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Abstract: No consensus has been achieved regarding the optimal extent of lymph node (LN) dissection for node-
negative ESCC patients. This study aimed to determine the optimal extent of LN dissection for node-negative ESCC
patients. We retrospectively reviewed 481 ESCC patients with node-negative resection and no preoperative therapy.
Overall survival (OS) was evaluated by the log-rank test and multivariate Cox regression. The 5-year OS was 51.7%
and 64.7% for patients with 1-5 and >6 negative LNs resected, respectively (P<0.001). However, there was no sig-
nificant survival difference between patients with 6-12 negative LNs resected and patients with over 12 negative
LNs resected (P=0.205). Multivariate analysis indicated that the negative LN count was independently associated
with better survival. In the subgroup analysis, no optimum lymphadenectomy was defined for T1; the minimum
number of LNs that needed to be resected was 6 nodes for T2 and 7 nodes for T3. No survival benefit was observed
when extensive lymphadenectomy was performed. The nomogram, including the number of LNs examined, T stage,
and histologic differentiation, had more predictive power than TNM staging. The results of our study suggest that
ESCC patients with LN-negative tumors should have at least 6 LNs examined for T2 and 7 LNs for T3, but extensive
lymphadenectomy is not recommended. The nomogram, including the number of LNs examined, T stage, and histo-
logic differentiation, is a useful clinical tool.
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Introduction tients with node-negative esophageal carcino-

ma survive 5 years after diagnosis, compared
Esophageal cancer is highly malignant, with the with less than 10% of the patients with LNs
highest incidence in China. The majority of involved [4, 5].

esophageal cancer in China is esophageal
squamous cell carcinoma (ESCC), with the
fourth highest ranking cancer-associated mor-
tality rate among all malignant tumors [1]. The
lymph node (LN) status is the most important
prognostic factor in predicting the survival of
esophageal carcinoma [2, 3]. According to the
7th American Joint Committee on Cancer

The significance of the negative LN count in
predicting the postoperative survival of patients
with ESCC remains unclear. Because of the
important prognostic significance of LN metas-
tases in patients with esophageal cancer, the
relationship between a negative LN count and
prognosis is confounded by the prognostic
effect of the number of positive LNs. To exclude

(AJCC) staging system for esophageal cancer, the influence of such confounding factors, we
the status of LN metastases is classified into conducted a retrospective study from a Chinese
four groups: NO disease for patients without population in a single institutional surgical
involvement of regional LNs, N1 disease for database to determine the prognostic signifi-
those with 1 or 2 regjonal LN metastases, N2 cance of a negative LN count and the minimum
disease for those with 3-6 regional LN metasta- number of LNs needed to be resected in node-
ses and N3 disease for those with more than 6 negative ESCC for sufficient nodal staging and

regional LN metastases. Over 50% of the pa- the improvement of survival.
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Table 1. Distribution of clinicopathologic characteristics for

Surgery

three categories by the number of lymph nodes examined

No. of nodes examined (n)

All patients received transthoracic

Variable 05 512 >13 en bloc esophagectomy with two-
= field LN dissection. Resected LNs
Sex 0.722 were retrieved from the en bloc
Male 121 (25.2) 140(29.1) 92 (19.1) specimen by the surgeons or the
Female 41(8.5) 56(11.6) 31(6.4) pathologists. The remaining LNs
Age (years) 0.022 were identified and recorded from
<60 87 (18.1) 80 (16.6) 49 (10.2) the fresh specimen and the forma-
>60 75(15.6) 116 (24.1) 74 (15.4) lin-fixed specimens.
Tumor location 0.719 Follow-up
Upper third 12 (2.5) 14 (2.9) 7 (1.5)
Middle third 114 (23.7) 127 (26.4) 82 (17.0) Systematical evaluation, including
Lower third 36(8.1) 55(11.4) 34(7.1) clinical history, physical examina-
Histologic differentiation 0.546 tion, laboratory analysis, upper gas-
Well 18 (3.7) 15(34) 7(L5) trointestinal endoscopy, ultrasound,
Moderate 86 (17.9) 105 (21.8) 70 (14.6) and chest and abdomen computer-
Poor 58(121) 76(15.8) 46 (9.6) ized tomography, was performgd in
) the follow-up. The telephone inter-
Pathologic T category 0.060 view, approved by the Institutional
Tis 4(0.8) 5(1.0)  3(0.6) Review Board, was performed to
T1 54 (11.2) 70(14.6) 31(6.4) ascertain the patient’s disease sta-
T2 36 (7.5) 65(13.5) 37(7.7) tus at the end of follow-up.
T3 65 (13.5) 51(10.6) 51 (10.6) o )
T4 3(0.6) 5(1.0) 1(0.2) Statistical analysis
AJCC stage 0.481 The statistical analysis was per-
0 4(0.8)  5(L0)  3(0.6) formed by SPSS and GraphPad
| 55(11.4) 71(14.8) 32(6.7) Prism 6.0. Survival curves were
Il 100 (20.8) 115 (23.9) 87 (18.1) obtained using the log-rank test.
1A 3(0.6) 5(1.0) 1(0.2) Cox regression analysis was used
Total 162 196 123 481 for multivariate analysis, includ-

AJCC: American Joint Committee on Cancer.

Patients and methods
Patients

Radical esophagectomy patients with ESCC at
our institution were retrospectively reviewed
from January 2002 to January 2012. This
study, according to the 1975 Declaration of
Helsinki, was approved by our Institutional
Review Board for the review of the medical
records and pathological material with informed
consent from all patients.

All patients included for analysis met the follow-
ing inclusion criteria: (1) ESCC, (2) received RO
resection, and (3) negative LNs. Patients with
LN metastases, incomplete resection, or no
esophagectomy were excluded.
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ing clinicopathologic characteris-
tics. Cutoff values of the optimal
number of negative LNs (which were
6 LNs for the entire cohort and the T2 sub-
group, 7 LNs for the T3 subgroup and none for
the T1 subgroup) were determined by X-tile
software (http://www.tissuearray.org/rimmlab)
[6].

Results
Patient characteristics

A total of 481 patients with pNO ESCC were
included in this study. The median age of the
patients was 61 years (range, 37-95 years). The
5-year overall survival and the median survival
time were 60.4% and 55.3 months, respective-
ly. Patient characteristics are summarized in
Table 1. The number of resected LNs ranged
from 1 to 38 (median 10). The result of assess-
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Table 2. Log-rank and Cox analysis of overall survival of 481 esophageal squamous cell carcinoma

patients after operation (n=481)

Log-rank analysis Cox analysis
Factors -
Median (ms) At 5 years (%) P HR 95% ClI P
Sex 0.026 0.092
Female Not reached 67.4 1
Male 87.7 57.9 1.352 0.9-1.9
Age (years) 0.540 0.077
<60 Not reached 61.7 1
>60 105.0 59.4 1.292 0.9-1.716
Tumor location 0.606 0.934
Upper third 93.0 63.5 1
Middle third 110.2 58.8 0.935 0.5-1.6
Lower third Not reached 63.9 0.895 0.5-1.7
Histologic differentiation <0.001 0.002
Well Not reached 89.7 1
Moderate 110.2 62.8 2.965 1.1-8.2
Poor 67.8 50.7 4.277 1.5-11.9
Pathologic T category <0.001 <0.001
Tis-T1 Not reached 80.1 1
T2 Not reached 62.7 1.818 1.2-2.8
T3 47.0 42.2 2.815 1.9-4.1
T4 38.5 33.3 4.237 1.9-9.6
No. of examined LNs <0.001 <0.001
0-5 LNs 69.8 51.7 1
>6 LNs Not reached 64.7 0.509 0.4-0.7
AJCC stage <0.001
O- Not reached 79.9 -
Il 64.0 50.6 -
I 38.5 33.3 -

AJCC: American Joint Committee on Cancer, 95% Cl: 95% confidence interval, LN: lymph node.

ing the number of LNs resected was that, com-
pared with the node-positive patients, the num-
ber of resected LNs was less in the node-
negative patients. In addition, there was no sta-
tistically significant difference in the distribu-
tion of sex, tumor location, histologic differen-
tiation, pathologic T category or AJCC staging
among the three groups with different numbers
of negative LNs examined; however, there was
a statistically significant difference in age
among the groups (Table 1).

Survival analyses

Univariate log-rank analysis for the entire
cohort demonstrated that the 5-year survival
rate was higher in the patients with >6 LNs
resected than in the patients with <6 LNs
resected (64.7% vs. 51.7%, P<0.001) (Table 2;
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Figure 1A). We also performed multivariate
analysis to evaluate whether the number of
negative LNs resected was associated with OS.
As shown in Table 2, patients with >6 negative
LNs resected had significantly higher OS after
adjusting for sex, age, tumor location, histologic
differentiation, and pathologic T category (P<
0.001). A previous study showed that patients
with over 12 LNs resected have more opportu-
nity for LN metastasis detection than patients
with less than 12 LNs examined [7], and the
7th AJCC staging system recommended that
at least 12 LNs should be examined for accu-
rate staging [8]. However, no significant sur-
vival difference was observed between the
patients with 6-12 LNs resected and the
patients with more than 12 negative LNs
resected (5-year OS rate, 66.6% vs. 61.8%,
P=0.205, Figure 1B).
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Figure 1. A. Overall survival for patients with less than 6 LNs examined and for patients with at least 6 LNs examined
in the entire cohort of 481 patients (5-year OS rate, 51.7% for <6 LNs examined vs. 64.7% for >6 LNs examined,
P<0.001). B. Overall survival for patients with 6-12 LNs examined and for patients with over 12 LNs examined (5-
year OS rate, 66.6% for 6-12 LNs examined vs. 61.8% for over 12 LNs examined, P=0.205).
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Figure 2. A. Overall survival for 3 groups stratified according to the number of negative LNs examined in pathologic
stage T1 patients (n=155). Among the 3 groups, P=0.586; Group 1 (1-5 LNs examined) vs. Group 2 (6-12 LNs ex-
amined), P=0.651; Group 1 (1-5 LNs examined) vs. Group 3 (over 12 LNs examined), P=0.475; Group 2 (6-12 LNs
examined) vs. Group 3 (over 12 LNs examined), P=0.296. B. Overall survival for 3 categories of patients according
to the number of the LNs examined in pathologic stage T2 patients (n=138). Among the 3 groups, P<0.001; Group
1 (1-5 LNs examined) vs. Group 2 (6-12 LNs examined), P<0.001; Group 1 (1-5 LNs examined) vs. Group 3 (over 12
LNs examined), P=0.021; Group 2 (6-12 LNs examined) vs. Group 3 (over 12 LNs examined), P=0.185. C. Overall
survival for 3 categories of patients according to the number of the LNs examined in pathologic stage T3 patients
(n=167). Among the 3 groups, P=0.024; Group 1 (1-6 LNs examined) vs. Group 2 (7-12 LNs examined), P=0.047;
Group 1 (1-6 LNs examined) vs. Group 3 (over 12 LNs examined), P=0.021; Group 2 (7-12 LNs examined) vs. Group
3 (over 12 LNs examined), P=0.458.

Stratified analyses ed had better survival than the patients with

less than 6 negative LNs resected (5-year sur-
In the subgroup analysis stratified by T stage, vival rate, 70.2% vs. 41.5%, P<0.001). More-
patients with a higher number of negative LNs over, there was no difference in survival
resected in the T2 and T3 subgroups had bet- between the patients with 6-12 LNs resected
ter survival than those in the T1 subgroup and the patients over 12 LNs resected (5-year
(Figure 2A-C). The 5-year survival rate in T1 survival rate, 75.2% vs. 61.1%, P=0.185, Figure
patients was 82.3% for patients with 1-5 LNs 2B). In the T3 subgroup, the patients with no
resected, 80.7% for patients with 6-12 LNs less than 7 negative LNs resected had better
resected, and 66% for patients with over 12 survival than the patients with less than 7 neg-
LNs resected (P=0.586). No significant survival ative LNs resected (5-year survival rate, 49.6%
difference was found among the three groups vs. 31.9%, P=0.008). Additionally, similar to the
in T1 patients (Figure 2A). In the T2 subgroup, result observed in the T2 subgroup, there was
the patients with at least 6 negative LNs resect- no difference in survival between the patients
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Table 3. Multivariate analysis of factors related to the survival of patients with ESCC, grouped by T

stage (n=460)

- T1# T2 T3
Characteristics
HR 95% Cl P HR 95% Cl P HR 95% Cl P
Sex 0.082 0.781 0.290
Female Ref Ref Ref
Male 2.029 0.945 1.098 0.6-2.1 1.331 0.8-23
Age (years) 0.766 0.127 0.314
<60 Ref Ref Ref
>60 1.113 0.5-2.3 1.578 0.9-2.8 1.223 0.81.8
Tumor location 0.390 0.143 0.468
Upper third Ref Ref Ref
Middle third 0.513 0.2-1.5 0.428 0.1-1.5 1.445 0.7-3.2
Lower third 0.425 0.1-1.5 0.730 0.2-2.6 1131 0.5-2.8
Differentiation 0.028 0.476 0.081
G1 Ref Ref Ref
G2 3.144 0.7-14.1 2.664 0.3-20.5 1.335 0.29.7
G3 5.753 1.3-254 2.041 0.3-15.9 2.074 0.3-15.1
No. of LNs examined 0.467 <0.001 0.001
0-5 LNs Ref Ref Ref
>6 LNs 0.774 0.4-15 0.280 0.2-0.5 0.514 0.3-0.8

95% Cl: 95% confidence interval; LN: lymph node; Ref: reference. #Tis and T4 were not analyzed because of the small number.

with 7-12 LNs resected and the patients with
more than 12 LNs resected (5-year survival
rate, 42.6% vs. 56.3%, P=0.458, Figure 2C).
The results of multivariate Cox regression anal-
ysis (Table 3) showed that the number of nega-
tive LNs was an independent prognostic factor
for predicting survival in patients with T2 and
T3 stage ESCC but not in patients with T1 stage
ESCC (Table 4). On multivariate analysis, the
results also showed that the number of nega-
tive LNs was an independent prognostic factor
for predicting survival in patients with moder-
ately-differentiated and poor-differentiated
ESCC (Table 4).

Nomogram

Based on Cox multivariate analysis (Table 2),
we established a nomogram including the num-
ber of examined LNs, T stage, and histological
differentiation for predicting the prognosis of
patients with lymph-node-negative ESCC (Fi-
gure 3). For each independent variable, the
score in Figure 3 is a selected scoring standard
or scale, and a vertical value is given at that
point. The score in the figure is a selected scor-
ing standard or scale. For each independent
variable, a straight line perpendicular to the
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fractional axis (through a ruler) is made at that
point, and the intersection point represents the
score under the value of the independent vari-
able. Then, we can obtain the scores corre-
sponding to the indicators predicting ESCC
prognosis of each variable, and the sum of
each score is recorded as the total score. The
corresponding number of the total score is the
3- and 5-year probability of survival. The boot-
strap test is used to perform the consistency
test of the predicted value and the actual value.
The result indicates that the predicted value of
the nomogram model coincides with the actual
value (Figure 4A and 4B). We then used the
area under the ROC curve to compare the pre-
diction ability of the nomogram and TNM stag-
ing. We found that the predictive power of the
nomogram was significantly higher than that of
TNM staging (Figure 4C and 4D).

Discussion

Nodal status is the most important prognostic
factor for patients with ESCC. The number of
metastatic LNs [9-12], the total number of LNs
resected [7, 13, 14], and the ratio of metastatic
LNs to the total number of LNs resected [15-
18] are independent prognostic factors for

Int J Clin Exp Pathol 2020;13(3):597-606
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Table 4. Multivariate analysis of factors related to the survival of patients with ESCC, grouped by dif-
ferentiation grade (n=481)

o Well Moderate Poor
Characteristics
HR 95% Cl P HR 95% Cl P HR 95% Cl P
Sex 0.731 0.197 0.347
Female Ref Ref Ref
Male 1.729 0.1-39.0 1.386 0.82.3 1.283 0.82.2
Age (years) 0.517 0.212 0.239
<60 Ref Ref Ref
>60 2.729 0.1-56.9 1.282 0.9-1.9 1.298 0.8-2.0
Tumor location 0.564 0.272 0.291
Upper third Ref Ref Ref
Middle third 0.213 0.0-5.8 1.360 0.5-34 0.7214 0.3-15
Lower third 0.158 0.0-6.0 0.934 0.3-25 1.031 0.5-24
Pathologic T category 0.379 0.002 <0.001
Tis-T1 Ref Ref Ref
T2 5.0 0.2-124.9 2478 1.4-45 1.161 0.6-2.2
T3 5.6 0.3-112.5 3.024 1.754 2.731 1.6-4.6
T4 - - 2.767 0.8-9.6 6.476 2.1-19.8
No. of LNs examined 0.235 0.002 0.001
0-5 LNs Ref Ref Ref
>6 LNs 0.171 0.0-3.2 0.531 0.4-0.8 0.467 0.3-0.7

95% Cl: 95% confidence interval; LN: lymph node; Ref: reference.
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Figure 3. Nomogram integrating the number of examined LNs, T stage, and histologic differentiation in patients with
lymph node-negative ESCC.

ESCC patient survival. However, the number of
negative LNs for predicting prognosis remains
controversial. For node-positive esophageal
cancer, several studies reported that a high
number of negative LNs was associated with
an improved survival of esophageal cancer [13,
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19, 20]. Their results can be explained by the
fact that more negative LNs represented a
lower positive LN ratio, which indicated a better
prognosis in many previous studies. In con-
trast, for node-negative esophageal cancer,
especially for ESCC, the significance of the

Int J Clin Exp Pathol 2020;13(3):597-606
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Figure 4. Calibration curve for predicting patient survival at 3 years (A) and 5 years (B). Time-dependent ROC curves

by nomogram and TNM stage for 3-year (C) and 5-year (D) OS.

effect of the number of LNs resected on sur-
vival remains controversial. Greenstein et al.
evaluated the effect of the number of lymph
nodes removed on the postoperative survival
of NO esophageal cancer patients from the
SEER database and found that the number of
LNs sampled was not associated with the sur-
vival of ESCC patients [21]. In another study by
Hsu and his colleagues that included 754 ESCC
patients from a single institution, the results
indicated that the association of a high number
of negative LNs with survival was more promi-
nent in locally advanced patients with node-
positive ESCC but not in patients with node-
negative ESCC [20]. Similar results were
observed in the study by Baba et al., who sug-
gested that node-negative ESCC patients with
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a high negative-LN count did not show a better
prognosis than those with a low negative-LN
count [19]. In our study, we found that a nega-
tive LN count was associated with survival in
ESCC patients without LN metastases. Patient
survival improved with the increased number of
negative LNs resected. This is because the
resection of less than 6 LNs will miss positive
LNs and lead to incorrect staging. Some
patients classified as having negative LNs may
actually have occult metastatic LNs [22, 23].

Precise nodal staging for esophageal cancer
plays an important role in treatment for predict-
ing postoperative survival and guiding treat-
ment strategy. According to the suggestion of
the 7th AJCC staging system, at least 12 LNs

Int J Clin Exp Pathol 2020;13(3):597-606
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should be examined for accurate staging [8].
However, to our knowledge, there are no pub-
lished guidelines defining an adequate lymph-
adenectomy for accurate staging and better
survival in node-negative ESCC patients. Our
results indicated that at least 6 LNs should be
resected to improve prognosis in LN-negative
ESCC patients. This result was coincident with
the observation from Hu et al., who investigat-
ed 1098 patients with advanced ESCC [24].
They evaluated the influence of resected LN
count on the prognosis of patients and recom-
mended that a minimum of 6 LNs needed to be
removed for improved survival in patients with
negative LNs.

Previous studies according to the research
results put forward different thresholds of the
minimum LN dissection count. Both Liu et al.
[25] and Yang et al. [26] indicated that at least
16 or 18 LNs need to be resected for negative-
LN ESCC patients after curative resection. The
minimum LN dissection number of the above-
mentioned studies was more than that of our
study. A probable explanation for this finding is
that the majority of patients with esophageal
cancer in the abovementioned study were
treated in the 1990s. Since then, great prog-
ress has been made in esophageal carcinoma
operation, including a decreased risk of postop-
erative residual malignancy and an improved
postoperative cure rate. Dutkowski and his col-
leagues reported that a maximum increase in
the sensitivity in classifying pN occurred from 1
to 6 LNs examined [27]. Nevertheless, a limited
improvement of sensitivity was shown when
more than 12 LNs were examined; moreover,
the incidence of complications may significant-
ly increase. The 7th AJCC staging system also
pointed out that the extent of lymphadenecto-
my should be balanced against the risk of com-
plications, including anastomotic leakage,
recurrent laryngeal nerve damage and respira-
tory complications [28, 29]. Moreover, the prev-
alence of lymph node metastases in early ESCC
patients was very rare [30, 31]. As the reasons
mentioned above, our study showed no survival
difference in ESCC patients with 6-12 LNs
resected compared with those with over 12
LNs resected. Extensive lymphadenectomy
showed no improved prognosis in our study
and may not be indicated for early stage LN
ESCC patients who were diagnosed with nega-
tive LN by preoperative clinical examination
and showed little probability of LN metastasis.
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Rizk et al. analyzed 4627 esophageal cancer
cases from the Worldwide Esophageal Cancer
Collaboration database and found that the
optimum lymphadenectomy should be modu-
lated by T classification [32]. In pNOMO can-
cers, the optimum lymphadenectomy threshold
was 10 nodes for pTd, 15 for pT2, and =30 for
pT3/T4. We also performed stratified analysis
according to the invasion depth of the tumor.
Only the cases with T1, T2 and T3 disease were
included for subgroup analysis because the
number of Tis (n=42) and T4 (n=12) subgroups
were too small to be further stratified analyzed.
In the T1 subgroup, survival did not improve
with the increase in the number of LNs dissect-
ed. The most likely explanation is that the inci-
dence of LN metastasis in the T1 stage is very
low [30, 33]. Extensive lymphadenectomy,
which increases the postoperative complica-
tion rates and postoperative systemic inflam-
matory response and influences prognosis, is
not necessary for patients in the T1 stage [34,
35]. The minimum number of LNs needed to be
resected for the T2 and T3 subgroups was 6
and 7 LNs, respectively. However, extensive
lymphadenectomy in the T2 and T3 subgroups,
such as over 12 LNs resected, showed no
improvement in survival when compared with
the patients with 6-12 LNs resected. The popu-
lation of the study by Rizk et al. was mainly from
western countries, and squamous cell carcino-
ma accounted for only 40% of the tumors.
Therefore, their conclusions may not be suit-
able for Eastern populations in which squa-
mous cell carcinoma is the most prominent.

In conclusion, according to the present results,
we suggest that at least 6 LNs should be exam-
ined for improved survival in ESCC patients
with negative LNs; however, more extensive
lymphadenectomy, for example, over 12 LNs
resected, did not improve survival.

Acknowledgements

This work was supported by funding from
National Natural Science Foundation of China
(81803036), Natural science foundation of
Jiangsu province (BK20180186), Science and
technology support project (Social Develop-
ment) of Changzhou (CE20195045) and Sci-
ence and Technology Bureau foundation appli-
cation project of Changzhou (CJ20179047).

Int J Clin Exp Pathol 2020;13(3):597-606



Lymph node number and prognosis in esophageal cancer

Disclosure of conflict of interest

None.

Address correspondence to: Yuan Chen and
Zhonghua Ning, Department of Radiation Oncology,
The Third Affiliated Hospital of Soochow University,
185 Jugian Road, Changzhou 213003, China. Tel:
+86-519-68871133; E-mail: chenyuan128@czfph.
com; 13961479694@163.com

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

605

Huang JX, Xiao W, Chen WC, Lin MS, Song ZX,
Chen P, Zhang YL, Li FY, Qian RY and Salminen
E. Relationship between COX-2 and cell cycle-
regulatory proteins in patients with esopha-
geal squamous cell carcinoma. World J Gastro-
enterol 2010; 16: 5975-5981.

Siewert JR, Holscher AH and Dittler HJ. Preop-
erative staging and risk analysis in esophageal
carcinoma. Hepatogastroenterology 1990; 37:
382-387.

Hagen JA, DeMeester SR, Peters JH, Chandra-
soma P and DeMeester TR. Curative resection
for esophageal adenocarcinoma: analysis of
100 en bloc esophagectomies. Ann Surg
2001; 234: 520-530; discussion 530-531.
Ellis FH Jr, Watkins E Jr, Krasna MJ, Heatley GJ
and Balogh K. Staging of carcinoma of the
esophagus and cardia: a comparison of differ-
ent staging criteria. J Surg Oncol 1993; 52:
231-235.

Killinger WA Jr, Rice TW, Adelstein DJ, Meden-
dorp SV, Zuccaro G, Kirby TJ and Goldblum JR.
Stage |l esophageal carcinoma: the signifi-
cance of T and N. J Thorac Cardiovasc Surg
1996; 111: 935-940.

Camp RL, Dolled-Filhart M and Rimm DL. X-tile:
a new bio-informatics tool for biomarker as-
sessment and outcome-based cut-point opti-
mization. Clin Cancer Res 2004; 10: 7252-
7259.

Groth SS, Virnig BA, Whitson BA, DeFor TE, Li
ZZ, Tuttle TM and Maddaus MA. Determination
of the minimum number of lymph nodes to ex-
amine to maximize survival in patients with
esophageal carcinoma: data from the surveil-
lance epidemiology and end results database.
J Thorac Cardiovasc Surg 2010; 139: 612-
620.

Edge SB and Compton CC. The American Joint
Committee on Cancer: the 7th edition of the
AJCC cancer staging manual and the future of
TNM. Ann Surg Oncol 2010; 17: 1471-1474.
Chen J, Pan J, Zheng X, Zhu K, Li J, Chen M,
Wang J and Liao Z. Number and location of
positive nodes, postoperative radiotherapy,
and survival after esophagectomy with three-

[11]

[12]

(13]

(16]

(17]

(18]

field lymph node dissection for thoracic esoph-
ageal squamous cell carcinoma. Int J Radiat
Oncol Biol Phys 2012; 82: 475-482.

Li H, Yang S, Xiang J and Chen H. The number
of lymph node metastases influences survival
and International Union Against Cancer tumor-
node-metastasis classification for esophageal
squamous cell carcinoma: does lymph node
yield matter? Dis Esophagus 2011; 24: 108.
Zhang HL, Chen LQ, Liu RL, Shi YT, He M, Meng
XL, Bai SX and Ping YM. The number of lymph
node metastases influences survival and Inter-
national Union Against Cancer tumor-node-
metastasis classification for esophageal squa-
mous cell carcinoma. Dis Esophagus 2010;
23: 53-58.

Peyre CG, Hagen JA, DeMeester SR, Van Lan-
schot JJ, Holscher A, Law S, Ruol A, Ancona E,
Griffin SM, Altorki NK, Rice TW, Wong J, Lerut T
and DeMeester TR. Predicting systemic dis-
ease in patients with esophageal cancer after
esophagectomy: a multinational study on the
significance of the number of involved lymph
nodes. Ann Surg 2008; 248: 979-985.

Altorki NK, Zhou XK, Stiles B, Port JL, Paul S,
Lee PC and Mazumdar M. Total number of re-
sected lymph nodes predicts survival in esoph-
ageal cancer. Ann Surg 2008; 248: 221-226.
Peyre CG, Hagen JA, DeMeester SR, Altorki NK,
Ancona E, Griffin SM, Holscher A, Lerut T, Law
S, Rice TW, Ruol A, van Lanschot JJ, Wong J
and DeMeester TR. The number of lymph
nodes removed predicts survival in esopha-
geal cancer: an international study on the im-
pact of extent of surgical resection. Ann Surg
2008; 248: 549-556.

Bhamidipati CM, Stukenborg GJ, Thomas CJ,
Lau CL, Kozower BD and Jones DR. Pathologic
lymph node ratio is a predictor of survival in
esophageal cancer. Ann Thorac Surg 2012;
94: 1643-1651.

Mariette C, Piessen G, Briez N and Triboulet JP.
The number of metastatic lymph nodes and
the ratio between metastatic and examined
lymph nodes are independent prognostic fac-
tors in esophageal cancer regardless of neoad-
juvant chemoradiation or lymphadenectomy
extent. Ann Surg 2008; 247: 365-371.

He Z, Wu S, Li Q, Lin Q and Xu J. Use of the
metastatic lymph node ratio to evaluate the
prognosis of esophageal cancer patients with
node metastasis following radical esophagec-
tomy. PLoS One 2013; 8: e73446.

Hou X, Wei JC, Xu Y, Luo RZ, Fu JH, Zhang LJ,
Lin P and Yang HX. The positive lymph node
ratio predicts long-term survival in patients
with operable thoracic esophageal squamous
cell carcinoma in China. Ann Surg Oncol 2013;
20: 1653-1659.

Int J Clin Exp Pathol 2020;13(3):597-606



[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

606

Lymph node number and prognosis in esophageal cancer

Baba Y, Watanabe M, Shigaki H, Iwagami S,
Ishimoto T, lwatsuki M and Baba H. Negative
lymph-node count is associated with survival
in patients with resected esophageal squa-
mous cell carcinoma. Surgery 2013; 153: 234-
241.

Hsu PK, Huang CS, Wang BY, Wu YC, Chou TY
and Hsu WH. The prognostic value of the num-
ber of negative lymph nodes in esophageal
cancer patients after transthoracic resection.
Ann Thorac Surg 2013; 96: 995-1001.
Greenstein AJ, Litle VR, Swanson SJ, Divino
CM, Packer S and Wisnivesky JP. Effect of the
number of lymph nodes sampled on postoper-
ative survival of lymph node-negative esopha-
geal cancer. Cancer 2008; 112: 1239-1246.
Hulscher JB, Van Sandick JW, Offerhaus GJ, Ti-
lanus HW, Obertop H and Van Lanschot JJ. Pro-
spective analysis of the diagnostic yield of ex-
tended en bloc resection for adenocarcinoma
of the oesophagus or gastric cardia. Br J Surg
2001; 88: 715-719.

Nigro JJ, DeMeester SR, Hagen JA, DeMeester
TR, Peters JH, Kiyabu M, Campos GM, Oberg S,
Gastal O, Crookes PF and Bremner CG. Node
status in transmural esophageal adenocarci-
noma and outcome after en bloc esophagec-
tomy. J Thorac Cardiovasc Surg 1999; 117:
960-968.

HuY, Hu C, Zhang H, Ping Y and Chen LQ. How
does the number of resected lymph nodes in-
fluence TNM staging and prognosis for esoph-
ageal carcinoma? Ann Surg Oncol 2010; 17:
784-790.

Liu Q, Tan Z, Lin P, Long H, Zhang L, Rong T,
Meng Y and Ma G. Impact of the number of
resected lymph nodes on postoperative sur-
vival of patients with node-negative oesopha-
geal squamous cell carcinoma. Eur J Cardio-
thorac Surg 2013; 44: 631-636.

Yang HX, Xu Y, Fu JH, Wang JY, Lin P and Rong
TH. An evaluation of the number of lymph
nodes examined and survival for node-nega-
tive esophageal carcinoma: data from China.
Ann Surg Oncol 2010; 17: 1901-1911.
Dutkowski P, Hommel G, Bottger T, Schlick T
and Junginger T. How many lymph nodes are
needed for an accurate pN classification in
esophageal cancer? Evidence for a new thre-
shold value. Hepatogastroenterology 2002;
49: 176-180.

(28]

[29]

[30]

[31]

(32]

(33]

(34]

(35]

Jamieson GG, Lamb PJ and Thompson SK. The
role of lymphadenectomy in esophageal can-
cer. Ann Surg 2009; 250: 206-209.

Paik KY, Lee IK, Lee YS, Sung NY and Kwon TS.
Clinical implications of systemic inflammatory
response markers as independent prognostic
factors in colorectal cancer patients. Cancer
Res Treat 2014; 46: 65-73.

Gertler R, Stein HJ, Schuster T, Rondak IC, Ho-
fler H and Feith M. Prevalence and topography
of lymph node metastases in early esophageal
and gastric cancer. Ann Surg 2014; 259: 96-
101.

Leers JM, DeMeester SR, Oezcelik A, Klipfel N,
Ayazi S, Abate E, Zehetner J, Lipham JC, Chan
L, Hagen JA and DeMeester TR. The preva-
lence of lymph node metastases in patients
with T1 esophageal adenocarcinoma a retro-
spective review of esophagectomy specimens.
Ann Surg 2011; 253: 271-278.

Rizk NP, Ishwaran H, Rice TW, Chen LQ, Schip-
per PH, Kesler KA, Law S, Lerut TE, Reed CE,
Salo JA, Scott WJ, Hofstetter WL, Watson TJ, Al-
len MS, Rusch VW and Blackstone EH. Opti-
mum lymphadenectomy for esophageal can-
cer. Ann Surg 2010; 251: 46-50.

Yu ZT. [Application of sentinel lymph node bi-
opsy in esophageal cancer]. Zhonghua Wei
Chang Wai Ke Za Zhi 2013; 16: 819-821.

Boo YJ, Kim WB, Kim J, Song TJ, Choi SY, Kim
YC and Suh SO. Systemic immune response
after open versus laparoscopic cholecystecto-
my in acute cholecystitis: a prospective ran-
domized study. Scand J Clin Lab Invest 2007;
67:207-214.

Gakis G, Fritsche HM, Hassan F, Kluth L, Miller
F, Soave A, Otto W, Schwentner C, Todenhofer
T, Dahlem R, Burger M, Fisch M, Stenzl A, Aziz
A and Rink M. Prognostic relevance of postop-
erative platelet count in upper tract urothelial
carcinoma after radical nephroureterectomy.
Eur J Cancer 2014; 50: 2583-2591.

Int J Clin Exp Pathol 2020;13(3):597-606



