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Objective: To investigate the clinicopathological factors for thoracic esophageal cancer after radical
esophagectomy, and provide the criteria to outline the target volume for adjuvant radiotherapy.
Methods: Data from 803 patients with thoracic esophageal cancer who underwent radical
esophagectomy between January 2014 and December 2018 were reviewed. The lymph nodes
metastases and the clinicopathological factors for esophageal cancer were stratified by univariate and
multivariate Cox regression analyses. Results: A total of 6,216 lymph nodes were dissected with an
average of 9.5 lymph nodes. The lymph nodes metastases in the upper thoracic esophagus were
mainly observed in the supraclavicular and paratracheal regions (P<0.05), metastatic lymph nodes in
the middle thoracic esophagus were bidirectional, and those in the lower third of the esophagus
mainly metastasized to the regions adjacent to the esophagus, the cardia and the left gastric artery (P<
0.05). For the whole group, the lymph node metastases rate was 32.2% for upper thoracic esophageal
cancers, which was significantly lower than 44.0% for lower thoracic esophageal cancers (P=0.049)
and 44.3%of middle thoracic esophageal cancers (P = 0.030). Multivariate analyses showed that
patient performance status, T- stage, tumor length, and distant metastases were factors associated with
overall survival, with P< 0.05 for all. Conclusion: Patient performance status, T- stage, tumor length,
distant metastases, and operative procedures were the most important factors for overall survival.
Therefore, in clinical practice, patients undergoing postoperative prophylactic radiotherapy may be

selected according to these factors.

INTRODUCTION

Esophageal cancer (EC) is the eighth most common cancer in
the world and is still dominated by squamous cell
carcinoma (Marabotto, 2021). Compared to the United States
of America and Europe, the incidence and mortality of EC in
China are significantly high: 477,900 new cases are diagnosed
each year, and about 375,000 people die from this disease each
year, making it the fourth leading cause of death among all
malignancies (Keita, 2018). Although surgical resection
preceded by neoadjuvant treatments represents the standard of
care for treatment in patients with locally advanced EC,
definitive chemoradiotherapy is also known as a potentially
curative non-surgical option for these patients, with reported 5-
year survival rates in the range of 25-30% (Leng, 2021). For
many years, several studies have shown that the tumor stage
and lymph node metastases are the most important prognostic
factors after radical esophagectomy. Moreover, adjuvant
radiotherapy has the advantage of
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selecting patients based on pathological findings; in contrast,
there are issues with patient tolerability after surgery and
difficulties in target volume delineation because of
the anatomy change. Nowadays, it is well known that lymph
node metastases in thoracic EC are multidirectional, and the
relationship between the distribution and pattern of lymph
node metastases and the extent of the target volume for
postoperative  prophylactic  radiotherapy is of major
interest (Leng, 2021; Waters, 2022).In this setting, we
retrospectively analyzed the pattern of lymph node metastases
and prognostic factors associated with the overall survival of
patients with thoracic EC. In addition, we discussed the
indicative value of the lymph node metastases area for
delineating the target volume for postoperative prophylactic
radiotherapy.

METHODS

Patient and tumor characteristics: We reviewed the database
of 1013 patients, 803 of whom were diagnosed with thoracic
EC and underwent radical surgery at The Fourth Hospital
Affiliated to Hebei Medical University between January 2014
and December 2018.
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They all had CT scans of the neck, chest and abdomen before
surgery and had complete clinicopathological data. Of the 803
patients, 560 were males and 243 were females, with a male to
female ratio of 2.3: 1; ages ranged from 27 to 89 years, with a
median age of 68 years Table 1. The lesions were located in
the upper thoracic esophagus in 118 cases, in the middle
thoracic esophagus in 514 cases, and in the lower thoracic
esophagus in 171 cases. The barium esophagogram showed
that the length of the lesion was < 5.0 cm in 528 cases, and
275 cases >5.0 cm. The postoperative pathological tumors
stages were Tis stage 16, T1 -3 stage 669, and T4 stage 118,
NO stage 501, N1 stage 302, MO stage 767, M1 stage 36. There
were 56 cases in stage 0 - I, 372 cases in stage IIA, 71 cases in
stage IIB, 212 cases in stage I1I, 56 cases in stage IVA and 36
cases in stage IVB. There were 738 cases of squamous
carcinoma, 36 cases of small cell carcinoma, 12 cases of
adenocarcinoma cases, and 17 cases of other types. The degree
of differentiation was high 36 cases and 657 cases were
moderately differentiated, 87 cases were poorly differentiated
and 23 cases were undifferentiated Table 1. In the whole
group, there were 302 (37.6%) cases of positives lymph nodes
metastases, of which 152 cases had one lymph node
metastases, 83 cases had 2, 19 cases had 3 and 48 cases of >4.
Radical esophagectomy was performed in 621 cases using a
single left incision (thoracotomy), 95 cases using a combined
double incision (cervicothoracotomy)and 87 cases using a
combined triple incision (cervicothoraco- laparotomy).

Evaluation criteria: The TNM staging was based on the 2017
UICC criteria (Bertero, 2018), and the grouping of regional
lymph nodes in thoracic EC was based on the American
Thoracic Society grouping criteria (Hu, 1988).

Follow-up: All patients were followed up to 31 September
2020, with a follow-up time range of 1 - 84.6 months and a
median follow-up time of 36.7months. The follow-up rate was
97.3% and 22 patients were lost to follow-up. The survival
time was calculated from the date of surgery to death or the
date of last follow-up.

Statistical analysis: The SPSS 23.0 software package was used
for statistical analysis of the data, multivariate logistic
regression analysis was used to test for correlation between
lymph node metastases and clinicopathological factors, and the
Kaplan-Meier method was used for survival analysis. P< 0.05
was considered as statistically significant.

RESULTS

Patients with thoracic EC who underwent radical
esophagectomy were recruited from 2014 and 2018; a total of
6,216 lymph nodes were dissected in 803 patients, with an
average of 9.7 lymph nodes cleared (range: 0 - 36 nodes per
patient). The histopathological analyses confirmed 824
positive lymph nodes, with a metastases rate of 13.3%. Of the
803 EC patients, positives lymph nodes metastases were
observed in 302 patients, with a metastases rate of 37.6%
Table 2. The postoperative lymph nodes metastases rate and
metastases ratio in the thoracic and abdominal cavities for the
whole group are shown in Table 2. Metastases were mainly
located in the pulmonary artery, supraclavicular, paratracheal,
pulmonary hilum para-esophageal, cardia and left gastric artery
area. As shown in Tables 3, there was no significant difference

in lymph nodes metastases ratio regarding the primary tumor
site. The lymph nodes metastases ratio in upper, mid and lower
thoracic esophagus were 11.4%, 13.6% and 12.8%,
respectively (2= 0.535, P=0.813). By contrast, the lymph
nodes metastases rates were 32.2%, 44.0% and 44.3%,
respectively, and the differences were statistically significant
when comparing mid and lower esophageal carcinomas to the
upper thoracic esophageal carcinoma (¥2=5.173, P=0.035;
¥2=5.632, P=0.020) Tables 3. The metastases in the upper
thoracic EC are most prevalent in the supraclavicular and
paratracheal lymph nodes; metastases in mid-thoracic EC are
bilateral; upstream metastases occur mainly in the supra-
clavicular, paratracheal and para-esophageal lymph nodes;
downstream metastases occur mainly in the cardia and lymph
nodes adjacent to the left gastric artery; metastases in the lower
thoracic EC mainly occur to the para-oesophageal, cardia and
left gastric artery lymph nodes. However, the metastases rates
and metastases ratio in lower thoracic EC were higher than
those of upper and mid-thoracic EC(¥2=9.918, P<0.009; %2
=14.218, P<0.002). Of the 621 patients with a single left
thoracotomy, 72 had cancer located to the upper thoracic
oesophagus, 408 to the mid-thoracic oesophagus,141to the
lower thoracic oesophagus. As shown in the Table 4, no
significant difference was observed between the upper, mid
and lower thoracic EC in terms of metastases ratio, with a
metastases ratio of 16.4%, 17.7% and 19.3%, respectively (%2
=3.119, P=0.165). Similarly, the metastases rates were 27.4%,
34.9% and 41.8% respectively, with no statistically significant
differences (¥2=0.581, P =0.515) Table 4.

Survival analysis: The survival time for the whole group
ranged from 1 — 84.6 months, with a median survival time of
36.7 months. The survival rates at 1-, 3- and 5-years after
surgery for the whole group were 83.4%, 56.3% and 47.2%
respectively. In the current study, Karnofsky performance
status (KPS), tumor length, T- stage and distant metastases
were prognosis factors associated to survival, with higher
survival rates at 1-, 3- and 5- year for patients with KPS >70
(x2=8.412, P = 0.049) tumor length less than 5 cm (y2= 8.523,
P = 0.041), early T - stage (¥2=83.942, P = 0.000) and no
distant metastases (32=87.526, P = 0.000) Table 5. These
statistically significant differences persisted after multivariate
logistic regression analysis. The results showed that KPS, T-
stage, tumour length and distant metastases were independent
factors associated with poor overall survival in patients with
thoracic EC Table 6.

DISCUSSION

The current study has several limitations. Firstly, due to the
socioeconomic concerns in mainland China, PET/CT was not
routinely used in this study. Therefore, the clinical stage and
clinical response evaluation were mainly done by CT scans.
The results were not as accurate as that obtained by PET/CT.
Secondly, most of our patients had squamous cell carcinoma.
As squamous cell carcinoma and adenocarcinoma of the
esophagus have relative difference in terms of epidemiology,
location, and pathways of progression, it is difficult to
extrapolate our results for patients with adenocarcinoma.
Moreover, our patients were recruited retrospectively, and
some unmeasurable factors might have effects on the final
results, although there was strict accordance with the treatment
protocol.
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Table 1. Clinicopathological characteristics of 803 patients with thoracic esophageal carcinomas

Patients characteristics Number %
KPS

<70 138 17.2

>70 665 82.8
Smoking status

Yes 113 14.1

No 690 85.9
Age

27 - 60 421 52.4

> 60 382 47.6
Gender

Male 560 69.7

Female 243 30.3
Tumor length (cm)

<5 528 65.8

>5 275 342
Location in thorax

Upper 118 14.7

Middle 514 64.0

Lower 171 213
pT- stage

Tis 16 2.0

TI-3 669 83.3

T4 118 14.7
LN status

NO 501 62.4

N+ 302 37.6
Stage

0-1 56 7.0

IIA - 1IB 443 55.2

1I-1VA 268 334

IVB 36 4.4
Pathology

SqCC 738 91.9

ADK 12 1.5

ScC 36 4.5

Other types 17 2.1
Degree of differentiation

High 36 4.5

Moderately 657 81.8

Poorly 87 10.8

Undifferentiated 23 29
Sugery

Left thoracotomy 621 77.3

Cervico-

thoracotomy % 1.8

Cervico-thoraco- 87 10.8

laparotomy

KPS: Karnofsky performance status; LN: Lymph nodes; ADK:
Adenocarcinoma; pT- stage: Pathological tumor stage; SCC: Small

cell carcinoma; SqCC: Squamous cell carcinoma

Table 2. Distribution of thoracic esophageal cancer lymph nodes metastases

Dissected LN All LN+ Metastases ratio All Patients All LN+ Metastases rate
Lymph nodes sites

n n %o n n Y%
Supra clavicular 116 34 29.3 46 29 63.0
Paratracheal 315 87 27.6 169 63 37.3
Pulmonary artery 178 11 61.8 77 13 16.9
Pulmonary hilum 418 106 25.4 142 18 12.8
Carina 1735 136 7.8 587 74 12.6
Paraesophageal 1527 171 11.2 546 153 28.0
Cardia 528 82 15.5 351 67 19.1
Left gastric artery 1232 176 14.3 566 142 25.1
Coeliac trunk 167 13 7.8 62 21 339
Total 6216 824 13.3 803 302 37.6

LN: Lymph nodes

Table 3 Distribution of lymph nodes metastases by primary tumor site (n= 803)

Primary tumor site Dissected LN LN+ LN ratio Dissected LN LN+ LN rates
Upper thoracic 817 93 114 202 65 322
Middle thoracic 3756 512 13.6 436 192 44.0
Lower thoracic 1482 189 12.8 185 82 44.3

LN: Lymph nodes
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Table 4 Distribution of lymph nodes metastases by primary tumor site (n= 621)

Primary tumor site Dissected LN LN+ LN ratio Dissected LN LN+ LN rates
Upper thoracic 627 103 16.4 197 54 27.4
Middle thoracic 1756 310 17.7 536 187 34.9
Lower thoracic 1315 254 19.3 347 145 41.8

LN: Lymph nodes

Table S. Univariate analysis of the effect of potential prognostic factors on OS in patients with esophageal cancer (n=803)

Univariate analysis

Prognostics factor Patients %2 P
1-y OS 3-y OS 5-y OS
KPS
<70 138 92.1 72.7 329 8.412 0.049
>70 665 98.3 82.4 56.4
Smoking status 3.254 0.272
Yes 113 81.6 72.4 42.1
No 690 77.4 58.6 37.3
Age 5.543 0.066
40 - 60 421 89.7 76.2 49.6
> 60 382 91.8 53.4 43.7
Gender 2.041 0.209
Male 560 92.7 71.6 55.8
Female 243 88.7 52.1 47.8
Tumor length 8.523 0.041
<5 528 97.2 69.6 46.4
>5 275 87.2 61.7 32.1
Location in thorax 3.427 0.214
Upper- thoracic 118 89.4 72.6 36.7
Mid- thoracic 514 82.9 76.8 41.7
Lower- thoracic 171 88.3 78.1 57.4
TNM - stage 83.942  0.000
0-1IA 428 93.8 69.5 483
1IB - III 283 75.2 42.7 23.0
v 92 85.4 32.1 0.0
Distant metastases 87.526  0.000
Yes 302 78.2 339 16.7
No 501 93.4 63.1 48.8

KPS: Karnofsky performance status; LN: Lymph nodes; OS: Overall survival

Table 6. Multivariate analysis of the effect of potentials prognostic factors on OS

Prognostics factor B SE Wald OR P

KPS 0.684 0.476 6.102 1.523 0.035
T- stage 2.536 0.719 11.213 6.232 0.000
Tumor length 2.345 0.442 9.628 3.912 0.003
Distant metastases 3.251 0.814 12.332 15.126 0.021

KPS: Karnofsky performance status; T: Tumor

Nowadays, among the prognostic factors studied in the
literature, lymph nodes metastases appear to be the most
important factor associated with the prognosis of EC patients,
and the inclusion of the number of metastatic lymph nodes in
the TNM staging system for EC further demonstrates the
importance of lymph node metastases on the prognosis of these
patients (Keita, 2018; Pan, 2019; Minsky, 2012). The
anatomical evidence basis for lymph nodes metastases in EC is
based on the high density of lymphatic vessels along the
oesophageal submucosa. Several studies have shown that
lymph node metastases from EC are multidirectional, with
some skip nodes. From this point onwards, some authors
defined the target volume for prophylactic radiotherapy after
radical esophagectomy. This volume includes the tumor bed,
supraclavicular, mediastinum, left gastric artery, and cardia
regions (Keita, 2018; Wang, 2017). Some authors have shown
that such extensive postoperative prophylaxis significantly
reduces the locoregional recurrence rate however, the effect on
long-term survival was not significant, which may be due to
the uneven dose distribution of radiotherapy, the normal
tissues receiving more than the tolerated dose, resulting in
increased toxic effects (Shuchai, 2019; Jiang, 2015).

To date, the use of intensity-modulated radiotherapy allows
precise localization of the location and area of the lymph node
metastases from EC. The present study was conducted to
identify the distribution pattern of lymph node metastases in
thoracic EC at different segments of the esophagus, as well as
the factors associated with overall survival, which will allow
accurate mapping of the exact target volume after radical
surgery for thoracic EC, with a view to improve local control
and reduce damage to normal tissues, thereby improving long-
term survival. Our results showed that supraclavicular lymph
node metastases were predominant in the upper thoracic EC,
while both upper and lower lymph nodes metastases were
more obvious prevalent in the mid-thoracic EC, which is
consistent with the results of previous studies (Keita et al.,
2018; Liu, 2019). The rate of metastases and the ratio of the
lymph nodes metastases of the lower thoracic EC in the
supraclavicular and paratracheal regions were also higher in
this study. However, the number of lymph nodes removed
from the lower thoracic region is relatively small. In fact,
radical esophagectomy in our institution is mainly performed
through a single approach on the left side of the chest, which
makes it very difficult to remove supraclavicular and upper
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mediastinal lymph nodes. The surgeon can only remove one
suspicious lymph node in these areas during the surgery,
resulting in a high rate of metastases and lymph node
metastases ratio. We further analyzed of 621 patients who
underwent a single left thoracotomy, the results showed that
the lower thoracic EC only had higher lymph node metastases
in the para-esophageal, cardia, and left gastric artery regions,
and the differences in the rate of metastases and the lymph
node metastases ratio between the upper thoracic, mid and
lower thoracic EC were not statistically significant, which was
consistent with the previously reported results (Shuchai, 2019;
Yang, 2018). For patients who had a single left thoracotomy
approach, the lesion was located in the upper thoracic segment,
the target volume for adjuvant radiotherapy after radical EC
surgery includes the supraclavicular, para-esophageal,
paratracheal, and the carina regions. For those lesions located
in the lower thoracic segment, the target volume includes the
para-esophageal, cardia, and left gastric artery regions. In
contrast, if the lesion is located in the mid-thorax, the target
volume should be set according to the specific distribution of
postoperative lymph node metastases. Exception for the single
left thoracotomy, cervicothoracolaparotom allows complete
clearance of the superior mediastinum and supraclavicular
lymph nodes. However, the development of lymph node
metastases in EC is influenced by several factors, but there is
anevidence that the depth of local infiltration is the most
important indicator of the TNM stage of EC, while the effect
of lesion length on lymph node metastases has been reported
differently. (Yang, 2018) suggest that lesion length does not
influence lymph node metastases when the T- stage of EC is
the same. Our prognostic factors analysis showed that patient
performance status, lesion length, T- stage, and distant
metastases were the main prognosis factors associated with
poor overall survival in thoracic EC patients. These
clinicopathological factors are the most important reference
criteria for patients’ selection for prophylactic lymph nodes
area irradiation after radical EC surgery. Therefore, to
determine the target volume for prophylactic radiotherapy after
radical EC surgery, we must be considered the distribution of
lymph node metastases by the different primary tumor sites,
the extent of lymph node dissection by different surgical
procedures, and the impact primary tumor stage.
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