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Background: Postoperative radiotherapy has shown positive efficacy in lowering the recurrence 

rate and improving the survival rate for patients with esophageal squamous cell carcinoma 

(ESCC). However, controversies still exist about the postoperative prophylactic radiation 

target volume. This study was designed to analyze the patterns of recurrence and to provide a 

reference for determination of the postoperative radiotherapy target volume for patients with 

midthoracic ESCC.

Patients and methods: A total of 338 patients with recurrent or metastatic midthoracic 

ESCC after radical surgery were retrospectively examined. The patterns of recurrence including 

locoregional and distant metastasis were analyzed for these patients.

Results: The rates of lymph node (LN) metastasis were 28.4% supraclavicular, 77.2% upper 

mediastinal, 32.0% middle mediastinal, 50.0% lower mediastinal, and 19.5% abdominal LNs. 

In subgroup analyses, the rate of abdominal LN metastasis was significantly higher in patients 

with histological node-positive than that in patients with histological node-negative (P=0.033). 

Further analysis in patients with histological node-positive demonstrated that patients with three 

or more positive nodes are more prone to abdominal LN metastasis, compared with patients 

with one or two positive nodes (χ2=4.367, P=0.037). The length of tumor and histological 

differentiation were also the high-risk factors for abdominal LN metastasis.

Conclusion: For midthoracic ESCC with histological node-negative, or one or two positive 

nodes, the supraclavicular and stations 2, 4, 5, and 7 LNs should be delineated as clinical target 

volume of postoperative prophylactic irradiation, and upper abdominal LNs should be excluded. 

While for midthoracic ESCC with three or more positive nodes, upper abdominal LNs should 

also be included. The length of tumor and histological differentiation should be considered 

comprehensively to design the clinical target volume for radiotherapy.

Keywords: esophagus cancer, radiotherapy, recurrence and metastasis, clinical target volume

Introduction
Esophageal carcinomas (ECs) are one of the most malignant gastrointestinal cancers 

worldwide; they are the sixth most common cause of cancer-related mortality.1,2 In the 

People’s Republic of China, the predominant pathological type of EC is esophageal 

squamous cell carcinoma (ESCC), which is characterized by rapid development and 

fatal prognosis in most cases, and many tumors locate in the middle third thoracic.

Surgery is an extremely important initial treatment for patients with ESCC. For patients 

with locally advanced ESCC, the standard treatment is neoadjuvant chemotherapy or 
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chemoradiotherapy followed by esophagectomy with lymph-

adenectomy. However, most patients in the People’s Republic 

of China generally prefer surgery to neoadjuvant therapy 

as their initial therapeutic strategy, and surgery alone has 

shown rather disappointed survival rates, of which the 5-year 

survival rate is only 20%–50%.3–5 The recurrence rate of 

ESCC is as high as 40%–50% after radical resection, and 

locoregional recurrence is the main reason for treatment 

failure, not excepting patients with histological node-negative 

(pN0 stage).4,6,7 The current National Comprehensive Cancer 

Network (NCCN) guidelines still recommend surveillance 

for ESCC patients who have undergone curative resection. 

Therefore, it is extremely essential to evaluate the efficacy of 

adjuvant radiotherapy. According to multiple retrospective 

analyses, the addition of postoperative radiotherapy (PORT) 

has been associated with survival benefit in patients with 

positive lymph node (LN) metastasis (N+) or stage III.8–11

However, up until now, the appropriate LN clinical target 

volume (CTVn) for postoperative prophylactic irradiation 

therapy still remains disputed, especially for midthoracic 

ESCC. Recent and previous studies are consistent in revealing 

that the anastomosis, supraclavicular, and mediastinal lymph 

drainage areas should be delineated as the postoperative 

prophylactic irradiation target volume, while little effort has 

been made to study the patterns of recurrence of midtho-

racic ESCC according to the pathological LN status. To our 

knowledge, to date, only Zhang et al12 indicated that upper 

abdominal LNs should also be included as the postoperative 

prophylactic irradiation target volume for midthoracic ESCC 

patients with pathological node-positive.

Based on the study by Zhang et al,12 we further analyzed 

the patterns of recurrence and metastasis of the midthoracic 

ESCC according to the pathological LN status after radi-

cal surgery, which was detected with follow-up computed 

tomography (CT), to identify the risk factors responsible for 

recurrence and to provide a reference for determination of 

the PORT target volume.

Patients and methods
Patients
After obtaining approval from the Medical Ethics Committee 

of Shandong Cancer Hospital and Institute, we retrospectively 

studied 1,540 patients with midthoracic ESCC who had under-

gone radical esophagectomy at the Department of Thoracic 

Surgical Oncology in Shandong Cancer Hospital during 

January 2008 through December 2012. All participants pro-

vided written informed consent for the current study. Accord-

ing to the seventh edition of the American Joint Committee 

on Cancer (AJCC) criteria, typical endoscopic measurements 

for the midthoracic esophagus measured from the incisors 

range from 25 cm to ,30 cm. The inclusion criteria enrolled 

in this study were as follows: 1) the tumor was confirmed by 

preoperative esophageal endoscopy and postoperative pathol-

ogy as a clearly diagnosed squamous cell carcinoma; 2) upper 

bound of the tumors located in the middle is summarized as 

middle EC; 3) all the patients were pathologically confirmed 

with R0 resection; 4) no evidence of cervical or supraclavicu-

lar LN metastasis before surgery; and 5) no active malignancy 

in other organs. The exclusion criteria were as follows: 1) a 

histological diagnosis of adenocarcinoma or other histological 

types; 2) patients who received preoperative radiotherapy 

and/or chemotherapy; 3) inadequate survival information; and 

4) patients who received PORT before recurrence.

adjuvant therapies
Up until now, the generally accepted guidelines of postopera-

tive adjuvant therapy for ESCC have not been established in 

the People’s Republic of China. In our institution, the indica-

tions of adjuvant treatment are mainly based on tumor stage, 

high-risk factors, doctors’ habits, and patients’ willingness or 

economic status. In total, 26.6% (90/338) of patients received 

one to six cycles of postoperative chemotherapy (mainly 

5-fluorouracil and cisplatin/carboplatin) in our study. Patients 

who have received adjuvant chemotherapy after surgery in 

histological node-negative and histological node-positive 

comprised 17.9% and 11.8%, respectively.

Diagnosis standard
The modes of tumor recurrence after radical surgery among 

patients with thoracic ESCC were divided into three types: 

locoregional recurrence, distant metastasis, and combined 

recurrence (locoregional plus distant metastasis found within 

30 days). Locoregional recurrences included tumor bed, 

anastomotic site, or LN metastasis, which was based on the 

site of recurrence. Distant metastasis was defined as tumor 

that presented in the distant organs, such as lungs, liver, 

bones, or brain, through hematogenous spread. The diagnosis 

of recurrent mediastinal and abdominal LNs was mainly 

based on follow-up CT or positron emission tomography/

CT images. However, the recurrences of suspected esopha-

geal and neck/supraclavicular node were confirmed using 

histological or cytologic evaluation. In this study, the supra-

clavicular, mediastinal, and upper abdominal LNs were con-

sidered as regional LNs. The boundaries of LN regions were 

divided into ten areas on the basis of the CT-based definition 

of anatomical landmarks:13 Station 1, highest mediastinal 
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nodes; Station 2, upper paratracheal nodes; Station 3, pre-

vascular nodes and retrotracheal nodes; Station 4, lower 

paratracheal nodes; Station 5, subaortic (aortic-pulmonary 

window) nodes; Station 6, para-aortic nodes or anterior aortic 

nodes; Station 7, subcarinal nodes; Station 8, paraesophageal 

nodes; Station 9, pulmonary ligament nodes; and Station 10, 

hilar nodes. And the site of upper abdominal LN metastasis 

depends on gastric LN partition. When the evidence of a 

single LN with a short axis .10 mm or a single LN with a 

short axis ,10 mm combined with hoarseness or vocal cord 

paralysis was defined as recurrent disease, the diagnosis of 

regional LN recurrence was clear.

statistical analyses
Statistical analyses were performed with the Statistical 

Program for Social Sciences for Windows, version 20.0 

(IBM Corporation, Armonk, NY, USA). A χ2 test was used 

for categorical data analyses. Univariate and multivariate 

logistic regression analyses were used to analyze the rela-

tionship between clinicopathological factors and upper 

abdominal LN recurrence. A P-value ,0.05 was considered 

statistically significant for all procedures.

Results
Patient characteristics
Among the 1,540 patients, 896 patients who received pre-

operative radiotherapy/PORT or a histological diagnosis of 

adenocarcinoma or other histological types were excluded 

from the study. A total of 338 (338/644, 52.5%) patients who 

experienced recurrent or metastatic midthoracic ESCC were 

enrolled in this study, and the remaining (306, 47.5%) patients 

who did not have any sign of recurrence were also excluded. 

The eligible patients included 291 males and 47 females, with 

a median age of 56 years (range 45–79 years). According to 

the seventh edition of the AJCC criteria, 1.8% patients were 

stage I, 35.5% patients were stage II, and 62.7% patients 

were stage III. In our study, 297 (87.9%) patients underwent 

extended radical esophagectomy with two-field lymphadenec-

tomy (including mediastinal and abdominal lymphadenec-

tomy), and only 41 patients underwent radical esophagectomy 

with three-field lymphadenectomy. Overall, 146 patients 

(43.2%) had node-negative disease and 192 patients (56.8%) 

had nodal metastases. The patients’ clinical and pathological 

characteristics are summarized in Table 1.

recurrence types
A total of 7,084 LNs were resected in all enrolled patients. 

The mean number of dissected LNs was 10.6 per person 

(range 12–57). Among them, 72 patients had one positive 

node, 42 patients had two positive nodes, and 78 patients had 

three or more positive nodes. The most common pattern of 

recurrence was locoregional recurrence, which was found 

in 299 patients (88.4%); 39 patients (11.6%) had distant 

recurrence, and 24 patients (7.1%) had combined recurrence. 

The mediastinal LNs had the highest metastatic rates (83.1%), 

followed by supraclavicular LNs (28.4%) and abdominal LNs 

(19.5%). The main sites of hematogenous recurrence were 

the liver (38.5%, 15/39), and similar rates were observed 

in the lung (30.8%, 12/39) and pleural membrane (30.8%, 

12/39), but the least in the bone (15.4%, 4/39). The distribu-

tion of recurrence and metastasis in 338 patients with middle 

thoracic ESCC is summarized in Table 2.

subgroup analysis
Although the metastatic rate of abdominal LNs was relatively 

low, in subgroup analysis, the abdominal LN metastasis 

rate was significantly higher in patients with histological 

node-positive than that in patients with histological node-

negative (P=0.033). Further analysis in patients with 

histological node-positive demonstrated that patients with 

three or more positive nodes are more prone to upper 

abdominal LN metastasis, compared with patients with one or 

two positive nodes (χ2=4.367, P=0.037; Table 3). Univariate 

and multivariate analyses of risk factors related to upper 

abdominal LN metastasis were summarized in Table 4. The 

sites of midthoracic ESCC patients experiencing recurrent 

Table 1 clinical and pathological characteristics

Characteristics Subcategory No of 
patients

Constituent 
ratio (%)

age, years Median 56
range 45–79

sex Male 287 84.8
Female 51 15.2

Tumor differentiation Well 43 12.7
Moderately 214 63.3
Poorly 81 24.0

pT stage T1–2 57 17.0
T3–4 281 83.1

pn stage n0 146 43.2
n1 117 34.6
n2 63 18.6
n3 12 3.6

lymphadenectomy Three-field 41 12.1
Two-field 297 87.9

lns dissected Median 21.1
range 12–57

adjuvant chemotherapy no 248 73.4
Yes 90 26.6

Abbreviation: ln, lymph node.
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abdominal LNs are mainly in the retroperitoneal region. The 

LNs in the left gastric artery, common hepatic artery, celiac 

artery, and retropancreatic and para-aortic regions are high-

risk areas for locoregional metastasis, demonstrating that the 

target volume of the adjuvant radiotherapy following surgery 

should include the above-mentioned regions.

Discussion
Currently, surgery is the mainstay treatment for thoracic 

ESCC. However, the overall 5-year survival rate remains 

dissatisfied because of the early and high recurrence after 

surgery. Moreover, the growing popularity of multimodality 

treatments has added to the debate of the role and the optimal 

extent of surgery. In addition, radiation therapy, acted as a 

local treatment strategy, became more and more popular 

in the treatment of EC, especially for the lesions in locally 

advanced ESCC.

Although the current NCCN guidelines still recommend 

surveillance for ESCC patients who have undergone curative 

resection, several trials and retrospective studies have 

assessed the survival impact of adjuvant radiation therapy and 

revealed that patients with stage III disease or LN metastasis, 

particularly those with three or more positive nodes, can 

benefit from receiving adjuvant radiotherapy.14–17

In this study, more than half (62.5%) of recurrent 

patients were in stage III; therefore, the addition of PORT 

is necessary to reduce the recurrence rate. However, the 

optimal CTVn of postoperative prophylactic irradiation for 

thoracic ESCC remains disputed, especially the midtho-

racic target volume. Because midthoracic EC has the 

characteristics that can not only metastasize upward to neck 

and upper mediastinal LNs but also metastasize downward 

to lower mediastinal and upper abdominal LNs, and certain 

efforts have been paid to the pattern of failure after radical 

surgery among patients with thoracic ESCC. However, the 

optimal CTVn of postoperative prophylactic irradiation for 

thoracic ESCC has not drawn to a conclusion. In a study, 

Li et al18 revealed that supraclavicular nodes, recurrent 

laryngeal nerve nodes, azygos nodes, and subcarinal nodes 

are the high-risk lymphatic drainage areas. Therefore, supra-

clavicular nodes and upper mediastinal LN regions should 

be delineated as the CTVn of PORT. Cai and Xin19 found 

that the recurrence rate of upper abdominal LNs was 12.8% 

for midthoracic ESCC. What should be incorporated into 

CTV of postoperative prophylactic irradiation for thoracic 

ESCC is that the sites with LN metastasis rate .15% (an 

empirical cutoff value), which were considered as high-risk 

areas. Therefore, they recommend that the target volumes 

of PORT should include anastomosis, supraclavicular, and 

stations 1–5 and 7 LNs, with upper abdominal LNs excluded 

for midthoracic ESCC.19 Lu et al20 in a retrospective study 

indicated that the left gastric area is unnecessarily delineated 

as the PORT target volume when the primary tumor site 

locates in the middle or middle upper thirds of the thoracic 

esophagus; similarly, the bilateral supraclavicular area is 

unnecessarily delineated as the PORT target volume when 

the primary site locates in the middle lower thirds. However, 

Zhang et al12 revealed that for the midthoracic ESCC with 

histological node-negative, the target volume of PORT 

recommended to include the supraclavicular nodes, upper 

mediastinal LN region, and the site of primary tumor, while 

for the middle thoracic EC with histological node-positive, 

the PORT target volume recommended to include the supra-

clavicular nodes, mediastinal LN region, left gastric artery 

LNs, and celiac artery LNs. For upper abdominal LNs, 

Table 2 The distribution of recurrence and metastasis in 338 
patients with middle thoracic esccs

Location of LNs n Metastatic 
rate (%)

anastomotic recurrence 31 9.2
Primary tumor 12 3.6
Distant metastasis 39 11.6
supraclavicular lns 96 28.4
left supraclavicular lns 57 16.9
right supraclavicular lns 68 20.1
Mediastinal lns

Upper mediastinal lns
1 18 5.3
2 219 64.8
3 19 5.6
4 77 22.7

Middle mediastinal lns
5 91 26.9
6 10 3.0

lower mediastinal lns
7 97 28.7
8 18 5.3
9 3 0.9
10 31 9.2

abdominal lns 66 19.5

Abbreviations: esccs, esophageal squamous cell carcinomas; ln, lymph node.

Table 3 The high-risk factors of upper abdominal ln metastasis

Number of 
LNs

Upper 
abdominal LNs

χ2 P-value

Yes No

number of lns 4.367 0.037

$3 27 51
,3 24 90

Abbreviation: ln, lymph node.
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our findings were consistent with the result of Zhang et al. 

However, the primary tumor recurrence rate in our study is 

3.6%, which is not recommended to be included in the CTVn 

of postoperative prophylactic irradiation.

In our data, the rate of abdominal LN metastasis was 

19.5%. The possible reason was that some patients with 

middle-low thoracic ESCC were also enrolled in this study. 

Our results confirmed that tumor length was an independent 

high-risk factor for celiac lymph node metastasis. The low EC 

has the characteristics of high upper abdominal LN metastasis 

rate. What has reached a consensus is that the sites with LN 

metastasis rate .15% were deemed as high-risk areas and 

were included in CTVn of thoracic ESCC patients for PORT. 

That is, the abdominal LNs should be irradiated after radical 

surgery. However, large radiation field damages normal tissues 

extensively, which would seriously affect the patients’ quality 

of life. Therefore, for upper abdominal LNs, we conducted 

subgroup analysis on the basis of histological node status. The 

outcomes found that the rate of abdominal LN metastasis was 

significantly higher in patients with histological node-positive 

than that in patients with histological node-negative. The 

results also revealed that patients with three or more positive 

nodes are more prone to celiac LN metastasis, compared with 

patients with one or two positive nodes. Wu et al21 in a retro-

spective study also showed that celiac LN recurrence was more 

frequent among patients with advanced pathological nodal 

(pN) stage (pN2, P=0.034; pN3, P=0.009), which was con-

sistent with our study. Therefore, histological node-positive 

and the number of LN metastases are high-risk factors for 

patients with postoperative abdominal LN metastasis. For 

patients presented with histological node-positive, especially 

for midthoracic ESCC with three or more positive nodes or 

histological node-positive, upper abdominal LNs should be 

delineated as CTV of postoperative prophylactic irradiation. 

Similar to the study of Huang et al,22 our outcome also revealed 

that the length of tumor and the histological differentiation 

are high risk factors to upper abdominal LN metastasis for 

midthoracic ESCC, which should be considered comprehen-

sively to design the CTV for adjuvant radiotherapy.

In this study, the incidence of supraclavicular and upper 

mediastinal, particularly the recurrent laryngeal nerve, is 

high. The following two possible reasons can explain this. 

First, the complex anatomical structures and the abundance 

of large blood vessels and nerves in the upper mediastinal, 

particularly the surrounding of the recurrent laryngeal nerve, 

which greatly increase the technical difficulty of surgery and 

may lead to the omission of LNs during lymphadenectomy. 

Second, in our study, the majority of patients underwent 

extended radical esophagectomy with two-field lymph-

adenectomy and the difficulty to remove subclinical lesions 

in the recurrent laryngeal nerve, which lead to the high 

recurrence of the supraclavicular site. Our data showed that 

the recurrence rates of anastomosis and primary tumor bed 

were too low and do not have the necessity to receive PORT 

(9.8% and 3.6%, respectively). In addition, the addition of 

PORT may lead to anastomotic stricture, which will seriously 

Table 4 Univariate and multivariate analyses of risk factors related to upper abdominal ln metastasis

Characteristics Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

age, years
#60 vs .60 1.231 0.900–1.683 0.194 0.972 0.294–3.209 0.963

sex
Male vs female 1.142 0.728–2.791 0.564 0.688 0.419–2.980 0.676

pT stage
T1–2 vs T3–4 5.202 1.573–17.200 0.007 0.371 0.141–2.324 0.375

pn stage
n0 vs n+ 0.145 1.694–5.889 0.033 0.247 1.536–7.469 0.028

Tumor length (cm)
,5 vs $5 0.019 2.602–9.068 ,0.001 0.096 1.429–12.945 0.01

Differentiation
Poor 1 1
Moderate 0.456 0.224–0.929 0.031 0.175 0.033–0.928 0.041
Well 0.233 0.092–0.594 0.021 0.109 0.015–0.792 0.029

lymphadenectomy
Three-field vs two-field 0.700 0.477–1.028 0.069 1.073 0.577–1.269 0.178

adjuvant chemotherapy
Yes vs no 1.311 0.960–1.490 0.088 1.253 0.429–2.460 0.476

Abbreviations: LN, lymph node; OR, odds ratio; CI, confidence interval.
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affect the patients’ quality of life in the future. However, 

some studies23 in the literature revealed that anastomosis 

relapse rates are as high as 29% of treatment failure with 

small volume. Therefore, the anastomosis included in the 

CTV of postoperative radiation therapy is of necessity.23 

Whether the anastomosis and primary tumor bed require 

to be irradiated should be further evaluated via prospective 

clinical research.

Limitations
There are several potential limitations in this study. First, the 

study we presented was a retrospective study with potential 

bias. Second, recurrent LNs in our findings are mainly based 

on an interpretation of CT or positron emission tomography/

CT imaging and not on pathology assessments. Therefore, 

we cannot prove that all the identified enlarged LNs con-

tain metastatic disease. Third, with respect to the PORT 

target volume, our conclusion was obtained on the basis 

of the initial regional relapse of patients without observing 

the entire period of natural death. In addition, ~26.6% of 

patients in this study received adjuvant chemotherapy. Our 

results indicated that adjuvant chemotherapy after radical 

resection did not affect nodal relapse. However, whether 

adjuvant chemotherapy would affect tumor control still 

needs further study.

Conclusion
Locoregional recurrence was the most common and poten-

tially preventable type of initial treatment failure after 

curative surgery among patients with midthoracic ESCC. 

For midthoracic ESCC with histological node-negative, or 

one or two positive nodes, the supraclavicular and stations 

2, 4, 5, and 7 LNs should be delineated as CTV of postop-

erative prophylactic irradiation, and upper abdominal LNs 

should be excluded. While for midthoracic ESCC with three 

or more positive nodes, the supraclavicular, stations 2, 4, 5, 

and 7, and upper abdominal LNs should be delineated as 

CTV of postoperative prophylactic irradiation. For upper 

abdominal LNs, the LNs in the left gastric artery, common 

hepatic artery, celiac artery, and retropancreatic and para-

aortic regions are high-risk areas for locoregional metastasis, 

which should be included in the target volume of the adjuvant 

radiotherapy following surgery. Tumor bed and anastomotic 

are not recommended to be incorporated into the target 

volume. The length of tumor and histological differentia-

tion influence the pattern of LN metastases in midthoracic 

ESCC, which should be considered comprehensively to 

design the CTV for radiotherapy. Prospective studies with 

large sample size are needed to further evaluate the optimal 

target volume of postoperative prophylactic irradiation for 

midthoracic ESCC.
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