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Our study indicated the relationship between tumor length and clinicopathologic

characteristics as well as long-term survival in esophageal cancer. A total of 116 patients

who underwent curative surgery for thoracic esophageal cancer with standard

lymphadenectomy in 2 fields between 2000 and 2010 were included in the study. The

medical records of these patients were retrospectively reviewed. The patients with tumor

length �3 cm had a highly significant difference in the involvement of adventitia and

lymph node stations. The patients with tumor length �3 cm had significantly lower rates

of involvement of the adventitia and lymph node stations. Tumor length could have a

significant impact on both the overall survival and disease-free survival of patients with

resected esophageal carcinomas and may provide additional prognostic value to the

current tumor, node, and metastasis staging system before patients receive any cancer-

specific treatment.
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Esophageal cancer is one of the most mortal

malignancies worldwide. Most patients with

esophageal cancer die within 1 year of diagnosis;

overall, 5-year survival chances are only 8% to 20%.1

Esophageal carcinomas are diagnosed in the advanced

stages. Improvements in the early detection of esoph-

ageal cancer, used in the preoperative term of accurate

staging modalities, selection of appropriate treatment

for patients, and optimal selection of surgical candi-

dates, may improve the overall survival rates.

In the newly published seventh edition of the

American Joint Cancer Committee (AJCC) tumor,
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node, metastasis (TNM) staging system, histologic
grading and tumor location, as well as depth of
esophageal wall invasion, are regarded as the
prognostic factors for esophageal cancer. The influ-
ence of tumor length has not been comprehensively
evaluated on new TNM classification that changed
the T and N factors.

Previously and recently, published results indi-
cated that tumor length was an independent
predictor of survival in esophageal cancer.2–5 The
present study aims to investigate the impact of
tumor length as an independent prognostic factor
for the survival of patients with esophageal cancer.

Patients and Methods

All patients who underwent esophagectomy with a
curative purpose for invasive esophageal squamous
cell carcinoma (ESCC) and adenocarcinoma of the
esophagus between 2000 and 2010 were included.
The medical records of these patients were reviewed
retrospectively.

Patients who had received neoadjuvant chemo-
radiotherapy after a noncurative resection and
patients who died in the hospital in the early
postoperative term were excluded. All patients were
evaluated by means of barium meal, esophagogas-
troscopy, and computed tomography (CT) of the
chest and abdomen for preoperative staging. Some
patients received positron emission tomography–CT
(PET-CT). Pulmonary and cardiac function studies
and other blood tests were also done in order to
assess surgical tolerance.

Surgical procedures

Patients were combined with mediastinal and
intraperitoneal lymph node (LN) dissection with
intrathoracic esophagus tumors (n ¼ 116), and they
underwent esophagectomy via a right-sided trans-
thoracic esophagectomy, midline laparotomy.

Tumor grading and histopathologic assessment

Histopathologic examination included the evalua-
tion of tumor length, histologic grade, and tumor
depth invasion (T factor), with a number of positive
and dissected LN stations. Tumors were classified
according to the seventh editions of the Union for
International Cancer Committee–AJCC staging sys-
tems. Tumor recurrence was classified as locore-
gional, distant, or both locoregional and distant.
Locoregional recurrence was described as the

recurrence at an anastomotic site or within the area
of previous resection. Distant recurrence was de-
scribed to be hematogenous metastasis to solid
organs or recurrence in another body cavity.

Follow-up

Patients were observed every 3 months for the first 2
years after surgery, then decreasing to 6-month
intervals for 5 years or until death. Survival time
was considered as the number of days from the
patient’s date of surgery to the date of death and
recurrence.

Statistical analysis

Survival probability was calculated by the Kaplan-
Meier method. The prognostic impact of clinico-
pathologic characteristics and the difference be-
tween survival curves were assessed by the log-
rank test. Statistical analysis was performed with
SPSS 20 for Windows (SPSS Inc, Chicago, Illinois).
Univariate analysis was performed by the Kaplan-
Meier test. Multivariate analysis of survival was
performed using then Cox regression model to
identify prognostic factors. The level of significance
was established as P , 0.05.

Results

A total of 116 esophageal carcinoma patients
receiving primary R0 (tumor-free surgical margin)
surgical resection between 2000 and 2010 were
considered. There were 116 patients (70 men and
46 women), with a median age of 60 years (range,
36–81 years). Characteristics and overall survival
rates of patients are summarized in Table 1.

There were 102 patients who had undergone
Ivor-Lewis esophageal resection. The pathologic
study results showed that adenocarcinoma was
found in 48 patients (41.4%), and ESCC was found
in 68 patients (58.6%).

The distribution stages were according to the
seventh edition of the AJCC TNM classification:
stage IIA (n ¼ 31; 26.7%), stage IIB (n ¼ 10; 8.6%),
stage IIIA (n ¼ 21; 18.1%), stage IIIB (n ¼ 36; 31%),
and stage IIIC (n ¼ 18; 15.5%). Median follow-up
time was 39.7 months.

At follow-up, 24 patients were alive (including 2
patients with recurrent cancer), 83 patients had died
from the original cancer, and 9 patients died from
different causes without any evidence of tumor
recurrence. The pattern of recurrence included
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locoregional in 30 patients, distant in 40 patients,
and both locoregional and distant in 6 patients.

The overall survival rate was 20.7%. There was no
significant difference in the overall survival between
the male and female sexes.

No significant difference was observed at overall
survival between pT2 and pT3 in comparison with
pathologic tumor invasion depth (pT).

Among the 116 patients, 76 had LN metastasis.
The mean number of LNs dissected was 16.33. The
median number of dissected nodes per patient was
14.5 (range, –43). There was no statistical difference
in view of the disease-free survival time and
common causes related to the number of dissected
nodes (,10 and .10). There was no significant
difference in the overall and disease-free survival
times between patients with .10 and ,10 removed
LNs.

There was a significant difference in survival
rates between patients with pN1 and pN2 nodes and
those with pN0 had a different survival than
patients with pN1/pN2 and pN3 nodes.

Histologic differentiation and cancer location
made no significant difference in patient survival
rate.

Dependence of patient survival rate on tumor length

The median tumor length was 4 cm (range, 1–10
cm). The tumor lengths of patients were divided
into 3 subgroups: �3 cm, 3 to 6 cm, and �6 cm.
There was a significant difference in the disease-free
survival and overall survival rates between patients
with tumors �3 cm and patients with tumors �6 cm
and 3 to 6 cm (log-rank, P ¼ 0.010; Fig. 1).

The overall 1-, 3-, and 5-year survival rates of
patients with tumor length �3 cm were 68%, 51%,
and 51%, respectively. The overall 1-, 3-, and 5-year
survival rates of patients with tumor length .3 cm
were 54%, 29%, and 11%, respectively. The survival
rates were determined between tumor lengths �3
cm, 3 to 6 cm, and �6 cm, and they worsened with
the increase in tumor length (Table 1).

The disease-free survival rates were found to be
highly significantly different between the 3 sub-
groups according to tumor length (P ¼ 0.018).
Patients with tumor length �3 cm had significantly
better survival rates.

The relationship between involved adventitia and tumor
length

The adventitia invasion was T3 (involved adventitia)
in 102 patients and T2 in 14 patients. The positive
correlation was observed between adventitia in-
volvement and tumor length .3 cm by v2 cross-
tabulation analyses (2-sided Fisher exact test, P ¼
0.005).

The adventitia invasion rates in patients with
tumor length �3 cm were much lower than those of
patients with tumor length .3 cm. The median
tumor length was 4 cm in patients with involved
adventitia and 2.6 cm in patients with adventitia
that was not involved.

The relationship between tumor length and involved LNs

The median number of metastatic-positive LNs was
2 (range, 0–17). The relationship between tumor
length and number of involved LNs was evaluated
using the Kruskal-Wallis analysis method.

Table 1 Patient demographic data and result of univariate survival

analysis

Characteristic

Value,
No. of

Patients (%)

5-y
survival,

% P

Sex, No. (%) 0.239
Male 70 (60.3) 15
Female 46 (39.7) 27

Age, y, median (range) 60.0 (33–75)
Pathologic T classification 0.77

T2 (submucosal invasion) 14 (12.1) 35
T3 (adventitia invasion) 102 (87.9) 17

Grade, No. (%) 0.023
Well 22 (19) 32
Moderately 66 (56.9) 17
Poorly 24 (20.7) 19
Neuroendocrine 4 (3.4) 8

Tumor length (mean, 4 cm), No.
(%)

0.018

�3 cm 30 (25.9) 55
3–6 cm 62 (53.4) 11
�6 cm 24 (20.7) 8

Surgical procedure, No. (%)
Ivor-Lewis 102 (87.9)
Other 14 (12.1)

Tumor location, No. (%) 0.27
Upper third 10 (8.6) 0
Middle third 36 (31.1) 21
Lower third 70 (60.3) 19

No. of dissected LNs 0.14
,10 26 (22.4) 8
�10 90 (77.6) 25

Pathologic N classification 0.000
pN0 40 (34.5) 45
pN1 20 (17.2) 32
pN2 40 (34.5) 15
pN 3 16 (13.8) 6
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The involved LN rates in patients with tumor

lengths �3 cm, 3 to 6 cm, and �6 cm were found to

be significantly different (P , 0.001). The involved

LN rate in patients with tumor length �3 cm was

much lower than those of patients with tumor

lengths 3 to 6 cm and �6 cm (P , 0.001). No

significant difference was present in involved LN

rates between 3 to 6 cm and �6 cm.

The prognostic influence of tumor length on disease-free

survival

Multivariate analyses were performed using the Cox

proportional hazards model, including sex, differ-

entiation, dissected LNs, tumor location, and tumor

length. Results indicated that the differentiation and

tumor length were significant risk factors (Table 2).

Patients with tumor length 3 to 6 cm had a worse

prognosis compared with those patients with tumor

length ,3 cm. The disease-free survival rate in

patients with tumor length 3 to 6 cm was fourfold

worse than that of patients with tumor length �3

cm.

Discussion

Esophageal carcinoma is one of the most mortal

malignancies worldwide. An effective and reason-

Fig. 1 Kaplan-Meier survival curves in patients with resected esophageal carcinomas, comparing tumor length 3 cm or less and greater

than 3 cm.

Table 2 Relationship between tumor depth of esophageal wall invasion
and tumor length in patient with squamous cell and adenocell

esophageal cancera

Involvement of adventitia

Total PPositive Negative

Squamous
cell tumor length

0.005

�3 cm 18 8 26
.3 cm 40 2 42
Total 58 10 68
Adenocarcinoma

cell tumor length
—

�3 cm 4 4
.3 cm 44 44
Total 48 48
Total tumor length 0.000
�3 cm 22 8 30
.3 cm 84 2 86
Total 106 10 116

aChi-square test, Fisher exact test was used.
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able staging system of esophageal cancer is the
essential precondition to assessing the appropriate
treatments and predicted long-term survival.

Before 1987, esophageal tumor length �5 cm was
categorized as T1 status and .5 cm as T2 status by
the 1983 AJCC TNM staging system. Tumor length
was replaced with depth of the esophageal wall
invasion in the 1987 version of the AJCC TNM
staging system.6 This may have been due to the
revised TNM staging system, in which tumor length
has been omitted since 1987 as a staging criterion.

The latest edition of the AJCC TNM staging
system of esophageal cancer was published in 2009,
in which adenocarcinoma and ESCC have been
staged as 2 different types. Histologic grade, depth
of tumor invasion, and the number of metastatic
LNs are all independent staging factors for esoph-
ageal cancer.7,8

However, the prognostic role of tumor length in
patients with esophageal cancer was ESCC, which is
not mentioned.

Esophageal cancer is an extremely aggressive
neoplasm that has been increasing in incidence in
recent years. The overall survival rate of patients
with esophageal cancer is ,10% at 5 years9 because
most patients with esophageal carcinomas are in an
advanced stage of diagnosis.

Most patients will not be eligible for potentially
curative resection at the time of presentation
because of the unsatisfactory survival results with
single-surgical approach or single-chemoradiother-
apy modality, such as single-therapy modalities,
especially clinical-stage T3.

Patients in the early stage of disease benefit from
surgical approaches, whereas patients assigned to
an intermediate stage can benefit from neoadjuvant
therapy followed by restaging and surgical resection
with curative intent. It is increasingly becoming
standard care to offer neoadjuvant therapy modal-
ities to patients with clinical-stage T3 or N1

esophagus cancer.10,11

Accurate staging of patients is important in view
of treatment modalities in both the preoperative and
postoperative terms. The newly diagnosed esopha-
geal cancer patients should undergo a standardized
staging routine before receiving operative or non-
operative therapy. In most institutions, noninvasive
preoperative staging modalities are benefiting from
endoscopic ultrasonography and PET-CT. PET-CT
has low accuracy for staging locoregional disease,
particularly in terms of the nodal status.12 Endo-
scopic ultrasonography is deemed as the most
accurate technique for locoregional staging of

invasive esophageal cancer, which remains weak
in evaluating nodal status.13 However, the above-
mentioned technologic and diagnostic modalities
are not available everywhere.

The tumor length can be used as a prognostic
factor to predict survival and reflect the disease
stage, especially in ESCC. Several studies have
evaluated the influence of tumor length on progno-
sis of esophageal carcinoma and reported a signif-
icant impact on the prognosis of both patients with
adenocarcinoma and those with ESCC.2,4,5,13–16

The depth of tumor wall invasion is also a strong
and independent prognostic factor for esophageal
carcinomas. Based on the study results, tumor
length was also a prognostic factor after controlling
the factor of depth of the esophageal wall invasion.
In our series, the adventitia invasion was T3

(involved adventitia) in 102 patients and T2 in 14
patients. Positive correlation was observed between
adventitia involvement and tumor length .3 cm by
v2 cross-tabulation analyses (2-sided Fisher exact
test, P ¼ 0.005). Tumor length as predictive value
was significant for T2 and T3 status in ESCC.

In our series, the 1-, 3-, and 5-year survival rates
of patients with tumor lengths �3 cm, 3 to 6 cm, and
�6 cm are displayed in the ‘‘Results’’ section. The
survival rates of patients with tumor length �3 cm
were significantly higher than those of the other 2
groups, especially in ESCC (Fig. 1 and Tables 1 and
3). A significant difference was detected at the 3-cm
cutoff point on T status. Griffiths et al3 reported that
patients with pathologic tumor length �3.5 cm had
a poorer prognosis than those patients with shorter
tumors after esophagectomy for cancer. This value
for the cutoff point was similar to those in several
previously reported results. It can be used as the
cutoff value for further analyses.

Several published studies indicated the impact of
tumor length on long-term survival in patients with
early-stage esophageal carcinoma.12,14,17 Our find-
ings demonstrated that the predictive value of
tumor length was significant for both T2 and T3

lesions in overall survival and disease-free survival.
In our series, most patients were T3 according to the
T status. Most patients were in the intermediate
stage.

Eloubeidi et al2 has shown tumor length to be an
independent prognostic factor in patients with
esophageal cancer. Welch16 and Yendamuri et al.17

retrospectively evaluated 309 and 209 patients, and
the authors concluded that tumor length was an
independent predictor of survival for adenocarcino-
mas, excepting ESCC. Wu et al15 has suggested that
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tumor length serves as an independent predictor of
long-term survival by the studies conducted on 582
patients with ESCC. Our findings demonstrated that
tumor length is an independent prognostic factor for
long-term survival according to the results for ESCC
on multivariate analysis. But as a prognostic factor
in our cohort, cancer location did not have any
significant influence on survival in multivariate
analysis.

LN status has been known to be a powerful
independent prognostic factor for esophageal carci-
nomas. Gaur et al12 designed a clinical nomogram
that consisted of a clinical tumor length to predict
the presence of pathologic N and long-term survival
difference in a small group of clinical T2 and N0

patients. Their results demonstrated that tumor
length will be a good predictor in ESCC with N0.
In our results, the involved LN rates in patients with
tumor length �3 cm were much lower than those of
patients with tumor length 3 to 6 cm and �6 cm in
ESCC. Accordingly, tumor length has a significant
impact on the survival of N0 and N1 patients. In
order to assess the confounding effects of tumor
length on N status, further prospective study is
required.

Our findings demonstrated that patients with
tumor length �3 cm had increasing adventitia
involvement, which was in accordance with the
metastatic LN ratio and poorer survival (Tables 2
and 4).

Conclusion

The strength of the seventh edition of the AJCC
TNM staging system is the new descriptors for the
‘‘N’’ and ‘‘M’’ classifications. Esophageal tumor
length �3 cm was significantly associated with
increasing tumor stage, worse lymph stage, increas-
ing metastatic LN ratio, increasing overall TNM
stage, and poor survival. The results of this study

showed the requirement of consideration of tumor
length as a prognostic grouping factor in ESCC.

According to the results, the measurement of
tumor length could have additional advantages over
the measurement of pathologic tumor depth inva-
sion in predicting prognosis and treatment at
preoperative, intraoperative, and postoperative
terms. To confirm the prognostic role of tumor
length in overall survival of ESCC patients, a
prospective randomized study is necessary.

Moreover, the significance of adding tumor
length for validation to be an additional criterion
in the current TNM esophageal staging system can
be suggested.
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