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Abstract

Background Little is known about the specific risks of

metastasis in esophageal adenocarcinoma in relation to

invasion depth or other pathologic factors.

Methods We conducted a multicenter retrospective study

in 13 high-volume centers in Japan from January 2000 to

October 2014 to elucidate the risk of metastasis of eso-

phageal adenocarcinoma. A total of 458 patients (217

surgically resected and 241 endoscopically resected) with

esophageal adenocarcinoma or esophagogastric

adenocarcinoma involving the esophagus were included.

Metastasis was considered positive if there was histologi-

cally confirmed metastasis in the surgical specimen or

clinically confirmed metastasis during follow-up. Metas-

tasis was considered negative if no metastasis was identi-

fied in resected specimens and during follow-up in patients

treated surgically or no metastasis during follow-up for

[5 years in patients treated by endoscopic resection.

Results Metastasis was identified in 72 patients. Multi-

variate analysis confirmed lymphovascular involvement
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[odds ratio (OR) 6.20; 95 % confidence interval (CI)

3.12–12.32; p\ 0.001], a poorly differentiated component

(OR 3.69; 95 % CI 1.92–7.10; p\ 0.001), and lesion size

[30 mm (OR 3.12; 95 % CI 1.63–5.97; p = 0.001) as

independent risk factors for metastasis. No metastasis was

detected in patients with mucosal cancer without lympho-

vascular involvement and a poorly differentiated compo-

nent (0/186 lesions) or in patients with cancer invading the

submucosa (1–500 lm) without lymphovascular involve-

ment, a poorly differentiated component, and B30 mm (0/

32 lesions).

Conclusions Mucosal and submucosal cancers (1–500 lm

invasion) without risk factors have a low incidence of

metastasis and may thus be good candidates for endoscopic

resection.

Keywords Esophageal cancer � Barrett’s esophagus �
Esophagogastric cancer � Metastasis � Endoscopic resection

Introduction

Esophageal adenocarcinoma is an aggressive disease with a

steadily increasing incidence in the Western world [1–3].

Although no equivalent data are available for Eastern

countries, it is suggested that the rate of esophageal ade-

nocarcinoma will increase in Asia because of the

decreasing prevalence of Helicobacter pylori infection and

Westernization of the diet [4, 5].

Survival of patients with esophageal adenocarcinoma

correlates with disease stage. Locally advanced disease has

a 5-year survival rate of *20 % [6]. The poor survival of

patients with advanced cancer means that surveillance and

early detection of esophageal adenocarcinoma have

become critical issues, [7, 8], and rigorous surveillance of

Barrett’s esophagus (BE) and a systematic biopsy protocol

have improved the detection of early cancer [9].

Early esophageal adenocarcinoma has traditionally been

treated by surgery; however, endoscopic resection (ER) has

recently emerged as a potential alternative to surgery. ER

can eliminate cancers that are confined to the esophagus

[10–12], but it cannot cure cancers that have metastasized

to the lymph nodes and is therefore only suitable for can-

cers with a very low risk of metastasis.

To identify suitable candidates for ER, it is therefore

necessary to understand the associations between early

esophageal adenocarcinomas and metastasis. Studies of

surgical specimens have indicated that mucosal carcinomas

are associated with a low risk of metastasis (0.0–7.4 %),

while cancers that have invaded the submucosa (SM) have

a higher risk (17.5–46 %) [13–25]. However, little is

known about the specific risks associated with invasion into

each part of the mucosa or SM. To determine the

indications for ER, it is necessary to establish a detailed

metastasis-risk profile in relation to invasion depth and

other pathologic factors. We therefore elucidated the

metastasis-risk factors in patients with esophageal adeno-

carcinomas, including esophagogastric cancer involving

the esophagus.

Methods

Patients

This was a retrospective, multicenter study conducted at 13

high-volume centers in Japan, comprising 5 university

hospitals and 8 tertiary care hospitals. Records for all

patients who underwent surgery or ER for adenocarcinoma

of the esophagus from January 2000 to October 2014 were

extracted from the database and reviewed. Patients were

included if they met the following criteria: (1) histologi-

cally diagnosed adenocarcinoma, (2) histologically diag-

nosed mucosal or SM cancer, or (3) esophageal cancer or

esophagogastric cancer involving the esophagus. The

exclusion criteria were: (1) chemotherapy or radiation

before surgery, (2) chemotherapy or radiation before or

after ER, (3) deeper invasion (SM invasion C500 lm) in

the cardia than in the esophagus, and (4) any other primary

invasive cancer that had been treated within the preceding

5 years. This study was approved by the institutional

review board and was performed in accordance with the

Declaration of Helsinki.

Standard handling of resected specimens

Pathologic examinations were performed according to the

standard methods proposed by the Japan Esophageal

Society [26]. Resected specimens were stretched and pin-

ned to boards and fixed in formalin. After fixation, all

resected specimens were cut into 2-mm-wide longitudinal

slices for ER specimens and 5 mm wide for surgical

specimens. The tissue specimens were embedded in

paraffin, sectioned at 4 lm, and stained with hematoxylin

and eosin.

Macroscopic appearance was classified as protruding

type or flat type, and cancer invasion depth was classified

based on the Japanese Classification of Esophageal Cancer

[26]. BE includes new muscularis mucosa just under the

columnar epithelium. The primary muscularis mucosa is

called the deep muscularis mucosa (DMM), and the new

muscularis mucosa, which is frequently observed in BE, is

called superficial muscularis mucosa (SMM). Cancer aris-

ing in Barrett’s epithelium without invasion through the

basement membrane (carcinoma in situ) or cancer

extending beyond the basement membrane into the SMM
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was classified as SMM (Table 1). Cancers extending

beyond the SMM into the lamina propria were classified as

LPM, and those with the deepest invasion were defined as

DMM [26]. If no new muscularis mucosa was identified,

cancer invasion depth was classified as follows: cancer

arising in Barrett’s epithelium without invasion through the

basement membrane and cancers extending into the lamina

propria were classified as LPM, and cancers with deepest

invasion into the muscularis mucosa were defined as

DMM.

SM invasion depth was measured in micrometers from

the deepest muscularis mucosa to the deepest tumor inva-

sion in the SM. The width of muscularis mucosa invasion

and SM invasion were assessed in each slice, and the

maximum width was measured in micrometers. Cancer

differentiation was evaluated, and lesions were judged

positive for a poorly differentiated component if it was

identified in the part invading the DMM or SM. An infil-

trative growth pattern was defined as follows: type a,

expansive growth of tumor nests with a well-demarcated

border from surrounding tissue; type b, intermediate

growth pattern, between type a and c; type c, infiltrative

growth of tumor nests with an ill-defined border with the

surrounding tissue. Cancer differentiation and an infiltra-

tive growth pattern were evaluated in DMM and SM can-

cers. Pathologic diagnosis was conducted by the

pathologists at the individual facilities. An expert pathol-

ogists’ review was conducted in selected patients with

metastasis diagnosed at their facilities with mucosal cancer

or SM invasion B2000 lm and negative for lymphovas-

cular involvement.

Data collection

Lesion characteristics and details of ER or surgery were

obtained from the database or medical records. Follow-up

patient data were obtained from medical records, and in the

case of patients who moved away from the hospital, we

attempted to obtain outcome details by questionnaire or by

telephone conversation with the patient or the patient’s

family or referring physician.

The histologic features of the lesions were obtained

from the pathology reports and review of the resected

specimens, and they included size, macroscopic appear-

ance, location of the tumor, SM invasion depth, invasion

width, histologic type, lymphovascular involvement, and

resection margin.

Definition of metastatic status

Metastasis was considered positive if one of following

criteria was fulfilled: (1) histologically confirmed metas-

tasis in surgical specimen or (2) clinically confirmed

metastasis during follow-up after surgery or ER. Metastasis

was considered negative if: (1) no metastasis was identified

in resected specimens and during follow-up for patients

treated by surgery or (2) no metastasis was identified

during follow-up longer than 5 years for patients treated by

ER.

Statistical analysis

The results were expressed as median (range). Continu-

ous variables were compared using Mann-Whitney

U tests. Categorical baseline data were compared using

Yates v2 tests. In multivariate analysis, independent

factors were determined by the Cox regression hazards

model using variables with significant or marginally

significant differences in univariate analysis. Receiver-

operating characteristic (ROC) curves were used to

evaluate the predictive accuracy of lesion size for

assessing metastasis [27]. To calculate this curve, the

threshold value was varied systematically over the whole

range of lesion sizes. The sensitivity for metastasis

(sensitivity on the y-axis) of each of these threshold

values was plotted against the specificity for metastasis

(1—specificity on the x-axis). The optimal threshold

value for differentiating between patients who did and

did not develop metastasis was determined by the point

of the ROC curve near the specificity and sensitivity

values of 1.0. Differences were considered significant at

values of p\ 0.05. Analyses were conducted using

SPSS version 11.0J (SPSS, Chicago, IL, USA).

Results

Patient characteristics

A total of 516 patients with no history of other primary

invasive cancers received surgery or ER for mucosal or

SM adenocarcinoma of the esophagus. Only the deepest

lesion was included for four patients who had two or

more lesions. Fifty-eight patients were excluded for the

Table 1 Definition of cancer invasion depth according to the Japan

Esophageal Society

SMM Cancer without invasion through the basement membrane or

cancer extending beyond the basement membrane into the

superficial muscularis mucosa

LPM Cancers extending beyond the superficial muscularis mucosa

into the lamina propria

DMM Cancers with deepest invasion into the deep muscularis

mucosa

SMM superficial muscularis mucosa; LPM lamina propria; DMM deep

muscularis mucosa
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following reasons: (1) chemotherapy before surgery or

after ER in 4 patients; (2) details of histologic findings

missing in 4 patients; (3) deeper invasion (SM invasion

C500 lm) in the cardia than in the esophagus in 4

patients; (4) 5-year follow-up data after ER not obtained

in 31 patients; (5) death from other diseases within

5 years after ER in 15 patients. Data for 241 patients

initially treated by ER and 217 patients initially treated

by surgery were analyzed. BE was evident in 311

patients, including 247 with short-segment and 64 with

long-segment BE. In cases of short-segment BE, the

centers of tumors were located below the esophagogas-

tric junction in 18 patients, 0–1 cm above the junction in

182 patients, 1\-2 cm above the junction in 33

patients, and 2 cm\ above the junction in 14 patients. In

cases of long-segment BE, the centers of tumors were

located below the esophagogastric junction in 1 patients,

0–1 cm above the junction in 8 patients, 1\-2 cm

above the junction in 5 patients, and 2 cm\ above the

junction in 50 patients. Of the 241 patients treated by

ER, 202 were treated by endoscopic submucosal dis-

section and 39 by endoscopic mucosal resection; 225

lesions were treated by en bloc resection and 16 by

piecemeal resection. Of patients initially treated by ER,

41 had lymphovascular involvement, of whom 31 were

treated by additional surgery, 1 by radiation and 1 by

chemotherapy. The other eight patients received no

additional treatment, mainly because of their condition

or because of patient refusal. Details of surgery for 217

patients were as follows: proximal gastrectomy and

distal esophagectomy in 101 patients, subtotal

esophagectomy in 59 patients, total or proximal gas-

trectomy with partial resection of distal esophagus in 39

patients, middle and lower esophagectomy in 3 patients,

and others in 15 patients.

Metastasis and risk factors in patients treated

by surgery

Of the 217 cancers treated by surgery, 14 were SMM

cancers, 14 were LPM cancers, 24 were DMM cancers, 23

were SM cancers with 1–500 lm invasion [SM cancer

(1–500 lm)], and 142 were SM cancers (C501 lm).

Metastases were confirmed in surgical specimens from 47

patients, and metastases developed in 10 patients after a

median (range) follow-up period of 9 (2–24) months. The

initial sites of metastases were lymph nodes in 52 patients,

lymph nodes and bone in one patient, liver in three patients,

and peritoneum in one patient. Survival analysis was per-

formed in patients treated before 1 January 2010. Of 91

patients, 9 died of esophageal cancer and 13 died of other

diseases. The overall 1-, 3-, and 5-year survival rates were

97, 88, and 81 %, respectively.

Metastasis and risk factors in all patients

Metastases were confirmed in surgical specimens from 54

patients, including 7 patients who received surgery after ER.

Metastases developed in 18 patients (10 patients after sur-

gery and 8 patients after ER) after a median (range) follow-

up period of 12 (2–44) months. The initial sites of metastases

were lymph nodes in 64 patients, lymph nodes and other

organs in 2 patients, liver in 3 patients, bone in 1 patient, lung

in 1 patient, and peritoneum in 1 patient. According to uni-

variate analysis (Table 2), metastasis was predicted by

lesion size, macroscopic appearance, invasion depth of

cancer, invasion depth to SM, invasion width to SM, lym-

phovascular involvement, infiltrative growth pattern, and a

poorly differentiated component. Metastasis was identified

in significantly more patients with lymphatic involvement

(50/95) than with vascular involvement (32/87) (p = 0.032).

Based on the advice of a statistician (T.M.), multivariate

analysis was divided into two steps because some factors,

such as SM invasion depth or width, were only available

for SM cancers. The initial analysis was conducted in SM

cancers. This showed that SM invasion depth (p = 0.76)

and width (p = 0.14) were not significant, and these factors

were excluded from further analysis. The second multi-

variate analysis (Table 3) included DMM and SM cancers

and confirmed lymphovascular involvement [odds ratio

(OR) 6.20; 95 % confidence interval (CI) 3.12–12.32;

p\ 0.001], a poorly differentiated component (OR 3.69;

95 % CI 1.92–7.10; p\ 0.001), and lesion size (OR 3.12;

95 % CI 1.63–5.97; p = 0.001) as independent risk factors

for metastasis.

Optimal threshold value for lesion size

The ROC curve, based on all 458 lesions, demonstrated

that the highest accuracies for predicting metastasis were

achieved by applying cutoff values of 20, 30, or 40 mm

(Fig. 1). A cutoff value of a 20 mm correctly identified 57

of 72 lesions with metastasis and 217 of 386 cancers

without metastasis, providing a sensitivity of 79.2 % and a

specificity of 56.2 %. A cutoff value of 30 mm correctly

identified 35 of 72 lesions with metastasis and 312 of 386

cancers without metastasis, providing a sensitivity of

48.6 % and a specificity of 80.8 %. A cutoff value of a

40 mm correctly identified 26 of 72 lesions with metastasis

and 352 of 386 cancers without metastasis, providing a

sensitivity of 36.1 % and a specificity of 91.2 %. Consid-

ering the clinical application of these results and comparing

them with other predictors (Table 4), a specificity of

56.2 % for the cutoff value of 20 mm was too low, and we

judged 30 mm to be the optimal cutoff value and 40 mm a

suboptimal cutoff value to ensure high sensitivity and

acceptable specificity ([75 %).

J Gastroenterol (2017) 52:800–808 803

123



Table 2 Univariate analysis of

risk factors for metastasis
Metastasis (?) Metastasis (-) p value

Age (years) 0.791

Median 64 65

Range 40–85 27–89

Gender 0.22

Male 68 343

Female 4 43

Lesion size (mm) \0.001

Median 30 20

Range 2–88 0.5–110

Macroscopic appearance \0.001

Protruding type 35 83

Flat type 37 301

Others 2

Center location of the lesions 0.84

Esophagus 58 307

Cardia 14 79

Invasion depth of cancer \0.001

SMM 0 51

LPM 0 50

MM 9 94

SM 63 191

SM 1–500 lm 4 55

SM 501 lm– 59 136

Invasion depth to SM \0.001

Median 2000 950

Range 300–10,000 50–10,125

Invasion width to DMM 0.393

Median 3100 2500

Range 600–22,500 30–23,000

Invasion width to SM \0.001

Median 11,000 7500

Range 600–68,000 240–43,250

Lymphovascular involvement \0.001

Positive 57 85

Negative 15 301

Lymphovascular involvement 0.032

Lymphatic involvement positive 50 45

Vascular involvement positive 32 55

Both positive 25 15

Infiltrative growth patterna 0.005

a 7 67

b 49 188

c 16 28

Unknown 2

Poorly differentiated componenta \0.001

Positive 43 60

Negative 29 225

SMM superficial muscularis mucosa; LPM lamina propria; DMM: deep muscularis mucosa; SM submucosa
a Factors evaluated in 357 patients with DMM and SM cancers
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Subgroup analysis

When we subdivided SM cancers based on invasion depths

of 500-lm increments (Table 5), SM cancer (1–500 lm)

had a low risk (6.8 %) of metastasis, while SM cancers

(C501 lm) had a 22.9–50 % risk of metastasis. When we

subdivided cancers based on metastasis risk factors

(Table 6), mucosal cancer without lymphovascular

involvement and a poorly differentiated component had no

risk of metastasis (0/186 lesions), and SM cancer

(1–500 lm) without lymphovascular involvement, a poorly

differentiated component, and B30 mm also had no

metastasis risk (0/32 lesions).

Discussion

In this study, we analyzed the metastatic risk of mucosal

and SM esophageal adenocarcinomas and identified a

subgroup of cancers with low metastatic risk.

Metastasis was observed in 4.4 % of patients with

mucosal cancer in this study. This incidence was higher

than that for gastric mucosal cancer (2.2 %) [28] and

colonic mucosal cancer (0 %) [29]. Unlike elsewhere, the

esophagus contains a rich plexus of lymphatic ducts near

the muscularis mucosa, [30–33], and invasion of the cancer

into the muscularis mucosa increases exposure to the

lymphatic ducts and enhances lymphatic involvement. The

higher rate of lymphovascular involvement of esophageal

adenocarcinoma (7.8 %) compared with gastric mucosal

cancer (0.6 %) [28] or colon cancer may have been

responsible for the higher incidence of metastasis in eso-

phageal mucosal cancer in this study. According to our

data, lymphovascular involvement, a poorly differentiated

component, and lesion size were independent predictors of

metastasis. Although these factors have been identified

previously [13, 22, 24, 34], the current study confirmed the

involvement of these three factors by multivariate analysis

and also confirmed their importance in a Japanese

population.

The frequency of metastasis is known to increase with

the depth of tumor invasion into the SM [13, 22, 23]. The

SM1 area remains the most controversial, and some studies

have reported a relevant incidence of lymph node metas-

tasis even in SM1 cancers [23, 35, 36]. However, if the rate

of metastasis is stratified by pathologic findings, SM1

cancers without risk factors such as lymphovascular

involvement and a poorly differentiated component have

very low rates [12, 21, 37]. Accordingly, some studies

[38, 39] have suggested that a subgroup of SM cancers

could be treated sufficiently by ER. SM1 cancer is com-

monly defined as cancer involving the upper third of the

SM. However, this division cannot be applied in ER

specimens because not all the SM is resected by ER, and

absolute measurement may thus be a more pragmatic way

of subdividing the SM layer in ER specimens. In this study,

we compared cutoff values of 500-lm increments (1–500,

501–1000, 1001–1500 lm, etc.) and identified B500 lm as

the most effective depth for dividing the risk of metastasis:

the risk of metastasis in SM cancers with 1–500 lm

invasion was 6.8 % and that for SM cancers 1–500 lm

without risk factors was 0 %. Although the sample size for

SM cancers (1–500 lm) was not large enough to draw

Table 3 Multivariate analysis of risk factors for metastasis

Odds ratio 95 % CI p value

Lesions size (mm) 0.001

^30 mm 1 1.63–5.97

30 mm\ 3.12

Macroscopic appearance 0.10

Flat type 1 0.91–3.18

Protruding type 1.70

Invasion depth of cancer 0.25

DMM 1 0.22–1.49

SM 0.57

Lymphovascular involvement \0.001

Negative 1 3.12–12.32

Positive 6.20

Infiltrative growth pattern 0.13

a 1 0.80–5.64

b or c 2.12

Poorly differentiated component \0.001

Negative 1 1.92–7.10

Positive 3.69

CI confidence interval; DMM deep muscularis mucosa; SM

submucosa

Fig. 1 Receiver operating characteristic curves to evaluate the

predictive accuracy of lesion size for assessment of metastasis
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definite conclusions, these results nevertheless provide

important information regarding the indications of ER.

Previous studies that investigated the risk of metastasis

mainly included surgical cases [13–19, 23, 24]. Lesions

treated surgically may mainly include lesions with high

metastatic risk (SM cancer and larger lesions), while

lesions treated by ER may mainly include lesions with

lower metastatic risk (mucosal cancer and smaller lesions).

The overall metastatic risk of mucosal and SM cancers thus

cannot be estimated precisely on the basis of surgical

specimens alone because of selection bias. We therefore

included both patients treated by ER and surgery to reduce

selection bias and evaluate the risk of metastasis in whole

mucosal and SM cancers. In this study, metastasis was

considered negative if no metastasis was identified during

follow-up longer than 5 years for patients treated by ER.

Although we cannot completely exclude the possibility that

metastasis may develop after 5 years, previous reports

showed that most tumor recurrences presented during the

first 2 years of follow-up [13, 40]. Moreover, all 18

metastases in the current study occurred within 44 months

during follow-up, and no metastases were identified in 289

patients who were followed up for longer than 5 years. We

therefore consider that our definition of a metastasis-neg-

ative group was reasonable.

One of the strengths of this study was the quality of the

ER and detailed histologic investigation. ER series from

the West included 48.3–50.8 % piecemeal resected speci-

mens [11, 41], and there is some concern regarding the

accuracy of histologic diagnosis of cancer invasion depth

assessed in piecemeal resection specimens. However, given

that 93.4 % (225/241) of the lesions in this study were

resected en bloc, the reliability in terms of invasion depth

may be high. We also conducted detailed histologic

investigations, including measurements of the vertical and

horizontal extents of SM invasion and infiltrative growth

pattern, to investigate all the possible factors contributing

to metastasis. Investigation of many factors allowed us to

Table 4 Sensitivities and specificities of risk factors for metastasis

Sensitivity Specificity

Lymphovascular involvement [analyzed in all cancers (n = 458)] 79.2 % (57/72 lesions) 78.0 % (301/386 lesions)

Poorly differentiated component [analyzed in DMM and SM cancers (n = 357)] 59.7 % (43/72 lesions) 78.9 % (225/285 lesions)

Lesion size[30 mm [analyzed in all cancers (n = 458)] 48.6 % (35/72 lesions) 80.8 % (312/386 lesions)

Table 5 Submucosal invasion

depth and incidence of

metastasis

All lesions (n = 254) Lesions without risk factors (n = 67)

SM 1–500 lm 6.8 % (4/59 lesions) 0 % (0/32 lesions)

SM 501–1000 lm 22.9 % (11/48 lesions) 7.1 % (1/14 lesions)

SM 1001–1500 lm 24.1 % (7/29 lesions) 0 % (0/3 lesions)

SM 1501–2000 lm 37.5 % (9/24 lesions) 0 % (0/4 lesions)

SM 2001–2500 lm 27.8 % (5/18 lesions) 25.0 % (1/4 lesions)

SM 2501–3000 lm 47.1 % (8/17 lesions) –% (0/0 lesions)

SM 3001–3500 lm 50.0 % (5/10 lesions) 0 % (0/1 lesions)

SM 3501–4000 lm 40.0 % (4/10 lesions) 0 % (0/2 lesions)

SM 4001 lm- or unmeasurable 25.6 % (10/39 lesions) 14.3 % (1/7 lesions)

Table 6 Subgroups and rates of

metastasis
LVI (-) and poorly comp (-) LVI (?) or poorly comp (?)

^3 cm 3 cm\

SMM 0 % (0/44 lesions) 0 % (0/6 lesions) 0 % (0/1 lesions)

LPM 0 % (0/41 lesions) 0 % (0/7 lesions) 0 % (0/2 lesions)

DMM 0 % (0/82 lesions) 0 % (0/6 lesions) 60.0 % (9/15 lesions)

SM 1–500 lm 0 % (0/32 lesions) 11.1 % (1/9 lesions) 16.7 % (3/18 lesions)

SM 500 lm– 8.6 % (3/35 lesions) 22.2 % (4/18 lesions) 36.6 % (52/142 lesions)

LVI lymphovascular involvement; Poorly comp poorly differentiated component; SMM superficial mus-

cularis mucosa; LPM lamina propria mucosa; DMM deep muscularis mucosa
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select the important risk factors for metastasis by multi-

variate analysis, providing results that are simple enough

for use in clinical settings.

This study was limited by its retrospective style, which

includes the potential for recall bias in patient selection.

However, patients were extracted from the database in all

facilities, and the recall bias for patient selection may have

been small. The quality of histologic assessment was a

limitation of this study. Immunostaining, e.g., for D2-40,

CD31, or CD34, was not mandatory in all patients, and no

central review of pathologic findings was performed,

mainly because of restrictions arising from the study’s

retrospective design. Further well-designed and well-or-

ganized prospective studies including more detailed

pathologic examinations are needed to confirm the present

results. Another limitation was the potential for discrep-

ancies between Japanese and Western pathologists in the

diagnosis of mucosal cancer [42, 43], which may also have

caused bias. However, such discrepancies are usually evi-

dent in neoplasias limited to the epithelium and decline

with invasion into the lamina propria, such that most

cancers invading into the DMM or deeper would be diag-

nosed accurately. Considering that the risk of metastasis

was limited to cancers invading into the DMM or deeper,

bias in the risk of metastasis for DMM and SM cancer may

have been low.

In conclusion, lymphovascular involvement, a poorly

differentiated component, and lesion size were independent

risk factors for metastasis in patients with esophageal

adenocarcinoma. Mucosal cancer and SM cancer

(1–500 lm) without such risk factors were not associated

with metastasis and would thus be good candidates for ER.
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