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ABSTRACT
BACKGROUND:  Esophageal adenocarcinoma (EAC) is a well-

known complication of Barrett’s esophagus (BE). The ASGE, AGA, 
and ACG have established guidelines regarding the diagnosis, 
management and surveillance of patients diagnosed with BE.  
Endoscopic mucosal resection (EMR) is an acceptable therapeutic 
option for T1a EAC versus esophagectomy. However, no clear 
guidelines exist regarding the management and follow up of patients 
with early EAC after EMR. The purpose of this study is: (1) to 
better define the outcome of EMR for T1a EAC; (2) to analyze the 
characteristics of our BE patients that underwent EMR for EAC; 
3) to evaluate repeat EMR for positive margins of EAC in initial 
resection specimens.
METHODS:  A retrospective cohort study was conducted of 
patients at a tertiary care center with BE patients with early EAC 
who underwent EMR. The electronic medical record was reviewed 
to collect the following data: age, sex, age at diagnosis of BE and 
EAC, length of BE segment, pathology results, and imaging. 
RESULTS:  31 patients with BE who underwent EMR for early 
EAC were assessed. 29 (93.55%) were male. The median age was 
67 ± 9.7 years. The median ages at BE and EAC diagnoses were 
63 ± 10.5 years and 63 ± 10.3 years, respectively. The length of BE 
segments ranged from < 1 cm to 14cm and 17 (54.84%) patients 
had short segment BE. 19 (61.29%) patients had EAC diagnosed 
on their first EGD at our institution. On pathology, 8 (25.81%) 
EMR specimens had margins positive for EAC. 7 (87.5%) of these 
patients underwent repeat EMR; 5 were successful and 1 required 
esophagectomy for persistently positive margins. 26 (83.86%) 
patients had PET/CT after EMR, 4 (15.38%) of which were positive. 
Overall, 2 (6.45%) patients had EAC recurrence, occurring at 70 and 
71 months; both had successful repeat EMR. Mean length of follow 
up at our institution was 29.1 ± 21.9 months (range 2-87 months).
CONCLUSIONS:  BE is a known risk factor for EAC. Our study 
suggests BE patients with early EAC who undergo EMR have a 
low rate of EAC recurrence. In our population, short segment BE 
also carried a risk for EAC and should not be de-emphasized. EMR 
specimens with margins positive for EAC can be successfully 
managed with repeat EMR.
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years. Twenty nine (93.6%) patients were male and all patients were 
Caucasian. The median ages at diagnosis of BE and EAC were 63 
± 10.5 years and 63 ± 10.3 years, respectively. The length of BE 
segment ranged from < 1 cm to 14 cm on index endoscopy at our 
institution. Seventeen (54.84%) patients were classified as short 
segment BE. Nineteen (61.29%) patients had EAC diagnosis on their 
index endoscopy at our institution. In those patients not diagnosed 
with EAC on their index endoscopy, EAC was diagnosed at a mean 
17.5 months (range 6-96 months, median 12 months) after the 
index endoscopy at our institution. (Table 1) On pathology review 
of EMR specimens, 17 were moderately differentiated, 11 were 
well differentiated, and 3 did not have specified differentiation. No 
specimens were classified as poor differentiation. Eight (25.81%) 
had margins positive for EAC. Three had deep margin positivity, 2 
had lateral margin positivity, and 3 had both deep and lateral margin 
positivity. Seven (22.58%) had margins positive for HGD. Six 
had deep margin positivity and 1 had both deep and lateral margin 
positivity. No patients had lymphovascular invasion. (Table 2) 
Radiofrequency ablation (RFA) was performed on all patients that 
underwent EMR. The need for repeat EMR was determined by raised 
or nodular mucosa at the EMR site at surveillance endoscopy. Seven 
(87.5%) patients with margins positive for EAC underwent repeat 
EMR. Six patients had successful tumor eradication with repeat 
EMR. One patient had persistently positive margins with EAC and 
eventual progression to stage T1b EAC. This patient was referred 
for esophagectomy. Twenty six (83.86%) patients had PET/CT after 
EMR; 4 (15.38%) of which were positive. The mean time from EMR 
to first PET/CT was 6.31 weeks (range 1-64 weeks). Nine (31.62%) 
of the 26 patient had more than one PET/CT. The mean time from 
index PET/CT to surveillance PET/CT was 17.11 months (range 7-48 
months). Two patients with positive PET/CT had negative margins 
on initial EMR and no evidence of residual EAC on surveillance 
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INTRODUCTION
Barrett’s esophagus (BE) is a metaplastic replacement of the 
squamous epithelial mucosa of the esophagus with columnar-lined 
epithelium- a process referred to as esophageal intestinal metaplasia[1]. 
Macroscopically, BE appears as red velvety, salmon-colored mucosa 
overlying the distal esophagus and gastroesophageal junction. 
BE can develop dysplastic changes, both low and high grade, and 
esophageal adenocarcinoma (EAC). The risk of progression from BE 
to EAC has been estimated to be between 0.12-0.4% per year[2,3,4,5]. 
The risk of EAC is higher in patients with dysplastic BE on their 
index endoscopy, compared with those found to have non-dysplastic 
BE[5]. The incidence of EAC is on the rise, especially in the Western 
hemisphere[6,7]. 
    Early detection of EAC can lead to appropriate management and 
improved outcomes. In the past, EAC, even in its early stages, was 
treated with esophagectomy with or without chemotherapy and 
radiation. More recently, endoscopic mucosal resection (EMR) of 
stage T1a EAC tumors has become the recommended treatment over 
esophagectomy[8]. The current literature, although limited, shows 
favorable outcomes after EMR of early EAC with low complication 
rates[9-13]. However, the surveillance and management of BE patients 
following endoscopic resection of early EAC is not standardized in 
many of the current guidelines. 
    The aim of our study is (1) to better define the outcomes of T1a 
EAC after EMR; (2) to analyze the characteristics of BE patients 
that underwent EMR for early EAC at a single tertiary care medical 
center; (3) to evaluate the outcomes of repeat EMR for positive 
margins of EAC in initial resection specimens.

PATIENTS AND METHODS
Approval was obtained from the Institutional Review Board at 
Thomas Jefferson University Hospital. This study is a retrospective 
medical record review. We included 31 consecutive patients with BE 
and T1a EAC that underwent EMR at Thomas Jefferson University 
Hospital between January 2009 and October 2015. All EMRs were 
performed by an endoscopist experienced in EMR (AI, RC, AS). 
All EMR specimens were reviewed by an expert pathologist (JP) for 
T1a adenocarcinoma. Only those with T1a adenocarcinoma were 
included in this study. Pathology was also evaluated for positive 
margins, degree of differentiation, and lymphovascular invasion. The 
following data were obtained from the electronic medical record: 
age, sex, race, age at diagnosis of BE, age at diagnosis of EAC, 
endoscopy results, pathology results, and PET/CT results. 

RESULTS
Thirty one consecutive patients with T1a EAC in the setting of BE 
were analyzed. All patients underwent cap-assisted en-bloc EMR 
of an esophageal nodule containing early EAC. The median age 
of all patients was 67 ± 9.7 years old, with an age range of 44-87 
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Table 1 Baseline Characteristics of patients

Sex 29 (93.6%) male; 2 (6.4%) female

Race 100% white

Median age 67 ± 9.7 years old

Age range 44-87 years

Median age at diagnosis of BE 63 ± 10.5 years

Median age at diagnosis of EAC 63 ± 10.3 years

BE segment length < 1 cm to 14 cm

Short segment BE (≤ 3 cm) 17-54.84%

EAC diagnosis on index endoscopy 19-61.29%

Table 2 Characteristics of EMR specimens

Differentiation

Well 11 (35.48%)

Moderate 17 (54.89%)

Poor 0

Unspecified 3 (9.63%)

Margins positive for EAC 8 (25.81%)

Deep 3

Lateral 2

Deep + Lateral 3

Margins positive for HGD 7 (22.58%)

Deep 6

Lateral 0

Deep + Lateral 1

Lymphovascular invasion 0



endoscopy. One patient with positive PET/CT had negative margins 
on initial EMR but had repeat EMR for persistent nodularity at 
the EMR site on surveillance endoscopy performed 3 months after 
the first EMR. One patient with positive PET/CT had margins 
positive for EAC on initial EMR. This patient underwent successful 
repeat EMR. There were no distant metastases in any patients that 
underwent PET/CT. 
    Two (6.45%) patients had recurrence of EAC (Table 3) after 
complete resection of EAC. On their index endoscopies, both 
patients had long segment BE (11cm and 15cm) and one patient was 
diagnosed with EAC at that time. The other patient was diagnosed on 
repeat endoscopy 2 weeks later. The mucosal recurrences occurred at 
70 and 71 months after initial EMR for the original EAC tumor. Both 
recurrences were found as nodules on surveillance endoscopies. The 
two patients were 61 and 63 years old at the time of their original 
EAC diagnosis and were 67 and 69 years old, respectively, at the 
time of their EAC recurrence. The original EAC was classified as 
moderately differentiated in both patients. One patient had EMR 
margins positive for HGD while the other had negative margins 
on initial EMR. Both patients had two negative PET/CTs after 
initial EMR. Both patients underwent successful EMR of their 
recurrent tumor and at the present time have no evidence of disease. 
One patient had tumor recurrence at the location of the original 
tumor (34cm) while the other patient had recurrence at a different 
location (32cm) from the original tumor (28 cm). Of all patients 
that underwent EMR of early EAC, 7 (22.58%) were evaluated by a 
medical oncologist. Only 1 of the 4 patients with a positive PET/CT 
was evaluated by a medical oncologist. The mean length of follow 
up at our institution was 29.1 ± 21.9 months (range 2-87 months) 
(Figure 1).

DISCUSSION
EMR of esophageal nodules found in a bed of Barrett’s mucosa 
is recommended by all Barrett’s guidelines as a result of the 
high prevalence of dysplasia and adenocarcinoma. However, the 
management and follow up of BE patients after EMR of T1a EAC 
have not been well-established. In this study we demonstrated that 
with a rigid follow up method using endoscopy 6-8 weeks after EMR, 
then every 3 months for the first year, every 6 months for the second 
year and annually thereafter with biopsies following the Seattle 
Protocol[10] and RFA of remaining Barrett’s mucosa, 27 of 29 patients 
remained cancer free after EMR. Furthermore, of the two patients 
who developed EAC after initial successfully performed EMR, both 
recurred at stages where EMR could lead to cure. Unfortunately, 
there were no clear factors that predicted recurrence in these two 
patients. 
    The cost-effectiveness of endoscopic surveillance of BE, both 
non-dysplastic and dysplastic, has been frequently questioned[11,12]. 
Pohl, et al, recently questioned the surveillance of short segment and 
ultra-short segment BE given the low likelihood of EAC in non-long 
segment BE. In this study of 1017 BE patients with early EAC, 56% 
had long segment, 24% had short segment, and 26% had ultrashort 
segment[13]. However, short segment BE still carries a significant risk 
for developing HGD and EAC[14,15]. Our study also suggests that short 
segment BE carries a risk for EAC. In fact, in our study more patients 
had short segment (54.84%) than long segment (45.16%) BE. Our 
suggestion is to not neglect surveying patients with short segment BE 
for EAC, as they can also develop early EAC in their BE segment, 
regardless of length.
    Huntington, et al. suggested that early EAC could be successfully 
managed with EMR alone. Sixteen percent of EMR specimens in 

2309

Tofani C et al . T1a Esophageal Cancer Outcomes after EMR

Table 3  Characteristics of patients with recurrent esophageal 
adenocarcinoma

Patient 1 Patient 2

Sex Male Male

Race Caucasian Caucasian

Age at BE diagnosis (years) 63 61

Length of BE (cm) 11 15

Age at EAC diagnosis 63 61

Time from BE to EAC (months) 0.5 0

EAC differentiation Moderate Moderate

EMR specimen margins Positive for 
HGD (lateral)

Positive for 
HGD (lateral)

Lymphovascular invasion No No

Time from EMR to first PET-CT (weeks) 16 64

First PET-CT result Negative Negative
Time from 1st PET-CT to 2nd PET-CT 
(months) 11 13

Second PET-CT result Negative Negative

Age at EAC recurrence (years) 69 67
Time between EMR and EAC 
recurrence(months) 70 71

Original EAC location 34cm 28cm

Recurrent EAC location 34cm 32cm

Oncology evaluation No No
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Figure 1 Cancer-free survival in patients after EMR of T1a esophageal 
adenocarcinoma

their study had radial margins positive for EAC. All of which were 
successfully managed with repeat EMR or RFA during subsequent 
endoscopies[16]. In our study, 25.8% EMR specimens had margins 
positive for EAC and 5 (16.13%) had margins positive for HGD. 
Our study describes favorable outcomes after repeat EMR or RFA 
in patients with positive margins on initial EMR. Repeat endoscopy 
must be performed in all patients with positive margins to evaluate 
for residual nodularity at the EMR site that may require further 
endoscopic therapy.
    EMR has become the preferred method over surgical 
esophagectomy to treat early EAC. However, as always, these 
patients require a multidisciplinary approach with management 
tailored to the individual[17,18]. Outcomes of EMR of early EAC have 
been positive, with very low rates of recurrence[8]. Patients in our 
study had a recurrence rate of 6.45%, with recurrences occurring > 5 
years after the original EAC diagnosis and EMR. 
    Our study is not without limitations. Our study is limited by 
its small sample size which, although only observational, could 
underpower some subset analyses. Our patient population was only 
of one racial background which inhibited subanalyzing the effect 
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T1a adenocarcinoma

Well- or moderate-
differentiation

All Margins
Margins 

positive negative

EGD in 6-8 weeks 
with ablative therapy

Esophageal
adenocarcinoma

Lateral Margins
Positive, Deep

Margins negative

EGD in 6 weeks
(+/- VLE), PET-CT

EGD/VLE/PET-CT
negative

Nodule

EMR

Poor differentiation

LGD/HGD

Deep Margins
Positive, Lateral

Margins +/-

New nodule

PET-CT positive Oncology referral

Consider ESD

T1b adenocarcinoma Surgical referral

Margins negative OR 
positive

EGD in 6-8 weeks 
for ablative therapy

No metastases

Surgical/Oncology 
referral

Repeat EGD 6 weeks 
(+/- VLE), PET-CT

Figure 2 Suggested algorithm for management of Barrett’s esophagus patients with T1a esophageal adenocarcinoma after EMR.

of race on study outcomes. Our study is retrospective. Further 
investigation, through prospective or blinded studies, is needed to 
confirm the validity of our data. 
    Early EAC can be successfully cured with EMR alone. However, 
these patients require continued surveillance of their underlying 
BE. Standardized surveillance and treatment protocols exist for 
dysplastic BE. Much of the current literature does not standardize 
follow up of BE patients with early EAC after EMR. Our study, 
and others similar to it, suggests that these patients would benefit 
from a multidisciplinary approach to their care. Further, larger 
studies are needed to determine if, among numerous other measures, 
standard PET/CT intervals, repeat endoscopy intervals, referral to 
medical oncology and a defined length of follow up would impact 
patient outcomes. We propose a possible algorithm for long term 
management of Barrett’s esophagus patients with T1a esophageal 
adenocarcinoma after successful EMR (Figure 2).
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