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Abstract
Esophageal cancer represents the 6th cause of cancer mortality in the World. New treat-

ments led to outcome improvements, but patient selection and prognostic stratification is a

critical aspect to gain maximum benefit from therapies. Today, patients are stratified into 9

prognostic groups, according to a staging system developed by the American Joint Commit-

tee on Cancer. Recently, trying to better select patients with curing possibilities several

authors are reconsidering tumor length as a valuable prognostic parameter. Specifically,

endoscopic tumor length can be easily measured with an esophageal endoscopy and, if its

utility in esophageal cancer staging is demonstrated, it may represent a simple method to

identify high risk patients and an easy-to-obtain variable in prognostic stratification. In this

study we retrospectively analyzed 662 patients treated for esophageal cancer, stratified

according to cancer histology and current staging system, to assess the possible role of

endoscopic tumor length. We found a significant correlation between endoscopic tumor

length, current staging parameters and 5-year survival, proving that endoscopic tumor

length may be used as a simple risk stratification tool. Our results suggest a possible indica-

tion for preoperative therapy in early stage squamocellular carcinoma patients without

lymph nodes involvement, who are currently treated with surgery alone.

Introduction
Worldwide, esophageal cancer accounts for more than 400,000 deaths every year. Despite
recent improvements in survival esophageal cancer remains one of the deadliest diseases, with
an overall 5-year survival less than 20% [1–5].

Prognostic stratification of these patients is crucial to provide them with the best multi-
modal treatment available. Nowadays this stratification is based on the TNM system developed
by the American Joint Committee on Cancer (AJCC); it is based on the Tumor depth of
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invasion (T), lymph Node status (N), presence of Metastases (M), tumor grading and, only for
squamocellular cancer, the location of the tumor within the esophagus [6–8].

Disease staging is based on endoscopy and Computed Tomography (CT) scan, and often
integrated with Positron Emission Tomography—Computed Tomography (FDG-PET-CT
scan) and endoscopic ultrasonography (EUS); those exams are not always available and are not
always so accurate. Esophageal endoscopy, used routinely to diagnose esophageal malignancies,
is a simple exam, which is well standardized and usually available even in community hospitals
and in low-income socioeconomic settings [9–16].

Historically, endoscopic length of the tumor was a staging parameter in the TNM system
but was subsequently abandoned in the 1987 version favoring tumor depth of invasion [17].
Lately though, various authors posed their attention again to the prognostic role of tumor
length; likewise, tumor measures represent an important staging variable in many other can-
cers. Recently, several studies have identified a possible role for this parameter in the prognostic
stratification of esophageal cancer. Some studies focused on the endoscopic length and other
on the length measured on the pathological specimen; some studies were conducted on squa-
mous cell carcinoma (SCC) and others on adenocarcinoma (AC) [18–31].

The present study aims to investigate the role of endoscopic tumor length (ETL) as a prog-
nostic factor in esophageal cancers (SCC and AC), through the analysis of a consistent study
cohort staged and treated at one single Center.

Methods
All methods were carried out in accordance with approved guidelines. The study was approved
by the Research Committee of the Department of Surgical, Oncological and Gastroenterologi-
cal Sciences—University of Padova.

Patients
Study cohort was selected by analyzing a database of 5,636 patients treated for esophageal can-
cer and prospectively collected at our Center from 1983 to 2014. Written informed consent
was obtained for all patients enrolled in the database; this consent procedure was approved by
our Research Committee. We selected all patients suitable for curative resection who under-
went R0 esophagectomy (Ivor Lewis or Mckeown procedure [32–35]) for SCC or AC of the
esophagus; from this initial pool we excluded all patients who received preoperative chemo
and/or radiotherapy in order to avoid a confounding bias on the pathological result, those with
metastatic disease found during surgery and patients deceased within 2 months after surgery.
Each selected patient’s clinical record was reviewed to double check dubious or missing data.
All patients for whom the required variables for our study were not available were excluded.
All patients were studied before surgery with endoscopy, contrast swallow radiograms and CT
scan [10].

Data collection
The variables analyzed for the study were: demographics of patients (age, gender), patholog-
ically determined T (pT) status, pathologically determined N (pN) status, endoscopic length of
the tumor (ETL, defined as the total length of the lesion found on endoscopy and measured at
our Center by equally trained endoscopists), localization of the primary tumor, histologic type,
grading, follow-up after surgery. The TNM stage of disease was classified according to the
AJCC 7th version [6], even for pre 7th version patients, reviewing the required parameters. See
S1 Table for study data.
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Statistical analysis
We analyzed the cohort globally and then divided into two different groups based on histologi-
cal type: SCC Group (squamous cell cancer) and AC Group (adenocarcinoma).

Cohort size allowed an additional subdivision of both SCC and AC groups based on TNM
stage grouping according to AJCC 7th version to analyze the influence of ETL on these different
prognostic classes (Subgroup TNM 0-II that includes stages 0, IA, IB, IIA, IIB and subgroup
TNM III that includes stage IIIA, IIIB and IIIC; TNM IV stage is not present in our cohort
since it represents metastatic disease, a criteria of exclusion).

Optimal cutoff of ETL was identified with a regression tree survival analysis, comparison
between survival curves plotted for ETL intervals of 1 cm and the literature review. Patients,
overall and in the groups and subgroups, were then analyzed based on the ETL cutoff (S, short
tumor; L, long tumor), (Fig 1).

Descriptive results are shown as mean ± standard deviation (SD) for the continuous vari-
ables and as size and frequency for categorical variables. Correlation between variables was
evaluated using Pearson chi-squared test and Cox Logistic Regression.

Univariate survival analysis was performed with Kaplan-Meier statistic and differences
between curves were calculated using log rank test. Cox proportional hazard model was used
for the multivariate analysis. P value< 0.05 was considered significant. JMP software version
12.0.1 for Mac OS X (SAS Institute Inc.) was used for all statistical analyses.

Results
The study cohort comprised 662 patients; 357 were treated for squamous cell cancer (SCC
group) and 305 for adenocarcinoma (AC group). Table 1 shows demographic, clinical and

Fig 1. Study cohort with groups and subgroups.N: number of patients; S: Endoscopic Tumor Length < 3 cm; L: Endoscopic Tumor Length� 3 cm; SCC:
squamous cell carcinoma; AC: adenocarcinoma.

doi:10.1371/journal.pone.0153068.g001
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pathological data. SCC and AC groups were further divided into subgroups according to the
TNM staging system (Fig 1).

Endoscopic tumor length cutoff and correlation with pT, pN and survival
time
Mean ETL was 49.6 mm (Standard Deviation—SD 25) in the SCC group and 54.5 mm (SD
26.8) in the AC group.

In order to determine the optimal ETL cutoff, we performed a regression tree survival analy-
sis; the best cutoff resulted to be 30 mm; so according to this value, tumors were classified as
Short tumors (S: ETL< 30 mm) and Long tumors (L: ETL� 30 mm).

The correlation analysis between the ETL (considered as a continuous variable) and the pT
and pN stage is statistically significant both in the SCC group (P<0.0001 and P = 0.0068 for
pT and pN, respectively) and in the AC group (P<0.0001 and P<0.0001 for pT and pN,
respectively). Likewise, the contingency analysis between the ETL as a categorical variable (S:

Table 1. Cohort demographics, clinical and pathological characteristics.

Study Cohort (N = 670)

SCC Group (N = 357) AC Group (N = 305)

Age [yrs, mean ± st. dev.] 62 ± 9.3 63 ± 11.2

Sex [N (%)]

M 272 (76%) 276 (90%)

F 85 (24%) 29 (10%)

Tumor Location

Upper 90 (25%) 0 (0%)

Middle 147 (41%) 6 (2%)

Lower/Cardia 120 (34%) 299 (98%)

Tumor Grading [N (%)]

G1 83 (23%) 45 (15%)

G2 209 (59%) 173 (57%)

G3 65 (18%) 87 (28%)

pT

Tis-1 65 (19%) 42 (14%)

T2 66 (18%) 54 (18%)

T3 172 (48%) 185 (61%)

T4 54 (15%) 23 (7%)

pN

Negative 175 (49%) 103 (34%)

Positive 182 (51%) 202 (66%)

pTNM (AJCC)

0-II 187 (52%) 127 (42%)

III 170 (48%) 178 (58%)

ETL [cm, mean ± st. dev.] 49.6 ± 25 54.5 ± 26.8

ETL < 3 cm 96 (27%) 72 (24%)

ETL � 3 cm 261 (73%) 233 (76%)

N: number of patients; ETL: endoscopic tumor length; SCC: squamocellular carcinoma; AC:

adenocarcinoma, pT: pathological tumor depth, pN: pathological lymph node involvement, pTNM:

pathological prognostic stage according to American Joint Committee on Cancer 7th Ed. (AJCC).

doi:10.1371/journal.pone.0153068.t001
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ETL< 30 mm and L: ETL� 30 mm) and the pT and pN is statistically significant (P<0.0001
in the SCC group both for pT and Pn; P<0.0001 in the AC group both for pT and pN). Bivari-
ate analysis shows a significant inverse relationship between the ETL (as a continuous vari-
able) and the 5-year survival in both groups (P = 0.0005 and P = 0.0058 for SCC and AC,
respectively); this correlation was confirmed also considering the ETL as a categorical variable
(S: ETL< 30 mm and L: ETL� 30 mm), (Fig 2).

Survival analysis
Five-year survival curves in the two groups SCC and AC, stratified according to the TNM
stage, are consistent with the literature [5, 6, 32, 35].

Kaplan-Meier univariate analysis, showed that patients with ETL< 3 cm have a 5-year sur-
vival rate significantly better compared to those with ETL� 3 cm (47% versus 29.1%, log-rank
P<0.0001, respectively); this result is confirmed also in the SCC and AC groups (SCC: 41.6%
versus 24.9%, log-rank P<0.0001, respectively; AC: 54.1% versus 33.9%, log-rank P = 0.0030,
respectively). Table 2 shows the results of the Kaplan-Meier univariate survival analysis for
tumor location, tumor grading, pT, pN and ETL.

Survival analysis in the TNM subgroups showed a significant and independent prognostic
value of ETL only in the SCC/TNM stage 0-II subgroup (5-year survival rate for short tumors
47.3% versus 37.8% for long tumors, log-rank P = 0.0342). Moreover, we analyzed the effect of
the ETL on the survival of SCC patients according to the lymph node status: in patients without
lymph node involvement (pN0), a significant difference was found between short tumors and
long tumors (5-year survival rate 51.5% versus 38.7%, log-rank P = 0,0210, respectively); a sig-
nificant difference was found also in patients with lymph node involvement (pN+) between
short tumors and long tumors (5-year survival rate 21.8% versus 14.6%, log-rank P = 0.0330,
respectively). Analysis of SCC subgroups showed a significant difference only in the TNM 0-II

Fig 2. 5-year survival according to endoscopic tumor length (ETL). SCC: squamocellular carcinoma; AC: adenocarcinoma; S: ETL < 3 cm; L: ETL� 3
cm.

doi:10.1371/journal.pone.0153068.g002
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subgroup without lymph node involvement (pN0) between patients with short tumors and
patients with long tumors (5-year survival rate of 52.3% versus 41.3%, log-rank P = 0.0446,
respectively), (Fig 3).

Multivariate Survival Analysis
A Cox proportional hazard model was evaluated entering the TNM system variables (pT, pN,
grading and tumor localization) and ETL for the SCC and AC group separately. Multivariate
analysis results are shown in Table 3. ETL reached statistical significance only in the SCC
group (HR 1.47; 95% CI 1.08–2.03; P = 0.0132).

Discussion
In our series, ETL correlates significantly with pT and pN, hence with survival. Moreover, our
analysis underlines ETL as an independent prognostic factor that allows a better stratification
of patients with early stages (TNM stage 0-II) esophageal SCC.

Esophageal cancer is an aggressive tumor, often diagnosed at advanced stages, character-
ized by an overall 5-year survival rate of less than 20% [1–5]. An accurate staging system
allows to identify those patients who are suitable for surgery alone, or who need preoperative
chemoradiotherapy.

The presence of lymph node metastasis is an indication for preoperative therapy, even in
early tumor stages according to the current guidelines [5, 35, 36]. CT scan together with
FDG-PET-CT scan and EUS plays a significant role in TNM stage allocation; however,
FDG-PET-CT scan, useful to determine unknown metastasis, has a low accuracy in detecting

Table 2. Univariate 5-year survival analysis.

5-year Survival (%)

SCC Group (N = 357) P AC Group (N = 305) P

Tumor Location 0.0626 NC

Upper 28.8 NC

Middle 33.3 NC

Lower/Cardia 25 NC

Tumor Grading 0.0418 <0.0001

G1 40.9 60

G2 26.3 39.8

G3 24.6 22.2

pT <0.0001 <0.0001

T is-2 45 62.5

T 3–4 20.3 27.7

pN <0.0001 <0.0001

Negative 43.4 43.4

Positive 15.9 15.9

ETL <0.0001 0.0030

ETL < 3 cm 41.6 54.1

ETL � 3 cm 24.9 33.9

SCC: squamocellular carcinoma; AC: adenocarcinoma; ETL: endoscopic tumor length; pT: pathological tumor depth; pN: pathological lymph node

involvement; NC: Tumor location not considered for AC, according to actual TNM staging system.

doi:10.1371/journal.pone.0153068.t002
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locoregional metastatic lymph nodes, while EUS, even if more reliable in detecting locoregional
metastatic lymph nodes, it is operator dependent and not always routinely available [9–16].

ETL and circumferential involvement were abandoned by the AJCC as a prognostic stratifi-
cation parameter starting from the 1987 TNM staging version [17]. However, more recently
many authors studied the possible role of the tumor length, either clinical or pathological, in
the stratification of esophageal cancer prognosis.

Endoscopy is the first diagnostic exam to be performed in all patient with esophageal cancer
and it is readily available in the vast majority of Centers; therefore, ETL is a standardized easy-
to-obtain parameter. ETL also correlates significantly with pathologically measured tumor
length as shown by Gaur et al and Wang et al. [19, 29]

The present study results highlight the possibility to obtain a simplified prognostic classifi-
cation based on the endoscopic findings, given its significant correlation with pT and pN: in
our series patients with tumors< 3 cm (both SCC and AC histotypes) showed a significantly
better 5-year survival.

We chose 3 cm as the cutoff value for the ETL; to identify this value we conducted a regres-
sion tree survival analysis, testing endoscopic tumor length as a predictor of survival; consider-
ing that in the literature there is no agreement in terms of which is the best method to define
cutoffs of this kind [37], we validated our result with survival curves analysis for different ETL
intervals and took into accounts also the results published by other authors (Table 4).

Univariate analysis showed that ETL is a significant prognostic factor for patients with
esophageal cancer (Table 2). Multivariate analysis confirmed ETL as an independent risk factor

Fig 3. 5-year survival for stage 0-II SCC patients, with negative lymph nodes, according to endoscopic
tumor length (ETL). SCC: squamocellular carcinoma; ETL: endoscopic tumor length; S: ETL < 3 cm; L:
ETL� 3 cm.

doi:10.1371/journal.pone.0153068.g003
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for SCC group (Table 3). We wanted to further analyze the role of ETL as an independent
prognostic factor by grouping patients based on TNM stage in order to evaluate if the introduc-
tion of the tumor length parameter could lead to a better prognostic stratification regardless of
the pT and pN status. Survival analysis confirmed that patients with ETL< 3 cm have a signifi-
cantly better 5-year survival than patients with ETL� 3 cm in the SCC/TNM 0-II subgroup.
As a matter of fact, inside this subgroup, patients with tumors� 3 cm have a significantly

Table 4. Recent tumor length studies identifying a prognostic significant cutoff.

Author, year N. of patients Histology TL measured / Cutoff value Method used to calculate cutoff

This Study 662 SCC / AC Endoscopic / 3 cm Regression Tree Model

Mirinezhad, 2014 71 SCC / AC Pathological / 4 cm ROC Curves

Feng, 2013 132 (> 70 yr old) SCC Specimen / 4 cm ROC Curves

Zeybek, 2013 116 SCC / AC Pathological / �3, 3–6, �6 -

Wang, 2012 244 SCC Endoscopic / 4 cm Regression Tree Model

Song, 2012 201 SCC Pathological / 3 cm Survival Analysis

Wang, 2011 582 SCC Specimen / 3 cm Survival Analysis

Gaur, 2011 164 + 109 (validation) AC Endoscopic / 2 cm Regression Tree Model

Bolton, 2009 133 AC (pT1 only) Pathological / 3 cm Survival Analysis

Yendamuri, 2008 209 SCC / AC Pathological / 3 cm Survival Analysis

Bolshweiler, 2006 213 SCC / AC Pathological / 3 cm Survival Analysis

Griffiths, 2006 309 SCC / AC / Other Pathological / 3.5 cm Median value

TL: tumor length; SCC: squamocellular carcinoma; AC: adenocarcinoma.

doi:10.1371/journal.pone.0153068.t004

Table 3. Multivariate analysis.

SCC (N = 357) AC (N = 305)

HR 95% CI P HR 95% CI P

Tumor Location 0.0673 NC

Upper 1.35 0.97–1.85 NC

Middle 1.00 - NC NC

Lower 1.36 1.01–1.83 NC NC

Tumor Grading 0.1003 0.1854

1 1.00 - 1.00 -

2 1.34 0.97–1.89 1.08 0.65–1.88

3 1.48 0.99–2.21 1.43 0.83–2.56

pT 0.0009 0.0451

is-2 1.00 - 1.00 -

3–4 1.68 1.23–2.31 1.50 1.00–2.29

pN 0.0001 <0.0001

Negative 1.00 - 1.00 -

Positive 1.71 1.29–2.27 3.49 2.02–5.48

ETL 0.0132 0.8685

< 3 cm 1.00 - 1.00 -

� 3 cm 1.47 1.08–2.03 1.03 0.70–1.56

SCC: squamocellular carcinoma; AC: adenocarcinoma; ETL: endoscopic tumor length; pT: pathological tumor depth; pN: pathological lymph nodes

involvement; NC: Tumor location not considered for AC according to actual TNM staging system.

doi:10.1371/journal.pone.0153068.t003
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lower survival in comparison with patients with tumors< 3 cm even if the N status is negative.
This result may possible be related to the lymphatic vessels invasion tendency (lymphangiosis)
of SCC tumors as described by Stein et al. [38] and Cense et al. [39]

For the other SCC/TNM subgroups and for all the AC/TNM subgroups, we did not identify
a significant independent prognostic role of ETL; in this case, the difference in terms of survival
between the short and long tumors may be related to the significant correlation between ETL
and both pT and pN status.

Wang et al. [19] studying 244 patients who underwent esophagectomy for SCC, showed
that an ETL cutoff value of 4 cm is significantly correlated with pT, pN status and 5-year sur-
vival, and that it is a significant risk factor independent from pN.

Gaur et al. [29] fromM. D. Anderson Cancer Center found that ETL cutoff value of 2 cm is
significant at multivariate survival analysis of esophageal adenocarcinoma; we did not find a
significance for ETL in adenocarcinoma and this may be due to the fact that we analyzed our
cohort based on pathological and not clinical staging.

The study of Gaur et al. was based on a previous study from the same group in which Yen-
damuri et al. [27] stratified 209 SCC and AC patients according to pathological TNM stage and
lymph node status; they found that the impact of pathological tumor length (cutoff 3 cm) on
survival was significant in lower TNM stages (stages I-II) and in patients without lymph node
involvement.

Furthermore, Song et al. [30] studied a cohort of 201 patients who underwent surgery for
early esophageal SCC (pT1-2 pN0): patients with tumors� 3 cm (pathological tumor length)
had a significantly better survival than patients with longer tumors. Gaur and Song findings
are in agreement with our results.

In our series tumor grading was not an independent prognostic factor both for SCC and AC
tumors, even if it was statistically significant at univariate survival analysis in both groups. In
the SCC group, also tumor location was not statistically significant (Tables 2 and 3). Situ et al.,
Hu et al. and Wijnhoven et al. reported similar results [40–43].

Our study has some limitations. First, this is a retrospective cohort study, with inherent
study design limits; secondly, endoscopic length cannot be obtained for non-passable tumor
stenosis. Some may consider dilation to pass through the stricture with the endoscope, but the
procedure may be hazardous in terms of risk of perforation [15]; in light of this, ETL data of
advanced stenotic lesions are missing and, even though we showed that ETL could be useful for
early stages of disease, this represents a selection bias. All endoscopies and surgical interven-
tions were carried out at our center by similarly trained endoscopists and surgeons, following
the same protocols, and we are confident that this limit the possible biases related to multiple
operators.

We have excluded patients submitted to neoadjuvant chemo/radiotherapy in order to avoid
confounding factors on the correlation between endoscopic tumor length and pathological
result; because of this selection criterion we cannot analyze how tumor length affects T, N and
survival in patients undergone CT/RT.

Another potential bias is represented by the fact that the current TNM staging system classi-
fied gastro-esophageal junction tumors as esophageal tumors and so we did not analyze these
lesions separately, even if there is some evidence in literature that they may have a different bio-
logical behavior [44]; further studies are required to clarify this aspect.

The advantages of this study are the large sample size, and that all patients have been stud-
ied and treated at the same institution, using uniform diagnostic and treatment protocols. We
were able to conduct the study both in patients with SCC and AC, trying to clear the role of
ETL in both major esophageal cancer histotypes.

Role of Endoscopic Tumor Length in Esophageal Cancer Staging

PLOS ONE | DOI:10.1371/journal.pone.0153068 April 18, 2016 9 / 12



In line with the other authors cited, we agree that prospective multicenter studies are needed
to validate the already available results.

In conclusion, we showed that ETL plays a role as a prognostic factor in esophageal cancer.
Our data suggest a possible benefit from preoperative treatment in early stages non cervical
SCC N0 patients who, at the moment, are treated with surgery alone.

We strongly believe that ETL needs to be reassessed as a valuable stratification parameter in
the forthcoming next TNM staging system revision (AJCC).

As a closing consideration, one strength of ETL as a prognostic variable is that it is easy to
obtain also in poor socioeconomic area (where SCC of the esophagus is prevalent to adenocar-
cinoma [3, 5]) where it could be sufficient for an initial evaluation of the prognosis and there-
fore of the impact of the patient on the healthcare system.

Supporting Information
S1 Table. Minimal Data Set. Study data.
(XLSX)

Author Contributions
Conceived and designed the experiments: MV ESP. Performed the experiments: MV ESP
CADP. Analyzed the data: MV ESP CADP. Contributed reagents/materials/analysis tools: AR
GZ RS MC SM LM. Wrote the paper: MV ESP AR.

References
1. Torre L. A., Bray F., Siegel R. L., Ferlay J., Lortet-Tieulent J. and Jemal A. Global cancer statistics,

2012.CA Cancer J Clin 65, 87–108 (2015). doi: 10.3322/caac.21262 PMID: 25651787

2. Siegel R. L., Miller K. D. and Jemal A. Cancer statistics, 2015.CA Cancer J Clin 65, 5–29 (2015). doi:
10.3322/caac.21254 PMID: 25559415

3. Arnold M., Soerjomataram I., Ferlay J. and Forman D. Global incidence of oesophageal cancer by his-
tological subtype in 2012.Gut 64, 381–387 (2015). doi: 10.1136/gutjnl-2014-308124 PMID: 25320104

4. Lozano R., Naghavi M., Foreman K., Lim S., Shibuya K., Aboyans V., et al. Global and regional mortal-
ity from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global
Burden of Disease Study 2010. Lancet 380, 2095–2128 (2012). doi: 10.1016/S0140-6736(12)61728-0
PMID: 23245604

5. Rubenstein J. H. and Shaheen N. J. Epidemiology, Diagnosis, and Management of Esophageal Adeno-
carcinoma. Gastroenterology (2015).

6. Edge S. B. and Compton C. C. The American Joint Committee on Cancer: the 7th Edition of the AJCC
Cancer Staging Manual and the Future of TNM. Ann Surg Oncol 17, 1471–1474 (2010). doi: 10.1245/
s10434-010-0985-4 PMID: 20180029

7. Wang J., Wu N., Zheng Q., Yan S., Lv C., Li S., et al. Evaluation of the 7th edition of the TNM classifica-
tion in patients with resected esophageal squamous cell carcinoma.World J.Gastroenterol. 20,
18397–18403 (2014). doi: 10.3748/wjg.v20.i48.18397 PMID: 25561808

8. Rice T. W. and Blackstone E. H. Esophageal cancer staging: past, present, and future. Thorac Surg
Clin 23, 461–469 (2013). doi: 10.1016/j.thorsurg.2013.07.004 PMID: 24199696

9. Karashima R., Watanabe M., Imamura Y., Ida S., Baba Y., Iwagami S., et al. Advantages of FDG-PET/
CT over CT alone in the preoperative assessment of lymph node metastasis in patients with esoph-
ageal cancer. Surg. Today 45, 471–477 (2015). doi: 10.1007/s00595-014-0965-6 PMID: 24969050

10. Khanna L. G. and Gress F. G. Preoperative evaluation of oesophageal adenocarcinoma. Best Pract
Res Clin Gastroenterol 29, 179–191 (2015). doi: 10.1016/j.bpg.2014.12.005 PMID: 25743465

11. Schmidt T., Lordick F., Herrmann K. and Ott K. Value of functional imaging by PET in esophageal can-
cer. J Natl Compr Canc Netw 13, 239–247 (2015). PMID: 25691614

12. Dhupar R., Correa A. M., Ajani J., Betancourt S., Mehran R. J., Swisher S. G., et al. Concordance of
studies for nodal staging is prognostic for worse survival in esophageal cancer. Dis. Esophagus 27,
770–776 (2014). doi: 10.1111/dote.12154 PMID: 24152134

Role of Endoscopic Tumor Length in Esophageal Cancer Staging

PLOS ONE | DOI:10.1371/journal.pone.0153068 April 18, 2016 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153068.s001
http://dx.doi.org/10.3322/caac.21262
http://www.ncbi.nlm.nih.gov/pubmed/25651787
http://dx.doi.org/10.3322/caac.21254
http://www.ncbi.nlm.nih.gov/pubmed/25559415
http://dx.doi.org/10.1136/gutjnl-2014-308124
http://www.ncbi.nlm.nih.gov/pubmed/25320104
http://dx.doi.org/10.1016/S0140-6736(12)61728-0
http://www.ncbi.nlm.nih.gov/pubmed/23245604
http://dx.doi.org/10.1245/s10434-010-0985-4
http://dx.doi.org/10.1245/s10434-010-0985-4
http://www.ncbi.nlm.nih.gov/pubmed/20180029
http://dx.doi.org/10.3748/wjg.v20.i48.18397
http://www.ncbi.nlm.nih.gov/pubmed/25561808
http://dx.doi.org/10.1016/j.thorsurg.2013.07.004
http://www.ncbi.nlm.nih.gov/pubmed/24199696
http://dx.doi.org/10.1007/s00595-014-0965-6
http://www.ncbi.nlm.nih.gov/pubmed/24969050
http://dx.doi.org/10.1016/j.bpg.2014.12.005
http://www.ncbi.nlm.nih.gov/pubmed/25743465
http://www.ncbi.nlm.nih.gov/pubmed/25691614
http://dx.doi.org/10.1111/dote.12154
http://www.ncbi.nlm.nih.gov/pubmed/24152134


13. Jeon H. W, Kim K. S., Sung S. W., Park H. J., Kim Y. and Park J. K. Prognostic Value of the Maximum
Standardized Uptake Value on Positron Emission Tomography for Esophageal Squamous Cell Carci-
noma. Thorac Cardiovasc Surg 63, 341–348 (2015). doi: 10.1055/s-0034-1384787 PMID: 25322264

14. Qumseya B. J., Brown J., AbrahamM., White D., Wolfsen H., Gupta N. et al. Diagnostic performance of
EUS in predicting advanced cancer among patients with Barrett's esophagus and high-grade dyspla-
sia/early adenocarcinoma: systematic review and meta-analysis.Gastrointest. Endosc. 81, 865–74.e2
(2015). doi: 10.1016/j.gie.2014.08.025 PMID: 25442088

15. Worrell S. G., Oh D. S., Greene C. L., Demeester S. R. and Hagen J. A. Endoscopic ultrasound staging
of stenotic esophageal cancers may be unnecessary to determine the need for neoadjuvant therapy. J.
Gastrointest. Surg. 18, 318–320 (2014). doi: 10.1007/s11605-013-2398-8 PMID: 24190248

16. Tekola B. D., Sauer B. G., Wang A. Y., White G. E. and Shami V. M. Accuracy of endoscopic ultrasound
in the diagnosis of T2N0 esophageal cancer. J Gastrointest Cancer 45, 342–346 (2014). doi: 10.1007/
s12029-014-9616-9 PMID: 24788081

17. Hutter R. V. P. At Last—Worldwide Agreement on the Staging of Cancer: Presidential Address. Arch
Surg 122, 1235–1239 (1987). PMID: 3675187

18. Wang B. Y., Goan Y. G., Hsu P.-K., Hsu W. H. andWu Y. C. Tumor Length as a Prognostic Factor in
Esophageal Squamous Cell Carcinoma. The Annals of Thoracic Surgery 91, 887–893 (2011). doi: 10.
1016/j.athoracsur.2010.11.011 PMID: 21353021

19. Wang B., Liu C., Lin C., Hsu P., Wu Y., Cheng C. Endoscopic Tumor Length Is an Independent Prog-
nostic Factor in Esophageal Squamous Cell Carcinoma. Ann Surg Oncol 19, 2149–2158 (2012). doi:
10.1245/s10434-012-2273-y PMID: 22407313

20. Bhutani M. S., Barde C. J., Markert R. J. and Gopalswamy N. Length of Esophageal Cancer and
Degree of Luminal Stenosis during Upper Endoscopy Predict T stage by Endoscopic Ultrasound.
Endoscopy 34, 461–463 (2002). PMID: 12048628

21. Feng J.-F., Huang Y. and Zhao Q. Tumor length in elderly patients with esophageal squamous cell car-
cinoma: Is it a prognostic factor?Ups J Med Sci 118, 145–152 (2013). doi: 10.3109/03009734.2013.
792887 PMID: 23617771

22. Bollschweiler E., Baldus S. E., Schröder W., Schneider P. M. and Hölscher A. H. Staging of esophageal
carcinoma: Length of tumor and number of involved regional lymph nodes. Are these independent
prognostic factors? J Surg Oncol 94, 355–363 (2006). PMID: 16967455

23. Mirinezhad S. K., Jangjoo A. G., Seyednejad F., Naseri A. R., Mohammadzadeh M., Nasiri B. et al.
Impact of Tumor Length on Survival for Patients with Resected Esophageal Cancer. Asian Pacific Jour-
nal of Cancer Prevention 15, 691–694 (2014). PMID: 24568480

24. ChangW., Lin F., Yen C., Cheng H., Lai W., Yang H. et al. Tumor length assessed by miniprobe endo-
sonography can predict the survival of the advanced esophageal squamous cell carcinoma with stric-
ture receiving concurrent chemoradiation. Diseases of the Esophagus 24, 590–595 (2011). doi: 10.
1111/j.1442-2050.2011.01195.x PMID: 21539673

25. Bolton W. D., Hofstetter W. L., Francis A. M., Correa A. M., Ajani A. J., Bhutani M. S. et al. Impact of
tumor length on long-term survival of pT1 esophageal adenocarcinoma. The Journal of Thoracic and
Cardiovascular Surgery 138, 831–836 (2009). doi: 10.1016/j.jtcvs.2009.02.003 PMID: 19660349

26. Zeybek A., Erdogan A., Gulkesen K. H., Ergin M., Sharper A., Dertsiz L. et al. Significance of Tumor
Length as Prognostic Factor for Esophageal Cancer. Int Surg 98, 234–240 (2013). doi: 10.9738/
INTSURG-D-13-00075.1 PMID: 23971777

27. Yendamuri S., Swisher S. G., Correa A. M., Hofstetter W., Ajani J. A., Francis A. et al. Esophageal
tumor length is independently associated with long-term survival. Cancer 115, 508–516 (2009). doi:
10.1002/cncr.24062 PMID: 19117343

28. Griffiths E. A., Brummell Z., Gorthi G., Pritchard S. A. andWelch I. M. Tumor length as a prognostic fac-
tor in esophageal malignancy: Univariate and multivariate survival analyses. J Surg Oncol 93, 258–
267 (2006). PMID: 16496364

29. Gaur P., Sepesi B., Hofstetter W. L., Correa A. M., Bhutani M. S., Watson T. J. et al. Endoscopic esoph-
ageal tumor length. Cancer 117, 63–69 (2010). doi: 10.1002/cncr.25373 PMID: 20803613

30. Song Z., Wang J., Lin B. and Zhang Y. Analysis of the tumor length and other prognosis factors in pT1-
2 node-negative esophageal squamous cell carcinoma in a Chinese population.World J Surg Oncol
10, 273 (2012). doi: 10.1186/1477-7819-10-273 PMID: 23249675

31. WuN., Pang L.-W., Chen Z.-M., Ma Q.-Y. and Chen G. Tumour length is an independent prognostic
factor of esophageal squamous cell carcinomas. Chin.Med. J. 125, 4445–4448 (2012). PMID:
23253717

32. Kato H. and NakajimaM. Treatments for esophageal cancer: a review.Gen Thorac Cardiovasc Surg
61, 330–335 (2013). doi: 10.1007/s11748-013-0246-0 PMID: 23568356

Role of Endoscopic Tumor Length in Esophageal Cancer Staging

PLOS ONE | DOI:10.1371/journal.pone.0153068 April 18, 2016 11 / 12

http://dx.doi.org/10.1055/s-0034-1384787
http://www.ncbi.nlm.nih.gov/pubmed/25322264
http://dx.doi.org/10.1016/j.gie.2014.08.025
http://www.ncbi.nlm.nih.gov/pubmed/25442088
http://dx.doi.org/10.1007/s11605-013-2398-8
http://www.ncbi.nlm.nih.gov/pubmed/24190248
http://dx.doi.org/10.1007/s12029-014-9616-9
http://dx.doi.org/10.1007/s12029-014-9616-9
http://www.ncbi.nlm.nih.gov/pubmed/24788081
http://www.ncbi.nlm.nih.gov/pubmed/3675187
http://dx.doi.org/10.1016/j.athoracsur.2010.11.011
http://dx.doi.org/10.1016/j.athoracsur.2010.11.011
http://www.ncbi.nlm.nih.gov/pubmed/21353021
http://dx.doi.org/10.1245/s10434-012-2273-y
http://www.ncbi.nlm.nih.gov/pubmed/22407313
http://www.ncbi.nlm.nih.gov/pubmed/12048628
http://dx.doi.org/10.3109/03009734.2013.792887
http://dx.doi.org/10.3109/03009734.2013.792887
http://www.ncbi.nlm.nih.gov/pubmed/23617771
http://www.ncbi.nlm.nih.gov/pubmed/16967455
http://www.ncbi.nlm.nih.gov/pubmed/24568480
http://dx.doi.org/10.1111/j.1442-2050.2011.01195.x
http://dx.doi.org/10.1111/j.1442-2050.2011.01195.x
http://www.ncbi.nlm.nih.gov/pubmed/21539673
http://dx.doi.org/10.1016/j.jtcvs.2009.02.003
http://www.ncbi.nlm.nih.gov/pubmed/19660349
http://dx.doi.org/10.9738/INTSURG-D-13-00075.1
http://dx.doi.org/10.9738/INTSURG-D-13-00075.1
http://www.ncbi.nlm.nih.gov/pubmed/23971777
http://dx.doi.org/10.1002/cncr.24062
http://www.ncbi.nlm.nih.gov/pubmed/19117343
http://www.ncbi.nlm.nih.gov/pubmed/16496364
http://dx.doi.org/10.1002/cncr.25373
http://www.ncbi.nlm.nih.gov/pubmed/20803613
http://dx.doi.org/10.1186/1477-7819-10-273
http://www.ncbi.nlm.nih.gov/pubmed/23249675
http://www.ncbi.nlm.nih.gov/pubmed/23253717
http://dx.doi.org/10.1007/s11748-013-0246-0
http://www.ncbi.nlm.nih.gov/pubmed/23568356


33. Cohen D. J. and Leichman L. Controversies in the Treatment of Local and Locally Advanced Gastric
and Esophageal Cancers. J. Clin.Oncol. 33, 1754–1759 (2015). doi: 10.1200/JCO.2014.59.7765
PMID: 25918302

34. Visbal A. L., Allen M. S., Miller D. L., Deschamps C., Trastek V. F., and Pairolero P. C. Ivor Lewis eso-
phagogastrectomy for esophageal cancer. The Annals of Thoracic Surgery 71, 1803–1808 (2001).
PMID: 11426751

35. Cools-Lartigue J., Spicer J. and Ferri L. E. Current status of management of malignant disease: current
management of esophageal cancer. J.Gastrointest. Surg. 19, 964–972 (2015). doi: 10.1007/s11605-
014-2701-3 PMID: 25650163

36. Kidane B., Coughlin S., Vogt K. and Malthaner R. Preoperative chemotherapy for resectable thoracic
esophageal cancer.Cochrane Database Syst Rev 5, CD001556 (2015). doi: 10.1002/14651858.
CD001556.pub3 PMID: 25988291

37. Williams, B. A. Finding optimal cutpoints for continuous covariates with binary and time-to-event out-
comes. Mayo Clinic Technical Report Series #79 (2006). http://citeseerx.ist.psu.edu/viewdoc/
summary?doi=10.1.1.123.8124.

38. Stein H. J., Feith M., Bruecher B., Naehrig J., Sarbia M. and Siewert J. R. Early esophageal cancer—
Pattern of lymphatic spread and prognostic factors for long-term survival after surgical resection. Annals
of Surgery 242, 566–575 (2005). PMID: 16192817

39. Cense H. A., van Eijck C. H. J. and Tilanus H. W. New insights in the lymphatic spread of oesophageal
cancer and its implications for the extent of surgical resection. Best Pract Res Clin Gastroenterol 20,
893–906 (2006). PMID: 16997168

40. Situ D., Wang J., Lin P., Long H., Zhang L., Rong T. et al. Do tumor location and grade affect survival in
pT2N0M0 esophageal squamous cell carcinoma? J. Thorac. Cardiovasc. Surg. 146, 45–51 (2013).
doi: 10.1016/j.jtcvs.2013.01.034 PMID: 23490249

41. Situ D., Wei W., Lin P., Long H., Zhang L., Fu J. et al. Do tumor grade and location affect survival in
esophageal squamous cell carcinoma? Survival analysis of 302 cases of pT3N0M0 esophageal squa-
mous cell carcinoma. Ann Surg Oncol 20, 580–585 (2013). doi: 10.1245/s10434-012-2656-0 PMID:
23015029

42. HuW., Liang Y., Zhang S., Hu Y. and Liu J. Impact of tumor location on prognosis in patients with tho-
racic esophageal squamous cell carcinoma. European Surgery-Acta Chirurgica Austriaca 45, 200–204
(2013).

43. Wijnhoven B. P. L., Tran K. T. C., Esterman A., Watson D. I. and Tilanus H. W. An evaluation of prog-
nostic factors and tumor staging of resected carcinoma of the esophagus. Ann. Surg. 245, 717–725
(2007). PMID: 17457164

44. Suh Y., Han D., Kong S., Lee H., Kim Y. T., KimW., et al. Should adenocarcinoma of the esophagogas-
tric junction be classified as esophageal cancer? A comparative analysis according to the seventh
AJCC TNM classification. Ann. Surg. 255, 908–915 (2012). doi: 10.1097/SLA.0b013e31824beb95
PMID: 22504190

Role of Endoscopic Tumor Length in Esophageal Cancer Staging

PLOS ONE | DOI:10.1371/journal.pone.0153068 April 18, 2016 12 / 12

http://dx.doi.org/10.1200/JCO.2014.59.7765
http://www.ncbi.nlm.nih.gov/pubmed/25918302
http://www.ncbi.nlm.nih.gov/pubmed/11426751
http://dx.doi.org/10.1007/s11605-014-2701-3
http://dx.doi.org/10.1007/s11605-014-2701-3
http://www.ncbi.nlm.nih.gov/pubmed/25650163
http://dx.doi.org/10.1002/14651858.CD001556.pub3
http://dx.doi.org/10.1002/14651858.CD001556.pub3
http://www.ncbi.nlm.nih.gov/pubmed/25988291
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.123.8124
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.123.8124
http://www.ncbi.nlm.nih.gov/pubmed/16192817
http://www.ncbi.nlm.nih.gov/pubmed/16997168
http://dx.doi.org/10.1016/j.jtcvs.2013.01.034
http://www.ncbi.nlm.nih.gov/pubmed/23490249
http://dx.doi.org/10.1245/s10434-012-2656-0
http://www.ncbi.nlm.nih.gov/pubmed/23015029
http://www.ncbi.nlm.nih.gov/pubmed/17457164
http://dx.doi.org/10.1097/SLA.0b013e31824beb95
http://www.ncbi.nlm.nih.gov/pubmed/22504190

