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INTRODUCTION 

The incidence of adenocarcinomas of the distal oesophagus (developing via 

the Barrett metaplasia-dysplasia-carcinoma sequence) and gastric cardia is 

rising.1 As a result of the increased awareness of the malignant potential of 

Barrett's oesophagus, and endoscopic surveillance programs in patients with a 

known Barrett's oesophagus, HGD and early oesophageal adenocarcinoma 

are being diagnosed with increasing frequency in the Western world.2"4 

So far, oesophageal resection with lymphadenectomy is considered the 

therapeutic gold standard for oesophageal cancer when curation is aimed at. 

However, this resection is associated with high morbidity and substantial 

mortality,5 and the question rises if this extensive resection is also necessary in 

patients with early lesions of the esophagus.' Currently, local endoscopic and 

m organ-preserving treatment modalities (e.g. endoscopic mucosal resections 

5 and ablative therapies like photodynamic therapy or argon beam plasma 

£ coagulation) are being developed for patients with an early lesion of 

< oesophagus or gastro-oesophageal junction (GOJ).3'° To identify patients 

eligible for these new techniques, it is important to have preoperative 

diagnostic modalities identifying patients with superficial lesions without 

lymph node dissemination, since for other patients, local endoscopic ablation 

therapy severely compromises the chances for long-term survival. 

£ Endoscopic ultrasonography (EUS) provides detailed images of the 

t oesophageal wall and has become the most reliable imaging technique in 

5 clinical staging of patients with oesophageal carcinoma for T and N stage.': 

Another recently developed preoperative staging method is endoscopic 

mucosal resection (EMR). With EMR, the mucosa and submucosa of the 

oesophagus are elevated using injection of saline, hypertonic glucose, or 

other substances capable of creating a cushion under the mucosa. The 

mucosa is then elevated further, either mechanically (by biopsy forceps or 

variceal ligation band) or by suctioning a pseudo-polyp, which is subsequently 

removed with a snare. This method is capable of removing large pieces of 

epithelial tissue with preservation of histopathological evaluation. Therefore, 

EMR can be used as a diagnostic tool during preoperative work-up, while it 

can be considered as a therapeutic resection procedure for specific early 

lesions at the same time. 

To contribute to rational therapeutic decision making for patients with 

oesophageal cancer, the aim of this study was to determine the reliability of 

current preoperative work-up in identifying early lesions without lymph node 

metastases, by comparing preoperative EUS results to the pathologic 

evaluation of resection specimens. In addition, histopathological 



characteristics were analysed for possible correlations with the presence of lymph 

node metastases and compared to the available literature, in order to evaluate 

which lesions would have been eligible for local endoscopic treatment. 

PATIENTS AND METHODS 

Patient population 
Data from all patients operated upon for carcinoma of the oesophagus or 

GOJ in the AMC (Amsterdam, The Netherlands), are collected in a 

prospective database. Between January 1993 and December 2001, 367 

patients underwent subtotal oesophageal resection with proximal 

gastrectomy for preoperatively diagnosed HGD or adenocarcinoma. None of 

the patients received neo-adjuvant chemo- or radiotherapy 

To determine the efficiency of preoperative EUS and identify which early <-> 

lesions would have been eligible for local treatment, all patients with a 3 

pathologically proven HGD (n=13) or pT1 invasive adenocarcinoma (n=64) * 

were included in this study to assess the pathological features of these lesions 

and their regional lymphatic dissemination. This retrospective study was done 

in accordance with the guidelines of the local ethics committee. 

Preoperative procedures > 
The EUS procedures were performed with a radial scanning echo-endoscope 

(UM20/ UM130), or a miniprobe (12 MHz/ 20 MHz/ 30 MHz). The § 

determination that a lesion was superficial was based on preservation of the * 

integrity of the submucosal layer as demonstrated by the absence of 

disruption of the hyperechoic, third sonographic layer. In the EUS procedure, 

lymph nodes were assessed along the length of the oesophagus and in the 

proximal gastric and celiac regions. For staging purposes, lymph nodes were 

classified as positive (N1) if they exhibited at least two of the following criteria: 

greater than 1 cm in diameter, round shape with discrete margins, and/or 

hypoechoic texture. EUS guided fine needle aspiration (EUS-FNA) was not 

performed in patients included in this analysis. Additionally, a chest X-ray, 

indirect laryngoscopy and external ultrasonography of the neck and upper 

abdomen were made to exclude distant metastases. 

Operative procedures 
All 77 included patients underwent subtotal oesophagectomy and proximal 

gastrectomy with curative intent. In 60 patients (78%) resection was performed 

by a transhiatal approach while 17 patients (22%) underwent oesophagectomy 



through a right-sided thoracotomy followed by a laparotomy in combination 

with two-fields lymph-node dissection (transthoracic approach). Selection for 

either transhiatal or transthoracic oesophagectomy was made randomly for 31 

patients (40%) as part of a randomized trial comparing both techniques 

(between April 1994 and February 2000).'- In the other patients a standard 

transhiatal procedure was performed. 

Histopathologic assessment 
Processing of the resected specimens was done using a standardized 

protocol. Tissue samples were routinely taken from the proximal and distal 

resection margins, from longitudinal strips through the primary tumour and 

adjacent mucosa, and from normal-appearing mucosa proximal and distal to 

the tumour. If no macroscopic tumour was visible, the entire mucosal surface 

was dissected in longitudinal direction, bound proximally by squamous 

epithelium and distally by gastric epithelium. All resected lymph nodes were 

evaluated for tumour involvement. From the pathology reports, the size and 

location of the tumour as well as the number of resected lymph nodes, and 

the radicality of resection were extracted. All tumours were staged according 

to the UICC TNM classification 2002.;j For a detailed evaluation of histologica 

features of these early oesophageal lesions, the original slides were re

examined independently and in a blinded manner by two experienced Gl-

pathologists, who were unaware of the clinical data and lymph node status. 

Depth of invasion was measured and classified according to the criteria 

proposed by the Japanese Society for Oesophageal Diseases.1" High-grade 

dysplasia arising in a Barrett segment without invasion through the basement 

membrane (carcinoma in situ lesions) were classified as mucosal 1 (ml). 

Carcinoma with tumour cells extending beyond the basement membrane into 

the lamina propria was classified as mucosal 2 (m2), and carcinoma with 

deepest invasion into the muscularis mucosae was defined as mucosal 3 (m3). 

Early carcinoma infiltrating into the submucosa without invasion of the 

muscularis propria was further subclassified into three groups (sm1, sm2, sm3) 

by equally dividing the depth of the submucosal layer (Figure 1). Degree of 

differentiation, patterns of local tumour spread {i.e. lymph-angio invasion, 

peri-neural growth, hidden metaplasia/ dysplasia/carcinoma under adjacent 

squamous epithelium, concomitant HGD) and multifocality were also 

assessed. 

The allocation of lesions to the six different tumour stages by the two 

investigators was similar (94% of the specimens were categorized identically). 

In cases of disagreement (n=5) the slides were re-evaluated using a 

multiheaded microscope. 



FIGURE 1 

Pathologic subclassification of early lesions of the oesophagus or gastro-oesophageal junct ion, m l : 

carcinoma in situ, m2: carcinoma in lamina propria mucosae; m3: carcinoma in musculans mucosae, s m l : 

carcinoma in upper third of submucosa; sm2: carcinoma in middle third of submucosa; sm3: carcinoma in 

lower third of submucosa. (Hematoxylin and eosin staining, magnification 20x) 
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Statistical analysis 
All statistical analyses were performed using the Statistical Software Package 

version 11.5 (SPSS INC., Chicago, IL, USA). Categorical variables were 

compared with Chi-square test, while Student's t-test was used for continuous 

data with a normal distribution. Binary logistic regression analysis was used to 

identify factors predictive of N1 disease. All tests were performed two-sided 

and p-values of 0.05 or below were considered statistically significant. Those 

factors found to be significant in univariate analyses were included in a 

multivariate logistic regression analysis, to estimate the independent effect of 

each factor after adjusting for the contributions of other factors. To interpret 

p-values in light of the multiple testing of outcome data from individual 

patients, the results from the multivariate logistic regression analysis were 

taken as definitive, with the p-values from the univariate analyses presented 

uncorrected as they were taken as exploratory only. 



RESULTS 

Patients 
Of the 367 patients operated upon for HGD or adenocarcinoma, 77 patients 

(21%) were found to have an early lesion. There were 69 men (90%) and 8 

women (10%), with a median age of 67 years (range: 48 - 83 years). 

Preoperat ive EUS results 
Preoperative EUS was performed in all but 2 patients. However, in 30 patients 

a T1 lesion was described without discriminating between intramucosal or 

submucosal growth. The correlation between EUS staging of the 45 patients in 

whom visualization of the muscularis mucosae layer was documented and 

postsurgical histology is shown in Table 1 . A continuous, nondisrupted third 

sonographic wall layer was noted by EUS in 20 patients, suggesting no 

submucosal invasion (HGD, T1im, T1mm). Only one patient of this group 

showed infiltration into the submucosal layer (pT1sm1) on pathologic 

evaluation. Albeit derived from a small number of patients, the negative 

predictive value of EUS for submucosal invasion is therefore 95% (95% 

confidence interval: 66-99). In the one patient with undetected submucosal 

invasion, a large ulcer in a Barrett segment was present at time of EUS, and 

although no submucosal infiltration could be demonstrated preoperatively, 

there was already strong suspicion noted in the EUS-report for a more 

advanced invasive carcinoma. Submucosal invasion was confirmed by 

histopathology in 20 of the 25 patients. Three of the 5 false-positive EUS 

interpretation of submucosal invasion could be accounted for by the presence 

of a nodule or exophytic tumour growth, which was endoscopically apparent. 

The preoperative detection of lymph node involvement by EUS is also shown 

in Table 1 . In four patients the presence of a positive lymph node was missed, 

TABLE 1 

Accuracy of preoperative EUS for detect ion of presence or absence of submucosal invasion in 45 patients in 

whom visualisation of the muscularis mucosae layer was documented and the absence or presence of lymph 

nodal invasion in 75 patients with high-grade dysplasia or early adenocarcinoma (T1). 

o e s o p h a g e c t o m y spec imens 

EUS 

no 5m invasion 

no sm invasion 

19 

sm invasion 

1 

EUS 

NO 

NO 

57 

N1 

4 

sm invasion 5 20 N1 6 8 



but in all these patients the presence of submucosal invasion was correctly 

predicted. None of the patients with superficial lesions (HGD, T1 im, T1 mm) 

had positive lymph nodes, as was always predicted with EUS. The overall 

negative predictive value regarding lymph node metastasis was 93% (95% 

confidence interval: 79-98) in these series. 

Histopathologic findings in the ©esophagectomy 
specimens 
HGD or adenocarcinoma developed in a Barrett segment was identified in 

68 patients. In one patient, no (more) Barrett's epithelium could be 

identified around the distal oesophageal adenocarcinoma, whereas the 

other eight patients had an early cardia carcinoma without Barrett 

metaplasia. 

Macroscopically, the growth pattern was polypoid in 17% (13 patients), flat 

in 73% (56 patients) and ulcerating in 10% (8 patients). The median lineary n 

extension was 1.8cm (range 3mm - 6.7cm). Microscopically, thirteen | 

patients (17%) had HGD without invasive growth in the resection specimen 

(ml). In 13 patients (17%) invasion was limited to the mucosa (m2), 9 

patients (12%) had the deepest tumour infiltration into the muscularis 

mucosae (m3), and in 42 patients (54%) the tumour extended into the 

submucosal layer (sm1 38%, sm2 31%, sm3 31%). 

In Table 2, the correlation of infiltration depth to other histopathological > 

features is shown. Lymph node metastases were not found in any of the 

patients with m l , m2, m3 or sm1 cancers. Histological tumour grading was ^ 

also significantly associated to infiltration depth with no poorly S 

differentiated carcinomas in m2 and m3 lesion. Lymph-angio invasion was 

detected in 16 cases (21%) and was present exclusively in sm2 (31%) and 

sm3 (92%) cancers. Peri-neural growth was never present in any of the early 

lesions. Areas of HGD surrounding a Barrett carcinoma were identified in 28 

patients (44%), which was seen more frequently in early carcinomas without 

submucosal invasion. Metaplastic Barrett epithelium extending under 

normal squamous epithelium was observed in 16 of the 77 patients (21%), 

with normal squamous epithelium covering areas of invasive carcinoma in 

four of these patients. In six of the 13 patients with HGD (46%), secondary 

areas of HGD were present at other sites in the Barrett segment in the 

distal oesophagus. Of the 64 patients with invasive carcinoma, 14 patients 

(22%) had secondary lesions found at distinct sites of the primary tumour: 

HGD in six patients, and another invasive carcinoma in eight patients. 

These secondary lesions were found equally distributed between mucosal 

and submucosal tumours. 



TABLE 2 

Histopathological features in 77 oesophagectorny specimens with high-grade dysplasia or early invasive 

adenocarcinoma of the oesophagus or gastro-oesophageal junct ion. 

ml 

Tumour characteristics (n=13) 

M2 

(n=13) 

m3 

:;-:-9; 

sm1 

;n=i6) 

sm2 

(n=13) 

sm3 

(n=13) p-value 

Macroscopic appearance 

Flat/exophytic 13 

Ulcerating 0 

11 

2 

Q 

0 

15 

1 

11 

2 

10 

3 

0.7 

Maximum size of tumour 

< 3 c m 13 

> 3 c m 0 

13 

0 

9 

0 

15 

1 

8 

5 

ó 

7 

0.0001 

Lymph node involvement 

Negative 13 

Positive 0 

13 

0 

9 

0 

16 

0 

10 

3 

4 

9 

0.0001 

Differentiation grade 

Well 13 

Moderate 0 

Poor 0 

10 

3 

0 

4 

5 

0 

1 

12 

3 

0 

7 

6 

0 

5 

8 

0 0001 

Lymph-angio invasion 

Absent 13 

Present 0 

13 

0 

9 

f j 

16 

0 

9 

4 

1 

12 

0.0001 

HGD around tumour 

Ab .en-

Present 

2 

11 

4 

5 

9 

7 

9 

A 

12 

1 

0.0001 

Barrett under squamous mucosa 

Absent 10 

Present 

10 

3 

6 

3 

12 

4 

12 

1 

10 

3 

0.5 

Multifocal lesions 

Absent 7 

Present 6 3 4 

14 

2 

9 

4 

12 

1 

0.1 



Correlation between histopathologic findings and 
lymph node metastasis 
To analyse if histopathologic findings could predict the presence of lymph 

node metastasis, a binary logistic regression analysis was performed for the 

various histopathologic variables. Each of the following factors had a 

significant influence on the presence of lymph node metastasis: a tumour of 

more than 3 cm, infiltration beyond the superficial submucosal layer, a poor 

differentiation grade and the presence of lymph-angio invasion (p = 0.003, 

0.0007, 0.0013, and 0.03 respectively). However, a multivariate analysis of these 

variables could only identify T-stage as an independent prognostic variable 

(Table 3). 

TABLE 3 

Results of histopathological parameters predicting lymph node metastasis by the binary logistic regression 
model and multivariate analysis. 

0 
> 

NO N1 Univariate analysis Multivariate analysis 

Tumour characteristics n = 65 n=12 OR' 95%CI : ' OR 95% CI 

Maximum size tumour 

< 3 cm 

> 3 c m 

58 

7 

6 

6 

3.0 1.0-7.9 n.s. 

Infiltration depth 

m1/r-n2/m3/sm1 

sm2/sm3 

51 

14 

0 

12 

11.6 2.8-47.6 3.4 1.1 -19.1 

Differentiation grade 

Well/moderate 

Poor 

55 

10 

5 

7 

4.7 1.5-14.8 - = 

Lymph-angio invasion 

Absent 

Present 

59 

6 

/ 
10 

5.3 1.7-16.6 n.s. 

aOdds Ratio; "95% Confidence Interval; cnot significant 



DISCUSSION 

Preoperative identification of lymph node involvement in patients with HGD 

or early carcinoma of the oesophagus or GOJ by endoscopic ultrasonography 

or histopathologic tumour characteristics is of crucial importance, in order to 

identify patients eligible for endoscopic treatment. In preoperative clinical 

staging modalities, EUS has become the most important imaging technique 

for patients with carcinoma of the oesophagus or GOJ." '2 In these series, only 

one of the 20 patients who underwent oesophagectomy for a 

endosonographically diagnosed mucosal lesion showed submucosal invasion 

in the resection material and 7% of the patients with lymph node involvement 

were missed by EUS. These promising negative predictive values (95% and 

93% respectively) are comparable to the high diagnostic accuracy rates for 

discrimination between intramucosal and submucosal cancer reported in the 

literature (up to 100% for T stage).' :~ These findings suggest that EUS is 

useful in the selection of patients eligible for local therapy, although the 

preoperative endosonographic staging should be interpreted with caution 

when local irregularities or ulcers are seen, since they may compromise the 

reliability of EUS. In addition, it might be hypothesized that the current 

possibility to refine EUS lymph node staging with fine needle aspiration (EUS-

FNA) will even further increase the negative predictive value of EUS for lymph 

node involvement.'8 

The analysis of histopathological tumour characteristics demonstrated that 

patients with mucosal lesions (ml and m2), tumours infiltrating the muscularis 

mucosae (m3) and tumours with minimal submucosal involvement (sm1) never 

had lymph node metastases or lymph-angio invasion. In contrast, in 23% of 

the patients with an sm2 tumour and 69% of the patients with an sm3 tumours, 

lymphatic spread was observed. Other tumour characteristics with a significant 

influence on the presence of lymph node metastasis were a tumour of more 

than 3 cm and a poor differentiation grade. Relating these results to the 

literature is difficult since studies devoted specifically to early 

adenocarcinomas of the oesophagus or GOJ are scarce and so far there are 

only small reports comparing combined T1 m and combined T1 sm carcinomas. 

In these studies, 2% lymph node metastases has been reported in patients 

with a mucosal adenocarcinoma developed in a Barrett segment, versus 25% 

lymph node metastases in patients with submucosal carcinomas (Table 4)."'" 

The paucity of (Western) histopathological data of early adenocarcinomas is 

contrasted by numerous (Japanese) studies reporting large series of 

superficial squamous cell carcinomas of the oesophagus (Table 4). In most 

of these studies the depth of invasion is subdivided into six stages 



TABLE 4 

Lymph node invasion in surgical resection specimens of patients with early adenocarcinoma of the 

oesophagus or gastro-oesophageal junction compared to early oesophageal squamous cell carcinoma 

Review of the literature. 

A d e n o c a r c i n o m a " ' " ' " Squamous cell carcinoma"1 '21 '34 

T- stage 

HGD 

T1a' 

Tib* 

Patients 

(n) 

59 

150 

154 

Lymph node 

involvement 

0 (0%) 

3 (2%) 

39 (25%) 

95% CI 

0-6% 

0-4% 

19 32% 

T- stage 

M1 

M2 

M3 

Sm1 

Sm2/3 

Patients 

(n) 

171 

108 

109 

96 

442 

Lymph node 

involvement 

0 (0%) 

0 (0%) 

4 (4%) 

25 (26%) 

208 (47%) 

95% CI 

0-2% 

0-3% 

1 9% 

18-36% 

42-52% 

aT1a: tumour limited to the mucosa or musculans mucosae, " T i b tumour infiltrates submucosa but not rnusculans propria 

comparable to the tumour stages used in this manuscript. In tumours limited 

to the epithelium or lamina propria (ml and m2), lymph node metastases were 

never found. For tumours infiltrating the muscularis mucosae (m3), the chance 

for lymph node metastases was 3.7%. Tumours infiltrating the submucosal 

layer had significantly higher lymph node metastases rates: 26% and 47% for 

sm1 and sm2/3 tumours respectively. It is questionable if these data on 

squamous cell cancer can be simply extrapolated to early invasive 

adenocarcinoma, since it is unclear whether the two types of early 

oesophageal carcinoma are comparable in biology and outcome. A better 

prognosis for patients with T1 adenocarcinoma than for those with T1 

squamous cell carcinoma has been reported/5 Therefore, the two types of 

early tumours should probably be studied as distinct entities. 

With the currently available diagnostic staging modality EMR, histopathologic 

characteristics like infiltration depth, differentiation grade and the presence of 

lymph-angio invasion can be assessed preoperatively to identify patients in 

whom the risk of lymphatic dissemination is very low. However, it should be 

bared in mind that identification of sm1 lesions in an EMR specimen has its 

limitations, since the actual segment of tumour involvement in the submucosal 

layer involvement cannot be reliably measured due to absence of the proper 

muscle layer. 

Apart from the histopathologic features increasing the likelihood of lymph 

nodal involvement, other pathological factors found in early adenocarcinomas 

of the oesophagus or GEJ need to be taken into account as well when local 

endoscopic therapy is considered. In almost 50% of Barrett carcinomas, HGD 



was found to accompany the tumour and the presence of intestinal metaplasia 

or invasive carcinoma underlying pre-existent squamous epithelium was 

identified in 21% of our cases. Additional foci of HGD or invasive tumour 

development at distinct sites throughout the Barrett segment were found in 

six of the 13 patients with HGD (46%) and in 14 of the 64 patients (22%) with 

invasive carcinoma. Previously reported data, including ours, also indicate that 

multifocality of early adenocarcinomas developing in a columnar-lined 

oesophagus is common. '' To prevent the risk of incomplete clearance of 

(pre-)malignant Barrett's epithelium due to concomitant HGD, hidden 

metaplastic or neoplastic lesions, and multifocal invasive lesions, extensive 

and careful mapping of the complete Barrett segment and the proximal, 

normally appearing, squamous epithelium should always accompany a 

diagnostic EMR procedure/'0 ';2 For patients with a radically resected lesion in 

« the EMR specimen and no additional lesions, the EMR procedure can be 

I considered as curative treatment. For other patients, additional treatment is 

£ possible and may consist of either a surgical resection or an additional EMR 

< procedure with or without ablative Photodynamic Therapy (PDT).;: An 

algorithm outlining the preoperative diagnostic work-up for patients with 

HGD and adenocarcinoma of the oesophagus or GOJ for a tailored 

endoscopic approach is proposed in Figure 2. Obviously, after successful 

endoscopic treatment strict endoscopic follow-up is required to detect 

£ metachronous lesions at an early stage. 

£ In identifying which patients are eligible for (a combination of) these endoscopic 

techniques, we acknowledge that a retrospective study has its limitations. A 

limitation of this study is the small study size. Although the patients come from a 

large database of 367 patients, only a small percentage of the patients had early 

lesions. However, in comparison to the literature our series is relatively large. In 

addition, this is the first study in which early adenocarinomas subclassified into 

six different stages are analysed. Another weakness of this study is the majority 

of transhiatal resections. A transhiatal oesophagectomy is generally considered 

as a suboptimal staging procedure understaging 23% of the patients.'* To 

analyse regional dissemination of early carcinomas, it would be appropriate to 

analyse the frequencies of nodal metastases exclusively in those patients who 

underwent a transthoracic resection with two-fields lymph node dissection. 

However, in the present study, such a selective analysis seems to be irrelevant as 

only 22% of the patients underwent an extended transthoracic resection. 

Therefore the results of this study can only be considered as a guideline 

identifying a potential subset of patients benefiting from endoscopic treatment 

awaiting long-term survival results from randomised controlled trials comparing 

EMR to surgical resection/5 



In conclusion, this study describes the efficiency of preoperative EUS in 

identifying T and N stage of HGD and early adenocarcinoma of the 

oesophagus or GOJ and identifies histopathological features of these 

tumours (subclassified into six different stages) related to the presence of 

lymph node metastases. The results suggest that EUS can reliably predict 

intramucosal lesions without lymph node involvement and that m l , m2, m3 or 

sm1 lesions are eligible for endoscopic treatment when the lesion is smaller 

than 3 cm, has a good or moderate differentiation grade and no lymph-angio 

invasion. In contrast, for patients with a T1 sm2 or T1 sm3 lesion a surgical 

resection with lymphadenectomy should be considered for curation. It should 

also be taken into account that half of these patients had areas of HGD 

accompanying the invasive cancer and one quarter of the patients had 

additional lesions at distinct sites. Therefore, extensive mapping should 

always accompany EUS or a diagnostic (and potentially therapeutic) EMR, and 

after successful endoscopic treatment strict endoscopic follow-up is required 

to detect metachronous lesions at an early stage. 

FIGURE 2 

Algor i thm outl ining the preoperative diagnostic work-up t o HGD and adenocarcinoma of the oesophagus or 

gastro-oesophageal junction for a tailored endoscopic approach. 
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