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Abstract

BACKGROUND

Superficial esophageal squamous cell carcinoma (ESCC) is defined as cancer infiltrating
the mucosa and submucosa, regardless of regional lymph node metastasis (LNM).
Endoscopic resection of superficial ESCC is suitable for lesions that have no or low risk
of LNM. Patients with a high risk of LNM always need further treatment after
endoscopic resection. Therefore, accurately assessing the risk of LNM is critical for

additional treatment options.

AIM
To analyze risk factors for LNM and develop a nomogram to predict LNM risk in

superficial ESCC patients.

METHODS

Clinical and pathological data of superficial ESCC patients undergoing esophagectomy
from January 1, 2009, to January 31, 2016, were collected. Logistic regression analysis
was used to predict LNM risk factors, and a nomogram was developed based on risk
factors derived from multivariate logistic regression analysis. The receiver operating

characteristic (ROC) curve was used to obtain the accuracy of the nomogram model.

RESULTS

A total of 4660 patients with esophageal cancer underwent esophagectomy. Of these,
474 superficial ESCC patients were enrolled in the final analysis, with 322 patients in the
training set and 142 patients in the validation set. The prevalence of LNM was 3.29% for
intramucosal cancer and increased to 26.40% for submucosal cancer. Multivariate
logistic analysis showed that tumor size, invasive depth, tumor differentiation,
infiltrative growth pattern, tumor budding, and lymphovascular invasion were

significantly correlated with LNM. A nomogram using these six variables showed good




discrimination with an area under the ROC curve of 0.789 (95%CI: 0.737-0.841) in the
training set and 0.827 (95%ClI: 0.755-0.899) in the validation set.

CONCLUSION

We developed a useful nomogram model to predict LNM risk for superficial ESCC
patients which will facilitate additional decision-making in treating patients who
undergo endoscopic resection.
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Core Tip: This is a retrospective study to identify risk factors for lymph node metastasis
(LNM) in superficial esophageal squa s cell carcinoma (ESCC) and to develop a
nomogram model for predicting LNM. A total of 474 superficial ESCC patients who
underwent esophagectomy were enrolled. Multivariate logistic analysis showed that
tumor size, invasive depth, tumor differentiation, infiltrative growth pattern, tumor
budding, and lymphovascular invasion were significantly correlated with LNM. A
predictive nomogram using ﬁese six variables showed good performance and will

facilitate the treatment choice for superficial ESCC patients.

INTRODUCTION

Superficial esophageal squamous cell carcinoma (ESCC) is defined as esophageal
cancerous lesions infiltrating the mucosa and submucosa, regardless of lymph node

metastasis (LNM)[1. Endoscopic resection has been the first treatment choice for




superficial ESCC patients with no or low risk of LNM and has an en bloc rate of more
than 90%[231. However, additional treatment is recommended for patients with high risk
of LNM, especially for patients with positive lymphovascular invasion (LVI) and
positive vertical marginsl4l. Assessing pathological characteristics after endoscopic
resection and predicting the risk of LNM is critical for additional treatment strategies.
Recent studies have established several predictive models to identify LNM risk for
superficial ESCC patientsi58l. However, some limitations existed in these models. For
example, some studies did not incorporate critical factors, such as tumor budding and
tumor infiltrative growth (INF) pattern, into LNM risk prediction. In some studies, the
submucosa was considered as an entire layerl>6l and the depth was not classified as
submucosa 1 (SM1), SM2 or morel’#l. Therefore, we aimed to establish a nomogram
predictive model based on comprehensive pathological features obtained from

esophagectomy to improve the predictive performance of such models.

MATERIALS AND METHODS

Patients

Patients who underwent esophagectomy at West China Hospital of Sichuan University
from January 1, 2009, to January 31, 2016, were enrolled. The inclusion criteria were as
follows: (1) Histopathological diagnosis of esophageal cancer; and (2) patients who
received esophagectomy. The exclusion criteria were as follows: (1) Not pT1 stage
tumor; (2) the histologic type was not squamous cell carcinoma; (3) number of dissected
lymph nodes < 12; (4) history of previous malignancies; (5) incomplete clinical data; and
(6) lesions with low-grade intraepithelial neoplasia or high-grade intraepithelial
neoplasia. This retrospective study was approved by the Institutional Review Board of
West China Hospital of Sichuan University (No. 2015-159). Informed consent was
signed before the surgery.

Data collection




General clinical and endoscopic features, such as age, sex, tumor location, and
doscopic type, were retrospectively collected. Tumor location was defined as (1)
upper: 15 to 24 cm from the incisors; (2) middle: 24 to 32 cm from the incisors; and (3)
lower: 32 cm from the incisors to the cardia. Endoscopic types were identified according
to the Paris classification criteria for superficial tumors/?l. The pathologic diagnosis was
independently confirmed by two experienced pathologists. If the diagnosis is
inconsistent, a third expert pathologist will re-examine the specimen, and the final
diagnosis will be made when two or more pathologists agree on the diagnosis.

Data regarding pathological characteristics of specimens, such as tumor size, invasion
depth, differentiation grade, INF pattern, tumor budding, LVI, and number of dissected
lymph nodes, were collected. The vertical invasion depth of submucosal invasion was
measured from the muscularis mucosae according to the Japanese guidelines!'l_The
invasion depth was classified into four layers: Muscularis mucosae (MM), upper third
of submucosa (SM1), middle third of submucosa (SM2) and lower third of submucosa
(SM3) according to the Japanese Classification of Esophageal Cancerl0l. The
differentiation grade was grouped as well differentiated (G1), moderately differentiated
(G2), and poorly differentiated (G3)['l. The tumor INF pattern was carefully observed
and classified into three groups according to previous reports’®2l: INF-a (expansive
type, expaﬁai\re growth of tumor nests downward continuously from the epithelium as
a whole), INF-b (intermediate type between INF-a and INF-c), and INF-c (infiltrative
type, tumor infiltrates with a way of single cell or small tumor nests, or trabecul
arrangement of tumor cells on the leading edge of the tumor). Tumor budding is
defined as a single tumor cell or a small tumor nest consisting of up to 4 cells at the
front of the tumor invasion®. In this study, tumor budding was assessed on
hematoxylin and eosin-stained slides at the front of tumor invasion. Tumor budding
was categorized into three types: no budding, low-grade tumor budding (1 to 4
budding foci ata 20 X objective lens) and high-grade tumor budding (= 5 budding foci
at a 20 x objective lens) according to a previous studyl'4. For LVI, two experienced

pathologists observed the same specimen to improve diagnostic accuracy.




Statistical analysis

Continuous varia are presented as mean + SD and are compared with a f test in the
case of a normal distribution. ﬁategorical data are presented as percentages and are
compared with the chi-square test or Fisher’s exact test. All variables associated with
LNM at a significant level were enrolled in the stepwise multivariate logistic analysis.
All data were statistically analyzed by SPSS 22.0 software (IBM SPSS, Chicago, IL,
United States). P-values < 0.05 were considered statistically significant.

R software (version 4.1.3) with the rms package was used to formulate a predictive
nomograél using variables derived from multivariate logistic analysis. The pROC
package was used to formulate the receiver operating characteristic (ROC) curve, and
the area under the curve (AUC) was used to evaluate the predictive performance of this
nomogram as previously reportedl’5l. The nomogram can convert each regression
variable to a scale of 0-100 points based on the regression coefficient. Finally, the
predicted probabilities were derived from the total points obtained from each

independent variable.

RESULTS

Clinicopathologic characteristics
In total, 4660 esophageal cancer patients underwent esophagectomy from January 1,
2009, to January 31, 2 of which, 474 superficial ESCC patients were enrolled in the
final analysis (Figure 1). The clinicopathologic characteristics of enrolled patients are
presented in Table 1. Most of the superficial ESCC patients were male (77.4%), the
average age was 60 (range, 38-84) years, and the average tumor size was 23 (range, 3-73)
mm. Most tumors (63.9%) were located in the middle third of the esophagus. According
to the endoscopic appearance, 309 (65.2%) tumors presented as flat lesions. Regarding
invasion depth, 152 (32.1%) patients had intramucosal cancer, 80 (16.9%) patients had
SM1 cancer, and 242 (51.0%) patients had tumors deeper than SM1. Regarding tumor

differentiation, 103 (21.7%) patients, 279 (58.9%) patients, and 92 (19.4%) patients had




well differentiated, moderately differentiated, and poorly differentiated tumors,
respectively. INF-b was the most common INF pattern, with 232 (48.9%) cases reported
as such. The total tumor budding rate was 13.5% (64/474), and the LVI rate was 5.7%
(27/474). Overall, 90 of the 474 (16.48%) patients had lymph node metastasis (LNM),
and the LNM rate was 3.29% (5/152) in Tla tumors and 26.40% (85/322) in T1b tumors.

The average number of dissected lymph nodes was 18.0 (range, 12-53) (Table 1).

Risk factors for L

The 474 enrolled patieéts were randomly grouped into a training set and a validation
set at a ratio of 7:3. Comparisons of clinicopathological characteristics between the
LNM+ and LNM- groups are presented in Table 2. Variables such as tumor size,
invasion depth, tumor differentiation, INF pattern, tumor budding and LVI were
sigm'ﬁcﬁly associated with LNM in both the training set and validation set according
to the univariate analysis (Table 2). Furthermore, multivariate logistic regression
analysis also showed that tumor size, invasion depth, tumor differentiation, INF

pattern, tumor budding, and LVI were independent risk factors for LNM (Table 3).

Development a%validrztion of the nomogram

Subsequently, a nomogram was developed based on six independent risk factors
derived from the multivariate analysis (Figure 2). The point of each factor was
proportional to its own p-coefficient resulted from logistic regression. Finally, the total
points of each factor were added and visually corresponded to a predictive value for
LNM. The ROC curve showed that this nomogram had good predictive performance
both in the training set and in the validation set, with AUCs of 0.789 (95%CI: 0.737-
0.841) and 0.827 (95%ClI: 0.755-0.899), respectively (Figure 3).

ESCUSSION
doscopic resection has become one of the preferred treatment methods for superficial

ESCC. Compared to surgery, it has fewer complications and a shorter recovery timel!6l.




Guidelines and studies have indicated that endoscopic submucosal dissection (ESD)

and endoscopic submucosal tunnel dissection (ESTD) can be used to treat lesions
limited to the muscularis mucosa and submucosal lesions with invasion depths < 200
pm, which have no or an extremely low risk of lymph node metastasis(217-19l. The en bloc
resection rate of ESD for superficial ESCC is 98.2%-100%, and the curative resection rate
is 78.2%-96.1%"7-9. However, patients with a high risk of LNM or noncurative
endoscopic resection always need further treatmentl4l. Therefore, summarizing post-
ESD pathological characteristics and identifying risk factors for predicting LNM are
critical to guide post-ESD treatment. In this study, we enrolled superficial ESCC
patients who underwent esophagectomy and lymph node dissection and collected
detailed pathological information, such as tumor budding and tumor infiltrative growth
pattern, to comprehensively analyze and identify the risk factors for LNM, providing
favorable evidence for post-ESD treatment decisions.

Our findings in this study indicated that superficial ESCC patients with positive
LNM were more likely to have larger tumors, deeper invasion, poorer differentiation,
more INF-c infiltrative patterns, more high-grade tumor budding, and more positive
LVI both in both the training and validation sets. Some previous studies have likewise
indicated that tumor size is positively correlated with LNM riskl>8l. Ruan et all® found
that tumor size > 2 was an independent risk factor for LNM in superficial ESCC.
Our results showed that patients with tumor size > 3 cm had a higher risk of LNM
(Figure 2). In another study, it was reported that a 1-cm increase in esophageal tumor
length increased the LNM risk by 3.55 times(2l. Therefore, it is necessary to measure the
area of cancer cells after the ESD procedure. If possible, pathological recovery should be
performed to determine tumor size after the ESD procedure since it is crucial for
predicting LNM risk.

In addition, we found that tumor invasion depth is associated with LNM risk. It was
reported that the LNM rates of Tla and T1b superficial ESCC were 6.2%-8.0% and
20.0%-29.3%, respectivelyl2-23]. Similarly, in our study, the LNM rate in Tla tumor was
3.29% (5/152) and increased to 26.40% (85/322) in T1b tumor. Further multivariate




analysis showed that an invasion depth deeper than SM1 (OR: 15.517, 95%CI: 4.707-
51.158) is an independent risk factor for LNM, which has been confirmed by other
studiesP®l. The esophageal submucosa is an area rich in lymphovascular network, and
once intruded into the submucosa, tumor cells are more likely to infiltrate vascular
systems(2+%51. In our study, LVI positivity (OR: 3.767, 95%CI: 1.422-9.979) was also an
independent risk factor for LNM. Therefore, additional treatment, such as surgery or
chemoradiotherapy, should be recommended for post-ESD patients with submucosal
invasion deeper than 200 pm and positive LVI.

It has been well established that the grade of tumor budding is positively correlated
with the rate of LNM in solid cancers, including gastrointestinal cancers(20-28. We found
that high-grade tumor budding (OR: 3.905, 95%CI: 1.387-10.995) was positively
correlated with LNM risk in superficial ESCC. Similarly, Li et alll checked tumor
budding in pT1b ESCC by using Pan-CK immunohistochemical (IHC) staining and
found that the tumor budding level is an excellent predictor of LNM and patient
survival time. However, there is no gold standard for differentiating the threshold
value of tumor budding in superficial ESCC specimens, and a clear and standardized
method for distinguishing and reporting tumor budding in superficial ESCC is urgently
needed. In addition, tumor budding status in post-ESD specimens should be carefully
assessed and reported.

The Japanese guidelines recommend that tumor infiltrative growth patterns should
be reported in esophageal cancer!'’l. Some studies have identified infiltrative type ¢
(INF-c) as associated with deep tumor invasion, poor tumor differentiation, and a high
risk of LNMI'2331] Tn our study, multivariate logistic regression identified INF-b (OR:
3.205; 95%CI: 1.637-6.274), INF-c (OR: 4.121, 95%CI: 1.566-10.843) and poor
differentiation (OR: 3.670, 95%CI: 1.465-9.198) as independent risk factors for LNM.
Invasion of surrounding tissue by cancer cells is a key step in tumor progression and
metastasis32l. As the tumor grows, the morphology and behaviour of cancer cells at the
tumor front undergo epithelial mesenchymal transition, detaching from the tumor body

and infiltrating deep into the submucosa or even deeperl®l. Poorly differentiated




tumors are more likely to have LVI and LNM in superficial ESCC, as previously
reportedl68l. Therefore, a detailed assessment of tumor differentiation, INF pattern,
tumor budding, and LVI is critical for predicting LNM risk in post-ESD patients.

Overall, we analyzed the risk factors for LNM in superficial ESCC patients by
evaluating detailed pathological characteristics and developed a nomogram by
incorporating six variables, including tumor size, invasion depth, tumor differentiation,
tumor budding, tumor infiltraive growth pattern and LVI. This nomogram showed
good predictive performance, with an AUC of 0.789 (95%CI: 0.737-0.841) in the training
set and 0.827 (95%CI: 0.755-0.899) in the validation set. Although the data for this
nomogram come from surgical specimens, we believe it is also applicable to post-ESD
patients, as all six enrolled predictors can be easily obtained from post-ESD specimens.
The use of this predictive nomogram will facilitate the assessment of LNM, thus
providing references for guiding post-ES&treatment. However, this is a single-center
retrospective study. More multicenter studies are needed to further confirm the
reliability of the nomogram.

In addition, this study has some limitations. First, this is a retrospective study, and
bias in case selection cannot be avoided. Second, differences in surgical procedures and
chronological differences in pathological diagnostic criteria may affect the consistency
of the results. D2-40 and CD34 THC staining were not used in LVI diagnoses in this
study, which would lead to underestimating the positivity of LVI. Finally, the LNM rate
of superficial ESCC in this study cannot accurately represent the overall LNM rate
because patients who underwent ESD were excluded because their postoperative LNM

rate could not be calculated.

CONCLUSION

In conclusion, we identified the risk factors for LNM in superficial ESCC patients and

developed a useful nomogram for predicting LNM risk by integrating all significant
risk factors. This nomogram model will facilitate decision-making regarding additional

treatment options in post-ESD patients.




87294 Auto_Edited.docx

ORIGINALITY REPORT

1 7%

SIMILARITY INDEX

PRIMARY SOURCES

0
www.nature.com 61 words — 2 /0

Internet

. : 0)
www.ncbi.nlm.nih.gov 54 words — 2 0

Internet

Rongwel.Ruan, Shengsen C.her?, Yali Tao, Jlangplng 32 words — 1 %
Yu, Danping Zhou, Zhao Cui, Qiwen Shen, Shi Wang.

"A Nomogram for Predicting Lymphovascular Invasion in

Superficial Esophageal Squamous Cell Carcinoma", Frontiers in
Oncology, 2021

Crossref

\{Velfeng Zhang, Han Chenf Gyoxm Zhang, Guangfu 27 words — 1 /0
Jin. "A nomogram for predicting lymph node

metastasis in superficial esophageal squamous cell carcinoma",

The Journal of Biomedical Research, 2021

Crossref

" .r . 0
Ja.p.anese Clafsmcatlon of Esophageal Cancer, tenth 25 words — 1 /0
edition: part I", Esophagus, 2009

Crossref

Zhang, L., J. Yang, Q. Sun, Y. !_lu, F. Llar.lg, Z Liu, G. 23 words — 1 %
Chen, S. Chen, Z. Shang, Y. Li, and X. Li. "Risk factors

for lymph node metastasis in papillary thyroid microcarcinoma:

Older patients with fewer lymph node metastases", European

Journal of Surgical Oncology (EJSO), 2016.

Crossref



Masgyoshl Terayama,. Kazu.hl.ko Yamada, Terykl 22 words — 1 %
Hagiwara, Taeko Dohi, Norihiro Kokudo, Yuki L.

Kawamura. "Mo01303 GLUTATHIONE S-TRANSFERASE OMEGA 2

(GSTO2) SUPPRESSES CELL GROWTH AND MEMBRANE

LOCALIZATION OF E-CADHERIN VIA P38MAPK SIGNALING

PATHWAY IN HUMAN ESOPHAGEAL SQUAMOUS CELLS",
Gastroenterology, 2020

Crossref

Xiulin Hgo, Pe|y|ng Hugn.g, Hexuan I?l,.TlanX|ao Ma, 22 words — 1 /0
Sufang Jiang, Jie Yao, Lining Huang. "Risk Factors

Analysis of Phantom Limb Pain in Amputees with Malignant

Tumors", Journal of Pain Research, 2023

Crossref

Lei Ye, Heng Lu, Lin Wu, Lei Zhang, Hui Shi, Hui Min ' o 1 0%
Wu, Pin Tu, De Min Li, Fang Yu Wang. "The

clinicopathologic features and prognosis of esophageal

neuroendocrine carcinomas: a single-center study of 53

resection cases", BMC Cancer, 2019

Crossref

. . 1 0
i?epr)ngtbllshlng.blob.core.wmdows.net 20 words — 1 /0
. 0
mgg.saence.gov 20 words — 1 /0
: : 0
Andrea Beer, Annabell Reber, Matthias Paireder, 19 words — 1 /O

Sebastian F. Schoppmann, Stefan Heber, Ana-Iris

Schiefer. "Tumor cell budding in preoperative biopsies of
esophageal and gastroesophageal junction carcinoma
independently predicts survival in a grade-dependent manner"”,
Surgery, 2022

Crossref



H H n H _ 0
Gottumukkala S Raju, Irving Waxmar.L High 16 words — 1 /0
frequency US probe sonography-assisted endoscopic
mucosal resection", Gastrointestinal Endoscopy, 2000

Crossref

0
assets.researchsquare.com 16 words — 1 /O

Internet

ZhUO.LI, Linxiu '|'_IU, Bingzhi Wang,Jlanmlng Ying, Jie 15 words — 1 /0
He, Liyan Xue. " Tumor budding and tumor-

infiltrating lymphocytes can predict prognosis in esophageal

squamous cell carcinoma ", Thoracic Cancer, 2023

Crossref

www.frontiersin.org 15 words — 1 %

Internet

Byung-Hoon Min, Jung Woo"k Yang, Yang Won 13 words — < 1 %
Min, Sun-Young Baek et al. "Nomogram for

prediction of lymph node metastasis in patients with superficial
esophageal squamous cell carcinoma", Journal of

Gastroenterology and Hepatology, 2019

Crossref

0
hrcak.srce.hr 13 words — < 1 /0

Internet

Mqhammad Sa'deg.h-Khorraml, Hooman Hatami, 12 words — < 1 %
Anis Bakhshani, Sajedeh Bagherikashouk et al.

"The association between a variant of the cyclin-dependent

kinase inhibitor 2A/B gene and risk of cardiovascular disease",

Gene Reports, 2022

Crossref

0
www.researchgate.net 12 words — < '] /0

Internet



. : 0
link.springer.com 11 words — < 1 /0

Internet

. B . . . 1 0
Jie Yang, Yong-Tao Jia, Zheng Yan, Jia Luo, Ming-Li 10 words — < 1 /0

Su, Xi Yu, Shu-Qi Mao, Ai-Ming Liu, Cai-De Lu.

"Risk Factors for Lymph Node Metastasis in Hilar
Cholangiocarcinoma: A SEER-based Prediction Model by
Nomogram", Research Square Platform LLC, 2023

Crossref Posted Content

Ling Xu, Wer\xm Peng,.XlaOJlng S.ong., Yanllng Li, 10 words — < 1 %
Yang Han, Ting Zhu, Qiang Fu, Xiaoli Du, Wei Cao,

Taisheng Li. "Pharmacodynamics of efavirenz 400 mg in
treatment-naive Chinese HIV-infected patients in a prospective

cohort study”, Research Square Platform LLC, 2020

Crossref Posted Content

T. Chiba. "Independent h|§tolog|cal r|.sl.< factors 10 words — < 1 %
for lymph node metastasis of superficial

esophageal squamous cell carcinoma; implication of claudin-5
immunohistochemistry for expanding the indications of

endoscopic resection", Diseases of the Esophagus, 12/2009

Crossref

sid.ir 10 words — < 1 %

Internet

ON <10 WORDS
ON <10 WORDS



