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Background: We aimed to identify the suitable indication and delineate the target volume

based on the pattern of abdominal lymph node recurrence (ALNR) after radical surgery for

guiding postoperative radiotherapy in thoracic esophageal squamous cell cancer (TESCC).

Methods: Clinical data of patients with locally advanced TESCC after radical surgery

without perioperative anti-tumor therapies from June 2011 to June 2016 were reviewed.

Logistic regression analysis was used to find out the high-risk factors of ALNR. The pattern

of ALNR was analysed and a template CT in the Pinnacle treatment plan system was used to

reconstruct the distribution of the sites of ALNR.

Results: A total of 63 (19.57%) patients with 276 lymph nodes of ALNRwere identified in 322

patients. Univariate logistic regression indicated that pathological tumor location, width of

tumor, T stage, N stage, TNM stage, ratio of lymph node metastasis (LNM), vessel carcinoma

embolus, cancerous node, LNM in the middle and lower mediastinum, LNM in the abdominal

region, ratio of LNM in the abdominal region were risk factors of ALNR. Multivariate logistic

regression analysis showed that only LNM in the abdominal region was an independent risk

factor. The odds ratio was 7.449 (95% CI=2.552–22.297, P<0.001). Station 16a2, station 9,

station 16b1, and station 8 were the major regions of ALNR. The recurrence rates were 10.56%,

9.63%, 7.14% and 5.28% in these stations, respectively.

Conclusion: Positive pathological abdominal lymph nodes should be the major indication

for abdominal irradiation in postoperative radiotherapy for locally advanced TESCC. We

recommended that the target volume includes station 8, station 9, station 16a2 and station

16b1 and proposed a specific delineation of the clinical target volume based on the distribu-

tion of ALNR on template CT images.

Keywords: esophageal carcinoma, clinical target volume, recurrence, postoperative

radiotherapy, abdominal lymph nodes

Background
As the 6th most common cause of cancer-related death worldwide, esophageal cancer

(EC) is still a global health problem. Due to the poor survival associated with surgery

alone, multidisciplinary treatments have been studied worldwide for locally advanced

EC.1 Neoadjuvant chemoradiotherapy followed by surgery is recommended as a

standard strategy. However, a large number of patients choose upfront surgery in the

real world,2,3 especially in China which includes nearly half of all cases diagnosed and
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wherein esophageal squamous cell cancer (ESCC) accounts

for more than 90%.4 Adjuvant therapies should be consid-

ered for clinical early-stage EC with a high risk or upstaged

tumors after surgery, or patients with locally advanced EC

who received upfront surgery. Adjuvant chemoradiotherapy

after surgery has shown a significant survival benefit for

locally advanced EC according to many studies,5 including

the only existing randomized controlled trial.6 Therefore,

adjuvant chemoradiotherapy is also carried out in clinical

practice for some locally advanced EC.

Due to the complex lymphatic drainage system of the

esophagus, it is difficult to design a suitable target volume

for radiotherapy of thoracic EC (TEC).7 Many target

volumes of postoperative radiotherapy (PORT) have been

used in past decades without an existing standard one,

ranging from a small field consisting of only the primary

tumor bed to a large field consisting of the supraclavicular,

mediastinal and upper abdominal regions. Designing a

more reasonable target volume for PORT is desperately

necessary. It may not only improve the efficacy but also

decrease the complications in TEC. Our retrospective ana-

lysis suggested that the supraclavicular and upper mediast-

inal regions had high recurrence rates for all TEC, while

the abdominal region had a high recurrence rate for the

lower thoracic ESCC (TESCC).8,9 These results were

similar to those of a pooled analysis of published results.10

The supraclavicular and upper mediastinal regions were

recommended to be included in the target volume of

PORT for TEC. However, there is little consensus on

which patients and irradiation fields are suitable for the

PORT in the abdominal area. The pooled analysis indi-

cated that the irradiation field should include the abdom-

inal paraaortic lymph nodes (LNs) for lower TESCC while

the upper abdominal LNs might not necessarily be

included.10 Another study suggested that the abdominal

area seemed to be an elective irradiation target for lower

TESCC with pathological stage IIIB or higher.11 Although

there was a retrospective study proposed an abdominal

target volume for the PORT of TESCC, the incorrect

illustration of many areas of the abdominal lymph node

recurrence (ALNR) made this result unreliable.12 Another

study using a lymph node map of esophageal cancer based

on the 8th edition of AJCC was insufficient for analysis of

the detail distribution of ALNR.11

In this study, we reviewed the data of patients with

locally advanced TESCC who received initial esophagect-

omy without adjuvant anti-tumor therapies before a recur-

rence in our hospital. The patterns and risk factors of

ALNR were analysed to identify the suitable patients and

irradiation fields for PORT in locally advanced TESCC.

Patients and Methods
Patients
Clinical data of patients seen from June 2011 to June 2016

were reviewed at the First Affiliated Hospital of Anhui

medical University. Clinical pathological characteristics

(tumor invasion, node status, metastasis, and stage) were

recorded based on the TNM classification (8th edition)

according to the International Union Against Cancer.

Patient Selection
The inclusion criteria were as follows: 1) patients with TEC

without clinical distant metastasis before surgery; 2)

patients with pathological T2-4aN0 or T1-4aN+diseases;

3) Patients who had not received anti-tumor therapies

before surgery; 4) patients who received radical esophagect-

omy and 2-field or 3-field lymphadenectomy; 5) patients

with pathologically confirmed ESCC; 6) patients had not

received chemotherapy, radiotherapy or other anti-tumor

therapies before recurrence; and 7) patients with a follow-

up time of more than 2 years. The exclusion criteria were as

follows: 1) patients with cervical EC; 2) patients with

unknown or unclear pathological records; 3) patients

with double or multiple primary cancers; and 4) patients

with uncertain recurrence sites.

Regional Lymph Node Categorization
The names and numbers of regional node divisions in the

abdominal region were based on the Japanese Classification

of Gastric Cancer.13 Due to the anatomic changes after

surgery, only LNs within station 7 to station 20 were used

in this study. The classification standards were as follows:

station 7 (LNs along the left gastric artery), station 8 (LNs

along the common hepatic artery), station 9 (LNs along the

celiac artery), station 10 (LNs at the splenic hilum), station

11 (LNs along the splenic artery), station 12 (LNs in the

hepatoduodenal ligament), station 13 (LNs on the posterior

surface of the pancreatic head), station 14 (LNs along the

superior mesenteric vessels), station 15 (LNs along the

middle colic artery), station 16 (16a1, paraaortic LNs in

the diaphragmatic aortic hiatus; 16a2, paraaortic LNs

between the upper margin of the origin of the celiac artery

and the lower border of the left renal vein; 16b1, paraaortic

LNs between the lower border of the left renal vein and the

upper border of the origin of the inferior mesenteric artery;
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16b2, paraaortic LNs between the upper border of the origin

of the inferior mesenteric artery and the aortic bifurcation),

station 17 (LNs on the anterior surface of the pancreatic

head), station 18 (LNs along the inferior margin of the

pancreas), station 19 (infradiaphragmatic LNs) and station

20 (LNs in the esophageal hiatus of the diaphragm).

Diagnosis of Recurrence
Regional lymph node recurrence was diagnosed mainly

based on computed tomography (CT) images, occasionally

magnetic resonance (MR) images or positron emission tomo-

graphy (PET)/CT images. LNs with a short-axis diameter of

over 8.00 mm in the abdomen on CT/MR images or LNs

with fusion or necrosis were considered to represent ALNR,

and LNs with a SUVmax value more than 2.4 on PET/CT

images were considered to represent ALNR.

Delineation of Recurrent abdominal

Lymph Nodes on Template CT
We selected a 70-year-old woman with middle thoracic

ESCC who underwent esophagectomy in the real world

as a standard patient. This patient met the following

criteria: (1) lymphadenectomy including stations 1–4,

station 7, station 8 and station 9 were carried out; (2)

no identified ALNR; (3) no obvious abnormalities in

organs and structures in the abdominal region; and (4)

performance of contrast-enhanced CT scanning of a 0.62/

0.63 mm thick section from the cricoid cartilage to 5.00

cm below the iliac bifurcation. The template CT images

were imported into the Pinnacle 3 treatment planning

system (version 9.8.0.6007; Philips Medical Systems,

Fitchburg, WI, USA) for the delineation and reconstruc-

tion of LNs.

All the locations of ALNR were transferred to the

corresponding anatomic positions in the template CT

images by two radiation oncologists and a radiologist.

The anatomic positions were mainly referred to the sur-

rounding vascular and skeletal structures. All LNs were

plotted with a diameter of 2.00 mm according to their

geometric centre. When there were mixed LNs, we plotted

the geometric centre of each node that was distinguishable

in its respective location. Otherwise, we plotted a geo-

metric centre for the mixed lymph node. After the areas

of ALNR of all the patients were transferred to the tem-

plate CT images, the merged target volume was expanded

outward by 3.00 mm and expanded 4.00 mm on the upper

and lower bounds for all these plotted LNs.

Follow-Up
Follow-up after surgery was conducted every 2–3 months

for the first 6 months, every 3–4 months thereafter within

the first 2 years and every 6 months after 2 years. Chest-

enhanced CT, abdominal and cervical ultrasound or

enhanced CT was implemented for re-examinations.

When a suspicious or an enlarged lymph node was found

by ultrasound, CT, MR or PET/CT was performed. The

cut-off for follow-up was June 2019.

Statistical Analysis
The statistical package SPSS (version 22.0 for Windows,

IBM SPSS, Armonk, NY, USA) was used for statistical

analysis. For categorical variables, the chi-square test was

used. Logistic regression analyse were performed to ana-

lyze the hazard ratio of risk factors. A value of P < 0.05

was used as the significance threshold.

Results
Characteristics of the Included Patients
After the systematic screening, there were a total of 322

patients included in our analysis. The median follow-up

time was 42 months (range, 26 to 89 months). A total of

63 (19.57%) patients were identified as having ALNR

until the last follow-up time. The general information for

these patients is shown in Table 1. There were 252

(78.26%) male patients. The median age was 64 years

old (range, 39 to 82 years old). The primary tumors of

27 (8.39%), 217 (67.39%) and 78 (24.22%) patients were

located in the upper, middle and lower thoracic esophagus,

respectively. Left transthoracic esophagectomy and the

thoracoscopy and laparoscopic combined esophagectomy

were the major operation methods (84.16% of patients).

Two-field lymphadenectomy was carried out for 95.96%

(309/322) of patients. The median number of resected LNs

was 14 (range, 4 to 66) and 175 (54.34%) patients had

negative pathological lymph node metastasis. Of 63

patients with ALNR, 15 (23.81%) exhibited no recurrence

in other sites, 21 (33.33%) had supraclavicular or/and

mediastinal lymph node recurrence without hematological

recurrence, and 27 (42.86%) developed hematological

recurrence (Table 2).

Risk Factors for ALNR
The risk factors for ALNR were analysed by univariate and

multivariate logistic regression analyses. As shown in Table 3,

tumor location, width of tumor, T stage, N stage, TNM stage,
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Table 2 The Relationship Between ALNR with Recurrence in Other Sites

Recurrence Site Upper TEC Middle TEC Lower TEC TEC

ALNR only 0 (0.00%) 6 (17.65%) 9 (33.33%) 15 (23.81%)

ALNR+ supraclavicular LNR 0 (0.00%) 1 (2.91%) 4 (14.81%) 5 (7.94%)

ALNR+ mediastinal LNR 1 (50.00%) 6 (17.65%) 4 (14.81%) 11 (17.46%)

ALNR+ hematological R 0 (0.00%) 7 (20.59%) 5 (18.52%) 12 (19.05%)

ALNR+ supraclavicular+ mediastinal LNR 1 (50.00%) 4 (11.76%) 0 (0.00%) 5 (7.94%)

ALNR+ supraclavicular LNR+ hematological R 0 (0.00%) 3 (8.82%) 0 (0.00%) 3 (4.76%)

ALNR+ mediastinal LNR+ hematological R 0 (0.00%) 6 (17.65%) 4 (14.81%) 10 (15.87%)

ALNR+ supraclavicular LNR+ mediastinal LNR+ hematological R 0 (0.00%) 1 (2.91%) 1 (3.70%) 2 (3.17%)

Total 2 (100.00%) 34 (100.00%) 27 (100.00%) 63 (100.00%)

Abbreviations: ALNR, abdominal lymph node recurrence; LNR, lymph node recurrence; R, recurrence; TEC, thoracic esophageal cancer.

Table 1 Characteristics of the Included Patients

Pathological Parameters Values Cases of ALNR Rate of ALNR

Gender

Male/female 252/70 51/12 20.24%/17.14%

Age (years) 63.93±7.64 63 19.57%

Location

Upper/middle/lower 27/217/78 2/34/27 7.41%/15.67%/34.62%

Length (cm) 3.90±1.43 63 19.57%

Width (cm) 2.54±0.99 63 19.57%

T stage

T1/T2/T3/T4a 10/98/206/8 3/11/44/5 30.00%/11.22%/21.36%/62.50%

N stage

N0/N1/N2/N3 175/108/25/14 11/28/13/11 6.29%/25.93%/52.00%/78.57%

TNM stage

ⅡA/ⅡB/ⅢA/ⅢB/ⅣA 73/112/26/88/23 3/11/7/26/16 4.11%/9.82%/26.92%/29.55%/69.57%

Differentiation

Poor/moderate/well 92/212/18 23/36/4 25.00%/16.98%/22.22%

Operation method

LT/RT/TLC/other 119/47/152/4 30/24/9/0 25.21%/51.06%/5.92%/0.00%

Number of resected LNs 15.22±8.76 63 19.57%

Fields of lymphadenectomy

Two/three 309/13 60/3 19.42%/23.08%

Vessel carcinoma embolus

Yes/no 27/295 11/52 40.74%/17.63%

Cancerous node*

Yes/no 17/305 7/56 41.18%/18.36%

Note: *Extranodal metastasis near the primary tumor.

Abbreviations: ALNR, abdominal lymph node recurrence; LNs, lymph nodes; LT, left transthoracic esophagectomy; N, node; RT, right transthoracic

esophagectomy; T, tumor; TLC, thoracoscopy and laparoscopic combined esophagectomy; TNM, tumor-node-metastasis.
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ratio of lymph node metastasis (LNM), vessel carcinoma

embolus, cancerous node, LNM in the middle and lower

mediastinal region, LNM in the abdominal region, and ratio

of LNM in the abdominal region at the time of surgery were

risk factors for ALNR. After multivariate logistic regression

analysis using all these risk factors, only LNM in the abdom-

inal regionwas an independent risk factor for ALNR.The odds

ratio (OR)was 7.449 (95% confidence interval=2.552–22.297,

P<0.001).

Patterns of ALNR
A total of 276 LNs associated with ALNR in 63 patients were

identified. The ratio of recurrent LNs (the number of recurrent

LNs in each station to the total number of recurrent LNs) and

the recurrence rates of different stations in the abdominal

region are shown in Figure 1. Station 16a2 and station 9

were the major regions of ALNR, followed by station 16b1

and station 8. Their recurrence rates of TEC were 10.56%,

9.63%, 7.14%, and 5.28% in these stations, respectively, and

Table 3 Logistic Regression Analysis of Risk Factors on ALNR

Parameters Univariate Analysis Multivariate Analysis

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

Gender (Female vs male) 1.226 0.613–1.226 0.564 – – –

Age (years) 0.987 0.952–1.023 0.463 – – –

Location

(Middle vs upper) 2.322 0.525–10.264 0.266 0.975 0.185–5.143 0.976

(Lower vs upper) 6.618 1.456–30.074 0.014 2.381 0.435–13.018 0.317

Length (cm) 1.086 0.899–1.312 0.394 – – –

Width (cm) 1.399 1.075–1.820 0.013 1.180 0.823–1.692 0.367

T stage (T1/T2/T3/4a) 1.852 1.090–3.146 0.023 1.584 0.631–3.978 0.327

N stage (N0/N1/N2/N3) 3.911 2.664–5.743 <0.001 2.004 0.700–5.734 0.195

TNM stage (Ⅱa/Ⅱb/Ⅲa/Ⅲb/Ⅳa) 2.335 1.804–3.021 <0.001 0.693 0.312–1.538 0.367

Differentiation (Well/moderate/poor) 0.735 0.440–1.226 0.238 – – –

Operation method

(LT vs TLC) 1.027 0.564–1.872 0.930 – – –

(RT vs TLC) 0.963 0.420–2.207 0.929 – – –

(Other vs.TLC) – – – – – –

Number of resected LNs 0.991 0.962–1.022 0.584 – – –

Ratio of LNM 301.618 47.720–1906.377 <0.001 1.899 0.095–37.805 0.674

Lymphadenectomy (Three vs two fields) 1.245 0.332–4.664 0.745 – – –

Vessel carcinoma embolus (Yes vs no) 3.213 1.409–7.324 0.006 2.900 0.974–8.638 0.056

Cancerous node (Yes vs no) 3.112 1.135–8.532 0.027 0.712 0.197–2.574 0.604

Regional LNs

UM (Positive vs negative) 1.947 0.805–4.708 0.139 – – –

MLM (Positive vs negative) 3.305 1.811–6.031 <0.001 1.662 0.614–4.501 0.318

AR (Positive vs negative) 12.900 6.840–24.329 <0.001 7.499 2.522–22.297 <0.001

Resected number of AR 1.032 0.976–1.091 0.273 – – –

Ratio of LNM in AR 127.684 28.529–571.461 <0.001 2.215 0.284–15.895 0.463

Note: Bold text indicates a statistical significant (P < 0.05).

Abbreviations: AR, abdominal region; ALNR, abdominal lymph node recurrence; CI, confidence interval; LNs, lymph nodes; LNM, lymph node metastasis; LT, left

transthoracic esophagectomy; MLM, middle and lower mediastinum; N, node; OR, odds ratio; RT, right transthoracic esophagectomy; T, tumor; TLC, thoracoscopy and

laparoscopic combined esophagectomy; TNM, tumor-node-metastasis; UM, upper mediastinum.
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the total number of recurrent LNs in these four stations

accounted for 76.09% (210/276) of the overall recurrent LNs.

Mapping of ALNR on the Template CT
The three-dimensional reconstructed distribution of all

recurrent LNs using the merged target volume is shown

in Figure 2. Although ALNR was found in a wide region

from the subphrenic to the iliac bifurcation, it mainly

surrounded the abdominal aorta (AA) and its main

branches, including the celiac artery (CA) and the com-

mon hepatic artery (CHA). Only a few recurrent LNs were

found around the splenic artery and at the splenic hilus.

Moreover, ALNR was mainly located at the left and ante-

rior side of the AA, partly between the AA and the inferior

vena cava (IVC), and there was no ALNR located on the

right side of the IVC.

Figure 3 shows the areas of ALNR on the cross-sec-

tional template CT images in 5.00 mm thick sections

(every 8 slices). ALNR in station 9 and station 8 mainly

surround the AA and the CHA. ALNR in station 16a2 and

station 16b1 was mainly located on the anterior and bilat-

eral side of the AA. ALNR between the AA and IVC

occurred from approximately 1.00 cm above the upper

side of the CA to approximately 2.75 cm below the

lower side of the left renal vein (LRV) in our study.

ALNR in station 16b1, it was generally located on the

bilateral side of the AA below the upper side of the

horizontal part of the duodenum (approximately 0.50 cm

below the lower side of the LRV in our study).

Discussion
The esophagus has a complex lymphatic drainage system,

characterized by bidirectional drainage both up to the neck

and down to the abdominal area. As a result, abdominal

LNM is common for TEC. The most common abdominal

regions for LNM of TEC are LNs along the left gastric

artery, paracardial LNs and lesser curvature LNs, followed

by LNs along the CA and LNs along the CHA.7

Abdominal lymph node dissection is recommended for

TEC. However, ALNR is common for patients after radi-

cal surgery, especially for patients with lower TEC. It was

reported that the rate of ALNR ranged from 9.3% to

20.0% after surgery for TEC,12 and it was 19.57% in our

study. Therefore, ALNR is one of the major occurrences in

TEC after esophagectomy.

Postoperative radiotherapy/chemoradiotherapy can

improve the survival and decrease rates of recurrence or

distant metastasis for patients with locally advanced TEC

after upfront surgery.14–16 However, which patients are

suitable for irradiation of the abdominal region after sur-

gery is controversial. In most previous studies, irradiation

of the abdominal region was recommended for patients

with lower TEC due to its high rate of ALNR.8,10,12

Although patients with lower TEC are most likely to

benefit from PORT in the abdominal region, ALNR may

Figure 1 ALNR in different lymph node stations after radical esophagectomy. (A) recurrence rate; (B) ratio of recurrent LNs.

Abbreviations: ALNR, abdominal lymph node recurrence; LNs, lymph nodes; NP/NL, number of patients/number of lymph nodes; TEC, thoracic esophageal cancer.
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be found in all TEC patients due to the bidirectional

lymphatic drainage of the esophagus.7 In this study, we

found that only LNM in the abdominal region was an

independent factor for ALNR. Generally, the descending

lymphatics of the esophagus are first relayed with the

perigastric LNs (LNs along the left gastric artery, paracar-

dial LNs and lesser curvature LNs).7 Radio-guided detec-

tion of sentinel lymph nodes (SLNs) in patients with

preoperative T1N0M0 or T2N0M0 stage primary EC

also showed that SLNs were mainly detected in these

perigastric LNs.17 Therefore, LNM in the abdominal

region at the time of surgery should be a good indicator

of distant LNM in the abdominal region. Given these

points, we recommend that pathological positive abdom-

inal LNs be the major indication for abdominal irradiation

in PORT for TEC.

A consensus on the topic of the target volume of PORT

for TEC has not reached. In the abdominal area, LNs along

the left gastric artery and paracardial LNs were included in

the target volume in many studies17–19 while all LNs were

omitted in other studies.20 There are three important fac-

tors we should consider when designing the irradiation

field of PORT: (1) the anatomic lymphatic drainage of

the esophagus; (2) the lymph node dissection of routine

surgery, and (3) the pattern of recurrence after surgery. As

stations with a high rate of LNM, the perigastric LNs first

receive the downward lymphatics of the esophagus.7

However, these LNs can be cleared early by routine sur-

gery and ALNR was rarely found in these primary

stations.8,12 This was also confirmed in this study. The

next major relayed LNs are LNs along the CA (station

9), LNs along the CHA (station 8) and the LNs along the

Figure 2 Three-dimensional reconstructed images of the major vessels and the merged target volume of recurrent abdominal LNs on the template CT. (A) anterior-

posterior; (B) left-right; (C) posterior-anterior; (D) right-left.

Abbreviations: AA, abdominal aorta; CA, celiac artery; CHA, common hepatic artery; CT, computed tomography; IMA, inferior mesenteric artery; IVC, inferior vena

cava; LN, lymph node; LRV, left renal vein; PV, portal vein; RRV, right renal vein; SA, splenic artery; SMA, superior mesenteric artery; SMV, superior mesenteric vein; SV,

splenic vein; T8, 8th thoracic vertebra; L5, 5th lumbar vertebra.
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AA (station 16), which are positioned before the lymphatic

drainage is collected in the cisterna chyli or thoracic duct.7

These LNs were not or not completely cleared by routine

lymphadenectomy. As a result, these stations become the

high-risk regions for ALNR. Yu et al reported that the

number of recurrent LNs along the AA accounted for

57.14% (20/35) recurrent LNs.11 Our present study

showed that station 16a2, station 9, station 16b1 and sta-

tion 8 were the stations with high rates of ALNR (10.56%,

9.63%, 7.14%, and 5.28%, respectively). Most abdominal

lymphatics should be collected in the cisterna chyli which

is located at the surface of the second lumbar vertebra

(variably, the 12th thoracic vertebra to the second lumbar

vertebra).21 This may be the major reason for the high

rates of ALNR at stations 16a2 and 16b1, which seemed to

be similar to the high rates of postoperative lymph node

recurrence in gastric cancer.22 Taken together, these found-

ings suggest that the target volume of PORT in the abdom-

inal area for TESCC should mainly include station 16a2,

station 9, station 16b1 and station 8.

Our study using template CT-based images also provides

information for specific delineation of the clinical target

volume. According to the distribution of ALNR, we proposed

a clinical target volume including station 8, station 9, station

16a2 and station 16b1 for PORT of TESCC (Figure 4). The

upper border should bemore than 5.00mm from the upper side

of the CHA to include station 8 (Figure 4A). The lower border

is the upper side of the inferior mesenteric artery (Figure 4L).

The anterior border is the terminal end of the CHA, the poster-

ior side of the pancreas and the stomach or the duodenum in the

Figure 3 Consistency mapping of recurrent abdominal LNs on the template computed tomography images from the cranial to caudal direction in 5.00 mm thick sections

(every 8 slices). Red lines: arteries; blue lines: veins; green lines: the merged target volume; sky blue lines: the plotted lymph nodes.
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upper part (Figure 4A–E), the posterior of the pancreatic head

and the superiormesenteric vessels (Figure 4F–I) in themiddle

part and the posterior of the horizontal part of the duodenum in

the lower part (Figure 4J–L). The right border is the left side of

the portal vein, liver, and the IVC in the upper part (Figure 4A–

E), the left side of the pancreatic head and IVC in the middle

part (Figure 4F–J) and the left side of the AA in the lower part

(Figure 4K–L). The left border is approximately at the level of

the left side of the vertebra in the upper part (Figure 4A–E) and

the left ovarian vein (or testicular vein for man) in the lower

part (Figure 4F–L). Due to the low recurrence rate and the lack

of a single site of ALNRbehind the crus of the diaphragm or at

the posterior of the AA, we suggest that the AA may not be

included in the target volume for the prophylactic PORT.

Therefore, the posterior border is the surface of the crus of

the diaphragm at the anterior of the AA or the anterior of the

AA (Figure 4A–I), the posterior of the IVC on the right side of

the AA from approximately 1.00 cm above the upper side of

the origin of the CA to approximately 2.75 cm below the lower

side of the LRV (Figure 4C–J) and the posterior side of theAA,

and the anterior of the vertebra and psoas major muscle on the

left side of the AA from the upper side of the origin of CA to

the upper side of the inferior mesenteric artery (Figure 4E–L).

From the upper side of the horizontal part of the duodenum

(approximately 0.50 cmbelow the lower side of the LRVin our

study), there was no ALNR at the anterior side of the AA, so

the target volume could be separated into two segments on the

bilateral sides of the AA to decrease the irradiation to the

duodenum (Figure 4J). Then, from the level of approximately

2.75 cm below the lower side of the LRV, there was no ALNR

Figure 4 A proposed delineation of the target volume including station 8, station 9, station 16a2 and station 16b1 in the abdominal area for postoperative radiotherapy of

thoracic esophageal squamous cell cancer. (A) 5.00 mm above the upper side of the common hepatic artery; (B) the upper side of the common hepatic artery; (C) 1.00 cm

above the upper side of the origin of the celiac artery; (D) the terminal end of the celiac artery; (E) the upper side of the origin of celiac artery; (F) the upper side of the

superior mesenteric artery; (G) the upper side of the origin of the superior mesenteric artery; (H) the middle of the left renal vein; (I) the lower side of the left renal

vein; (J) the upper side of the horizontal part of duodenum; (K) 2.75 cm below the lower of the left renal vein; (L) the upper side of the inferior mesenteric artery. Red lines:

arteries; blue lines: veins; pink lines: the proposed target volume; sky blue lines: plotted lymph nodes; red arrow: left ovarian vein.
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in the interval between the IVC and theAA, sowe include only

the left side of station 16b1 in the target volume (Figure 4K–L).

Conclusions
ALNR is one of the major factors for locally advanced

TESCC after radical surgery. Although many factors may

affect ALNR, including tumor location, width of tumor, T

stage, N stage, TNM stage, ratio of LNM, vessel carci-

noma embolus, cancerous nodes, LNM in the middle and

lower mediastinal region, LNM in the abdominal region

and the ratio of LNM in the abdominal region, only LNM

in the abdominal region was the independent factor.

Therefore, positive pathological abdominal LNs should

be the major indication for abdominal irradiation in the

PORT of TESCC. We recommended that the target volume

for PORT in the abdominal area includes station 8, station

9, station 16a2 and station 16b1 and proposed a specific

delineation of the clinical target volume based on the

distribution of ALNR on template CT images. More stu-

dies with a larger sample are needed to verify our results.
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