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Background. Although the number of positive lymph
nodes (LN), the total number of resected LN, and the
proportion of positive LN have been reported to be
associated with survival in patients with esophageal
cancer, little is known about the prognostic impact of the
number of negative LN.

Methods. A retrospective review of 754 patients
receiving transthoracic esophagectomy for cancer between
January 1995 and September 2011 was performed. The
prognostic impact of the number of negative LN was
analyzed. Log rank testing was used to compare survival
curves, and Cox regression analysis was performed to
identify significant prognostic factors.

Results. A total of 707 patients were included. The
mean follow-up time was 28.4 ± 30.9 months. The 5-year
overall survival for the entire cohort was 30.1%. Patients
with a high number of negative LN ($19) had better
overall survival than patients with a low number of
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negative LN (5-year survival rate 33.4% versus 26.4%,
p [ 0.005). Stratified analysis showed that the impact of
the number of negative LN was significant in patients
with T3/4 (p [ 0.027) and node-positive (p [ 0.002)
esophageal cancers but not in patients with less advanced
tumors. Multivariate Cox regression analysis demon-
strated that the number of negative LN (in addition to
age, sex, T stage, N stage, tumor length, and surgical
approach) was an independent prognostic factor.
Conclusions. A higher number of negative LN is

associated with better overall survival of esophageal
cancer patients after resection. The correlation of a high
number of negative LN ($19) with survival was more
prominent in patients with advanced (T3/4 stage, node-
positive) tumors.

(Ann Thorac Surg 2013;96:995–1001)
� 2013 by The Society of Thoracic Surgeons
sophageal cancer is an aggressive malignancy with
Ea dismal prognosis. Among various clinical and
pathologic parameters, the presence of lymph node (LN)
metastasis is an important prognostic factor and a critical
determinant of the management of esophageal carci-
noma [1, 2]. In the seventh edition of the American Joint
Committee on Cancer (AJCC) TNM classification, the
absolute number of involved LN is the basis of the
N stage classification: N0, no LN metastasis; N1, one or
two positive LN; N2, three to six positive LN; and N3,
seven or more positive LN [3]. In addition to the number
of positive LN, the total number of resected lymph nodes
(TLN) and the ratio of the number of positive LN to
TLN (LNR) were also reported to have prognostic value
in esophageal cancer patients [4–8]. For example, in an
analysis of 264 patients, Altorki and coworkers [4]
showed a significant reduction in death hazard when
more than 40 nodes were removed. In another study,
based on the Surveillance, Epidemiology, and End
Results (SEER) data, Peyre and associates [5] also iden-
tified TLN as an independent predictor of survival. As for
the prognostic impact of LNR, both Mariette and
coworkers [6] and Greenstein and colleagues [7] showed
significantly poorer outcome for patients with an LNR
greater than 0.2.
The impact of the number of negative LN on the

prognosis of esophageal cancer patients has not been well
addressed. Although a higher number of negative LN has
been shown to be associated with improved survival in
gastric and colorectal cancer patients [9, 10], the role of
negative LN as a prognostic indicator in esophageal
cancer patients has remained unclear. Because lymph
nodes are a frequent site of tumor recurrence and may
harbor occult disease, higher numbers of total or negative
LN could theoretically lead to better outcomes. In this
study, we aimed to investigate the prognostic significance
of negative LN on the survival of 707 esophageal cancer
patients after surgical resection in a single institution.
Whether a higher number of negative LN is associated
with better survival was explored.
0003-4975/$36.00
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Patients and Methods

Study Population
A retrospective review was performed on 754 patients
who had undergone transthoracic esophagectomy for
cancer at the Taipei Veterans General Hospital between
January 1995 and September 2011. The Institutional
Review Board of the Taipei Veterans General Hospital
approved this study and granted a waiver of the informed
consent process. The preoperative work-up and post-
operative follow-up protocol were as described previ-
ously [2]. Before 2010, patients were considered for
resection if there was no evidence of distant metastasis
and if there were no signs of extensive locoregional
invasion that obliterated the normal tissue planes. Since
2010, we used a multidisciplinary team approach in the
treatment of esophageal cancer and followed the National
Comprehensive Cancer Network guidelines: esophageal
cancers in the upper third of the esophagus or with locally
advanced disease were considered for neoadjuvant che-
moradiation followed by esophagectomy.

Surgical Methods
The surgical methods of resection included open and
thoracoscopic triple incisional esophagectomy (McKeown
type). In each approach, esophagectomy and infracarinal
mediastinal lymph node plus right paratracheal lymph
node dissection were performed during the thoracic
portion of the operation. Esophageal substitute mobili-
zation and dissection of the paracardial nodes (and any
enlarged celiac axis nodes) were performed during the
abdominal portion of the operation. Once mobilized, the
gastric tube was pulled up through the thoracic cavity for
cervical anastomosis (the cervical stage). Cervical lymph
node sampling was also completed in this cervical stage
of the operation.

Surgical Specimen Pathology Review
The pathologic tumor stage was determined according to
the seventh edition of the AJCC TNM classification. Each
dissected node group was labeled by the operator. All
lymph nodes were cut into slices of 5-mm thickness at
several levels along the long axis and each slice was
embedded in paraffin and sectioned for hematoxylin and
eosin staining. The lymph node number was counted
under low-power field microscopy. Description of the
lymph nodes (number of involved and examined lymph
nodes in each station) was recorded. The TLN was
determined from the sum of the number of lymph nodes
collected at the cervical, thoracic, and abdominal regions.
To study the prognostic impact of the number of negative
LN, patients were divided into four groups based on
quartiles—a set of values that divide the dataset into four
equal groups—of the number of negative LN.

Statistics
A c2 test was used to compare categorical variables.
Analysis of variance was used for comparison of contin-
uous variables. The survival curves were plotted by the
Kaplan-Meier method and compared using the log rank
test. Cox regression analysis was performed to identify
significant prognostic factors. All calculations were per-
formed using SPSS 15.0 software (SPSS, Chicago, IL) and
a p value of less than 0.05 was considered significant.
Results

After excluding patients who did not receive intra-
operative lymphadenectomy (n ¼ 38) and patients lost
during postoperative follow-up (n ¼ 15), 707 patients
were included for analysis. The mean TLN was 24 (SD
14.8) and the median TLN was 21 (range, 2 to 97). The
number of negative LN was examined as a categorical
variable based on quartiles. This resulted in the following
distribution: 167 patients in group 1 (negative LN #11),
166 patients in group 2 (negative LN 12 to 18), 189 patients
in group 3 (negative LN 19 to 28), and 185 patients in
group 4 (negative LN $29). The relationships between
patient demographics and the number of negative LN is
shown in Table 1. The clinical and pathologic factors
(including age, sex, histology type, TNM stages, grade of
differentiation, tumor length, and surgical margin status)
were comparable among the four groups. However,
esophageal resection of tumors of the middle third of
the esophagus yielded higher counts of negative LN
(p ¼ 0.008). The thoracoscopic esophagectomy technique
also yielded higher counts of negative LN than open
esophagectomy (p ¼ 0.004).
The 30-day in-hospital mortality was 4.1% (29 of 707).

The mean follow-up time was 28.4 months (SD 30.9). The
median survival of the entire cohort was 23.0 months
(95% confidence interval [CI]: 19.5 to 26.5). The overall 1-,
3-, and 5-year survival rates were 69.5%, 38.0%, and
30.1%, respectively. According to the Kaplan-Meier
survival curves, the patients in groups 3 and 4 had better
overall survival than the patients in groups 1 and 2
(Fig 1A). Therefore, we classified patients as either high
(groups 3 and 4) or low (groups 1 and 2) negative LN
groups in the subsequent analyses. The high negative LN
group had a median survival period of 28.0 months (95%
CI: 22.8 to 33.2) and a 5-year survival rate of 33.4%,
whereas the low negative LN group had amedian survival
period of 20.0 months (95% CI: 15.6 to 24.4) and a 5-year
survival rate of 26.4% (log rank p ¼ 0.005; Fig 1B).
The impact of negative LN on overall survival was

examined after stratification by T (tumor) stage. In
patients with T3 or T4 stage tumors, a high negative LN
number was significantly associated with better overall
survival (log rank p ¼ 0.027; Fig 2B). In contrast, the
correlation was attenuated in patients with T1 or T2 stage
tumors (log rank p¼ 0.256; Fig 2A). Stratification according
to N (node) stage showed similar results. Whereas a high
number of negative LN was a significant prognostic factor
in patients with concomitant LN metastasis (log rank
p ¼ 0.002; Fig 3B), a similar effect was not observed in
patients with stage N0 (log rank p ¼ 0.215; Fig 3A).
To correct any possible bias caused by inadequate

lymph node staging due to sampling of an inadequate
number of nodes for pathological review, we performed
an additional analysis that included only patients who



Table 1. Patient Demographics According to Number of Negative Lymph Nodes

Demographics Total n

Number of Negative Lymph Nodes (Quartiles)

p Value

Group 1 Group 2 Group 3 Group 4

(0–11) (12–18) (19–28) (29–92)

Number 707 167 166 189 185
Age, years 62.2 � 11.5 63.1 � 11.5 62.7 � 12.3 62.1 � 11.0 61.0 � 11.1 0.298
Sex 0.448

Male 660 (93.4) 157 (94.0) 157 (94.6) 178 (94.2) 168 (90.8)
Female 47 (6.6) 10 (6.0) 9 (5.4) 11 (5.8) 17 (9.2)

Histology type 0.277
SCC 663 (93.8) 161 (96.4) 156 (94.0) 177 (93.7) 169 (91.4)
Others 44 (6.2) 6 (3.6) 10 (6.0) 12 (6.3) 16 (8.6)

Tumor 0.121
0 17 (2.4) 6 (3.6) 4 (2.4) 6 (3.2) 1 (0.5)
1 112 (15.8) 22 (13.2) 19 (11.4) 33 (17.5) 38 (20.5)
2 158 (22.3) 30 (18.0) 38 (22.9) 52 (27.5) 38 (20.5)
3 363 (51.3) 92 (55.1) 91 (54.8) 87 (46.0) 93 (50.3)
4 57 (8.1) 17 (10.2) 14 (8.4) 11 (5.8) 15 (8.1)

Node 0.992
0 320 (45.3) 75 (44.9) 76 (45.8) 88 (46.6) 81 (43.8)
1 190 (26.9) 43 (25.7) 43 (25.9) 51 (27.0) 53 (28.6)
2 124 (17.5) 32 (19.2) 30 (18.1) 33 (17.5) 29 (15.7)
3 73 (10.3) 17 (10.2) 17 (10.2) 17 (9.0) 22 (11.9)

Stage 0.223
0 17 (2.4) 6 (3.6) 4 (2.4) 6 (3.2) 1 (0.5)
I 96 (13.6) 23 (13.8) 18 (10.8) 28 (14.8) 27 (14.6)
II 255 (36.1) 54 (32.3) 59 (35.5) 74 (39.2) 68 (36.8)
III 321 (45.4) 75 (44.9) 83 (50.0) 78 (41.3) 85 (45.9)
IV 18 (2.5) 9 (5.4) 2 (1.2) 3 (1.6) 4 (2.2)

Gradea 0.132
G1 63 (9.1) 9 (5.6) 15 (9.3) 24 (13.0) 15 (8.2)
G2 502 (72.5) 118 (72.8) 112 (69.1) 131 (71.2) 141 (76.6)
G3 127 (18.4) 35 (21.6) 35 (21.6) 29 (15.8) 28 (15.2)

Location 0.008
Upper third 91 (12.9) 16 (9.6) 20 (12.0) 31 (16.4) 24 (13.0)
Middle third 414 (58.6) 85 (50.9) 98 (59.0) 110 (58.2) 121 (65.4)
Lower third 202 (28.6) 66 (39.5) 48 (28.9) 48 (25.4) 40 (21.6)

Tumor length, cm 4.8 � 2.4 4.8 � 2.5 4.7 � 2.2 4.5 � 2.4 5.2 � 2.5 0.062
Margin status 0.538

Not involved (R0) 673 (95.2) 157 (94.0) 156 (94.0) 181 (95.8) 179 (96.8)
Involved (R1) 34 (4.8) 10 (6.0) 10 (6.0) 8 (4.2) 6 (3.2)

Preoperative CRT 0.051
No 637 (90.1) 144 (86.2) 151 (91.0) 167 (88.4) 175 (94.6)
Yes 70 (9.9) 23 (13.8) 15 (9.0) 22 (11.6) 10 (5.4)

Surgical approach 0.004
Open 611 (86.4) 154 (92.2) 150 (90.4) 157 (83.1) 150 (81.1)
Thoracoscopic 96 (13.6) 13 (7.8) 16 (9.6) 32 (16.9) 35 (18.9)

a Data available for 692 patients.

Data are mean � SD or n (%).

CRT ¼ chemoradiation therapy; G1 ¼ well differentiated; G2 ¼ moderately differentiated; G3 ¼ poorly differentiated; SCC ¼ squamous
cell carcinoma.
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had received adequate node staging. Patients with TLN
less than 15 were defined as having inadequate node
staging according to the NCCN guideline criteria and
were excluded [1]. Among the 499 patients with adequate
node staging, there were 374 patients in the high negative
LN group and 125 patients in the low negative LN group.



Fig 1. (A) There are significant survival differences between group 1 (negative lymph nodes [LN]#11 [blue line]), group 2 (negative LN ¼ 12 to 18
[green line]), group 3 (negative LN ¼ 19 to 28 [yellow line]), and group 4 (negative LN $29 [red line]). (B) Patients with 19 or more negative LN
(groups 3 and 4 [red line]) had significantly better survival rates than patients with less than 18 negative LN (groups 1 and 2 [blue line]).
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The 5-year overall survival rate and median survival
period were 33.4% and 28.0 months (95% CI: 22.8 to 33.2),
respectively, for the 374 patients with a high number of
negative LN. The 5-year overall survival rate and median
survival period were 23.4% and 17.0 months (95% CI: 13.6
to 20.4), respectively, for the 125 patients with a low
number of negative LN. The Kaplan-Meier plot also
indicated a better survival among patients with a high
number of negative LN (log rank p ¼ 0.002; Fig 4).

In the Cox regression univariate analysis (Table 2), TLN
did not affect outcome. In the same analysis, however, the
Fig 2. After stratification by T stage, (A) no survival difference between hig
groups was noted in patients with T1/2 stage tumors. (B) However, a signi
esophageal cancers.
number of negative LN was a significant prognostic factor
when examined either as a continuous variable (p ¼ 0.008)
or as a categorical variable after classification into high
and low negative LN groups (p ¼ 0.005). Other significant
prognostic factors included age, sex, T stage, N stage,
grade of differentiation, margin status, tumor length, and
surgical approach (open versus thoracoscopic esoph-
agectomy). In the multivariate analysis incorporating
covariates that were significant in the univariate analysis,
the following variables were independent factors for
poor survival: older age, T3/4 stage tumors, lymph node
h negative (red lines) and low negative (blue lines) lymph node (LN)
ficant survival difference was noted in patients with T3/4 stage



Fig 3. After stratification by N stage, (A) no survival difference between high negative (red lines) and low negative (blue lines) lymph node (LN)
groups was noted in patients with N0 stage tumors. (B) However, a significant survival difference was noted in patients with node-positive
esophageal cancers.
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metastasis, and longer tumor length. In contrast, the
following variables were significant prognosticators for
increased survival: female sex, a higher number of
negative LN, and thoracoscopic esophagectomy (Table 2).
Comment

We demonstrate that a high number of negative LN is
associated with better overall survival in esophageal
cancer patients after transthoracic resection. Our findings
are compatible with results from previous studies [4, 8, 11,
12]. Schwarz and colleagues [11] analyzed the SEER
Fig 4. Among patients with adequate lymph node (LN) staging (TLN
$15), patients with a high number of negative LN (red line) had
significantly better survival than patients with a low number of
negative LN (blue line).
database and examined LN data from more than 5,600
patients who underwent esophagectomy between 1973
and 2003. They found that a higher number of negative
LN ($15) was associated with the best overall survival
(p < 0.0001) and the lowest mortality (p < 0.0001). In their
study, the impact of negative LN was invariably observed
in both N0 and N1 stage groups [11]. However, such
population-based studies have some inherent bias:
information on the exact surgical techniques used and the
methods of histopathology examination are lacking.
There have also been several studies showing significant
associations between a higher number of negative LN
and increased survival in patients with node-negative
esophageal cancer [4, 8, 12]. However, most were based
on adenocarcinoma-predominant populations. The strat-
ified analysis in the study by Greenstein and coworkers
[12] even showed that the effect of the number of negative
LN on survival was not present in patients with squa-
mous cell carcinoma [12]. In contrast, more than 90% of
the patients in our cohort had squamous cell carcinoma
and the number of negative LN was shown to be a
significant prognostic factor regardless of the type of
histology (log rank p ¼ 0.009 for squamous cell carcinoma;
p ¼ 0.05 for non-squamous cell carcinoma).
There are two possible explanations for our finding

that improved survival is related to the number of nega-
tive LN removed. One possibility is that the improved
survival is due to stage migration, meaning that a
proportion of the patients staged as N0 may in fact have
had cancer disseminated to regional lymph nodes [4, 5,
11, 12]. As the number of examined LN increases, the
probability of missing a positive lymph node and erro-
neously classified with an earlier stage cancer decreases.
However, while the stage migration phenomenon may
affect patients with N0 disease, it does not hold true in
patients with node-positive cancers. Thus, the “stage



Table 2. Cox Regression Analysis of Prognostic Factors Influencing Overall Survival

Variables

Univariate Analysis Multivariate Analysis

HR 95% CI p Value HR 95% CI p Value

Agea 1.014 1.005–1.022 0.002 1.014 1.005–1.023 0.002
Sex

Male 1 1 . 1 1 .

Female 0.635 0.409–0.984 0.042 0.611 0.389–0.959 0.032
T stage

T0/1/2 1 1 . 1 1 .

T3/4 1.853 1.518–2.263 <0.001 1.301 1.044–1.621 0.019
N stage

N0 1 1 . 1 1 .

N1 1.740 1.379–2.195 <0.001 1.537 1.206–1.958 0.001
N2/3 2.927 2.323–3.687 <0.001 2.482 1.931–3.190 <0.001

Location
Upper third 1 1 . . . .

Middle third 0.855 0.645–1.135 0.279 . . .

Lower third 0.855 0.628–1.165 0.321 . . .

Grade
G1 1 1 . 1 1 .

G2 2.109 1.403–3.172 <0.001 1.438 0.941–2.196 0.093
G3 2.737 1.762–4.252 <0.001 1.370 0.858–2.189 0.188

Margin status
Not involved (R0) 1 1 . 1 1 –

Involved (R1) 1.518 1.014–2.274 0.043 1.301 0.857–1.976 0.217
Tumor length 1.103 1.063–1.144 <0.001 1.058 1.014–1.105 0.009
TLNa 0.998 0.991–1.004 0.486 . . .

Negative LNa 0.990 0.983–0.998 0.008 . . .

Low negative LN 1 1 . 1 1 .

High negative LN 0.768 0.638–0.925 0.005 0.797 0.659–0.965 0.020
Preoperative CRT

No 1 1 . . . .

Yes 1.198 0.851–1.686 0.300 . . .

Surgical approach
Open 1 1 . 1 1 .

Thoracoscopic 0.428 0.250–0.732 0.002 0.544 0.310–0.955 0.034

a Factors examined as continuous variables.

CI ¼ confidence interval; CRT ¼ chemoradiation therapy; G1 ¼ well differentiated; G2 ¼ moderately differentiated; G3 ¼ poorly
differentiated; HR ¼ hazard ratio; LN ¼ lymph nodes; TLN ¼ total number of resected lymph nodes.
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migration” hypothesis is an unlikely explanation in our
study because the impact of negative LN on survival was
more significant for patients with advanced-stage tumors.
A second explanation is that an increase in the number of
negative LN may contribute to a reduction of unrecog-
nized tumor cells [13]. There are immunohistochemistry-
based studies that have shown that a high rate of
node-negative patients actually have nodal metastases
that were missed during routine pathology examination
[13, 14]. In the study of Thompson and colleagues [14],
immunohistochemical staining identified occult nodal
metastases in 31 of 119 esophageal cancer patients (26.1%)
who were classified as node-negative. The presence of
occult metastases in negative lymph nodes might explain
enhanced patient survival by the following mechanism:
removal of more negative LN (that may potentially
harbor occult cancer) could eliminate residual tumor
cells and reduce the potential for subsequent oncologic
progression.
In addition to the number of negative LN, we also

identified that age, sex, T stage, N stage, tumor length,
and the type of surgical approach were significant prog-
nostic factors. It should be noted that the type of surgical
approach influenced patient survival in our study.
Previous reports have demonstrated that thoracoscopic
esophagectomy offers advantages over open thora-
cotomy, including an easier mediastinal lymph node
dissection, reduced postoperative pain, decreased post-
operative pulmonary complication rates, and shorter
hospital stays [15]. There are also studies showing trends
toward better overall survival with thoracoscopic esoph-
agectomy. For example, Lazzarino and associates [16]
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found that the patients undergoing thoracoscopic esoph-
agectomy had better 1-year survival rates than patients
receiving open procedures (odds ratio 0.68, p ¼ 0.058).
In our study, thoracoscopic esophagectomy was also
associated with better overall survival (hazard ratio 0.544,
p ¼ 0.034). A possible explanation may be related to the
magnified vision provided by a thoracoscope. Improved
vision may facilitate mediastinal lymph node dissection
and increase the extent of dissection. That, in turn, may
allow harvesting of a higher number of negative LN,
improve local disease control, and prolong patient survival
[16]. However, owing to the small number of patients in
the thoracoscopic group, the retrospective nature of the
current study, and possible selection bias, careful inter-
pretation of our results is mandated.

There were some other limitations and shortcomings in
this study. First, we included patients receiving primary
resection as well as preoperative chemoradiation therapy.
The current analysis reflects our experience and may be
applied to all patients undergoing esophagectomy (rather
than to a highly selected population). We understand that
chemoradiation may affect tumor and lymph node status.
However, the number of patients in the preoperative
chemoradiation group was small. A subgroup analysis
was not feasible. We believe that further studies are
needed to evaluate the impact of negative LN in patients
receiving neoadjuvant chemoradiation followed by
surgical resection. Second, we included patients with
TLN less than 15 to broaden the applicability. In the
Worldwide Esophageal Cancer Collaboration database,
a high proportion of patients who underwent esoph-
agectomy had low TLN. The TLN distribution shown in
the report by Rizk and coworkers [17] demonstrated that
nearly 60% of the patients had TLN less than 15. If we had
excluded patients with TLN less than 15, the results
would lose applicability to more than 60% of population
in the Worldwide Esophageal Cancer Collaboration
database. Our analysis showed that the results were the
same in both the entire cohort and in patients with TLN of
15 or more. Third, we understand that it is inappropriate
to set an arbitrary or subjective cutoff value for the
number of disease-free lymph nodes. Instead, we used
quartiles to demonstrate such a trend. Although we
demonstrated that 19 or more negative LN was positively
associated with survival, the impact of negative LN was
not an all-or-none phenomenon. We recognized a grad-
uated correlation: the number of negative LN continued
to be a prognostic factor when modeled as a continuous
variable in the Cox regression analysis.

In summary, we demonstrate that a high number of
negative LN is associated with better overall survival in
esophageal cancer patients after transthoracic resection.
The correlation of a higher number of negative LN and
increased survival was more prominent in patients with
advanced tumors. A high number of negative LN (in
addition to age, sex, T stage, N stage, tumor length, and
thoracoscopic approach) remained an independent
prognostic factor in multivariate analysis. One of the
strengths of our study is that by having a large cohort of
squamous cell carcinoma patients from a single institution
using relatively standard surgical techniques, we were
able to avoid the possible bias that occurs in population-
based studies. Moreover, we showed that the number of
negative nodes also plays a role in patients with advanced
esophageal squamous cell carcinoma (T3/4 stage or posi-
tive nodal involvement). Future studies based on larger
populations are needed to validate our findings and to
explore the potential mechanisms underlying the prog-
nostic implications of negative lymph nodes.
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