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Abstract

Background: Due to the significant morbidity associated with esophagectomy, advanced endoscopic therapies
have been developed for diagnosis and resection of gastroesophageal junctional (GEJ) adenocarcinomas.

Aim: To compare two commonly employed techniques, namely endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD), for efficacy in removing GEJ adenocarcinomas.

Methods: A retrospective review of all adenocarcinomas at the GEJ removed via EMR or ESD over a ten-year
period with coexisting BE (2004-2014) was performed. Thirty-one cases met the study inclusion criteria. All cases
were re-reviewed by a gastrointestinal pathologist, and a chi-square analysis of all variables including tumor stage,
degree of differentiation, depth of invasion, presence of lymphovascular invasion, and margin status was performed
to evaluate for statistically significant differences between EMR and ESD.

Results: ESDs were significantly more likely than EMRs to yield negative margins (64.3% vs. 35.7%; p-
value=0.026). ESDs also produced fewer positive deep margins than EMRs; however, when the deep margin was
analyzed independently, this number did not quite reach statistical significance (30.8% vs. 69.2%; p-value=0.057)

Conclusion: This study demonstrates that ESD is superior to EMR for achieving negative margins in
endoscopically resected adenocarcinomas at the GEJ. ESD also allows for better margin assessment histologically
by the pathologist. Further, we believe that as the number of ESDs performed increases, we will also see that ESD
will be more likely to provide both deep and lateral margin negativity.
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Introduction
Esophageal adenocarcinoma is a disease with significant morbidity

and mortality. Five-year survival is reported to be less than 18% and its
incidence appears to be rapidly increasing in the Western world [1-5].
Historical therapies, including esophagectomy, carry significant
morbidity for patients. Recent advances in endoscopic technology have
allowed for novel minimally invasive therapies to emerge. While
technical expertise and reimbursement issues hinder their expansion
in community practices, they are beginning to gain traction in
academic centers with excellent results. Two of these therapies,
endoscopic mucosal resection (EMR) and endoscopic submucosal
dissection (ESD), have been increasingly employed at our institution
and others for management of early esophageal adenocarcinoma and
Barrett’s esophagus (BE) with high-grade dysplasia [6,7]. The
American College of Gastroenterology (ACG), American

Gastroenterological Association (AGA), American Society for
Gastrointestinal Endoscopy (ASGE), and the British Society of
Gastroenterology (BSGE) all recommend endoscopic therapies for
high-grade dysplasia or mucosal irregularities in an attempt to spare
patients the morbidity of esophagectomy [8-11]. Outcomes
experienced with endoscopic therapy at this point appear to be
comparable to surgery in the medium term [12-14].

EMR involves injecting fluid into the submucosa of the target lesion,
which upon lifting, may be removed via cap and snare or cap and
ligation techniques. The size of the resected specimen is limited by the
size of the cap and typically lesions greater than 15 millimeters can
only be removed by EMR in piecemeal fashion. On the other hand,
ESD allows for resection of the target lesion en-block regardless of its
size. As such, ESD allows for better microscopic evaluation of the
lateral margin and for completeness of the resection which cannot be
achieved with piecemeal EMR (Figures 1 and 2).
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Figure 1: Curled fragments from an endoscopic mucosal resection
(EMR).

Figure 2: Tissue from an endoscopic submucosal dissection (ESD) is
flat and retains its in-situ architecture allowing for better evaluation
by the pathologist.

Nevertheless, most gastroenterological experts believe that EMR
and ESD are relatively equivalent therapies, with EMR generally being
the preferred technique as it takes less time and is easier to perform
[15]. Endoscopic therapies are increasingly being employed for
definitive treatment of esophageal dysplasia as evidenced by the AGA
recommendations: “The goal of endoscopic eradication therapy is the
elimination of all Barrett’s epithelium to prevent neoplastic
progression. Complete eradication appears to be more effective than
therapy that removes only a localized area of dysplasia in Barrett’s
epithelium” [16]. Endoscopists, however, are not only using these
techniques to remove Barrett’s-related dysplasia, but also to spare
patients an esophagectomy for esophageal adenocarcinoma. The aim of
this study was to determine if there were any differences between EMR

and ESD with regard to margin status in the treatment of early
esophageal adenocarcinoma.

Methods
The study was approved by the University of Florida Institutional

Review Board (IRB). We performed a retrospective review by
searching our pathology database (PowerPath v 9.5, Sunquest
Information Systems, Tucson, AZ) for all adenocarcinomas of the
gastroesophageal junction (GEJ) removed via EMR or ESD over a ten-
year period with coexisting BE (2004-2014). Thirty-four cases were
initially identified. Three cases were excluded from the study as the
material was no longer available. This left us with thirty-one cases
available for study (18 EMR and 13 ESD). All cases were re-reviewed
by a gastrointestinal pathologist, and the parameters recorded were
patient age, diagnosis, margin status (including both lateral and deep
margins), depth of invasion (tumor stage), and degree of
differentiation. Margins were defined as positive if tumor extended to
an inked surface. A chi-square analysis of all variables including tumor
stage, degree of differentiation, depth of invasion, presence of
lymphovascular invasion, and margin status was performed to evaluate
for statistically significant differences between EMR and ESD.

Results
The study included 24 men and 7 women with an average patient

age of 66 years. When compared head to head, ESDs were significantly
more likely than EMRs to produce negative margins and complete
tumor resection (64.3% vs. 35.7%; p-value=0.026). ESDs also yielded
fewer positive deep margins than EMRs; however, when the deep
margin was analyzed independently, this number did not quite reach
statistical significance (30.8% vs. 69.2%; p-value=0.057). There were no
statistically significant differences between EMR and ESD with respect
to tumor differentiation, depth of invasion (stage), or presence of
lymphovascular invasion. Tumor stage and depth of invasion also
correlated with positive margin status (pT1a (23.1%), pT1b (75%), pT2
(100%); p-value=0.006). Only 25% of the cases with submucosal
invasion, and no poorly-differentiated cases, yielded negative margins
(Tables 1 and 2).

  Procedure  

Variable Level EMR ESD Exact Chi-
square test

 Margins (All)

Negative 5 (35.7%) 9
(64.3%) 0.026

Lateral Positive 4
(100.0%) 0 (0.0%)  

Deep Positive 1 (33.3%) 2
(66.7%)  

Lateral and Deep
Positive 8 (80.0%) 2

(20.0%)  

 Margins
(Deep)

Negative 5 (35.7%) 9
(64.3%) 0.057

Deep Margin Positive 9 (69.2%) 4
(30.8%)  

 Differentiation Well 2 (40.0%) 3
(60.0%) 0.857
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Moderately 13
(61.9%)

8
(38.1%)  

Poorly 3 (60.0%) 2
(40.0%)  

Depth of
Invasion

LP/MM 6 (46.2%) 7
(53.8%) 0.635

SM 11
(68.7%)

5
(31.3%)  

MP 1 (50.0%) 1
(50.0%)  

 Stage

pT1a 6 (46.2%) 7
(53.8%) 0.635

pT1b 11
(68.7%)

5
(31.3%)  

pT2 1 (50.0%) 1
(50.0%)  

 LVI

No 15
(65.2%)

8
(34.8%) 0.228

Yes 3 (37.5%) 5
(62.5%)  

Table 1: Comparison between EMR and ESD with respect to
histopathologic variables.

Variable Level Negative
Margins

Positive
Margins

Exact Chi-
square Test

 Differentiation

Well 4 (80.0%) 1 (20.0%) 0.05

Moderately 10 (47.6%) 11 (52.4%)  

Poorly 0 (0.0%) 5 (100.0%)  

 Depth of
Invasion

LP/MM 10 (76.9%) 3 (23.1%) 0.006

SM 4 (25.0%) 12 (75.0%)  

MP 0 (0.0%) 2 (100.0%)  

 Stage

pT1a 10 (76.9%) 3 (23.1%) 0.006

pT1b 4 (25.0%) 12 (75.0%)  

pT2 0 (0.0%) 2 (100.0%)  

 LVI
No 12 (52.2%) 11 (47.8%) 0.24

Yes 2 (25.0%) 6 (75.0%)  

Table 2: Correlation between margin status and histopathologic
variables.

Discussion
Esophageal adenocarcinoma is an aggressive malignancy with high

morbidity and mortality. Historically, treatment often consisted of
esophagectomy, which itself carries significant morbidity. Given the
high rate of progression to adenocarcinoma in BE with high-grade
dysplasia (6% per 100 person years of follow up), better screening and
prevention tools have been sought for quite some time [16].

The advancement of endoscopic technology in recent years has
enabled endoscopists to expand their scope of practice and provide
patients with increasingly less invasive procedures for both diagnosis
and therapy. EMR and ESD are two such procedures that have been
developed as minimally invasive treatment approaches. EMR is
performed by endoscopically injecting fluid underneath a lesion
causing it to lift, and then employing suction or a snare device to excise
the tissue of interest, often in piecemeal fashion. ESD is similar, except
that incisional cuts are made surrounding a lesion, and then another
blade is used to dissect underneath the lesion. ESD is designed to reach
the submucosa, and occasionally excises to the inner circular layer of
muscularis propria. As a result, it is more technically challenging and
takes longer to perform [17]. The ACG, AGA, ASGE, and BSGE
recommend endoscopic resection for BE with high-grade dysplasia
and/or mucosal irregularities. Often, adenocarcinoma is discovered
within these mucosal irregularities. Ideally, these endoscopic
techniques should not only serve as diagnostic procedures, but
therapeutic as well, yielding negative margins for any adenocarcinoma
discovered, and potentially sparing the patient the morbidity and cost
associated with radiation therapy and/or esophagectomy.

In a study of 26 esophageal adenocarcinomas resected
endoscopically, Dolak-Werner et al. achieved negative margins in 64%
of their cases with muscularis mucosae infiltration, but did not achieve
negative margins in any case with deep submucosal extension [2].
Their study, however, did not differentiate between procedure types
(EMR versus ESD) or lateral and deep margins. In a meta-analysis
performed by Park et al. [18] of all esophagogastric junctional (EGJ)
adenocarcinomas resected endoscopically via ESD from January 1990-
March 2014, they found a complete resection rate of 87% for early-
stage EGJ adenocarcinomas resected using ESD in six studies which
met their inclusion criteria.

Similar to the meta-analysis by Park et al., our data suggests that
ESD is superior to EMR for achieving negative margins in GEJ
adenocarcinomas resected endoscopically. Only 30.8% of the ESDs in
our study had margins positive for tumor, while 72.2% of the EMRs
had positive margins (p=0.03). Endoscopic margins are often discussed
in terms of “en bloc resection” and “complete resection.” En bloc
resection means that the lateral margins are free of the lesion.
Complete resection means that both the deep and lateral margins are
free of the lesion. In our study, we simply defined our cases as having
either positive or negative margins, designating deep and lateral.

In addition to ESDs being more likely to yield negative margins than
EMRs, they also allow the pathologist to reach a better margin
assessment histologically. Tissue removed via the EMR technique tends
to curl at the edges, which makes it difficult to determine where the
lateral margin ends and the deep margin begins. This situation
becomes particularly problematic in cases where tumor is present
within the tissue curl itself. Tissue removed via ESD largely retains its
in-situ architecture and allows for better orientation of the muscularis
mucosae in order to facilitate the crucial distinction between
intramucosal (T1a) and submucosal (T1b) cancer and for determining
whether a positive margin is lateral or deep. The striking difference
between the anatomically correct orientation achieved with ESD and
the curling with disrupted orientation via EMR is illustrated (Figures 3
and 4).
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Figure 3: A histologic section from an EMR demonstrates curling at
the edges (arrow) which makes interpretation difficult (6x).

Figure 4: A histologic section from an ESD shows the retained in-
situ linear orientation which allows for better evaluation of the
lateral and deep margins (4x).

We also believe that as the number of ESDs performed increases, we
will see that ESD will be more likely to yield both lateral and deep
margin negativity. When we examined the deep margin independently,
only 30.8% of ESDs had positive deep margins, compared to 69.2% of
EMRs. Unfortunately, these numbers did not quite reach statistical
significance (p=0.0569), likely due to a lack of power at the time of the
study, as only 13 ESDs had been performed that could be included.
Another potential limitation of our study includes possible selection
bias in deciding which procedure to employ. The greater the area of
mucosal irregularity seen endoscopically, the more likely ESD is to be
performed. That being said, there were no statistically significant
differences between EMR and ESD in our series with respect to tumor
differentiation, depth of invasion (stage), or presence of
lymphovascular invasion, suggesting that there was no real bias
between the techniques with regard to tumor characteristics (Figure 5).

Figure 5: Smoothelin immunohistochemistry further displays the
linear orientation achieved by ESD (4x).

In all, our study demonstrates that ESD is superior to EMR for
achieving negative margins in endoscopically resected
adenocarcinomas at the GEJ. Additional studies including prospective
randomized trials will be helpful in further evaluating these two
procedures for efficacy and clinical utility.
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