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Background: Neoadjuvant chemoradiotherapy (nCRT) and surgery are widely used treatments for locally 
advanced esophageal squamous cell carcinoma (ESCC). Thus, it is critically important to investigate risk 
factors that affect patient prognosis after preoperative chemoradiotherapy and surgery.
Methods: We conducted a retrospective analysis of 77 patients with ESCC who received nCRT and 
underwent surgery at our center from January 2015 to December 2019. We analyzed the primary clinical 
data, postoperative pathological results, recurrence, and death results.
Results: Among the 77 ESCC patients who received nCRT and surgery, 19 achieved a postoperative 
pathologic complete response (pCR), and the overall pCR rate was 24.68%. The univariate analysis indicated 
that postoperative post-neoadjuvant treatment N stage (ypN) metastasis [hazards ratio (HR): 2.908; 95% 
confidence interval (CI): 0.874–9.676; P=0.082], a high lymph-node ratio [(LNR) >0.1] (HR: 7.149, 95% CI: 
1.740–29.369; P=0.006), post-neoadjuvant treatment T3-4 (ypT3–4) (HR: 3.626, 95% CI: 0.824–15.956; 
P=0.088) affected disease-specific survival (DSS). The multivariate analysis indicated that a high LNR (>0.1) 
(HR: 6.170; 95% CI: 1.472–25.856; P=0.013) was a significant independent predictor of DSS. The univariate 
analysis indicated that postoperative ypN metastasis (HR: 2.283; 95% CI: 1.047–4.979; P=0.038) and a high 
LNR (>0.1) (HR: 4.210; 95% CI: 1.547–11.458; P=0.005) were associated with recurrence-free survival 
(RFS). The multivariate survival analysis showed that a high LNR (>0.1) (HR: 4.289; 95% CI: 1.538–11.965; 
P=0.005) was also a significant independent predictor of RFS. In this study, 57 positive lymph nodes were 
found in 30 of the 77 patients, including 16 left gastric lymph nodes, 9 pericardial lymph nodes, and 7 left 
supraclavicular lymph nodes.
Conclusions: A high LNR (>0.1) in ESCC patients after nCRT is a risk factor of DSS and RFS. ypN 
metastasis is also an independent predictor of RFS. Left gastric-arterial lymph nodes, para-cardiac lymph 
nodes, and left supraclavicular lymph nodes are the most common sites of metastasis in ESCC after nCRT.
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Introduction

Surgery has been the mainstay of treatment for resectable 
esophageal squamous cell carcinoma (ESCC) for decades; 
however, the overall treatment outcome is poor, and 
the 5-year survival rate is only 20.64–34.00% (1). In the 
CROSS trials, the pathologic complete response (pCR) rate 
of the neoadjuvant chemoradiotherapy (nCRT) group was 
29%, and the median overall survival (OS) of the nCRT 
group was significantly higher than that of the surgery 
group [48.6 vs. 24.0 months; hazards ratio (HR), 0.68; 95% 
confidence interval (CI), 0.53–0.88; P=0.003]. Since only 84 
patients (23%) with ESCC were included in the study, the 
conclusions of the CROSS trials regarding ESCC remain 
controversial. The NEOCRTEC 5010 study in China 
confirmed that preoperative chemoradiotherapy could 
significantly increase the survival of patients with locally 
advanced ESCC; however, the recurrence rate of ESCC 
after nCRT is >40% (2). Thus, it is essential to explore the 
recurrence factors of ESCC after nCRT.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-807).

Methods

Patient population

A retrospective study was conducted. The data of 103 
patients with locally advanced ESCC who received nCRT 
from January 2015 to December 2019 were collected. 
Twenty-three final non-surgical patients were excluded 
(including 10 patients who refused surgery after treatment, 
and 13 patients with disease progression). In addition, 3 
patients who were lost during the follow-up period after 
surgery were excluded from the study. Thus ultimately, 77 
patients (70 male and 7 female) were included in the study 
(see Figure 1). The patients had an average age of 62.5 years 
(range, 48–74 years).

All procedures involving human participants conducted 
in this study conformed to the Helsinki Declaration (as 
revised in 2013). This study was approved by the Ethics 
Committee of the Renji Hospital, Shanghai Jiaotong 
University School of Medicine with approval number 
KY2020-032. As this was a retrospective study, informed 
consent was not required.

Preoperative evaluation methods

After being diagnosed with ESCC by gastroscopy before 

treatment, further chest enhanced computed tomography 
(CT), a cervical lymph-node ultrasound, and an abdominal 
ultrasound were performed.  A positron emission 
tomography (PET)-CT scan was also performed in most 
cases. The complete pulmonary function test and cardiac 
ultrasound evaluation were performed at the same time. 
After a multidisciplinary team discussion, preoperative 
chemoradiotherapy was administered to patients with 
clinical stage cT3-4N0M0 or cT1-4N1-2M0.

NCRT

All patients received paclitaxel combined with cisplatin, 
and radiation of 41.4 Gy/23 fractions that complied with 
intensity-modulated radiotherapy or volumetric-modulated 
arc therapy. 1 of the following 2 chemotherapy regimens 
was selected and administered: (I) a 2-weekly regimen 
of paclitaxel (135 mg/m2) + cisplatin (75 mg/m2) every  
3 weeks for 2 cycles; or (II) a weekly regimen of paclitaxel  
(45 mg/m2) + cisplatin (25 mg/m2) every 2 weeks for 
5 cycles.

Operation time and plan

Clinica l  restaging was  performed approximately  
4–6 weeks after chemoradiotherapy. Patients without disease 
progression were scheduled for surgery, and patients with 
disease progression continued chemoradiotherapy. Surgery 
was performed 6–8 weeks after chemoradiotherapy. A 
minimally invasive McKeown or Ivor Lewis esophagectomy 
was performed.

Postoperative follow-up and data collection

We ana lyzed  data  about  overa l l  character i s t i c s , 
complications, local recurrence, distant metastasis, 
survival time, and other related data. The preoperative 
and postoperative pathological stages, and the results 
of the patients were recorded. All of the patients were 
regularly followed-up at outpatient clinic appointments or 
by telephone. All the data were confirmed by two doctors 
to avoid any bias caused by the data collection and input 
deviation.

Statistical analysis

The statistical analysis was performed using SPSS 26.0. 
The Kaplan-Meier method was used to draw the survival 
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curves, and the log-rank method was used to compare the 
differences between the survival curves. In the univariate 
analysis, the Kaplan-Meier method was used, and factors 
with a P value <0.1 as tested by the log-rank method were 
included in the Cox proportional risk model to evaluate the 
independent prognostic factors. Recurrence-free survival 
(RFS) was defined as the time between the initial operation 
and the earliest evidence of recurrence. Disease-specific 
survival (DSS) was defined as any patient in the study or 
treatment group did not die from a specific disease during 
the defined period. A P value <0.05 indicated a statistically 
significant difference.

Results

Overall characteristics

Seventy-seven patients (70 male and 7 female) who received 
nCRT and underwent minimally invasive esophagectomy 
from January 2015 to December 2019 were included in 
the study. The patients had an average age of 62.5 years 
(range, 48–74 years); 23 patients were aged ≤60 years and 
54 patients were aged >60 years. The tumors were located 
in the proximal third, middle third, and distal third in 7, 33, 
and 37 cases, respectively. In relation to preoperative clinical 
staging, there were 61 (79.2%) cT3 cases and 12 (15.6%) 
cT4 cases. There were 42 (54.5%) cases of cN1, 30 (39%) 
cases of cN2, and 1 (1.3%) case of cN3. Postoperatively, 
there were 18 (18.2%) cases of ypT3, 5 (6.5%) cases of 
ypN2, and 1 (1.3%) case of ypN3.

Postoperative pCR was achieved in 19 (24.68%) cases. In 

61 (79.2%) cases, >15 lymph nodes were dissected during 
surgery (range, 15–53; average 24.21). Twelve patients had 
anastomotic complications, including anastomotic leakage 
in 10 (12.98%) cases, anastomotic bleeding in 2 cases, 
postoperative intestinal obstruction in 1 case, pulmonary 
embolism in 1 case, and heart failure in 1 case (see Table 1).

Univariate and multivariate analysis

The univariate analysis showed that postoperative ypN 
metastasis (HR: 2.283; 95% CI: 1.047–4.979; P=0.038), 
and a high lymph-node ratio [(LNR) >0.1] (HR: 4.210; 
95% CI: 1.5477–11.458; P=0.005) were associated with the 
RFS of patients after esophagectomy following nCRT. The 
multivariate Cox regression analysis showed that a high 
LNR (>0.1) (HR: 4.289; 95% CI: 1.5388–11.965; P=0.005) 
was a significant independent predictor of RFS (see Table 2).

In this study, 6 ESCC patients died of unrelated diseases 
(2 of sudden cardiac death at home, 2 of cerebrovascular 
accidents, 1 of leukemia, and 1 of epilepsy). Thus, DSS 
was taken as the endpoint of this study. The univariate 
analysis indicated that postoperative ypN metastasis (HR: 
2.908; 95% CI: 0.874–9.676; P=0.082), a high LNR (>0.1) 
(HR: 7.149; 95% CI: 1.740–29.369; P=0.006), ypT3-
4 (HR: 3.626; 95% CI: 0.824–15.956; P=0.088) possibly 
affected DSS. The multivariate analysis indicated that a 
high postoperative LNR (>0.1) (HR: 6.170; 95% CI: 1.472–
25.856; P=0.013) was an independent prognostic factor 
of DSS (see Table 3). Due to the strong linear relationship 
between the ypN status and LNR, only LNR was included 
in the multivariate analysis.

Patients started neoadjuvant chemoradiotherapy, 
January 2015 to December 2019 

n=103

Patients undergoing surgery with neoadjuvant 
chemoradiotherapy 

n=80

Excluded n=23
Refuse surgery after treatment n=10
Progressive disease                  n=13

Excluded n=3
Loss to follow-up

Patients included in study
n=77

Figure 1 Study flow chart.
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Survival curves for DSS and RFS

Patients were divided into (three groups based on their 
LNR: (I) the LNR 0 group (LNR =0); (II) the low LNR 
group (0< LNR ≤0.1); and (III) the high LNR group (LNR 
>0.1). The survival analysis revealed a substantial difference 
in the DSS (P=0.007) and RFS (P=0.010) among the LNR 
groups (see Figure 2A,2B). The 1- and 3-year DSS of the 
LNR 0 group, the low LNR group, and the high LNR 
group were 100% and 96.2%, 90.9% and 84.8%, and 75% 
and 0%, respectively. The data of the three groups were 
statistically different (P=0.007).

When RFS was compared between the two different 
ypN statuses, the prognosis of the ypN+ group was poor, 
and the difference was significant (P=0.031). Of the 47 
patients with ypN0, 11 had recurrence at follow-up, and 15 
of the 30 patients with ypN+ had a recurrence. The 1- and 
3-year RFS of the two groups were 82.1% and 68.4%, and 
66.7% and 48.9%, respectively, but there was no statistical 
difference in DSS between the groups (P=0.067) (see  
Figure 2C,2D).

Distribution of lymph node metastasis after nCRT

After the operation, the lymph nodes were separated 
and marked, and immediately fixed with formalin. Two 
pathologists evaluated them separately. The problematic 
cases were identified by immunohistochemically stained 
serial sections. Among the 77 patients, 30 had lymph node 
metastasis after surgery, and a total of 57 lymph nodes were 
dissected. Among them, 16 metastases were found in the 
left gastric-arterial lymph nodes (No. 7), 9 metastases were 
found in the para-cardiac lymph nodes (No. 1 + No. 2), 
7 metastases were found in the left supraclavicular lymph 
nodes (No. 104L), and 6 metastases were found in the 
subcarinal lymph nodes (No. 107) (see Figure 3).

Discussion

Esophageal cancer is the eighth most common cancer type 
and the sixth leading cause of cancer deaths in the world. It 
is characterized by its high mortality rate, poor prognosis 
at time of diagnosis and variability based on geographic 
location. Esophageal squamous cell carcinoma continues 
to be the most prevalent type worldwide (3). However, 
mortality has declined with the improvement of the 
treatment model. At present, the 5-year OS is 30–57% (4).

ESCC is the most common histology in Asia and Eastern 

Table 1 Patient characteristics (n=77)

Variable Value

Age (%)

≤60 years 23 (29.8)

>60 years 54 (70.2)

Sex (%)

Male 70 (90.9)

Female 7 (9.1)

Clinical T category (%)

cT1 1 (1.3)

cT2 3 (3.9)

cT3 61 (79.2)

cT4 12 (15.6)

Clinical N category (%)

cN0 4 (5.2)

cN1 42 (54.5)

cN2 30 (39.0)

cN3 1 (1.3)

Pathological T category (%)

ypT0 28 (36.4)

ypT1 17 (22.1)

ypT2 14 (23.3)

ypT3 18 (18.2)

ypT4 0 (0)

Pathological N category (%)

ypN0 47 (61.0)

ypN1 24 (31.2)

ypN2 5 (6.5)

ypN3 1 (1.3)

Tumor location (%)

Upper 7 (9.1)

Middle 33 (42.9)

Lower 37 (48.0)

LN dissection number (%)

<15 16 (20.8)

≥15 61 (79.2)

Postoperative complications (%)

Anastomotic complications 12 (15.6)

Cardiac complications 1 (1.3)

Bowel obstruction 1 (1.3)

Pulmonary complications 1 (1.3)

Others 3 (3.9)
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Table 2 Univariable and multivariable analyses of RFS

Variables
Univariable analysis Multivariable analysis

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

Age (years)

≤60 Reference

>60 1.374 (0.577–3.271) 0.473

Sex

Male Reference

Female 1.938 (0.663–5.667) 0.227

Tumor location

Upper Reference

Middle 0.672 (0.185–2.446) 0.547

Lower 0.578 (0.160–2.088) 0.403

LN dissection number

<15 Reference

≥15 0.751 (0.299–1.886) 0.542

LNR

0 Reference Reference

Low 1.746 (0.721–4.225) 0.217 1.603 (0.657–3.912) 0.299

High 4.210 (1.547–11.458) 0.005 4.289 (1.538–11.965) 0.005

ypN

ypN– Reference

ypN+ 2.283 (1.047–4.979) 0.038

ypT

ypT0 Reference Reference

ypT1–2 1.769 (0.683–4.582) 0.240 1.940 (0.738–5.1) 0.179

ypT3–4 2.336 (0.836–6.526) 0.105 2.072 (0.737–5.82) 0.167

cN

cN0–1 Reference

cN2–3 1.843 (0.842–4.036) 0.126

yp

ypT+N0 Reference

ypT0N+ 1.706 (0.805–3.613) 0.163

cT

cT0–3 Reference

cT4 0.392 (0.049–3.161) 0.379

RFS, recurrence-free survival.
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Table 3 Univariable and multivariable analyses of DFS

Variables
Univariable analysis Multivariable analysis

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

Age (years)

≤60 Reference

>60 2.536 (0.554–11.599) 0.230

Sex

Male Reference

Female 2.988 (0.631–14.153) 0.168

Tumor location

Upper Reference

Middle 0.656 (0.073–5.868) 0.706

Lower 0.798 (0.095–6.671) 0.835

LN dissection number

<15 Reference

≥15 1.162 (0.253–5.331) 0.847

LNR

0 Reference Reference

Low 1.826 (0.455–7.328) 0.396 1.598 (0.391–6.528) 0.514

High 7.149 (1.740–29.369) 0.006 6.170 (1.472–25.856) 0.013

ypN

ypN– Reference

ypN+ 2.908 (0.874–9.676) 0.082

ypT

ypT0 Reference Reference

ypT1–2 1.268 (0.283–5.677) 0.756 1.275 (0.283–5.738) 0.752

ypT3–4 3.626 (0.824–15.956) 0.088 3.032 (0.681–13.497) 0.145

cN

cN0–1 Reference

cN2–3 0.980 (0.289–3.323) 0.974

yp

ypT+N0

ypT0N+ 1.829 (0.550–6.079) 0.324

cT

cT0–3 Reference

cT4 0.534 (0.157–1.812) 0.314

DFS, disease-free survival.
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Figure 2 DFS and RFS of ESCC after nCRT. (A,B) Curves of DFS and RFS with different LNR after nCRT plus surgery; (C,D) curves 
of DFS and RFS with ypN status after nCRT plus surgery. DFS, disease-free survival; RFS, recurrence-free survival; ESCC, esophageal 
squamous cell carcinoma; nCRT, neoadjuvant chemoradiotherapy; LNR, lymph-node ratio.
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Europe, while adenocarcinoma accounts for >70% of 
all esophageal cancers in the United States and Western 
Europe (5). Most patients are in an advanced stage at the 
time of their treatment, so treatment outcomes are often 
unsatisfactory. This study mainly focused on ESCC after 
nCRT.

The 2002 CROSS trials showed that both the OS and 
disease-free survival (DFS) of patients in the nCRT group 
were significantly longer than the OS and DFS of patients 
in the surgery group, and the differences were statistically 
significant (P<0.05) (6). The results of the NEOCRTEC 
5010 study in China showed that patients who received a 
combination of nCRT and surgery had a better OS group 
than those who received surgery group (median OS: 100.1 
vs. 66.5; HR, 0.71; 95% CI: 0.53 to 0.96; P=0.025) and had 
prolonged DFS (median DFS: 100.1 vs. 41.7 months; HR, 
0.58; 95% CI: 0.43 to 0.78; P<0.001) (7). Thus, to reduce 
pathological lymph-node metastasis and local recurrence, 
treating esophageal cancer patients with NCRT is more 
effective than treating patients with surgery alone (8). nCRT 
has been increasingly accepted as the standard of treatment, 
as reflected by the latest National Comprehensive Cancer 
Network (NCCN) guidelines (9).

For the patients included in this study, the neoadjuvant 
treatment regimen also followed the recommendations 
of the CROSS trials, and the chemotherapy regimen 
comprised carboplatin combined with paclitaxel. A total 
radiation dose of 41.4 Gy was given in 23 fractions of  
1.8 Gy each, with 5 fractions administered per week. 
Several studies have confirmed that pCR remains one of 
the most important prognostic factors of long-term survival 
in ESCC after nCRT followed by surgery (10,11). In our 
study, the total number of pCR cases was 19 (24.67%), of 
which 3 cases (2 cases of bone metastasis and 1 case of liver 
metastasis) were found to have tumor progression during 
follow-up. Xi found that the pCR rate was significantly 
higher in ESCC patients than adenocarcinoma patients 
(44.9% vs. 25.9%; P<0.001) (12). The pCR rate of this 
study was generally lower than that of the above research. 
Thus, further research needs to be conducted.

Some experts believe that the ypT category, tumor 
grade in lymph-node metastasis, and the number of lymph-
node metastases may be significant independent predictors 
of DFS and OS (13). The LNR (i.e., the ratio of the 
number of positive lymph nodes to the total number of 
removed lymph nodes) has gained attention as an important 
prognostic factor in gastrointestinal cancer and breast 
cancer (14). However, very few studies on the application 

of LNR after neoadjuvant therapy for ESCC. Bollschweiler 
et al. (15) found a significant difference in patient survival 
when the LNR was >0.2 (P<0.01). Nigro et al. (16) found 
a significant difference in patient survival when the LNR 
was 0.1. Based on the average dissection of 24.09 lymph 
nodes per case in this study, N1 and N2 were defined by 
the NCCN guidelines, and 0.1 was selected as the cutoff 
value of LNR. In our study, the univariate and multivariate 
analyses suggested that a high LNR (>0.1) might affect 
DSS (HR: 6.170, 95% CI: 1.472–25.856; P=0.013) and 
RFS (HR: 4.289, 95% CI: 1.5388–11.965; P=0.005). In the 
univariate analysis, in addition to the LNR, the ypN status 
was significantly correlated with DSS (HR: 2.908, 95% 
CI: 0.874–9.676; P=0.082) and RFS (HR: 2.283, 95% CI: 
1.047–4.979; P=0.038). Due to the strong linear relationship 
between the ypN status and the LNR, only the LNR was 
included in the multivariate analysis.

According to the survival curves for DSS and RFS, we 
found that there was no statistically significant difference 
in DSS (P=0.067) between the ypN+ and ypN0 cases, 
but there was a statistically significant difference in RFS 
between the ypN+ and ypN0 cases (P=0.031). The LNR 
was used to allocate patients into three groups. The survival 
analysis indicated a substantial difference in DSS (P=0.007) 
and RFS (P=0.010) among the LNR groups. Thus, a high 
LNR appears to be an independent risk factor of RFS and 
DSS, and ypN metastasis is an independent predictor of 
RFS but not DSS.

The results of the NEOCRTEC 5010 study showed that 
the OS and DFS of patients with negative postoperative 
lymph nodes in the nCRT group and the surgery 
group were higher than those in the groups of positive 
postoperative lymph nodes. The partial remission of the 
primary tumor (HR 2.09) and negative lymph nodes (HR 
3.26) were independent risk factors of DFS but not OS. 
The recurrence rate in patients who obtained pCR was 
13.9% (17). Thus, we believe that persistent pathological 
positive lymph nodes after nCRT is a high-risk factor for 
the recurrence of ESCC, and a high LNR may indicate 
a poor long-term prognosis after surgery. pCR does not 
mean a cure, and close postoperative follow-up is also very 
important.

The status of lymph nodes has been considered the 
most important prognostic factor affecting the long-term 
survival of ESCC patients. In this study, 30 patients had 
lymph node metastasis after surgery. A total of 57 lymph 
nodes were dissected; 16 gastric-arterial lymph nodes  
(No. 7), 9 gastric paracardial lymph nodes (No. 1 +  
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No. 2), 7 left supraclavicular lymph nodes (No. 104L), and 
6 subcarinal lymph nodes (No. 107). These areas remain 
the most common metastatic areas for esophageal cancer.

Radical lymphadenectomy might be an important 
method for improving survival (9). The dissection of 
lymph nodes could be helpful in the accurate pathological 
staging of esophageal cancer after surgery, ensure the 
radical treatment of tumors, and enable the outcome of 
neoadjuvant therapy to be evaluated. Shi (18) believes that 
for patients with a higher T stage, at least 17 lymph nodes 
should be dissected. As for the standard of lymph-node 
dissection for ESCC after nCRT, more reliable clinical data 
need to be gathered.

According to our study, for ESCC cases after nCRT, 
if there is lymph node metastasis or LNR is greater than 
0.1 after operation, we should be alert to the possibility 
of postoperative recurrence. Standardized lymph node 
dissection during surgery will allow us to obtain a more 
reliable clinical result.

This study had some limitations. As this is a retrospective 
analysis, some variables that might affect the survival rate 
were missing from the database and could not be integrated 
into the Cox regression models. The current commonly 
used clinical examination and evaluation methods are 
inaccurate at evaluating tumor tissue responses after nCRT. 
We prefer using PET/CT combined with chest enhanced 
CT to evaluate lymph node metastasis. Unfortunately, it 
is still difficult to accurately diagnose lymph node status 
using the available diagnostic systems. CT scans are widely 
used for the nodal staging of esophageal cancer. However, 
several studies have found that the sensitivity and specificity 
of CT scans are low (19). The diagnosis of lymph nodes, 
especially in the paracardial (Nos. 1 and 2) and paratracheal 
(No. 106) regions, need to be considered carefully, as 
these are the areas in which false-negative lymph nodes 
are most found (20). As for PET/CT, it is unable to detect 
microscopic metastasis and differentiate nodal metastatic 
disease from inflammation, but it is very useful at detecting 
distant metastases (21). Some experts have found that a 
composite CT/PET radiomics model is highly predictive of 
pCR following nCRT (22). Developing a reliable predictive 
method could optimize treatment through the accurate 
selection of patients.

Conclusions

A high LNR (>0.1) for ESCC after nCRT is a risk factor 

of DSS and RFS. ypN metastasis is also an independent 
predictor of RFS. Left gastric-arterial lymph nodes, para-
cardiac lymph nodes, and left supraclavicular lymph nodes 
are still the most common sites of metastasis for esophageal 
cancer after nCRT.
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