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Purpose: This study aimed to investigate the incidence of nodal skip metastasis (NSM) to 

identify the risk factors that influence NSM and to assess the prognostic value of NSM in 

patients with thoracic esophageal squamous cell carcinoma (ESCC).

Patients and methods: Between January 2009 and December 2013, 285 patients with ESCC 

with positive lymph nodes who underwent complete resection were enrolled.

Results: For the entire group, NSM occurred in 32.3% (92/285) of patients. The median sur-

vival time and 5-year survival rate in the NSM group were 28 months and 12.0%, respectively, 

compared with 36.3 months and 25.0%, respectively, in the non-NSM group (P=0.008). Both 

N stage (P=0.001) and T stage (P=0.014) were associated with the incidence of NSM. NSM 

(P=0.008), T stage (P=0.000), and N stage (P=0.000) were independent prognostic factors 

for survival. In the NSM group, T stage (P=0.014) and N stage (P=0.000) were independent 

prognostic factors for survival.

Conclusion: It was concluded that NSM is common in ESCC and is associated with poor 

survival.

Keywords: esophageal squamous cell carcinoma, surgery, nodal skip metastasis, incidence, 

risk factors, prognosis

Introduction
Esophageal cancer (EC) is the eighth most common cancer worldwide and is the sixth 

leading cause of cancer-related deaths.1,2 EC encompasses two main pathological 

types – adenocarcinoma and squamous cell carcinoma (SCC). North-Central China 

is often referred to as the “esophageal cancer belt,” and 90% of cases are esophageal 

squamous cell carcinoma (ESCC).3 Even though the treatment has been evolved in 

recent years, the long-term outcomes for patients with ESCC remain negative. The 

5-year survival rate of patients with ESCC ranges from 26.2% to 49.4%.4–8

Several studies have attempted to determine the clinical features that influence the 

prognosis of patients with ESCC. Lymph nodes (LNs) are considered to be the most 

reliable factor for therapeutic management since they affect the long-term survival 

of patients with EC after curative resection.9,10 It was demonstrated that the number 

of positive LNs led to different survival times.11–17 However, the distribution of LN 

metastases might be a more valuable factor that reflects the prognosis of patients.18 

Nodal skip metastasis (NSM) is defined as the presence of infiltrated LNs that are dis-

tant from the primary tumor but without the involvement of nodes in close proximity 

to the primary site. This is a common pathway for metastatic spread in up to 73.6% 
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of EC cases reported in previous studies.19–21 NSM has been 

demonstrated to be a positive prognostic factor in non-small 

cell lung cancer (NSCLC) and colorectal cancer;22,23 nev-

ertheless, the role of NSM in EC is still unclear. Several 

studies that were conducted to evaluate the prognostic value 

of NSM in EC showed controversial results.19,21,24 Recently, 

a retrospective study that included 207 patients with ESCC 

who underwent three-field lymphadenectomy indicated no 

significant difference in the overall survival (OS) between 

the patients with and without NSM (P=0.767).19 However, 

the data from the study by Prenzel et al indicated that NSM 

was a positive prognostic factor for survival.21 Prenzel et al 

assessed the presence of NSM in 128 patients with resectable 

EC and revealed that the 5-year survival rate was higher in 

patients with NSM than in those with continuous metastasis 

(53% vs 15%, P,0.0001). Another early study demonstrated 

that patients with NSM had a poorer 5-year survival rate than 

those without NSM (48.2% vs 79.5%).25

Studies on the role of NSM in patients with EC are rela-

tively rare, and the results have been inconsistent and even 

contradictory. Therefore, the present retrospective study was 

conducted to further investigate the incidence of NSM in 

patients with thoracic ESCC, the risk factors that influence 

NSM, and the prognostic value of NSM.

Patients and methods
study population
The pathology reports of all patients with EC who underwent 

two-field lymphadenectomy (2FLND) at Shandong Cancer 

Hospital Affiliated with Shandong University between 

January 1, 2009, and November 31, 2013, were reviewed. The 

inclusion criteria were as follows: pathologically confirmed 

thoracic ESCC; only one primary tumor site; no distant 

metastasis at diagnosis; received radical esophagectomy 

with 2FLND; complete resection; at least 12 LNs removed; 

only regional LN involvement; no treatments before surgery; 

and complete clinical data. This study was approved by the 

Institutional Review Board of the Cancer Hospital of Shan-

dong, which waived the requirement for written informed 

consent of individual patients since the reviewed data were 

de-identified and anonymized in this retrospective study.

Treatment procedure
Standardized transthoracic esophagectomy with 2FLND 

was performed in all patients. The operation consisted of a 

left thoracotomy and a collar neck incision. The thoracotomy 

with a posterolateral incision was usually performed through 

the left sixth or seventh intercostal space. During the opera-

tion, 2FLND was performed, which included the dissection 

of the middle to lower thoracic and upper abdominal LN 

stations. The thoracic nodes that were dissected consisted of 

the hilar, subcarinal, pulmonary ligament, phrenic, and other 

paraesophageal nodes. Moreover, the abdominal LNs, includ-

ing the paragastric nodes, and the LNs adjacent to the celiac 

trunk were also removed. Gastroesophageal reconstruction 

was achieved by stomach bypass through the posterior 

mediastinal route, while anastomosis was performed in the 

neck for all patients. After surgery, all removed nodes were 

labeled with their anatomical locations and were submitted 

for pathological examination. The treatment following sur-

gery was based on the corresponding stage.

Postoperative adjuvant treatment consisted of chemo-

therapy and radiotherapy. For chemotherapy, 4 cycles of 

platinum combined with 5-fluorouracil or a taxane (docetaxel 

or paclitaxel) were administered. For patients with concur-

rent treatment, chemotherapy began on the first day of irra-

diation. Three-dimensional conformal radiation therapy or 

intensity-modulated radiation therapy was delivered, which 

was performed 5 days per week at a dose of 2.0 Gy; the total 

dose was 50 Gy given in 25 fractions.

Pathology and LN classification
All LNs were fixed in 5% formaldehyde and embedded in 

paraffin. Serial sections of LNs at a thickness of 5 μm were 

analyzed by using routine staining with hematoxylin and 

eosin for the detection of metastatic involvement. No addi-

tional immunohistochemical staining was used to diagnose 

micrometastases. The numbers and sites of all LNs were 

recorded. Histopathologic findings were classified accord-

ing to the Union for International Cancer Control TNM 

guidelines.24 The resected LNs were categorized according 

to the Japanese staging system of the Japanese Society for 

Esophageal Disease (JSED)26 and were further classified into 

four categories (Group 1 through Group 4) according to their 

location relative to the primary tumor. NSM was defined as 

when LN metastasis was discovered in Group 2, Group 3, 

or Group 4 beyond Group 1. Group 1 included 101, 105, 

106recR, and 106recL in upper ESCC; 106recR, 106recL, and 

108 in middle ESCC; and 110, 1, and 2 in lower ESCC.

Follow-up assessment
Patient follow-up was performed every 3 months up to 

2 years, every 6 months up to 5 years, and once yearly there-

after. The regular follow-up assessment included a physi-

cal examination, plain chest radiography, endoscopy, and 

computed tomography of the chest and abdomen. However, 

examinations were performed sooner if the patient experi-

enced abnormal symptoms.
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statistical analysis
Continuous variables were summarized by descriptive 

statistics, such as the means, medians, and ranges. Categori-

cal variables were tabulated by frequency and percentage. 

Univariate and multivariate logistic regression models were 

used to evaluate the associations among clinicopathologi-

cal characteristics of the patients, primary tumors, and the 

occurrence of NSM. The Kaplan–Meier method was used 

to estimate the survival distribution by important categori-

cal parameters. The log-rank test was used to intimate sur-

vival differences. Cox-proportional hazards models were 

performed for the multivariate survival analysis. Survival 

time was defined as the date of surgery to the date of death 

or the last follow-up. A two-sided P,0.050 was considered 

statistically significant. All statistical tests were performed 

with SPSS 17.0 software (SPSS, Chicago, IL, USA).

Results
Patients
The characteristics of the patients in the present study are 

summarized in Table 1. In all, data of 296 patients with ESCC 

were collected. The median follow-up time was 36.2 months 

(range: 1.0–85.4 months). By the end of the follow-up period, 

11 patients were lost to follow-up and 18.2% (52/285) of 

patients were still alive. Finally, 285 patients (217 males, 

68 females) who met the inclusion criteria were analyzed. The 

median age of the patients was 61 years (range: 37–72 years). 

The median number of resected LNs for the entire cohort 

was 15 (range: 12–37). A total of 58.2% (166/285) patients 

received postoperative adjuvant treatment, including 

26.0% (43/166) patients who received chemoradiotherapy, 

62.0% (103/166) who received chemotherapy alone, and 

12.0% (20/166) who received radiotherapy alone.

Prevalence of nsM
For the entire group, 32.3% (92/285) of patients demon-

strated NSM, including 81.5% (75/92) of males and 18.5% 

(17/92) of females. NSM mainly occurred in N1 patients 

(39.5%, 60/152), while NSM occurred in 23.2% (22/95) of 

N2 patients and 26.3% (10/38) of N3 patients. The incidence 

of NSM in patients staged as T4 (40.6%) was higher than 

that in patients with other stages (T1, 19.0%; T2, 34.4%; T3, 

35.1%). NSM was mainly observed in the upper esophagus 

(91.7%) rather than the middle (32.0%) and lower esophagus 

(35.8%). The relationship between the clinicopathological 

factors and NSM is shown in Table 2. The univariate analysis 

demonstrated that only N stage was associated with the 

incidence of NSM (P=0.020). However, according to the 

multivariate analysis, T stage (P=0.014, OR =1.533, 95% 

CI: 1.090–2.156) and N stage (P=0.001, OR =0.470, 95% 

CI: 0.297–0.743) were independent influencing factors.

survival
The survival curve for the entire group is shown in 

Figure 1. For the entire group, the median progression-

free survival was 23.1 months (range: 1–76 months). The 

median survival time (MST) was 32.5 months (range: 

1–84 months), and the 3- and 5-year survival rates 

were 45.0% and 23.0%, respectively. The MST in the 

NSM group was 26.3 months (range: 1.8–77.9 months), 

while that of the non-NSM group was 36.3 months  

(range: 1–84 months). The 3- and 5-year survival rates in the 

Table 1 clinicopathological characteristics of 285 patients 
included in this study

Characteristics Number of 
patients (%)

gender
Male 217 (76.1)
Female 68 (23.9)

age (years)
#60 134 (47.0)
.60 151 (53.0)

location of tumor
Upper 12 (4.2)
Middle 206 (72.3)
lower 67 (23.5)

Tumor differentiation
Well-differentiated 51 (17.9)
Moderately differentiated 151 (53.0)
Poorly differentiated 83 (29.1)

T stage
T1 58 (20.4)
T2 64 (22.5)
T3 79 (27.7)
T4 13 (4.6)

n stage
n1 152 (53.3)
n2 95 (33.3)
n3 38 (13.3)

nsM status
no 92 (32.3)
Yes 193 (67.7)

adjuvant therapy
none 119 (41.8)
chemotherapy 103 (36.1)
radiotherapy 20 (7.0)
chemoradiotherapy 43 (15.1)

The number of resected lymph nodes
#15 182 (63.9)
.15 103 (44.3)

Tumor length
#4 168 (53.9)
.4 117 (36.1)

Abbreviation: nsM, nodal skip metastasis.
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NSM group were 29.0% and 12.0%, respectively, compared 

with 50.0% and 25.0%, respectively, in the non-NSM group 

(P=0.008, OR =1.453, 95% CI: 1.102–1.915) (Figure 2).

Prognostic factors
A univariate analysis indicated that T stage (P=0.000), 

N stage (P=0.000), and NSM (P=0.008) were associated 

with survival. A multivariate analysis revealed that 

T stage (P=0.000, OR =2.403, 95% CI: 2.019–2.859), 

N stage (P=0.000, OR =2.997, 95% CI: 2.417–3.717), and 

NSM (P=0.000, OR =2.275, 95% CI: 1.696–3.052) were 

independent prognostic factors for OS (P=0.014, HR =1.509, 

95% CI: 1.086–2.096) (Table 3). A subgroup analysis was 

performed on the NSM group, which found that T stage 

(P=0.000) and N stage (P=0.000) were associated with OS in 

a univariate analysis and that T stage (P=0.014, OR =1.505, 

Table 2 Univariate and multivariate analyses of factors associated with nodal skip metastasis

Characteristics NSM Non-NSM P-value (univariate) P-value (multivariate) HR (95% CI)
gender 0.143

Male 75 (34.6) 142 (65.4)
Female 17 (25) 51 (75)

age (years) 0.600
#60 46 (34.3) 88 (65.7)
.60 46 (30.5) 105 (69.5)

location of tumor 0.273
Upper 11 (91.7) 1 (8.3)
Middle 66 (32.0) 140 (68.0)
lower 24 (35.8) 43 (64.2)

Tumor differentiation 0.489
Well-differentiated 15 (29.4) 36 (70.6)
Moderately differentiated 49 (32.5) 102 (67.5)
Poorly differentiated 28 (33.7) 55 (66.3)

T stage 0.212 0.014 1.533 (1.090–2.156)
T1 11 (19.0) 47 (81)
T2 22 (34.4) 42 (65.6)
T3 46 (35.1) 85 (64.9)
T4 13 (40.6) 19 (59.4)

n stage 0.020 0.001 0.470 (0.297–0.743)
n1 60 (39.5) 92 (60.5)
n2 22 (23.2) 73 (76.8)
n3 10 (26.3) 28 (73.7)

Tumor length 0.843
#4 55 (32.7) 113 (67.3)
.4 37 (31.6) 80 (68.4)

Note: Values are expressed as n (%).
Abbreviations: NSM, nodal skip metastasis; HR, hazard rate; CI, confidence interval.

Figure 1 The PFs and Os for all patients.
Abbreviations: Os, overall survival; PFs, progression-free survival.

Figure 2 The overall survival for patients with or without nsM.
Abbreviation: nsM, nodal skip metastasis.
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95% CI: 1.085–2.089) and N stage (P=0.000, OR =5.931, 

95% CI: 3.554–9.897) were independent prognostic factors 

for survival in a multivariate analysis.

Discussion
NSM is defined as infiltration of distant LNs but with-

out tumor involvement in nodes adjacent to the tumor 

itself. NSM is a well-described phenomenon in NSCLC22 

as well as in colorectal cancer,23 and it is also common 

in EC. The specific anatomic properties of esophageal 

lymphatic drainage result in the occurrence of NSM.27 

The esophagus has two main lymphatic collection areas –  

in the abdomen around the celiac trunk and in the neck – 

and lymphatic vessel communication in the esophageal 

submucosa is abundant. This lymphatic system not only 

penetrates the esophageal wall in a transverse manner and 

drains to adjacent LNs but also participates in more longitudi-

nal communication. Accordingly, the lymphatic flow can eas-

ily bypass the LNs located near the primary tumor and travel 

to distant nodes, which is termed “skipping metastasis.”

Data from previous studies showed a significant dif-

ference in the prevalence of NSM in EC with a range of 

20%–73.6%.19–21 Chen and Liu divided lymphatic nodes 

of 1,850 patients into three groups according to the ana-

tomical compartment (cervical, thoracic, or abdominal) 

and revealed that NSM occurred in 73.6% of patients with 

node metastases.20 Another retrospective study classified 

LNs based on the sixth edition of the AJCC Cancer Staging 

Manual, and only 26% (58/207) of patients showed NSM.19 

Prenzel et al divided LN metastases into four categories 

Table 3 Univariate and multivariate analyses for overall survival

Variable P-value 
(univariate)

P-value 
(multivariate)

HR (95% CI)

gender 0.245
Male
Female

age (years) 0.378
#60
.60

location of tumor 0.321
Upper
Middle
lower

Tumor differentiation 0.414
Well-differentiated
Moderately differentiated
Poorly differentiated

T stage 0.000 0.000 2.403 (2.019–2.859)
T1
T2
T3
T4

n stage 0.000 0.000 2.997 (2.417–3.717)
n1
n2
n3

Occurrence of nsM 0.008 0.000 2.275 (1.696–3.052)
no
Yes

adjuvant therapy 0.128
none
chemotherapy
radiotherapy
chemoradiotherapy

The number of resected lymph nodes 0.092
#15
.15

Tumor length 0.099
#4
.4

Abbreviations: NSM, nodal skip metastasis; HR, hazard rate; CI, confidence interval.
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(Group 1 through Group 4) in relation to the primary tumor 

according to the JSED. Skip metastases were defined as 

the presence of LNs with no infiltration of Group 1 nodes, 

but with involvement of Group 2 through Group 4 LNs. 

NSM was observed in 20.3% of 128 patients.21 However, 

the present research followed the classification used by 

Prenzel et al and showed that the rate of NSM was 32.3%. 

These inconsistent results might be caused by different LN 

classification systems used for the definition of NSM, selec-

tion bias as a result of small sample size, and limitations of 

retrospective studies.

The results of this study showed that the incidence of 

NSM increased with the depth of tumor invasion. This may 

be due to tumor cells that invaded distant LNs along the 

mucosa that bypassed the local LNs after the submucosal 

area was infiltrated. However, NSM was found frequently 

in early N stage tumors, which can be explained by the 

abundant lymphatic vessel communication in the esophageal 

submucosa. The submucosal lymphatic vessel does not drain 

segmentally, but rather, it drains in a longitudinal fashion. 

Lymph can travel a long distance in the plexus before it 

penetrates the esophageal wall and drains to the regional 

LNs.28 This peculiarity of esophageal drainage forms as a 

result of the existence of extensive skip metastases during the 

early N stage of esophageal squamous carcinoma in contrast 

to advanced stages in which metastasis spreads through all 

possible lymphatic vessels.29 On the contrary, advanced N 

stage tumors might harbor the presence of NSM. However, 

data on only 13.3% (38/285) of N3 patients were collected 

in the present study. It is therefore reasonable to believe 

that the incidence of NSM was not substantially impacted 

by advanced N stage.

The prognostic value of NSM has been confirmed in 

NSCLC22 and colorectal cancer.23 However, few studies have 

evaluated the role of NSM on the prognosis of patients with 

EC, and the results of those studies which have been reported 

were controversial.19,21,24,26,30,31 In the study by Prenzel et al, 

128 patients with pN1 stage EC (adenocarcinoma, n=67; 

SCC, n=61) were mapped according to the Japanese staging 

system by the JSED, which showed that patients with 

NSM had a significantly better 5-year cumulative survival 

than patients with continuous metastasis (53% vs 15%; 

P,0.0001).21 However, Liu et al31 defined station 1 as pos-

terior mediastinal nodes, middle paraesophageal nodes, and 

lower paraesophageal nodes, which corresponded to upper 

thoracic, middle thoracic, and lower thoracic, respectively. 

This classification was based on the sixth edition of the 

AJCC Cancer Staging Manual and revealed that NSM was 

associated with a relatively poor prognosis in thoracic ESCC. 

The 5-year survival rate of patients with NSM was 29.2%, 

which was significantly worse than the 34.2% of patients with 

adjacent node metastasis (P,0.05).31 Wu et al30 used three 

classification criteria to define NSM: the JSED, the AJCC 

Cancer Staging Manual, and the anatomical compartment. 

Despite the classification criteria, NSM was not a prognostic 

factor compared with adjacent node metastasis. However, 

because only 33 patients were involved in Wu et al’s study, 

the conclusion should be further confirmed in a larger 

sample. These inconsistent results may be due to the differ-

ent LN classification systems used to define skip metastasis 

in the former and present studies. The same classification 

method as that used in the study by Prenzel et al was used 

in the present study, which led to conflicting results. The 

5-year survival rate of patients with NSM was poorer than 

that of patients without NSM (12.0% vs 25.0%, P=0.0076). 

The presence of NSM was a risk factor for the prognosis 

of patients with thoracic ESCC. The biologic behavior and 

pattern of lymphatic spread may also be different between 

adenocarcinoma and SCC.25,32 Therefore, since only patients 

with thoracic ESCC were exclusively enrolled in the present 

study, this may have led to results different from those of the 

study by Prenzel et al, which contained 52.3% of patients with 

adenocarcinoma. Despite the different classification methods 

used in Liu et al’s study and the present study, a similar con-

clusion is derived. The Japanese staging system used in the 

present study may provide a more exact staging of regional 

LNs and a more sophisticated assessment of skip metastasis 

through the division of the locations of LN metastases into 

four categories (Group 1 through Group 4) according to the 

position of the lesion.21 Therefore, the results of the current 

research were more credible.

Adequate LN dissection was crucial to the detection 

of the occurrence of NSM.33 All patients in the present 

study underwent complete 2FLND lymphadenectomy in 

which $12 LNs were harvested. Although no standard was 

established for the number of resected LNs in order to accu-

rately recognize LN metastasis, a minimum number of 12 

used in the present study seems to be sufficient based on the 

current version of AJCC guidelines. Therefore, false surveil-

lance of NSM due to unreliable LN dissection was avoided 

in the present study. In addition, as all patients received 

2FLND lymphadenectomy, a certain selection bias from 

different surgeons was surely avoided. Moreover, this study 

spanned only 4 years, and the therapeutic modality has not 

evolved over this time period, which precludes variations 

in therapy.
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Limitations
The lack of detailed data on LN micrometastasis contributes 

to the inaccurate diagnosis of NSM. Micrometastases have 

been frequently observed in EC, and the malignant potential 

of nodal micrometastatic cancer cells has been confirmed.34,35 

Small metastases cannot be recognized by conventional his-

topathological examination,19 and whether the presence of 

small metastases would increase or decrease the rate of NSM 

is unclear due to the similar likelihood of Group 1–Group 4 

LNs to have micrometastatic infiltration. Therefore, if micro-

metastasis is not taken into account, the diagnosis of NSM 

may not be very precise, and this has been reported in several 

previous studies.24,30 However, the detection of micrometas-

tasis was beyond the scope of the present study as it has not 

been routinely assessed in clinical practice for EC. Therefore, 

further research combined with routine histopathology and 

immunohistochemistry to identify NSM is needed.

This study has several other limitations that warrant 

attention. First, since the sequence of LN metastasis cannot 

be confirmed, the original NSM may be concealed when 

multiple LN metastasis occurs, which can lead to the inac-

curate diagnosis of skip metastasis. Second, the retrospective 

nature of this study weakened the credibility of the results. 

In addition, as it was a single-institution series, the sample 

size was limited, and thus a multi-institutional collaborative 

study on a large dataset is needed.

Conclusion
NSM is a common phenomenon in patients with resectable 

ESCC. The prevalence of NSM is influenced by T stage 

and N stage, and the presence of NSM is associated with a 

negative prognosis of ESCC. Dependence on retrospective 

studies with small sample sizes to indicate the prognostic 

value of NSM is inadequate to some extent. The combina-

tion of the distribution with the number of LN metastases 

may provide a more appropriate N-classification for 

esophageal carcinoma rather than the use of number alone. 

Further validation using a large-scale or randomized dataset 

is needed.
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