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Lauren classification and c-erbB-2 overexpression 

ABSTRACT 

Background. The prognostic value of the Lauren classification and of c-erbB-2 

oncogene overexpression has been described for gastric cancer. 

Aim. To investigate the clinical significance of these factors in adenocarcinoma of the 

oesophagus and/or oesophagogastric junction (OGJ). 

Methods. Forty-one adenocarcinomas of the oesophagus and/or OGJ were reviewed 

for tumour stage, lymph node status, Lauren classification, and c-erbB-2 

overexpression as assessed by immunohistochemical analysis. 

Results. According to the Lauren classification, tumours were classified as intestinal-, 

mixed- or diffuse-type (54%, 32% and 15%, respectively). Diffuse-type tumours were 

associated with a significantly worse prognosis than were intestinal-type tumours 

(p=0.018; log-rank test). The prognostic value of the Lauren classification was 

independent of stage (p=0.048; Cox regression model). Overexpression of c-erbB-2 

was detected in 24% of the tumours and was present exclusively in intestinal-type 

tumours and in intestinal-type areas of mixed-type tumours. Ten of the 30 stage UJ/IV 

tumours (33%) were c-erôB-2-positive, whereas none of the 11 stage WI tumours 

(0%) overexpressed the oncogene product (p=0.04; Fisher exact test). The prognostic 

value of c-erbB-2 overexpression was not independent of stage (p=0.7; Cox regression 

model). 

Conclusions. 1) The Lauren classification is an independent prognostic factor in 

adenocarcinoma of the oesophagus and OGJ; 2) c-erbB-2 overexpression is limited to 

(areas of) intestinal-type tumours, indicating that intestinal- and diffuse-type tumours 

differ oncogenetically; 3) c-erbB-2 overexpression is associated with stage of disease, 

indicating that it is a late event during tumour progression. 
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INTRODUCTION 

During the past two decades, a dramatic increase in the incidence of adenocarcinoma 

of the oesophagus and oesophagogastric junction (OGJ) has been observed in the 

United States and Europe.1"4 The vast majority of oesophageal adenocarcinomas, if not 

all, arise from specialized intestinal metaplasia in the oesophagus (so called Barrett 

oesophagus).5 Whether a similar premalignant lesion exists for adenocarcinoma of the 

OGJ is not clear.6 The prognosis for patients with these malignancies remains poor, 

because of locoregionally advanced disease and/or distant metastases already present 

at the time of initial clinical manifestation.7 The aggressive behaviour of this cancer is 

reflected in an early spread to lymph nodes, even at locations distant from the site of 

the primary tumour.8"10 Long-term survival after surgical treatment for carcinoma of 

the oesophagus and/or OGJ is related to the pathological stage of the tumour.11 

Favourable survival rates after resection are associated with complete tumour removal 

(microscopically radical resection, i.e., distal, proximal and lateral resection margins 

free of tumour by microscopic examination; RO resection), limited wall penetration, a 

small number of tumour-positive lymph nodes (four or less), and/or a low ratio of 

invaded to removed lymph nodes (< 0.3).812 

In gastric cancer, the histological tumour type according to the Lauren classification 

has been shown an independent prognostic factor.13 Based on microscopic features or 

behavioural patterns, this classification divides adenocarcinomas into two types, i.e., 

intestinal (consisting of well-formed tubules) and diffuse (diffuse tumour infiltration, 

frequently with signet ring cells).14 When a tumour does not fit into one of these 

categories, it is classified as mixed. For patients with gastric cancer, it is known that 

intestinal-type tumours have a better prognosis than diffuse-type tumours.13 Few data 

are available on the prognostic value of the Lauren classification for adenocarcinoma 

of the oesophagus.15 

Progression of the malignancy might be influenced by proto-oncogene aberrations. The 

c-erbB-2 proto-oncogene (also known as HER2/neu) encodes a 185-kDa 

transmembrane glycoprotein with intrinsic tyrosine kinase activity that is homologous 

to, but distinct from, the epidermal growth factor receptor.16 Aberrant c-erbB-2 protein 

overexpression occurs in several human adenocarcinomas.17 The reported prevalence 

of c-erbB-2 overexpression in adenocarcinoma of the oesophagus and OGJ varies 

widely, between 11% and 73%.15,18"23 There are conflicting data on the prognostic 
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significance of c-erbB-2 overexpression in these tumours.15,20-23 It was proposed by 

Fléjou et al20 that there is a link between the histological (intestinal-) type of 

oesophageal (Barrett) carcinoma and c-erbB-2 oncogene overexpression. Interestingly, 

c-erbB-2 oncogene overexpression was shown by Nakamura et al}5 to be an indicator 

of poor prognosis in Barrett carcinoma. These contradictory results encouraged us to 

perform a study designed to establish the prognostic value of histological tumour 

classification according to Lauren and of c-erbB-2 overexpression in adenocarcinoma 

of the oesophagus and OGJ. 

PATIENTS AND METHODS 

Study population. Resection specimens from 41 consecutive patients who underwent a 

potentially curative oesophagectomy with extended two-fields lymph node dissection 

via a transthoracic approach were used in this study. These 41 patients included 34 

male and 7 female patiens, with a median age of 63 years (range 41 - 78 years). All 

study patients were surgically treated, between 1993 and 1996, by two senior surgeons 

(HO and JJBvL). The choice to perform a transthoracic oesophagectomy with a two-

fields lymphadenectomy for adenocarcinomas of the OGJ follows the observation that 

these tumours tend to spread to both abdominal and thoracic lymph nodes.24 Because 

the choice of the operative procedure may influence survival times and the accuracy of 

tumour staging (especially lymph node status), patients who underwent a transhiatal 

oesophagectomy (without extended lymphadenectomy) as part of a randomized trial 

comparing transhiatal and transthoracic oesophagectomy were excluded from the 

present study. None of the study patients received preoperative chemotherapy or 

radiation therapy. Patients who underwent a macroscopically irradical resection (i.e., 

incomplete clearance of tumour as assessed by the surgeon during the operation; R2 

resection) were not included. Undifferentiated carcinomas, precluding reliable 

distinction between squamous and adenomatous differentiation, were also not 

included. All investigated tumours were invasive adenocarcinomas that were either 

limited to the oesophagus (n=23) or involved the OGJ (n=18). This categorization was 

independent of the finding of Barrett mucosa remnants. The tumours involving the 

OGJ showed substantial infiltration of the distal oesophagus, precluding complete 

tumour resection by total gastrectomy. These tumours would be considered Type I 

tumours in the classification described by Hölscher et al.25 Accordingly, they were 
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treated with oesophagectomy and proximal gastrectomy. 'True' adenocarcinomas of 

the cardia (i.e., without or with minimal infiltration of the distal oesophagus; Type II 

tumours), which are treated with total gastrectomy and transhiatal 

oesophagojejunostomy in our hospital, were not considered in this study. 

Clinico-pathological features. Haematoxylin and eosin- (H&E-) stained sections of 

the primary tumours were reviewed by two experienced pathologists (GJAO and 

FJWtK) who were unaware of c-erbB-2 positivity or survival data. The grade of 

differentiation (well, moderately or poorly differentiated) and the presence of Barrett 

mucosa remnants adjacent to the tumour were recorded. Barrett mucosa was defined as 

distinctive-type specialized columnar epithelium with the presence of goblet cells in 

the oesophagus. The histological tumour type according to the Lauren classification 

was specifically graded, on coded slides, by one pathologist (GJAO). The number of 

investigated lymph nodes ranged from 11 to 56 (median 27). Lymph node status was 

evaluated based on the total number of tumour-positive lymph nodes and on the ratio 

of invaded to removed lymph nodes (lymph node ratio). All tumours were staged as 

oesophageal carcinoma according to the pTNM classification (UICC 1992).24,26 To 

consider tumours of the OGJ with substantial infiltration of the oesophagus (Type I 

tumours of the OGJ) as oesophageal cancers is in agreement with the classification 

rules proposed by Hölscher et al?5 In this respect it is worthwile to note that detailed 

morphological studies have indicated that adenocarcinomas of the oesophagus and 

OGJ may be considered as one entity.27 Moreover, in a recent report, survival curves 

for patients with OGJ carcinoma were similar to those obtained for patients with 

oesophageal carcinoma.24 Clinical follow-up examinations were performed every 3-6 

months after discharge from the hospital and were complete for all patients. 

Immunohistochemistry (IHC). Tissue samples were fixed in 4% buffered formalin. 

Archival, paraffin-embedded material was used to obtain sections from the primary 

tumour. Dewaxed paraffin-embedded sections were washed in phosphate-buffered 

saline, and endogenous peroxidase was blocked with 0.3% hydrogen peroxide in 

methanol. C-erbB-2 oncoprotein expression in the primary tumour was investigated 

with c-neu (Ab-3, clone 3B5) monoclonal antibody (Oncogene Science, Cambridge, 

MA; catalogue number OP15; dilution 1:50), using an avidin-biotin complex with 

diaminobenzidine as a chromagen. This antibody binds to the intracellular 

cytoplasmic (kinase) domain of the human c-erbB-2 oncoprotein (amino acids 1242-

1255). The primary reason for choosing an antibody that recognizes an epitope on the 

135 



Lauren classification and c-erbB-2 overexpression 

internal domain of the receptor was that tyrosine kinase activity is restricted to the 

internal domain. A second reason was that we wanted our data to be comparable to 

those of other groups investigating c-erbB-2 overexpression in oesophageal (Barrett) 

carcinoma.15-1823 In addition, the choice of the antibody was supported by a 

methodological study by Penault-Llorca et al.2S In that study, the best results on 

formalin-fixed archival material were obtained with the monoclonal antibody 3B5. The 

sections were counterstained with haematoxylin and mounted. Breast adenocarcinoma 

with well-established high expression of c-erbB-2 served as a positive control. 

Sections from oesophageal adenocarcinomas included in the present study sample that 

underwent the staining procedure with omission of the specific antibody were used as 

negative controls. Because grading of staining intensity does not correspond to the 

amount of c-erbB-2 protein detected by Western or Southern blot analysis, only a 

qualitative assessment of oncoprotein expression was performed.17,19 

Immunohistochemical results were evaluated, using light microscopy, by two 

experienced pathologists (GJAO and FJWtK), independently and according to rigid 

criteria. These criteria were based on comparative studies of IHC (five antibodies) and 

gene amplification by Western blot analysis in colorectal, gastric, and breast 

carcinoma.17 Tumour-specific staining not seen in the surrounding oesophageal or 

gastric tissue, with distinct staining along the cell membrane and with markedly less 

immunoreactivity in the tumour cell cytoplasm, was considered a positive reaction. 

Cases with less intense c-erbB-2 positivity in the tumour than in the surrounding 

tissue, as well as cases with < 5% positive cells, were considered negative. Only 

agreement cases between the two pathologists were categorized as exhibiting c-erbB-2 

protein overexpression. Sections from the most proximal part of the tumour were 

evaluated because, even in obstructive tumours, this site is always accessible for 

preoperative endoscopic biopsy sampling. It enabled comparison of 

immunohistochemical staining in the tumour with that in the surrounding tissue, i.e., 

normal squamous epithelium of the oesophagus or Barrett mucosa (internal control). 

Statistical analysis. Comparison of frequencies was done with the Fisher exact test 

(two-sided). The Mann-Whitney U test was used to compare the numbers of tumour-

positive lymph nodes and the lymph node ratios. Survival curves were constructed 

using the Kaplan-Meier method. The equality of the survival distributions was tested 

with the log-rank test. In bivariate analysis of survival, two different combinations of 

two factors (stage and Lauren classification; stage and c-erbB-2 overexpression) were 
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compared using the Cox regression model. A probability of < 0.05 was considered to 

represent a statistically significant difference. Because the primary interest was to 

investigate possible tumour-related indicators of long-term survival, in-hospital deaths 

(2 of 41 patients died as a result of early postoperative complications; 5%) were 

excluded from the survival analysis. Follow-up times ranged from 2 to 37 months 

(median 12 months). Nineteen patients (49%) died as a result of tumour recurrence 

during follow-up. 

RESULTS 

According to the Lauren classification, there were 22 (54%) intestinal-, 13 (32%) 

mixed-, and 6 (15%) diffuse-type tumours. Distribution of pathological stages was as 

follows: 8 stage I, 2 stage UA, 1 stage IIB, 11 stage m, and 19 stage IV (i.e., positive 

lymph nodes at the coeliac trunc; pMl Lym+). Tumour-positive lymph nodes (pNl 

and/or pMl Lym+) were detected in 31 cases. In 15 cases, the tumour was graded as 

well to moderately differentiated (G1/G2). The remaining 26 adenocarcinomas were 

poorly differentiated (G3). Barrett mucosa remnants were found in association with 26 

of the 41 primary tumours. The relationships between the Lauren classification, grade 

of tumour differentiation, and presence of Barrett mucosa adjacent to the primary 

tumour are depicted in Table 1. 

Table 1. Lauren classification in relation to grade of tumour differentiation and presence of 
Barrett mucosa adjacent to the primary tumour. 

No. of tumours 

Grade of differentiation Barrett mucosa 

Lauren classification G1/G2 G3 present absent 

intestinal (n=22) 13 9 13 9 

mixed (n= 13) 2 11 10 3 

diffuse (n=6) 0 6 3 3 

all(n=41) 15 (37%) 26 ( 63%) 26 (63%) 15 (37%) 

Records of 39 patients were evaluated for survival analysis, after exclusion of two 

patients (both with intestinal-type tumours) who died from early postoperative 

complications. In univariate analysis, postoperative survival rates according to 
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pathological stage of disease were significantly different between groups (p=0.003; 

Table 2). pT and pN status were also significant prognostic factors. Survival rates for 

patients with intestinal-, mixed-, or diffuse-type tumours according to the Lauren 

classification were significantly different (p=0.03; Table 2 and Figure 1). Diffuse-type 

tumours were associated with a significantly worse prognosis than were intestinal-type 

tumours (p=0.018; Table 2). For patients with histologically proven adenocarcinoma of 

the oesophagus and/or OGJ in Barrett metaplasia (n=25, excluding one in-hospital 

death), intestinal-type tumours showed a tendency for better survival rates, compared 

with mixed/diffuse-type tumours (p=0.09). 

Table 2. Significance of prognostic factors in univariate survival analysis for 39 patients with 
adenocarcinoma of the oesophagus and/or oesophagogastric junction. 

Factor Groups p-value (log-rank test) 

stage I vs. n vs. Ill vs. IV 0.003 

PT Tl vs. T2 vs. T3 0.012 
pN NO vs. Nl 0.017 

Grade of differentiation G1/G2 vs. G3 0.95 

Lauren classification intestinal vs. mixed vs. diffuse 0.03 

intestinal vs. diffuse 0.018 

c-erbB-2 overexpression positive vs. negative 0.21 (all tumours) 

0.049 (intestinal/mixed tumours) 

Overexpression of c-erbB-2 protein was detected in 10 of the 41 tumours (24%). 

Results of c-erbB-2 IHC in relation to histopathological features and lymph node 

status are presented in Table 3. C-erbB-2 overexpression was demonstrated only in 

intestinal-type tumours or in intestinal-type areas of mixed-type tumours (Figure 2), 

whereas all (areas of) diffuse-type tumours were negative for c-erbB-2 (10/35 versus 

0/19; p=0.01). Ten of the 30 stage III or IV tumours were c-erbB-2 positive, whereas 

none of the 11 stage I or II tumours were c-erbB-2 positive (p=0.04). There was no 

significant difference in c-erbB-2 overexpression between well/moderately 

differentiated tumours and poorly differentiated tumours (33% and 19%, respectively; 

p=0.53). C-erbB-2 overexpression was detected with similar frequencies in tumours 

with and without adjacent Barrett mucosa (23% and 27%, respectively; p=0.91). All 10 

c-erèB-2-positive tumours had lymph node involvement (pNl and/or pMl Lym+). 

Although c-erbB-2 overexpression was seen more frequently in tumours with lymph 
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node metastases (32%) than in tumours without lymph node involvement (0%), the 

difference did not reach statistical significance (p=0.08). The number of tumour-

positive lymph nodes was higher in c-erèB-2-positive tumours than in c-erbB-2-

negative tumours (median 6 and 4, respectively), but the difference did not reach 

statistical significance (p=0.07). The lymph node ratios for c-erèB-2-positive tumours 

and c-erôB-2-negative tumours were also not significantly different (median 0.12 and 

0.14, respectively; p=0.21). Even when analysis of the relationship between c-erbB-2 

overexpression and lymph node status was limited to intestinal-type and mixed-type 

tumours (n=35), none of the aforementioned comparisons revealed significant 

differences (data not shown). 

Table 3. c-erbB-2 overexpression in relation to histopathological features and lymph node 
status of 41 adenocarcinomas. 

No. of tumours 

c-erbB-2 positive c-erbB-2 negative p-value 

Lauren classification 
Intestinal " 10 (29%) 25 (71%) 0.01c 

Diffuse * 0 (0%) 19 (100%) 

Stage 
WI(n=ll) 0 (0%) 11 (100%) 0.04c 

nWV (n=30) 10 (33%) 20 (67%) 

Grade of differentiation 
G1/G2 (n=15) 5 (33%) 10 (67%) 0.53c 

G3 (n=26) 5 (19%) 21 (81%) 

Barrett mucosa 
Yes (n=26) 6 (23%) 20 (77%) 0.91c 

No (n=15) 4 (27%) 11 (73%) 

Presence of positive lymph nodes 
pNO (n=10) 0 (0%) 10 (100%) 0.08c 

pNl (n=31) 10 (32%) 21 (68%) 

Number of positive lymph nodes 
[median] (range) 6 (1-23) 4 (0-13) 0.07 d 

Lymph node ratio 
[median] (range) 0.12 (0.05 - 0.57) 0.14 (0.0 - 0.68) Q.2\d 

" intestinal-type tumours (n=22) or intestinal-type areas of mixed-type tumours (n=13); 
* diffuse-type tumours (n=6) or difiuse-type areas of mixed-type tumours (n=13); 
0 Fisher exact test;d Mann-Whitney t/test. 
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Figure 1. Survival rates for 39 patients with intestinal-, mixed-, and diffuse-type 

adenocarcinomas according to the Lauren classification (p=0.03; log-rank test). 7%e numbers 

in the box refer to the numbers of patients at risk. 

Survival rates after resection according to the presence versus absence of c-erbB-2 

overexpression were not statistically different (p=0.21; Table 2). Because c-erbB-2 

overexpression was exclusively observed in intestinal- and mixed-type tumours, 

survival rates were also analysed specifically within this group of patients (n=33). This 

analysis showed that survival rates for patients with c-erèB-2-positive tumours were 

significantly worse than those for patients with c-erèB-2-negative tumours (p=0.049; 

Table 2 and Figure 3). 
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Bivariate analysis was performed to discriminate prognostic factors independent of 

tumour stage. When stage and Lauren classification were assessed simultaneously, 

both variables were significant independent prognostic factors for survival (p=0.002 

and p=0.048, respectively). When stage and c-erbQ-2 overexpression were assessed 

simultaneously, only the stage of disease appeared to be a significant prognosticator 

(p=0.003 and p=0.7, respectively). 

Figure 2. Section of a mixed-type tumour according to the Lauren classification. 

(A) Haematoxylin and eosin stain. (B) c-erbB-2 immunohistochemistry. Upper compartment: 

intestinal-type area with strong membranous c-erbB-2-positive staining. Lower compartment: 

c-erbB-2-negative diffuse-type area (final magnification x 6.6). 
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Figure 3. Survival rates for 33 patients with c-erbB-2-positive and c-erbB-2-negative tumours 
(p=0.049; log-rank test; intestinal- and mixed-type tumours only). The numbers in the box 
refer to the numbers of patients at risk. 

DISCUSSION 

The Lauren classification, which was originally designed to classify gastric cancer, 

seems also to be valuable for the classification of adenocarcinomas of the oesophagus 

and OGJ. There have been two studies in which the Lauren classification was applied 

to adenocarcinomas arising in Barrett oesophagus.15'20 In both studies, the majority of 

tumours were classified as intestinal- or mixed-type (97% and 78%, respectively). In 
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the first study, by Nakamura et al.,15 the 3% incidence of diffuse-type tumours was too 

low to allow definite conclusions regarding the prognostic significance of the Lauren 

classification; in the second study, by Fléjou et al.,20 the prognostic value of the Lauren 

classification was not analysed. In agreement with reports on gastric cancer,13-29 our 

study showed that diffuse-type tumours of the oesophagus and/or OGJ are associated 

with significantly worse prognoses, compared with intestinal-type tumours. A similar 

tendency was observed in a selective analysis of exclusively histologically proven 

Barrett-associated adenocarcinomas of the oesophagus and/or OGJ. Further evaluation 

in other (larger) series will be required to establish the significance of this observation. 

The prognostic value of the Lauren classification in the present study was not merely a 

reflection of differences in the grade of differentiation. Indeed, more than one-half of 

the intestinal-type tumours were well to moderately differentiated, and all diffuse-type 

tumours were poorly differentiated {Table 1). However, even in univariate analysis, the 

grade of differentiation had no prognostic value (Table 2). The prognostic value of the 

Lauren classification was independent of that of the pathological stage of the tumour. 

Importantly, histologic typing according to the Lauren classification can be simply 

performed, based on preoperative endoscopic biopsy sampling and routine H&E 

staining. In a study on gastric cancer, the sensitivity and specificity for detecting 

intestinal-type tumours were estimated to be 86% and 82%, and for detecting diffuse-

type tumours 87% and 90%, respectively, compared with the final diagnosis in the 

resection specimen.30 

In adenocarcinoma of the oesophagus and/or OGJ, it has been suggested that c-erbB-2 

overexpression may be a marker for susceptibility to preoperative chemoradiation and 

thus for improved survival rates.21 In studies of surgery as a single-modality treatment, 

conflicting data have been reported on the prognostic significance of c-erbB-2 

overexpression.15'20-23 In the present study, c-erbB-2 overexpression was detected only 

in intestinal-type tumours and in intestinal-type areas of mixed-type tumours, whereas 

diffuse-type tumours (or diffuse-type areas of mixed-type tumours) did not show any 

c-erbB-2 overexpression. This is in agreement with observations made in gastric 

cancer, where c-erbB-2 overexpression is (mainly) seen in intestinal-type tumours.31"33 

It is also in line with the report of Fléjou et al.,20 who studied oesophageal (Barrett) 

cancers. Apparently, intestinal-type and diffuse-type tumours differ not only 

morphologically and biologically (i.e., prognostically), but also oncogenetically. For 

these reasons, in the present study the prognostic value of c-erbB-2 overexpression was 
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analysed not only in the total study group, but also in the subgroup of intestinal- and 

mixed-type tumours. For these tumours, c-erbB-2 overexpression had significant 

prognostic value in univariate survival analysis (Table 2). However, in bivariate 

analysis, its prognostic value was not independent of that of tumour stage. From a 

clinical point of view, it is important to realize that c-erbB-2 overexpression can be 

assessed on preoperative biopsy specimens, whereas pathological tumour stage can 

only be accurately determined after surgical intervention. Overexpression of c-erbB-2 

was found only in advanced tumours (stage m/TV; Table 3). This finding is in 

agreement with the study by Nakamura et al.i5 Apparently, c-erbB-2 overexpression is 

a late event during the development and progression of adenocarcinoma of the 

oesophagus and/or OGJ.22 This might explain why all c-erbB-2 positive tumours 

showed lymph node involvement (Table 3). 

From the data presented, the following conclusions can be drawn. (1) The Lauren 

classification is a valuable tool for predicting prognosis of adenocarcinomas of the 

oesophagus and/or OGJ, with diffuse-type tumours having a significantly worse 

prognosis than intestinal-type tumours. This prognostic value of the Lauren 

classification is independent of the pathological stage of the tumour. (2) C-erbB-2 

overexpression is limited to (areas of) intestinal-type tumours, indicating that 

intestinal- and diffuse-type tumours differ not only morphologically and 

biologically/prognostically but also oncogenetically. (3) C-erbB-2 overexpression has 

no prognostic significance, except in intestinal- and mixed-type tumours. In these 

tumours, the prognostic value of c-erbB-2 overexpression is associated with the stage 

of disease, indicating that it is a late event during tumour progression. 
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