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Abstract
BACKROUND: It was reported that the number of positive lymph nodes (PLN) and negative lymph nodes
(NLN) resected in lymphadenectomy were both independent prognostic factors in esophageal squamous
cell carcinoma (ESCC). However, it is unclear which kind of combination of them would have a stronger
impact on the prognosis of the ESCC patients.

METHODS: A total of 229 patients with ESCC were retrospectively investigated. The Cox Proportional
Hazards Model was used to investigate the relationship between the PLN or NLN and the overall survival
of patients. Survival analysis was performed using the Kaplan-Meier method, and the survival difference
between sub-groups were explored with log-rank tests. The cut-off number of the ratio of NLN count to
PLN count resulted in an improved outcome for patients was investigated by a series of log-rank tests.

RESULTSs: The numbers of PLN and NLN were both independent prognostic factors, supported by the
results of Cox regression model analysis (hazard ratio [HR], 1.12, P<0.001 and HR, 0.97, P=0.024,
respectively).The survival differences among sub-groups from N0 to N3 stage were statistically
signi�cant (P<0.001). Analysis using a Cox regression model revealed that the number of NLN inside the
thoracic cavity had a stronger impact on the prognosis compared to the number of NLN outside the
thoracic cavity (HR,0.959, P=0.042 vs.HR, 0.973, P=0.179). As a combination analysis consisting of the
number of PLN and NLN, the log-rank test result demonstrated that patients with the ratio of NLN count
inside thoracic cavity to the PLN count less than 8 could achieve a better survival.

CONCLUSIONS: The ratio of NLN count inside thoracic cavity to the PLN count was a independent
prognostic factor.

Introduction
Esophageal squamous cell carcinoma (ESCC) is the major pathological type of esophageal cancer in
east Asia, where as adenocarcinoma is the main pathological type in north America and Europe(1).
Lymph node metastasis (LNM), or positive lymph nodes (PLN) usually occurs early in the development of
ESCC, which have a prominent impact on the evaluation of tumor stage and the prognosis of patients(2–
4).

It is widely accepted that the number of PLN removed in the lymphadenectomy is closely associated with
the prognosis of patients with ESCC(5, 6).Moreover, the N stage of the 7th edition of TNM tumor staging
system from the American Joint Committee on Cancer (AJCC)was de�ned using the number of PLN in
ESCC. However, recently, several researchers have reported that the number of negative lymph nodes
(NLN) is also a signi�cant prognostic factor in patients with ESCC(7).

The number of NLN that should be removed via lymphadenectomy in patients with ESCC remains a
controversial topic. Hsu reported that ESCC patients would bene�t from the lymphadenectomy if more
than 18 NLN were removed during surgery. In other words, this research suggested that
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lymphadenectomy in ESCC was only appropriate if at least19 NLN were identi�ed(7). Furthermore,
another researcher proposed that lymphadenectomy in which more than 21 NLN are removed is a more
appropriate method(8).

It has also been reported that the site of PLN and NLN that are removed during lymphadenectomy may be
a more important predictor of prognosis than the number of PLN and NLN(9, 10). In our previous study,
we also con�rmed that certain sites of NLN may play important roles in the prognosis of patients with
ESCC(11).

Since the site and number of PLN or NLN are both possible predictors of outcome in patients with ESCC,
it is necessary to investigate their effects on the prognosis of ESCC. It is widely accepted that patients
with tumor metastasis occurring outside the thoracic cavity in ESCC will have poorer outcomes compared
with other ESCC patients(12–14). It is more common for NLN to be identi�ed inside the abdominal cavity
rather than the thoracic cavity in healthy people. Consequently, it is necessary to compare the in�uence of
the number of NLN inside and outside the thoracic cavity on the prognosis in ESCC. This study aimed to
explore the impact of NLN inside the thoracic cavity on the prognosis of patients, compared to NLN
outside the thoracic cavity, and further investigated the combination impact of the PLN and NLN on
prognosis of ESCC patients.

Material And Methods
Patient selection

229 ESCC patients who experienced esophagectomy and lymphadenectomy between Jan 2009 and Jan
2013 were retrospectively followed in this research. This study was approved by the Institutional Review
Board of Linyi People’s Hospital a�liated hospital to Shandong University. 

The inclusion criteria was described as follows: all patients received upper gastrointestinal barium
radiography and upper gastrointestinal endoscopy, and the site of primary tumor was con�rmed in the
thoracic esophagus; ultrasound of the cervical region, computed tomography of chest and upper
abdomen were performed to explore distant metastasis; only the patient with Karmofsky Performance
Status score more than 70 were considered; neo-adjuvant radiotherapy and/or neo-chemotherapy were
not delivered on patients; the primary tumor was identi�ed as ESCC by pathologist after surgery; tumor-
free resection margins were con�rmed.

Treatment

All patients had undergone extended esophagectomy with three-�eld or two-�eld lymph node dissection.
The patients were received three-�eld lymph node dissection when tumor metastasis in the cervical region
was considered based on the result of ultrasound or computed tomography examination. All the three-
�eld lymph node dissection consisted of a collar neck incision, a right-sided thoracotomy and an upper
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midline laparotomy comparing to the two-�eld lymph node dissection which only included a right-sided
thoracotomy and a upper midline laparotomy.

The lymph nodes dissected during operation were labeled using the lymph node station nomination of
the Japanese Society for Esophageal Diseases (JSED). The removed specimens including the lymph
nodes and the primary tumor were collected at the end of operation by surgeons, and were further
evaluated by experienced pathologists to count the number of PLN and NLN in every lymph node station
after the primary tumor was identi�ed as ESCC.

The entire specimens were �xed in the 10% formalin immediately after operation, and then they were
embedded in para�n. After 24 hours, these specimens were received hematoxylin and eosin staining
after being cut into 5-μm slices. The PLN and NLN were evaluated by two pathologists and the number of
PLN and NLN in each lymph node station were recorded after the two pathologists discussed and
reached an agreement.

The pathological tumor stage of each case was evaluated and recorded according to TNM system of
AJCC (the 7th edition).

Postoperative radiochemotherapy was delivered to the ESCC patient with high-risk factors which were
identi�ed by pathologist after operation. Patients with high-risk factors were administrated with 5-
�uorouracil-based concurrent radiotherapy. The total dose of radiation therapy was in a interval of 54 ~
60Gy.

Follow-up

All patients were evaluated every 3 months for the �rst two years, every 6 months during the next three
years, and annually thereafter. The follow-up examinations on patients were as follows: history taking,
physical examination, upper gastrointestinal barium radiography, CT/MR of chest and upper abdomen.
The emphases of follow-up examinations were used to evaluate the local recurrences and remote
metastases. Patients who could not come back to our hospital regularly were followed up by phone. The
last follow-up time was Jan 2016. Overall survival was calculated from the date of operation. Surviving
patients were censored on the date of the last follow-up. We con�rmed the survival and the death by
telephone or medical record review.

Statistical analysis

Continuous variates were summarized by medians and ranges. The relationships between
clinicopathological factors and prognosis were explored using forward stepwise Cox proportional hazard
regression model analysis. Survival analysis was performed using Kaplan-Meier method and the
statistical difference of overall survival between the subgroup of patients was investigated by log-rank
test. The in�uential cut-off numbers of PLN or NLN on prognosis of patients were investigated using the
comparison among the result of a series of log-rank tests.
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Results
Patients and clinicopathological features

A total of 229 ESCC patients were included in this study. The median age was 63 years (range, 30-79
years). The patients consisted of 208 males and 21females.Tumors were located in the upper esophagus
in 9 patients, in the middle esophagus in 128 patients and in the lower esophagus in 82patients. The
tumor site in the last 10 patients were di�cult to be identi�ed into the above three site, because they all
were located in two sites of them in the meantime. In terms of macroscopic types, there were 146 patients
with exophytic type and 83 patients with endophytic type. The median tumor length was 4.5cm (range,
1.2-13cm). Other clinical and pathological characteristics of patients in this study are presented in Table
1, including tumor macroscopic type, tumor differentiation, T stage, nerve plexus invasion, the results of
immunohistochemical analysis and adjuvant treatment schemes.

Tumor metastasis in regional lymph nodes was identi�ed in 109 of 229 cases.

Outcome of follow-up

The median time of follow-up was 22.5 months (range, 3-73 months). Up to January 2016, follow-up was
unsuccessful in 9 cases due to wrong phone numbers and the follow-up rate was 96.1%. The 1-, 3- and 5-
year survival rates in this study were 72.0, 47.7 and 20.5%,respectively.

Factors associated with overall survival

Results of univariate and multivariate analysis with the Cox proportional hazard regression model are
presented in Table 2. Tumor differentiation, the number of PLN, and the ratio of PLN to total lymph nodes
were signi�cant predictors for overall survival in the survival analysis. Nevertheless, only tumor
differentiation, the number of PLN and the number of NLN were independent prognostic factors for the
outcome of patients in the multivariate analysis.

Comparison of overall survival between patients according to different T stages, tumor differentiation
and N stages

Patients in this study were classi�ed into four subgroups according to the T stage of the tumor.
Nevertheless, statistical differences were not observed among the four subgroups by log-rank test in
survival analyses (Fig. 1A). Patients were classi�ed into three subgroups according to tumor
differentiation. Signi�cant differences in the overall survival among groups were identi�ed using the log-
rank test (Fig. 1B). The survival difference was also statistically signi�cant among four subgroups of
patients with different N stages, which were N0 (NLN), N1 (1-5 PLN), N2 (6-9 PLN) andN3 (≥10 PLN) (Fig.
1C).

The effect of NLN inside the thoracic cavity on the prognosis of ESCC
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Beside the number of NLN, this study further explored whether the site of NLN had a signi�cant impact on
the prognosis of patients with ESCC. Similar to previous �ndings in ESCC, tumor differentiation and the
number of PLN were both con�rmed as independent prognostic factors in this study. However, the results
of this study also revealed that the number of NLN inside the thoracic cavity, instead of the number of
NLN outside the thoracic cavity, was an independent prognostic factor in the Cox proportional hazard
regression model. Table 3 presented the detailed results of univariate and multivariate analyses for
overall survival by Cox proportional hazard regression model.

The cut-off number of the ratio of NLN count to PLN count on survival

In the investigation on the combined impact of PLN and NLN on prognosis of patients, this study tried to
�nd a cut-off number in below the three kind of ratio. The �rst was the ratio of the total NLN count to the
PLN count (RatioNLNtotal/PLN), the second was the ratio of the NLN count inside thoracic cavity to the PLN
count (RatioNLNinside/PLN) and the third was the ratio of the NLN outside thoracic cavity to the PLN count
(RatioNLNoutside/PLN). Only the cut-off number of RatioNLNinside/PLN was identi�ed, which patients with the
ratio less than 8 would have a better survival. In another word, more NLN inside thoracic cavity removed
in the lymphadenectomy could not bring a better survival for patients. The numeric distribution of
RatioNLNinside/PLN was displayed using a dot plot (Fig 2A). The cut-off number of RatioNLNinside/PLN

dividing patients into group A and group B, and the result of log-rank test revealed that patients with the
RatioNLNinside/PLN more than 8 (including 8) could lead to the worse outcome of patients comparing to
others (Fig 2 B to Fig 2F).

Discussion
The status of LNM in ESCC is essential for evaluating the tumor stage and selection of post-operative
treatment(15, 16). The classi�cation on tumor stage of AJCC (7th edition) is primarily based on the
number of PLN rather than the number of NLN, since the majority of previous studies have demonstrated
that the number of PLN is an independent prognostic factor in ESCC and an indicator for the extent of
lymphadenectomy(17).

However, recent reports have shown that the number of NLN also plays an important role in the prognosis
of patients with ESCC that have undergone radical resection of ESCC(18, 19). The current study also
con�rmed that the number of NLN removed in lymphadenectomy was closely associated with the
outcome of patients, and further investigation revealed the number of NLN inside the thoracic cavity was
an independent predictor for prognosis while the number of NLN outside the thoracic cavity was not an
independent prognostic factor. This �nding was partly consistent with several studies, which reported
that the site of PLN is a more important prognostic factor in ESCC than the number of PLN (12, 20, 21).

Based on the results of the this study, it may not be appropriate to evaluate the prognosis of the ESCC
patients only based on the number of PLN. This study identi�ed the RatioNLNinside/PLN not the
RatioNLNoutside/PLN or RatioNLNtotal/PLN could be used as an indicator for prognosis in ESCC, which implied
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that the number of NLN inside thoracic cavity was also an important factor in prognosis. The reason for
this is that the number of NLN outside the thoracic cavity could be misleading, since it may include the
normal and physiological swollen lymph nodes which usually occur in the abdominal cavity. Furthermore,
the number of normal but physiological swollen lymph nodes inside the abdominal cavity is usually
greater than that inside the thoracic cavity, which lead to the collection by mistake in lymphadenectomy.

According to the results of our previous research and other studies, lymph node sites around the
esophagus had a higher probability occurring tumor metastasis in thoracic ESCC than lymph node
stations outside the thoracic cavity, regardless of the location of the primary tumor(22–24). This
indicated that the thoracic cavity plays an important role in the tumor metastasis in thoracic ESCC. One
reason of this may be that the lymphatic network around the esophagus is the �rst site of tumor
metastasis in ESCC, leading to a high probability of tumor metastasis. Another reason may be that the
diaphragm muscle has a blocking effect on tumor metastasis via lymphatic vessels.

This study demonstrated that the combination of the number of NLN inside thoracic cavity and the
number of PLN was a strong prognostic factor. Furthermore, on basis of the result of this study, the extent
of lymphadenectomy with NLN count inside thoracic cavity 8 times higher of than PLN count were not
persuaded to proceed. This �nding was consistent to the result of two recent published research, which
emphasized that redundant LN removed in lymphadenectomy could not bring bene�t for patients`
survival (25–26).

Although researchers have tried to set up a modi�ed N stage referring to the principle of N stage in
stomach cancer which de�ned the N stage according to the site of PLN, few reliable results have been
obtained until now(27). The reason for this might be that the anatomical structure and site of the
esophagus and stomach are different, which leaded to different features of LNM between esophageal
cancer and stomach cancer. It may be inappropriate to only use the site of PLN to evaluate the N stage in
ESCC. A more reasonable approach would be to incorporate the site and number of lymph nodes
consisting of PLN and NLN to evaluate the N stage in ESCC in the future.

At present, it is not clear which site of PLN had a more important effect on prognosis than others. The
reason for this may be that it is more reliable to use the number of NLN rather than PLN to evaluate the
extent of lymphadenectomy in every regional lymph node site in ESCC, which was supported by a
research focusing on the comparison on the impact effect in prognosis between the site and the number
of PLN(28). Using NLN to evaluate N stage in ESCC was a novel method, but no stable result on the
modi�ed N stage only using the number of NLN were reported. The reason might be that the site of NLN
should be considered in the modi�ed N stage based on the �ndings mentioned above. The
RatioNLNinside/PLN might be useful parameter in the promotion of the modi�ed N stage in future.

The present study demonstrated that the number of PLN and tumor differentiation were independent
prognostic factors, which was consistent with previous results(29). This �nding indicated that this study
had a low risk of sample selection bias.
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The present study revealed that the hazard ratio of tumor differentiation for prognosis was higher than
that for tumor T stage or tumor length, indicating that tumor differentiation was more sensitive and
stable in the Cox proportional hazard model than tumor length or tumor T stage. The reason for this
result might be that the accuracy rate on the tumor length and tumor T stage would be in�uenced by the
detection site of pathology. This �nding was consistent with the results of our previous research, which
proposed a difference between poorly differentiated ESCC and middle or well differentiated ESCC.

In summary, this study demonstrated that the number of NLN inside the thoracic cavity maybe a stronger
indicator for the extent of lymphadenectomy and prognosis in ESCC than the number of NLN outside the
thoracic cavity. Furthermore, this study proposed that the RatioNLNinside/PLN basing on the combination of
the PLN and NLN was a useful prognostic factor and identi�ed a cut-off number of it, which indicated the
appropriate extent of lymphadenectomy for the ESCC patients.

Although this study presented two novel �ndings, as mentioned above, there were several limitations that
should be mentioned. Firstly, since the limited sample size of this study could lead to statistical bias, the
research had replicated the result under the strict statistical method avoiding obvious statistical bias.
Secondly, this study failed to promote a modi�ed N stage based on the �nding of RatioNLNinside/PLN. The
reason might have relation with the limit cohort in this study. However, another large sample of
prospective investigation has been prepared, for which a novel method on N stage classi�cation system
would be achieved in the near future.

Conclusions
The ratio of NLN count inside thoracic cavity to the PLN count was a independent prognostic factor. The
ratio have the hope not only to be used as an indicator for the extent of lymphadenectomy but also to be
used as a parameter to evaluate the quality of the lymphadenectomy for the selection of post-operation
treatment.

Abbreviations
PLN
positive lymph nodes
NLN
negative lymph nodes
ESCC
esophageal squamous cell carcinoma
HR
hazard ratio
LNM
Lymph node metastasis
AJCC
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Table.1 Clinicopathological features  

Parameter Cases

sex  

male 208

female 21

age(years) 63(30-79)

location of tumor  

upper 9

middle 128

lower 82

4 18

macroscopic type  

1 146

2 67

Tumor length(cm) 4.5(1.2-13)

Tumor differentiation  

well differention 58

moderately differention 123

poorly differention 43

T stage  

T1 9

T2 48

T3 155

T4 12

N stage  

N0 114

N1 51

N2 41

N3 14
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lymph vascular invasion  

negative 217

positive 12

invasion of nerve  

negative 220

positive 9

ki-67(%) 40(10-80)

EGFR  

negative 63

positive 125

p53  

negative 62

low expression 48

moderate expression 46

high expression 34

adjuvant therapy  

none 111

chemoradiotherapy 106

 

Table2 Univariate and multivariate for overall survival Cox proportional hazard regression model
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Prognostic factors P value

(univariate)

HR P value

(multivariate)

HR

Age(years old) 0.675 1.002 — —

Sex(male, female) 0.787 0.763 — —

Tumor location

(upper, middle, lower)

0.189 1.012 — —

Tumor length

(continuous)

0.107 1.078 — —

Morphology type(1,2) 0.921 0.930 — —

Tumor differentiation

(well, moderate, poor)

0.004 1.383 0.001 1.6742

T stage(T1,T2,T3,T4) 0.004 1.431 — —

Ki-67(continuous) 0.439 0.190 0.057 0.9906

EGFR 0.044 1.135 — —

p53 0.066 1.185 — —

total lymph nodes 0.796 1.007 — —

Negative lymph nodes 0.107 0.986 0.024 0.9658

positive lymph nodes <0.001 1.137 <0.001 1.1219

rate of lymph nodes <0.001 11.405 — —

Abbreviations: HR, hazard ratio.

 

Table 3 Further univariate and multivariate for overall survival Cox proportional hazard regression model
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Prognostic factors P value

(univariate)

HR P value

(multivariate)

HR

Age(years old) 0.675 1.002 — —

Sex(male, female) 0.787 0.763 — —

Tumor location

(upper, middle, lower)

0.189 1.012 — —

Tumor length

(continuous)

0.107 1.078 — —

Morphology type(1,2) 0.921 0.930 — —

Tumor differentiation

(well, moderate, poor)

0.004 1.383 0.001 1.6742

T stage(T1,T2,T3,T4) 0.004 1.431 — —

Ki-67(continuous) 0.439 0.190 0.057 0.9906

EGFR 0.044 1.135 — —

p53 0.066 1.185 — —

total lymph nodes 0.796 1.007 — —

positive lymph nodes <0.001 1.137 <0.001 1.1219

rate of lymph nodes <0.001 11.405 — —

Negative lymph nodes

within the thoracic cavity

0.008 0.972 0.042 0.9595

Negative lymph nodes without the thoracic
cavity

0.681 0.999 0.179 0.9727

Abbreviations: HR, hazard ratio.

Figures
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Figure 1

Comparison of overall survival between patients according to different T stages, tumor differentiation
and N stages. Fig. 1A: The difference among sub groups which were patients with tumor T stage T1, T2,
T3, and T4. Fig. 1B: The difference among sub groups which were patients with well-differentiated ESCC,
middle-differentiated ESCC and poor-differentiated ESCC. Fig. 1C: The difference among sub groups
which were patients with tumor N stages N0, N1, N2 and N3.
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Figure 2

The investigation on the cut-off number of PLN which classi�ed patients into two groups with different
outcome Fig. 2A: The survival analysis on all the patients. Fig 2B: The group of patient with 1 PLN
removed via lymphadenectomy had a better prognosis than and the other group with more than 1 PLN.
Fig. 2C to Fig. 2N: Signi�cant difference of prognosis were con�rmed between the two groups which were
classi�ed using a cut-off number of PLN from 2 to 17.


