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Proposed Modification of Nodal Staging as an Alternative
to the Seventh Edition of the American Joint Committee on
Cancer Tumor-Node-Metastasis Staging System Improves
the Prognostic Prediction in the Resected Esophageal
Squamous-Cell Carcinoma

Zhong-hua Ning, MD,*1 Zhi-gang Wang, MD, } Jun Chen, MDD, 1 Xiao-dong Li, MD,* Lu-jun Chen, MD,*
Bin Xu, MD,* Wen-dong Gu, MD,7 Ying-jie Shao, MD, 1 Yun Xu, MD,* Jin Huang, MD,
Hong-lei Pei, MD, 1 and Jing-ting Jiang, MD*

Introduction: The 7th American Joint Committee on Cancer (AJCC)
tumor-node-metastasis staging system for esophageal cancer defined
N classification based on the number of metastatic lymph nodes
(LNs). However, this classification might neglect the extent of LNs
metastasis. This study aimed to revise N classification based on the
extent of LNs metastasis and propose a modification to the current
AJCC staging system for better representing the prognostic charac-
teristics of Chinese esophageal squamous-cell carcinoma (ESCC).
Methods: We retrospectively reviewed 1993 ESCC patients who
underwent curative resection. The proposed N categories based on
the number of LNs metastasis stations were compared with the cur-
rent staging system by univariate and multivariate Cox regression
analyses. Homogeneity, discriminatory ability, and monotonicity of
gradients of two staging systems were compared using likelihood
ratio 2 statistics and Akaike information criterion calculations.
Results: The survival differences were not significant for N2 versus
N3 category (p =0.231) and stages I1IB versus IIIC (p = 0.713) based
on the 7th AJCC staging system. When the modified staging system
was adopted, the survival difference for N2 versus N3 and IIIB versus
IIC could be well discriminated. Statistical analysis showed that the
modified staging system had higher likelihood ratio %> scores and
smaller Akaike information criterion values than the 7th AJCC stag-
ing system, which represented the optimum prognostic stratification.
Conclusions: The modified staging system with the revised N cate-
gories based on the number of LNs metastasis stations better predicts
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the survival of Chinese ESCC population than the 7th AJCC staging
system. Further studies are required to confirm this result.

Key Words: Esophageal squamous-cell carcinoma, Lymph nodes
metastasis stations, Prognosis, 7th American Joint Committee on
Cancer staging system.

(J Thorac Oncol. 2015;10: 1091-1098)

Cancer staging system is commonly used to unify clini-
copathological classification, guide treatment deci-
sion making, evaluate prognosis, and compare treatment
results from different institutions.! Many studies have previ-
ously suggested that the number of metastatic lymph nodes
(LNs) is the most important independent prognostic factor in
esophageal cancer.”'? The 7th version of the American Joint
Committee on Cancer (AJCC) staging system for esopha-
geal cancer, in which Nodal (N) categories are based on the
number of metastatic LNs, is more reliable than before.!3!3
However, this classification might have neglected the extent
of LNs metastasis, an even more important factor in predict-
ing prognosis.'® Moreover, the exact number of metastatic
LNs is sometimes difficult to evaluate, when an enlarged LN
is actually the coalescence of multiple positive LNs or when
a single enlarged LN becomes broken during surgical dissec-
tion. Moreover, it was reported by several studies that the 7th
edition of the AJCC staging system cannot satisfactorily dis-
tinguish the prognosis among different risk groups of patients
with resected esophageal carcinoma, especially between N2
and N3 and between IIIB and IIIC.'5"

The current AJCC staging system for esophageal can-
cer used global data from 4627 patients.! However, esophageal
squamous-cell carcinoma (ESCC) patients only constitute 39.6%
of the database (1834 of 4627) used to elaborate the 7th AJCC
staging system for esophageal cancer.'® The most common path-
ological type of esophageal cancer in China is squamous-cell
carcinoma type, which accounts for more than 90% of cases."
We believe that more data from Chinese patients are essential to
validate the N categories in the current staging system for ESCC.
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In this retrospective study, we present data from a large
cohorts of Chinese patients in a single institution and aimed
to revise N staging based on the extent of LNs metastasis and
propose a modification to the current AJCC staging system
in order to better represent the prognostic characteristics of
ESCC after radical esophagectomy in Chinese population.

METHODS

Patients Selection

This study was undertaken according to the Declaration
of Helsinki at the Third Affiliated Hospital of Soochow
University with the approval of the ethics committee at our
institution, which waived the requirement for written informed
consent of individual patients owing to the retrospective nature
of this study. None of stage IV patients according to the 7th
edition tumor-node-metastasis (TNM) system was included
because all the patients enrolled in this study underwent radi-
cal resection and had no distant metastasis. A total of 1993
resectable ESCC patients who underwent radical esophagec-
tomy at our institution were retrospectively reviewed from
January 2002 to December 2011. Among 1993 patients, 672
patients with either preoperative or postoperative radiotherapy
and/or chemotherapy were excluded to eliminate the influence
of adjuvant and neoadjuvant treatment. Then, 339 patients
with less than 12 LN examined or supraclavicular LN involved
were also excluded, as they were regarded as nonregional LN
metastasis or insufficient LN dissection according to the sug-
gestion of AJCC.? In the remaining 982 ESCC patients, 65
patients were excluded because of incomplete resection and/
or perioperative death and/or lost to follow-up. Finally, 917
patients were included into this study. Clinical data, including
age, gender, tumor location, staging, pathology, and survival
outcomes, were collected. Description of the LNs (number of
involved LNs and LNs metastatic station) was also recorded.

Surgery

All patients who were conformed to be resectable ESCC
without distant metastasis by clinical and experimental exami-
nation received radical surgical resection of a transthoracic en-
bloc esophagectomy with mediastinal and abdominal two-field
lymphadenectomies. Mediastinal lymphadenectomies were
performed to include subcarinal, left and right bronchial, lower
posterior mediastinum, pulmonary ligament, and paraesopha-
geal and thoracic duct nodes. Abdominal lymphadenectomies
were performed to include the paracardial, lesser curvature, left
gastric, common hepatic, celiac, and splenic nodes. The para-
tracheal and recurrent laryngeal nerve LNs were also dissected.
Cervical lymphadenectomy was only performed in case of sus-
picious cervical lymphadenopathy. Each resected node group
was labeled by the operator.

Staging

Tumor staging was performed according to the 7th
AJCC staging system for ESCC.?° According to Casson’s
LN drainage map, LN metastasis station (LMS) was
grouped and shown in Table 1.2! Four revised N categories
(r-N: r-NO, 0 station; r-N1, 1 station; r-N2, 2 stations; r-N3,
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TABLE 1. The Station and Name of Regional LN Drainage
for Esophageal Cancer

Station” Name Station Name

2R Right upper paratracheal nodes 9 Pulmonary ligament nodes
2L Left upper paratracheal nodes  10R Right tracheobronchial nodes
3P Posterior mediastinal nodes 10L Left tracheobronchial nodes
4R Right lower paratracheal nodes 15 Diaphragmatic nodes

4L Left lower paratracheal nodes 16 Paracardial nodes

5 Aortopulmonary nodes 17  Left gastric nodes
Anterior mediastinal nodes 18 Common hepatic nodes
7 Subcarinal nodes 19  Splenic nodes

8M Middle paraesophageal LNs 20 Celiac node

“Supraclavicular lymph node was not included because of being regarded as
nonregional LN metastasis.
LN, lymph node.

more than 2 stations) were classified by the number of LMS
in this study. To compare the 7th edition AJCC TNM staging
system, a modified TNM staging system with the revised
N category based on the number of LMS was proposed as
seven prognostically homogeneous classes of patients just
as the 7th AJCC staging system (IA; IB; 11A; IIB; IIIA;
IIIB; ITIC).

Follow-Up

All patients were followed up every 3 months for the
first 2 years, every 6-month intervals until 5 years, and then
annually. All patients underwent clinical, laboratory, imag-
ing, and endoscopy examination for assessing recurrence or
metastasis. The last follow-up of survivors was conducted at
the end of July 2014. All patients were followed up by phone
calls and regular mail. The observation time in this study was
the interval from the date of surgical resection to death or last
follow-up. Surviving patients were censored on the day of the
last contact.

Statistical Analysis

Optimal cutoff values for the number of LMS (which
were 0, 1, and 2 station in our series) were determined using
X-tile software (http://www.tissuearray.org/rimmlab).?? All
statistical analyses were performed using SPSS 13.0 software
(SPSS, Inc., Chicago, IL). Survival was calculated using the
Kaplan—Meier method, and the log-rank test was used to
assess differences in survival between groups. In multivariate
analysis, forward stepwise regression analysis was carried out
with a Cox proportional hazards model. The likelihood ratio
% test related to the Cox regression model was used for mea-
suring the homogeneity. To compare prognostic systems with
different staging system, the Akaike information criterion
(AIC) value was applied to measure the discriminatory abil-
ity of each prognostic model.?* AIC was defined as follows:
AIC = -2 log maximum likelihood + 2 x (the number of
parameters in the model). A smaller AIC value indicates a
better model for predicting outcome. p Value less than 0.05
from the two-sided test was considered to be statistically
significant.
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RESULTS

Patients and Clinicopathological Characteristics

Among the 917 patients enrolled in this study, 690
(75.2%) were male patients, and 227 (24.8%) were female
patients. The median age of the patients at surgery was 60
years (range, 37-85 yr). Four hundred thirty-four patients
(47.3%) had LN metastasis. Most tumors originated from the
mid esophagus (65.6%). The overall 5-year survival rate for
all patients was 44.5%, and 406 patients were alive when the
follow-up was completed. Detailed patients characteristics
and pathologic variables are summarized in Table 2.

Survival Analyses

In univariate analysis, age, gender, tumor differentia-
tion, pT category, pN category, and r-pN (based on the num-
ber of LMS) category were found to be significant prognostic
factors (Table 2). In our study, the pN and r-pN classifications
were highly correlated. Therefore, two separate multivariate
models, one with pN and the other with r-pN, were run to
avoid problems with the presence of multicollinearity. In mul-
tivariate analysis, pT category, pN category, and r-pN were
independent prognostic factors (Table 3).

The S-year survival rates according to the different pN
and r-pN categories were shown in Figure 1. The Kaplan—
Meier plots showed a good discriminatory ability in both pN
and r-pN categories, except for pN2 versus pN3 in N category
(»p =0.231) (Fig. 14 and B). The 5-year survival rates of pNO,
pN1, pN2, and pN3 patients were 61.0%, 31.6%, 17.3%, and
9.5%, respectively (p < 0.001). The 5-year survival rates of
r-pNO, r-pN1, r-pN2, and r-pN3 patients were 61.0%, 33.5%,
21.9%, and 8.3%, respectively (p < 0.001). Pair comparison
of adjacent subgroups for LN status showed improvement
in separation of r-pN2 versus r-pN3 by the revised staging
(» < 0.001), compared with LN status by the current 7th
N-staging classification.

By analyzing all the seven substages in the 7th AJCC
staging system, there are significant survival differences
among seven groups (p < 0.001; Fig. 1C). However, we found
that stages I1IB and IIIC had similar survival curves between
(p = 0.713; Fig. 1C). In the subsequent analysis, we modi-
fied the current staging system using our redefined N category
without any other alteration to the 7th AJCC staging system.
Overall survival among seven subgroups is significantly dif-
ferent (p < 0.001), and the survival curves between stages I11B
and IIIC in the modified AJCC staging system could be easily
distinguished (p = 0.011; Fig. 1D).

To evaluate the utility of the N categories for predicting
survival in different pathologic T categories, we performed
stratified analysis in the T2 and T3 subgroups based on the 7th
AJCC TNM staging system in the entire cohort of patients.
We only included the cases with T2 and T3 disease for sub-
group analysis because the number of Tis-T1 (rn = 43) and T4
(n = 12) subgroups with LNs involved was too small to be
further studied in stratified analysis. In the T2 subgroup, there
were no differences in survival between patients with patho-
logical N2 and N3 stages (p = 0.301; Fig. 24). A similar result
was also observed in the T3 subgroup (p = 0.477; Fig. 2B).

Copyright © 2015 by the International Association for the Study of Lung Cancer

TABLE 2. Patient Demographics and Results of Univariate
Analysis for Overall Survival (n=917)
Median 5-Yr
n (%) Survival (mo) Survival (%) V4
Age, yr 0.029
<60 462 (50.4%) 50 46.7
>60 455 (49.6%) 34 424
Gender 0.027
Male 690 (75.2%) 39.2 42.6
Female 227 (24.8%) 70 50.4
Location 0.750
Proximal esophagus 59 (6.4%) 34 48.9
Mid esophagus 601 (65.6%) 40 43.1
Distal esophagus 257 (28%) 50 46.8
Differentiation <0.001
Well 48 (5.2%) Not reached 80.5
Moderately 451 (49.2%) 58.4 49.9
Poorly 418 (45.6%) 29 34.7
T stage <0.001
Tis-T1 210 (22.9%) Not reached 73.1
T2 235 (25.6%) 82.7 52.3
T3 460 (50.2%) 25 28.5
T4 12 (1.3%) 13 16.7
N stage <0.001
pNO 483 (52.7%) 110 61.0
pN1 270 (29.4%) 29 31.6
pN2 122 (13.3%) 17 17.3
pN3 42 (4.6%) 13 9.5
Revised N stage <0.001
r-pNO 483 (52.7%) 110 61.0
r-pN1 236 (25.7%) 32 33.5
r-pN2 107 (11.7%) 22 21.9
r-pN3 91 (9.9%) 13 8.3
7th AJCC staging <0.001
0+IA 40 (4.4%) Not reached 92.4
1B 130 (14.2%) Not reached 76.1
1A 82 (8.9%) 75 55.4
1B 330 (36%) 52 474
MITA 191 (20.8%) 24 26.3
111B 92 (10%) 16 13.9
1IIC 52 (5.7%) 14 11.2
Modified staging <0.001
0+1IA 40 (4.4%) Not reached 92.4
1B 130 (14.2%) Not reached 76.1
1A 82 (8.9%) 75 55.4
1B 319 (34.8%) 55 48.4
1ITA 171 (18.6%) 26 27.7
1B 75 (8.2%) 21 18.9
1Ic 100 (10.9%) 13 8.3

AJCC, American Joint Committee on Cancer.

To evaluate the utility of the revised N categories in pre-
dicting survival, similar subgroups analyses were conducted
based on the modified AJCC staging system with the revised
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TABLE 3. Cox Multivariate Regression Analyses for the
Influence of Clinicopathological Characteristics on Overall
Survival in Patients with ESCC (n=917)

Hazard
Variables Ratio P 95% CI
Multivariate model with 7th AJCC
Age 1.273 0.007 1.067-1.517
Gender 1.126 0.283 0.906-1.400
Location (baseline, proximal 0.376
esophagus)
Mid esophagus 0.825 0.307 0.570-1.194
Distal esophagus 0.761 0.173 0.513-1.127
Differentiation (baseline, well) 0.004
Moderately 1.918 0.060 0.973-3.780
Poorly 2.411 0.011 1.222-4.758
7th AJICC T (baseline, Tis-T1) <0.001
T2 1.613 0.003 1.171-2.221
T3 2.564 <0.001 1.920-3.424
T4 3.722 <0.001 1.872-7.401
7th AJCC N (baseline, NO) <0.001
pN1 1.656 <0.001 1.338-2.050
pN2 2.678 <0.001 2.070-3.465
pN3 3.832 <0.001 2.673-5.494
Multivariate model with modified
staging system
Age 1.269 0.008 1.065-1.511
Gender 1.113 0.336 0.895-1.384
Location (baseline, proximal 0.461
esophagus)
Mid esophagus 0.818 0.284 0.565-1.182
Distal esophagus 0.779 0.214 0.526-1.154
Differentiation (baseline, well) 0.005
Moderately 1.923 0.059 0.975-3.794
Poorly 2.388 0.012 1.209-4.716
7th AJCCT (baseline, T1) <0.001
T2 1.572 0.006 1.141-2.168
T3 2.476 <0.001 1.850-3.315
T4 3.908 <0.001 1.964-7.777
Revised N (baseline, NO) <0.001
r-pN1 1.606 <0.001 1.286-2.005
r-pN2 2.235 <0.001 1.702-2.936
r-pN3 3.604 <0.001 2.734-4.749

ESCC, esophageal squamous-cell carcinoma; CI, confidence interval; AJCC,
American Joint Committee on Cancer.

N categories. In the T2 subgroup, survival could be distin-
guished between patients with r-pN2 and r-pN3 in the entire
cohort of patients (p = 0.04; Fig. 34). The survival between
patients with r-pN2 and r-pN3 stages can also be distinguished
in the T3 subgroup (p = 0.018; Fig. 3B).

The proportion of patients who migrated between
stages when the modified AJCC staging system was applied
was summarized in Table 4. There were no changes observed
in ESCC stage 0-IA, IB, and IIA, but significant changes
were observed in ESCC stage IIB and III. From the 7th AJCC
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staging system to the modified AJCC staging system, 31.3%
of the patients with LNs metastasis (136 of 434) in the entire
cohort change their AJCC stage, with major changes includ-
ing IITA migrating to IIIB and IIIB migrating to I1IC.

The performance between the 7th AJCC and the modi-
fied staging systems, as well as between the 7th N staging and
the revised N staging defined according to the number of LMS,
was assessed by likelihood ratio % and the AIC tests (Table 5).
Compared with the 7th AJCC staging system, the modified
staging system had better homogeneity (higher likelihood ratio
¥* score, 248.5 versus 225). Furthermore, in our study, the
modified staging system had a smaller AIC value (6307.3 ver-
sus 6322.4), representing an optimum prognostic stratification.

DISCUSSION

The reasonable staging system should abide by the fol-
lowing basic principles. First, subgroups with the different
T, N, and M combinations in the same stage should have the
similar survival (the uniform of risk). Second, there should
be a different survival rate between each stage (the difference
of risk). Third, there is higher predictive value for survival
according to the staging system (the predictability of survival).

LN metastasis is the most important independent prog-
nostic factor affecting long-term survival in patients with
esophageal cancer after curative resection. Some studies,
which attempted to validate the 7th nodal staging, reported
that this nodal classification enabled risk stratification for over-
all survival after surgery and was an independent predictor
of survival in esophageal cancer.'*!” Despite the current 7th
AJCC staging for esophageal cancer provides a great improve-
ment over previous editions with the N category by stratifying
patients based on the different numbers of LNs involved, sev-
eral studies have found no significant differences in prognosis
between pN2 and pN3 patients. Chen et al.>* retrospectively
reviewed 2011 Chinese ESCC patients who underwent surgical
resection alone and reported that the survival differences were
not significant between pN2 and pN3 categories. Yamasaki
et al."” also investigated the significance of 7th edition of the
Union for International Cancer Control-TNM staging system
on differentiating the survival of 665 ESCC patients after
esophagectomy and found that there were no significant differ-
ences in survival between patients with pN2 and pN3. Another
study by Xu et al.! reported that the N category based on the
7th AJCC staging system was not satisfactory because of simi-
lar prognosis in ESCC between patients with pN2 and pN3.

Moreover, Hsu et al.’* and other investigators have dem-
onstrated that not only pN2 versus pN3 but also stage I1IB
versus [IIC showed no significant difference in the survival of
patients with ESCC.* In this study, we also showed that no sig-
nificant differences was observed in the survival between pN2
and pN3 patients according to 7th edition AJCC staging sys-
tem (p = 0.231). Similar result was also found in the survival
between I1IB and IIIC patients according to 7th AJCC staging
system (p = 0.713). All of these data were assembled from
Asian patients with ESCC. The reasons for the difference in
survival between ESCC patients from Asia and predominantly
adenocarcinoma patients from the Worldwide Esophageal
Cancer Collaboration need to be further investigated.

Copyright © 2015 by the International Association for the Study of Lung Cancer
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Kaplan—Meier survival curves for patients stratified by according to the 7th American Joint Committee on Cancer

(AJCC) nodal categories (A), revised N categories based on the number of lymph node metastasis station (B), the 7th AJCC-TNM
staging system (C), and modified staging system with the revised N categories based on the number of lymph node metastasis

station (D). TNM, tumor-node-metastasis.

N category according to the 7th edition of AJCC staging
system only considers the number of LN metastasis and does
not take into account the extent of LN metastasis. Logically,
given the same number of involved LNs, the prognosis might
differ between the patients with metastatic LNs clustered in
one anatomic LN station and those with metastatic LNs dis-
tributed to more than two LN stations. Therefore, this study
was carried out to evaluate the performance of new N category
and the modified AJCC staging system based on the number
of LMS. The revised N category covered both extent-depen-
dent staging and numerically based classification. To the best
of our knowledge, this is the first study to assess the prognos-
tic difference value of the number of LMS in ESCC patients
by making comparisons with 7th N staging. Furthermore, our
results demonstrated that N category based on the number of
LMS was an independent prognostic predictor for long-term

Copyright © 2015 by the International Association for the Study of Lung Cancer

survival in Chinese patients with ESCC and could make better
stratification for the ESCC patients with different prognosis
compared with the 7th nodal staging. Because the patho-
logic T category is a well-established independent prognostic
factor, we evaluated the survival differences between groups
with different nodal stage for different T classification.
Significant differences in survival were observed in pT2 and
pT3 subgroups between patients with the different revised N
categories, whereas with the N categories based on the 7th
AJCC staging system, no significant difference between N2
and N3 was found in pT2 and pT3 subgroups. With the revised
N categories applied to modify the existing AJCC staging
system, we found that survival curves stratified according to
the modified staging system did not overlap, which is in con-
trast to the curves of the 7th AJCC staging system (i.e., stage
IIB and IIIC). Furthermore, comparison of the current nodal
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AJCC nodal categories (n = 460; among four categories, p < 0.001; pN2 versus pN3, p = 0.477).
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FIGURE 3. A, Survival curves for T2 patients stratified by the revised nodal categories based on the number of lymph node
metastasis station (n = 235; among four categories, p < 0.001; r-pN2 versus r-pN3, p = 0.04). B, Survival curves for T3 patients
stratified by the revised nodal categories (n = 460; among four categories, p < 0.001; r-pN2 versus r-pN3, p = 0.018).

staging to the proposed staging system revealed that the modi-
fied staging system has better performance than the 7th AJCC
staging system in terms of homogeneity, discriminatory, and
prognostic stratification because of higher likelihood ratio %2
and lower AIC in Cox regression models.

Previous studies have redefined N categories based on the
number of LNs metastasis fields (LMF) and evaluated the sig-
nificance of LMF number on the prognosis of esophageal can-
cer.'%2627 In these studies, LMF were defined as neck, chest, and
abdomen field. Both these studies showed that further stratifica-
tion according to the number of LMF can effectively discrimi-
nate between LN-positive patients. However, the performance of
the modified staging systems based on the revised N categories
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was not evaluated, which may be due to the inhomogeneity of
gradients in patients stratified by the number of LMF (i.e., few
patients grouped to the three field). Despite the abovementioned
limitation, the results in these studies hinted to us that the extent
of LN metastasis, rather than the number alone, might be a bet-
ter nodal staging method. In this study, we demonstrated that the
modified staging system with the revised N categories based on
the number of LMS stratified the prognosis of ESCC patients
more accurately than the 7th AJCC staging system.

Despite of the advantages of revised N stage applied in the
prediction of survival, we recognize that there are some limita-
tions in this study that have to be considered in the interpreta-
tion of these results. First, the relatively small patient numbers

Copyright © 2015 by the International Association for the Study of Lung Cancer
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TABLE 4. Cross Table of Staging for 917 ESCC Patients According to the 7th AJCC-TNM Staging System and the Modified
Staging System with the Revised N Category Based on the Number of LMS

Revised TNM Staging
0-1A 1B A 1B IIA 11IB 1IC
7th AICC TNM 0-1A 40 0 0 0 0 0 0
staging IB 0 130 0 0 0 0 0
A 0 0 82 0 0 0 0
1B 0 0 0 311 19 0 0
A 0 0 0 7 136 35 13
111B 0 0 0 0 13 37 42
1IC 0 0 0 1 3 3 45

ESCC, esophageal squamous-cell carcinoma; AJCC, American Joint Committee on Cancer; TNM, tumor-node-metastasis; LMS, lymph node metastasis station.

TABLE 5. Comparison of the Performance of the 7th AJCC Staging System and the Modified Staging System with the Revised

N Category Based on the Number of LMS

Model Figure Subgroups LR ? AIC Value*
AJCC T7th edition N staging Figure 14 pNO, pN1, pN2, pN3 184.5 6376.8
Revised N staging Figure 1B r-pNO, r-pN1, r-pN2, r-pN3 198.5 6368.4
AJCC 7th edition TNM Figure 1C 0-1A, IB, IIA, 1IB, IIIA, IIIB, IIIC 225.0 6322.4
Revised AJCC 7th edition TNM Figure 1D 0-1A, IB, IIA, 1IB, IIIA, IIIB, IIIC 248.5 6307.3

“A lower Akaike information criterion value represents a better discriminatory model.

AJCC, American Joint Committee on Cancer; LMS, lymph node metastasis station; AIC, Akaike information criteria; LR, likelihood ratio; TNM, tumor-node-metastasis.

in some subgroups, especially in the T2 subgroup, may limit
statistical power. Second limitation is the retrospective nature of
this study. A multicenter collaborative study with a large cohort
would be required to substantiate the result. However, it is worth
to mention that the patients enrolled in this study from single
institution underwent highly uniform surgical procedures, path-
ological examination, and follow-up throughout the whole study
period. Third, most of patients in this underwent mediastinal and
abdominal two-field lymphadenectomy without cervical lymph-
adenectomy. Three-field lymphadenectomy could provide more
accurate pathologic N stage. However, several studies evaluated
the prognostic role of three-field lymphadenectomy for ESCC
patients and suggested that the addition of cervical nodal dissec-
tion did not provide a survival benefit.?®** Moreover, extensive
lymphadenectomy is not free of additional risks of complica-
tions and may reduce postoperative recover and quality of
life 3132 Therefore, more extensive lymphadenectomy should be
balanced against the risk of postoperative complications. Finally,
as this study is focused on ESCC, our proposed modification for
AJCC staging system cannot be directly applied in esophageal
adenocarcinoma. In the future, the staging system needs to be
classified separately according to the histopathological cell type,
for example, ESCC and esophageal adenocarcinoma.

CONCLUSIONS
In conclusion, we suggest that N categories of ESCC
based on the number of LMS, considering both the number
and the extent of LNs metastasis, could provide a better basis
for distinguishing subgroups of patients with different prog-
nosis after radical esophagectomy compared with 7th nodal

Copyright © 2015 by the International Association for the Study of Lung Cancer

staging based on the number of metastatic LNs alone. Further
validation on a multicenter, large data set is warranted, espe-
cially when defining the next edition of the AJCC staging sys-
tem for esophageal cancer.

ACKNOWLEDGMENTS

This wok was partly supported by the National Natural
Science Foundation of China (81171653 and 81301960),
Natural Science Foundation of Jiangsu Province (BK2011246
and BK2011247), Jiangsu Provincial Innovation Award
BC2012093 by the Bureau of Science and Technology of
Jiangsu Province, Sanitation Bureau Guidance Project of
Changzhou (WZ201303), and Jiangsu Provincial Health
Bureau of Medical Research (H201350).

REFERENCES

1. Rice TW, Rusch VW, Apperson-Hansen C, et al. Worldwide esophageal
cancer collaboration. Dis Esophagus 2009;22:1-8.

2. Zhu ZJ, Zhao YF, Hu Y, et al. [Analysis of lymph node metastasis in the
thoracic esophageal squamous cell carcinoma). Zhonghua Zhong Liu Za
Zhi 2008;30:138-140.

3. Hsu WH, Hsu PK, Hsieh CC, Huang CS, Wu YC. The metastatic lymph
node number and ratio are independent prognostic factors in esophageal
cancer. J Gastrointest Surg 2009;13:1913-1920.

4. Chen J, Pan J, Zheng X, et al. Number and location of positive nodes,
postoperative radiotherapy, and survival after esophagectomy with three-
field lymph node dissection for thoracic esophageal squamous cell carci-
noma. Int J Radiat Oncol Biol Phys 2012;82:475-482.

5. Zhang HL, Chen LQ, Liu RL, et al. The number of lymph node metas-
tases influences survival and International Union Against Cancer tumor-
node-metastasis classification for esophageal squamous cell carcinoma.
Dis Esophagus 2010;23:53-58.

1097

Copyright © 2015 by the International Association for the Study of Lung Cancer



Ning et al.

Journal of Thoracic Oncology® ¢ Volume 10, Number 7, July 2015

10.

1.

12.

13.

14.

15.

16.

17.

1098

. Kawahara K, Mackawa T, Okabayashi K, et al. The number of lymph

node metastases influences survival in esophageal cancer. J Surg Oncol
1998;67:160-163.

. Peyre CG, Hagen JA, DeMeester SR, et al. Predicting systemic disease

in patients with esophageal cancer after esophagectomy: a multinational
study on the significance of the number of involved lymph nodes. 4nn
Surg 2008;248:979-985.

. Hsu CP, Chen CY, Hsia JY, Shai SE. Prediction of prognosis by the extent

of lymph node involvement in squamous cell carcinoma of the thoracic
esophagus. Eur J Cardiothorac Surg 2001;19:10-13.

. Rizk N, Venkatraman E, Park B, Flores R, Bains MS, Rusch V; American

Joint Committee on Cancer Staging System. The prognostic importance
of the number of involved lymph nodes in esophageal cancer: implica-
tions for revisions of the American Joint Committee on Cancer staging
system. J Thorac Cardiovasc Surg 2006;132:1374-1381.

Purwar P, Bambarkar S, Jiwnani S, Pramesh CS. Prognostic significance
of lymph node counts in operable esophageal cancer. Ann Thorac Surg
2014;97:2229.

Akutsu Y, Matsubara H. The significance of lymph node status as a prog-
nostic factor for esophageal cancer. Surg Today 2011;41:1190-1195.
Bollschweiler E, Baldus SE, Schroder W, Schneider PM, Holscher
AH. Staging of esophageal carcinoma: length of tumor and number of
involved regional lymph nodes. Are these independent prognostic fac-
tors? J Surg Oncol 2006;94:355-363.

Hsu PK, Wu YC, Chou TY, Huang CS, Hsu WH. Comparison of the 6th
and 7th editions of the American Joint Committee on Cancer tumor-
node-metastasis staging system in patients with resected esophageal car-
cinoma. Ann Thorac Surg 2010;89:1024-1031.

Talsma K, van Hagen P, Grotenhuis BA, et al. Comparison of the 6th
and 7th Editions of the UICC-AJCC TNM Classification for Esophageal
Cancer. Ann Surg Oncol 2012;19:2142-2148.

Yamasaki M, Miyata H, Miyazaki Y, et al. Evaluation of the nodal sta-
tus in the 7th edition of the UICC-TNM classification for esophageal
squamous cell carcinoma: proposed modifications for improved survival
stratification: impact of lymph node metastases on overall survival after
esophagectomy. Ann Surg Oncol 2014;21:2850-2856.

Xu QR, Zhuge XP, Zhang HL, Ping YM, Chen LQ. The N-classification
for esophageal cancer staging: should it be based on number, distance, or
extent of the lymph node metastasis? World J Surg 2011;35:1303-1310.
Reeh M, Nentwich MF, von Loga K, et al. An attempt at validation of the
seventh edition of the classification by the International Union Against
Cancer for esophageal carcinoma. Ann Thorac Surg 2012;93:890-896.

. Rice TW, Rusch VW, Ishwaran H, Blackstone EH; Worldwide Esophageal

Cancer Collaboration. Cancer of the esophagus and esophagogastric
junction: data-driven staging for the seventh edition of the American
Joint Committee on Cancer/International Union Against Cancer Cancer
Staging Manuals. Cancer 2010;116:3763-3773.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Law S, Wong J. Changing disease burden and management issues for
esophageal cancer in the Asia-Pacific region. J Gastroenterol Hepatol
2002;17:374-381.

Edge S, Byrd D, Compton C, et al. American Joint Committee on Cancer,
American Cancer Society: AJCC Cancer Staging Manual. New York, NY:
Springer-Verlag, 2010.

Casson AG, Rusch VW, Ginsberg RJ, Zankowicz N, Finley RIJ.
Lymph node mapping of esophageal cancer. Ann Thorac Surg
1994;58:1569-1570.

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

Harrell FE Jr, Califf RM, Pryor DB, Lee KL, Rosati RA. Evaluating the
yield of medical tests. JAMA 1982;247:2543-2546.

Chen SB, Weng HR, Wang G, et al. Prognostic factors and outcome for
patients with esophageal squamous cell carcinoma underwent surgical
resection alone: evaluation of the seventh edition of the American Joint
Committee on Cancer staging system for esophageal squamous cell car-
cinoma. J Thorac Oncol 2013;8:495-501.

Yang HX, Wei JC, Xu 'Y, et al. Modification of nodal categories in the
seventh American Joint Committee on Cancer staging system for esopha-
geal squamous cell carcinoma in Chinese patients. Ann Thorac Surg
2011;92:216-224.

Shimada H, Okazumi S, Matsubara H, et al. Impact of the number and
extent of positive lymph nodes in 200 patients with thoracic esophageal
squamous cell carcinoma after three-field lymph node dissection. World J
Surg 2006;30:1441-1449.

Feng J, Mao T, Chen WH, Fang WT. [Impact of number and extent of
lymph node metastasis on prognosis of thoracic esophageal cancer].
Zhonghua Wei Chang Wai Ke Za Zhi 2011;14:715-718.

Nishihira T, Hirayama K, Mori S. A prospective randomized trial of
extended cervical and superior mediastinal lymphadenectomy for carci-
noma of the thoracic esophagus. Am J Surg 1998;175:47-51.

Shim YM, Kim HK, Kim K. Comparison of survival and recurrence
pattern between two-field and three-field lymph node dissections for
upper thoracic esophageal squamous cell carcinoma. J Thorac Oncol
2010;5:707-712.

Tabira Y, Okuma T, Sakaguchi T, Kuhara H, Teshima K, Kawasuji
M. Three-field dissection or two-field dissection?—a proposal of
new algorithm for lymphadenectomy. Hepatogastroenterology
2004;51:1015-1020.

Hulscher JB, van Sandick JW, de Boer AG, et al. Extended transthoracic
resection compared with limited transhiatal resection for adenocarcinoma
of the esophagus. N Engl J Med 2002;347:1662—1669.

Hulscher JB, Tijssen JG, Obertop H, van Lanschot JJ. Transthoracic ver-
sus transhiatal resection for carcinoma of the esophagus: a meta-analysis.
Ann Thorac Surg 2001;72:306-313.

Copyright © 2015 by the International Association for the Study of Lung Cancer

Copyright © 2015 by the International Association for the Study of Lung Cancer



	Proposed Modification of Nodal Staging as an Alternative to the Seventh Edition of the American Joint Committee on Cancer Tumor-Node-Metastasis Staging System Improves the Prognostic Prediction in the Resected Esophageal Squamous-Cell Carcinoma
	METHODS
	Patients Selection
	Surgery
	Staging
	Follow-Up
	Statistical Analysis

	RESULTS
	Patients and Clinicopathological Characteristics
	Survival Analyses

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS

	REFERENCES


