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Abstract

AIM: To investigate potential therapeutic recommen-
dations for endoscopic and surgical resection of Tla/
T1b esophageal neoplasms.

METHODS: A thorough search of electronic data-
bases MEDLINE, Embase, Pubmed and Cochrane Li-
brary, from 1997 up to January 2011 was performed.
An analysis was carried out, pooling the effects of
outcomes of 4241 patients enrolled in 80 retrospec-
tive studies. For comparisons across studies, each
reporting on only one endoscopic method, we used a
random effects meta-regression of the log-odds of the
outcome of treatment in each study. “Neural networks”
as a data mining technique was employed in order to
establish a prediction model of lymph node status in
superficial submucosal esophageal carcinoma. Another
data mining technique, the “feature selection and root
cause analysis”, was used to identify the most impor-
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tant predictors of local recurrence and metachronous
cancer development in endoscopically resected pa-
tients, and lymph node positivity in squamous carci-
noma (SCC) and adenocarcinoma (ADC) separately in
surgically resected patients.

RESULTS: Endoscopically resected patients: Low grade
dysplasia was observed in 4% of patients, high grade
dysplasia in 14.6%, carcinoma /n sitv in 19%, mucosal
cancer in 54%, and submucosal cancer in 16% of pa-
tients. There were no significant differences between
endoscopic mucosal resection and endoscopic submu-
cosal dissection (ESD) for the following parameters:
complications, patients submitted to surgery, positive
margins, lymph node positivity, local recurrence and
metachronous cancer. With regard to piecemeal resec-
tion, ESD performed better since the number of cases
was significantly less [coefficient: -7.709438, 95%CI:
(-11.03803, -4.380844), P < 0.001]; hence local re-
currence rates were significantly lower [coefficient:
-4.033528, 95%CI: (-6.151498, -1.915559), P < 0.01].
A higher rate of esophageal stenosis was observed fol-
lowing ESD [coefficient: 7.322266, 95%CI: (3.810146,
10.83439), P < 0.001]. A significantly greater number
of SCC patients were submitted to surgery (log-odds,
ADC: -2.1206 + 0.6249 vs SCC: 4.1356 + 0.4038, P <
0.05). The odds for re-classification of tumor stage af-
ter endoscopic resection were 53% and 39% for ADC
and SCC, respectively. Local tumor recurrence was best
predicted by grade 3 differentiation and piecemeal re-
section, metachronous cancer development by the car-
cinoma /n sitv component, and lymph node positivity
by lymphovascular invasion. With regard to surgically
resected patients: Significant differences in patients
with positive lymph nodes were observed between ADC
and SCC [coefficient: 1.889569, 95%CI: (0.3945146,
3.384624), P < 0.01). In contrast, lymphovascular and
microvascular invasion and grade 3 patients between
histologic types were comparable, the respective rank
order of the predictors of lymph node positivity was:
Grade 3, lymphovascular invasion (L+), microvascular
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invasion (V+), submucosal (Sm) 3 invasion, Sm2 inva-
sion and Sm1 invasion. Histologic type (ADC/SCC) was
not included in the model. The best predictors for SCC
lymph node positivity were Sm3 invasion and (V+). For
ADC, the most important predictor was (L+).

CONCLUSION: Local tumor recurrence is predicted
by grade 3, metachronous cancer by the carcinoma in-
situ component, and lymph node positivity by L+. T1b
cancer should be treated with surgical resection.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD), in addition to local abla-
tion techniques, are now more extensively employed for
the management of early adenocatcinoma (ADC) or
squamous cell carcinoma (SCC) of the esophagus. The
aim of endoscopic resection is to maintain the integrity
of the esophagus and avoid the considerable morbidity
and mortality of esophagectomy'’,

Several cohort studies”™ suggest the use of EMR or
ESD for T1la esophageal neoplasia (including high grade
dysplasia, adenocarcinoma, or squamous-cell catcinoma)
confined to the superficial mucosa and not extending
into the muscularis mucosa. Other studies contemplate
endoscopic resection, even in muscularis mucosa inva-
sion and in selected cases where upper third submucosal
involvement is present. T1b disease may be treated by
esophagectomy.

At present, there are no reliable pre-excision molecu-
lar, biological or immunohistochemical predictive mark-
ers of lymph node metastasis in T1 esophageal cancer.
Morteovert, the current diagnostic workup has a low diag-
nostic performance for N1-disease which is considered
the most influential predictor of long term prognosis' .

The pros and cons of each endoscopic resection
method have yet to be established, and level I evidence of
their safety and efficacy is missing from the literature. Pre-
dictive markers of lymph node metastasis in mucosal and
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submucosal esophageal cancer are also an unsolved issue.

Answers to the aforementioned issues might enable
researchers to formulate curative treatment strategies and
considerations for neoadjuvant referral in early esopha-
geal carcinoma cases.

The objectives of this study were: (1) to compare the
safety and efficacy of EMR and ESD in the management
of early esophageal neoplasia; (2) to investigate their role
as part of the diagnostic workup; (3) to establish predic-
tors of lymph node status, local recurrence and meta-
chronous cancer development in superficial esophageal
carcinoma; and (4) to investigate potential therapeutic
recommendations.

MATERIALS AND METHODS

Literature search

Medline, Embase, Pub Med and the Cochrane Library
databases were searched for articles in the English lan-
guage from 1997 up to 2011. The following search terms
were used: Early esophageal cancer, esophageal dysplasia,
high grade dysplasia, low grade dysplasia, intraepithelial
neoplasia, Barrett’s esophagus, superficial esophageal
cancer, mucosal esophageal cancer, submucosal esopha-
geal cancer, intramucosal/submucosal carcinoma of
the esophagus, esophageal adenocarcinoma, esophageal
squamous cell carcinoma, adjuvant treatment, T1a, T1b,
T1m and T1sm. Terms were combined with “and/or”
and asterisks. References from included studies wetre ex-
amined for additional studies. The main reasons for initial
exclusion included animal studies, non-English literature,
case reports, reviews and double publications. Figure 1
shows the process and stages throughout the review of
the studies included.

Inclusion and exclusion criteria for the endoscopic
database

Inclusion: (1) Application of EMR and/or ESD for eatly
esophageal cancer; (2) Low-grade dysplasia or high grade
dysplasia (HGD) in the setting of Barrett’s esophagus as well
as eatly esophageal cancer; and (3) Siewert [ and II tumors.

Exclusion: (1) Studies involving previously untreated
patients (no neoadjuvant therapy); (2) Studies including
patients with Siewert type IIl, and with metastatic disease;
and (3) Studies including patients with tumors other than
ADC/SCC.

Inclusion and exclusion criteria for the surgically
resected patients’ database

Inclusion: (1) Information from the pathology reports
after esophagectomy for submucosal catcinoma with cu-
rative intent; (2) Studies including patients with esophago-
gastric junction carcinoma were eligible for analysis; and (3)
Studies providing separate data for SCC and ADC.

Exclusion: (1) Studies administering neo-adjuvant treat-
ment; (2) Studies involving patients with distant metasta-
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Studies excluded (7 = 109):

Potentially relevant studies identified and screened
for retrieval (7 = 1129)

Studies excluded (7 = 197):

Non-English literature (7 = 100)
Animal studies (7 = 9)

Non-English literature (7 = 156)
Animal studies (7 = 41)

Studies excluded (7 = 87):
Old studies published before the

Studies excluded (7 = 209):
Not submucosal cancer

prespecified time period 1997-2011

Potentially appropriate studies to be included in
the review (7 = 527)

Neoadjuvant therapy included
Lymph node prediction not the primary end-point

Studies excluded (7 = 182):
Reviews (7 = 137)

Studies excluded (7 = 153):
Reviews (7 = 67)

Case reports (7 = 45) ‘

‘ Case reports (7 = 86)

Studies withdrawn (7 = 20):

Studies withdrawn (7 = 15):

Duplicate publications

Duplicate publications

Studies withdrawn (7 = 9):
Histologic type not mentioned (7 = 6)
Mixed SCC/ADC patients (7 = 3)

Studies withdrawn (7 = 57):
Prediction variables not included

Studies withdrawn (7 = 3):

Studies withdrawn (7 = 8):

Endoscopic method not mentioned (7 = 2)
Mixed EMR/ESD (7 = 1)

Studies included in the analysis (7 = 80):
Endoscopic database (7 = 42)
Surgical database (7 = 38)

Not usable in data-mining analysis (7 = 5)
Histologic types considered collectively (7 = 3)

Figure 1 Progress through the stages of study review included. SCC: Squamous cell carcinoma; ADC: Adenocarcinoma; EMR: Endoscopic mucosal resection;

ESD: Endoscopic submucosal dissection.

sis; (3) Case reports; (4) Mixed data for SCC and ADC;
and (5) Mixed data for T1a and T1b tumors and/or sur-
veillance of patients with dysplasia.

Data extraction

The two authors independently selected studies for inclu-
sion and exclusion and reached a consensus when there
was initial disagreement. The parameters ascertained
included authors, journal and year of publication, total
number of patients, type of estrogen receptor (ER) in-
volved, final pathology results, histological type, tumor
diameter, tumor location, pattern of growth, degree of
differentiation, depth of tumor invasion, lymph node
status, presence of lymphatic or venous invasion, as well
as positive resection margins on the pathology specimen,
number of patients with local recurrence, presence of
metachronous lesions, and additional therapies necessary
beyond ER, including surgery.

Definitions

Submucosal lesions were classified as Sm1 for tumors in-
vading the more superficial layer of the submucosa (cor-
responding to one-third of its thickness), Sm2 for those
invading the middle third, and Sm3 for those invading the
deeper submucosal layer”,

Statistical analysis

For comparisons across studies, each reporting on only
one treatment/ histologic type, we used a random effects
meta-regression of the log-odds of the outcome of treat-
ment in each study. In this case, we estimated the variance
of each study-specific log-odds as the sum of the recipro-
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cals of the number of successes and failures. Counts of 0
were replaced by 0.5.

Statistical analysis for compatisons across studies was
performed using the “metareg command” of STATA/
SE 11. To address multiple testing (calculate P values for
covariates) the “permute option” based on a Monte Catlo
permutation test of STATA/SE 11 was used.

“Neural networks” as a data mining technique” was
employed in order to establish a prediction model of
lymph node status in supetrficial submucosal esophageal
carcinoma and find a simple model to fit the data better.
The definition of a linear network was followed by training
of the network. The data set was divided into three sub-
sets: training, selection, and test cases in the proportions
3:1:1 between the training, selection, and test subsets.

Another data mining technique, the “feature selection
and root cause analysis”, was used to identify the most
important predictors of local recurrence and metachro-
nous cancer development in endoscopically resected
patients, and lymph node positivity in SCC and ADC
separately in surgically resected patients.

In brief, this test provides extremely useful shortcuts
for identifying root causes for the values observed in the
outcome variables under investigation (e.g., an indicator
of quality or process yield); final selections of predictors
are not biased in favor of any particular model (fitted to
the data for the selected predictors).

The statistical programs used were: STATA/SE 11
(Statacorp LP 4905 Lakeway Drive College Station TX
77845, United States), the NCSS 2007 and GESS 2006
version 07.1.13, (Kaysville, Utah, United States) and Sta-
tistica release 7 (Stat Soft Inc., Tulsa, United States).
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Table 1 Forty-two studies were included in the analysis of endoscopically resected patients

EMR/ . . ADC/ Positve e Lol Metr N L Re- _ Piecemeal

e ESD Patlents Surgery SCC r::::i?l" therapy recurrence chronous (+) (+) classification Grade 3 /n star resection
Buttar et al"” EMR 17 0 ADC 3 PDT 8 0
Chaves et al™! ESD 5 scC 0 0 3 1
Chennat ef al™ EMR 49 3  ADC 0 22 0
Ciocirlan et al™ EMR 51 2 scC 14  CHEMO 8 0 4 36
Conio et al™ EMR 39 3  ADC 0 1 2 10 5 0
Ell et al™ EMR 64 5  ADC PDT/APC 6 3 6 6 0
Espinel ef al™®! EMR 4 1 ADC 1 0 0
Fujishiro et al"” ESD 43 scc 7 1 1 1 24 0
Gerke et al™ EMR 41 ADC 9 RFA 0 0
Goda et al™ EMR 58 1 scC CRT 1 0
Higuchi et al™” EMR 20 0 scC 6 CRT/APC 0 0 0 6 1 0
Hull et al®™ EMR 10 ADC 2 0
Iguchi et al®" EMR 8 1 SCC 0 4
Ishihara et al™ EMR/ 70 scC CRT 12 0 40

ESD
Ishii et al™ ESD 35 1 scC 2  CHEMO 0 1 28 0
Larghi et al™ EMR 40 5 ADC PDT/APC 0 6 19
Lewis et al™ EMR 100 1  ADC 1 PDT 1 8
Lin et al™ EMR 9 1 scC 1 0 0 1 0 7
Lopes et al™ EMR 41 1 ADC APC/CRT 2 14 2
Maish et al™ EMR 7 7  ADC 1 0 4 0
Manner et al'® EMR/ 21 1 ADC 27 APC 3 2 0 0 0

ESD
Naritaka et al™ EMR 13 1 sCcC 2 RT 1 7 9
Nijhawan et al™ EMR 25 2  ADC PDT 1
Noguchi et al® EMR 33 5 sCC CRT 0 5 14 15
Nomura ef al™ EMR 51 1 scC CRT 4 30 41
Nonaka et al™ ESD 25 1 scC 3  RT/CRT 0 10 0 0
Ohashi et al™” EMR 179 scC 13 68
Ono et al™ ESD 84 9  sCC 7 CRT 1 2 2 0 0
Ota et al®™ EMR 18 0 scC 5 CRT 4 11 3 0
Pech et al® EMR/ 39 scC 20 PDT/ 5 2 7 1 10

ESD CHEMO
Peters et al"™ EMR/ 141 ADC 37 1 73 14

ESD
Pouw et al™”! EMR/ 34 1  ADC APC 3 14 10

ESD
Prasad et al®™ EMR 25 25  ADC 17 5 16
Repici et al® ESD 20 2 scC 1 0 0 1 2 3 0
Scheil-Bertram et al*  EMR 16 16  ADC 16 1
Schroder et al*! EMR 16 ADC/ 9 3 13 1

scC

Shimizu et al*? EMR 82 scC APC 2 12 16
Takeo et al™" EMR 29 5 0 0 15 10
Tanabe et al™! EMR 85 0 scC 15 APC/CRT 5 0 41
Teoh et al” EMR/ 28 SCC 6  RT/CRT 1 1

ESD
Urabe et al™ EMR/ 122 scC 6 56

ESD
Vieth et al™ EMR 295 ADC 210 10 22
Yokoyamaetal®  EMR 17 0 scc RT 7
Zehetner et al™ EMR 28 3  ADC 0 RFA 5 3 2 2

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; SCC: Squamous carcinoma; ADC: Adenocarcinoma; APC: Argon plasma co-

agulation; PDT: Photodynamic therapy; CRT: Chemoradiation therapy; RFA: Radiofrequency ablation; RT: Radiology; CHEMO: Chemotherapy.

RESULTS

Endoscopically resected patients

Forty-two studies'™"™ were selected (Table 1) which
included a total of 2092 patients. Low grade dysplasia
was observed in 4% of patients, high grade dysplasia in
14.6%, carcinoma 7 situ in 19%, mucosal cancer in 54%,
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and submucosal cancer in 16% of patients. Histologic
types wete SCC in 23 studies and ADC in 19 studies.
EMR was employed in 29 studies and ESD in 6 stud-
ies. Both EMR and ESD were used in 7 studies. Lym-
phovascular invasion was found to range from 0%-30%,
microvascular invasion was observed in 0%-33% of pa-
tients, and 7.4% of patients were pootly differentiated.
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Table 2 Meta-regression analysis of the methods of endo-

scopic resection according to the published studies (the ran-
dom effects model was used)

EMR vs ESD Coefficient 95%Cl P value Favors
Patients submitted to 0.401 -2.912964,3.714436  0.806 None
surgery
Positive margins -0.741 -3.362995,1.881024  0.558 None
Local recurrence -1.713 -4.420582, 0.9937198 0.201 None
Lymph node 0.905 -5.762587,7.573427  0.762 None
metastasis
Metachronous cancer -1.804 -4.350273, 0.7420371 0.143 None
Procedural 1.397 -1.264597, 4.058631 0.289 None
complications
Stenosis 7.322 3.810146, 10.83439 <0.001 EMR
Piecemeal resection’
Number of cases -7.709  -11.03803, -4.380844 <0.001 ESD
Local recurrence -4.034 -6.151498, -1.915559 <0.01 ESD
Resection margins 0.837 -3.725993, 5.39999 0.678 None

'Data available only for squamous cell carcinoma studies. EMR: Endo-
scopic mucosal resection; ESD: Endoscopic submucosal dissection.

Argon plasma coagulation (APC) as the only modality
was used in 3 studies'™*. In addition to APC, 2 stud-
ies!™ also utilized photodynamic therapy (PDT) and 3
studies added chemoradiation therapy (CRT)*"*, Adju-
vant only CRT was administered in 6 studies' ">,
radiotherapy only in 224 radiotherapy and CRT in 21347,
PDT only in 3102530 chemotherapy only in 2521 and
PDT/chemotherapy in one study[4]. Radiofrequency abla-
tion was used in 2 studies™", Mean follow-up time varied
from 12 to 62 mo and median follow-up time ranged
from 7 to 39 mo.

Lymph node metastasis

Eleven studies**>762%71743538:40511 provided data on lymph
node metastasis. Thirty-one patients out of 371 were
node-positive. The overall increase in the odds was 5%
for ADC and approximately 1% for SCC. No significant
differences were observed between either ADC »s SCC or
EMR »s ESD patients (Tables 2 and 3). Lymphovascular
invasion was found to be the only predictor of lymph
node metastasis (I value: 416.45, P < 0.001).

Differences between pre- and post-endoscopic resection
tumor staging

Elghteen Studies[10,12,14-1(),24-28,3(),31,33,37,38,44,52,53] 1nclud1ng 685
patients reported differences between pre- and post-
endoscopic resection tumor staging in 235 cases. These
differences were mainly due to either the histological as-
sessment (HGD »s carcinoma) and/or tumor depth of
invasion (Table 3). Patients treated with both endoscopic
methods and subsequently submitted to surgery due to
unfavorable tumor characteristics did not differ signifi-
cantly (Figure 2A), although SCC patients were statistically
more likely to be referred for sutgery. The combined odds
were 53% and 39% for ADC and SCC, respectively.

Piecemeal resection
Piecemeal resection was accomplished in 48% (732/1516)

(49

Boiovidengs  WIG | www.wjgnet.com

5 11,29,27,.

of cases. Ten studies reporting piecemeal
resection cases (z = 412) additionally provided the num-
ber of lesions (7 = 466) per patient, number of patients
with positive margins (# = 36) and local recurrence rates (1
= 20 patients). All the aforementioned 10 studies enrolled
SCC patients. Piecemeal resection and local recurrence
rates were statistically significantly lower when perform-
ing ESD (Tables 2 and 3; Figure 2B). In contrast, positive
margins did not differ significantly between the two en-
doscopic methods.

Resection margins

Eighteen studies’ ™ o i reported
outcomes concerning specimen margin status. Thirty-
three per cent (294/880) of cases demonstrated positive
margins. Positive margin data were from primary endo-
scopic resection. The overall increase in the odds was 9%
for ADC and approximately 7% for SCC. No significant
differences on positive resection margins were observed
between either ADC »s SCC or EMR ps ESD patients
(Tables 2 and 3; Figure 2C).

Monte Carlo permutation adjusted testing for meta-
regression disclosed that local recurrence in patients with
positive resection margins was independent of endoscopic
resection modality (EMR/ESD, P = 1.000), histologic
type (ADC/SCC, P = 0.972) and type of adjuvant therapy
(chemo/CRT/APC/RT/PDT, P = 0.899). Data mining
showed that grade 3 was an independent predictor of lo-
cal recurrence in cases with positive margins (P < 0.001).

Local recurrence

TLocal recurrence among 30 studies
which provided relevant data ranged from 0-17%. The
combined odds wetre 0.8% and 1% for ADC and SCC,
respectively. No significant differences were observed be-
tween either ADC »s SCC or EMR »5 ESD patients (Tables
2 and 3; Figure 2D). Data mining showed that grade 3 was
an independent predictor of local recurrence (I value:
16.2, P < 0.05). In cases of piecemeal resection, local re-
currence was significantly higher when performing EMR
(F value: 5.39, P < 0.01).

B6.1-15,172022-2426.27,293032-35 37 4246-485051]

Development of metachronous lesions

Development of metachronous lesions ranged from 2%0-14%
in 10 studies™*">"*#2%3 The combined odds were 6%
and 1% for ADC and SCC, respectively. No significant
differences were observed between either ADC »s SCC
or EMR »s ESD patients (Tables 2 and 3; Figure 2E).
Data mining showed that the presence of carcinoma
sitn was an independent predictor of metachronous le-
sion development (I value: 62.5, P < 0.01).

Procedural and late morbidity

Twenty-five studieg!"" A0 provided satis-
factory data on procedural morbidity and late complica-
tions. Procedural morbidity included bleeding managed
conservatively in 5.8%, bleeding requiring intervention
in 0.6%, perforation 1.8% and pain in 4.2% of patients.
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Table 3 Meta-regression analysis of the outcomes of endoscopic resection according to the histologic type of early esophageal

cancer (the random effects model was used)

Outcome Histologic type Log-odds ratio SE 95.0% lower confidence limit 95.0% upper confidence limit Odds Favors

Patients submitted to surgery ADC -2.1206 0.6249 -3.3454 -0.8958 12% ADC
SCC 41356 0.4038 -4.9271 -3.3440 37% P <0.05

Positive margins ADC -2.3761 1.0181 -4.3716 -0.3806 9%  None
SCC -2.5689 0.6973 -3.9357 -1.2022 7%

Local recurrence ADC -4.8189 0.1469 -5.1068 -4.5309 0.80% None
SCC -4.3347 0.2792 -4.8819 -3.7874 1%

Lymph node metastasis ADC -3.0565 0.7714 -4.5685 -1.5445 5% None
SCC -4.7682 0.4413 -5.6332 -3.9032 0.90%

Metachronous cancer ADC -2.8017 0.2384 -3.2690 -2.3344 6% None
SCC -4.6030 0.6059 -5.7905 -3.4155 1%

Pre- vs post-endoscopic tumor stage ADC -0.5449 0.4316 -1.3909 0.3011 53% -
SCC -0.8267 0.3324 -1.4782 -0.1752 39%

SCC: Squamous cell carcinoma; ADC: Adenocarcinoma.

Esophageal stenosis was experienced by 12.2% of pa-
tients. No significant differences in procedural compli-
cations were observed between EMR »s ESD patients.
In contrast, esophageal stenosis was statistically more
prevalent among patients managed with ESD (P < 0.001)
(Tables 2 and 3; Figure 2F).

Surgically resected patients
Of 677 screened studies, 38 studies comprising a total of
2149 participants were finally included™-#*>*,

The magnitude of kappa (0.86) reflected adequate
agreement between the two reviewers. All 38 studies pro-
vided data on lymph node metastasis. The histological
parameters of patients are presented in Table 4. Eight-
hundred and eighty-eight (888) patients among 2149 were
node-positive. Significant differences in patients with
positive lymph nodes were observed between ADC and
SCC (P < 0.01). In contrast, lymphovascular and micro-
vascular invasion and grade 3 patients between histologic
types were comparable (Table 5). Grade 3 patients were
seen in 24% (158/663) with SCC and in 49% (267/541)
with ADC.

Setting up a model for prediction of lymph node
metastasis

In an endeavor to set up a model to predict lymph node
metastasis, we applied Neural Networks as a data mining
technique. All included studies provided sufficient infor-
mation on depth of tumor invasion (Sml, Sm2, Sm3),
lymphatic invasion, vascular invasion, histologic differen-
tiation, and histologic type (SCC, ADC) (Table 6).

The number of patients with positive lymph nodes
was set as the dependent variable, while the respective
number of patients with Sm1, Sm2, Sm3 invasion, lym-
phatic invasion, vascular invasion, and poor differentia-
tion were used as continuous independent variables. The
histologic type of esophageal cancer was set as a categori-
cal variable. The linear model 5:5-1:1 emerged as the best
neural network model according to its regression statis-
tics, with the smallest error: data standard deviation ratio
(0.07506; an SD ratio closer to 0.1 generally indicates very

(4 9

Boiovidengs  WIG | www.wjgnet.com

1429

good regression performance). This was also true for the
close correlation between the prediction of the indepen-
dent and dependent variables (0.99774). Its format was
<type = Linear> <inputs = 5> : <layer 1 = 5> - <layer
2 = 1> : <outputs = 1>, with two layers. Missing values
were patched using the mean vatiable value.

The rank order of importance of the predictors of
lymph node positivity was: Grade 3, Sm3 invasion, L(+),
V(+), Sm2 invasion and Sm1 invasion, respectively. His-
tologic type (ADC/SCC) had a ratio network error < 1,
and thus should not be considered as a predictor.

Validation of the model

The data set was divided into three subsets: the training,
selection, and test cases (3:1:1 in our model) in order to
preclude the predictive performance of the linear model
being attributed to a data over-fitting phenomenon. The
predicted number of patients in various studies with pos-
itive lymph nodes by the linear model was almost identi-
cal to that observed by the authors.

Predictors of lymph node metastasis in SCC and ADC
Considering only the predictors of lymph node metasta-
sis defined by the aforementioned linear model in each
of the two histological entities (SCC, ADC), we applied
another data mining technique (Feature selection and
root cause analysis).

The best predictors of lymph node positivity in SCC
were Sm3 invasion (P < 0.001) and microvascular inva-
sion (P < 0.01). In relation to ADC, the most important
predictor was lymphovascular invasion (P < 0.05).

DISCUSSION
According to NCCN guidelines version 1.2011 for esopha-

geal and esophagogastric junction cancers, in the absence
of evidence of lymph node metastases, lymphovascular
invasion or poor differentiation grade, T'la disease can be
treated with full EMR. In cases of unfavorable characteris-
tics, the choice lies between EMR plus ablation or esopha-
gectomy. T'1b disease may be treated by esophagectomy.
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Figure 2 Forest plot of log-odds in both groups (endoscopic mucosal resection and endoscopic submucosal dissection): No statistically significant differ-
ences were observed. A: Forest plot of log-odds patients submitted to surgery; B: Forest plot of log-odds of piecemeal resected patients; C: Forest plot of log-odds of
positive resection margins patients; D: Forest plot of log-odds of local recurrence in both groups [endoscopic mucosal resection and endoscopic submucosal dissection
(EMR-ESD)]: No statistically significant differences were observed, with the exception of piecemeal resected patients. In this last instance ESD was more efficient; E:
Forest plot of log-odds of metachronous cancer development; F: Forest plot of log-odds of esophageal stenosis in both groups (EMR-ESD): EMR was less destructive.
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Table 5 Meta-regression analysis of histologic parameters between adenocarcinoma and squamous

cell carcinoma patients according to the published studies (the random effects model was used)

Comparison of ADC vs SCC Coefficient 95%Cl P value Better status
Positive lymph nodes 1.890 0.3945146, 3.384624 <0.01 ADC
Lymphovascular invasion 0.626 -0.7032339, 1.956155 0.340 None
Microvascular invasion 1.114 -0.2682334, 2.496538 0.108 None
Grade 3 0.305 -1.584654, 2.195142 0.731 None

SCC: Squamous cell carcinoma; ADC: Adenocarcinoma.

Table 6 Number of patients with lymph node metastasis and lymphatic and vascular invasion

according to the depth of tumor in the submucosal layer

Patients with diseases

Lymph node metastasis
sm (38 studies: n = 2149)"
SCC ADC

sm1 (n = 308)

SCC ADC SCC

sm2 (n = 349)
ADC

sm3 (n = 624)
SCC ADC

793/1779 (45%) 95/370 (26%) 60/224 (27%) 8/84 (10%) 107/296 (36%) 11/53 (21%) 301/544 (55%) 39/80 (49%)

Lymphovascular invasion
sm (n = 1286)" sml (n =134)
627/1090 (56%) 76/196 (39%) 58/111 (52%) 2/23 (9%)
Microvascular invasion
sm (n =1194)"
468/1161 (40%) 6/33 (18%)

88/135 (65%)

sml (n =104)

19/97 (20%) 1/7 (14%)  67/183 (37%)

sm2 (n = 150)
4/15 (27%) 118/184 (64%) 19/25 (76%)

sm2 (n = 185)
0/2 (0%)

sm3 (n = 209)

sm3 (n = 251)
114/239 (48%) 0/12(0%)

'Total numbers of patients differ since not all studies provide relevant information. sm: Submucosal layer; SCC:

Squamous cell carcinoma; ADC: Adenocarcinoma.

imaging) that obviate the need for neoadjuvant or peri-
operative therapy. To our knowledge, level I evidence
related to these issues is missing from the literature. The
only published meta-analysis based on retrospective stud-
ies (seven full-text and eight abstracts) compares EMR
»s ESD for esophageal, gastric, and colorectal neoplasms
jointly[gﬂ.

In addition to a variety of local ablation techniques,
EMR and ESD are now extensively used for the treat-
ment of stage Tis (high-grade dysplasia) and T1la ADC
or SCC, aiming to reduce the considerable morbidity and
mortality associated with esophagectomy.

The possibility of lymph node metastases, complete-
ness of endoscopic resectability, early and late complica-
tions, local recurrence and development of a metachro-
nous cancet, are concerns that should be measured when
deciding whether to proceed with EMR, ESD or surgery.

According to our pooled analysis there were no
significant differences between EMR and ESD for the
following parameters: procedural complications, num-
ber of patients submitted to surgery, positive specimen
margins, lymph node positivity, local recurrence rates
and metachronous cancer development. In instances of
piecemeal tumor resection, in particular, ESD performed
better since the number of cases was significantly less (P
< 0.001); hence, local recurrence rates were significantly
lower (P < 0.01). An important point that should be kept
in mind is the higher rate of esophageal stenosis ob-
served following ESD (P < 0.001). Data on circumferen-
tial spread and tumor size were scarce among the studies.

There were no considerable differences in the appli-
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cation of endoscopic methods to each of the main histo-
logic types of early esophageal cancer, other than the fact
that a significantly greater number of SCC patients were
submitted for surgery (P < 0.05).

Another significant finding was the high percentage
of patient restaging after endoscopic intervention. EUS
staging prior to proceeding with mucosal resection in
the setting of carcinoma is recommended. In a recent
meta-analysis', the pooled sensitivity (95%CI) and speci-
ficity (95%CI) for regional lymph node metastases was
0.764 (0.741-0.785) and 0.724 (0.693-0.753), respectively.
The pooled diagnostic odds ratio (95%CI) was 8.001
(6.369-10.051). Although EUS has a better diagnostic
performance compared to computed tomography (CT)
scanning and positron emission tomography CT, the
question of regional lymph node detection has yet to be
satisfactorily addressed.

With regard to preoperative staging, endoscopic resec-
tion after endoscopic biopsy plays a key role. The odds
for re-classification of tumor stage after endoscopic resec-
tion were 53% and 39% for ADC and SCC, respectively.
This was possibly due to biopsy sampling failure, lack of
adequate specimen and pathologist misinterpretation of
the muscular anatomy. This obviates the need to optimize
pre-treatment diagnostics and reconsider treatment strate-
gies. The introduction of endoscopic resection in selected
cases as part of the diagnostic workup should be strongly
taken into consideration. This particular issue is supported
by our data mining analysis: local tumor recurrence was
best predicted by grade 3 differentiation and piecemeal
resection, metachronous cancer development by the car-
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cinoma iz situ component and lymph node positivity by
lymphovascular invasion. All the aforementioned predic-
tors/histologic features can easily be retrieved from the
EMR/ESD sample.

However, ESD is a technically demanding procedure
that is not widely available. Although we were not able to
perform a direct comparison of the outcomes of ESD
vs surgery due to lack of relevant data, the likelihood of
lymph node metastases and endoscopic resectability be-
ing factors that should be considered in deciding whether
to pursue ESD or surgery is high, as stated by some au-
thors" . According to our results, the presence of grade 3,
piecemeal resection, the carcinoma z situ component and
lymphovascular invasion would prompt surgical resection.

Available evidence from our esophagectomy series
with radical lymph node dissection database suggests that
the frequency of lymph node metastasis increases in pro-
portion with tumor depth.

The diagnostic performance of sentinel lymph node
biopsy for esophageal and gastric cardia cancer provides
sensitivity between 75%-100% and accuracy between
78%-100%. Albeit applied in only a small number of pa-
tients, CT-lymphography seems to be the most promising
method!”.

Considering the low incidence of lymph node metas-
tasis (the odds are 5% for ADC and approximately 1%
for SCC) and the absence of lymphovascular invasion in
neoplasms limited to the mucosa, endoscopic resection is
oncologically adequate for well-differentiated cancers, re-
sected completely and lacking 7z situ foci. With regard to
Barrett’s patients in particular, close endoscopic surveil-
lance should be life-long and requires the commitment
of both the patient and the physician since according to
our results, the odds for lymph node metastasis are 5%
and for metachronous cancer development 6%.

When endoscopic therapy for early esophageal cancer
is considered, EMR or ESD should be applied first prior
to the use of ablative techniques. According to our analy-
sis, the application of ablative techniques has not gained
significance as an independent predictor of local recur-
rence or metachronous cancer development.

Considering studies including surgically resected pa-
tients, lymph node positivity was statistically greater in
SCC, while lymphovascular and microvascular invasion
and grade 3 percentages were comparable between ADC
and SCC patients. In rank order of importance, the pre-
dictors of lymph node metastasis in the prediction model
were: Grade 3, Sm3 invasion, lymphovascular invasion,
microvascular invasion, Sm2 invasion and Sm1 invasion,
respectively. The best predictors of lymph node positivity
in SCC were Sm3 invasion and microvascular invasion.
For ADC, the most important predictor was lymphovas-
cular invasion. According to the above, the present study
supports the surgical rather than the endoscopic resec-
tion of T1b esophageal cancer, since even Sm1 invasion
was included in our model. In consequence, Sm1 lesions
should not be removed endoscopically. Interestingly, the
presence of specific histologic features should prompt
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consideration of a more aggressive management, such as
the use of neoadjuvant or perioperative treatment. This
perception also poses the question as to the endorsement
of EMR/ESD as part of the diagnostic workup.

Since there is a lack of apposite molecular-biological
markers that can predict lymphatic spread in Tla and
T1b-esophageal carcinoma with high diagnostic yield and
the inconsistent success of the diagnostic work-up, the
predictors found in our data mining analysis would pos-
sibly be of relevance in clinical decision making.

The analysis of surgically only resected patients is an
updated version of an already published study by our
group[ssl. Although more studies have been included, the
results were identical.

The current work is not without its limitations: (1)
The report included studies of retrospective case series;
thus, a formal meta-analysis could not be applied; (2)
Parameters, such as dysplasia grade, segment length of
Barrett’s and small areas of intestinal metaplasia hidden
underneath neosquamous mucosa, the so-called “buried
Barrett’s”, could not be analyzed due to paucity of data;
(3) Overall patient survival and disease-free survival could
not be assessed due to data inconsistency; (4) the type
of resection (en-bloc, transhiatal, Ivor Lewis, minimally
invasive) and differences according to the location of
the tumor, with regard to lymph node, L. and V invasion,
may have influenced, to a degree, the prevalence of node
positivity; and (5) in some studies, the stratification of
data for distribution of the lymphovascular involvement
according to the depth of tumor infiltration, and similar
stratification for nodal involvement (m1, m2, m3, sml,
sm2 and sm3), were not available.

The value of patient data mining has already been
established by The Medical Quality Improvement Con-
sortium™. This large clinical data warchouse contains
patient data including their problem lists, test results, pro-
cedures and medication lists, all of which help identify
valid associations.

Currently, the National Comprehensive Cancer Net-
work recommends an esophagectomy over endoscopic
therapy for fit patients with T1b cancer. This study sug-
gests the option of neoadjuvant treatment for those
patients with unfavorable histological characteristics in
terms of tumor histologic entity, aiming at a RO resection.

In summary, according to this study, there were no
significant differences between EMR and ESD concern-
ing procedural complications, number of patients sub-
mitted to surgery, positive specimen margins, lymph node
positivity, local recurrence rates and metachronous can-
cer development. In instances of a predicted piecemeal
tumor resection, ESD performed better since the num-
ber of cases was significantly less and local recurrence
rates were therefore significantly lower. A higher rate of
esophageal stenosis was observed following ESD.

Local tumor recurrence after endoscopic resection
was best predicted by grade 3 differentiation, metachro-
nous cancer development by the carcinoma 7 sitn com-
ponent, and lymph node positivity by lymphovascular
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invasion.

T1b esophageal cancer should be managed with sur-
gical resection and systematic lymphadenectomy since
even Sm1 invasion was in the constructed model, while
the histologic type and presence of specific predictors
could likely alter the surgeon’s policy and perspective
of multimodality management. The best predictors of
lymph node positivity in SCC were Sm3 invasion and
microvascular invasion. For ADC, the most important
predictor was lymphovascular invasion. Prospective stud-
ies, or preferably randomized controlled trials, are needed
in order to validate the refinements for patient selection
made by this study.

COMMENTS

Background

Endoscopic mucosal resection (EMR) and endoscopic submucosal dissection
(ESD) are frequently used to treat early esophageal cancer. Esophagectomy
remains the standard of treatment especially in submucosal invasion. However,
there is controversy between surgeons and endoscopists as to which is the
best treatment option. The literature lacks a satisfactory level of evidence with
respect to T1a and T1b esophageal cancer management.

Research frontiers

The present meta-analysis: (1) Investigated the particular role of each of the
two endoscopic modalities in the treatment of early esophageal cancer; (2)
Analyzed the issue of local recurrence and metachronous cancer development
in patients treated endoscopically; and (3) Analyzed for potential tumor lymph
node positivity.

Innovations and breakthroughs

Level I evidence related to the endoscopic management of early esophageal
cancer is missing from the literature. The only published meta-analysis based
on retrospective studies (seven full-text and eight abstracts) compares EMR vs
ESD for esophageal, gastric, and colorectal neoplasms jointly.

Applications

Potential unfavorable tumor characteristics as documented in this systematic
review and meta-analysis (besides those found by imaging) may obviate the
need for neoadjuvant or perioperative therapy.

Terminology

Meta-regression is a tool used in meta-analysis to examine the impact of mod-
erator variables on study effect size using regression-based techniques. Meta-
regression is more effective at this task than standard regression techniques.
The random or mixed effects model allows for within study variation and between
study variation and is therefore the most appropriate model to choose. A neural
network is a system of programs and data structures that approximates the op-
eration of the human brain. A neural network generally involves a large number
of processors operating in parallel, each with its own small sphere of knowledge
and access to data in its local memory. Typically, a neural network is initially
“trained” or fed large amounts of data and rules about data relationships.

Peer review

The authors reviewed endoscopic and surgical resection of superficial esopha-
geal neoplasms. The review was well conducted in the topic is very interesting
in order to identify selection of treatment implicated in the superficial esopha-
geal cancer.
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