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ORIGINAL ARTICLE: Clinical Endoscopy

Endotherapy for superficial adenocarcinoma of the esophagus: an
American experience

Shreyas Saligram, MD, MRCP,1 Jennifer Chennat, MD,1 Huankai Hu, MD,2 Jon M. Davison, MD,2

Kenneth E. Fasanella, MD,1 Kevin McGrath, MD1

Pittsburgh, Pennsylvania, USA

Background: EMR and ablation are increasingly being used alone or in combination for treatment of Barrett’s
neoplasia. Given a very low rate of lymph node metastasis, endotherapy has become an accepted treatment
option for T1a esophageal adenocarcinoma (EAC) with low-risk features.

Objective: To report our experience of endoscopic management of T1a EAC in a large, tertiary-care center.

Design: Retrospective review.

Setting: Tertiary-care referral center.

Patients: Patients treated endoscopically for low-risk T1a EAC at our center.

Intervention: EMR and endoscopic ablation.

Main Outcome Measurements: Death related to esophageal cancer, remission of adenocarcinoma, dysplasia,
and intestinal metaplasia.

Results: A total of 54 patients underwent endotherapy for low-risk T1a EAC from 2006 to 2012. Mean (� SD)
follow-up was 23 (� 16) months, mean (� SD) size of resected adenocarcinoma was 7.1 (� 4.3) mm, and mean
(� SD) Barrett’s esophagus length was 4.5 (� 3.9) cm. Band-assisted, cap-assisted, and lift and cut EMR were
performed in 85%, 11%, and 4% of patients, respectively; 81% underwent additional ablative therapy (radiofre-
quency ablation 95%, cryotherapy 9%, photodynamic therapy 2%). Complete remission from cancer was
achieved in 96%, complete remission from dysplasia in 87%, and complete remission from intestinal metaplasia
in 59%. The overall survival was 89%; there were no deaths related to esophageal cancer.

Limitations: Retrospective study.

Conclusion: Endotherapy for T1a EAC was safe and effective in our American cohort. Endotherapy should be considered
primary therapy for appropriate patients with low-risk lesions. Complete Barrett’s esophagus eradication after EMR is
important to reduce the development of metachronous lesions. (Gastrointest Endosc 2013;77:872-6.)
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The incidence of esophageal adenocarcinoma (EAC)
has increased 6-fold in the last 3 decades.1,2 It is the fastest
rising cancer rate in the United States. Because it com-
monly presents as advanced disease, it has a poor prog-
nosis, with a 5-year survival rate of 19% despite treat-
ment.3 Early detection and treatment are critical to

Abbreviations: BE, Barrett’s esophagus; EAC, esophageal adenocarci-
noma; LNM, lymph node metastasis; PET, positron emission tomography.
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mproving outcomes and survival. Preoperative chemo-
adiation is the favored approach for resectable stage II
nd/or III disease.4 Esophagectomy alone has been the
ecommended treatment for T1N0 EAC; however,
sophagectomy has significant morbidity (30%-40%)
nd mortality (0%-4%).5-9

opyright © 2013 by the American Society for Gastrointestinal Endoscopy
016-5107/$36.00
ttp://dx.doi.org/10.1016/j.gie.2013.01.014

eceived November 12, 2012. Accepted January 3, 2013.

urrent affiliations: Department of Medicine (1), Department of Pathology
2), University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA.

eprint requests: Kevin McGrath, MD, UPMC Presbyterian, M2, C-Wing, 200
othrop Street, Pittsburgh, PA 15213.

f you would like to chat with an author of this article, you may contact Dr

cGrath at mcgrathkm@upmc.edu.

www.giejournal.org

http://dx.doi.org/10.1016/j.gie.2013.01.014
mailto:mcgrathkm@upmc.edu


d

b
c
t
(
r
c

t
p
e
s
fi
t
n
w
e
m
y

e
c
t
w
M
r
a
w
P

R

E
t
p
e
3
(
(
l
r
p
c
m

r
c
I
E
a

Saligram et al Endotherapy for superficial esophageal cancer
Barrett’s esophagus (BE) increases the risk of adeno-
carcinoma 30 to 40 times, with a 0.1% to 0.5% risk per
year.10-14 Endoscopic surveillance of BE has led to early
etection of dysplasia and superficial cancer.15,16 Endo-

scopic ablation of high-grade dysplasia can decrease the
rate of EAC.17,18 In recent years, there has been a growing
ody of literature from European centers supporting ex-
ellent safety and patient outcomes for primary endo-
herapy for early Barrett’s neoplasia. EMR for low-risk T1a
mucosal-based) EAC can be curative, and ablation of the
emaining Barrett’s epithelium decreases the risk of meta-
hronous neoplasia.19,20 To date, the literature reporting

patient numbers and outcomes of primary endotherapy
for the treatment of T1a EAC in America lags in compari-
son with the European experience.

Our BE treatment center has seen an increase in refer-
rals for management of high-grade dysplasia and superfi-
cial cancer that parallels the increasing rate of EAC. We
therefore sought to review our experience of primary
endotherapy for low-risk, superficial adenocarcinoma of
the esophagus.

METHODS

A retrospective review was performed to identify pa-
tients with T1a EAC treated by our BE treatment center
over a 6-year period (August 2006-December 2012). Med-
ical records were reviewed to collect pertinent information
to include demographics, endoscopic findings, pathology
results, adverse events, and patient follow-up. Inclusion
criteria were the presence of a low-risk T1a EAC (as de-
fined in the following) and a minimum 3-month endo-
scopic follow-up. This study was approved by our hospi-
tal’s Institutional Review Board.

All patients underwent diagnostic and/or staging EMR
of visible nodular or polypoid lesions under monitored
anesthesia care by using a lift and cut, cap-assisted (EMR
kit; Olympus America, Inc, Center Valley, Pa), or band-
assisted technique (Duette multi-band mucosectomy de-
vice; Cook Ireland, Limerick, Ireland). EUS was performed
at the index examination if the patient had a known
diagnosis of adenocarcinoma. Index EUS was performed
at the discretion of the endoscopist if the referral diagnosis
was high-grade dysplasia. All EMR specimens were pinned
on cork for proper orientation and were evaluated by an
expert GI pathologist. Low-risk histologic features were
defined as well-to-moderate tumor differentiation and ab-
sence of angiolymphatic and submucosal invasion.

Patients underwent initial and annual CT scans or pos-
itron emission tomography CT (PET-CT) scans. For those
with remnant BE, large-capacity biopsy specimens were
taken every 1 cm through the BE field for mapping pur-
poses during the index EMR or at the first endoscopic
follow-up 6 to 12 weeks after EMR. Ablative therapy with
porfimer sodium photodynamic therapy (Photofrin; Axcan

Pharma, Mont-Saint-Hilaire, Quebec, Canada), liquid ni- q
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rogen spray cryotherapy, or radiofrequency ablation was
erformed every 6 to 12 weeks at the discretion of the
ndoscopist, as previously reported.18,21,22 Additionally,
urveillance EUS was performed every 3 months for the
rst year, every 6 months for the second year, and yearly
hereafter. Complete response, defined as all biopsies
egative for cancer, dysplasia, and intestinal metaplasia,
as assessed via 4-quadrant biopsy specimens taken
very 1 cm through the original BE segment every 3
onths for the first year, every 6 months for the second
ear, then yearly after BE eradication.

The primary outcome measure was death related to
sophageal cancer. Secondary outcome measures in-
luded remission of adenocarcinoma, dysplasia, and intes-
inal metaplasia. All 3 subgroups of complete response
ere calculated by using an intention-to-treat analysis.
ean and standard deviation (SD) were used to summa-

ize approximately normally distributed continuous vari-
bles, and median and range or interquartile range (IQR)
ere reported for variables with skewed distributions.
ercentages were reported for categorical variables.

ESULTS

A total of 67 patients were diagnosed with T1a EAC via
MR during the study period; 8 were excluded because of
he presence of high-risk pathologic features (angiolym-
hatic invasion, poor tumor differentiation), and 5 were
xcluded because they had yet to meet the minimum
-month follow-up period. The endotherapy cohort
Table 1) consisted of 54 patients (83% male) with a mean
� SD) age of 68 (� 12.2) years. The mean (� SD) BE
ength was 4.5 (� 3.9 cm); the mean (� SD) size of the
esected adenocarcinoma was 7.1 (� 4.3 mm). Eleven
atients (20%) had multifocal cancer present; in these
ases, the largest focus of cancer (mm) was used in the
ean size calculation.
The EMR techniques (Table 2) included band-assisted

esection in 46 (85%, median 1.5 resections, IQR 1-2),
ap-assisted resection in 6 (11%, median 1.5 resections,
QR 1-3), and lift and cut resection in 2 patients (4%).
ighty-one percent of patients to date have undergone
blative therapy of remnant Barrett’s epithelium. Radiofre-

Take-home Message

● The risk of lymph node metastasis in low-risk mucosal
adenocarcinoma of the esophagus is minimal. Primary
endotherapy for such lesions is appropriate, safe, and
efficacious, and our study results parallel those of the
larger European experience.

● Complete Barrett’s esophagus eradication is recommended
to decrease the risk of recurrent neoplasia.
uency ablation was performed in 95%, spray cryotherapy
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Endotherapy for superficial esophageal cancer Saligram et al
in 9%, and photodynamic therapy in 2%. The overall
adverse event rate for endotherapy was 17% (9/54). There
was one episode of acute bleeding requiring 23-hour ad-
mission for observation after EMR; no transfusion was
necessary. Two patients were admitted with delayed
bleeding (after 48 hours), for which 1 required endoscopic
therapy. Six patients developed symptomatic strictures re-
quiring dilation (median 2, range 1-5 dilations). There
were no perforations as a result of EMR, ablation, or
dilation.

The mean (� SD) follow-up duration was 23 (� 16
onths) (Table 3). The remission of adenocarcinoma was

6% (52/54); 1 patient has persistent intramucosal carci-
oma, and another patient developed a metachronous
ancer 19 months after EMR. The former patient is under-
oing spray cryotherapy for continued treatment. The lat-
er patient underwent EMR, which revealed a superficial
1b lesion (1 neoplastic gland invading the superficial
ubmucosa) with angiolymphatic invasion (tumor cells
ithin one lymphatic channel). This patient underwent
sophagectomy; there was no remaining cancer in the
sophagus and all lymph nodes were negative for

TABLE 1. Patient and tumor characteristics (n � 54)

Sex, % male 83

Age, mean (SD), y 68 (� 12.1)

BE length, mean (SD) (range), cm 4.5 (� 3.9) (1-16)

Tumor size, mean (SD) (range), mm 7.1 (� 4.3) (1-19)

SD, Standard deviation; BE, Barrett’s esophagus.

TABLE 2. Treatment and ablation

EMR technique (n � 54)

Band-assisted (median no.
resections, IQR), no.

46 (1.5, 1-2)

Cap-assisted (median no. resections,
IQR), no.

6 (1.5, 1-3)

Lift and cut, no. 2

Ablation technique (n � 44)

Radiofrequency ablation (median no.
treatments, range), no.

42 (2, 1-6)

Cryotherapy (median no. treatments,
range), no.

4 (4.5, 2-8)

Photodynamic therapy (no.
treatments), no.

1 (1)

Adverse event rate (%) 17

IQR, Interquartile range.
etastases. w
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The complete response for dysplasia is 87% (47/54).
atients with persistent dysplasia are still undergoing ab-
ation. The complete response for intestinal metaplasia is
9%. The overall survival is 89%; there were no deaths
elated to EAC. Additionally, no patient has developed
ymph node metastasis (LNM) by EUS surveillance and/or
ET-CT.

ISCUSSION

Endoscopic therapy is currently an accepted treatment
ption for low-risk T1a adenocarcinomas of the esopha-
us. The absence of angiolymphatic invasion, submucosal
nvasion, and poor differentiation define a low-risk lesion.
xtensive experience from Germany with mature data
upport endotherapy in this regard. None of 231 patients
ith T1a EAC developed LNM or died of esophageal
ancer. The median follow-up in this study was 61
onths, and the overall survival was no different when

ompared with the average German population when
atched for age and sex.20 It became apparent that abla-

ion of the remaining Barrett’s epithelium was necessary to
ecrease the rate of metachronous lesions. Pech et al20

eported a metachronous neoplasia rate of 21% without
niform ablation of the remaining BE segment. Granted,
he majority of metachronous lesions were managed en-
oscopically. More recent data support EMR followed by
adiofrequency ablation for complete BE eradication, as
pposed to stepwise radical endoscopic resection, which
as a very high stricture rate (37%-88%).23-28

The obvious concern regarding endotherapy for a T1a
esion is the metastatic risk. As mentioned earlier, no
atient in the large German experience (231 patients)
eveloped LNM. In the 8 largest single-center surgical
eries of superficial esophageal cancer, 8 of 317 patients
2.5%) with T1a cancer had LNM on surgical pathology, as
pposed to a LNM rate of 12% to 37% for T1b lesions.5-

,29-33 The largest single-center series reported 1 of 75 T1a
atients (1.3%) with LNM; this patient had a 2.2-cm lesion

TABLE 3. Remission rates and survival

Follow-up, mean (SD) (range), mo 23 (� 16) (3-72)

CR-CA (%) 96

CR-D (%) 87

CR-IM (%) 59

Overall survival (%) 89

Disease-free survival (%) 98

SD, Standard deviation; CR-CA, complete response for cancer; CR-D,
complete response for dysplasia; CR-IM, complete response for
intestinal metaplasia.
ith angiolymphatic invasion and poor differentiation.33

www.giejournal.org
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Saligram et al Endotherapy for superficial esophageal cancer
This would not be a lesion considered appropriate for
definitive endotherapy. Of the 7 other patients in these
surgical series with LNM, there are no further pathologic
characteristics reported, thus it is unknown whether they
also had high-risk lesions. If we accept a 2.5% metastatic
risk, this is not significantly different from the surgical
mortality rate.5-9 However, we believe that surgical series

ay over estimate the true metastatic risk for a patholog-
cally confirmed T1a EAC, particularly if high-risk lesions
re included. The risk of nodal metastasis is acceptably
mall for endoscopically resectable lesions in the context
f the available therapeutic options, given the endoscopic
xperience reported to date.

Endotherapy for T1a EAC requires dedicated and expe-
ienced therapeutic endoscopists and expert pathologists.
t our institution, we have developed a synoptic report for
uperficial cancer in EMR specimens, to include tumor
ize, grade, deep and/or lateral margin assessment, and
he presence of angiolymphatic invasion to ensure identi-
cation of high-risk cancers. We also meet with our pa-
hologists weekly to review our EMR specimens, which we
eel is an important aspect to guide appropriate decision
aking in regard to patient care. Vigilant endoscopic sur-

eillance is also paramount, to assess for recurrence or
evelopment of a metachronous lesion after EMR and
blation. Although we use surveillance EUS and annual
ET-CT scans, we question the utility of these. In our
xperience, we have yet to detect a LNM during surveil-
ance, similar to the German experience. Additionally, a
revious surgical study concluded that PET-CT scanning
as not indicated in staging superficial esophageal cancer,
ecause it had a 0% sensitivity and positive predictive
alue for N1 status.34

Multifocal T1a EAC requires meticulous endoscopic
follow-up. This can be a risk factor for recurrence.20 How-
ver, the magnitude of this risk is unknown in the era of
omplete BE eradication after EMR. In the case of multiple
ucosal resections, it is also very difficult to tell whether

he lesion is truly multifocal when piecemeal resection is
erformed. We consider multifocal EAC a higher risk sit-
ation but not a contraindication to endotherapy. In these
ases, we recommend extra vigilance in BE eradication
nd endoscopic follow-up. The presence of a multifocal
esion does make it more difficult to assess the overall size
f the adenocarcinoma. In our study, we opted to use the
argest adenocarcinoma focus as measured on histology to
efine the size of the lesion, likely underestimating the
rue size. Nevertheless, the size of the lesion was not used
s a contraindication to endotherapy in our cohort.
reater tumor size has been reported to be a risk factor for

ymph node metastases in some studies.33

Our rate of remission of adenocarcinoma (96%) is sim-
ilar to that of other studies.19,20,35 Our one patient who
developed a metachronous lesion had a multifocal T1a
lesion, with multifocal dysplasia throughout a 7-cm BE

segment. Acid reflux control was inadequate despite high- t

www.giejournal.org V
ose acid suppression regimens and even a repeat Nissen
undoplication. The patient persisted with small BE islands
nd erosive esophagitis despite ablative therapy. We be-
ieve the inability to accomplish complete BE eradication
ecause of inadequate reflux control was the risk factor for
he patient’s metachronous lesion. Our other patient who
ersists with focal intramucosal adenocarcinoma has a
ecalcitrant esophageal stricture that prevents ideal endo-
herapy. This patient has been deemed a high-risk surgical
andidate because of his previous esophageal perforation
nd recently diagnosed recurrent head and neck cancer.

Our complete response for dysplasia of 87% is reflective
n the fact that several patients with dysplasia are still
ndergoing active ablation. With continued therapy, the
omplete response for dysplasia is likely to increase. Our
omplete response for intestinal metaplasia of 59% is not
ignificantly different from other single-center experi-
nces.25 As mentioned earlier, many patients are still un-
ergoing ablation, which will translate to a higher com-
lete response for intestinal metaplasia with continued
ollow-up. Our primary endpoint in this study was not
omplete intestinal metaplasia ablation, and 3 patients at
xtremes of age or comorbidity did not undergo ablation
fter EMR. However, these patients were included in the
ntention-to-treat analysis, reflecting real-life practice as
pposed to protocol.
This is a large, American, single-institution experience

f endotherapy for T1a EAC. Our experience, backed by
xisting literature, shows that endotherapy is safe and
ffective for low-risk mucosal EAC. The adverse event rate
f endotherapy (0%-17%) is far lower than the 20% to 40%
orbidity rate of esophagectomy.5-9,36 The true LNM rate

or low-risk T1a EAC is likely to be less than the surgical
ortality of esophagectomy in an experienced center. The

argest American experience of endotherapy for T1a EAC
132 patients) reported excellent results with longer
ollow-up (43 months), with no difference in overall sur-
ival as compared with a surgical cohort. However, remis-
ion of dysplasia and intestinal metaplasia was not re-
orted. Photodynamic therapy was used in this study in
ombination with EMR. There was a 12% recurrent cancer
ate in the endotherapy group; one case was managed by
epeat endotherapy. The authors of this study concluded
hat endotherapy was a reasonable alternative to esopha-
ectomy, and overall survival was similar.35 Diligent en-
oscopic follow-up is important, because recurrent EAC is
ndoscopically treatable. These findings were reinforced
y two recent studies comparing endotherapy to surgical
esection for T1a EAC. There was no difference in overall
urvival; disease-free follow-up was lower in the endo-
herapy group (91% vs 100%, not significant), which is not
nexpected, and recurrences still can be managed endo-
copically. The major difference was the morbidity rate of
% for endotherapy versus 32% to 39% for the esophagec-

omy cohorts.8,9
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There are several limitations to our study. First, this is a
retrospective study from a single, tertiary-care center. Sec-
ond, our mean follow-up is only 23 months; however, this
short time frame is because of the increasing rate of refer-
rals for early Barrett’s neoplasia in our center. Third, a
standardized endoscopic classification system to describe
the resected lesions was lacking in this study.

Given the existing literature, which parallels our experi-
ence, endotherapy for low-risk T1a EAC is safe and effective
and should be considered the treatment of choice. Decisions
regarding higher risk situations (multifocality, difficult anat-
omy) require individualized management. Complete BE
eradication after EMR is important to reduce recurrences; we
favor EMR followed by radiofrequency ablation, given the
safety, efficacy, and lower risk profile of this hybrid ap-
proach. Endotherapy for low-risk T1a EAC requires dedi-
cated endoscopic follow-up. The role of surveillance EUS
and imaging remains to be defined.
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