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Introduction

Esophageal cancer is one of the most common aggressive 
malignancies worldwide, causing more than 400,000 
deaths each year (1) with overall 5-year rate of 20% (2,3). 
Esophageal squamous cell carcinoma (ESCC) is the 
predominant histological type, accounts for about 90% of 

esophageal carcinoma cases (3). So far, surgical resection is 
still the most effective treatment for esophageal cancer (4).  
And regional lymph nodes (LNs) involvement status is 
considered to be one of the most reliable prognostic factors 
for patients with ESCC (5). Therefore, precise lymph 
node evaluation before surgical treatment is important to 
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choose proper clinical plan and estimate the prognosis of 
patients. For ESCC patients accepting esophagectomy, 
many staging methods can be used, such as chest computed 
tomography (CT), endoscopic ultrasonography (EUS) and 
positron emission tomography (PET). Although several 
reports have compared the performance of these imaging 
methods in preoperative staging, the accuracy and validity 
of regional LNs assessment is still controversial (6,7). 
Compared with EUS and PET, the non-invasive property 
and cost efficacy enable CT as the most commonly used 
method in mediastinal LN evaluation. It has been reported 
that CT had a sensitivity of 30–60% and a specificity of 
60–80% for identifying enlarged lymph nodes (8), and the 
accuracy of CT in N staging can be 46–58% (9). It means 
that preoperative clinical N staging and final pathological 
evaluation are occasionally discordant. The accuracy of 
postoperative evaluation of N staging may be affected by 
the quality of lymphadenectomy. For patients with clinical 
positive but pathological negative LN status, there is the 
possibility that pathological N stage may be underestimated 
because of the insufficient of LN dissection.

The aim of this study is to observe whether preoperative 
LN status evaluated by CT scan can affect the prognosis of 
stage pN0 ESCC patients. Besides, we proposed to discuss 
the different strategy of LNs dissection for patients with 
different LN status evaluated by preoperative CT scan.

Methods

Patients population

We consecutive retrospectively collected patients who 
underwent radical esophagectomy in the Department of 
Thoracic Surgery, the First Affiliated Hospital, Zhejiang 
University School of Medicine, during the period of 2009 
to 2016. Patients with pathologically confirmed pN0 ESCC 
were enrolled in our study. The exclusion criteria were 
as follow: (I) patients with esophageal adenocarcinoma 
or other diseases; (II) tumors of the gastroesophageal 
junction; (III) patients with positive surgical margin; 
(IV) distant metastasis; (V) patients with perioperative 
deaths. All patients didn’t receive any radiation therapy or 
chemotherapy before the surgery. This study was conducted 
with approval from the Research Ethics Committee of the 
First Affiliated Hospital, College of Medicine, Zhejiang 
University (Reference Number 20181016).

Preoperative assessment of LNs by CT scan

All patients had received enhanced chest CT examination 
before surgery. Lymph nodes status evaluation was obtained 
mainly using enhanced CT images because few patients 
received EUS or PET-CT. Preoperative diagnosis of LN 
status was made by seasoned radiologists and surgeons. 
According to the CT scan reports, all patients were divided 
into two groups: CT positive group and CT negative 
group. Lymph nodes with the shortest diameter <5 mm 
were considered to be in normal size (CT negative group). 
Patients with suspected enlargement (5–10 mm) and definite 
enlargement (>10 mm) lymph nodes were both classified as 
CT positive group in this study (10) (Figure 1).

Surgery procedure and post-surgical follow-up

Radical esophagectomy was performed via a Sweet, Ivor-
Lewis or Mckeown procedure with lymphadenectomy. 
The preferred substitute for the esophagus was an elevated 
gastric tube. LN sites were identified by surgeons, and the 
numbers of harvested LNs were recorded postoperatively. 
Histopathological examination of all resected specimens 
was performed by experienced pathologists, including the 
evaluation of tumor size, T stage, grading, resection margin. 
All dissected lymph nodes were microscopically analyzed for 
metastatic disease. The pathological staging was conducted 
according to the American Joint Commission on Cancer/
Union for International Cancer Control (AJCC/UICC 8th 
version) tumor-node-metastasis (TNM) staging system (11). 

All patients were regularly followed-up by outpatient 
clinic or telephone. The last follow-up time was January 
2018.

Statistical analysis

Statistical analysis was performed using IBM SPSS statistics, 
version 20.0 (SPSS Inc, Chicago, IL). Overall survival 
(OS) was calculated using Kaplan-Meier curves, survival 
differences between groups were analyzed using log-rank 
test. The univariate and multivariate Cox proportional 
hazards regression models were used to evaluate the survival 
difference among groups, with hazard ratio (HR) and 95% 
confidence intervals (95% CI) provided. For all of the 
analysis, two-side P value less than 0.05 was considered to 
be statistically significant. And X-tile analysis was used to 
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determine the thresholds for the number of harvested LNs 
with minimal P value (12).

Results

Clinicopathologic characteristics 

A total of 233 patients with stage pN0 ESCC who 
underwent radical esophagectomy were enrolled in this 
study. Among these patients, the median age was 64 years 
(range, 42–82 years), and 200 (85.8%) were male and 33 
(14.2%) were female. Most tumors (74.2%) originated 
from the middle thoracic esophagus. Based on the 8th AJCC 
staging system, 74 patients (31.8%) were classified as T1 
stage, 62 patients (26.6%) as T2 stage, 97 patients (41.6%) 
as T3 or T4 stage. The median harvested LNs was 15 
(range, 2–49). Clinical characteristics are shown in Table 1.

According to preoperative CT scan performance, 99 
patients (42.5%) were considered as LN metastasis positive 
and 134 (57.5%) as LN metastasis negative. And there were 
no significant differences in clinicopathologic characteristics 
between CT positive group and CT negative group (Table 1).

Survival analysis of patients with stage pN0 ESCC

Univariate analysis showed that gender (HR: 0.073; 95% 
CI: 0.010–0.526; P=0.009), T stage (HR: 2.017; 95% CI: 
1.228–3.315, P=0.006), harvested lymph nodes (HR: 0.534; 
95% CI: 0.327–0.871; P=0.012) and preoperative LN status 

on CT scan (HR: 1.727; 95% CI: 1.055–2.825; P=0.030) 
were associated with OS of patients with pN0 stage ESCC 
(Table 2). And X-tile analysis indicated the cut-off value 
of dissected LNs should be 12 (Figure S1). Kaplan-Meier 
curves were showed in Figure 2. When preoperative CT 
scan indicated LNs metastasis, patients were more likely to 
have poor prognosis, even though they were all classified as 
N0 stage confirmed by postoperative pathology (P=0.027) 
(Figure 2). And the number of harvested LNs ≥12 also had a 
strongly positive influence on OS (P=0.010) (Figure 2).

Multivariate COX regression analysis indicated that 
gender (HR: 0.074; 95% CI: 0.010–0.534; P=0.01), T stage 
(HR: 2.306; 95% CI: 1.395–3.812; P=0.001), harvested 
LNs (HR: 0.476; 95% CI: 0.290–0.781; P=0.003) and 
preoperative CT scan performance (HR: 1.723; 95%CI: 
1.051–2.823; P=0.031) were all independent prognostic 
factors for patients with pN0 stage ESCC (Table 2). 

Survival analysis for stage pN0 ESCC patients with 
positive N metastasis on preoperative CT scan

Ninety-nine patients were considered to have LN metastasis 
on preoperative CT scan but pathologically confirmed as 
pN0 stage. X-tile analysis indicated that for ESCC patients 
who were suspected to have LN metastasis on CT scan but 
pathologically confirmed as stage pN0, when the number 
of LNs dissected ≥15, they could significantly have better 
prognosis (P=0.036) (Figure S2). Kaplan-Meier curves were 

Figure 1 Preoperative assessment of lymph nodes by enhanced esophageal CT scan. (A) positive LN metastasis on CT scan; (B) negative 
LN metastasis on CT scan. LN, lymph node; CT, computed tomography.

A B
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Table 1 Clinical characteristics of patients with stage pN0 ESCC

Variables Total (N=233) CT-positive (N=99) CT-negative (N=134) χ2 P value

Gender 2.336 0.126

Male 200 (85.8%) 89 (89.9%) 111 (82.8%)

Female 33 (14.2%) 10 (10.1%) 23 (17.2%)

Age, years 64 [42–82] 1.264 0.261

≥60 170 (73.0%) 76 (76.8%) 94 (70.1%)

<60 63 (27.0%) 23 (23.2%) 40 (29.9%)

Position 0.486 0.784

Upper 25 (10.7%) 11 (11.1%) 14 (10.4%)

Middle 173 (74.2%) 75 (75.8%) 98 (73.1%)

Lower 35 (15.0%) 13 (13.1%) 22 (16.4%)

Surgery 0.760 0.684

Sweet 92 (39.5%) 42 (42.4%) 50 (37.3%)

Ivor-Lewis 104 (44.6%) 43 (43.4%) 61 (45.5%)

Mckeown 37 (15.9%) 14 (14.1%) 23 (17.2%)

T stage 2.431 0.297

T1 74 (31.8%) 26 (26.3%) 48 (35.8%)

T2 62 (26.6%) 29 (29.3%) 33 (24.6%)

T3+T4 97 (41.6%) 44 (44.4%) 53 (39.6%)

Length 5.627 0.060

<3 87 (37.3%) 30 (30.3%) 57 (42.6%)

<5 81 (34.8%) 34 (34.3%) 47 (35.1%)

≥5 59 (25.3%) 32 (32.3%) 27 (20.1%)

Unknown 6 (2.6%) 3 (3.0%) 3 (2.2%)

Differentiation 1.517 0.468

High 32 (13.7%) 16 (16.2%) 16 (11.9%)

Moderately 129 (55.4%) 56 (56.6%) 73 (54.5%)

Poorly 72 (30.9%) 27 (27.3%) 45 (33.6%)

Harvested LNs 16.4±9.6 17.0±10.0 16.0±9.4 0.452 0.501

<12 81 (34.8%) 32 (32.3%) 49 (36.6%)

≥12 152 (65.2%) 67 (67.7%) 85 (63.4%)

Adjuvant therapy 0.311 0.577

Yes 87 (37.3%) 39 (39.4%) 48 (35.8%)

No 146 (62.7%) 60 (60.6%) 86 (64.2%)
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Table 2 COX regression analysis of prognostic factors for patients with stage pN0 ESCC

Variables
Univariate COX regression Multivariate COX regression

HR (95% CI) P value HR (95% CI) P value

Gender

Male Reference Reference

Female 0.073 (0.010–0.526) 0.009 0.074 (0.010–0.534) 0.01

Age, years

<60 Reference

≥60 1.030 (0.596–1.778) 0.917

Position

Upper Reference

Middle 1.058 (0.453–2.473) 0.896

Lower 0.793 (0.275–2.291) 0.669

Surgery

Sweet Reference

Ivor-Lewis 0.876 (0.527–1.458) 0.612

Mckeown 0.590 (0.206–1.693) 0.327

T stage

T1+T2 Reference Reference

T3+T4 2.017 (1.228–3.315) 0.006 2.306 (1.395–3.812) 0.001

Length

<3 Reference

<5 1.374 (0.749–2.521) 0.304

≥5 1.373 (0.707–2.666) 0.349

Differentiation

High Reference

Moderately 1.518 (0.635–3.630) 0.348

Poorly 2.193 (0.898–5.355) 0.085

Harvested LNs

<12 Reference Reference

≥12 0.534 (0.327–0.871) 0.012 0.476 (0.290–0.781) 0.003

Adjuvant therapy

No Reference

Yes 0.885 (0.530–1.479) 0.641

Preoperative CT

Negative Reference Reference

Positive 1.727 (1.055–2.825) 0.030 1.723 (1.051–2.823) 0.031
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depicted in Figure 3. And we also found that for patients 
with higher T stage (stage T3 or T4), when at least 17 LNs 
was dissected, they were supposed to obtain survival benefits 
(P=0.037) (Figure 3, Figure S2). 

Univariate COX regression analysis indicated that T 
stage (HR: 2.183; 95% CI: 1.101–4.329; P=0.024) and the 
number of harvested LNs (HR: 0.487; 95% CI: 0.244–0.970; 
P=0.041) were significantly related to the prognosis of 
patients (Table 3). Multivariable also showed that T stage (HR: 
2.274; 95% CI: 1.145–4.518; P=0.019) and the number of 
harvested LNs (HR: 0.467; 95% CI: 0.234–0.931; P=0.030) 
were both independent prognostic factors (Table 3). 

Survival analysis for stage pN0 ESCC patients with 
negative LN metastasis on preoperative CT scan

The consistency of preoperative and postoperative LN 
assessment was seen in 134 patients. Kaplan-Meier curves 
were showed in Figure 4. The number of LNs dissected 
≥12 was a positive prognostic factor (P=0.019) for ESCC 
patients (Figure S3). It should be noted that for stage T1 
or T2 ESCC patients without positive LN metastasis 
performance on preoperative CT scan, they could also have 
better clinical outcomes with LNs dissected equal to or 
more than 7 (P=0.032) (Figure 4, Figure S3). 

Both univariate and multivariate COX regression analysis 
indicated that the number of harvested LNs were strongly 
related to the prognosis of patients (Table 4). 

Discussion

In this study, we emphasized the prognostic significance of 
preoperative lymph node assessment for patients with pN0 
ESCC receiving esophagectomy, and we firstly proposed 
that the optimal LN dissection number should refer to the 
preoperative CT performance, which could give precisely 
clinical guidance for the strategy of LN dissection.

Esophageal cancer is an aggressive malignancy with a 
high incidence of lymph nodes metastasis, as esophageal 
cancer typically spreads via the lymphatic system (13). The 
status of lymph nodes has been considered as the most 
critical prognostic factors affecting long term survival for 
patients with ESCC (14). And radical lymphadenectomy 
might be an important method to improve survival (14). 
Therefore, a meaningful decision-making and management 
of esophageal cancer requires an accurate preoperative 
staging. Esophageal CT scan is the most commonly used 
method for preoperative assessment. However, the accuracy 
of CT scan in N staging is unsatisfactory, because the 
diagnostic criterion of N metastasis is still controversial. An 
obvious limitation of CT in N staging involves metastasis 
without obvious enlargement in size, as well as the fact that 
enlarged nodes may contain no metastasis (15). The current 
standard of positive lymph node set the shortest diameter 
as 10 mm (16), but this standard is just a clinical estimated 
value without any pathological evidence. Recent studies 
indicated that the shortest diameter of diagnostic criteria 

Figure 3 Kaplan-Meier curves for stage pN0 ESCC patients with positive LN metastasis on CT scan classified by the number of harvested 
LNs. (A) All T stage patients with 15 as the cut-off value of harvested LNs; (B) T3 and T4 stage patients with 17 as the cut-off value of 
harvested LNs. ESCC, esophageal squamous cell carcinoma; LN, lymph node; CT, computed tomography.
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Table 3 COX regression analysis of prognostic factors for stage pN0 ESCC patients with positive LN metastasis on preoperative CT scan

Variables
Univariate COX regression Multivariate COX regression

HR (95% CI) P value HR (95% CI) P value

Gender

Male Reference

Female 0.038 (0.001–2.209) 0.114

Age, years

<60 Reference

≥60 0.862 (0.411–1.809) 0.695

Position 0.624

Upper Reference

Middle 1.407 (0.427–4.636) 0.574

Lower 0.844 (0.170–4.185) 0.835

Surgery

Ivor-Lewis Reference

Sweet 0.720 (0.355–1.461) 0.363

Mckeown 0.926 (0.305–3.694) 0.926

T stage

T1+T2 Reference Reference

T3+T4 2.183 (1.101–4.329) 0.024 2.274 (1.145–4.518) 0.019

Length

<3 Reference

<5 2.328 (0.996–5.444) 0.051

≥5 1.261 (0.466–3.409) 0.648

Differentiation

High Reference

Moderately 1.353 (0.456–4.011) 0.586

Poorly 1.943 (0.632–5.972) 0.246

Harvested LNs 0.965 (0.930–1.002) 0.067

<15 Reference Reference

≥15 0.487 (0.244–0.970) 0.041 0.467 (0.234–0.931) 0.030

Adjuvant therapy

No Reference

Yes 0.902 (0.464–1.970) 0.902
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of lymph nodes could be less than 10 mm on CT (17).  
Mizowaki et al. suggested that the criterion was ≥5 mm 
in the shortest diameter (10). In our study, we accepted 
Mizowaki’s criteria, lymph nodes with the shortest diameter 
≥5 mm were considered as positive for metastasis, but the 
experience of radiologists and surgeons were also taken into 
account. However further research was needed to confirm 
the most reasonable diagnostic criteria.

We retrospectively analyzed 233 patients with stage 
pN0 ESCC who received radical esophagectomy during 
the period of 2009 to 2016. Among them, 99 patients 
(42.5%) were considered to have N metastasis assessed 
by preoperative CT scan but confirmed as N0 stage 
by postoperative pathological examination. In general, 
pathological N metastasis rather than clinical N metastasis 
was an independent prognostic factor for overall survival 
of patients with ESCC (18). Interestingly, we proved that 
patients with suspected clinical N metastasis had poorer 
prognosis (P=0.027). Cox regression analysis also indicated 
that preoperative clinical N staging was an independent 
prognostic factor for patients with stage pN0 ESCC. A 
previous SEER-based analysis indicated that patients 
classified as stage pN0 had fewer LNs harvested than those 
classified as stage N1 (19). It could be suspected that N 
staging might be underestimated due to the insufficient 
nodal dissection, especially for patients with suspected 
clinical N metastasis. Theoretically, resecting more lymph 
nodes or finding more negative lymph nodes may reduce 

the risk of occult lesions and thus increase the survival 
rate (20). Inadequate nodal dissection couldn’t reflect 
the real stage; however, overtreatment may result in 
increasing complications and mortality. Thus, the optimal 
and individualized lymph node dissection is important. 
Currently, there are still controversies about the exact 
number of harvested LNs in ESCC. Hu et al. suggested 
that more than 6 LNs should be resected for appropriate 
evaluation of LN status (21). Dutkowshi et al. believed that 
when the number of examined LNs ≥12, the accuracy for N 
staging could reach 90% (22). But there were other studies 
showed that the criteria of LN dissection should be 15 (23) 
or 18 (24). We found that for patients with CT-evaluated 
LN-negative ESCC, the number of harvested LNs was an 
independent prognostic factor, and the adequate number of 
examined LNs should be 12 (P=0.019). It should be noted 
that for patents with suspected clinical N metastasis on 
CT scan, when the number of harvested lymph nodes ≥15, 
patients could have better prognosis (P=0.036), especially 
for stage T3 or T4 patients, at least 17 LNs dissected were 
recommended for improved clinical outcomes (P=0.037).

However, this single-center retrospective study also had 
some limitations. The accurate judgement of positive LN 
metastasis on CT scans was still controversial and was tends 
to be driven more by experience, the validity of our criteria 
to assess LN status on CT scan was needed for further 
verification. And in order to determine the optimal number 
of LNs dissected by LN status based on preoperative CT 

Figure 4 Kaplan-Meier curves for stage pN0 ESCC patients with negative LN metastasis on CT scan classified by the number of harvested 
LNs. (A) All T stage patients with 12 as the cut-off value of harvested LNs; (B) T1 or T2 stage patients with 7 as the cut-off value of 
harvested LNs.
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Table 4 COX regression analysis of prognostic factors for stage pN0 ESCC patients with negative LN metastasis on preoperative CT scan

Variables
Univariate COX regression Multivariate COX regression

HR (95% CI) P value HR (95% CI) P value

Gender

Male Reference Reference

Female 0.147 (0.020–1.082) 0.060 0.163 (0.022–1.207) 0.076

Age, years

<60 Reference

≥60 1.196 (0.528–2.708) 0.668

Position 0.624

Upper Reference

Middle 0.808 (0.240–2.726) 0.731

Lower 0.803 (0.191–3.383) 0.765

Surgery

Left Reference

Right 1.085 (0.515–2.287) 0.830

Three-incisions 0.289 (0.037–2.241) 0.235

T stage

T1+T2 Reference Reference

T3+T4 2.058 (0.981–4.315) 0.056 2.212 (1.051–4.654) 0.036

Length

<3 Reference

<5 0.780 (0.306–1.989) 0.603

≥5 1.613 (0.651–3.994) 0.302

Differentiation

High Reference

Moderately 1.965 (0.447–8.642) 0.586

Poorly 2.908 (0.645–13.115) 0.165

Harvested LNs

<12 Reference Reference

≥12 0.429 (0.206–0.893) 0.024 0.409 (0.196–0.856) 0.018

Adjuvant therapy

No Reference

Yes 1.406 (0.670–2.949) 0.368
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evaluation, both histological positive and negative LN 
cases should to be analyzed. However, this part of data was 
showed in supplemental material (Figures S4,S5) and no 
significant results were obtained. We considered that the 
number of dissected lymph nodes was much more important 
for the confirmation of true pN0 stage. Insufficient number 
of dissected LNs may affect the accuracy of N staging, 
especially for the diagnosis of stage N0. So that our results 
may be helpful in the systematic dissection of lymph nodes 
and promote the accuracy of N staging. However, more 
researches are required to confirm the adequate number of 
dissected LNs according to preoperative LN status.

In conclusion, preoperative LN assessment for ESCC 
patients is critically important, the optimal number 
of dissected LNs should refer to the preoperative CT 
performance. For patients with suspect positive LN 
metastasis on CT scan, LN dissection should be much more 
careful and systematic, at least 15 LNs should be dissected, 
and especially for patients with higher T stage, at least 17 
LNs dissected were recommended. 
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Supplementary

Figure S1 Determine the cut-off values of dissected LNs for patients with stage pN0 ESCC by X-tile software.

Figure S2 Determine the cut-off values of dissected LNs for stage pN0 ESCC patients with positive LN metastasis on preoperative CT 
scan. (A) Patients with all T stages; (B) patients with stage T3 and T4 by X-tile software.
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Figure S3 Determine the cut-off values of dissected LNs for stage pN0 ESCC patients with negative LN metastasis on preoperative CT 
scan. (A) Patients with all T stages; (B) patients with stage T1 and T2 by X-tile software.

Figure S4 X-tile analysis for ESCC patients with lymph nodes metastasis. (A) Patients with positive lymph nodes metastasis on preoperative 
CT scan; (B) patients with negative lymph nodes metastasis on preoperative CT scan; (C) all patients with lymph nodes metastasis.
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Figure S5 X-tile analysis for ESCC patients. (A) Patients with positive lymph nodes metastasis on preoperative CT scan; (B) patients with 
negative lymph nodes metastasis on preoperative CT scan; (C) all patients with ESCC.
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