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ndoscopic and Surgical Treatment of Mucosal (T1a) Esophageal
denocarcinoma in Barrett’s Esophagus
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ACKGROUND & AIMS: Endoscopic therapy is emerg-
ng as an alternative to surgical therapy in patients with

ucosal (T1a) esophageal adenocarcinoma (EAC) given
he low likelihood of lymph node metastases. Long-term
utcomes of patients treated endoscopically and surgi-
ally for mucosal EAC are unknown. We compared long-
erm outcomes of patients with mucosal EAC treated
ndoscopically and surgically. METHODS: Patients
reated for mucosal EAC between 1998 and 2007 were
ncluded. Patients were divided into an endoscopically
reated group (ENDO group) and a surgically treated
roup (SURG group). Vital status information was
ueried using an institutionally approved internet re-
earch and location service. Statistical analysis was
erformed using Kaplan–Meier curves and Cox propor-
ional hazard ratios. RESULTS: A total of 178 patients
ere included, of whom 132 (74%) were in the ENDO
roup and 46 (26%) were in the SURG group. The
ean follow-up period was 64 months (standard error

f the mean, 4.8 mo) in the SURG group and 43
onths (standard error of the mean, 2.8 mo) in the

NDO group. Cumulative mortality in the ENDO
roup (17%) was comparable with the SURG group
20%) (P � .75). Overall survival also was comparable
sing the Kaplan–Meier method. Treatment modality
as not a significant predictor of survival on multiva-

iable analysis. Recurrent carcinoma was detected in
2% of patients in the ENDO group, all successfully re-
reated without impact on overall survival. CONCLU-
IONS: Overall survival in patients with mucosal EAC
hen treated endoscopically appears to be comparable
ith that of patients treated surgically. Recurrent carci-
oma occurs in a limited proportion of patients, but
an be managed endoscopically.

he incidence of esophageal adenocarcinoma (EAC)
continues to increase faster than any other malig-
ancy in the United States, with adenocarcinoma being
ore common than squamous cell carcinoma in the
nited States.1 Barrett’s esophagus (BE) is a strong risk

actor for the development of esophageal adenocarci-
oma. Overall survival after the diagnosis of EAC re-
ains poor (�20% at 5 years).2 Esophagectomy has been

he mainstay of treatment for EAC with the addition of
hemoradiotherapy (predominantly preoperatively), add-
ng a modest survival benefit in some studies.3

Although esophagectomy remains the conventional
reatment for EAC, it is associated with significant mor-
ality and morbidity, with estimates of mortality varying
rom 1% to 2% at high-volume centers to 5% to 10% at
ower-volume centers,4 and morbidity rates varying from
0% to 50%.5 Lymph node metastases in EAC have been
orrelated with the depth of tumor invasion in studies:
ith mucosally confined EAC being associated with a low

0%–2%) rate of metastatic lymphadenopathy.6 This low
ate of metastases has provided a rationale for the endo-
copic treatment of mucosal (T1a) adenocarcinoma for
urative intent using only endoscopic mucosal resection
EMR) alone or in combination with other mucosal ab-
ation techniques such as photodynamic therapy (PDT).
nitial studies reporting results on outcomes after endo-
copic therapy for mucosal EAC appear promising.6 –11

However, currently available studies of outcomes after
ndoscopic therapy have been limited by small numbers,
elatively short duration of follow-up evaluation, use of
utcomes such as short-term rates of remission, and the
bsence of an appropriate comparison group such as
atients treated with esophagectomy.12 Although the

deal design would be a randomized controlled trial to
ompare outcomes between these 2 treatment modalities,
his would be difficult to achieve given the small number
f cases of mucosal EAC, which would make recruitment

Abbreviations used in this paper: BE, Barrett’s esophagus; EAC,
sophageal adenocarcinoma; EMR, endoscopic mucosal resection;
NDO, endoscopically treated group; HGD, high-grade dysplasia; IQR,

nterquartile range; PDT, photodynamic therapy; SURG, surgically
reated group.

© 2009 by the AGA Institute
0016-5085/09/$36.00
doi:10.1053/j.gastro.2009.05.059
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imes prohibitively long, the large sample size that would
e needed to compare overall or cancer-related mortality
etween the 2 groups, and the difficulty in randomizing
atients to these 2 radically different treatment ap-
roaches. In addition, recurrence of neoplasia after initial
emission remains poorly defined in terms of time course
nd possible clinical and biologic predictors.

We aimed to compare overall and cancer-free survival
f 2 cohorts of patients with early EAC: those treated
ndoscopically and those treated with conventional
sophagectomy over the previous decade. In addition, we
lso aimed to define the rates and clinical predictors of
ecurrent EAC after initial remission in the cohort of
atients treated endoscopically.

Methods
Study Design
This was a retrospective cohort study. Patients

ere either referred for endoscopic treatment of mucosal
AC to the Barrett’s Esophagus Unit by physicians or
ere under surveillance for high-grade dysplasia (HGD)

n the BE Unit. All patients seen in the BE Unit for
ndoscopic therapy had received consultation either with
horacic surgeons at the Mayo Clinic or at their local
ospitals. Patients referred for esophagectomy usually
ere referred directly by their physicians or were elected

o undergo surgery after initial evaluation at the BE Unit.

Endoscopically Treated Cohort
Data from a prospectively maintained database

ere obtained on consecutive patients with BE and mu-
osal EAC who were treated endoscopically between 1998
nd 2007 at the BE Unit at the Mayo Clinic (Rochester,
N). Patients with evidence of submucosally invasive

arcinoma on pretreatment histopathology (typically
rom EMR specimens on initial evaluation) were ex-
luded (n � 30). All patients underwent 4-quadrant bi-
psies for every centimeter of the visible BE segment.
aseline assessments also included endoscopic ultra-
ound and EMR for any mucosal abnormalities. Com-
uterized tomography scans of the chest and upper ab-
omen were obtained in all patients as well as positron
mission tomography scans to exclude distant metastatic
isease (this was performed since 2003). PDT was delayed
minimum of 4 weeks if an EMR was performed to allow
ealing of the EMR site(s).

EMR. EMR was performed as previously described.13

he initial technique was a variceal ligation method in
hich a Bard Six-Shooter (Bard Interventional Products,
illerica, MA) and suction were used to retract the lesion
f interest and had a band placed over it to create a
seudopolyp, which then was resected. Beginning in
pril 2000, EMR was performed using a commercially
vailable EMR cap (EMR-001; Olympus America Inc,

enter Valley, PA). Lesions were lifted using submucosal c
njection with 4 to 10 mL of 1:200,000 strength saline
pinephrine solution. Mucosal resection was performed
y suctioning the lesion into the cap after positioning of
crescent snare. The snare then was closed with applica-

ion of cautery current (energy setting of 16 W blend 2
sing a Meditron unit [Meditron Devices Inc, Hacken-
ack, NJ]) removing the tissue. Since 2004, EMR also was
erformed using the Duette multiband mucosectomy
evice (Cook Ireland, Limerick, Ireland), using previously
escribed techniques.14 Submucosal injection was used in
he same manner as described earlier, as well as the same
nergy settings with resection being performed using a
exagonal snare, which is part of the kit. Patients with
maller lesions likely to be removed by a single resection
ypically underwent EMR using the Olympus EMR cap,
hereas those with larger lesions underwent EMR using

he Duette device (which allows multiple resections in a
ingle intubation) in an effort to obtain clean margins.

Ablative therapy. PDT was administered as pre-
iously described15 after the achievement of histologic
emission (defined as the absence of carcinoma on his-
ology from 2 consecutive surveillance endoscopies). In
rief, porfimer sodium (Photofrin; Axcan Pharma, Mont-
aint-Hilaire, Quebec, Canada) at a dose of 2 mg/kg, was
dministered intravenously 48 hours before photoradia-
ion. Photoradiation was performed using a bare cylin-
ric diffusing fiber. The cylindric diffusing fibers were
ither 2.5- or 5.0-cm long fibers (Fibers Direct, Andover,

A). The cylindric diffusing fiber was passed through the
ccessory channel of the endoscope and placed in the
enter of the esophageal lumen. The light was delivered
rom a laser (Lambda Plus; Coherent, Palo Alto, CA; or
iomed; Diomed Inc, Andover, MA) producing 630 nm

f light with an adjusted power output of 400 mW/cm
ber, delivering a total energy of 200 J/cm fiber energy to
he mucosa. PDT was performed more frequently after
esection of carcinoma and achieving remission during
he initial phase of the study (1998 –2003). Patients who
ad mucosal carcinoma diagnosed on mucosal biopsy
pecimens alone without visible lesions also were more
ikely to receive PDT. During the latter phase of the study
his was performed selectively given the lack of consensus
n whether ablation after initial remission definitively
educes the risk of metachronous neoplasia.

Pathology assessment. A pathology assessment
as performed according to the protocol in our BE Unit
s previously published.13 Patients had their diagnosis of
ucosal EAC confirmed by at least 2 experienced gastro-

ntestinal pathologists and all cases were reviewed by a
ingle study pathologist (T.T.W.) with expertise in BE-
ssociated neoplasia using previously described standard
riteria for the classification and diagnosis of BE, dyspla-
ia in BE, and adenocarcinoma.16,17 Intramucosal adeno-
arcinoma was diagnosed once there was invasion through
he basement membrane into lamina propria or into mus-

ularis mucosae. The former often is characterized by sin-
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September 2009 BE MUCOSAL (T1a) ESOPHAGEAL ADENOCARCINOMA 817
le cells or clusters of cells within the lamina propria.
nvasive adenocarcinoma was defined as tumor that in-
aded through the muscularis mucosae into the submu-
osa (if duplicated muscularis mucosae was apprecia-
ed,18 invasion through both layers of the muscularis

ucosae into the submucosa was required). Surgical pa-
hology of all esophagectomy specimens was reviewed by
astrointestinal pathologists as well.

Follow-up evaluation. All patients were placed on
wice-a-day proton pump inhibitor (PPI) therapy after
DT and/or EMR at the standard dose of the proton
ump inhibitor. Patients were educated carefully regard-

ng PDT, EMR, and their possible immediate and delayed
omplications, especially risk of bleeding, perforation,
hotosensitivity, and stricture formation by the physi-
ians, nurse practitioner, and clinical coordinators. Fol-
ow-up evaluation included endoscopic surveillance with
iopsies and EMR if indicated, performed every 3 months
or 2 years, then every 6 months for 1 to 2 years, and
nnually thereafter. Recurrence was defined as the pres-
nce of adenocarcinoma detected on either biopsy or
MR specimens after complete remission (defined as the
bsence of carcinoma in biopsy and/or EMR specimens
rom 2 successive surveillance endoscopies). Data on pho-
osensitivity, bleeding, and stricture formation was col-
ected prospectively.

Surgically Treated Cohort
Patients were identified by a retrospective review

f all patients in the Mayo Clinic pathology database who
nderwent esophagectomy for esophageal carcinoma at
he Mayo Clinic between 1998 and 2007. Thirty-eight
atients underwent preoperative endoscopic ultrasound
or staging. Patients with mucosally confined (as per prior
lassification described earlier) adenocarcinoma were in-
luded in this study. All patients underwent esophagec-
omy performed by experienced thoracic surgeons using
ither the transthoracic or the transhiatal route. All ex-
ept 2 patients underwent surgery at the Mayo Clinic
Rochester, MN): these 2 patients underwent esophagec-
omy at other large-volume surgical centers after initial
valuation at the Mayo Clinic. Only overall survival and
ancer-free survival data were included in the analysis for
hese 2 patients. Data extracted by chart review on the
emaining 44 patients included postoperative course,
ays to discharge, complications, and follow-up data.
ollow-up evaluation in the surgically treated (SURG)
ohort was at intervals defined by the practice of the
ndividual thoracic surgeons.

Survival Data
Survival (vital status and death date) information

or both groups was assessed by using an institutionally
pproved internet research and location service (www.
ccurint.com). Cause of death was obtained from either

he medical records, the prospective BE Unit database, as e
ell as from review of death certificates if data were not
vailable from the first 2 sources. In addition, patients
ho had not been seen for more than 12 months were

ontacted via telephone using an institutional review
oard–approved telephone script to obtain information
n care received elsewhere and evaluation for esophageal
arcinoma recurrence.

Statistical Analysis
Data management and statistical analysis were

erformed using JMP software (version 6.0; SAS Institute
nc., Cary, NC). Baseline continuous data were compared
sing the 2-sample t test or the Wilcoxon rank-sum test
epending on the data normality. Baseline categoric data
ere compared using the chi-squared test (or the Fisher

xact test when necessary because of small sample size).
verall survival was defined as the time between the date

f diagnosis of EAC and death from any cause for pa-
ients who died (for the endoscopically treated [ENDO]
roup), or the time between esophagectomy and the last
ate of follow-up evaluation (for the SURG group). Can-
er-free survival was defined as the time between the date
f remission and last cancer-free follow-up evaluation or
eath. Overall survival and cancer-free survival were an-
lyzed with the Kaplan–Meier product limit method. The
og-rank statistic was used to compare overall and cancer-
ree survival between patients treated with endoscopic
herapy and esophagectomy. Baseline variables (age, sex,
ength of BE segment, age-adjusted Charlson comorbid-
ty index score,19 and propensity score) were analyzed as
actors affecting overall survival using Cox proportional
azards modeling. (The propensity score is the predicted
robability of being in the PDT group based on age, sex,

ength of BE, and the age-adjusted Charlson comorbidity
ndex.) The propensity score was obtained using logistic
egression.20 Estimates of hazard rates and 95% confi-
ence intervals were determined.

Results
A total of 132 patients underwent endoscopic ther-

py (ENDO group) and 46 patients underwent esophagec-
omy (SURG group) for mucosal EAC between 1998 and
007 at the Mayo Clinic (Rochester, MN) and were in-
luded in this study. The baseline characteristics of these
atients are summarized in Table 1. As is evident from
able 1, patients treated endoscopically were older and
ad more medical comorbidities than those treated sur-
ically. In addition, patients in the SURG group also had
longer BE segment than those treated endoscopically.
hirty patients in the ENDO group were detected during

urveillance for HGD and the remaining 102 were re-
erred with a diagnosis of esophageal adenocarcinoma for
onsideration of endoscopic therapy.

Figure 1 summarizes the treatment of patients in the
NDO group. The median size of the lesions treated

ndoscopically was 1 cm (interquartile range [IQR], 0.9 –

http://www.accurint.com
http://www.accurint.com
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.6 cm). Fifty-nine percent of EMRs were performed
sing the Olympus EMR cap, 21% using the Duette
ultiband device, and the remaining 20% by using the

ingle-banding device followed by snare resection. All
atients who had PDT received only 1 PDT treatment
xcept 2 patients who had 2 sessions. The median num-
er of treatment sessions (EMR and/or PDT) needed to
chieve remission was 1 (IQR, 1–2), with a maximum of

treatment sessions needed in 1 patient. The median
ime to remission from the index endoscopy was 3.3

onths (IQR, 2–5 mo). Remission was achieved success-
ully in 124 patients (94%) using EMR and/or PDT.
athology on surveillance endoscopies after documenta-
ion of remission as defined previously (no evidence of
arcinoma on 2 successive surveillance endoscopies) was
s follows: no BE, 10 (8%); nondysplastic BE, 55 (45%);
ow-grade dysplasia, 18 (15%); and HGD, 41 (33%)
atients. There was no statistically significant differ-
nce in the rate of achieving remission between the
MR group and the EMR � PDT groups. Eight pa-

ients elected to undergo esophagectomy before remis-
ion could be achieved because EAC was detected on a
urveillance endoscopy after the index treatment ses-
ion. Histology from esophagectomy specimens in
hese patients revealed residual mucosal adenocarci-
oma (T1a) in 5 patients without metastatic lymphad-
nopathy and no evidence of residual carcinoma in the
emaining 3 patients.

Endoscopic treatment generally was well tolerated with
n overall complication rate of 13% (18 of 132). Eight
atients developed strictures, all of whom had received
DT. All were treated successfully using endoscopic dilation
ith a median of 2 dilations needed to treat strictures. Five

able 1. Comparison of Baseline Characteristics in the Two
Treatment Groups

Variables
ENDO group
(N � 132)

SURG group
(N � 46) P value

ean age, y (SEM) 71.2 (0.96) 67.7 (1.4) .006*
ale sex, n (%) 111 (84) 43 (94) .15‡

ean BE length, cm (SEM) 5.5 (0.36) 7.3 (0.77) .03*
ardiac disease, % 38 26 .21‡

ulmonary disease, % 17 6 .06‡

iabetes mellitus, % 20 14 .40‡

rior malignancy, % 24 16 .30‡

edian age-adjusted Charlson
Comorbidity Index, (IQR)

4 (0–5) 0 (0–4) �.001§

OTE. Cardiac diseases include coronary artery disease, valvular
eart disease, and congestive heart failure; pulmonary diseases in-
lude chronic obstructive pulmonary disease and restrictive lung dis-
ases; previous malignancy (in remission) includes lung cancer,
reast cancer, prostate cancer, colon cancer, and skin cancer.
EM, standard error of the mean.
Obtained using the Student t test.
Obtained using the chi-square test.
Obtained using the Wilcoxon test.
atients developed clinically significant bleeding needing
ospitalization and/or transfusions or endoscopic therapy.
he remaining 5 patients developed mild photosensitivity,
hich was treated with conservative measures. Endo-

copic therapy was completed successfully in all patients
n an outpatient setting with no procedure-related mor-
ality.

Twenty-nine patients had surgery performed via the
ransthoracic approach and the remaining patients had
urgery via the transhiatal approach. Of the 46 patients
ho underwent esophagectomy (SURG group), 4 had

vidence of metastatic lymphadenopathy (8.6%) and 1
atient received postoperative chemoradiation therapy.
ne patient died from postoperative complications

yielding a postoperative mortality rate of 4%). Three
atients were re-admitted within 90 days of surgery for
edical and surgical issues. The median length of hos-

italization was 8 days (IQR, 7–13 days; range, 5–57
ays). Seventeen (34%) patients developed postoperative
omplications such as anastomotic leaks, anastomotic
trictures, cardiopulmonary complications, and feeding
ejunostomy leaks.

Follow-up evaluation was 244 person-years in the
URG group and 464.6 person-years in the ENDO group
Table 2). The cumulative mortality was 17% (23 of 132)
n the ENDO group and 20% (9 of 46) in the SURG
roup (P � .75). Causes of death in both groups are listed
n Table 2. One patient in the ENDO group died with
ecurrent intramucosal carcinoma: this patient recurred
espite EMR and 2 PDT treatments. He was a poor
urgical candidate who elected to undergo palliative che-
Figure 1. Flowsheet of patients treated with endoscopic therapy.
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oradiation therapy. One patient in the SURG group
ied with metastatic esophageal carcinoma, which ap-
eared as multiple cutaneous nodules (which were aspi-
ated and showed metastatic carcinoma) 6 months after
sophagectomy. There was no evidence of metastatic
ymphadenopathy in the surgical resection specimen in
his patient. Overall survival was comparable between the
groups (Figure 2). Overall survival at 5 years was 83% in

he ENDO group and 95% in the SURG group. The
ncidence rate ratio for overall mortality was 1.32 (ENDO
roup vs SURG group). Cancer-free survival in the 2
roups is shown in Figure 3 and was 80% at 5 years in the
NDO group and 97% in the SURG group. By using Cox
roportional hazards modeling, overall survival was com-
arable between the 2 groups after adjusting for age, sex,

ength of BE segment, Charlson comorbidity score, and
he propensity score, whereas cancer-free survival was
uperior in the SURG group (Table 3).

Sixteen patients (12%) in the ENDO group had recur-
ent carcinoma detected during follow-up evaluation
ompared with 1 patient in the SURG group. The inci-

able 2. Comparison of Outcomes (Overall Mortality, Recurre

ENDO group (N

ollow-up period, person-years 464.4
otal number of deaths 23
verall mortality, incidence rate 4.9/100 person-years
auses of death (N) Pneumonia (5)

Congestive heart failure/myo
Metastatic lung cancer (3)
Metastatic esophageal carcin
Parkinson’s disease (1)
Alzheimer’s dementia (2)
Chronic obstructive pulmonar
Metastatic prostate cancer (1
Lymphoma (1)
CVA (3)

umber of recurrent cancers 16
ecurrent carcinoma, incidence rate 5.5/100 person-years

igure 2. Overall survival in the ENDO and SURG groups (Kaplan–
eier curves). Black line: ENDO group; gray line: SURG group. Log-
ank test, P � .15. L
ence ratios for recurrent carcinoma are shown in Table
, with an incidence rate ratio of 9.8 (ENDO group vs
URG group). The median time to recurrence in the
NDO group was 19 months (IQR, 10 –30 mo). All re-
urrences were intramucosal carcinomas, appearing as
mall nodular lesions, and all except 1 was managed by
MR (1 patient opted for esophagectomy, which revealed
residual microscopic focus of intramucosal carcinoma
ithout metastatic lymphadenopathy). All except 1 pa-

ient had recurrence of HGD before detection of in-
ramucosal carcinoma.

Factors predictive of recurrent carcinoma were ex-
lored using Cox proportional hazards modeling. The
esults are shown in Table 3. Only univariate analysis was
erformed given the limited number of patients with
ecurrence (15). The presence of residual dysplastic BE
as a significant factor predicting recurrent carcinoma
n univariate analysis. The presence of any residual BE
without dysplasia), increasing length of the BE segment
t baseline, and presence of an incident carcinoma (car-
inoma detected after 6 months of surveillance for HGD

arcinoma) in the Two Groups

2) SURG group (N � 46)

243.8
9

3.7/100 person-years

al infarction (4)

(1)

ease (2)

Postoperative complications (1)
Metastatic esophageal carcinoma (1)
Metastatic lung cancer (2)
Pulmonary fibrosis (1)
Congestive heart failure/myocardial infarction (4)

1
0.56/100 person-years

igure 3. Cancer-free survival in the ENDO and SURG groups
Kaplan–Meier curves). Black line: ENDO group; gray line: SURG group.
nt C

� 13

cardi

oma

y dis
)

og-rank test, P � .01.
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n BE) approached statistical significance as predictors of
n increased risk of cancer recurrence. Of particular in-
erest, additional ablative therapy with PDT did not lead
o a reduced risk of recurrence on univariate analysis.

Discussion
Early stage EAC (T1 stage disease confined to the

ucosa or submucosa) comprises approximately 20% of
ll cases of EAC diagnosed in the United States.21,22

ndoscopic therapy of mucosal EAC has been proposed
s an alternative to surgical resection given the low risk of
etastatic lymphadenopathy in these patients.6 In this

arge cohort study we studied outcomes after the endo-
copic and surgical treatment of mucosal (T1a) EAC and
ound that overall survival and cumulative mortality
ates were comparable between the 2 cohorts. This was
espite patients in the ENDO group being older and
aving greater comorbidity than those in the SURG
roup. Patients treated endoscopically did have a recur-
ence rate of 12%, but this could be re-treated endoscop-
cally (in all patients except one who opted for esopha-
ectomy) with no influence on overall survival. This
ecurrence rate did give esophagectomy an advantage as
ar as cancer-free survival was concerned but it is impor-
ant to note that all of these recurrent cancers including
he one managed with esophagectomy could be managed
ndoscopically. Given these results, endoscopic manage-
ent appears to be a viable alternative to esophagectomy

or patients with mucosal (T1a) esophageal adenocarci-
oma.
Esophagectomy has been the standard of care for pa-

ients with esophageal adenocarcinoma. It is associated
ith not insignificant mortality (2%–10%, dependent on
ospital volume4 and patient comorbidities) and sub-
tantial morbidity (30%– 40%).5 The average length of
ospital stay after esophagectomy was 20 days in a recent

arge report of esophagectomies conducted for esopha-
eal carcinoma in more than 800 patients from the sur-
eillance epidemiology and end results (SEER) database.5

lthough recent studies from higher-volume centers have
eported results of patients undergoing esophagectomy

able 3. Overall and Cancer-Free Survival in the ENDO and
SURG Groups

Variable
Hazard ratio (95%

confidence interval)
P

value

verall patient survival adjusting for
treatment modality and
propensity score

1.54 (0.64–3.75) .33

ancer-free survival adjusting for
treatment modality and
propensity score

2.64 (1.70–4.08) �.001

OTE. The propensity score is the predicted probability of being in the
NDO group derived from a logistic model comprising age, sex, length
f BE segment, and Charlson comorbidity index.
or HGD/early esophageal cancer with no mortality, mor- e
idity rates continue to approximate 30%.23 Minimally
nvasive esophagectomy has been reported from a few
pecialized centers.24 –27 Reduced hospital stay, mortality,
nd morbidity have been reported. However, surgical
ortality rates ranging from 0% to 8% and morbidity

ates of 30% to 40% continue to be reported that are not
ifferent from traditional open techniques. In addition,
he learning curve of this procedure is steep, limiting
eneralizability. Vagal-sparing esophagectomy is a tech-
ique wherein the vagus nerve is spared by removing the
sophagus without regional lymphadenectomy, leaving
he vagal innervation of the distal stomach intact: a
echnique thought to be ideal for patients with HGD and
ntramucosal adenocarcinoma who have a low risk of

etastatic lymphadenopathy.28 However, in a study com-
aring the outcomes of this technique with the Ivor
ewis technique and the transhiatal technique, a 30-day
ortality of 2% and an overall morbidity rate of 30% were

eported. Hence, it appears that even newer and less-
nvasive techniques of esophagectomy continue to have
ignificant rates of morbidity and not insignificant mor-
ality rates.

Survival of patients with esophageal adenocarcinoma
n general continues to be poor (�20% at 5 years).2,3

atients with mucosal EAC, however, appear to have
etter outcomes with both endoscopic and surgical series
escribing 5-year survival rates exceeding 80%.6,12,28,29

actors predictive of survival after esophagectomy in-
lude absence of metastatic lymphadenopathy,6 tumor
istology, achieving clear margins (R0 resection), re-
ponse to chemoradiotherapy, and stage of the tumor.3

n bloc resection with lymphadenectomy has been sug-
ested to improve survival compared with transhiatal
esection. Survival and outcomes after endoscopic ther-
py have been reported primarily from Europe,9,29 –31 with
maller case series (with relatively short-term follow-up
valuation) from the United States.7,10 A recent study
ompared the outcomes of patients with early EAC
reated endoscopically and surgically using data from the
EER database and found that cancer-free survival was
omparable between the 2 groups. Age and absence of
xposure to radiation therapy were the only predictors of
ancer-free survival.21 Although an important study, this
as limited by the inclusion of submucosal cancers, his-

ologic heterogeneity (inclusion of squamous carcinomas
nd adenocarcinomas), relatively small number of pa-
ients with mucosal adenocarcinoma who underwent en-
oscopic therapy (65), absence of follow-up information

n terms of endoscopic surveillance, and a possible bias
gainst surgical outcomes given that these vary signifi-
antly with hospital and surgeon volumes. In addition,
verall survival data were not presented. Our study, al-
hough confined to a single institution, has intrinsic
dvantages including expert endoscopists and surgeons
reating both cohorts, perhaps limiting bias in terms of

xpertise, review of histology by expert pathologists, pre-
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enting both overall and cancer-free survival, and having
nformation on causes of death and data on recurrences
nd their management. Our results are comparable with
nother single-center study of endoscopic therapy of mu-
osal EAC, in which the 5-year survival rate was 84%.12

his study did not have a surgical control group but
nstead found survival of study subjects to be comparable
ith an age- and sex-matched population. This study also

eported that no patient died from EAC.
Recurrence of neoplasia is an important consideration

n patients treated with endoscopic therapy. Prior studies
ave reported rates from 11%32 to 21%12 in adenocarci-
omas treated endoscopically, with higher rates in the

atter study perhaps owing to the inclusion of HGD and
arcinoma in the definition of recurrence. Rates of 25%
ave been reported in squamous esophageal carcinoma
reated endoscopically.33 Most of the recurrences are mu-
osally confined and amenable to endoscopic therapy as
eported in the earlier-described studies and in our study
s well. This most likely was owing to the close and
igorous follow-up algorithms being followed by centers
ith expertise in this area and underscores the impor-

ance of meticulous endoscopic evaluation after remis-
ion has been achieved. Risk factors for recurrence have
een explored and have included long-segment BE, piece-
eal resection, and ablation of the residual BE segment

fter remission has been achieved.12,33 Univariate analysis
f factors influencing recurrence in our study was limited
y the small number of recurrent cancers (introducing
he possibility of type 2 error), but does suggest (Table 4)
hat patients with residual dysplastic BE, patients with
onger BE segments, and those with incident carcinomas
detected on HGD surveillance) might be more likely to
ecur. We did not see a difference in the rate of recurrence
etween those treated with EMR alone and those treated
ith EMR followed by PDT (Figure 1 and Table 3). As
entioned in the Results section, a proportion of pa-

ients had residual HGD after achieving remission. This
ohort of patients was part of a control group followed

able 4. Results of Cox Proportional Univariate Analysis of
Factors Predictive of Recurrent Carcinoma After
Initial Remission in the ENDO Group

Variable
Hazard ratio (95%

confidence interval)
P

value

ge, y 1.0 (0.96–1.04) .99
ale sex 1.10 (0.30–3.96) .89

ength of BE segment 1.08 (0.97–1.21) .15
ncident carcinoma 2.59 (0.87–7.74) .09
umber of treatments needed to
achieve remission

1.24 (0.58–2.7) .58

ize of primary lesion 1.55 (0.46–5.2) .48
DT 1.34 (0.86–2.09) .31
resence of any residual BE after
remission achieved

4.24 (0.96–18.80) .06

resence of residual dysplastic BE after 3.7 (1.25–10.9) .02
o
remission achieved
p with surveillance endoscopy (with biopsies and EMR
f indicated) for another study. Circumferential BE EMR
as been proposed as a method of resecting the entire BE
egments in patients with neoplasia arising in BE to
emove the entire at-risk epithelium. A recent study of 24
atients followed up for 28 months reported good results
ith only 1 patient showing recurrence.7 A drawback of

his technique is the substantial rate of stricture forma-
ion after multiple consecutive EMRs (10%–20%) as well
s the risk of bleeding and perforation.

In this article we have compared the results of endo-
copic therapy for the treatment of mucosal carcinoma
ith those of patients treated surgically. Endoscopic

herapy consisted of EMR and/or PDT. PDT was admin-
stered in 43% in the endoscopic therapy group. Although
he use of PDT may decline with the advent of newer and
etter tolerated ablative modalities (such as radiofre-
uency ablation), this report supports an important prin-
iple: that the overall survival of patients with mucosal
arcinoma treated endoscopically (using EMR with or
ithout an additional ablation technique) can be com-
arable with those treated surgically. Even with the ad-
ent and widespread use of radiofrequency ablation, we
elieve EMR (which was used almost universally in the
NDO cohort of this study) will remain a cornerstone for

he staging and therapy of most patients with early
sophageal cancer. A few preliminary reports of the util-
ty of radiofrequency ablation with EMR in the treatment
f early esophageal carcinoma have appeared in the lit-
rature34,35: however, results from larger cohorts using
echniques such as PDT, which have been used in the
reatment of esophageal neoplasia over the past decade,
uch as reported in this article, we believe, lay the foun-
ation for the wider application of newer techniques
uch as radiofrequency ablation in the treatment of
sophageal neoplasia in BE.

The results of this study could remain susceptible to
iases because assignment to the ENDO and SURG
roups was not randomized. Patients in the ENDO
roup were either poor surgical candidates, or did not
ish to undergo surgery, and were referred by their local
hysicians or were self-referred for endoscopic therapy, as
pposed to those who underwent esophagectomy who
ere referred primarily by local physicians. In addition to

ome of the differences between the cohorts as men-
ioned earlier (longer BE segment length, higher comor-
idity scores, and a higher rate of metastatic lymphade-
opathy in the SURG group than previously reported), it

s possible that this cohort of patients was intrinsically
ifferent from the SURG cohort with biases that are
nknown. To alleviate some of this, we used overall
urvival as an objective end point and used robust statis-
ical techniques such as adjustment for comorbidities
nd propensity score (which accounts for the chance of
eing assigned to either treatment group). This primary

utcome also was assessed in the same manner in both
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ohorts. Assessment of other outcomes, particularly in
he SURG group, was retrospective with a possibility of
nderestimation. Although this was a large single-center
S study, it is possible that the current sample size was

nadequate to detect smaller differences in overall sur-
ival between the 2 groups.

In summary, endoscopic therapy with EMR and/or
blative therapy appears to be a reasonable alternative to
sophagectomy in patients with mucosal esophageal ad-
nocarcinoma. Overall survival appears to be comparable
ith low recurrence rates. Recurrent carcinoma is endo-

copically treatable in most patients without influence on
verall survival.
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