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Abstract 

Background:  To study lymphatic recurrence distribution after radical surgery in the real world and guide clinical 
tumor volume delineation for regional lymph nodes during postoperative radiotherapy for lower thoracic squamous 
cell esophageal carcinomas.

Methods:  We enrolled patients who underwent radical esophagectomy, without radiation before or after surgery, 
at 3 cancer hospitals. Patients were classified into groups according to tumor locations. We included patients with 
tumors in the lower thoracic segment and analyzed the postoperative lymph node recurrence mode. A cutoff value 
of 10% was used to differentiate high-risk lymph node drainage areas from others.

Results:  We enrolled 1905 patients in the whole study series, including 652 thoracic esophageal carcinomas that met 
our inclusion criteria; there were 241 cases of lower thoracic esophageal carcinomas. 1st, 2nd, 4th, 7th, 8th groups of 
lymph nodes, according to the 8th edition of the AJCC classification, displayed as high-risk recurrence areas, repre-
senting 17.8%, 23.9%, 11.7%, 10.9% and 12.2% of lymph node recurrence. Stage III-IV tumors located in the lower seg-
ment of the thoracic esophagus showed a tendency to recur in the left gastric nodes (7.9%) and celiac nodes (10.6%).
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Background
Esophageal carcinoma is one of the most common 
malignant tumors in the world, ranking as the 4th lead-
ing cause of cancer-related death [1]. In Asia, squamous 
cell carcinoma accounts for the vast majority of esopha-
geal carcinomas [2]. In China, the diagnoses and deaths 
in China accounted for 50% of all esophageal carcinoma 
patients worldwide in 2015 [3], and 90% of cases were 
squamous cell carcinomas [4]. At present, the major 
therapies for esophageal squamous cell carcinoma are 
comprehensive treatment based on surgery combined 
with chemotherapy and radiotherapy. The rate of surgical 
resection in China can reach 90–97% [5], and the surgi-
cal method has always been esophagectomy combined 
with two-field or three-field lymph node dissection. The 
locoregional recurrence rate after esophagectomy has 
been reported to be 17.0–41% in previous studies [6, 7].

Since many patients in China tend to choose surgery 
as the first treatment, adjuvant radiotherapy could play a 
more important role in the treatment of Chinese esopha-
geal carcinoma patients. Adjuvant radiotherapy has been 
suggested to be beneficial for decreasing the recurrence 
of esophageal carcinomas and increasing overall survival, 
especially in patients with stage II–III disease or with 
positive lymph nodes [8–13]. The current National Com-
prehensive Cancer Network (NCCN) guidelines recom-
mend surveillance over adjuvant treatment in patients 
after preoperative chemoradiation and surgery [14], as 
preoperative chemoradiotherapy has become a standard 
of care in the United States during the last decade [15] 
and has brought a pathological complete response rate 
of 20–30% [16]. A National Cancer Database Analysis 
reported an increase in the percentage of patients under-
going neoadjuvant treatment followed by surgery, from 
29% in 2004 to 40% in 2014 [17]. However, the applica-
tion of neoadjuvant treatment in Chinese esophageal 
carcinoma patients is not that widespread. According to 
a study guided by the Esophageal Cancer Committee of 
the China Anti Cancer Association, the rates of neoad-
juvant radiotherapy, neoadjuvant chemotherapy, post-
operative radiotherapy and postoperative chemotherapy 
reached 2.0%, 2.0%, 7.0% and 26.0%, respectively, in 
approximately 2012 [18]. As a result, Chinese experts still 
recommend taking more active steps for patients with-
out preoperative treatment to promote local control and 

prevent recurrence. However, the specific clinical tumor 
volume (CTV), especially the clinical tumor volume of 
regional nodes (CTVn), remains controversial, as the 
metastatic lymph nodes identified by surgical pathologic 
results are not necessarily the nodes that have a high risk 
of recurrence after surgery, and the tumors located in dif-
ferent segments tend to have different recurrence modes. 
Thus, it is important to clarify the lymph node areas that 
should be included in treatment to achieve more precise 
radiotherapy.

Methods
From January 1st, 2014, to December 31st, 2019, 1905 
patients with thoracic esophageal cancers underwent 
radical esophagectomy at the Department of Thoracic 
Surgical Oncology at 3 clinical centers, namely Beijing 
Cancer Hospital, Hebei Cancer Hospital and Shanxi Can-
cer Hospital, located in central areas, which was typical 
of the high incidence of esophageal carcinomas in China 
[19]. According to the eighth edition of the American 
Joint Committee on Cancer (AJCC) criteria, the loca-
tion of the primary tumor was defined by the center of 
the tumor, with endoscopic measurements of each region 
measured from the incisor. Thoracic esophageal car-
cinoma was defined as a primary tumor located in the 
esophageal segment measured from the incisor, rang-
ing from 20 to 40 cm, while the lower thoracic segment 
was defined as the part of the esophagus from the infe-
rior pulmonary vein to the lower esophageal sphincter 
(30–40 cm away from the incisors) [20]. The lymph node 
groups included in our study were also defined by the 8th 
edition of the AJCC criteria [20].

In this retrospective study, the inclusion criteria for 
enrollment were as follows: 1) patients aged between 
18 and 80  years old; 2) the tumor was confirmed to be 
located on the lower segment of the thoracic esophagus 
by endoscopy, esophagography, computed tomogra-
phy (CT), or positron emission tomography computed 
tomography (PET-CT) before esophagectomy; 3) the 
tumor was confirmed by postoperative pathology to be 
clearly diagnosed as squamous cell esophageal carci-
noma; 4) patients were pathologically confirmed to have 
R0 resection; 5) patients had sufficient clinical materials 
and imaging results that included all the treatment his-
tory and follow-up; and 6) lymphatic recurrence was 

Conclusions:  According to our results, we recommended including the 4th, 7th and 8th groups of lymph nodes in 
the radiation field, and for patients with stage III-IV disease, the 17th and 20th groups of nodes should be irradiated 
during postoperative treatment. Whether including 1st/2nd groups in preventive irradiation needed more proofs.
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confirmed by PET-CT or continuous enhanced CT 
scan. We considered the lymph nodes as positive when 
they met the following criteria: ① the short axis was 
greater than 1  cm, as shown by enhanced CT images, 
while the tracheoesophageal groove lymph nodes had a 
short axis greater than 0.5  cm, or the suspicious lymph 
nodes became gradually enlarged during the observa-
tion period; ② the lymph nodes had clear, high uptake of 
FDG in PET-CT (SUV ≥ 2.5); ③ the patients that failed 
to meet the conditions above but were highly suspected 
to have recurrence were confirmed by biopsy pathologi-
cal diagnosis or a multiple-disciplinary team (MDT).

The exclusion criteria were as follows: 1) patients his-
tologically diagnosed with adenocarcinomas or other 
nonsquamous cell histological types; 2) patients with cer-
vical esophageal carcinomas or upper/middle thoracic 
esophageal carcinomas; 3) patients who received neoad-
juvant or adjuvant radiotherapy before the confirmation 
of recurrence; 4) patients with more than one primary 
tumor; and 5) patients lacking important clinical infor-
mation, e.g., pathological results and surgical records. In 
addition, since we acquired the clinical data from retro-
spective perspective and didn’t intervene any treatment 
of patients, there was no ethics approval involved in our 
study.

We used SPSS 24.0 (SPSS Inc., Chicago, IL, USA) to 
organize data and perform chi-square tests to determine 
the factors related to lymph node recurrence.

Results
During a median follow-up period of 41  months 
(6–76 months), there were 652 patients met the criteria, 
and we analyzed 241 cases of lower thoracic esophageal 
carcinoma in this study. As shown in Table 1, the patients 
age ranged from 40 to 80 years old, with a median age of 
59. Male patients accounted for 86.7% of the whole group, 
while female patients made up 13.3%. Pathologic diagno-
sis showed 47 patients had stage 0-I disease, 71 patients 
had stage II disease, and 123 patients had stage III-IV 
disease. There were 119 patients with highly or moder-
ately differentiated tumors and 47 patients with poorly 
differentiated tumors, and the grade of differentiation of 
75 patients was unclear. In regard to the surgical meth-
ods, 63 patients underwent two-incision surgery (right 
thoracotomy and midline laparotomy), and 71 under-
went three-incision surgery (right thoracotomy, midline 
laparotomy and left cervical incisions). 29.0% patients 
accepted neoadjuvant or adjuvant chemotherapy. There 
were 140 patients with recurrence in the lymph nodes 
after therapy and 247 recurrent lymph node loci in total 
(Table 2).

The lymphatic recurrence rate was 58.1% in our study. 
Our results also showed that lower thoracic esophageal 

carcinoma was characterized by recurrence in the tho-
racic paraesophageal nodes (12.2%), which was more 
concentrated in the middle and lower groups, and 
abdominal nodes, especially in the left gastric nodes 
(6.9%) and celiac nodes (8.9%). It also tended to have 
lymph node recurrence in the subcarinal nodes (10.9%) 
and lower paratracheal nodes (11.7%). Notably, the 1st 
and 2nd groups of lymph nodes accounted for 17.8% and 
23.9% of the lymph node recurrence of lower esophageal 
carcinomas, respectively.

We set the cut-off value at 10% to differentiate high-risk 
lymph node drainage areas that need to be included in 
treatment to avoid recurrence; that is, we recommended 

Table 1  The clinical characteristics of the patients enrolled in the 
study

Characteristics Patients

No Constituent 
ratio (%)

Age 40–80 y (59 y)

Sex

 Male 209 86.7

 Female 32 13.3

Pathological type

 Squamous cell carcinomas 241 100

Stage (AJCC 8th)

 Stage 0 11 4.6

 Stage I 36 14.9

 Stage II 71 29.5

 Stage III 93 38.6

 Stage IV 30 12.4

Grade of differentiation

 Highly differentiated 10 4.2

 Moderately differentiated 109 45.2

 Poorly differentiated 47 19.5

 Undefined grade 75 31.1

Location

 Lower thoracic 241 100

Chemotherapy

 Neoadjuvant + /adjuvant chemo-
therapy

70 29.0

 Without chemotherapy 171 71.0

Surgical method

 Two-incision surgery 63 26.1

 Three-incision surgery 71 29.5

 Other methods or undefined methods 107 44.4

Recurrence

 LN recurrence 140 58.1

 No LN recurrence 101 41.9

Total 241 100
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irradiating the regions where the lymph node recurrence 
rate was higher than 10% in our target radiation field. 
According to this threshold value, we could identify high-
risk areas based on our statistical analyses.

The 4th, 7th and 8th groups of lymph nodes were 
shown to be at a high risk of recurrence in lower tho-
racic esophageal cancer. In addition, it should be noted 

that the left gastric nodes and celiac nodes also showed 
a relatively high rate. However, our results also showed 
that station 1–2 lymph nodes should be included in pre-
vention areas, which needs further analysis. As shown 
in Table  3, we compared the recurrence in lymph node 
groups including the 1st and/or 2nd node group, and in 
other lymph node groups excluding these two groups, 
we found that 17.1% of all the recurrent lower thoracic 
esophageal carcinoma patients had recurrences in 3 or 
more lymph node groups, patients with multiple lym-
phatic recurrence sites (≥ 3) always tended to include the 
1st and 2nd groups in the recurrence patterns (P = 0.007), 
to be exact, 83.3% of patients with 3 or more than 3 
groups of positive lymph node had recurrence in these 
two groups. There was a significant difference between 
the patients with stage (y)pT0-T2 and stage (y)pT3-
T4 for lymphatic recurrence in the 1st and 2nd groups 
(P = 0.025). Additionally, those with stage (y)pT0-T2 
disease seemed to have a higher recurrence rate in sta-
tions including 1st and/or 2nd than the others, as 69.4% 
of (y)pT0-T2 patients had recurrences in the 1st and/or 
2nd groups of nodes. There was no significant difference 
in the patients with different AJCC stages (P = 0.112), 
different surgical methods (P = 0.235), with or without 
anastomotic recurrence (P = 0.199), and patients with or 
without concurrent distant metastasis (P = 0.500).

We showed the delineation of the lymph node areas 
involved in our radiation field in Figs. 1, 2 and 3, through 
a realistic case of lower thoracic esophageal cancer, 

Table 2  The distribution and rate of lymph node recurrence in 
lower thoracic esophageal carcinoma

Lymphatic drainage area Recurrence number 
in nodes

Percentage

1 44 17.8

2 59 23.9

4 29 11.7

7 27 10.9

8U 1 0.4

8M 15 6.1

8Lo 14 5.7

9 0 0.0

16 13 5.3

17 17 6.9

18 6 2.4

19 0 0.0

20 22 8.9

Upper cervical 0 0.0

Total 247 100.0

Table 3  Factors related to recurrence in the 1st and 2nd lymph node groups

Variables Recurrence in lymph node groups 
including the 1st and/or 2nd group

Recurrence in other lymph node groups 
except for the 1st or 2nd group

P value

Invasion depth

 (y)pT0-T2 43 19 0.025

  (y)pT3-T4 42 36

AJCC stage

 0–II 37 27 0.112

 III–IV 48 28

Anastomosis condition

 Anastomotic recurrence 5 5 0.199

 Without defined anastomotic recurrence 80 50

Concurrent distant metastasis 0.500

 Yes 19 8

 No 66 47

Number of metastatic LN groups

 ≥ 3 recurrent lymph node groups 20 4 0.007

 < 3 recurrent lymph node groups 65 51

Surgical method

 Two-incision surgery 25 13 0.235

 Three-incision surgery 25 20
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including the delineation of 4/7/8 lymph node areas. The 
definition of the border was based on the IASLC lymph 
node map [21].

Discussion
Surgery is a major radical treatment for esophageal 
carcinomas, especially for middle and lower thoracic 
esophageal cancers. However, since there are massive 
lymphatic vessels, vessels and important organs adjacent 
to the esophagus, it is difficult to perform complete pri-
mary tumor resection and lymphadenectomy, thus, sub-
clinical lesions or residual tumor can remain and result 
in regional recurrence or distant metastasis. Due to the 
lymphatic drainage characteristics of the esophagus, 
lymphatic recurrence remained at 24–40% even after 
high-quality surgery, and the overall recurrence of lymph 
nodes after esophagectomy combined with three-field 
lymphadenectomy still reached 40–57.8% [22–26], simi-
lar to our results. The recurrence rate of 58.1% shown in 
our study seems to be slightly higher than that in most 
previous studies, but it might result from that 51.0% of 
the patients in our study were stage III-IV, which might 
suggest a higher possibility of recurrence, since deeper 
invasion of the primary tumor always means higher 
recurrence rates [27]. Additionally, the surgery qual-
ity could have been different, and it has been difficult to 
meet a common standard in different clinical centers. 
Katayama et  al. [28] also reported that despite sweep-
ing the lymph nodes, the rate of recurrence could still be 
suboptimal. The high incidence of early recurrence and 
poor long-term prognosis of patients are the reasons that 
more specialists recommend postoperative treatment in 
China [29].

Fig. 1  The area of 4th lymph node group in target delineation

Fig. 2  The area of 7th lymph node group in target delineation

Fig. 3  The area of 8th lymph node group in target delineation
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Previous studies in China have considered adjuvant 
radiotherapy as a necessary treatment to prevent local 
recurrence and improve the prognosis of patients, and 
this has been especially preferred in patients with stage 
III-IV disease or with positive nodes [10, 30–32]. In 
regard to the specific radiation field of radiotherapy, bilat-
eral supraclavicular area, the whole mediastinum and 
part of pericardia and left gastric regions have been rec-
ommended for inclusion in the irradiation field to cover 
as much of the lymphatic region as possible. However, 
this field could be too large to bring about unnecessary 
side effects of radiotherapy, affecting the prognosis and 
quality of life, which might not be offset by the decrease 
in recurrence.

The delineation consensus [33] suggested that the bor-
der of the clinical tumor volume was 3–4 cm away from 
the proximal terminal of the gross tumor and 4 cm away 
from the distant terminal of the lower thoracic esopha-
geal tumor, including all suspected lymph nodes with an 
extension distance of 1 cm around the nodes. However, 
with the development of radiation technology, the radia-
tion field can be more precisely controlled to decrease 
radiation injuries; thus, the patterns of lymphatic drain-
age around the esophagus could be key to designing the 
radiation field. As a result, there have been more stud-
ies discussing more precise delineation according to the 
different rates of recurrence in each lymphatic drainage 
area, including our study.

Generally, the lymph nodes around the esophagus drain 
into three areas, the lower cervical lymph node area, tho-
racic mediastinum and abdominal cavity, depending on 
the location of the tumor [34]. Lower thoracic esopha-
geal cancer predominantly metastasizes downward, 
with a higher rate of recurrence in stations 16–20 than 
tumors in other locations [35]. Accordingly, prophylactic 
irradiation of the upper abdominal lymph nodes should 
be considered, whereas this treatment is not indispen-
sable for upper and middle thoracic esophageal cancers 
[36]. Our results also indicated a high rate of lymph node 
recurrence in abdominal nodes, in accordance with the 
recurrence trends reported by previous studies, but the 
recurrence rate of stations 16, 17 and 20 failed to reach 
our threshold value of 10%. To clarify the necessity of 
including these groups of nodes in the radiation field, 
we further analyzed the recurrence rate in a subgroup 
of stage III-IV patients. We observed 123 patients with 
stage III-IV disease and 151 lymph node (LN) recurrence 
sites, among which 12 positive nodes were found in sta-
tion 17, and 16 positive nodes were located in station 20; 
the proportions were 7.9% and 10.6%, respectively. These 
rates were higher than the recurrence incidence of the 
whole group of patients, suggesting that stronger rec-
ommendations should be made to include celiac lymph 

nodes in lower thoracic esophageal carcinoma patients 
with stage III–IV disease.

In addition, there were some discrepancies between 
our results and those of previous studies. Previous ret-
rospective studies showed a relatively low rate of lymph 
node recurrence in the supraclavicular area or upper 
mediastinal area, mostly lower than 5% [37], which 
seemed to contradict our results. Thus, we tried to find 
the explanation through analyzing possible factors affect-
ing recurrence in different lymph node groups, the results 
showed that patients with multiple lymphatic recurrence 
sites (≥ 3) tended to include the 1st and 2nd groups in 
the recurrence patterns, and patients with stage (y)pT3-
T4 disease tended to have recurrence in multiple lymph 
node groups. Additionally, those with stage (y)pT0-T2 
disease seemed to have a higher recurrence rate in sta-
tions 1–2 than the others. Although advanced tumors are 
more likely to have lymph node recurrence, due to the 
special structure of the thoracic esophagus, the recurrent 
lymph nodes of early-stage patients (pT1b-T2) are likely 
to skip to the boundary between the lower cervical and 
upper thoracic areas, and the rate of paraesophageal node 
recurrence rapidly increases only after primary tumors 
invade the adventitious coat of the esophagus [38]. Wang 
et  al. [39] also indicated that the complex structure of 
large blood vessels and nerves surrounding the esopha-
gus, especially near the recurrent laryngeal nerve, greatly 
increases the difficulty of sweep and may lead to the 
omission of latent positive lymph nodes. These findings 
may explain why (y)pT0-T2 patients in our study were 
more likely to have recurrence in the lower cervical par-
aesophageal and upper paraesophageal areas.

Doki et al. [40] reported that in squamous cell esopha-
geal carcinoma patients who underwent radical surgery 
without preoperative treatment, recurrence most fre-
quently occurred in the cervical nodes (19%), abdominal 
para-aortic nodes (17%), and upper mediastinal nodes 
(17%). Therefore, some studies also suggested that sta-
tions 1–5 and 7 should be included in the irradiation field 
for the postoperative treatment of thoracic esophageal 
cancers regardless of the location of the primary tumors, 
and the upper abdominal lymph nodes could be high-risk 
nodes for lower cancers [36, 41]. As locoregional lymph 
node recurrence has been a major type of postoperative 
failure in squamous cell esophageal carcinoma [36, 42], 
preventing lymphatic recurrence is definitely important 
in multimodal therapy, and more studies determined that 
the lymph node groups in the whole mediastinum and 
upper abdominal area were at a high risk for the recur-
rence of lower thoracic cancer [39, 43, 44].

In summary, postoperative radiotherapy has been 
suggested for patients with a high risk for local recur-
rence, such as pT3–T4 carcinomas, positive lymph 
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nodes, and close/positive margins [45]. Yu et  al. [1] 
showed that the upper and middle mediastinal regions 
were the most common sites of lymph node metastases 
for tumors in all segments of the thoracic esophagus 
and suggested that the upper abdominal region should 
be irradiated in patients with a pathological stage of 
IIIB or higher. Combined with our results, undoubt-
edly, the 4th, 7th, 8th groups of lymph nodes should 
be included in postoperative radiation, and it does not 
seem safe to exclude the 1st and 2nd groups even in 
lower cancers, especially in patients with a tendency to 
have multiple-station metastases, patients with early T 
stages may be also more likely to have recurrence in the 
1st and 2nd lymph node groups. But whether includ-
ing the 1/2 node groups in regular recommendation of 
irradiation for all the patients need more confirmation, 
in view of the toxicities after wide range of radiation. 
In patients with advanced-stage disease and other high-
risk factors, the upper abdominal region should be con-
sidered for coverage in the treatment field.

There were some limitations in our study. First, it 
was difficult to standardize the standard treatment 
and surgery quality at each clinical center, which could 
have affected the recurrence and prognosis of patients. 
Second, we collected the clinical data from medical 
records, and while we concentrated on the recurrence 
of lymph nodes, there may have been missing records, 
such as the survival and pre-operative condition of 
patients, and the related analysis could have been sub-
optimal. Finally, more evidence is needed to address 
whether it is safe to exclude the 1st and 2nd groups 
during delineation for lower thoracic tumors.

Conclusions
In conclusion, we recommend that at least the 4th, 
7th and 8th groups of lymph nodes be covered in the 
radiation field to prevent postoperative recurrence. 
Additionally, for patients with high-risk factors, such 
as advanced stage, the 17th and 20th groups of nodes 
should be considered for irradiation in postopera-
tive treatment. Further study is needed to determine 
whether to irradiate the 1st or 2nd group of nodes in 
lower thoracic esophageal carcinomas.

Abbreviations
AJCC: American Joint Committee on Cancer; NCCN: National Committee on 
Computer Network; CTV: Clinical tumor volume; CTVn: Clinical tumor volume 
of regional nodes; MDT: Multiple-disciplinary team; CT: Computed tomogra-
phy; PET-CT: Positron emission tomography computed tomography.

Acknowledgements
Not applicable.

Authors’ contributions
Du and Fan contributed equally in designing the study protocol, collecting 
data and analyzing. Du was a major contributor in writing the manuscript, XB 
Wang, Hou, Zeng, Guo and Tian collected and analyzed the data, Yang, Jiang, 
Dong, R Yu, HM Yu and DM Li made contributions in discussion part. SC Zhu, J 
Li and Shi were major contributors in organizing and designing the study. All 
authors read and approved the final manuscript.

Funding
Supported by the programs below in collecting data and writing the 
report:1) Beijing Health Technologies Promotion Program (Project Number: 
BHTPP202026); 2) CSCO grant (Project Number: Y-2019AZMS-0519).

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Key Laboratory of Carcinogenesis and Translational Research (Ministry 
of Education/Beijing), Department of Radiation Oncology, Peking University 
Cancer Hospital and Institute, Beijing 100142, People’s Republic of China. 
2 Oncology Division I, China Pingmei Shenma Medical Group General Hospital, 
Kuanggongzhong Rd.1, Xinhua District, Pingdingshan 450052, Henan, People’s 
Republic of China. 3 Department of Radiation Oncology, The Fourth Hospital 
of Hebei Medical University and Hebei Cancer Hospital, JianKang Rd.12, Shiji-
azhuang 050011, Hebei, People’s Republic of China. 4 Department of Radiation 
Oncology, Shanxi Cancer Hospital, No.3 Workers New Village, Xinghualing 
District, Taiyuan 030013, Shanxi, People’s Republic of China. 5 Department 
of Radiation Oncology, Central Theater General Hospital, Wuluo Rd.627, 
Wuchang District, Wuhan 430061, Hubei, People’s Republic of China. 

Received: 8 October 2021   Accepted: 12 January 2022

References
	1.	 Yu J, Ouyang W, Li C, Shen J, Xu Y, Zhang J, et al. Mapping patterns of 

metastatic lymph nodes for postoperative radiotherapy in thoracic 
esophageal squamous cell carcinoma: a recommendation for clinical 
target volume definition. BMC Cancer. 2019;19(1):927.

	2.	 Zhang Y. Epidemiology of esophageal cancer. World J Gastroenterol. 
2013;19(34):5598–606.

	3.	 Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statis-
tics in China, 2015. CA Cancer J Clin. 2016;66(2):115–32.

	4.	 Chen WQ, Zheng RS, Chen ZF. Epidemic of upper gastrointestinal cancers 
in four high risk areas with esophageal cancer in China. China Cancer. 
2011;20(8):557–60.

	5.	 Tan Z, Fu J. The current status and perspectives of esophagectomy. Chin J 
Clin Oncol. 2016;43(12):507–10.

	6.	 Kato H, Tachimori Y, Watanabe H, Yamaguchi H, Ishikawa T, Nakanishi Y, 
et al. Anastomotic recurrence of oesophageal squamous cell carcinoma 
after transthoracic oesophagectomy. Eur J Surg. 1998;164(10):759–64.

	7.	 Nakagawa S, Kanda T, Kosugi S, Ohashi M, Suzuki T, Hatakeyama K. Recur-
rence pattern of squamous cell carcinoma of the thoracic esophagus 
after extended radical esophagectomy with three-field lymphadenec-
tomy. J Am Coll Surg. 2004;198(2):205–11.

	8.	 Chen J, Pan J, Zheng X, Zhu K, Li J, Chen M, et al. Number and loca-
tion of positive nodes, postoperative radiotherapy, and survival after 



Page 8 of 8Du et al. Radiation Oncology           (2022) 17:47 

esophagectomy with three-field lymph node dissection for thoracic 
esophageal squamous cell carcinoma. Int J Radiat Oncol Biol Phys. 
2012;82(1):475–82.

	9.	 Wong AT, Shao M, Rineer J, Lee A, Schreiber D. The impact of adju-
vant postoperative radiation therapy and chemotherapy on sur-
vival after esophagectomy for esophageal carcinoma. Ann Surg. 
2017;265(6):1146–51.

	10.	 Worni M, Martin J, Gloor B, Pietrobon R, D’Amico TA, Akushevich I, et al. 
Does surgery improve outcomes for esophageal squamous cell carci-
noma? An analysis using the surveillance epidemiology and end results 
registry from 1998 to 2008. J Am Coll Surg. 2012;215(5):643–51.

	11.	 Zou B, Pang J, Liu Y, Xu Y, Li L, Zhou L, et al. Postoperative chemora-
diotherapy improves survival in patients with stage II–III esophageal 
squamous cell carcinoma: an analysis of clinical outcomes. Thorac Cancer. 
2016;7(5):515–21.

	12.	 Wang S, Wang Z, Yang Z, Liu Y, Liu X, Shang B, et al. Postoperative 
radiotherapy improves survival in stage pT2N0M0 esophageal squa-
mous cell carcinoma with high risk of poor prognosis. Ann Surg Oncol. 
2016;23(1):265–72.

	13.	 Yu J, Ouyang W, Li Y, Hu J, Xu Y, Wei Y, et al. Value of radiotherapy in addi-
tion to esophagectomy for stage II and III thoracic esophageal squamous 
cell carcinoma: analysis of surveillance, epidemiology, and end results 
database. Cancer Med. 2019;8(1):21–7.

	14.	 National Comprehensive Cancer Network. NCCN Clinical Practice Guide-
lines in Esophageal and Esophagogastric Junction Cancers (2020 Version 
1) [DB/OL] 2020 [Available from: http://​www.​nccn.​org.

	15.	 Forastiere AA. Multimodality treatment of esophagus cancer: cur-
rent status and future perspectives in the United States. Esophagus. 
2010;7(1):1–6.

	16.	 Macguill M, Mulligan E, Ravi N, Rowley S, Reynolds JV. Clinicopatho-
logic factors predicting complete pathological response to neoad-
juvant chemoradiotherapy in esophageal cancer. Dis Esophagus. 
2010;19(4):273–6.

	17.	 Whited WM, Trivedi JR, Bond ER, Berkel VV, Fox MP. Optimal therapy in 
locally advanced esophageal cancer: a national cancer database analysis. 
J Gastrointest Surg. 2018;22(2):187–93.

	18.	 Medlive. Hertier: Multi-directional interpretation of esophageal cancer 
standardized diagnosis and treatment 2012 [Available from: http://​news.​
medli​ve.​cn/​cancer/​info-​progr​ess/​show-​40985_​53.​html.

	19.	 Chen W, Sun K, Zheng R. Cancer incidence and mortality in China, 2014. 
Chin J Cancer Res. 2018;30(1):1–12.

	20.	 Rice TW, Ishwaran H, Ferguson MK, Blackstone EH, Goldstraw P. Cancer of 
the esophagus and esophagogastric junction: an eighth edition staging 
primer. J Thorac Oncol. 2017;12(1):36–42.

	21.	 El-Sherief AH, Lau CT, Wu CC, Drake RL, Abbott GF, Rice TW. International 
association for the study of lung cancer (IASLC) lymph node map: radio-
logic review with CT illustration. Radiographics. 2014;34(6):1680–91.

	22.	 Akiyama H, Tsurumaru M, Udagawa H, Kajiyama Y. Radical lymph 
node dissection for cancer of the thoracic esophagus. Ann Surg. 
1994;220(3):364–72.

	23.	 Fujita H, Kakegawa T, Yamana H, Shima I, Toh Y, Tomita Y, et al. Mortality 
and morbidity rates, postoperative course, quality of life, and prognosis 
after extended radical lymphadenectomy for esophageal cancer: com-
parison of three-field lymphadenectomy with two-field lymphadenec-
tomy. Ann Surg. 1995;222(5):654–62.

	24.	 Altorki NK, Skinner DB. Occult cervical nodal metastasis in esophageal 
cancer: preliminary results of three-field lymphadenectomy. J Thorac 
Cardiovasc Surg. 1997;113(3):540–4.

	25.	 Altorki N, Skinner D. Should en bloc esophagectomy be the standard of 
care for esophageal carcinoma? Ann Surg. 2001;234(5):581–7.

	26.	 Li H, Zhang Y, Cai H, Xiang J. Pattern of lymph node metastases in 
patients with squamous cell carcinoma of the thoracic esophagus who 
underwent three-field lymphadenectomy. Eur Surg Res. 2007;39(1):1–6.

	27.	 Visbal AL, Allen MS, Miller DL, Deschamps C, Trastek VF, Pairolero PC. Ivor 
Lewis esophagogastrectomy for esophageal cancer. Ann Thorac Surg. 
2001;71(6):1803–8.

	28.	 Katayama A, Mafune KI, Tanaka Y, Takubo K, Kaminishi M. Autopsy findings 
in patients after curative esophagectomy for esophageal carcinoma. J 
Am Coll Surg. 2003;196(6):866–73.

	29.	 Maruyama K, Motoyama S, Anbai A, Usami S, Sato Y, Shibuya K, et al. 
Therapeutic strategy for the treatment of postoperative recurrence of 

esophageal squamous cell carcinoma: clinical efficacy of radiotherapy. 
Dis Esophagus. 2011;24(3):166–71.

	30.	 Xiao ZF, Yang ZY, Liang J, Miao YJ, Wang M, Yin WB, et al. Value of radio-
therapy after radical surgery for esophageal carcinoma: a report of 495 
patients. Ann Thorac Surg. 2003;75(2):331–6.

	31.	 Chen J, Zhu J, Pan J, Zhu K, Zheng X, Chen M, et al. Postoperative radio-
therapy improved survival of poor prognostic squamous cell carcinoma 
esophagus. Ann Thorac Surg. 2010;90(2):435–42.

	32.	 Yamamoto M, Yamashita T, Matsubara T, Kitahara T, Sekiguchi K, Furukawa 
M, et al. Reevaluation of postoperative radiotherapy for thoracic esopha-
geal carcinoma. Int J Radiat Oncol Biol Phys. 1997;37(1):75–8.

	33.	 Wu AJ, Bosch WR, Chang DT, Hong TS, Jabbour SK, Kleinberg LR, et al. 
Expert consensus contouring guidelines for intensity modulated radia-
tion therapy in esophageal and gastroesophageal junction cancer. Int J 
Radiat Oncol Biol Phys. 2015;92(4):911–20.

	34.	 Tanabe G, Baba M, Kuroshima K, Natugoe S, Kajisa T. Clinical evaluation 
of the esophageal lymph flow system based on RI uptake of dissected 
regional lymph nodes following lymphoscintigraphy. Nihon Geka Gakkai 
Zasshi. 1986;87(3):315–23.

	35.	 Fujita H, Sueyoshi S, Tanaka T, Shirouzu K. Three-field dissection for squa-
mous cell carcinoma in the thoracic esophagus. Ann Thorac Cardiovasc 
Surg. 2003;8(6):328–35.

	36.	 Cai WJ, Xin PL. Pattern of relapse in surgical treated patients with 
thoracic esophageal squamous cell carcinoma and its possible impact 
on target delineation for postoperative radiotherapy. Radiother Oncol. 
2010;96(1):104–7.

	37.	 Huang W, Li B, Gong H, Yu J, Sun H, Zhou T, et al. Pattern of lymph node 
metastases and its implication in radiotherapeutic clinical target volume 
in patients with thoracic esophageal squamous cell carcinoma: a report 
of 1077 cases. Radiother Oncol. 2010;95(2):229–33.

	38.	 Guo X, Mao T, Ji C, Gu Z, Chen W, Fang W. Risk factors of recurrence and 
metastasis in pN1 stage squamous cell carcinoma of the thoracic esopha-
gus after radical esophagectomy with lymphadenectomy. Zhonghua Wei 
Chang Wai Ke Za Zhi. 2013;16(009):831–4.

	39.	 Wang X, Luo Y, Li M, Yan H, Sun M, Fan T. Recurrence pattern of squamous 
cell carcinoma in the midthoracic esophagus: implications for the clinical 
target volume design of postoperative radiotherapy. Onco Targets Ther. 
2016;9:6021–7.

	40.	 Doki Y, Ishikawa O, Takachi K, Miyashiro I, Sasaki Y, Ohigashi H, et al. Asso-
ciation of the primary tumor location with the site of tumor recurrence 
after curative resection of thoracic esophageal carcinoma. World J Surg. 
2005;29(6):700–7.

	41.	 Zhang W, Wang Q, Xiao Z, Yang L, Liu X. Patterns of failure after complete 
resection of thoracic esophageal squamous cell carcinoma: implica-
tions for postoperative radiation therapy volumes. Chin J Radiat Oncol. 
2012;21(1):38–41.

	42.	 Mariette C, Balon JM, Piessen G, Fabre S, Seuningen IV, Triboulet 
JP. Pattern of recurrence following complete resection of esopha-
geal carcinoma and factors predictive of recurrent disease. Cancer. 
2010;97(7):1616–23.

	43.	 Li C, Yu J, Shen J, Ouyang W, Xu Y, Zhang J, et al. Postoperative recurrent 
pattern and the lymph node metastatic stations of the thoracic esopha-
geal squamous cell carcinoma. Chin J Radiat Oncol. 2019;28(9):673–6.

	44.	 Yamashita K, Watanabe M, Mine S, Kurogochi T, Okamura A, Hayami M, 
et al. Patterns and outcomes of recurrent esophageal cancer after cura-
tive esophagectomy. World J Surg. 2017;41(9):2337–44.

	45.	 Berger B, Belka C. Evidence-based radiation oncology: oesophagus. 
Radiother Oncol. 2009;92(2):276–90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.nccn.org
http://news.medlive.cn/cancer/info-progress/show-40985_53.html
http://news.medlive.cn/cancer/info-progress/show-40985_53.html

	Postoperative lymphatic recurrence distribution and delineation of the radiation field in lower thoracic squamous cell esophageal carcinomas: a real-world study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


