 3, and model 4 (Table 4). Using model
1 as the reference, model 2 and model 4 did not exhibit superiority
for predicting LVI. Interestingly, adding circumferential extension
to model 1 did not appreciably change the AUC and IDI, but led to
a significant improvement in the NRI (Table 4), indicating that
model 3 was superior to model 1 and that circumferential
extension can also be considered a predictive factor of LVI. The
reclassification of patients with and without LVI are provided in
Table S3.

Development and Validation of an
LVI-Predicting Nomogram

A nomogram for LVI prediction was formed by incorporating
five variables—— tumor size, tumor invasion depth, tumor

differentiation, LNM, and circumferential extension (Figure
3A). The nomogram was validated by internal (bootstrap
method) and external validation (validation set). This
nomogram showed a good performance for predicting LVI
risk, with an AUC of 0.833 (Figure 4A). Additionally, a
calibration curve of the training set demonstrated good
consistency between the predicted and observed results
regarding the LVI status (Figure 3B). In the validation set, the
nomogram achieved an AUC of 0.819 for the estimation of LVI
risk (Figure 4B), and its calibration curve also fitted well
(Figure 3C).

The Nomogram Score System for LVI Risk
Prediction and Clinical Use

Each predictive variable displayed in the nomogram was
assigned a risk score. The detailed scores of the five variables
(tumor size, tumor invasion depth, tumor differentiation, LNM,
and circumferential extension) in the training sets are presented
in Figure 3A and Table S4. We predicted the presence of LVI by
summing the scores of these five variables, and the final total
scores ranged from 0 to 408 in the training set. The optimal

TABLE 4 | Comparison of different prediction model for estimating the risk of LVI presence.

Variables AUC (95%Cl) P IDI1% (95%Cl) P NRI% (95%Cl) P
Model 1(Base model) 0.817(0.757-0.878) Reference Reference Reference
Model 2 0.819(0.757-0.880) 0.869 0.36(-0.40-1.13) 0.351 4.70(-4.91-14.32) 0.338
Model 3 0.833(0.776-0.891) 0.134 1.55(-0.68-3.77) 0.173 17.20(4.03-30.37) 0.011
Model 4 0.817(0.756-0.878) 0.931 0.12(-0.38-0.62) 0.641 -0.31(-0.92-0.30) 0.317

AUC, area under curve, IDI, integrated discrimination improvement; NRI, net re-classification improvement.

Model 1=Tumor size+ Depth of invasion+ Tumor differentiation+ LNM;
Model 2=Model 1+ Gender;

Model 3=Model 1+ Circumferential extension;

Model 4=Model 1+ Multiple lesions.

The bold value means statistical significance.
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The calibration curve based on internal validation with a bootstrap resampling frequency of 1000 in the training cohort (B) and validation set (C).

cutoff point of the total nomogram score for LVI in the training
set was determined to be 243 according to the ROC curve
analysis (Table S5). As a result, patients with total scores of
<243 in the training set were classified as low risk and patients
with total scores of >243 were classified as high risk. In addition,
the DCA in the training and validation sets indicated that our
nomogram had significant net benefits for almost all threshold
probabilities at different points, suggesting a good clinical utility
of this nomogram (Figure 5).

DISCUSSION

SESCC just invade the mucosa and submucosa and lack of any
subjective symptoms. Hence, early diagnosis is difficult for these
patients, and most esophageal cancers are at a locally advanced

stage when the diagnosis is confirmed. However, due to
advancements in diagnostic techniques and the widespread use
of endoscopic screening, the rate of SESCC diagnosis is increasing
(24). In this study, we aimed to identify predictors of LVI in order
to aid determination of the optimal treatment strategy for SESCC.
Our findings indicated that patients with LVI were significantly
more likely to have larger tumors, poorer differentiation, deeper
tumor invasion, and LNM. Circumferential extension was also
determined to be associated with LVI in the LASSO regression
analysis, but lost significance in the multivariate analysis of the
training set.

We measured the largest tumor diameter under a microscope
as tumor size, then used univariate and multivariate analyses to
investigate the association between tumor size and LVL. It can be
concluded from our study that tumor size was significantly
correlated with LVI and was also identified as an important
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FIGURE 5 | Decision curves of the nomogram predicting LVI in training set (A) and validation set (B).

predictor of LVI. Although SESCC comprises both mucosal and
submucosal cancers, the LVI status may differ between mucosal
and submucosal infiltration. Taking mucosal infiltration as
reference, the odds ratio of the submucosal infiltration was
4.871 for prediction of LVI in our training set (Table 3),
demonstrating that the presence of submucosal infiltration was
identified as a significant risk factor of LVI. The LVI rate among
SESCC patients with mucosal cancer was 2.47% (2/81), while the
incidence of LVI increased dramatically to 13.57% (38/280) in
patients with submucosal invasion (Table S1).

It was previously reported that histological differentiation was
related to LVI (25). Consistently, we also found a significant
association between tumor differentiation and LVT in the current

study (Table 3). LVI is an essential and important step in the
development of LNM and systemic dissemination of cancer cells
(26). Thus, LVI is closely related to LNM. In clinical practice,
LVTI is usually postoperatively diagnosed by histopathology, but
LNM can be detected by imaging techniques such as computed
tomography (CT), magnetic resonance imaging (MRI), positron
emission tomography (PET)/CT, and ultrasound (27-29). PET/
CT in particular offers high accuracy in the diagnosis of LNM
(30-32). Therefore, we wished to use LNM to predict LVI, and
finally found that LNM was significantly related to LVI in
patients with SESCC (Table 3).

Interestingly, according to the LASSO regression analysis,
seven variables (sex, tumor size, circumferential extension,
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invasion depth, LNM, tumor differentiation, and multiple
lesions) were associated with LVI when log (A) = -1.961 and
A = 0.0109 (Figures 2A, B). However, sex, circumferential
extension, and multiple lesions were not related to LVI in the
univariate and multivariate analyses. In order to explore the
relationships between these three variables and LVI, we further
constructed three new models named model 2, model 3, and
model 4 by adding sex, circumferential extension, and multiple
lesions, respectively, to the base model. Compared with model 1,
model 2 and model 4 did not exhibit any superiority for LVI
prediction. Furthermore, the addition of circumferential
extension to the base model did not improve the AUC or IDI
for predicting LVI, but the NRI values significantly improved
(Table 4), indicating that circumferential extension could be
considered as a risk factor for LVL

Moreover, a nomogram was developed for LVI prediction by
incorporating the five independent predictors (tumor size, tumor
invasion depth, tumor differentiation, LNM, and circumferential
extension), with an AUC of 0.833 in training set and 0.819 in the
validation set (Figure 4). The calibration curves also showed
good consistency between the predicted results and actual
observation results, implying that the nomogram had high
accuracy for predicting LVI (Figures 3B, C). Thereafter, the
sensitivity and specificity of this nomogram for estimating the
LVI risk were summarized, and the cutoff value of 243 points was
identified in the training set (Table S5) according to the
maximum Youden index (derived from the sensitivity and
specificity). Patients with a total score of >243 in the training
set were considered high-risk and patients with a total score
of <243 were considered low-risk.

The most important and final line of evidence for the use of
the nomogram is based on the need to interpret individual
requirements with regard to additional treatment or care.
Therefore, to confirm the clinical utility, we determined the
decisions assisted by this nomogram whether improved patients’
consequences by using DCA. The clinical outcomes based on the
threshold probability can be known from this new method. False
positive proportion was subtracted from the true positives
proportion, and then the relative risk of false positive and false
negative results was weighted to obtain the net benefit (33). It can
be gotten from the decision curve that if the threshold probability
of a patient was >20%, more benefit was added than either the
scheme of treating all patients or the scheme of treating zero
patient by using our nomogram to predict LVI.

In summary, tumor size, tumor invasion depth, tumor
differentiation, and LNM were identified as significant predictive
factors for LVI in patients with SESCC. Circumferential extension
was also identified as a predictor for LVI by calculating the IDI and
NRI. Furthermore, a nomogram scoring system was established

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68:394—
424. doi: 10.3322/caac.21492

using these five variables, making individualized LVI prediction
easier and facilitating optimal treatment strategy selection for
patients with SESCC. However, there are some limitations in
this study. First, this was a retrospective study based on data from
a single institution. This design could pose some potential biases
including selection. Second, the sample size was relatively small,
which restricted some of the analyses. Therefore, it is necessary to
validate the results using data from multiple centers and a
prospective study with big sample size is required to further
confirm the reliability of the nomogram. Last but not least, our
nomogram may improve and facilitate treatment strategy
selection, which may lead to early diagnosis and prompt
treatment initiation for patients with SESCC.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics committee of Zhejiang Cancer Hospital. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

SW and RR conceived the idea and designed study. YT, JY, DZ,
and ZC collected data. RR and QS analyzed the data. RR and SC
drafted the manuscript. All authors contributed to the article and
approved the submitted version.

ACKNOWLEDGMENTS

We thank Dr. Huiping Zhang for helping us to get the
histopathological information of patients with SESCC.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.663802/
full#supplementary-material

2. Li B, Chen H, Xiang J, Zhang Y, Kong Y, Garfield DH, et al. Prevalence of
Lymph Node Metastases in Superficial Esophageal Squamous Cell Carcinoma.
] Thoracic Cardiovasc Surgery (2013) 146:1198-203. doi: 10.1016/j.jtcvs.
2013.07.006

3. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer Statistics
in China, 2015. CA Cancer ] Clin (2016) 66:115-32. doi: 10.3322/caac.21338

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 663802


https://www.frontiersin.org/articles/10.3389/fonc.2021.663802/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.663802/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.jtcvs.2013.07.006
https://doi.org/10.1016/j.jtcvs.2013.07.006
https://doi.org/10.3322/caac.21338
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Ruan et al.

Nomogram Predicting LVI in SESCC

wu

el

Nel

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kuwano H, Nishimura Y, Oyama T, Kato H, Kitagawa Y, Kusano M, et al.
Guidelines for Diagnosis and Treatment of Carcinoma of the Esophagus April
2012 Edited by the Japan Esophageal Society. Esophagus-Tokyo (2015) 12:1-
30. doi: 10.1007/s10388-014-0465-1

. Pech O, Gossner L, May A, Vieth M, Stolte M, Ell C. Endoscopic Resection of

Superficial Esophageal Squamous-Cell Carcinomas: Western Experience. Am
J Gastroenterol (2004) 99:1226-32. doi: 10.1111/j.1572-0241.2004.30628.x
van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van Berge HM,
‘Wijnhoven BP, et al. Preoperative Chemoradiotherapy for Esophageal or Junctional
Cancer. N Engl ] Med (2012) 366:2074-84. doi: 10.1056/NEJMoal112088
Lagarde SM, Reitsma JB, Ten KF, Busch OR, Obertop H, Zwinderman AH,
et al. Predicting Individual Survival After Potentially Curative Esophagectomy
for Adenocarcinoma of the Esophagus or Gastroesophageal Junction. Ann
Surg (2008) 248:1006-13. doi: 10.1097/SLA.0b013e318190a0a2

. Hsu PK, Wang BY, Huang CS, Wu YC, Hsu WH. Prognostic Factors for Post-

Recurrence Survival in Esophageal Squamous Cell Carcinoma Patients With
Recurrence After Resection. ] Gastrointest Surg (2011) 15:558-65.
doi: 10.1007/s11605-011-1458-1

. Hogan ], Chang KH, Duff G, Samaha G, Kelly N, Burton M, et al.

Lymphovascular Invasion: A Comprehensive Appraisal in Colon and Rectal
Adenocarcinoma. Dis Colon Rectum (2015) 58:547-55. doi: 10.1097/
DCR.0000000000000361

Fisseler-Eckhoft A. [New TNM Classification of Malignant Lung Tumors
2009 From a Pathology Perspective]. Pathologe (2009) 30 Suppl 2:193-9.
doi: 10.1007/500292-009-1195-3

Lee AH, Pinder SE, Macmillan RD, Mitchell M, Ellis 10, Elston CW, et al.
Prognostic Value of Lymphovascular Invasion in Women With Lymph Node
Negative Invasive Breast Carcinoma. Eur J Cancer (2006) 42:357-62.
doi: 10.1016/j.¢jca.2005.10.021

Yanagawa N, Shiono S, Abiko M, Ogata SY, Sato T, Tamura G. Prognostic
Impact and Initial Recurrence Site of Lymphovascular and Visceral Pleural
Invasion in Surgically Resected Stage I Non-Small-Cell Lung Carcinoma. Eur ]
Cardiothorac Surg (2013) 44:e200-6. doi: 10.1093/ejcts/ezt309

Chen WH, Huang YL, Chao YK, Yeh CJ, Chang HK, Tseng CK, et al. Prognostic
Significance of Lymphovascular Invasion in Patients With Esophageal Squamous
Cell Carcinoma Treated With Neoadjuvant Chemoradiotherapy. Ann Surg Oncol
(2015) 22:338-43. doi: 10.1245/s10434-014-3881-5

Lagarde SM, Phillips AW, Navidi M, Disep B, Immanuel A, Griffin SM. The
Presence of Lymphovascular and Perineural Infiltration After Neoadjuvant
Therapy and Oesophagectomy Identifies Patients At High Risk for
Recurrence. Br ] Cancer (2015) 113:1427-33. doi: 10.1038/bjc.2015.354
Wang S, Chen X, Fan J, Lu L. Prognostic Significance of Lymphovascular
Invasion for Thoracic Esophageal Squamous Cell Carcinoma. Ann Surg Oncol
(2016) 23:4101-9. doi: 10.1245/s10434-016-5416-8

Wada T, Kunisaki C, Hasegawa S, Takagawa R, Momiyama M, Kosaka T, et al.
Factors Predictive of Recurrence After Surgery for Gastric Cancer Followed by
Adjuvant S-1 Chemotherapy. Anticancer Res (2013) 33:1747-51.

Shimoda T. [Japanese Classification of Esophageal Cancer, the 10th Edition—
Pathological Part]. Nihon Rinsho (2011) 69 Suppl 6:109-20.

Rice TW, Blackstone EH, Rusch VW. 7th Edition of the AJCC Cancer Staging
Manual: Esophagus and Esophagogastric Junction. Ann Surg Oncol (2010)
17:1721-4. doi: 10.1245/s10434-010-1024-1

Sauerbrei W, Royston P, Binder H. Selection of Important Variables and
Determination of Functional Form for Continuous Predictors in Multivariable
Model Building. Stat Med (2007) 26:5512-28. doi: 10.1002/sim.3148

Friedman J, Hastie T, Tibshirani R. Regularization Paths for Generalized Linear
Models Via Coordinate Descent. ] Stat Software (2010) 33:1-22. doi: 10.18637/
jss.v033.i01

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pencina MJ, D’Agostino RS, Steyerberg EW. Extensions of Net
Reclassification Improvement Calculations to Measure Usefulness of New
Biomarkers. Stat Med (2011) 30:11-21. doi: 10.1002/sim.4085

Pencina MJ, D’Agostino RS, D’Agostino RJ, Vasan RS. Evaluating the Added
Predictive Ability of a New Marker: From Area Under the ROC Curve to
Reclassification and Beyond. Stat Med (2008) 27:157-72. doi: 10.1002/
sim.2929

Steyerberg EW, Vergouwe Y. Towards Better Clinical Prediction Models:
Seven Steps for Development and an ABCD for Validation. Eur Heart J (2014)
35:1925-31. doi: 10.1093/eurheartj/ehu207

The Paris Endoscopic Classification of Superficial Neoplastic Lesions:
Esophagus, Stomach, and Colon: November 30 to December 1, 2002.
Gastrointest Endosc (2003) 58:53-543. doi: 10.1016/s0016-5107(03)02159-x
Wang Z, Chen P, Wang F, Lin L, Liu S. Lymphovascular Invasion as an
Independent Prognostic Indicator in Radically Resected Thoracic Esophageal
Squamous Cell Carcinoma. Thorac Cancer (2019) 10:150-5. doi: 10.1111/
1759-7714.12922

Ma Z, Liang C, Huang Y, He L, Liang C, Chen X, et al. Can Lymphovascular
Invasion Be Predicted by Preoperative Multiphasic Dynamic CT in Patients
With Advanced Gastric Cancer? Eur Radiol (2017) 27:3383-91. doi: 10.1007/
$00330-016-4695-6

Kim K, Park SJ, Kim BT, Lee KS, Shim YM. Evaluation of Lymph Node
Metastases in Squamous Cell Carcinoma of the Esophagus With Positron
Emission Tomography. Ann Thorac Surg (2001) 71:290-4. doi: 10.1016/
50003-4975(00)02221-9

Lightdale CJ, Kulkarni KG. Role of Endoscopic Ultrasonography in the
Staging and Follow-Up of Esophageal Cancer. J Clin Oncol (2005) 23:4483-
9. doi: 10.1200/JC0O.2005.20.644

Yoon YC, Lee KS, Shim YM, Kim BT, Kim K, Kim TS. Metastasis to Regional
Lymph Nodes in Patients With Esophageal Squamous Cell Carcinoma: CT
Versus FDG PET for Presurgical Detection Prospective Study. Radiology
(2003) 227:764-70. doi: 10.1148/radiol.2281020423

Sasada S, Masumoto N, Kimura Y, Kajitani K, Emi A, Kadoya T, et al.
Identification of Axillary Lymph Node Metastasis in Patients With Breast
Cancer Using Dual-Phase FDG PET/CT. AJR Am ] Roentgenol (2019)
213:1129-35. doi: 10.2214/AJR.19.21373

Budak E, Yanarates A. The Value of PET/CT in Determining Lymph Node
Metastasis of Endometrial Cancer. Ginekol Pol (2019) 90:565-70.
doi: 10.5603/GP.2019.0098

Jiang C, Chen Y, Zhu Y, Xu Y. Systematic Review and Meta-Analysis of the
Accuracy of 18F-FDG PET/CT for Detection of Regional Lymph Node
Metastasis in Esophageal Squamous Cell Carcinoma. J Thorac Dis (2018)
10:6066-76. doi: 10.21037/jtd.2018.10.57

Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent Reporting of a
Multivariable Prediction Model for Individual Prognosis or Diagnosis (TRIPOD):
The TRIPOD Statement. BMJ (2015) 350:g7594. doi: 10.1136/bmj.g7594

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ruan, Chen, Tao, Yu, Zhou, Cui, Shen and Wang. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 663802


https://doi.org/10.1007/s10388-014-0465-1
https://doi.org/10.1111/j.1572-0241.2004.30628.x
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1097/SLA.0b013e318190a0a2
https://doi.org/10.1007/s11605-011-1458-1
https://doi.org/10.1097/DCR.0000000000000361
https://doi.org/10.1097/DCR.0000000000000361
https://doi.org/10.1007/s00292-009-1195-3
https://doi.org/10.1016/j.ejca.2005.10.021
https://doi.org/10.1093/ejcts/ezt309
https://doi.org/10.1245/s10434-014-3881-5
https://doi.org/10.1038/bjc.2015.354
https://doi.org/10.1245/s10434-016-5416-8
https://doi.org/10.1245/s10434-010-1024-1
https://doi.org/10.1002/sim.3148
https://doi.org/10.18637/jss.v033.i01
https://doi.org/10.18637/jss.v033.i01
https://doi.org/10.1002/sim.4085
https://doi.org/10.1002/sim.2929
https://doi.org/10.1002/sim.2929
https://doi.org/10.1093/eurheartj/ehu207
https://doi.org/10.1016/s0016-5107(03)02159-x
https://doi.org/10.1111/1759-7714.12922
https://doi.org/10.1111/1759-7714.12922
https://doi.org/10.1007/s00330-016-4695-6
https://doi.org/10.1007/s00330-016-4695-6
https://doi.org/10.1016/s0003-4975(00)02221-9
https://doi.org/10.1016/s0003-4975(00)02221-9
https://doi.org/10.1200/JCO.2005.20.644
https://doi.org/10.1148/radiol.2281020423
https://doi.org/10.2214/AJR.19.21373
https://doi.org/10.5603/GP.2019.0098
https://doi.org/10.21037/jtd.2018.10.57
https://doi.org/10.1136/bmj.g7594
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A Nomogram for Predicting Lymphovascular Invasion in Superficial Esophageal Squamous Cell Carcinoma
	Introduction
	Methods
	Patient Selection and Data Collection
	Patients Evaluation Before Surgery
	Histopathological Evaluation
	Statistical Analysis

	Results
	Clinicopathological Characteristics
	Independent Risk Factors for LVI
	Identification of Predictive Factors by LASSO Regression
	Confirmation of the Best Prediction Model for LVI
	Development and Validation of an LVI-Predicting Nomogram
	The Nomogram Score System for LVI Risk Prediction and Clinical Use

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


