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Background. Endoscopic mucosal resection (EMR) and
esophagectomy are treatment options for cT1 esophageal
adenocarcinoma. Our aim was to study outcomes for
patients undergoing EMR then esophagectomy.

Methods. We identified patients undergoing EMR and
esophagectomy for cT1 esophageal adenocarcinoma over
10 years. EMR histology was used to predict nodal
involvement with a risk-scoring tool. Patient de-
mographics, surgical techniques, pathology, postoperative
outcomes, and survival were recorded.

Results. Of 1,092 that esophagectomieswere performed,
51 patients underwent EMR and esophagectomy for cT1
esophageal adenocarcinoma.Themean timebetweenEMR
and esophagectomy was 4 (SD,8.0) months. According to
the risk-scoring tool basedonEMRhistology, 1 patientwas
low risk, 13 (25%)were atmoderate risk, and 37 (73%)were
at high risk for lymph node metastasis. The time between
EMR and the surgical intervention was longer and more
patients had multiple EMRs in the moderate-risk group
(9 vs 1.4 months, p [ 0.03) compared with the high-risk
group (38% vs 11% patients, p [ 0.04). Operative

mortality was 4% and morbidity was 43%. Pneumonia
occurred in 3 of 51 patients (6%), atrial fibrillation in 4 (8%),
and clinical anastomotic leak in 6 (12%). Of the 51 patients,
14 (27%) were upstaged after esophagectomy. Nodal
involvement was present in 3 of 13 moderate-risk patients
(23%) and in 7 of 37 high-risk patients (19%). The 5-year
survival was reduced in moderate-risk compared with
high-risk patients (54% vs 84%, p [ 0.04).
Conclusions. Studying outcomes for cT1 esophageal

adenocarcinoma is important. These patients can be
divided into those undergoing EMR for staging before
esophagectomy and those in whom esophagectomy is a
salvage procedure after therapeutic EMRs. Care should
be taken to avoid upstaging of patients in the latter
group, and we recommend frequent restaging and sur-
veillance to prevent undetected progression of disease. A
low threshold for esophagectomy when EMR fails to
control disease should be considered.
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The management of early esophageal cancer is in
evolution and is controversial [1]. Esophagectomy has

been the traditional treatment of choice for these tumors.
Although quality of life after esophagectomy can be good
[2], esophagectomy is not without morbidity and mor-
tality. Treatment of these early cancers with endoscopic
mucosal resection (EMR) offers patients valuable esoph-
ageal preservation but requires extensive postprocedural
surveillance. Predicting the risk of lymph node metasta-
ses for a patient is essential to avoid the risks associated
with undertreating disease. EMR is currently used for
cT1a and favorable cT1b tumors [3]. The Worldwide
Esophageal Cancer Collaboration has demonstrated
worse survival for T1b tumors compared with T1a, and
this is likely because of the increased risk of nodal
metastases in the latter group [4].

The key to esophageal preservation in these patients is
accurate preoperative staging with identification of
patients at risk of lymph node metastases. Studies,
including that of the National Cancer Institute’s database
and a recent metaanalysis, have shown the prevalence of
lymph node metastases is less than 2% in T1a adenocar-
cinoma of the esophagus [5] and 20% to 30% for T1b tu-
mors [6–13]. Any infiltration into the submucosa, tumor
size greater than 10 mm, and poor tumor differentiation
are independently associated with the presence of nodal
disease [6]. Preoperative staging involves endoscopic ul-
trasound (EUS) and positron emission tomography-
computed tomography scans.
EMR arguably provides the best information with

regard to T staging of esophageal tumors and can even
establish the diagnosis of a cT2 tumor better than EUS.
Studying outcomes of patients who have undergone
EMR for cT1 disease with subsequent esophagectomy
provides invaluable information on patient outcomes.
This study describes outcomes in a challenging and
poorly studied patient group undergoing EMR for cT1
esophageal adenocarcinoma and then subsequent
esophagectomy.
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Patients and Methods

We retrospectively analyzed a prospectively collected
database of all esophagectomies between November
2004 and November 2014. We identified patients under-
going EMR for cT1 esophageal adenocarcinoma and
subsequent esophagectomy. In our institution, all cT1b
esophageal adenocarcinomas are referred for surgical
opinion. The analysis excluded patients who did not have
esophagectomy after EMR. This work was approved by
the Mayo Clinic IRB and patient consent obtained.

Scoring System
The EMR histology of patients who had cT1 esophageal
adenocarcinoma was reviewed. Patients were risk strati-
fied according to a modified established scoring system
based on tumor size, differentiation, depth, and lympho-
vascular invasion [14]. This scoring system was developed
by Lee and colleagues [14], who correlated the histologic
characteristics of primary esophageal resections for T1
esophageal adenocarcinoma. They found that tumor size
and the presence of lymphovascular invasion were the
strongest independent predictors of lymph node metas-
tases. They used their multivariate analysis to develop a
scoring system to predict the risk of lymph node metas-
tases in patients with T1 esophageal adenocarcinoma.
Each variable was allocated a different number of points
and allowed patients to be classified as low, medium, or
high risk for lymph node metastases. Patients classified at
low risk had a total score of 1, moderate risk patients had a
score of 2 to 4m and high risk patients 5 or higher. We
modified the scoring system to þ2 for tumor depth if a
patient with T1a disease had positive margins on EMR
(Table 1). This scoring system by Lee and colleagues [14]
has not previously been validated.

EMR specimens were prepared under a standard pro-
tocol in our histology laboratory. The tissue was fixed in
10% neutral-buffered formalin and then serially sectioned
perpendicular to the long axis at approximately 2-mm
intervals. The tissue was embedded in paraffin and

sectioned at 5-mm thickness for hematoxylin and eosin
staining, with three levels obtained from each paraffin
block. Esophagectomy specimens were processed
routinely. Tissue from the lesion site was usually totally
submitted to look for residual tumors.

Perioperative Details
The duration between EMR and esophagectomy was
recorded. Patients’ preoperative T stage (cT) was defined
by the T stage on EMR histology before esophagectomy.
Perioperative details, such as preoperative neoadjuvant
therapy, preoperative tumor stage (EMR, EUS, positron
emission tomography with or without computed tomog-
raphy), and type of esophagectomy were collected. Post-
operative morbidity and mortality were recorded.
The pathology reports from the esophagectomy speci-

mens were reviewed, and the following information was
collected: size of tumor, presence of lymphovascular
invasion, depth of tumor invasion (pT), presence and
location of positive lymph nodes, and number of lymph
nodes harvested in the specimen. Length of follow-up was
recorded for each patient, including presence of tumor
recurrence or metastasis, death in hospital, and survival.
Our surveillance protocol for those patients undergoing

EMR alone for cT1a esophageal adenocarcinoma involves
endoscopic biopsy specimens every centimeter
throughout the previous segment of Barrett’s esophagus
every 3 months for a year after complete elimination of
intestinal metaplasia. Subsequent endoscopy and
biopsies are performed at 6 months for a year and yearly
thereafter.

Statistical Analysis
Descriptive statistics are reported as frequency (percent-
age) or mean (SD) as appropriate. Patient characteristics
and EMR histology variables were compared among risk
groups (low/moderate or moderate vs high) using a two-
sample t-test or Kruskal-Wallis, as appropriate, for
continuous variables and a c2 or Fisher exact test where
appropriate for discrete variables. The association of
T-stage on EMR with positive lymph nodes at final
resection was assessed using univariate logistic regres-
sion. The Kaplan-Meier method was used to estimate the
overall survival at 1-year intervals up to 5 years. Univar-
iate Cox proportional hazards models, reported as hazard
ratios, were used to assess the association of risk factors
with death. A p value of less than 0.05 was considered
statistically significant. Statistical analyses were
completed using SAS 9.3 (SAS Institute Inc, Cary, NC)
and R 3.1.1 software (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

We identified 1,092 esophageal resections during the
10-year study period, of which 997 were performed to treat
esophageal cancer. EMR was performed in 51 patients
(44men and 7 women) for cT1 esophageal adenocarcinoma
with subsequent esophagectomy. Mean age at esoph-
agectomy was 66 (SD, 10.5) years. Mean time between the

Table 1. Modified Risk-Scoring System for Predicting Lymph
Node Involvement in Patients With T1 Esophageal
Adenocarcinomaa

Variable Points

Size, per cm 1
Depth

T1a 0
T1b or þ margin 2

Differentiation
Well 0
Moderate 3
Poor 3

Lymphovascular invasion 6

a From and Lee colleagues [14], 2013. Republished with permission of the
Journal of the American College of Surgeons, from Predicting Lymph
Node Metastases in Early Esophageal Adenocarcinoma Using a Simple
Scoring System, Lee L, Ronellenfitsch U, Hofstetter WL, et al, 217;2:191-9,
2013&#894; permission conveyed through Copyright Clearance Center, Inc.
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