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Abstract
BACKGROUND 
Given the poor prognosis of patients with lymph node metastasis, estimating the 
lymph node status in patients with early esophageal cancer is crucial. Indicators 
that could be used to predict lymph node metastasis in early esophageal cancer 
have been reported in many recent studies, but no recent studies have included a 
review of this subject.

AIM 
To review indicators predicting lymph node metastasis in early esophageal 
squamous cell carcinoma (ESCC) and early esophageal adenocarcinoma (EAC).

METHODS 
We searched PubMed with “[early esophageal cancer (Title/Abstract)] and 
[lymph node (Title/Abstract)]” or “[early esophageal carcinoma (Title/Abstract)] 
and [lymph node (Title/Abstract)]” or “[superficial esophageal cancer 
(Title/Abstract)] and [lymph node (Title/Abstract)].” A total of 29 studies were 
eligible for analysis.

RESULTS 
Preoperative imaging (size), serum markers (microRNA-218), postoperative 
pathology and immunohistochemical analysis (depth of invasion, tumor size, 
differentiation grade, lymphovascular invasion, neural invasion, expression of 
PIM-1 < 30%) were predictive factors for lymph node metastasis in both early 
ESCC and EAC. Serum markers (thymidine kinase 1 ≥ 3.38 pmol/L; cytokeratin 
19 fragment antigen 21-1 > 3.30 ng/mL; stathmin-1) and postoperative pathology 
and immunohistochemical analysis (overexpression of cortactin, mixed-lineage 
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leukaemia 2, and stanniocalcin-1) were predictive for lymph node metastasis in early ESCC. Transcription of CD69, 
myeloid differentiation protein 88 and toll-like receptor 4 and low expression of olfactomedin 4 were predictive of 
lymph node metastasis in early EAC. A total of 6 comprehensive models for early ESCC, including logistic 
regression model, nomogram, and artificial neural network (ANN), were reviewed. The areas under the receiver 
operating characteristic curve of these models reached 0.789-0.938, and the ANN performed best. As all these 
models relied on postoperative pathology, further models focusing on serum markers, imaging and immunohisto-
chemical indicators are still needed.

CONCLUSION 
Various factors were predictive of lymph node metastasis in early esophageal cancer, and present comprehensive 
models predicting lymph node metastasis in early ESCC mainly relied on postoperative pathology. Further studies 
focusing on serum markers, imaging and immunohistochemical indicators are still in need.

Key Words: Early esophageal cancer; Esophageal squamous cell carcinoma; Esophageal adenocarcinoma; Lymph node 
metastasis; Systematic review

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we reviewed factors predicting lymph node metastasis in early esophageal squamous cell carcinoma 
(ESCC) and early esophageal adenocarcinoma (EAC). Imaging (size), serum microRNA-218, postoperative pathology and 
immunohistochemical analysis (depth, size, differentiation grade, lymphovascular invasion, neural invasion, PIM-1) were 
predictive for both ESCC and EAC. Serum markers (thymidine kinase 1; cytokeratin 19 fragment antigen 21-1; stathmin-1) 
and overexpression of cortactin, mixed-lineage leukaemia 2, and stanniocalcin-1 were predictive for ESCC. Transcription of 
CD69, myeloid differentiation protein 88 and toll-like receptor 4 and low expression of olfactomedin 4 were predictive for 
EAC. Six comprehensive models for ESCC were reviewed, and the areas under the curve reached 0.789-0.938.

Citation: Li Y, Wang JX, Yibi RH. Prediction of lymph node metastasis in early esophageal cancer. World J Gastrointest Surg 2023; 
15(10): 2294-2304
URL: https://www.wjgnet.com/1948-9366/full/v15/i10/2294.htm
DOI: https://dx.doi.org/10.4240/wjgs.v15.i10.2294

INTRODUCTION
Esophageal cancer was the seventh most commonly diagnosed cancer and the sixth leading cause of cancer death 
worldwide in 2018[1]. Squamous cell carcinoma (SCC) (85%) was the most common histological type, followed by 
adenocarcinoma (14%)[2]. Esophageal SCC (ESCC) and esophageal adenocarcinoma (EAC) differ greatly in tumor 
location and biological behaviour[3]. ESCC mainly occurs in the proximal two-thirds of the esophagus, while EAC mainly 
occurs in the distal third of the esophagus and the gastroesophageal junction. Alcohol and tobacco are risk factors for 
ESCC, and Barrett’s esophagus is correlated with EAC[4]. Early detection and treatment improve the prognosis[5,6]. 
According to the 8th edition of the Cancer Staging Manual for Esophagus and Esophagogastric Junctions developed by the 
American Joint Committee on Cancer and the Union for International Cancer Control, early esophageal cancer includes 
high-grade dysplasia or tumor in situ (Tis) and tumors limited to the mucosa (T1a) or submucosa (SM) (T1b), regardless 
of lymph node status[7]. As the risk of lymph node metastasis varied greatly due to the depth of invasion, Japanese 
investigators subclassified mucosal and SM esophageal cancer into 6 types (M1, limited to the epithelial layer; M2, 
invading the lamina propria; M3, invading into but not through the muscularis mucosa; SM1, penetrating the upper one-
third of the SM; SM2, penetrating the middle one-third of the SM; SM3, penetrating the deepest one-third of the SM)[8,9]. 
Regarding the therapeutic strategy for early esophageal cancer, endoscopic resection is appropriate due to its fewer 
complications and similar survival compared with esophagectomy[10,11]. However, the incidence of lymph node 
metastasis in patients with newly diagnosed early esophageal cancer was reported as 20%-27%[12-14]. As lymph node 
involvement is related to poor prognosis[15], the lymph node status must be assessed when designing the therapeutic 
strategy, especially before surgery. To our knowledge, many recent studies have yielded reports of indicators that could 
predict lymph node metastasis in early esophageal cancer, but there has been no study in which this subject has been 
reviewed from the perspective of recent findings. Therefore, this study was designed to review predictive indicators for 
lymph node metastasis in patients with newly diagnosed early esophageal cancer.

MATERIALS AND METHODS
We searched PubMed with “[early esophageal cancer (Title/Abstract)] and [lymph node (Title/Abstract)]” or “[early 
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esophageal carcinoma (Title/Abstract)] and [lymph node (Title/Abstract)]” or “[superficial esophageal cancer (Title/
Abstract)] and [lymph node (Title/Abstract)].” The last sought date of each resource was May 1, 2023. All studies were 
reviewed in detail, and only articles focusing on lymph node metastasis in T1 esophageal cancer were included. Case 
reports, reviews, systematic reviews, meta-analyses and articles without available full texts in English were excluded. 
Finally, a total of 29 studies were eligible for analysis, and all relevant factors are discussed below (Table 1).

RESULTS
Imaging
The assessment of lymph node metastasis using computed tomography (CT) was mainly based on size. Intrathoracic and 
abdominal nodes larger than 10 mm in the short axis were generally suspected as lymph node metastasis, compared with 
supraclavicular nodes greater than 5 mm and retrocrural nodes greater than 6 mm[16]. This method might miss 
metastasis within normal-sized lymph nodes and misdiagnose inflammation within enlarged lymph nodes, given its 
sensitivity of 57% and specificity of 83%[17]. Moreover, these criteria were inappropriate for detecting lymph node 
metastasis in patients with early esophageal cancer [sensitivity of 1/18 (5%) and specificity of 25/31 (80%)][18]. 
Betancourt et al[18] considered lymph nodes adjacent to the primary tumor as positive for malignancy when they were 
round or ovoid with a mean size (short axis + long axis/2) > 5 mm or not adjacent when the mean size was > 7 mm. The 
sensitivity, specificity, and accuracy were 61% (11/18), 45% (14/31), and 51% (25/49), respectively[18].

Endoscopic ultrasonography was used to assess regional lymph node metastasis. The criteria were as follows: (1) Size 
greater than 10 mm; (2) a round shape; (3) sharply demarcated borders; and (4) hypoechoic structure[19]. Catalano et al
[19] reported an accuracy of 100% if all four criteria were met, but other studies showed an accuracy of 66%-75%[20,21]. 
Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) improved the sensitivity (14/22, 63% vs 28/30, 93%; P < 
0.05) and accuracy (23/33, 70% vs 29/31, 93%; P < 0.05) of detecting nonperitumoral lymph node metastasis[22]. 
However, EUS-FNA must not traverse the malignancy to avoid tumor seeding from the primary site and false-positive 
results, which might decrease the sensitivity. With EUS-FNA, Betancourt et al[18] reported that 32.7%(16/49) of patients 
with positive lymph node metastasis were inappropriately designated as cN0.

Positron emission tomography and CT (PET/CT) are commonly used for tumor, node, and metastasis staging of 
malignancy. 18F-Fluorodeoxyglucose is the most commonly used contrast agent and is a radiolabelled glucose analogue 
mainly concentrated in tissues with high glucose consumption, such as malignant tissues[23]. However, the assessment of 
regional lymph node status might be affected by the signal uptake from the adjacent tumor. Cuellar et al[24] enrolled 79 
patients with early esophageal cancer and performed N-staging using PET/CT. All 3 patients positive on PET/CT were 
negative on biopsy, and all 13 patients positive on biopsy were falsely negative on PET/CT. The sensitivity and positive 
predictive values were both 0%. Therefore, PET/CT might be inappropriate for the routine assessment of lymph node 
status in patients with early esophageal cancer.

Serum markers
Jiang et al[25] reported that patients with esophageal cancer (96 ESCC/10 EAC) with lymph node metastasis had a much 
lower concentration of serum microRNA-218 (0.64 ± 0.44 vs 0.33 ± 0.30, P < 0.05) than those with no lymph node 
metastasis. However, this study enrolled patients with esophageal cancer in both Tis-T1 (19.8%, 21/106) and T2-3 stages 
(80.2%, 85/106)[25]. Yang et al[26] also reported that microRNA-218 expression was lower in early esophageal cancer than 
in normal esophageal tissue. MicroRNA-218 might act as a suppressive miRNA in esophageal cancer, but the mechanism 
needs further clarification.

A high level of serum thymidine kinase 1 (TK1) (≥ 3.38 pmol/L) was more common in patients with lymph node 
metastasis of ESCC than in those without (21/29, 72.4% vs 21/51, 41.2%, P < 0.05)[27]. This study included patients with 
ESCC in both T1 stage and T2-4 stages, and no subgroup analysis was available. A high level of serum cytokeratin 19 
fragment antigen 21-1 (CYFRA21-1) (> 3.30 ng/mL) was also more common in patients with lymph node metastasis of 
ESCC than in those without (9/15, 60% vs 5/42, 11.9%, χ2 = 11.33, P = 0.001)[28]. The levels of serum SCC antigen and 
carcinoembryonic antigen between patients with and without lymph node metastasis differed insignificantly. This study 
enrolled patients with ESCC in both Tis-T1 stage (n = 24) and T2 stage (n = 33)[28]. Further explorations are needed to 
investigate the correlations between the levels of serum TK1 and CYFRA21-1 and lymph node metastasis of early ESCC.

Stathmin-1 (STMN1) is a microtube regulatory protein that prevents the polymerization of tubulin heterodimers, 
destabilizing the microtubule cytoskeleton[29]. STMN1 was overexpressed in ESCC tissues[30], and serum STMN1 levels 
were significantly higher in patients with early ESCC than in healthy controls (P < 0.001)[29]. Patients with lymph node 
metastasis of early ESCC also had higher serum STMN1 levels than those not (P < 0.01)[29]. STMN1 might promote 
tumor cell metastasis by activating the integrin alpha5-focal adhesion kinase-extracellular signal-regulated kinase[31].

Postoperative pathology and immunohistochemical analysis
SM invasion was relevant to a higher risk of lymph node metastasis (SM 22.6%-45.5% vs mucosa 0%-7.9%; P < 0.05), 
reflecting common knowledge to most researchers[32-35]. Some studies showed that early esophageal cancer with SM2/3 
invasion had a much higher rate of lymph node metastasis than the same with SM1 invasion (SM2/3 17/35, 48.6% vs SM1 
3/36, 8.3%; P < 0.05)[33]. Other studies showed that early esophageal cancer with SM3 invasion had a much higher rate of 
lymph node metastasis than those with SM1/2 invasion (SM3 45.1%-55.6% vs SM1/2 8.7%-16.1%; P < 0.05)[34,36]. We 
believe that the risk of lymph node metastasis increased with increasing invasion depth. This might be related to the 
abundant lymphatic drainage of the SM and the direct connections of the SM to the central lymphatic channels[37]. 
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Table 1 Predictive factors of lymph node metastasis in early esophageal cancer

Category ESCC EAC

CT The intrathoracic and abdominal nodes larger than 10 mm in the short axis, supraclavicular nodes 
greater than 5 mm and retrocrural nodes greater than 6 mm

Imaging

EUS Regional lymph node metastasis: (1) Size greater than 10 mm, (2) a round shape, (3) sharply demarcated 
borders, and (4) hypoechoic structure

TK1 ≥ 3.38 pmol/L; CYFRA21-1 > 3.30 ng/mL; stathmin-
1

NASerum markers

MicroRNA-218

Depth of invasion; tumor size; histological differentiation grade; angiolymphatic invasion; neural 
invasion; expression of PIM-1

Postoperative pathology and immunohisto-
chemical analysis

Overexpression of cortactin; the protein levels of mixed-
lineage leukaemia 2; the expression of stanniocalcin-1

Transcriptions of CD69, MYD88 and TLR4; 
low expression of olfactomedin 4

ESCC: Esophageal squamous cell carcinoma; EAC: Esophageal adenocarcinoma; CT: Computed tomography; EUS: Endoscopic ultrasonography; TK1: 
Thymidine kinase 1; CYFRA21-1: Cytokeratin 19 fragment antigen 21-1; NA: Not available; TLR4: Toll-like receptor 4; MYD88: Myeloid differentiation 
protein 88.

Preoperative narrow band imaging and magnifying endoscopy contributed to the assessment of the invasion depth of 
early esophageal cancer. This therapeutic strategy has been widely adopted: esophageal cancer with a preoperative 
diagnosis of invasion into SM1 is first resected endoscopically, and the decision regarding subsequent surgery is 
informed by the depth of invasion and vascular invasion[38].

Tumor size was also relevant, but the cutoff value varied in different studies. Chen et al[39] reported that tumor size ≥ 
1.85 cm was a risk factor (98/327, 30% vs 35/406, 8.6%; P < 0.05), and Zheng et al[40] suggested that patients with tumor 
size > 1.5 cm had a higher risk of lymph node metastasis (49/242, 20.2% vs 17/239, 7.1%; P < 0.05). Other cutoff values, 
such as 2.0 and 1.75 cm, were also reported to be significant in univariate and multivariate analyses[41,42]. The increase 
in tumor size was correlated with a higher risk of lymph node metastasis (P < 0.05)[32,36]. The values of incidence of 
lymph node metastasis in patients with tumor sizes ≤ 10, 11-20, 21-30, and ≥ 31 mm were 0% (0/26), 17.1% (6/35), 15% 
(3/20), and 33.3% (3/9) (P < 0.05), respectively[43]. Therefore, we might consider tumor size as a predictive factor. 
However, the cutoff-value selection should involve consideration of other confounding factors, and comprehensive 
modelling might be appropriate.

The histological differentiation grade was also related. Patients with moderately (G2) and poorly (G3) differentiated 
early ESCC had a higher risk of lymph node metastasis than those with high differentiation (G1) (19/89, 21.3% vs 2/39, 
5.1%; P < 0.05)[32]. Patients with poorly differentiated and undifferentiated (G0) early esophageal cancer (67 ESCC/31 
EAC) had a higher risk of lymph node metastasis than those with high and moderate differentiation (12/34, 35.3% vs 8/
64, 12.5%; P < 0.05)[33]. Similarly, Chen et al[39] reported that patients with poorly differentiated early ESCC had a higher 
risk of lymph node metastasis than those with high and moderate differentiation (77/226, 34.1% vs 56/507, 11%; P < 0.05). 
This might be related to the highly progressive capacity of poorly differentiated and undifferentiated tumors[15].

Several studies showed that lymphovascular invasion (LVI) was related to a higher risk of lymph node metastasis 
(44.4%-60% vs 0-18.1%, P < 0.05), which might be the first step towards regional lymph node metastasis[32,33,36]. Ancona 
et al[33] revealed that neural invasion was also relevant to a higher risk of lymph node metastasis (8/14, 57.1% vs 12/84, 
14.3%, P < 0.05). The sensitivity and specificity were 40% and 92%, respectively[33].

High expression of the proto-oncogene PIM-1 was detected in ESCC with lymph node metastasis[44], and PIM-1 
siRNA inhibited the proliferation of ESCC cells and induced apoptosis[45]. Upregulation of PIM-1 was also found in 
gastric glands correlated with the lymph node metastasis of gastric cancer[46]. Plum et al[47] explored whether the 
expression of PIM-1 was associated with lymph node involvement in early esophageal cancer (28 ESCC/39 EAC). The 
expression of PIM-1 was insignificantly different between ESCC and EAC, and low-grade expression of PIM-1 (< 30%) 
was correlated with lymph node metastasis (low-grade 10/16, 62.5% vs. high-grade 16/51, 31.4%; P < 0.05)[47].

Kotsafti et al[48] analysed the tumor immune microenvironment in therapy-naïve EAC. The infiltration of CD8+ CD28+ 
T cells was lower in both tumoral and peritumoral mucosa for patients with lymph node metastasis. The transcription 
levels of CD69, myeloid differentiation protein 88 (MYD88) and toll-like receptor 4 (TLR4) were lower in the tumoral 
specimens from patients with lymph node metastasis. The areas under the receiver operating characteristic curve 
(AUROC) of CD69, MYD88 and TLR4 mRNA expression were 0.76 [95% confidence interval (CI): 0.47-0.93], 0.80 (95%CI: 
0.52-0.95), and 0.80 (95%CI: 0.52-0.95), respectively (P < 0.05). In the peritumoral healthy mucosa, the levels of MYD88, 
TLR4, and CD69 mRNA levels were correlated with CD80 mRNA levels (Rho = 0.65, 0.47 and 0.82, respectively) (P < 
0.05). In the external cohort (seven matched tumor and adjacent normal tissue samples), the expression levels of CD8A, 
CD8B and TBX21 were lower in the peritumoral mucosa for patients with lymph node involvement (P = 0.05). CD80 
mRNA levels were correlated with CD38 mRNA (Rho = 0.85, P = 0.03) and CD69 mRNA (Rho = 0.77, P = 0.05) levels, 
confirming the possible role of CD80 in the pathway activating CD8 T cells. Moreover, the infiltration of CD8 T cells and 
M1 macrophages was also lower in patients with lymph node metastasis in the external cohort.
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Olfactomedin 4 (OLFM4), formerly named hGC-1 or GW112, a secreted glycoprotein, could mediate cell adhesion by 
interacting with extracellular matrix proteins such as cadherins and lectins[49]. OLFM4-positive cells were found in 
Barrett’s esophagus, mainly confined to the base of metaplastic glands[50]. Low expression (< 30%) of OLFM4 was 
associated with nodal metastases in advanced EAC [odds ratio (OR) 2.7; 95%CI: 1.16-6.41; P = 0.022] but insignificantly in 
early EAC (OR 2.1; 95%CI: 0.46-9.84; P = 0.338)[51]. In this study, the sample size of early EAC (n = 44) was relatively 
small, and OLFM4 expression in early and advanced EAC with lymph node metastasis differed insignificantly (P = 0.844)
[51]. Further exploration analysing the correlation between the expression of OLFM4 and lymph node metastasis in early 
EAC is still needed.

Lu et al[52] analysed the genome-wide gene expression profile of 10 primary ESCCs and their adjacent normal 
esophageal tissues. The overexpression of cortactin (CTTN) (dark brown staining in > 50% of normal or malignant 
esophageal squamous cells completely obscuring the cytoplasm) was associated with lymph node metastasis (N0 54/109, 
49.5% vs N1 72/98, 80.9%; P < 0.05) and pathological stage (I + IIA 58/113, 51.3% vs IIB + III 68/85, 80.0%; P < 0.05). 
However, this study enrolled patients with ESCC in stages I-III, and no subgroup analysis was performed. The 
relationship between the overexpression of CTTN and lymph node metastasis of early ESCC needs further exploration.

Li et al[53] compared the positive staining of mixed-lineage leukaemia 2 (MLL2), also known as KMT2D, in 25 pairs of 
early ESCC (with and without lymph node metastasis). The MLL2 levels were much higher in tumors with lymph node 
metastasis (P < 0.001). In vitro, silencing MLL2 expression resulted in decreased migration of esophageal squamous 
carcinoma cells. Moreover, the expression of stanniocalcin-1 (STC1) was also higher in tumors with lymph node 
metastasis, which could be decreased with MLL2 siRNA treatment. Further investigations indicated that MLL2 was 
recruited to the STC1 promoter by p65 (RelA) and activated the expression of STC1[53].

Predictive models
Although a large number of factors were correlated, it was still difficult to assess the risk of lymph node metastasis with a 
single indicator. Several comprehensive models have been built to predict the risk of lymph node metastasis in early 
ESCC (Table 2).

In 2016, Jia et al[43] built a logistic regression model using the depth of invasion and lymphovascular metastasis: p = ex/
(1 + ex ), and x = −5.469 + 0.839 × depth of invasion (M1 labelled 1; M2 labelled 2; M3 labelled 3; SM1 labelled 4, SM2 
labelled 5, and SM3 labelled 6) + 1.992 × lymphovascular metastasis (negative 0, positive 1). The AUROC was 0.858 
(95%CI: 0.757-0.959). However, the cutoff value and the calibration of this model were not reported.

In 2018, Zheng et al[40] built a nomogram using depth of tumor invasion, grade of differentiation, tumor size, and LVI 
(Figure 1). The Harrell’s concordance index (C-index) was 0.790 (95%CI: 0.717-0.864) and 0.789 (95%CI: 0.709-0.869) in the 
training and validation sets, respectively. The corresponding cutoff values were 0.142 and 0.224 in the training and 
validation cohorts, respectively. The P values in the Hosmer-Lemeshow test of the derivation and validation cohorts were 
0.966 and 0.754, respectively.

In 2019, Zhou et al[42] built a logistic regression model using tumor size, tumor grade, depth of invasion, and presence 
of angiolymphatic invasion: ŷ = 1/[1 + exp(- xβ)], xβ = -4.339 + 1.211 × tumor size (≤ 1.75 cm labelled 0, > 1.75 cm labelled 
1) + 1.078 × tumor grade (G1 labelled 0, G2/3 labelled 1) + 1.036 × depth of invasion (M1-3 labelled 0, SM1-3 labelled 1) + 
2.661 × angiolymphatic invasion (absent labelled 0, present labelled 1). The AUROCs in the training and validation sets 
were 0.80 (95%CI: 0.737-0.862) and 0.814 (95%CI: 0.724-0.905), respectively. The predicted value ranged from 3.33% to 
86.67%, and the optimal cutoff value of the estimated risk was 20%. Meanwhile, they built a nomogram to predict the risk 
of lymph node metastasis (Figure 2), with an AUROC of 0.80 (95%CI: 0.739-0.856) in the training cohort and 0.814 (95%CI: 
0.725-0.900) in the validation cohort. Whether the Hosmer-Lemeshow test was performed and whether the P was > 0.05 
were not reported.

In 2020, Chen et al[39] built another logistic regression model with a previous history of alcohol consumption, 
tumourtumor size, SM invasion, histologic grade, LVI, and preoperative CT result: ŷ = 1/(1 + e–z), z = - 5.213 + 2.061 × 
invasion depth (M1/M2/M3 labelled 0, SM1/SM2 or deeper labelled 1) + 3.216 × LVI (negative labelled 0, positive 
labelled 1) + 0.956 × histologic grade (G1 and G2 labelled 0, G3 labelled 1) + 1.107 × CT results (negative labelled 0, 
positive labelled 1) + 0.594 × alcohol consumption (no labelled 0, yes labelled 1) + 1.327 × tumor size (< 1.85 cm labelled 0, 
≥ 1.85 cm labelled 1) (Table 1). The optimal cutoff value of z was 3.735. The total AUROC and accuracy of the training, 
validation and test cohorts were 0.868 (95%CI: 0.837-0.900) and 74.49% (95%CI: 71.17-77.61), respectively. They further 
built an artificial neural network (ANN) model using these factors (Figure 3), with a much higher total AUROC of 0.915 
(95%CI: 0.887-0.943) and a much higher total accuracy of 90.72% (95%CI: 88.39-92.72%) (P < 0.05).

DISCUSSION
Esophageal cancer is a malignancy with high morbidity and mortality. Endoscopic resection was applied to patients with 
early esophageal cancer owing to its lower trauma and fewer complications. However, lymph node metastasis is not rare 
and is often treated with additional surgery. In this study, we reviewed predictive indicators of lymph node metastasis in 
patients with early esophageal cancer, especially as observed in recent findings about serum markers, immunohisto-
chemical indicators and comprehensive models. Preoperative imaging (size), serum markers (microRNA-218, TK1, 
CYFRA21-1, STMN1), postoperative pathology and immunohistochemical analysis (depth of invasion, tumor size, differ-
entiation grade, angiolymphatic invasion, and neural invasion; PIM-1 expression < 30%; transcription of CD69, MYD88 
and TLR4; low expression of OLFM 4; overexpression of CTTN, MLL 2, and STC1) were related. The sensitivity and 
specificity of a single criterion were relatively low, and comprehensive models, including the logistic regression model, 
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Table 2 Models predicting lymph node metastasis in early esophageal squamous cell carcinoma

Training set Validation set
Number Ref. Year Factors Category Cutoff 

value
C-index 
(95%CI)

Cutoff 
value

C-index 
(95%CI)

1 Jia et al
[43]

2016 Depth of invasion and lymphovascular metastasis Logistic 
regression model

NA 0.858 (0.757-
0.959)

NA NA

2 Logistic 
regression model

20% 0.80 (0.737-
0.862)

20% 0.814 (0.724-
0.905)

3

Zhou et al
[42]

2019 Dumor size, tumor grade, depth of invasion, and 
angiolymphatic invasion

Nomogram NA 0.80 (0.739-
0.856)

NA 0.814 (0.725-
0.900)

4 Zheng et 
al[40]

2018 Depth of tumor invasion, grade of differentiation, 
tumor size, and lymphovascular invasion

Nomogram 0.142 0.790 (0.717-
0.864)

0.224 0.789 (0.709-
0.869)

5 Logistic 
regression model

3.735 0.857 (NA) 3.735 0.881 (NA)

6

Chen et al 
[39]

2020 Tumor size, histologic grade, invasion depth, 
lymphovascular invasion, CT-results, and alcohol 
taking

artificial neural 
network

NA 0.904 (NA) NA 0.938 (NA)

C-index: Harrell’s concordance index; CI: Confidence interval; NA: Not available; CT: Computed tomography.

Figure 1 Nomogram predicting the risk of lymph node metastasis in patients with early esophageal cancer. Harrell’s concordance index was 
0.790 [95% confidence interval (CI): 0.717-0.864] and 0.789 (95%CI: 0.709-0.869) in the training and validation sets, respectively. The corresponding cutoff values 
were 0.142 and 0.224. The P value in the Hosmer-Lemeshow test of the derivation and validation cohorts were both > 0.05. LNM: Lymph node metastasis. Citation: 
Zheng H, Tang H, Wang H, Fang Y, Shen Y, Feng M, Xu S, Fan H, Ge D, Wang Q, Tan L. Nomogram to predict lymph node metastasis in patients with early 
oesophageal squamous cell carcinoma. Br J Surg 2018; 105: 1464-1470. Copyright ©The Author(s) 2018. Published by BJS Society Ltd[40].

nomogram, and ANN, performed much better. This helped clinical decision-making regarding whether endoscopic 
resection or radical surgery was appropriate and whether additional radical surgery was needed in patients with initial 
endoscopic resection. In this study, we mainly reviewed studies from PubMed, possibly missing some meaningful reports 
from other databases. In addition, all these comprehensive models relied on postoperative pathology. The present 
therapeutic strategy involves suggested initial endoscopic resection before subsequent surgery based on the depth of 
invasion and vascular invasion in patients with a preoperative diagnosis of SM1 invasion. If we could predict the lymph 
node status preoperatively, those with lymph node metastasis would not have to undergo endoscopic resection before 
radical surgery. Therefore, further studies using preoperative indicators such as imaging and serum markers are needed 
to predict lymph node status in patients with early esophageal cancer.
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Figure 2 Nomogram predicting the risk of lymph node metastasis in patients with early esophageal cancer. The area under the curve was 0.80 
[95% confidence interval (CI): 0.739-0.856] in the training cohort and 0.814 (95%CI, 0.725-0.900) in the validation cohort. The optimal cutoff value was 20%. Tumor 
grade I: High differentiation; Tumor grade II + III: moderate differentiation and poor differentiation. LNM: Lymph node metastasis. Citation: Zhou Y, Du J, Wang Y, Li 
H, Ping G, Luo J, Chen L, Zhang S, Wang W. Prediction of lymph node metastatic status in superficial esophageal squamous cell carcinoma using an assessment 
model combining clinical characteristics and pathologic results: A retrospective cohort study. Int J Surg 2019; 66: 53-61. Copyright ©The Author(s) 2019. Published by 
IJS Publishing Group Ltd[42].

Figure 3 Artificial neural network model predicting the risk of lymph node metastasis in patients with early esophageal cancer. The hidden 
layer consisted of 20 neurons. The optimal performance was at epoch 6 with a mean squared error of 0.0432. The total area under the curve and accuracy of the 
training, validation and test cohorts were 0.915 [95% confidence interval (CI): 0.887-0.943] and 90.72% (95%CI: 88.39-92.72%) (P < 0.05), respectively. LNM: Lymph 
node metastasis. Citation: Chen H, Zhou X, Tang X, Li S, Zhang G. Prediction of Lymph Node Metastasis in Superficial Esophageal Cancer Using a Pattern 
Recognition Neural Network. Cancer Manag Res 2020; 12: 12249-12258. Copyright ©The Author(s) 2020. Published by Dove Medical Press[39].
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CONCLUSION
Various factors, including preoperative imaging, serum markers, preoperative pathology and immunohistochemical 
indicators, were predictive of lymph node metastasis in early ESCC and EAC. Several comprehensive models predicting 
lymph node metastasis in early ESCC performed well, but these models relied on postoperative pathology. Further 
studies focusing on serum markers, imaging and immunohistochemical indicators are still needed.

ARTICLE HIGHLIGHTS
Research background
Given the poor prognosis of patients with lymph node metastasis, estimating the lymph node status in patients with early 
esophageal cancer is crucial. Indicators that could be used to predict lymph node metastasis in early esophageal cancer 
have been reported in many recent studies, but no recent studies have included a review of this subject.

Research motivation
This study aimed to review indicators predicting lymph node metastasis in early esophageal cancer.

Research objectives
This study was designed to review indicators predicting lymph node metastasis in early esophageal squamous cell 
carcinoma (ESCC) and early esophageal adenocarcinoma (EAC).

Research methods
We searched PubMed with “[early esophageal cancer (Title/Abstract) and (lymph node (Title/Abstract)]” or “[early 
esophageal carcinoma (Title/Abstract)] and [lymph node (Title/Abstract)]” or “[superficial esophageal cancer (Title/
Abstract)] and [lymph node (Title/Abstract)].” All studies were reviewed in detail, and a total of 29 studies were eligible 
for analysis.

Research results
Preoperative imaging, serum microRNA-218, depth of invasion, tumor size, differentiation grade, lymphovascular 
invasion, neural invasion, expression of PIM-1 < 30% were predictive factors for lymph node metastasis in both early 
ESCC and EAC. Serum thymidine kinase 1 ≥ 3.38 pmol/L, cytokeratin 19 fragment antigen 21-1 > 3.30 ng/mL, stannio-
calcin-1 and overexpression of cortactin, mixed-lineage leukaemia 2, stathmin-1 were predictive for lymph node 
metastasis in early ESCC. Transcription of CD69, myeloid differentiation protein 88, toll-like receptor 4 and low 
expression of olfactomedin 4 were predictive of lymph node metastasis in early EAC. A total of 6 comprehensive models 
for early ESCC were reviewed. The areas under the receiver operating characteristic curve reached 0.789-0.938.

Research conclusions
Various factors were predictive of lymph node metastasis in early ESCC and EAC. Several comprehensive models 
performed well, but these models relied on postoperative pathology. Further studies focusing on serum markers, imaging 
and immunohistochemical indicators are still in need.

Research perspectives
Further studies focusing on serum markers, imaging and immunohistochemical indicators are still needed.
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