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Stellingen behorende bij het proefschrift 

Early Detection and Surgical Treatment of Adenocarcinoma 

of the Oesophagus or Oesophagogastric Junction 

1. Vroeg of laat speelt het stadium van de ziekte een belangrijke rol in de tijd 

na een slokdarmoperatie vanwege een carcinoom. 

2. Endoscopische controle van patiënten met een Barrett slokdarm is een 

effectieve methode om pathologische stadiëring van het Barrett carcinoom te 

verschuiven naar vroegere stadia. 

2. Computergestuurde kwantitatieve pathologie verscherpt de conventionele 

histologische gradering van dysplastisch Barrett slijmvlies. 

3. Het onderzoek naar zin en onzin van endoscopische controle voor patiënten 

met een Barrett slokdarm is voer voor de medisch ethicus op zoek naar de 

balans tussen 'harm' en 'benefit'. 

4. Barrett behoort tot het verleden. 

5. Het risico op maligne ontaarding van intestinale metaplasie op de slokdarm-

maagovergang zou afhankelijk kunnen zijn van het type slijm geproduceerd 

door het oppervlakte-epitheel. In studies die tot doel hebben dit risico te 

bepalen dient derhalve aandacht geschonken te worden aan slijmkleuringen. 

6. Het gebruik van de term cardia carcinoom voor elke tumor in de nabijheid 

van de slokdarm-maagovergang leidt tot verwarring omtrent etiologische 

factoren en vertroebelt epidemiologische vraagstukken. 

7. Lokale endoscopische therapie vanwege een vroeg adenocarcinoom van de 

slokdarm of slokdarm-maagovergang dient vooralsnog alleen op strikte 

indicatie een chirurgische behandeling te vervangen. 

8. Indien een extended transthoracale slokdarmresectie op de lange termijn 

géén voordeel geeft in vergelijking met een transhiatale resectie zou een 

verklaring gezocht kunnen worden in de postoperatieve immunologische 

respons. 



9. If computers get too dominant, we can organize them into a committee - that 
will do them in. 

10, Some authors tend to publish their data as Rodin created his sculptures: "I 

choose a block of marble and chop off everything I don't need". 

l ï . Een website voor ziekenhuisgebonden complicatieregistraties geeft vrijheid 

van keuze, totdat een link wordt gelegd naar verzekeringspolissen. 

12. Tijdens de marathon van Amsterdam zijn 500 skeelers tegelijkertijd de IJ-

tunnel ingereden en ten val gekomen. Door een aantal van hen wordt de 

organisatie aangeklaagd. Volgend jaar zal er gecontroleerd worden op 

oogkleppen. 

13. Als we dit jaar aftellen in het Chinees, dan hebben we het 

milleniumprobleem al 2698 jaren achter de rug. 

14. Drie eygenschappen noodigh in de Chirurgie: Een valeken oogh, Een 

leeuwen hert, Een juffers hant. (J. Cats, Sinne- en Minnebeelden, 1618) 

Johanna W. van Sandick, 1 december 1999 
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Chapter 1 

GENERAL INTRODUCTION: 

Barrett oesophagus, intestinal metaplasia and 
adenocarcinoma of the oesophagus or 

oesophagogastric junction 

Parts of the text have been derived from: 

Barrett oesophagus and Barrett carcinoma. Philip M. Kruyt ', Johanna W. van 

Sandick ', J. Jan B. van Lanschot ', G. Johan A. Offerhaus2, Guido N.J. Tytgat3, 

and Huug Obertop '. 

Ned Tijdschr Geneeskd 1997; 141:869-873. 

Role of surveillance in intestinal metaplasia of the oesophagus and 

oesophagogastric junction. Guido N.J. Tytgat3, Johanna W. van Sandick ', J. Jan 

B. van Lanschot ', and Huug Obertop l. World J Surg, in press. 

Departments of Surgery ', Pathology 2 and Gastroenterology 3, Academic Medical 

Center, University of Amsterdam, Amsterdam, The Netherlands. 



General introduction 

The two major histological types of oesophageal cancer include squamous cell 

carcinoma and adenocarcinoma. Several factors are known to predispose to the 

development of squamous cell carcinoma of the oesophagus including cigarette 

smoking, excessive alcohol intake and certain nutritional deficiencies. For 

oesophageal adenocarcinoma, the most important risk factor is a condition called 

Barrett oesophagus, which in itself is a consequence of chronic gastro-oesophageal 

reflux disease.1'2 In Barrett oesophagus, the normal squamous epithelial lining of 

the oesphagus has been replaced by a metaplastic columnar epithelium that 

histologically resembles gastric mucosa, intestinal mucosa, or both. The risk for 

adenocarcinoma in Barrett oesophagus appears to reside primarily, if not 

exclusively, in the intestinal-type of epithelial metaplasia.3,4 A similar 

premalignant lesion has been proposed for adenocarcinomas located at the 

oesophagogastric junction,5,6 but currently available data are not unequivocal. 

CANCER OF THE OESOPHAGUS OR OESOPHAGOGASTRIC JUNCTION 

Epidemiology 

There is a remarkable geographic variation in the incidence of oesophageal cancer. 

For example, a high risk zone extends from Eastern Turkey, through the Southern 

former Soviet Union, into northern China. The incidence rates are exceptionally 

high in Linxian, a county in northern China, where new cases occur at an annual 

rate of 130 per 100,000 population.7 The predominant histological type of 

oesophageal carcinoma in this region and in other high incidence areas is 

squamous cell cancer.8 In Western countries, the overall incidence of oesophageal 

cancer is relatively low with an average annual rate of less than 10 per 100,000. 

But, the Western epidemiology of oesophageal cancer is changing. Up to the early 

1970s, the frequency of squamous cell carcinoma of the oesophagus by far 

outnumbered that of adenocarcinoma. Since then, there has been a striking 

increase in oesophageal adenocarcinoma in the United States and in Western 

Europe. Data from Denmark have indicated that the incidence of oesophageal 

adenocarcinoma has increased eightfold from 1970 to 1990.9 During the same 

period, the incidence rates for squamous cell carcinoma have remained largely 

unchanged. In the United States, with particular reference to the white male 

population, frequencies of oesophageal adenocarcinoma have now surpassed those 
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Figure 1. The incidence of adenocarcinoma of the oesophagus in population-based studies. 

• Olmsted County, Minnesota, USA"; A Connecticut Cancer Registry, USA12; D Canton 

Vaud, Switserland13; • West Midlands Region, England14; o Swedisch Cancer Registry, 

Sweden (men)15; * National Cancer Institute, USA (white men)10; A Danish Cancer 

Registry, Denmark9. 

of squamous cell carcinoma.10 The changing incidence of oesophageal 

adenocarcinoma as reported from different areas in Europe and the United States 

is surprisingly similar {Figure 1). It has been suggested that the increasing 

frequency of oesophageal adenocarcinoma reflects a genuine increase in the 

occurrence of its recognized precursor lesion, i.e., Barrett metaplasia, but there are 

no published data to support this contention. 

Classification 

Adenocarcinomas of the oesophagogastric junction are about twice as common as 

adenocarcinomas which clearly arise in the oesophagus."16 For an 

adenocarcinoma which involves the oesophagogastric junction, the tumour may 
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General introduction 

have its origin in the distal oesophagus, in the very proximal stomach (i.e., the 

gastric cardia) or even at a more distal site in the stomach infiltrating the 

oesophagogastric junction from below. Along with this differentiation, it has been 

proposed to classify adenocarcinomas of the oesophagogastric junction into 

adenocarcinomas of the distal oesophagus (Type I), true carcinomas of the cardia 

(Type II) or subcardial carcinomas (Type III).17 Such classification inherently 

allows to stage tumours involving the oesophagogastric junction with substantial 

infiltration of the distal oesophagus (Type I tumours) according to the TNM 

classification of oesophageal carcinoma (Table /).18 To date, however, the 

International Classification of Diseases for Oncology does not allow to 

differentiate distinct tumour entities in the area of the oesophagogastric junction. 

As a consequence, in current literature, adenocarcinomas located at the 

oesophagogastric junction have been considered as oesophageal cancer by some, 

while others regard them as gastric cancer. Current controversy is further 

promoted by the ambiguous use of the term 'cardia carcinoma' for any tumour in 

the proximity of the oesophagogastric junction. These discrepancies in the 

definition and classification of adenocarcinomas of the oesophagogastric junction 

should be remembered when reviewing cancer registry data or any other data 

regarding these tumours. 

Adenocarcinoma of the oesophagus and oesophagogastric junction 

It is of note that adenocarcinomas of the oesophagogastric junction have much in 

common with oesophageal adenocarcinomas. Both tumours primarily affect white 

male individuals between 60 to 65 years of age.5,10 An association with chronic 

symptoms of gastro-oesophageal reflux has been observed for adenocarcinomas at 

both locations,19 although the correlation for adenocarcinoma of the oesophagus 

appears to be stronger than that for adenocarcinoma of the oesophagogastric 

junction.20 Other studies have indicated that adenocarcinomas of the oesophagus 

and adenocarcinomas of the oesophagogastric junction show marked similarities in 

their histological and morphological descriptions,2122 and still others have reported 

that both cancers exhibit almost identical survival curves after surgical resection.23 

Moreover, like the incidence of oesophageal adenocarcinoma, the incidence of 

adenocarcinoma located at the junction between the oesophagus and stomach has 

been increasing at an alarming rate in Western countries.I0,11,24 In fact, annual 
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General introduction 

incidence rates for both adenocarcinomas of the oesophagus and adenocarcinomas 

of the oesophagogastric junction have risen more rapidly than those for any other 

cancer disease in recent decades.16 This is in sharp contrast to a significant decline 

in the frequency of gastric adenocarcinomas located at more distal sites in the 

stomach.'019'21 It is of particular concern that the incidence rates for 

adenocarcinomas of the oesophagus and oesophagogastric junction continue to 

increase in an era when leading cancer incidence sites as well as overall cancer 

mortality rates are beginning to decrease for the first time.25 The mechanisms 

responsible for this upward trend in adenocarcinomas of the oesophagus and 

oesophagogastric junction are as yet unclear. In addition, the question whether 

adenocarcinomas of the oesophagogastric junction share a common precursor 

lesion with adenocarcinomas which obviously originate in the oesophagus, is at 

this time unanswered. 

Table 1. TN M staging of oesophageal carcinoma. 

Stage grouping Primary tumour (T) 
Regional lymph Distant 

nodes (N) metastasis (M) 

MO 

MO 

MO 

MO 

MO 

MO 

MO 

MO 

Ml 
For the cervical oesophagus, cervical nodes (including supraclavicular nodes) are 
considered regional; for the intrathoracic oesophagus, mediastinal and perigastric nodes 
(excluding coeliac nodes) are considered regional. 
Tl has been further subdivided into Tla (into lamina propria) and Tib (into submucosa). 

From Hermanek P, Sobin LH. TNM classification of malignant tumours. International 
Union Against Cancer, 3rd ed, 2nd revision. Berlin: Springer-Verlag 1992.18 
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Stage 0 Tis carcinoma in situ NO 

Stage I Tl into lamina propria / submucosa NO 

Stage IIA T2 into muscularis propria NO 

T3 into adventitia NO 

Stage IIB Tl into lamina propria / submucosa Nl 

T2 into muscularis propria Nl 

Stage III T3 into adventitia Nl 

T4 into adjacent structures Any N 

Stage IV Any T Any N 



General introduction 

BARRETT OESOPHAGUS 

Historical background 

In 1906, Tileston was the first to describe the appearance of a columnar-lined 

oesophagus.26 However, the report of Norman Barrett in 1950 has been considered 

the first detailed description of this condition which Barrett then interpreted as a 

congenitally short (squamous-lined) oesophagus with an intrathoracic (columnar-

lined) stomach.27 Shortly thereafter, this impression was corrected by Allison and 

Johnston28 and by Lortat-Jacob,29 who recognized that the oesophagus and stomach 

were in an anatomically normal position but that the former was lined by columnar 

epithelium. They also suggested that this condition might be acquired as a result of 

chronic gastro-oesophageal reflux. Barrett later adopted this interpretation and 

proposed that the term short oesophagus be abandoned and that the condition be 

simply called lower oesophagus lined by columnar epithelium?0 Until today, the 

eponym Barrett oesophagus has been widely applied to the condition wherein 

metaplastic columnar epithelium has replaced the normal squamous mucosa of the 

oesophagus. Had it not been identified to have malignant potential, this process 

would probably have remained a curiosity resulting from the body's adaptation to 

severe reflux. After the first report31 of an adenocarcinoma arising in a columnar-

lined oesophagus in 1953, numerous studies have confirmed the premalignant 

nature of this metaplastic epithelium. 

Extent of oesophageal columnar lining 

Traditionally, Barrett oesophagus has been merely an endoscopic diagnosis. On 

endoscopic examination, red-coloured columnar epithelium usually contrasts well 

with the pale appearance of adjacent squamous epithelium. This endoscopically 

apparent distinction has rendered little problem in recognizing Barrett oesophagus 

in patients with long segments of columnar epithelium which extend well above 

the oesophagogastric junction. For decades, endoscopists have embraced the 

contention that gastric-type columnar epithelium can normally extend 1 or 2 cm 

into the distal oesophagus. This view followed a report by Hayward in 1961.32 

Hayward did not refer to any published studies, nor did he present any data to 

substantiate his statements on oesophageal histology. Nevertheless, his report has 

largely contributed to the controversy that short segments of oesophageal 
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General introduction 

columnar lining can be dismissed as normal. It was held that biopsy sampling of 

columnar epithelium limited to the distal few centimeters of the oesophagus could 

result in a false-positive diagnosis of Barrett oesophagus. 

Another source of false-positive diagnoses has also been recognized.1,33 During 

endoscopic evaluation, the location of the oesophagogastric junction is 

continuously moving and its appearance may change from moment to moment. 

Therefore, when endoscopic biopsy specimens allegedly obtained from the distal 

oespohagus reveal (gastric-type) columnar epithelium, it can be difficult to 

exclude the possibility that the specimens were obtained inadvertently from the 

proximal stomach. In order to avoid these diagnostic difficulties, investigators in 

the early 1980s formulated criteria for the extent of oesophageal columnar lining 

necessary to establish a diagnosis of Barrett oesophagus.33,34 By then, biopsy 

specimens to confirm a diagnosis of Barrett oesophagus were obtained only when 

columnar epithelial lining was seen to extend at least 2 or 3 cm above the 

oesophagogastric junction. Using these criteria, Barrett oesophagus has been 

reported in approximately 1% of unselected patients undergoing upper 

gastrointestinal endoscopy.35,36 

However, there are several problems in defining Barrett oesophagus by the extent 

of oesophageal columnar lining. First, if the exact location of the oesophagogastric 

junction cannot be identified with precision, then any assessment of the extent of 

columnar epithelium in the oesophagus will be imprecise. Furthermore, 

endoscopic measurements themselves can be imprecise.37 Finally, any length of 

oesophageal columnar lining chosen as a diagnostic criterion for Barrett 

oesophagus would be arbitrary. To some extent, adherence to an arbitrary distance 

of 2 or 3 cm may have limited the problem of false-positive diagnoses. But, using 

these guidelines, clinicians failed to recognize short segments of metaplastic 

epithelium in the distal esophagus. 

Short segments of oesophageal columnar epithelium have been found in 

association with adenocarcinomas located at the oesophagogastric junction.5,6,19,38,39 

Recent follow-up studies have confirmed the occurrence of dysplasia and cancer in 

short segment Barrett oesophagus.40,41 Thus, columnar epithelium extending 1 or 2 

cm into the distal oesophagus may not be innocent at all. Metaplastic columnar 

epithelium with potential for neoplastic change cannot be distinguished from 

'normal' columnar epithelium merely on the basis of endoscopic appearance. 

15 
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These observations have challenged traditional diagnostic criteria for Barrett 

oesophagus. 

Intestinal metaplasia of the oesophagus 

Alternatively, investigators have chosen to define Barrett oesophagus by the 

histological finding of intestinal metaplasia anywhere within the oesophagus, 

irrespective of its extent.42,43 It had been established earlier that the glandular 

mucosa lining Barrett oesophagus comprised features resembling gastric 

epithelium, intestinal epithelium, alone or in combination. Controversies regarding 

the histology of Barrett oesophagus were first clarified by Pauli et al. in 1976.44 

The investigators described three characteristic types of columnar epithelium in 

the oesophagus: (1) a gastric fundic-type epithelium containing chief cells and 

parietal cells, (2) a junctional-type epithelium with foveolae lined almost 

exclusively by columnar mucus-secreting cells, as in the glandular mucosa of the 

gastric cardia, and (3) a distinctive-type epithelium histologically similar to 

intestinal mucosa which the authors referred to as specialized columnar 

epithelium. This classification has been cited extensively to identify the 

histological features of columnar epithelium in the oesophagus. There is still 

agreement that the first two epithelial types are virtually indistinguisable from the 

epithelia normally found in the gastric fundus and cardia, respectively, whereas the 

presence of goblet cells readily differentiates distinctive-type Barrett epithelium 

from normal gastric mucosae. The three glandular epithelia are usually arrayed 

randomly throughout the metaplastic epithelium, although there has been evidence 

of separation into zones with the fundic-type epithelium most distal in the 

oesophagus, the intestinal-type epithelium most proximal and the junctional-type 

epithelium in between these two.1 

By the late 1980s, it became clear that the risk for adenocarcinoma in Barrett 

oesophagus was associated primarily with the intestinal-type of metaplastic 

epithelium, not with the gastric-types of epithelia found in Barrett 

oesophagus.1,3'4'45 Since that time, intestinal metaplasia has been widely recognized 

as the epithelial type that especially predisposes patients with Barrett oesophagus 

to cancer development. In fact, it is commonly doubted that neoplastic changes in 

a columnar-lined oesophagus ever originate in the gastric fundic-type or 

junctional-type epithelium. Moreover, short segments of intestinal metaplasia in 

16 



General introduction 

the distal oesophagus were then identified to adjoin adenocarcinoma of the 

oesophagogastric junction.5'6,19'38'39 Numerous studies followed with the aim to 

evaluate the prevalence of this intestinalized mucosa in the distal oesophagus. In 

unselected patients scheduled for elective upper endoscopy, the condition was 

found in about 10% of patients.4648 In other studies, its prevalence was selectively 

investigated using a variety of clinical, endoscopic and/or special staining 

criteria.49"54 It was commonly accepted that older perceptions of the distal few 

centimeters of the oesophagus were no longer tenable. During the 1990s, the 

simple presence of goblet cell metaplasia - anywhere in the oesophagus - has 

increasingly been used as diagnostic criterion for Barrett oesophagus. 

Intestinal metaplasia of the oesophagogastric junction 

Unfortunately, the practice of defining Barrett oesophagus solely by the presence 

of intestinal metaplasia at any location in the oesophagus has not eliminated 

diagnostic difficulties. Recent studies have shown that the gastric side of an 

endoscopically normal appearing oesophagogastric junction {i.e., the gastric 

cardia) can also harbour small areas of intestinal metaplasia.46"48,55 Histologically, 

intestinal metaplasia of the gastric cardia and that of Barrett oesophagus are 

indistinguisable.42 Consequently, when goblet cell metaplasia is found in a 

routinely stained biopsy from the borderline area between oesophagus and 

stomach, it can be impossible to determine whether it represents intestinal 

metaplasia in preexisting (native) cardiac mucosa or indicates the earliest lesion of 

Barrett oesophagus, i.e., metaplasia in what was formerly squamous mucosa. The 

endoscopic appearance of the distal oesophagus and oesophagogastric junction is 

obviously essential to differentiate (short segment) Barrett oesophagus from 

intestinal metaplasia of the gastric cardia, but it may not be conclusive. One might 

argue that intestinal metaplasia is clearly metaplastic, both in the oesophagus and 

in the gastric cardia, and therefore, any intestinal metaplasia in biopsy specimens 

from the region of the oesophagogastric junction can be considered abnormal.6 

However, there is an obvious conceptual problem inherent in calling intestinal 

metaplasia of the stomach 'Barrett oesophagus'. Moreover, it is unknown whether 

the pathogenesis and clinical implications of intestinal metaplasia localized at the 

oesophagogastric junction are similar to those of intestinal metaplasia in the 

oesophagus. 

17 



General introduction 

In 1996, in an attempt to avoid further diagnostic confusion and conceptual 

uncertainties, Spechler and Goyal have proposed an alternative classification 

system that does not necessarily rely on arbitrary and imprecise endoscopic 

measurements, and that recognizes the importance of intestinal metaplasia {Table 

2).56 According to this classification, any extent of endoscopically columnar-

appearing mucosa in the oesophagus is designated columnar-lined oesophagus. 

Biopsy specimens are obtained from the oesophageal columnar lining to seek 

intestinal metaplasia. Available data suggest that the risk for malignant 

degeneration varies directly with the extent of columnar metaplasia in the 

oesophagus.5759 Therefore, it may still be useful to document measurements of the 

columnar-lined oesophagus, albeit that their accuracy cannot be ensured. Such 

measurements will inherently guide future studies aimed to estimate relative risks. 

When intestinal metaplasia is detected in biopsies taken from the oesophagogastric 

junction in the absence of endoscopically oesophageal columnar lining, the 

condition is called intestinal metaplasia at the oesophagogastric junction. At 

present times, its risk factors and clinical consequences have not yet been 

established. 

Current knowledge about metaplastic columnar epithelium in the oesophagus is 

based predominantly on studies of patients with endoscopically apparent Barrett 

oesophagus. Therefore, the following paragraphs pertain primarily to patients with 

long segments of columnar epithelium extending well up the oesophagus. 

Table 2. Alternative classification and clinical implications. 

Classification 
Association with gastro- Association with 

oesophageal reflux disease adenocarcinoma 

Endoscopic surveillance 

recommended 

Columnar-lined oesophagus 

with intestinal metaplasia 

Columnar-lined oesophagus 

without intestinal metaplasia 

Intestinal metaplasia at the 

oesophagogastric junction 

Variable 

Variable 

Unclear 

Yes 

Unlikely 

Probable 

Yes 

Probably not 

Unclear 

From Spechler SJ, Goyal RK. The columnar-lined esophagus, intestinal metaplasia, and 

Norman Barrett. Gastroenterology 1996; 110.-614-621.56 
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General introduction 

Pathogenesis 

The congenital versus acquired etiology of Barett oesophagus remained subject of 

considerable disagreement until experimental and clinical observations 

accumulated to substantiate the concept that oesophageal columnar metaplasia is 

an acquired phenomenon secondary to pathological gastro-oesophageal reflux. 

Studies using animal models demonstrated that oesophageal mucosal defects in the 

absence of gastro-oesophageal reflux regenerated by squamous epithelium, while 

in the presence of reflux oesophageal mucosal regeneration frequently occurred by 

columnar epithelium.60"63 Patients with Barrett oesophagus have been characterized 

with excessive gastro-oesophageal reflux.64"66 Intermittent, short-lived episodes of 

gastro-oesophageal reflux often occur in healthy individuals, usually in the 

postprandial period, and rarely cause symptoms or oesophageal damage. Gastro-

oesophageal reflux disease refers to the pathological retrograde flow of gastric 

contents into the oesophagus and Barrett metaplasia has been defined as the end 

stage of its associated histological changes. Physiological abnormalities play a 

significant role in the pathogenesis of gastro-oesophageal reflux disease and may 

be more pronounced in patients with Barrett oesophagus compared to those with 

uncomplicated reflux oesophagitis. In particular, the acquisition of Barrett mucosa 

has been associated with a defective lower oesophageal sphincter, increased acid 

exposure and impaired oesophageal motility.66"69 

Various components may constitute the oesophageal refluxate. Their relative 

importance and contribution to the development of oesophageal mucosal injury 

have been extensively investigated.70 It is well established in animal and human 

studies that hydrochloric acid and pepsin originating from gastric sources are 

noxious agents to the oesophageal mucosa. Gastric juice may intermix with 

duodenal contents by transpyloric regurgitation of bile salts and pancreatic 

secretions into the stomach. This duodenogastric reflux is a normal physiological 

event, especially at night, but when excessive it may lead to benign and malignant 

gastric pathology.7173 Experimental research has implicated a role for duodenal 

ingredients in the pathogenesis of oesophagitis, Barrett oesophagus and 

oesophageal adenocarcinoma.74 The duodenal contents involved in damaging the 

animal oesophageal mucosa include conjugated and unconjugated bile acids and 

the pancreatic enzyme trypsin. In the animal model, there is evidence for 

synergism between conjugated bile acids and gastric hydrochloric acid in causing 
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oesophageal mucosal damage. Clinical observations concerning the possible 

injurious effects of duodenal contents on the oesophageal mucosa are 

controversial. Duodenogastro-oesophageal reflux in humans has usually been 

studied by intra-oesophageal pH monitoring with alkaline pH as the criterion for 

pathological reflux of duodenal contents into the oesophagus. However, factors 

other than duodenogastro-oesophageal reflux {e.g., saliva, food, secretions of 

oesophageal submucosal glands) may increase intra-oesophageal pH, and alkaline 

pH has been shown a poor marker for duodenogastro-oesophageal reflux. A 

recently developed instrument detects duodenogastro-oesophageal reflux 

spectrophotometrically, independent of pH.75 The system measures the presence of 

bilirubin in the oesophagus and thereby represents oesophageal exposure to bile 

reflux. Reported data from ambulatory bilirubin monitoring and simultaneous pH 

measurements indicate that the degree of oesophageal injury worsens in parallel 

with a graded increase in both acid and duodenogastro-oesophageal reflux.76"78 

These findings support the results from animal studies suggesting that bile - in 

synergy with acid - is an important factor in the pathogenesis of complicated 

gastro-oesophageal reflux disease. However, despite recent advances in the 

separate assessment of various oesophageal reflux constituents, further studies are 

needed to clarify the clinical relevance of bile in the oesophagus. 

Malignant degeneration 

The risk of malignancy in patients with endoscopically apparent Barrett 

oesophagus varies from 1 in 52 to 1 in 208 patient-years, with a mean of about 1 in 

100 patient-years.97 Several studies have indicated that the development of 

adenocarcinoma in a segment of oesophageal intestinal metaplasia evolves through 

a sequence of increasingly severe dysplastic changes.4,80"82 The concept of a 

metaplasia - dysplasia - adenocarcinoma sequence is clearly supported by 

mapping studies of oesophagectomy specimens.83 The rate at which low-grade 

dysplasia develops into high-grade dysplasia and ultimately into invasive cancer is 

highly variable. High-grade dysplasia is an ominous sign and indicates impending 

malignancy. Some patients with an endoscopic biopsy diagnosis of high-grade 

dysplasia are diagnosed with adenocarcinoma on prompt follow-up endoscopy;84 

others may progress to cancer, usually within 1 to 3 years.80,84,85 Moreover, 

unidentified malignant foci may already be present at the time high-grade 
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dysplasia is detected at endoscopic biopsy.8689 

Histological progression from Barrett metaplasia through dysplastic epithelial 

changes and finally to adenocarcinoma appears to parallel a progressive 

acquisition of multiple genetic abnormalities. The increased expression of growth 

factors and their receptors (e.g., EGF, EGF-R), the activation of oncogenes (e.g., 

c-erbB-2) and the inactivation of tumour-suppressor genes (e.g., p53) might be 

responsible for the sequence of cell cycle abnormalities which lead to the 

development of cancer.90'91 It has been acknowledged that flow-cytometric 

abnormalities (e.g., aneuploidy, abnormal cellular proliferation) may be earlier and 

more specific markers for cancer development than the finding of dysplasia.92 

Nevertheless, current use of flow cytometry does not seem to provide sufficient 

additional information to justify its routine application in clinical practice. 

The most important risk factor for malignant degeneration in patients with a 

columnar-lined oesophagus is the presence of intestinal metaplasia. Other factors 

reported to increase the cancer risk in Barrett oesophagus include male gender, 

smoking, alcohol, length of the oesophageal columnar epithelium, and an ulcer or 

stricture at initial endoscopy, but these data are controversial. In the experimental 

setting, it has been shown that animals with mixed reflux rather than those with 

acid reflux alone are prone to carcinogenesis.93 Recent experiments have 

demonstrated a progressive increase in the prevalence of adenocarcinoma as less 

gastric juice was permitted to reflux with duodenal juice into the animal 

oesophagus.94 As a consequence, it has been postulated that alterations in the 

gastric pH environment caused by profound acid suppression therapy may 

potentiate oesophageal injury and encourage tumorigenesis in patients with 

duodenogastro-oesophageal reflux. Clinical proof that chemoinductive alterations 

in the acidity of gastric fluids increase the risk for oesophageal adenocarcinoma is 

lacking. 

Current clinical practice 

Barrett oesophagus predominantly occurs in white men.34 The age at initial 

diagnosis usually ranges from 50 to 60 years. Its precise prevalence in the general 

population is unknown, but may well be substantial. In patients who undergo 

endoscopy for symptoms of gastro-oesophageal reflux, metaplastic columnar 

epithelium has been reported in 10% to 15%.68-95 About 10% of the general adult 
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population suffer weekly from reflux symptoms. Barrett oesophagus can thus be 

suspected in at least 1 of 100 adult persons. However, comparison of clinical and 

autopsy findings has shown that up to 95% of individuals with Barrett oesophagus 

remain unrecognized.96 

Complications in patients with Barrett oesophagus include peptic stricture and 

ulcer, while about 10% to 15% have adenocarcinoma at the time of initial 

presentation. In a review of 241 patients with endoscopically diagnosed Barrett 

oesophagus, the most common symptoms were heartburn, dysphagia and 

regurgitation, occurring in 81%, 51% and 33% of patients with benign Barrett 

oesophagus.97 When adenocarcinoma was diagnosed in conjunction with Barrett 

oesophagus, dysphagia and weight loss were presenting symptoms in 68% and 

44% of patients, respectively. Previous symptoms of gastro-oesophageal reflux 

may be absent in patients who are initially diagnosed with Barrett metaplasia 

because of a complication (ulcer, stricture, cancer). The discordance between the 

severity of gastro-oesophageal reflux disease and the mild intensity of its 

symptoms has been explained by a decreased sensitivity of the columnar mucosa 

to the action of the refluxate.98 

At endoscopic evaluation, the proximal extent of the gastric folds has been 

recommended as landmark to identify the junction between oesophagus and 

stomach.33,99 Any length of red-coloured mucosa in the lower oesophagus above 

the proximal extent of the gastric folds which contains intestinal metaplasia on 

biopsy qualifies for a diagnosis of Barrett oesophagus regardless of its extent. 

Histology is therefore essential to make a diagnosis of distinctive-type columnar-

lined mucosa in the oesophagus. The histological view is characterized by a 

typical villiform surface mucosa and the glands are intestinalized with goblet cells. 

It has been claimed that methylene blue directed biopsy improves the endoscopic 

detection of intestinal metaplasia, but its routine use is questionable.100 

The endoscopic detection of dysplasia is problematic. In general, no specific 

endoscopic feature permits a distinction between dysplastic and non-dysplastic 

mucosa. Endoscopic laser-induced fluorescence spectroscopy is a new technique 

that enables the endoscopist to obtain 'optical biopsies' which may aid in the 

identification of dysplastic tissue during endoscopic examination. Further studies 

are awaited to confirm these preliminary findings. 

Histological grading of dysplasia is most commonly performed according to the 
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criteria established for inflammatory bowel disease,101 as described for Barrett 

oesophagus by Hamilton.102 

In many series of patients with adenocarcinoma of the oesophagus or 

oesophagogastric junction, the majority of patients were not previously known to 

have intestinal metaplasia. In these series, overall survival is poor, ranging from 

15% to 25% at 5 years.103'104 In other series, in which a relatively high proportion 

of cancers was detected through endoscopic surveillance, long-term survival rates 

of more than 50% have been reported.105,106 

Endoscopic surveillance 

The progression of intestinal metaplasia via low-grade dysplasia to high-grade 

dysplasia has provided a histological marker for the clinical follow-up of patients 

with Barrett oesophagus. Endoscopic biopsy surveillance of patients at risk has 

been recommended because of its presumed potential to detect (noninvasive) 

neoplastic lesions prior to the development of symptomatic advanced disease. 

There is no proof that endoscopic surveillance of Barrett oesophagus reduces the 

overall mortality rates from oesophageal adenocarcinoma. Also, there is no proof 

that any medical, endoscopic or surgical therapy - short of oesophageal resection -

irrevocably reverses the metaplastic changes in the oesophagus or halts the 

progression from dysplasia to invasive cancer. 

The topic of performing oesophageal resection for high-grade dysplasia remains 

controversial. Surgical resection includes the risk of postoperative morbidity and 

mortality following a 'prophylactic' intervention, whereas close follow-up implies 

the need for numerous repeated endoscopies with a continuing risk of an 

undiagnosed (progressive) cancer. Experts from Seattle advise to defer 

oesophagectomy till proven invasive adenocarcinoma is documented. In the mean 

time, continued surveillance at very short intervals (3 months) with strict 

endoscopic biopsy protocols is proposed.385 Authors who favour oesophagectomy 

for an endoscopic diagnosis of high-grade dysplasia have shown that 11% to 73% 

(mean 42%) of patients who underwent resection for high-grade dysplasia were 

identified to have endoscopically undetected adenocarcinoma in the resected 

esophagus.8689107 These findings most likely reflect endoscopic reality and indicate 

the limitations of a routine random biopsy protocol in the management of high-

grade dysplasia. As a result, general guidelines include oesophageal resection for 
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Figure 2. Endoscopie biopsy surveillance protocol for Barrett oesophagus. 

Patients with intestinal-type columnar epithelium 

irrespective of length of Barrett mucosa 

extensive biopsy sampling (4-quadrant, every 2 cm) 

no dysplasia 

endoscopy / biopsy 

every 2 years 

low-grade dysplsia 

endoscopy / biopsy 

every year 

high-grade dysplsia 

consider repeat endoscopy 

review histology 

surgery (if diagnosis confirmed) 

in patients fit for oesophagectomy 

From Stein HJ. Esophageal cancer: screening and surveillance. Results of a consensus 
conference held at the Vlth world congress of the International Society for Diseases of the 
Esophagus. Dis Esoph 1996; 9:S3-S19.108 

patients with unequivocal high-grade dysplasia who are likely to tolerate a major 

surgical procedure {Figure 2).108 

The key question whether surveillance of Barrett oesophagus reduces the overall 

mortality rates from oesophageal adenocarcinoma could theoretically be studied in 

a randomized trial. This, however, would require over 2000 patients, may pose 

ethical difficulties, and would only be conclusive after a follow-up of more than 

ten years.1 The optimal balance between costs and health benefits has been 

estimated by means of a computer simulation model.109 This model suggested that 

for surveillance in Barrett oesophagus to be as cost-effective as common medical 

practices, endoscopy should be deferred to 5 year intervals. When costs were not 

considered, annual surveillance together with oesophageal resection for high-grade 

dysplasia yielded the greatest life expectancy. Clinical studies may help to 

optimize the efficacy of endoscopic biopsy surveillance, may sharpen the 

guidelines and identify additional markers that predict cancer development arising 

from intestinal metaplasia in the oesophagus. Proper management of patients with 

intestinal metaplasia at the oesophagogastric junction is as yet undefined. 

24 



General introduction 

REFERENCES 

1. Spechler SJ, Goyal RK. Barrett's esophagus. N EnglJ Med 1986; 315:362-371. 

2. Winters C, Spurling TJ, Chobanian SJ, Curtis DJ, Esposito RL, Hacker JF, et al. Barrett's 

esophagus. A prevalent, occult complication of gastroesophageal reflux disease. 

Gastroenterology 1987;92: 118-124. 

3. Reid BJ, Weinstein WM, Lewin KJ, et al. Endoscopie biopsy can detect high-grade dysplasia 

or early adenocarcinoma in Barrett's esophagus without grossly recognizable neoplastic 

lesions. Gastroenterology 1988; 94:81-90. 

4. Hameeteman W, Tytgat GNJ, Houthoff HJ, Van Den Tweel JG. Barrett's esophagus: 

development of dysplasia and adenocarcinoma. Gastroenterology 1989; 96:1249-1256. 

5. Hamilton SR, Smith RRL, Cameron JL. Prevalence and characteristics of Barrett esophagus in 

patients with adenocarcinoma of the esophagus or esophagogastric junction. Hum Pathol 1988; 

19:942-948. 

6. Cameron AJ, Lomboy CT, Pera M, Carpenter HA. Adenocarcinoma of the esophagogastric 

junction and Barrett's esophagus. Gastroenterology 1995; 109:1541-1546. 

7. Dawsey SM, Wang GQ, Weinstein WM, et al. Squamous dysplasia and early esophageal 

cancer in the Linxian region of China. Gastroenterology 1993 ; 105 :1333-1340. 

8. Reed PI, Johnston BJ. The changing incidence of oesophageal cancer. Endoscopy 1993; 25: 

(Suppl) 606-608. 

9. Bytzer P, Christensen PB, Damkier P, Vinding K, Seersholm N. Adenocarcinoma of the 

esophagus and Barrett's esophagus: a population-based study. Am J Gastroenterol 1999; 

94:86-91. 

10. Devesa SS, Blot WJ, Fraumeni JF. Changing patterns in the incidence of esophageal and 

gastric carcinoma in the United States. Cancer 1998; 83:2049-2053. 

11. Pera M, Cameron AJ, Trastek VF, Carpenter HA, Zinsmeister AR. Increasing incidence of 

adenocarcinoma of the esophagus and esophagogastric junction. Gastroenterology 1993; 

104:510-513. 

12. Hesketh PJ, Clapp RW, Doos WG, Spechler S J. The increasing frequency of adenocarcinoma 

of the esophagus. Cancer 1989; 64:526-530. 

13. Levi F, LaVecchia C. Adenocarcinoma of the esophagus in Switzerland (letter). JAMA 1991; 

265:2960. 

14. Powell J, McConkey CC. The rising trend in oesophageal adenocarcinoma and gastric cardia. 

Eur J Cancer Prev 1992; 1:265-269. 

15. Hansson L-E, Sparen P, Nyren O. Increasing incidence of both major histological types of 

esophageal carcinomas among men in Sweden. Int J Cancer 1993; 54:402-407. 

16. Blot WJ, Devesa SS, Kneller RW, Fraumeni JF, Jr. Rising incidence of adenocarcinoma of the 

esophagus and gastric cardia. JAMA 1991; 265:1287-1289. 

17. Siewert JR, Stein HJ. Carcinoma of the cardia: carcinoma of the gastroesophageal junction -

classification, pathology and extent of resection. Dis Esoph 1996; 9:173-182. 

25 



General introduction 

18. Hermanek P, Sobin LH. TNM classification of malignant tumours. International Union Against 

Cancer, 3rd ed, 2nd revision. Berlin: Springer-Verlag 1992. 

19. MacDonald WC, MacDonald JB. Adenocarcinoma of the esophagus and/or gastric cardia. 

Cancer 1987; 60:1094-1098. 

20. Lagergren J, Bergström R, Lindgren A, Nyren O. Symptomatic gastroesophageal reflux as a 

risk factor for esophageal adenocarcinoma. NEnglJMed 1999; 340:825-831. 

21. Kalish RJ, Clancy PE, Orringer MB, Appelman HD. Clinical, epidemiologic, and morphologic 

comparison between adenocarcinomas arising in Barrett's esophageal mucosa and in the gastric 

cardia. Gastroenterology 1984;86:461-467. 

22. Heidi G, Langhans P, Mellin W, Bunte H, Grundmann E. Adenocarcinomas of esophagus and 

cardia in comparison with gastric carcinoma. J Cancer Res Clin Oncol 1993;20:95-99. 

23. Steup WH, De Leyn P, Deneffe G, et al. Tumors of the esophagogastric junction. Long-term 

survival in relation to the pattern of lymph node metastasis and a critical analysis of the 

accuracy or inaccuracy of pTNM classification. J Thorac Cardiovasc Surg 1996; 111:85-95. 

24. Powell J, McConkey CC. Increasing incidence of adenocarcinoma of the gastric cardia and 

adjacent sites. Br J Cancer 1990;62: 440-443. 

25. Wingo PA, Ries LAG, Giovino GA, Miller DS, Rosenberg HM, Shopland DR, et al. Annual 

report to the nation on the status of cancer, 1973-1996, with a special section on lung cancer 

and tobacco smoking. J Natl Cancer Inst 1999; 91:675-690. 

26. Tileston W. Peptic ulcer of the esophagus. Am J Med Sei 1906; 132:240-265. 

27. Barret NR. Chronic peptic ulcer of the oesophagus and oesophagitis. Br J Surg 1950; 

38:175-182. 

28. Allison PR, Johnstone AS. The oesophagus lined with gastric mucous membrane. Thorax 

1953;8:87-101. 

29. Lortat-Jacob JL. L'endo-brachy-oesophage. Ann Chir 1957; 11:1247. 

30. Barrett NR. The lower oesophagus lined by columnar epithelium Surgery 1957; 41:881. 

31. Morson BC, Belcher JR. Adenocarcinoma of the oesophagus and ectopic gastric mucosa. Br J 

Surg 1953; 6:127-130. 

32. Hayward J. The lower end of the oesophagus. Thorax 1961; 16:36-41. 

33. McClave SA, Boyce HW Jr, Gottfried MR. Early diagnosis of columnar-lined esophagus: A 

new endoscopic diagnostic criterion. Gastrointest Endosc 1987; 33:413-416. 

34. Skinner DB, Walther BC, Riddell RH, Schmidt H, Iascone C, DeMeester TR. Barrett's 

esophagus. Comparison of benign and malignant cases. Ann Surg 1983; 198:554-566. 

35. Gruppo Operativo per lo Studio delle Precancerosi dell'Esofago. Barrett's esophagus: 

epidemiological and clinical results of a multicentric survey. Int J Cancer 1991 ; 48:364-368. 

36. Cameron AJ, Lomboy CT. Barrett's esophagus. Age, prevalence and extent of columnar 

epithelium. Gastroenterology 1992; 103:1241-1245. 

37. Kim SL, Waring JP, Spechler SJ, Sampliner RE, Doos WG, Krol WF, et al. Diagnostic 

inconsistencies in Barrett's esophagus. Department of Veterans Affairs Gastroesophageal 

Reflux Study Group. Gastroenterology 1994; 107:945-949. 

26 



General introduction 

38. Schnell TG, Sontag SJ, Chejfec G. Adenocarcinomas arising in tongues or short segments of 

Barrett's esophagus. Dig Dis Sei 1992; 37:137-143. 

39. Clark GWB, Smyrk TC, Burdiles P, Hoeft SF, Peters JH, Kiyabu M, Hinder RA, Bremner CG, 

DeMeester TR . Is Barrett's metaplasia the source of adenocarcinomas of the cardia? Arch Surg 

1994:129:609-614. 

40. Weston AP, Krmpotich PT, Cherian R, Dixon A, Topalosvki M. Prospective long-term 

endoscopic and histological follow-up of short segment Barrett's esophagus: Comparison with 

traditional long segment Barrett's esophagus. Am J Gastroenterol 1997; 92:407-413. 

41. Sharma P, Morales TG, Bhattacharyya A, Garewal HS, Sampliner RE. Dysplasia in short-

segment Barrett's esophagus: A prospective 3-year follow-up. Am J Gastroenterol 1997; 

92:2012-2016. 

42. Haggitt RC. Barrett's esophagus, dysplasia and adenocarcinoma. Hum Pathol 1994; 25:982-

993. 

43. Reid BJ. Barrett's esophagus and esophageal adenocarcinoma. Gastroenterol Clin North Am 

1991;20:817-834. 

44. Pauli A, Trier JS, Dalton MD, Camp RC, Loeb P, Goyal RK. The histologic spectrum of 

Barrett's esophagus. N Engl J Med 1976; 295:476-480. 

45. Hamilton SR, Smith RR. The relationship between columnar epithelial dysplasia and invasive 

adenocarcinoma arising in Barrett's esophagus. Am J Clin Pathol 1987; 87:301-312. 

46. Spechler SJ, Zeroogian JM, Antonioli DA, Wang HH, Goyal RK. Prevalence of metaplasia at 

the gastro-oesophageal junction. Lancet 1994; 344:1533-1536. 

47. Johnston MH, Hammond AS, Laskin W, Jones DM. The prevalence and clinical characteristics 

of short segments of specialized intestinal metaplasia in the distal esophagus on routine 

endoscopy. Am J Gastroenterol 1996; 91:1507-1511. 

48. Chalasani N, Wo JM, Hunter JG, Waring JP. Significance of intestinal metaplasia in different 

areas of esophagus including esophagogastric junction. Dig Dis Sei 1997; 42:603-607. 

49. Abo SR, Stevens PD, Abedi PHR, et al. Prevalence of short-segment Barrett's epithelium in 

patients with gastroesophageal reflux disease. Gastroenterology 1995; 108:A43. 

50. Cameron AJ, Kamath PS, Carpenter HC. Barrett's esophagus. The prevalence of short and long 

segments in reflux patients. Gastroenterology 1995; 108:A65. 

51. Weston AP, Krmpotich P, Makdisi WF, et al. Short segment Barrett's esophagus: clinical and 

histological features, associated endoscopic findings, and association with gastric intestinal 

metaplasia. Am J Gastroenterol 1996; 91:981-986. 

52. Heier SK, Seif F, Webber S, et al. Short segment Barrett's esophagus: clinical and histologic 

findings. Gastroenterology 1996; 110:A132. 

53. Clark GWB, Ireland AP, Peters JH, Chandrasoma P, DeMeester TR, Bremner CG. Short-

segment Barrett's esophagus: a prevalent complication of gastroesophageal reflux disease with 

malignant potential. J Gastrointest Surg 1997; 1:113-122. 

54. Nandurkar S, Talley NJ, Martin CJ, Ng THK, Adams S. Short segment Barrett's esophagus: 

prevalence, diagnosis and associations. Gut 1997; 40:710-715. 

27 



General introduction 

55. Morales TG, Sampliner RE, Bhattacharyya A. Intestinal metaplasia of the gastric cardia. Am J 

Gastroenterol 1997; 92:414-418. 

56. Spechler SJ, Goyal RK. The columnar-lined esophagus, intestinal metaplasia, and Norman 

Barrett. Gastroenterology 1996; 110:614-621. 

57. Iftikhar SY, James PD, Steele RJ, Hardcastle JD, Atkinson M. Length of Barrett's oesophagus: 

an important factor in the development of dysplasia and adenocarcinoma. Gut 1992; 

33:1155-1158. 

58. Van Der Burgh A, Dees J, Hop WCJ, et al. Oesophageal cancer is an uncommon cause of 

death in patients with Barrett's oesophagus. Gut 1996; 39:5-8. 

59. MacDonald CE, Wicks AC, Playford RJ. Ten years' experience of screening patients with 

Barrett's oesophagus in a university teaching hospital. Gut 1997; 41:303-307. 

60. Van de Kerckhof J, Gahagan T. Regeneration of the mucosal lining of the oesophagus. Med 

Bull Henry Ford Hosp 1963; 11:129-134. 

61. Hennessy TP J, Edlich RF, Buchin RJ, Tsung MS, Prévost M, Wangensteen OH. Influence of 

gastro-oesophageal incompetence on regeneration of oesophageal mucosa. Arch Surg 1968; 

97:105-107. 

62. Bremner CG, Lynch VP, Ellis FH Jr. Barrett's esophagus: congenital or acquired? An 

experimental study of esophageal mucosal regeneration in the dog. Surgery 1970; 68:209-216. 

63. Gillen P, Keeling P, Byrne PJ, West AB, Hennessy TP J. Experimental columnar metaplasia in 

the canine oesophagus. Br J Surg 1988; 75:113-115. 

64. Hamilton SR, Yardley JH. Regeneration of cardiac type mucosa and acquisition of Barrett 

mucosa after esophagogastrostomy. Gastroenterology 1977; 72:669-675. 

65. Naef AP, Savary M, Ozzello L. Columnar-lined lower esophagus: an acquired lesion with 

malignant predeposition. Report on 140 cases of Barrett's esophagus with 12 adenocarcinomas. 

J Thorac Cardiovasc Surg 1975; 70:826-835. 

66. Iascone C, DeMeester TR, Little AG, Skinner DB. Barrett's esophagus. Functional assessment, 

proposed pathogenesis, and surgical therapy. Arch Surg 1983; 118:543-549. 

67. Gillen P, Keeling P, Byrne PJ, Hennessy TPJ. Barrett's esophagus: pH profile. Br J Surg 1987; 

74:774-776. 

68. Stein HJ, Barlow AP, DeMeester TR, Hinder RA. Complications in gastroesophageal reflux 

disease: role of the lower esophageal sphincter, duodenogastric reflux and esophageal acid and 

alkaline exposure. Ann Surg 1992; 216:35-43. 

69. Stein HJ, Hoeft S, DeMeester TR. Reflux and motility pattern in Barrett's esophagus. Dis 

Esoph 1992; 5:21-28. 

70. Vaezi MF, Singh S, Richter JE. Role of acid and duodenogastric reflux in esophageal mucosal 

injury: a review of animal and human studies. Gastroenterology 1995; 108:1897-1907. 

71. Schindlbeck NE, Heinrich C, Stellaard F, Paumgartner G, Muller-Lissner SA. Healthy controls 

have as much bile reflux as gastric ulcer patients. Gut 1987; 28:1577-1583. 

72. Capper WM. Factors in the pathogenesis of gastric ulceration. Ann R Coll Surg 1967; 40:21-

35. 

73. Mason RC. Duodenogastric reflux in rat gastric carcinoma. Br J Surg 1986; 73:801-803. 

28 



General introduction 

1A. Marshall REK, Anggiansah A, Owen WJ. Bile in the oesophagus: clinical relevance and 

ambulatory detection. Br J Surg 1997; 84:21-28. 

75. Bechi P, Pucciani F, Baldini F, Cosi F, Falciai R, Mazzanti R, et al. Long-term ambulatory 

enterogastric reflux monitoring. Validation of a new fiberoptic technique. Dig Dis Sei 1993; 

38:1297-1306. 

76. Champion G, Richter JE, Vaezi MF, Singh S, Alexander R. Duodenogastroesophageal reflux: 

relationship to pH and importance in Barrett'esophagus. Gastroenterology 1994; 107:747-754. 

77. Kauer WKH, Peters HP, DeMeester TR, Ireland AP, Bremner CG, Hagen JA. Mixed reflux of 

gastric and doudenal juices is more harmful to the esophagus than gastric juice alone. Ann Surg 

1995;222:525-533. 

78. Vaezi MF, Richter JE. Synergism of acid and duodenogastroesophageal reflux in complicated 

Barrett's esophagus. Surgery 1995; 117:699-704. 

79. Drewitz DJ, Sampliner RE, Garewal HS. The incidence of adenocarcinoma in Barrett's 

esophagus: a prospective study of 170 patients followed 4.8 years. Am J Gastroenterol 1997; 

92:212-215. 

80. Miros M, Kerlin P, Walker N. Only patients with dysplasia progress to adenocarcinoma in 

Barrett's oesophagus. Gut 1991; 32:1441-1446. 

81. Reid BJ, Blount PL, Rubin CE, Levine DS, Haggitt RC, Rabinovitch PS. Flow-cytometric and 

histological progression to malignancy in Barrett's esophagus: prospective endoscopic 

surveillance of a cohort. Gastroenterology 1992; 102:1212-1219. 

82. Polkowski W, Van Lanschot JJB, Ten Kate FJW, Baak JPA, Tytgat GNJ, Obertop H, Voorn 

WJ, Offerhaus GJA. The value of p53 and Ki67 as markers for tumour progression in the 

Barrett's dysplasia-carcinoma sequence. Surg Oncol 1995; 4:163-171. 

83. McArdle JE, Lewin KJ, Randall G, Weinstein W. Distribution of dysplasias and early invasive 

carcinoma in Barrett's esophagus. Hum Pathol 1992; 23:479-482. 

84. Levine DS, Haggitt RC, Irvine S, Reid BJ. Natural history of high-grade dysplasia in Barrett's 

esophagus. Gastroenterology 110:A550, 1996. 

85. Levine DS, Haggitt RC, Blount PL, Rabinovitch PS, Rusch VW, Reid BJ. An endoscopic 

biopsy protocol can differentiate high-grade dysplasia from early adenocarcinoma in Barrett's 

esophagus. Gastroenterology 1993; 105:40-50. 

86. Rice TW, Falk GW, Achkar E, Petras RE. Surgical management of high-grade dysplasia in 

Barrett's esophagus. Am J Gastroenterol 1993; 88:1832-1836. 

87. Obertop H, Poen H, Kooijman CD. Carcinoom in een vroeg stadium in de Barrett-oesofagus; 

toevallige vondst of speurwerk? Ned Tijdschr Geneeskd 1993; 137:436-439. 

88. Pera M, Trastek VF, Carpenter HA, Allen MS, Deschamps C, Pairolero PC. Barrett's 

esophagus with high-grade dysplasia: an indication for esophagectomy? Ann Thorac Surg 

1992;54:199-204. 

89. Edwards MJ, Dennis RG, Lentsch BS, Richardson JD. The rationale for esophagectomy as 

optimal therapy for Barrett's esophagus with high grade dysplasia. Ann Surg 1996; 

223:585-591. 

90. Pera M, Trastek VF. Barrett's esophagus. Chest Surg Clin North Am 1994; 4:705-719. 

29 



General introduction 

91. Jankowski J, Wright NA, Meltzer SJ, Triadafilopoulos G, Geboes K, Casson AG, Kerr D, 

Young LS. Molecular evolution of the metaplasia-dysplasia-adenocarcinoma sequence in the 

esophagus.^/« J Pathol 1999; 154:965-973. 

92. Cameron AJ. Barrett's esophagus and adenocarcinoma: From the family to the gene. 

Gastroenterology 1992; 102:1421-1424. 

93. Attwood SE, Smyrk TC, DeMeester TR, Mirvish SS, Stein HJ, Hinder RA. 

Duodenoesophageal reflux and the development of esophageal adenocarcinoma in rats. 

Surgery 1992; 111:503-510. 

94. Ireland AP, Peters HP, Smyrk TC, DeMeester TR, Clark GWB, Mirvish SS, Adrian TE. 

Gastric juice protects against the development of esophageal adenocarcinoma in the rats. Ann 

Surg 1996; 224:358-371. 

95. Tytgat GN, Hameeteman W. The neoplastic potential of columnar-lined (Barrett's) esophagus. 

World J Surg 1992; 16:308-312. 

96. Cameron AJ, Zinsmeister AR, Ballard DJ, Carney JA. Prevalence of columnar-lined (Barrett's) 

esophagus. Comparison of population-based clinical and autopsy findings. Gastroenterology 

1990;99:918-922. 

97. Williamson WA, Ellis FH, Jr., Gibb SP, Shahian DM, Aretz HT, Heatley GJ, et al. Barrett's 

esophagus. Prevalence and incidence of adenocarcinoma. Arch Intern Med 1991; 

151:2212-2216. 

98. Johnson DA, Winters C, Spurting TJ, et al. Esophageal acid sensibility in Barrett's esophagus. 

J Clin Gastroenterol 1987; 9:23-27. 

99. Tytgat GNJ, Hameeteman W, Onstenk R, Schotborg R. The spectrum of columnar-lined 

esophagus - Barrett's esophagus. Endoscopy 1989; 21:177-85. 

100. Canto M, Setrakian S, Chak A, Sivak MV, Jr. Methylene blue-directed biopsy for improved 

detection of intestinal metaplasia and dysplasia in Barrett's esophagus: a controlled sequential 

trial. GastrointestEndosc 1996; 43:A165. 

101. Riddell RH, Goldman H, Ransohoff DF, Appelman HD, Fenoglio CM, Haggitt RC, et al. 

Dysplasia in inflammatory bowel disease: standardized classification with provisional clinical 

applications. Hum Pathol 1983; 14:931-968. 

102. Hamilton SR. Adenocarcinoma in Barrett's oesophagus. In: Whitehead R, ed. Gastrointestinal 

and Oesophageal Pathology. Edinburgh: Churchill Livingstone; 1989:683-700. 

103. Streitz JM Jr, Ellis FH Jr, Gibb SP, Balogh K, Watkins E. Adenocarcinoma in Barrett's 

esophagus. A clinicopathologic study of 65 cases. Ann Surg 1991; 213:122-125. 

104. Menke-Pluymers MBE, Schoute NW, Mulder AH, Hop WCJ, Van Blankenstein M, Tilanus 

HW. Outcome of surgical treatment of adenocarcinoma in Barrett's oesophagus. Gut 1992; 

33:1454-1458. 

105. Duhaylongsod FG, Wolfe WG. Barrett's esophagus and adenocarcinoma of the esophagus and 

gastroesophageal junction. J Thorac Cardiovasc Surg 1991; 102:36-42. 

30 



General introduction 

106. Lerut T, Coosemans W, Van Raemdonck D, Dillemans B, De Leyn P, Marnette JM, et al. 

Surgical treatment of Barrett's carcinoma. Correlations between morphologic findings and 

prognosis. J Thorac Cardiovasc Surg 1994; 107:1059-1065. 

107. Heitmiller RF, Redmond M, Hamilton SR. Barrett's esophagus with high-grade dysplasia. An 

indication for prophylactic esophagectomy. Ann Surg 1996; 224:66-71. 

108. Stein HJ. Esophageal cancer: screening and surveillance. Results of a consensus conference 

held at the Vlth world congress of the International Society for Diseases of the Esophagus. Dis 

Esoph 1996;9:S3-S19. 

109. Provenzale D, Kemp JA, Arora S, Wong JB. A guide for surveillance of patients with Barrett's 

esophagus. Am J Gastroenterol 1994; 89:670-680. 

31 



General introduction 

OUTLINE OF THE THESIS 

The rising incidence of adenocarcinoma of the oesophagus and oesophagogastric 

junction has focussed increasing attention on pathological conditions that precede 

invasive cancer at these locations. As reviewed in Chapter 1, the predisposition of 

patients with a columnar-lined oesophagus, traditionally called Barrett 

oesophagus, to develop adenocarcinoma of the oesophagus is well documented. 

The recognition that cancer complicating Barrett oesophagus originates from 

intestinal-type columnar epithelium has led to redefine Barrett oesophagus by the 

presence of intestinal metaplasia in the oesophagus. Short segments of intestinal 

metaplasia in the distal oesophagus have been found in association with 

adenocarcinoma of the oesophagogastric junction. 

Given the poor survival rates of advanced cancer at these locations, strategies for 

early detection have been explored. Implementation of an endoscopic surveillance 

programme for patients in whom Barrett oesophagus has been detected seems a 

reasonable option. However, optimal patient selection and frequency of follow-up 

are subject to ongoing discussion. In Chapter 2, a survey is performed to 

investigate current surveillance practices for patients with Barrett oesophagus in 

the Netherlands. Its outcome is evaluated against a background of earlier 

established international guidelines and evolving perceptions in the literature. 

Several limitations of endoscopic biopsy surveillance in patients with Barrett 

oesophagus are subject to discussion. The efficacy of Barrett oesophagus in 

reducing cancer mortality is a matter of debate. In Chapter 3, the impact of 

endoscopic biopsy surveillance on pathological stage and clinical outcome of 

adenocarcinoma arising in Barrett oesophagus is investigated. In addition, to gain 

further insight in the temporal course of histologic progression in Barrett 

oesophagus, endoscopic biopsy results in Barrett oesophagus patients who 

underwent regular endoscopic surveillance prior to tumour development are 

analysed. 

Decision models for surveillance of Barrett oesophagus are governed by the grade 

of dysplasia on endoscopic biopsy. Grading of dysplasia in Barrett oesophagus, 

and thus clinical decision making, is currently based on subjective assessment of 

routinely stained biopsy tissue. This subjective grading of dysplasia in Barrett 

oesophagus is, however, prone to observer variation. In a previous study on tissue 
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sections derived from oesophagectomy specimens, computerized quantitative 

assessment of morphometric and cytometric features could be utilized for an 

objective distinction between different grades of dysplasia in Barrett oesophagus. 

For clinical purposes, the question remains whether such quantitative analysis is 

applicable on endoscopic biopsy material from Barrett oesophagus surveillance 

programmes. Therefore, in Chapter 4, the feasibility of computerized 

morphometry and immunoquantitation is tested on surveillance biopsies of Barrett 

oesophagus. 

Until recently, goblet cells have been considered pathognomic for a diagnosis of 

intestinal-type columnar epithelium in the oesphagus. Recent studies have shown 

that the gastric side of an endoscopically normal appearing oesophagogastric 

junction can also harbour small areas of intestinal metaplasia. Current guidelines 

for the use of upper endoscopy do not include that biopsy specimens be obtained 

routinely from an endoscopically normal appearing oesophagogastric junction. 

Therefore, little is known about the prevalence, clinical characteristics and 

associated endoscopic and histologic features of intestinal metaplasia at this site. 

These issues are evaluated in a prospective endoscopic biopsy study presented in 

Chapter 5. In addition, histochemical characteristics are compared between 

intestinal metaplasia at an endoscopically normal appearing oesophagogastric 

junction and intestinal metaplasia in the oesophagus. 

Ideally, cancer surveillance strategies lead to detection of neoplastic changes at a 

preinvasive or early invasive stage. In view of the potential for local ablative 

endoscopic techniques in treating early adenocarcinomas of the oesophagus or 

oesophagogastric junction, it is important to elucidate their patterns of local 

growth and regional dissemination. In Chapter 6, a study has been undertaken 

aimed to evaluate these pathological features of early adenocarcinoma which may 

contribute to rational therapeutic decision making. 

Adequate patient selection for different treatment modalities remains a major 

challenge in the management of patients with cancer of the oesophagus or 

oesophagogastric junction. In this process, pretreatment assessment of prognosis is 

essential. The histologic tumour type according to Lauren and c-erbB-2 

overexpression can be assessed on endoscopic biopsies and have prognostic value 

in gastric cancer. Their prognostic significance in adenocarcinoma of the 

oesophagus and oesophagogastric junction is studied in Chapter 7. 
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There is no universal consensus regarding the most appropriate surgical approach 

in treating cancer of the oesophagus and oesophagogastric junction. For cancer of 

the intrathoracic oesophagus immediately adjacent to the trachea, careful 

dissection of the primary tumour usually necessitates a transthoracic surgical 

approach. Conversely, for tumours located at lower levels of the oesophagus (i.e., 

below the tracheal bifurcation), the need to perform a thoracotomy is 

controversial. Since its introduction in 1933, the transhiatal technique without 

thoracotomy has been subject to ample discussion. Chapter 8 elaborates on the 

procedure-related hazards, the pathological results and the short-term and long-

term clinical outcome of transhiatal oesophagectomy in patients with cancer of the 

middle or distal oesophagus or oesophagogastric junction. 

Incidental cases of iatrogenic herniation of abdominal contents into the chest have 

been described both after transhiatal and transthoracic oesophagectomy. Although 

diaphragmatic herniation secondary to surgical trauma appears a relatively 

infrequent diagnosis, early recognition is important as delayed diagnosis may 

result in strangulation and perforation of the herniated contents. In Chapter 9, the 

clinical spectrum of diaphragmatic herniation after oesophagectomy is described, 

its incidence is estimated and contributing factors that might affect its occurrence 

are evaluated. 

Oesophageal resection is associated with a substantial risk of infectious 

complications. Clinical and experimental data suggest that an increased 

susceptibility to infectious complications after host injury may be caused by 

impaired cellular immunity. In the past few years, it has become clear that the 

cytokine profile of the specific immune response plays a central role in the ability 

of a host to eliminate effectively certain invading organisms. Postoperative 

cellular immune responsiveness following transhiatal versus transthoracic 

oesophageal resection for cancer are investigated in Chapter 10. In addition, the 

question is addressed whether preoperative cellular immune responsiveness is 

predictive for the development of postoperative infectious complications. 

Presumably, prognosis of patients with cancer is affected not only by the stage of 

the disease itself, but also by host defense mechanisms. Chapter 11 presents a 

study evaluating the prognostic impact of immune responses or lymphocyte 

phenotyping in patients with adenocarcinoma of the oesophagus and 

oesophagogastric junction. 
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ABSTRACT 

Background. Endoscopic biopsy surveillance of Barrett oesophagus (BO) is 

generally recommended. However, optimal patient selection and frequency of 

follow-up are subject to ongoing discussion. 

Aim. To investigate current surveillance practices for BO in the Netherlands and to 

explore their concordance with the guidelines for BO surveillance as 

recommended by the International Society for Diseases of the Esophagus (ISDE). 

Methods. An anonymous questionnaire was mailed to 269 specialist physicians 

working in the field of gastroenterology. 

Results. Response rate was 88% (238/269). Most of the respondents (84%) 

performed regular endoscopic follow-up of BO. In 52%, endoscopic biopsy 

sampling corresponded to the ISDE guidelines (4-quadrant biopsies at 2-cm 

intervals). Agreement was 60% regarding the interval of surveillance for no 

dysplasia (every 2 years), 52% regarding the interval for low-grade dysplasia 

(every year) and 54% for management of high-grade dysplasia (oesophagectomy if 

diagnosis confirmed by a second pathologist or re-biopsy at short term). When 

combining these 3 items, consistency with the ISDE guidelines decreased to 25%. 

Criteria to select patients for surveillance included age, presence of symptoms, 

length of BO and type of Barrett epithelium. 

Conclusions. The survey indicates a widespread practice of cancer surveillance for 

patients with BO in the Netherlands. However, there is limited uniformity in the 

frequency and intensity of endoscopic histological follow-up. This variability in 

clinical practice may result from conflicting data and recommendations in the 

literature. Updated consensus is needed in this area. 
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INTRODUCTION 

Barrett oesophagus (BO) is the condition wherein columnar epithelium has 

replaced the normal squamous mucosa of the oesophagus. This metaplastic 

replacement occurs as a consequence of chronic gastro-oesophageal reflux,1 and it 

harbours the potential to progress from non-neoplastic metaplasia - through stages 

of increasingly severe dysplastic changes - to invasive adenocarcinoma.2 Estimates 

of the cancer risk in BO vary widely, with an average of about one case per 100 

patient-years of follow-up.3 The identification of BO as a premalignant condition, 

the recognition of a neoplastic sequence, together with the poor survival rates of 

advanced oesophageal adenocarcinoma have initiated the practice of endoscopic 

biopsy surveillance for patients with BO. It has been shown that surveillance of 

BO permits the detection of early-stage cancer with favourable survival rates after 

surgical resection.4"7 Nevertheless, its limitations include sampling error at 

endoscopy,8 observer variation in the histological diagnosis and grading of 

dysplasia,9,10 uncertainty regarding the natural history of (dysplastic) BO,11 and the 

lack of conclusive proof that surveillance increases overall life expectancy of 

patients with BO.12 Although more sensitive diagnostic methods have been put 

forward to decrease biopsy sampling error and/or to improve cancer risk 

assessment {e.g., fluorescence spectroscopy, balloon cytology, biological 

markers),10'1314 none of these have, at this time, implications for routine practice. 

With the available data, it seems reasonable to consider standard surveillance of 

BO as a component of good clinical practice.15'16 However, optimal patient 

selection and frequency of follow-up are controversial.17"19 

We undertook a survey to investigate current surveillance practices for patients 

with BO in the Netherlands, and evaluated the outcome against a background of 

earlier established international guidelines and evolving perceptions in the 

literature.15'16'20'21 

METHODS 

A nationwide survey of specialist physicians working in the field of 

gastroenterology was performed. Information on current site and mode of practice 

was obtained from a national Medical Address Book, from an updated list of 
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members of the Dutch Society of Gastroenterology, and by personal 

communication. Specialists practicing in the medical management of upper 

gastrointestinal disease (N = 269) were sent a written questionnaire in January 

1997 (see Appendix). Reminders were sent after 6 and 14 weeks. In an 

accompanying letter, it was emphasized that the survey was not intended to 

explore the physician's knowledge of recommended guidelines, but aimed to 

quantify the actual approaches to BO surveillance in clinical practice. The 

questionnaire (involving 13 multiple choice questions) addressed the most general 

aspects of surveillance for patients with BO, taking into account that the length of 

the questionnaire would probably have its impact on the response rate. For the 

same reason, the survey was anonymous. Results are presented as simple 

frequency distributions. The crude response rates were compared to the guidelines 

for surveillance of BO established during a consensus conference of the 

International Society for Diseases of the Esophagus (ISDE) in 1995.16 At the time 

of our survey, this conference was the most recent meeting of international experts 

to achieve a published consensus regarding guidelines for screening and 

surveillance of populations at risk for oesophageal cancer. Flow charts for 

surveillance of BO included that all patients (fit for surgery) with intestinal-type 

columnar epithelium in the oesophagus should be followed up by endoscopic 

examination with multiple biopsies (each quadrant, every 2 cm). The expert panel 

recommended biennial surveillance in patients without dysplasia and annual 

surveillance in those with low-grade dysplasia. Following a biopsy diagnosis of 

high-grade dysplasia, a repeat endoscopy with multiple biopsies should be 

considered, a second pathologist should review the histology and - if the diagnosis 

is confirmed - oesophageal resection is recommended. 

RESULTS 

A total of 238 questionnaires were returned, being an overall response rate of 

88.5%. Data on the questionnaire responses are listed alongside the text of the 

questionnaire in the Appendix. Percentages of missing answers varied from 0% to 

6% per question (data not given in the Appendix). All respondents but one 

confirmed to actually see patients with BO in their practice (Question 2), leaving 

237 questionnaires for further analysis. 
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Follow-up practices. Once a patient is diagnosed with BO (Question 4), 84% of 

the respondents (200/237) would carry out follow-up with regular endoscopic 

examination. A minority (8%) indicated to refer the patient with a diagnosis of BO 

to the general practitioner. This response allowed for discontinuation of the 

questionnaire. Most questionnaires were nevertheless completed. Six uncompleted 

questionnaires (each with a negative response to Question 1) were regarded as a 

separate group (2.5%) in subsequent frequency distributions (not shown in the 

Appendix). 

When asked about biopsy sampling (Question 8), 123 physicians (52%) answered 

to take four-quadrant biopsies at 2-cm intervals, the recommended regimen by the 

ISDE {Figure 1A). Only 5.5% had a more extensive biopsy protocol (i.e., each 

quadrant, every cm), whereas the remaining indicated to sample less extensively. 

The physicians' practices for no dysplasia, low-grade dysplasia and high-grade 

dysplasia are shown in Figures IB, 1C and ID, respectively. When combining 

these practices, overall consistency with the ISDE consensus decreased to 25% 

(60/237; Figure 2). A more rigorous surveillance programme (i.e., 6 months or 

annual follow-up for no dysplasia, 6 months for low-grade dysplasia, and/or 

immediate surgical resection for high-grade dysplasia) was favoured by 27% 

(63/237) of respondents. Alternatively, 44% (104/237) reported a less intense 

approach to patients with BO (i.e., no follow-up for no dysplasia, no or biennial 

follow-up for low-grade dysplasia, and/or repeat endoscopy after 3 months for 

high-grade dysplasia). In 4% (10/237), the answers were not conclusive to allow 

an overall comparison with the ISDE guidelines (Figure 2). 

Patient selection. Two-thirds of respondents (160/237; 68%) considered age when 

selecting BO patients for surveillance (Question 7). These respondents were asked 

to specify at what age they refrained from surveillance practices. The age limit 

varied strongly: 50 years (1%), 65 years (12%), 70 years (58%), 80 years (28%) 

and 90 years (1% of 160 respondents). The presence of symptoms was used as 

selection criterion by 8% (Question 4). Some respondents noted to restrict 

surveillance to patients with an extensive Barrett segment (varying from at least 4 

to 8 cm) or to those with intestinal-type epithelium (4% and 3%, respectively). 

However, these latter figures can not be regarded as reliable response rates, since 

the length and the histological type of BO were not specifically addressed in the 

questionnaire. 
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Figure 1. Physicians ' approaches to surveillance of Barrett oesophagus showing the 

response rates (percentage of 237 respondents) to questions regarding (A) the mode of 

biopsy sampling, (B) the interval of surveillance for no dysplasia, (C) the interval of 

surveillance for low-grade dysplasia and (D) the management of high-grade dysplasia. 

Uncompleted questionnaires (2.5%) are not displayed (see text). Boxes with shadows 

represent ISDE recommendations. SCJ = squamocolumnar junction. 
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Figure 2. Pie chart showing an overall comparison of physicians' practices with the ISDE 
consensus combining the follow-up strategies for no dysplasia, low-grade dysplasia and 
high-grade dysplasia. See figures IB-ID (shadowed boxes) for strategies recommended by 
the ISDE. 

DISCUSSION 

Reflux of acid (and/or duodenal) contents into the distal oesophagus plays a major 

aetiologic role in the pathogenesis of BO.1 Authors who recommend screening 

endoscopy for BO have indicated that the likelihood of finding BO would be 

greatest in patients with a long duration of reflux symptoms.20,22 It is of note, that 

many of the surveyed specialists reported to look for BO at least once in every 

symptomatic reflux patient. In the Netherlands, where there is easy access to over-

the-counter antirefluxmedications and patients are first treated and evaluated by 

the general practitioner, it can be expected that most patients will have a long 

history of reflux symptoms at the time of specialist consultation. When BO is 

diagnosed, the patient is identified to be at increased risk of oesophageal 

adenocarcinoma. The magnitude of this risk, about 1 cancer per 100 patient-years 

of follow-up, is comparable to that of cancer in ulcerative colitis.3'23 Alterations in 
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the estimated cancer risk critically guide cost-effectiveness analyses of endoscopic 

surveillance in BO.12 The majority of respondents (84%) indicated to carry out 

regular endoscopic follow-up in patients with a known BO. This high rate of 

agreement contrasted with the lack of uniformity in the physicians' approaches to 

surveillance. 

The mode of taking biopsies must take into account the heterogeneous nature of 

BO.8 Up to 25% of respondents indicated to sample only from the area of the 

squamocolumnar junction, which is considered a primary site of neoplastic 

epithelial change.24 Yet, to increase the chance of detecting dysplastic involvement 

or microinvasive cancer, it may be necessary to take biopsies in each quadrant 

every two cm along the entire length of the Barrett segment.11'15'16 Methylene blue 

staining, fluorescence endoscopy, and balloon cytology have the potential to 

decrease endoscopic biopsy sampling error,13,14'25 but routine surveillance practices 

still rely on convential endoscopic examination with multiple biopsies.26 

In the literature, dysplasia in BO is usually subdivided into low-grade (which may 

include changes indefinite for dysplasia) and high-grade dysplasia.27"30 

Alternatively, most physicians in the survey are used to a scheme of mild / 

moderate / severe dysplasia. Adherence to a single classification system might 

increase uniformity in patient management. 

Until other biomarkers have proven their (additional) value in routine risk 

assessment of patients with BO,2'10 the standard practice of surveillance will 

remain dictated by the presence and degree of dysplasia found on biopsy.31 For 

patients without dysplasia, the recommended surveillance interval varies from 

yearly examination23>32 to intervals of 1-2 years,15,33 1-3 years,34 2 years,11,16,26,31 and 

2-3 years.2,20,22 Inevitably, this will lead to controversies in clinical practice, as is 

illustrated by our data {Figure IE) and those of other investigators.35,36 Optimal 

timing in cancer surveillance depends on the temporal course of neoplastic 

progression. Few prospective studies have documented the time interval between 

an initial diagnosis of no dysplasia and the development of cancer in BO.28,29,37,38 In 

these series, one patient was diagnosed with adenocarcinoma within one year of 

follow-up and seven other patients after an interval of 3 to 10 years. Although the 

data are limited, it may be reasonable to adopt a surveillance interval of more than 

2 years for non-dysplastic BO. During an international symposium in 1997, it has 

been advocated that surveillance of BO patients lacking dysplasia on systematic 
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biopsy at two endoscopies may be extended to 3-year intervals.21 

The finding of dysplasia significantly increases the cancer risk in BO.39 

Prospective case series have shown that 10% to 50% of patients progressed to 

cancer at 1.5 to 4.3 years after an initial diagnosis of low-grade dysplasia.28"30,38 A 

general recommendation is to intensify surveillance for low-grade dysplasia to at 

least annual examination.15'16 A more recent proposal included two 6-monthly 

endoscopies and then yearly endoscopy for patients with persisting low-grade 

dysplasia.21 High-grade dysplasia almost inevitably progresses to invasive 

adenocarcinoma,28"30'38 although cases with high-grade dysplasia persisting 

unchanged for many years have been reported.29'40 Importantly, high-grade 

dysplasia found on endoscopic biopsy may indicate the presence of an underlying 

invasive adenocarcinoma.41 The opinion of two expert pathologists should be 

obtained to confirm that high-grade dysplasia is indeed present.16'31 If any 

histological doubt remains, an early repeat endoscopy with thorough biopsy 

sampling is indicated, especially if no standardized sampling of the Barrett 

segment was performed at the initial endoscopy. In patients confirmed to have 

high-grade dysplasia, the decision to perform oesophagectomy or to arrange for 

close follow-up should be taken on an individual basis.42 Whether endoscopic 

ablative techniques will abandon the need for continued surveillance is uncertain. 

Patient selection has gained much attention in optimizing the yield of regular 

endoscopy in BO. Selection criteria reported in the present survey included age, 

presence of symptoms, length and type of Barrett mucosa. The current consensus 

that patients who are unfit for surgery (e.g., because of old age) do not benefit 

from surveillance, may be challenged by new developments in endoscopic 

treatment modalities.43 Presenting symptoms proof to be of little help in 

identifying BO patients at particularly high risk for progression to cancer.I9-37'44-45 

Alternatively, an increased cancer risk may be expected in patients with extensive 

Barrett segments.46'47 Yet, there is no general consensus that surveillance ought to 

be offered only to patients with BO of considerable length. It has been suggested 

to restrict surveillance to those with intestinal-type BO (regardless of the extent), 

whereas gastric-type BO would not require endoscopic follow-up.48 Enhanced 

benefit of surveillance is supported by a recent multicenter Italian study,38 showing 

that the risk of adenocarcinoma increased two-fold, from 1/187 to 1/88 patient-

years, when only intestinal-type BO was considered. 
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We have addressed current uncertainties in screening and surveillance of BO and 

quantified its variability in clinical practice. This variability may be an important 

sign of conflicting data and recommendations in the literature. If there is no 

uniform approach to routine surveillance of BO, then perhaps its practice will be 

ineffective at the outset. Probably, advanced diagnostic modalities will eventually 

improve clinical assessment of risk for progression to cancer in individual patients. 

At present times, a conventional standardized approach to endoscopic biopsy 

surveillance of BO seems justified by its proven potential to detect early, curable 

cancer.4"7 Concurrently, a strict and uniform protocol will generate more 

information on the natural history of BO, with the potential to guide future 

approaches to the management of BO. Our study emphasizes that an updated 

consensus is needed in this area.17'49 
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APPENDIX 

Questionnaire Response rates* 

Q 1. Do you consider endoscopic follow-up of Barrett oesophagus necessary? 

a) Yes, Barrett oesophagus needs regular follow-up 85% 

b) Yes, only a symptomatic Barrett oesophagus needs follow-up 6% 

c) No, follow-up of Barrett oesophagus is not necessary 8% 

Q 2. Do you see patients with Barrett oesophagus in your practice? 

a) Yes 99.6% 

b) No 0.4% 

[If no, proceed to Question 13] 

Q 3. Do you perform endoscopy to screen for Barrett oesophagus? 

a) Yes, endoscopy is performed at least once in every reflux patient... 69% 

b) Yes, only in patients with persistent reflux symptoms 13% 

c) No, I do not screen reflux patients for the presence of Barrett 

oesophagus 17% 

Q 4. Do you carry out follow-up of patients with a known Barrett oesophagus? 

a) Yes, with regular endoscopic examination 84% 

b) Yes, endoscopy is performed only in the presence of symptoms 8% 

c) No, I refer the patients to the general practitioner 8% 

[If no, proceed to Question 13] 

Q 5. Do you adhere to a strict surveillance protocol for patients with 

Barrett oesophagus? 

a) Yes 52% 

b) No 44% 

Q 6. How is an annual follow-up visit taken care of? 

a) Notice from the department 35% 

b) Appointment is made by the patient him/herself 54% 

c) Both 3% 

Q 7. Do you consider age when selecting patients for surveillance of 

Barrett oesophagus? 

a) Yes, I perfom follow-up only in patients younger than ... (see text).. 68% 

b) No, age itself is no criterion to exclude a patient from surveillance .. 25% 
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Questionnaire (continued) Response rates* 

Q 8. At which sites do you sample in a Barrett oesophagus? 

a) Every cm, each quadrant 5.5% 

b) Every 2 cm, each quadrant 52% 

c) At the squamocolumnar junction and from suspicious lesions 25% 

d) From suspicious lesions only 7% 

Q 9. Which histological classification of dysplasia is used? 

a) Low-grade / high-grade dysplasia 12% 

b) Mild / moderate / severe dysplasia 76% 

c) Atypia is used 6% 

Q 10. How often do you perform surveillance endoscopy in a patient with 

Barrett oesophagus but no dysplasia? 

a) Not at all 12% 

b) Every 6 months 0.5% 

c) Every year 21% 

d) Every 2 years 60% 

Q 11. And how often in a patient with low-grade (or mild/moderate) dysplasia? 

a) Not at all 2.5% 

b) Every 6 months 27% 

c) Every year 52% 

d) Every 2 years 12% 

Q 12. What is your approach towards a patient with high-grade (or severe) 

dysplasia? 

a) Immediate oesophagectomy (if surgical risk acceptable) 6.5% 

b) Oesophagectomy if diagnosis confirmed by a second pathologist 18% 

c) Immediate repeat endoscopy with biopsies 35.5% 

d) Repeat endoscopy with biopsies after 3 months 31% 

Q 13. What is your specialist registration? 

a) internal medicine 58% 

b) gastroenterology 42% 

* Response rates = percentages of 237 respondents (or 238 respondents in Ql, Q2 and 
Q13). Missing answers (between 0% to 6% per question) and uncompleted 
questionnaires (2.5% in Q5 to Q12) are not shown. 
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ABSTRACT 

Background. Endoscopic biopsy surveillance of Barrett oesophagus remains 

debated because of concern about its efficacy in reducing mortality from 

oesophageal cancer. 

Aim. To investigate the impact of endoscopic biopsy surveillance on pathological 

stage and clinical outcome of Barrett carcinoma. 

Methods. A clinico-pathological comparison was made between patients who 

initially presented with oesophageal adenocarcinoma (n = 54), and those in whom 

the cancer had been detected during surveillance of Barrett oesophagus (n = 16). 

Results. The surveyed patients were known to have Barrett oesophagus for a 

median period of 42 months (range 6-144 months). Prior to the detection of 

adenocarcinoma or high-grade dysplasia, 13 of 16 patients (81%) were previously 

found to have low-grade dysplasia. Surgical pathology showed that surveyed 

patients had significantly earlier stages than non-surveyed patients (p=0.0001). 

Only 1 surveyed patient (6%) versus 34 non-surveyed patients (63%) had nodal 

involvement (p=0.0001). Two-year survival for surveyed patients was 85.9%, and 

significantly better than for non-surveyed patients, being 43.3% (p=0.0029). 

Conclusions. The temporal course of histologic progression in our surveyed 

patients supports the theory that adenocarcinoma in Barrett oesophagus develops 

through stages of increasing severity of dysplasia. Endoscopic biopsy surveillance 

of Barrett oesophagus permits detection of malignancy at an early and curable 

stage, thereby potentially reducing mortality from oesophageal adenocarcinoma. 
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INTRODUCTION 

In Barrett oesophagus the normal squamous mucosa has been replaced by 

metaplastic columnar epithelium. Barrett oesophagus is a well known 

premalignant condition and is found in 10-15% of patients who undergo 

endoscopy for symptoms of gastro-oesophageal reflux.1'2 The prevalence of Barrett 

oesophagus in the general population is not precisely known. From an autopsy 

study, it has been concluded that in most individuals with Barrett oesophagus this 

condition remains unrecognized.3 Consequently, the risk of developing 

adenocarcinoma in Barrett oesophagus may well be overestimated.4 

Adenocarcinomas of the distal oesophagus and oesophagogastric junction have 

nevertheless shown a greater increase in incidence than any other cancer during 

the past two decades.5,6 Given the low 5-year survival rate of advanced 

oesophageal cancer, strategies for early detection have been explored. 

Implementation of an endoscopic surveillance programme for patients in whom 

Barrett oesophagus has been detected seems a reasonable option. However, since 

its efficacy in reducing mortality from oesophageal cancer has never been 

evaluated in a randomized study, surveillance of Barrett oesophagus is still a 

matter of debate. 

To contribute to this ongoing discussion, we investigated the impact of endoscopic 

biopsy surveillance on pathological stage and clinical outcome of adenocarcinoma 

arising in Barrett oesophagus. The study population consisted of patients who 

underwent oesophageal resection for Barrett carcinoma. For the purpose of the 

study, a clinico-pathological comparison was made between patients with 

carcinoma at initial presentation and patients in whom the cancer had been 

detected during surveillance. In addition, a careful documentation was made of all 

biopsy results in the surveillance period. 

PATIENTS AND METHODS 

Study population. Between January 1993 and July 1996, 198 patients with cancer 

of the oesophagus or oesophagogastric junction underwent oesophageal resection 

with curative intent (locally resectable disease without distant metastases) at the 

surgical department of the Academic Medical Center in Amsterdam, The 
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Netherlands. The pathology reports of all 198 surgical resection specimens were 

reviewed in order to identify those patients who had been operated for 

adenocarcinoma or high-grade dysplasia arising in Barrett mucosa. In this study, 

Barrett carcinoma was defined as an adenocarcinoma arising in the oesophagus in 

the presence of adjacent Barrett mucosa. The diagnosis of Barrett mucosa required 

the pathological finding of a segment of intestinal metaplasia within the tubular 

oesophagus.7,8 Neoplastic lesions with infiltration through the epithelial basement 

membrane were identified as "invasive adenocarcinoma". The term "carcinoma in 

situ" was avoided. A diagnosis of "high-grade dysplasia" was restricted to lesions 

in which no infiltration through the basement membrane into the lamina propria 

was demonstrated.9'10 In our hospital, unequivocal high-grade dysplasia is regarded 

as an indication for oesophagectomy for patients in whom a major operation is 

feasible.11"13 

Review of the surgical pathology records identified 70 consecutive patients with 

either adenocarcinoma or high-grade dysplasia arising in a histologically proven 

Barrett oesophagus. This population of 70 patients was divided into two groups: 

one group consisting of those patients who had Barrett carcinoma, at initial 

presentation, and a second group including those patients who had undergone 

endoscopic surveillance of Barrett oesophagus. Since 'endoscopic surveillance' is 

a widely used term, being applied to various follow-up programmes for patients 

with Barrett oesophagus, criteria for inclusion in the surveillance-group were 

defined. These included: (1) a histologically proven Barrett oesophagus diagnosed 

at least 6 months prior to surgery, and (2) subsequent endoscopic examination 

performed for no other reason than related to the diagnosis of Barrett oesophagus. 

Clinical and histopathological data were obtained from patients records and 

pathology reports. In our hospital, a surveillance endoscopy includes obtaining 4 

biopsies, one from each quadrant of the oesophagus, every 2 cm along the visible 

length of Barrett mucosa, with additional biopsies from any abnormal-appearing 

area.14 Each biopsy is separately assessed, sectioned at three different levels and 

routinely stained with haematoxylin and eosin (H&E). If endoscopic surveillance 

had taken place outside our hospital, the original reports on previous endoscopic 

and biopsy examinations were collected from the referring centers. All H&E 

stained sections of the biopsies that had been obtained at other institutions and had 

resulted in referral for surgical intervention, were reviewed in our hospital. 
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Postsurgical staging of tumours was done according to the pTNM-classification of 

oesophageal carcinoma.15 Tissue samples were routinely obtained from the 

primary tumour, the adjacent mucosa and from all lymph nodes that were 

recognized as such. If no macroscopic tumour was visible in the resection 

specimen, the Barrett segment was processed in its entirety. 

Surgical procedure. All patients in the study population underwent oesophageal 

resection for locally resectable disease without distant metastases. The resection 

was performed either by a transhiatal approach without thoracotomy or by a 

transthoracic approach combined with a two-fields lymphadenectomy. The two 

operative techniques were equally distributed among patients in the non-

surveillance-group and patients in the surveillance-group (p=0.45; chi-square test). 

Gastrointestinal continuity was preferably reestablished by constructing a gastric 

tube; only two patients had a colonic interposition. 

Follow-up. Patients were followed until death or December 1997. No patients 

were lost to follow-up. The mean follow-up period was 24 months in the non-

surveillance-group (range 1.5-44.6 months) and 48 months in the surveillance-

group (range 10.2-55.6 months). 

Statistical methods. Comparisons between groups were made using the Mann-

Whitney [/test, chi-square or Fisher's exact test when appropriate. Survival was 

estimated according to the method of Kaplan and Meier, including all causes of 

death. The log-rank test was used for comparison of survival curves. Probabilities 

are two-tailed with statistical significance determined at a 95% confidence 

interval. 

RESULTS 

Clinical features. Fifty-four patients initially presented with Barrett carcinoma, 

whereas sixteen patients met the criteria for inclusion in the surveillance-group. 

The groups were similar with respect to age and gender (Table 1). In the non-

surveillance-group, all patients were symptomatic at the time of presentation. In 

contrast, ten of the 16 surveillance-patients (63%) had no symptoms at the time 

adenocarcinoma or high-grade dysplasia was diagnosed on routine endoscopy for 

surveillance of their Barrett oesophagus. For four patients the development of 

symptoms resulted in earlier evaluation than their regular endoscopy was planned, 
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whereas two other symptomatic patients had awaited their routine surveillance 

interval for endoscopic examination. A history of gastro-oesophageal reflux 

symptoms was reported more frequently in the surveillance-group than in the non-

surveillance-group {Table 1). Antireflux surgery had been performed in one non-

surveillance-patient; one surveillance-patient had previously undergone a partial 

gastrectomy for peptic ulcer disease. 

Table 1. Patient characteristics, presenting symptoms and history of reflux symptoms. 

Non-surveillance-group Surveillance-group P * 
(n = 54) (n=16) 

Mean age in years (range) 65 (44-83) 64 (50-75) ns 
Male : female ratio 44: 10 12:4 ns 
Dominant symptom at time of cancer diagnosis 

Dysphagia 37 (69%) 3 (19%) <0.05 
Retrosternal pain 9 (17%) 2 (12%) ns 
Bleeding 4 (7%) - (0%) ns 
Other 4 (7%) 1 (6%) ns 
No symptoms - (0%) 10 (63%) O.0001 

History of reflux 29 (54%) 14 (88%) <0.05 

Mann-Whitney [/test, chi-square or Fisher's exact test when appropriate; 
ns = not significant. 

Surveillance. Ten patients had been surveyed at other institutions and were 

referred when adenocarcinoma or high-grade dysplasia in Barrett oesophagus was 

diagnosed; six patients had been under surveillance for Barrett oesophagus at our 

own institution. The duration and frequency of endoscopic surveillance with the 

accompanying histological findings are depicted in Figure 1. The patients were 

known to have a histologically proven Barrett oesophagus for a median period of 

42 months, ranging from 6 months to 12 years. During this period they had been 

endoscopically surveyed at intervals ranging from 2 months to 2.5 years (median 

10 months). In this study population of 16 patients, three patients (19%) were 

found to have invasive carcinoma without ever having been diagnosed with low-

grade or high-grade dysplasia (patients 3, 6 and 11). In the other thirteen patients 

(81%), low-grade dysplasia had been identified on at least one occasion prior to 

the detection of adenocarcinoma or high-grade dysplasia. In 8 of 11 patients (73%) 
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Figure 1. Duration and frequency of endoscopic surveillance with the accompanying 
histological findings in 16 patients undergoing surveillance of Barrett oesophagus. Black 
dots represent endoscopic examinations at which no biopsies were obtained. 

who were diagnosed with adenocarcinoma, dysplastic epithelium had been 

detected on previous endoscopic biopsy specimens. In addition, all five patients 

who underwent surgery for high-grade dysplasia were previously found to have 

low-grade dysplasia. 

Preoperative diagnosis. In the non-surveillance-group, 53 of the 54 patients (98%) 

had a preoperative diagnosis of adenocarcinoma {Table 2). The one non-

surveillance-patient (2%) in whom high-grade dysplasia was diagnosed underwent 

endoscopic examination because of dyspeptic symptoms. Of the 16 patients who 

underwent surveillance, there were 11 patients (69%) with a preoperative 

diagnosis of adenocarcinoma and 5 patients (31%) with high-grade dysplasia. The 

macroscopic features at preoperative endoscopic examination, the length of the 

Barrett segment and the accompanying diagnosis at biopsy are shown in Table 3. 
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Table 2. Preoperative diagnosis at endoscopic biopsy. 

Non-surveillance-group (n = 54) 

Surveillance-group (n = 16) 

All patients (n = 70) 

Diagnosis at biopsy 

High-grade dysplasia Adenocarcinoma 

1 

5 (31%) 

6 (9%) 

53 (98%) 

11 (69%) 

64 (91%) 

Table 3. Preoperative endoscopic examination in 16patients who underwent surveillance 

of Barrett oesophagus. 

Patient Endoscopic findings Length of Barrett's 

segment (cm) 

Diagnosis at biopsy 

1 stenosis 4 HGD 
2 normal 3 HGD 
3 irregular stricture >3 AC 
4 discoloured area 5 AC 
5 elevated lesion 4 AC 
6 irregular area NS AC 
7 normal 4 HGD 
8 erosive lesion 7 HGD 
9 normal 4 AC 

10 normal 5 AC 
11 normal 7 AC 
12 irregular area 12 AC 
13 irregular area 14 AC 
14 suspect lesion 4 AC 
15 irregular area 4 AC 
16 normal 4 HGD 

HGD = high-grade dysplasia; AC = adenocarcinoma; NS = not specified. 

In 3 of the 16 surveillance-patients (19%; patients 9, 10 and 11), there were no 

endoscopic findings suggestive of malignancy. However, by routine biopsy the 

presence of invasive adenocarcinoma was identified. 

Surgical pathology. All oesophagectomy specimens in the non-surveillance-group 

revealed invasive adenocarinoma arising in Barrett mucosa. In contrast, 25% of 

the surveillance-group (4 out of 16 patients) had a final diagnosis of high-grade 
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dysplasia {Table 4). Remarkably, two of these patients (patients 14 and 15) had 

been diagnosed with adenocarcinoma preoperatively. Even though the entire 

Barrett segment had been blocked, no evidence of invasion was found in the 

resection specimen. With regard to this pathological inconsistency, it is important 

to recognize that special staining of biopsies to clarify invasion through the 

basement membrane is not routinely applied in our hospital. Whatever the 

outcome of such staining, it would not alter subsequent management. The 

remaining 12 surveillance-patients (75%) had invasive adenocarcinoma in the 

resected oesophagus. Three of them had been referred for surgery because of high-

grade dysplasia at biopsy. Six patients in the total study population (one non-

surveillance and five surveillance) had a preoperative diagnosis of high-grade 

dysplasia. In each patient, multiple biopsies were obtained, with a median number 

Table 4. Postoperative diagnosis and follow-up in 16 patients who underwent surveillance 
of Barrett oesophagus. 

Patient Postoperative Depth of 
diagnosis invasion 

Lymph nodes 
involved/investigated 

Pathological Follow-up 
stage (months) 

1 AC transmural 0/5 IIA DF (55) 

2 HGD - 0/5 0 DF (56) 

3 AC muscularis propria 1/12 IIB died (10) 

4 AC submucosa 0/8 DF (47) 

5 AC submucosa 0/23 DF (42) 

6 AC transmural 0/6 IIA DF (46) 

7 HGD - 0/28 0 DF (36) 

8 AC intramucosal 0/11 died (26) 

9 AC submucosa 0/27 DF (38) 

10 AC submucosa 0/28 DF (36) 

11 AC intramucosal 0/11 DF (35) 

12 AC submucosa 0/7 DF (31) 

13 AC transmural 0/13 IIA died (20) 

14 HGD - 0/23 0 DF (19) 

15 HGD - 0/25 0 DF (18) 

16 AC intramucosal 0/12 I DF (14) 

HGD = high-grade dysplasia; AC = adenocarcinoma; DF = alive and disease free. 

59 



Impact of surveillance 

of 9 biopsies (range 6-17) per patient, and a median number of 4.5 biopsies (range 

3.0-6.7) at 2-cm intervals of Barrett mucosa. Yet, in 4 of these 6 patients (67%) 

invasive adenocarcinoma was detected in the surgical specimen. Systematic 

endoscopic biopsy examination had failed to identify the presence of cancer. 

The surgical pathologic stages differed significantly between the two groups 

{Figure 2): 18% of the non-surveillance-patients versus 75% of the surveillance-

patients having stages 0 or I, 26% versus 25% stage II, and 56% versus 0% stages 

III or IV (p=0.0001; Mann-Whitney U test). Thirty-four patients in the non-

surveillance-group (63%) had pathological lymph nodes, whereas only one patient 

in the surveillance-group (6%) had lymph node involvement (p=0.0001). The 

groups were comparable with regard to the morphology of the tumours, i.e., the 

various grades of differentiation were equally distributed among both groups 

(p=0.81; Mann-Whitney C/test). 
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Figure 2. Pathological stage distribution. Black bars represent patients who were not part 
of a surveillance programme; hatched bars represent patients who underwent surveillance 
of Barrett oesophagus. Pathological stages differed significantly between the two groups 
(p=0.0001; Mann-Whitney Utest). 
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Figure 3. Postoperative survival. Closed circles represent patients who were not part of a 

surveillance programme; open circles represent patients who underwent surveillance of 

Barrett oesophagus. Survival differed significantly between the two groups (p=0.0029; log-

rank test). The numbers in the box refer to the numbers of patients at risk at 12 months-

intervals. 

Follow-up. Survival curves of both groups of patients after oesophageal resection 

are shown in Figure 3. Survival of patients in the surveillance-group was 

significantly better than that of patients in the non-surveillance-group, with a two-

year survival of 85.9% versus 43.3%, respectively (p=0.0029; log-rank test). 

Three patients died in the surveillance-group (Table 4): two had radiologically 

verified distant metastases (patients 3 and 13), and, in one, who died cachectic, no 
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diagnostic examinations had been undertaken to assess the patients' tumour status 

(patient 8). In the non-surveillance-group, 28 patients died from distant metastases 

and/or locoregional tumour recurrence. Four other deaths occurred in the non-

surveillance-group: two in the early postoperative course, one from lung cancer 

and one from unknown cause (19 months after operation, with no evidence of 

tumour recurrence). Excluding these four patients, survival in the non-

surveillance-group amounted to 47.1% at 2 years, with still a significant difference 

from survival in the surveillance-group (p=0.0055). Since high-grade dysplasia is 

not universally regarded as an indication for oesophagectomy, survival was also 

analysed specifically within the group of patients who had demonstrable invasive 

adenocarcinoma at biopsy (n = 64; Table 2), thereby excluding the patients with a 

preoperative diagnosis of high-grade dysplasia alone (n = 6). Also in this selective 

analysis, postoperative survival in the surveillance-group was significantly better 

than that in the non-surveillance-group (80.0% versus 42.1%, respectively, at 2 

years; p=0.013). 

DISCUSSION 

Since the early 1970s adenocarcinomas of the distal oesophagus and 

oesophagogastric junction have shown a continuing increase in incidence, which 

surpasses that of any other type of cancer in the United States and in Europe.5'6 

Although this may be partly due to changes in diagnostic methods or to an 

increased awareness, it probably also reflects a true increase. The single most 

important predisposing factor for development of adenocarcinoma in the 

oesophagus is the presence of a columnar-lined oesophagus (Barrett oesophagus). 

The risk of cancer in patients with a Barrett oesophagus is increased 30- to 125-

fold as compared with the general population.4'16"19 Symptoms of oesophageal 

cancer generally correspond with the stage of the disease. Patients who initially 

present with dysphagia often have a dismal prognosis after surgery, as obstructive 

symptoms usually indicate the presence of advanced disease.20 On the other hand, 

patients who undergo surgery for Barrett carcinoma that is limited to the mucosa 

or submucosa (Tl-tumour) have a favourable prognosis, with a 60%-100% 5-year 

survival.21"23 Since early adenocarcinomas in Barrett oesophagus give only rarely 

symptoms, detection of cancer at an early, curable stage can only be achieved by 
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surveillance. The relatively high risk of carcinoma together with the poor 

prognosis of a symptomatic cancer seems sufficient to warrant a surveillance 

programme for patients with a Barrett oesophagus. Although its cost-effectiveness 

has been questioned by some authors,24'25 recent reports indicate that the cost of 

endoscopic surveillance in Barrett oesophagus compares favourably with the cost 

of endoscopic surveillance in other premalignant conditions of the gastrointestinal 

tract and with that of screening mammography to detect early breast cancer.26"28 

The major concern is a lack of evidence that surveillance of Barrett oesophagus 

reduces mortality from oesophageal cancer. The ideal methodology for the 

evaluation of the efficacy of surveillance programmes is the randomized trial. 

Such a trial not only seems impractical in terms of the number of patients needed 

and the many years of follow-up,8 it may also pose an ethical dilemma for the 

physician who is to withhold a potentially life-saving procedure from the 

individual patient with a premalignant condition. Therefore, it is unlikely that a 

randomized study will ever be performed for cancer surveillance in Barrett 

oesophagus. The ongoing discussion will have to rely upon more or less indirect 

evaluation of its effect on cancer mortality rate. 

The present study suggests that endoscopic biopsy surveillance provides a 

beneficial effect on resectability and mortality from cancer in Barrett oesophagus. 

We found, in parallel with the findings of other authors,26,29,30 that patients who had 

undergone some form of endoscopic surveillance were operated on at significantly 

earlier stages of their disease, with a subsequent survival advantage over patients 

who had not been part of a surveillance programme. The method of evaluating 

cancer surveillance that we applied, i.e., comparing the outcome of surveillance-

detected cases with that of symptom-diagnosed cases, is probably the most 

commonly used method. We acknowledge the fact that nonrandomized types of 

evaluation harbour a number of pitfalls.31,32 First, one must be aware of selection 

bias. Patients undergoing regular surveillance tend to be health-conscious and may 

be the ones who would have presented with early-stage cancer even if their disease 

were diagnosed because of symptoms. Secondly, lead time bias operates in all 

screening and surveillance programmes.33 An observed survival benefit may be 

due only to the advancement of the diagnosis of cancer in time, and not to the 

postponement of death. Finally, the evaluation of cancer screening is subject to 

length bias.34 This occurs because screening programmes are more likely to detect 
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slow-growing lesions with a good prognosis than lesions with a more aggressive 

nature and relatively unfavourable prognosis. Importantly, comparison of the 

histologic type of tumours found in the two groups of our study population gave 

no support to different biology, since tumour differentiation was similar in both 

groups. Nevertheless, in our and similar series, the stage distribution and duration 

of survival in the surveillance-group may partly reflect the lead time and length 

bias for cancer in Barrett oesophagus. To acknowledge these factors, results 

should be analysed on an 'intention to surveillance' basis,32 as was performed in 

our study. 

Despite these problems of evaluating cancer surveillance in Barrett oesophagus, 

efforts to do so should be continued in order to clarify factors that affect its 

outcome and to assess current inconsistencies in clinical practice. During a 

consensus conference held in August 1995, guidelines for surveillance of Barrett 

oesophagus were established by the International Society for Diseases of the 

Esophagus.14 In search for dysplastic foci, the entire length of the Barrett mucosa 

should be sampled, with four-quadrant biopsies obtained at 2-cm intervals.35 It can 

be expected that in clinical practice surveillance programmes will be less than 

perfect. Most patients in our surveillance-group had been followed up by regular 

endoscopy with multiple biopsies at intervals determined by the diagnosis at 

biopsy. In two patients (patients 3 and 6), repeated endoscopies were performed, 

but concurrent biopsies were taken only when a suspicious lesion was recognized. 

In general, no specific endoscopic features permit a distinction between dysplastic 

and non-dysplastic mucosa.36 Even invasive cancer may not be visible at 

endoscopic examination, as is illustrated by our data {Table 3). Three of the 

sixteen patients (19%) who underwent surveillance had no suspicion of a 

malignant lesion at endoscopic examination. Yet, invasive adenocarcinoma was 

found at biopsy. If only endoscopic evaluation had been performed, the 

opportunity of detecting cancer at an early stage would have been missed in these 

patients. Obviously, these observations are limited to a small number of patients; 

they nevertheless emphasize the importance of a systematic biopsy approach in 

Barrett oesophagus. We applied a relatively broad definition of surveillance, 

thereby including a variety of surveillance strategies performed at various 

institutions, albeit by well defined criteria. The study reflects endoscopic reality in 

general practice and, even though not resulting from a uniform surveillance 
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protocol, its outcome provides arguments in favour of endoscopic surveillance for 

patients with Barrett oesophagus. These arguments need to be evaluated in a 

prospective study of a well defined surveillance programme. 

In our study, the temporal course of histologic progression in Barrett oesophagus 

was analysed. In a majority of patients (73%), the development of invasive 

adenocarcinoma was preceded by detection of dysplastic epithelium. In all patients 

who underwent surgery for high-grade dysplasia, previous endoscopic biopsy 

specimens had shown low-grade dysplasia {Figure 1). These data support the 

theory that malignant progression in Barrett oesophagus occurs through stages of 

increasing severity of dysplasia.17'37"41 Although "regression" of low-grade 

dysplasia seemed to occur, the subsequent development of adenocarcinoma or 

high-grade dysplasia suggests that this observation was probably due to sampling 

error or histopathological misinterpretation. 

Endoscopic surveillance of patients with Barrett oesophagus involves the critical 

question how to manage the patient with high-grade dysplasia. In some centers, as 

in our hospital, unequivocal high-grade dysplasia is regarded as the end point of 

surveillance for patients who are likely to tolerate oesophageal resection.11"13'42,43 

Others, however, reserve surgical intervention for proven invasive 

adenocarcinoma and perform continued surveillance for high-grade dysplasia by 

strict endoscopic biopsy protocols.39'44'45 Because of the controversial role of 

oesophagectomy for a biopsy diagnosis of high-grade dysplasia alone, we 

performed a separate analysis including only those patients who were operated for 

invasive adenocarcinoma. It is of note that this selective analysis still showed a 

significant survival benefit for those patients in whom the cancer had been 

detected during surveillance as compared to those who initially presented with 

Barrett carcinoma. 

The presented data indicate that endoscopic biopsy surveillance of patients with 

Barrett oesophagus permits detection of cancer at an early, curable stage. These 

findings, in line with those reported by other investigators,26'29'30,46'47 support the 

clinical practice of endoscopic surveillance in Barrett oesophagus. In our study, 

none of the patients in the surveillance-group had advanced stages of 

adenocarcinoma, whereas 56% of the patients in the non-surveillance-group had 

stage III- or IV-tumours. Subsequently, comparison of survival after operative 

treatment showed a significant difference between the two groups. This striking 

65 



Impact of surveillance 

difference strongly suggests a long-term reduction in cancer mortality by 

widespread surveillance of Barrett oesophagus. 
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were then used to classify the areas of disagreement according to the results of 

morphometry and immunoquantitation ('quantitative pathological grade'). 

Discriminant thresholds as previously calculated in BO tissue samples from 

oesophagectomy specimens,13 were not applied to the present biopsy series, taking 

into account that the quality of the study material may have its impact on the 

results. Statistical significance was defined as p<0.05. All data were analysed 

using SPSS version 7.5 for Windows 95. 
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Figure 1. Computerized morphometric assessment of distinctive-type Barrett epithelium 

using the architecture module of the QPRODITsystem. The microscopic image is displayed 

in full colour on the screen of the computer. Following electronic demarcation of the 

measurement area (in green), fields of vision are selected by systematic random sampling. 

Within each field of vision, morphometric measurements involve electronic demarcation of 

the basal membrane and luminal surface of the epithelium, and tracing of nuclear outlines. 
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RESULTS 

Reproducibility of quantitative measurements. Intra-observer reproducibility of 

the quantitative measurements was evaluated (JWvS) on 15 randomly selected 

areas {i.e., using random numbers applied to the whole range of values of the 

initial assessments). Correlation coefficients for repeated measurements of MNA, 

SI, MNV, p53 area % and Ki67 area % were 0.89, 0.94, 0.91, 0.86 and 0.92, 

respectively. Inter-observer reproducibility was tested for the best discriminating 

quantitative parameters. Correlation coefficients for measurements of SI, Ki67 

area % and p53 area % performed independently by two observers (JWvS, JPAB) 

were 0.86, 0.92 and 0.93, respectively. 

Discriminating power of quantitative features. The spectrum of values of the 

quantitative features as compared to the subjective grading of dysplasia in the 

areas of agreement is shown in Figure 2. In univariate analysis, significant 

differences between both pairs of neighbouring grades of dysplasia were found for 

SI, MNV, p53 area % and Ki67 area % {Table 3). Discriminant analysis showed 

that SI was the most powerful single parameter both for ND versus LGD and for 

LGD versus HGD (82 and 81 per cent correct classification, respectively). No 

other single variable reached 80 per cent correct classification. For the 

discrimination between ND and LGD, the combination of SI and p53 area % 

resulted in the highest percentage (89 per cent) of correctly classified areas. 

Adding another parameter to this combination did not improve the classification 

results. For the discrimination between LGD and HGD, SI with Ki67 area % was 

Figure 2. Discriminating power of six quantitative pathological features in correlation with 

subjective grading of dysplasia on biopsy material from Barrett oesophagus. (A) Mean 

nuclear area, (B) stratification index, (C) mean nuclear volume and (F) mitotic activity 

index were assessed in 66 areas of agreement with no dysplasia (ND, n-24), low-grade 

dysplasia (LGD, n=21) or high-grade dysplasia (HGD, n=21). Area percentages of (D) 

p53-positive and (E) Ki67-positive glandular nuclei were measured in 53 areas of 

agreement with ND (n=21), LGD (n=16) or HGD (n=16). Boxes illustrate the 25th-75th 

percentile; the horizontal line within each box and the vertical line emanating from each 

box represent the median and range, respectively; open circles are outliers (i.e., areas with 

values between 1.5 and 3 box lengths from the upper or lower edge of the box). 
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the most powerful combination of two parameters (91 per cent of correctly 

classified areas). When MNV was added, the discrimination increased to 94 per 

cent correct classification, but otherwise the addition of any parameter did not 

alter or even decreased the percentage of correctly classified areas. 

Table 3. Univariate analysis of quantitative features for discrimination between different 
grades of dysplasia in Barrett oesophagus. 

Quantitative feature Mann-Whitney U test (p values) 

ND versus LGD LGD versus HGD 

MNA ns 0.000 

SI 0.000 0.000 

MNV 0.012 0.000 

p53area% 0.021 0.029 

Ki67 area % 0.008 0.001 

MAI ns ns 
ND = no dysplasia; LGD = low-grade dysplasia; HGD = high-grade dysplasia; 
MNA = mean nuclear area; SI = stratification index; MNV = mean nuclear volume; 
p53 area % and Ki67 area % = area percentages of p53-positive and Ki67-positive 
glandular nuclei; MAI = mitotic activity index; ns = not significant. 

Classification of disagreement areas. In 39 areas of the 105 initially selected 

areas of interest, the two experienced pathologists disagreed about the grade of 

dysplasia in the H&E-stained biopsies (Table 2). The 85 IHC-stained sections 

included 32 disagreement areas. This set of areas involved 21 ND/LGD and 11 

LGD/HGD disagreement areas. Classification analyses were based on the linear 

functions comprising the most powerful combination of two discriminating 

parameters, i.e., SI with p53 area % (SI = 0.388 - 0.0018 * p53) for ND versus 

LGD discrimination, and SI with Ki67 area % (SI = 0.509 - 0.0022 x Ki67) for 

LGD versus HGD discrimination. Of the 21 ND/LGD disagreement areas, 15 areas 

could be classified uniquely (i.e., probability P of group membership > 0.75) as 

either ND (10) or LGD (5) with the combination of SI and p53 area % (Figure 3). 
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The other six areas had values that were near the discriminant line between ND 

and LGD {i.e., probability P of classification in any of the two groups, 

0.25<P<0.75). By SI and Ki67 area % (Figure 4), unique classification (P > 0.75) 

was found for 8 of the 11 disagreement areas (3 as LGD and 5 as HGD). The other 

three areas were near the discriminant line between LGD and HGD 

(0.25<P<0.75). Of all 9 disagreement areas that could not be classified uniquely (6 

ND/LGD and 3 LGD/HGD; 0.25<P<0.75), the 'quantitative pathological grade' 

was LGD (by SI with p53 area % or with Ki67 area %, respectively), albeit with a 

classification probability of < 0.75 (range 0.53 - 0.74). 

DISCUSSION 

Barrett oesophagus (BO), defined by intestinal-type columnar epithelium in the 

oesophagus, is the single most important predisposing factor for oesophageal 

adenocarcinoma.1 The development of invasive cancer in BO is preceded by stages 

of progressively severe dysplastic changes.31222 Recommendations for the 

histological surveillance of patients with BO generally include that endoscopy be 

performed every other year in patients whose biopsies show no dysplastic changes, 

which should be intensified to yearly intervals when low-grade dysplasia is found 

A biopsy diagnosis of high-grade dysplasia - if confirmed by another expert 

pathologist - is considered an indication for oesophageal resection depending on 

the patient's general condition. The grade of dysplasia thus critically guides the 

clinical management of patients with BO. The potential value of dysplasia as 

histological indicator for follow-up strategies is, however, diminished by observer 

variation in the subjective grading of dysplasia. In previous reports, inter-observer 

agreement in classifying different grades of dysplasia in BO biopsy samples varied 

from 54% to 61%,5'6 comparable to the rate of 63% in the present study. 

The study results show that computerized nuclear morphometry and 

immunoquantitation can provide reproducible information on morphologic 

changes and proliferative activity in premalignant BO biopsies. Previous 

observations regarding sources of variation in quantitative pathology and 

techniques for optimalization contributed to the methodology used in the current 

study.18-19'23 Of particular note is the biological sense of the investigated 

quantitative features. By definition,5'14'15 the diagnosis of dysplasia is based on 
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architectural and cytologic abnormalities that suggest neoplastic transformation of 

the columnar epithelium. It includes morphologic alterations such as 

pseudostratification during cell migration from the epithelial basement membrane 

towards the luminal surface. In our study, the stratification index had the highest 

discriminating power, similar to the findings in the morphometric classification of 

colorectal adenomas.24 A widely recognized phenomenon indicative of incomplete 
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Figure 3. Classification results for ND/LGD areas in Barrett oesophagus biopsies by 
quantification of SI and p53 area %. Of the 21 disagreement areas, 15 areas could be 
classified uniquely as either ND (10) or LGD (5). The other 6 areas (*81, *84, *85, *90, 
#91 and #93) were near the discriminant line between ND and LGD (i.e., probability P of 
classification in any of the two groups, 0.25<P<0.75 = zone between dotted lines). 
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cell differentiation is increased proliferative activity. The use of a strict mitosis 

counting protocol has been shown an objective method to assess the proliferation 

rate, e.g. in breast cancer specimens.25 Conversely, counting of mitoses had no 

value in grading BO biopsies, which is most likely explained by the relative 

rareness of this event precluding accurate detection in an endoscopic biopsy 

sample. Other investigators have used flow cytometry to quantitate 
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Figure 4. Classification results for LGD/HGD areas in Barrett oesophagus biopsies by 
quantification of SI and Ki67 area %. Of the 11 disagreement areas, 8 areas could be 
classified uniquely as either LGD (3) or HGD (5). The other 3 areas (#95, *101 and 
#104) were near the discriminant line between LGD and HGD (i.e., probability P of 
classification in any of the two groups, 0,25<P<0.75 = zone between dotted lines). 

83 



Computerized quantitative pathology 

immunoreactivity of genetic markers for increased or aberrant cell proliferation in 

BO.26"28 In contrast to flow cytometry, the stereological method has the advantage 

of preserving the tissue architecture with direct visual assessment of the area of 

interest (i.e., the glandular epithelium only, excluding stroma and goblet cells). 

The Ki67 antigen is a characteristic marker of proliferative activity in BO.29 We 

found that quantification of Ki67 area % with SI may yield additional information 

when uncertainty exists in classifying dysplasia as low-grade or high-grade in a 

biopsy of BO. The classification results of LGD versus HGD sligthly improved by 

the addition of a nuclear size related feature (i.e., MNV), but such combination 

requires the use of three separate modules of the QPRODIT system. As in many 

other human malignancies, p53 dysfunction comprises an important genetic event 

in the neoplastic sequence of BO.1227 Our study indicates that assessment of p53 

area % with SI may add to subjective biopsy examination in differentiating non-

dysplastic from dysplastic BO. 

Overall, we have shown that the combination of morphometry (SI) and 

immunoquantitation (p53 area % and Ki67 area %) can objectively describe the 

stepwise histological progression in BO biopsies. In addition, most of the 

disagreement cases on subjective grading could be classified uniquely according to 

the values emerging from the discriminant analyses. Nevertheless, discrepancies 

between the quantitative measurements and the conventional grading categories 

did occur. One possible explanation is the presence of morphologic abnormalities 

suggestive of neoplastic progression on subjective microscopic examination but 

not assessed by morphometry (e.g., presence of dystrophic goblet cells with loss of 

polarity). Otherwise, it should be remembered that the study material consisted of 

archival endoscopic biopsy samples obtained from multiple institutions, e.g., the 

use of different fixatives may have led to classification inconsistencies. A better 

quality of tissue material can clearly be expected in samples derived from surgical 

specimens and processed in a uniform manner. It is therefore not surprising that, in 

the previous study,13 subjective inter-observer agreement was 79%, a much higher 

rate of agreement ever reported for endoscopic biopsies.5,6 

For clinical purposes, the present study was performed on surveillance biopsies of 

BO. A subset (21%) of the initially collected biopsies was considered unsuitable 

for accurate quantitative assessment (Table 1). It indicates that, in clinical practice, 

about one in five biopsies sampled for surveillance of BO is difficult or impossible 
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to assess quantitatively (e.g., heterogeneous picture due to reactive epithelial 

changes). This might have implications for the method of endoscopic biopsy 

sampling (e.g., large biopsies with at least 5 well oriented glands reaching to the 

muscularis mucosae). Importantly, prior to clinical application of the quantitative 

classification method, the results obtained in this study (learning set) should be 

validated on an independent set of biopsies (test set).30 

We conclude that computerized morphometry and immunoquantitation on 

surveillance biopsies of BO is feasible provided that well defined biopsy criteria 

are used. Quantitative analysis of features associated with cellular differentiation 

and proliferation {i.e., stratification index, p53 and Ki67) can have additional value 

to subjective grading of BO biopsy samples (e.g., classification of disagreement 

cases), and thus comprises a potential adjunct tool in reducing diagnostic 

variability. Further research is needed to fully assess its predictive value in the 

neoplastic sequence of BO. 
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Intestinal metaplasia of the oesophagus and OGJ 

ABSTRACT 

Aim. To evaluate the prevalence, clinicopathologic associations and histochemical 

characteristics of intestinal metaplasia (IM) at an endoscopically normal appearing 

oesophagogastric junction (IM-OGJ) compared to IM in a columnar-lined 

oesophagus (IM-CLO). 

Methods. A prospective endoscopic biopsy study was performed including 253 

patients referred for elective upper GI endoscopy. Their median age was 49 (21 -

87) years. All patients completed a standardized questionnaire. Biopsies were 

obtained from two cm above the squamocolumnar junction (SCJ), immediately 

distal to the SCJ, the gastric corpus, and the gastric antrum. IM-containing 

biopsies just distal to the SCJ were additionally evaluated by mucin histochemistry 

and immunohistochemistry. 

Results. On H&E-staining, 23 patients had IM-OGJ (9.1%) and 14 patients had 

IM-CLO (5.5%). Compared to the reference group (n = 216), IM-OGJ was 

associated with inflammation of the corpus (0.008) and antrum (p=0.001) and with 

IM at these sites (p=0.005). A trend for increased H. pylori infection of the gastric 

mucosa was noted (p=0.08). IM-CLO patients but not IM-OGJ patients were 

predominantly white male smokers who reported a significantly longer duration of 

heartburn and/or regurgitation compared with the reference group. Distribution 

patterns of cytokeratin 20 reactivity were not different between IM-OGJ and IM-

CLO, whereas gastrin reactivity was exclusively observed in IM-CLO (p=0.047). 

IM-CLO was usually (13 of 14; 93%) incomplete type IM. In contrast, only 52% 

of IM-OGJ patients (12 of 23) had incomplete IM (p=0.013). 

Conclusions. At routine endoscopy, the prevalence of IM-OGJ was 9.1% and that 

of IM-CLO 5.5%. Distinctive features of IM-CLO confirmed its known 

association with GORD. In contrast, IM-OGJ was significantly associated with 

pathological features in other parts of the stomach. Our data therefore indicate that 

IM-OGJ and IM-CLO should be considered as separate entities. Furthermore, IM-

OGJ was less frequently incomplete IM than IM-CLO which may explain its 

suggested lower malignant potential as compared to that of IM-CLO. Follow-up 

study is needed to evaluate whether identification of the mucin profile (incomplete 

versus complete IM) has clinical relevance when IM is found at an endoscopically 

normal appearing OGJ. 
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INTRODUCTION 

The predisposition of patients with a columnar-lined oesophagus, traditionally 

called Barrett oesophagus (BE), to develop adenocarcinoma of the oesophagus is 

well documented.1,2 The recognition that cancer complicating BE originates from 

intestinal-type columnar epithelium has led to redefine BE by the presence of 

intestinal metaplasia (IM) in the oesophagus.3'4 Initially, histologic evidence of IM 

on biopsies obtained from the lower oesophagus was considered sufficiently 

distinctive to use its detection as the gold standard for a diagnosis of BE. 

However, it appeared that biopsies immediately distal to the squamocolumnar 

junction (SCJ) could also show IM when BE was unsuspected endoscopically.5 

Studies on the clinical characteristics of patients with IM at a normal appearing 

oesophagogastric junction (OGJ) are just emerging,6"11 and long-term follow-up 

investigations are not (yet) available. Of importance, dysplasia and 

adenocarcinoma have been noted in association with IM just distal to a normally 

located SCJ.11 In parallel with the rising incidence of adenocarcinoma of the 

oesophagus, the frequency of adenocarcinomas of the OGJ also continues to 

increase.12,13 It has been suggested that small segments of IM located at the OGJ 

may underlie this phenomenon.5 

Current guidelines for the use of upper endoscopy do not include that biopsy 

specimens be obtained routinely from the SCJ unless it extends above the 

anatomic OGJ. One might argue that any IM detected in the region of the OGJ is 

abnormal since IM is clearly metaplastic, both in the oesophagus and in the gastric 

cardia. However, what is known about oesophageal IM might not apply to IM in 

the very proximal stomach. Considering both entities the same would suggest a 

common etiology, similar risk factors and comparable malignant potential. 

Histochemically, BE resembles incomplete IM of gastric mucosa.14"17 It differs 

from complete IM by the presence of mucous secreting columnar cells, which 

contain both neutral and acid mucins. These cells, despite their histologic 

similarities, thus differ from normal gastric surface cells which produce only 

neutral mucins. To our knowledge, no studies were specifically devoted to 

determine the relative frequencies of incomplete and complete IM in the area 

immediately distal to the SCJ at an endoscopically normal appearing OGJ (IM-

OGJ). 
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The objectives of this prospective study were 1) to assess the overall prevalence of 

IM-OGJ compared with IM-CLO in patients attending for elective upper 

endoscopy; 2) to evaluate associated clinical, endoscopic, and histologic features 

with special reference to features of gastro-oesophageal reflux disease (GORD) 

and gastric pathology; and 3) to investigate the mucin profile and other 

histochemical characteristics of IM-OGJ compared with IM-CLO. 

PATIENTS AND METHODS 

Patients. Unselected adult patients (n = 260) scheduled for elective endoscopic 

examination of the upper gastrointestinal (UGI) tract were asked to participate in 

the study, regardless of the indication for the procedure. Exclusion criteria 

included age less than 18 years, a previous diagnosis of BE (irrespective of length) 

or UGI cancer, a history of oesophageal or gastric surgery, oesophageal varices, 

coagulation disorders, in-hospital patients, pregnancy, and unwillingness or 

inability to give informed consent. Patients were prospectively recruited at the 

General Endoscopy Unit of the Academic Medical Center, Amsterdam (n = 178) 

and at the General Endoscopy Unit of the Kennemer Gasthuis, Haarlem (n = 82), 

The Netherlands. In both centres, the study was approved by the institutional 

medical ethical committee. All patients enrolled into the study gave written 

informed consent. 

Questionnaire. At study entry, all patients completed a standardized 

questionnaire. The structure of the questionnaire was based on a review of the 

literature.1820 Patients were asked to describe the main symptom that had resulted 

in current endoscopic evaluation. The present and past occurrence of GORD 

symptoms was specifically surveyed. GORD symptoms were characterized as 

either heartburn or regurgitation.20 Heartburn was defined as a burning sensation in 

the chest, a substernal pain that radiates towards the mouth or worsens by change 

of posture, or a burning pain or discomfort in the upper stomach with radiation up 

into the chest. Patients were asked to report use of alcohol, history of cigarette 

smoking, and current medications with particular attention to the use of acid 

suppression therapy. Finally, length and weight were recorded to calculate the 

patients' body mass index. 

Endoscopy and biopsy protocol. All endoscopies were performed in a standard 
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fashion using a videoendoscope (Olympus GIF Q10, Q20, GIF-100, GIF-130 or 

GIF-140). Documentation included (1) the primary indication for endoscopic 

evaluation, (2) an endoscopic diagnosis of reflux oesophagitis,21 (3) the presence 

of a hiatal hernia, and (4) the locations of the diaphragmatic impression, OGJ and 

SCJ in centimeters from the incisor teeth. The OGJ was identified as the most 

proximal margin of the gastric folds,22,23 and the SCJ as the demarcation between 

white (squamous-appearing) mucosa and red (columnar-appearing) mucosa. The 

extent of columnar epithelium in the oesophagus was defined as the distance from 

the OGJ to the SCJ. A normal appearing 

OGJ was diagnosed if an endoscopically 

unremarkable SCJ coincided with the 

level of the OGJ. Any tongue-like or 

circumferential extension of red-coloured 

mucosa above the OGJ was classified as 

oesophageal columnar lining, 

irrespective of its extent. Study protocol 

biopsies were taken in an antegrade 

fashion at four standard locations (two 

biopsies per site): two cm above the SCJ, 

immediately distal to the SCJ, the gastric 

corpus, and the gastric antrum {Figure 

1). In patients with oesophageal 

columnar lining, biopsies just below the 

SCJ inherently originated from an area 

above the OGJ. All red tongues of 

columnar-appearing mucosa extending 

proximal to the OGJ were biopsied. In 

case of a circular columnar-lined 

oesophagus, four-quadrant biopsies were 

obtained at 1 or 2 cm intervals. 

Figure 1. Diaphragm to illustrate protocol biopsy sites in patients with an endoscopically 

normal appearing oesophagogastric junction (upper drawing) and in patients with a 

columnar-lined oesophagus (lower drawing). 
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Pathology. All biopsy specimens were processed and evaluated at the Pathology 

Department of the Academic Medical Center, Amsterdam. Each specimen was 

fixed in formalin, embedded in paraffin, sectioned at three levels and routinely 

stained with haematoxylin and eosin (H&E). Initial histopathological evaluation of 

each set of biopsies was performed by one of five staff pathologists, who were 

aware of the study protocol. Slides of squamous epithelium were analysed for 

histologic features of reflux oesophagitis, i.e., basal cell hyperplasia greater than 

15% of the total thickness of the epithelium and extension of subepithelial papillae 

into the upper third of the epithelium.24 Also, the sole presence of intraepithelial 

eosinophils was considered as indicator of reflux oesophagitis.25 Biopsies from just 

below the SCJ, the gastric corpus, and antrum were analysed for the presence of 

IM, inflammation and H. pylori organisms. Goblet cells were used as criteria for 

IM.4'26 The type of gastric epithelium in biopsies obtained just distal to the SCJ 

was registered. Typical characteristics of cardiac type epithelium included the 

coiled and loosely packed mucous glands containing scattered parietal cells.27 All 

biopsies from columnar epithelium above the OGJ were reviewed for the presence 

of goblet cells. A histologic diagnosis of dysplasia or cancer in any biopsy was 

registered. At the end of the study, biopsy specimens of particular interest (i.e., 

protocol SCJ biopsies and biopsies from oesophageal columnar epithelium) were 

submitted to a second analysis by one of the investigators (FJWtK) who was 

blinded to the endoscopic data as well as to the interpretation of the primary 

pathologist. For any discrepancies in the identification of goblet cells, 

inflammatory changes or H. pylori organisms, final consensus was achieved by 

duplicate assessment. 

Subgroups of patients were then identified using both endoscopic and histologic 

criteria. IM-OGJ was defined by the presence of IM just distal to an 

endoscopically unremarkable SCJ located at the OGJ. Oesophageal columnar 

epithelium irrespective of length but associated with IM above the endoscopically 

defined OGJ was categorized as IM-CLO. The reference group included all other 

patients who had no histologic evidence of IM at or above the OGJ. IM-OGJ and 

IM-CLO biopsies were processed for additional staining techniques (see below) 

using unstained consecutive sections of tissue blocks. Any subsequent evaluation 

was performed without knowledge of endoscopic findings. 

Mucin histochemistry (MHC). Alcian blue at pH 2.5 (AB) was used to identify 
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acid mucins in goblet cells and in columnar cells. Positive-staining columnar cells 

were analysed exclusively in the surface epithelium lining the luminal part of the 

mucosa since they may normally be found in deep foveolar gastric epithelium.17 

Alcian blue pH 2.5 / periodic acid Schiff (AB-PAS) was used to distinguish blue 

acid mucins from magenta neutral mucins (PAS-positive),28 and high iron diamine 

combined with alcian blue pH 2.5 (HID-AB) was used to differentiate between 

brown-black sulphated acid mucins (sulphomucins) and blue non-sulphated acid 

mucins (sialomucins).29 Based on mucin histochemical staining results, IM was 

classified as complete or incomplete.14,30 Complete or type I IM was characterized 

by the presence of goblet cells secreting acid mucins and adjacent nonsecretory 

columnar cells resembling normal absorptive enterocytes. Goblet cell metaplasia 

in association with secretory columnar mucous cells, rather than mature absorptive 

cells, was considered indicative of incomplete IM. Incomplete IM was further 

subdivided based on the absence or presence of sulphomucins in the columnar 

mucous cells (type II and type III incomplete IM, respectively). Subtyping was 

done irrespective of the nature of acid mucins secreted by goblet cells. 

Immunohistochemistry (IHC). Immunohistochemical examinations were 

performed on IM-containing biopsies from the SCJ area to demonstrate any 

endocrine cells (using anti-chromogranin polyclonal antibody, Dako / A430), to 

detect gastrin producing cells (using anti-gastrin polyclonal antibody, Dako / 

A568) and to seek pancreatic metaplasia (using anti-lipase monoclonal antibody, 

Chemicon / 1453). Staining in more than 5% of cells relative to the total number 

of cells was considered positive. Expression of cytokeratins (CK) was evaluated 

by CK7 immunostaining (clone OV-TL 12/30, Biogenex / MU 255-UC) and CK20 

immunostaining (clone IT-KS 20.8, Biogenex / MU 315-UC). Both CK7 and CK20 

are markers of glandular differentiation. The reactivity pattern of CK20 was 

determined with particular attention to deep glandular involvement, because BE 

has been described to exhibit only superficial CK20 staining, whereas gastric IM 

has been associated with CK20 staining of both superficial and deep glandular 

epithelium.31 All staining procedures of study biopsy specimens were adjoined by 

processing of negative and positive control specimens using appropriate human 

tissues. 

Statistics. The data were analysed using SPSS 7.5 for Windows 95. For continuous 

variables, comparisons between groups were made using the Mann-Whitney [/test 

95 



Intestinal metaplasia of the oesophagus and OGJ 

(two-group comparisons) or the Kruskal-Wallis test (three-group comparisons). 

Univariate comparison of categorical variables was performed using the chi-square 

or Fisher's exact test when appropriate. Statistical significance was defined as 

p<0.05 (two-tailed). 

RESULTS 

Prevalence of IM. Of the 260 patients who consented to participate in the study, 7 

patients were excluded: one patient did not tolerate introduction of the endoscope, 

one patient had an incomplete set of protocol biopsies and, in five patients, the two 

biopsies allegedly obtained from an area immediately distal to the SCJ showed 

squamous epithelium only. Of the 253 patients eligible for analysis, 126 were male 

(50%) and 127 were female (50%). Their median age was 49 years (range 21 - 87). 

By endoscopic evaluation, 198 patients had a normal appearing OGJ. Of these 

patients, 23 patients had IM on protocol biopsies just distal to the SCJ (IM-OGJ). 

In 55 patients, columnar-appearing mucosa extended cephalad from the 

endoscopically defined OGJ, with evidence of IM above the OGJ in 14 patients 

(IM-CLO). Discernible extensions of red mucosa above the OGJ not containing 

IM on biopsy (41 patients) measured 1 cm (38 patients) or 2 cm (3 patients). 

Among IM-CLO patients, the extent of oesophageal columnar lining was less than 

3 cm in 9 patients, but measured 3 cm or more in 5 patients. Overall, the 

prevalence of IM-OGJ was 9.1% (23 of 253) and that of IM-CLO 5.5% (14 of 

253). The 216 remaining patients (85.4%) who had no evidence of IM at or above 

the OGJ constituted the reference group. Demographic, clinical and endoscopic 

data of each subgroup are shown in Table 1. 

Demographic characteristics. Men and women were equally distributed among 

both IM-OGJ and reference group patients. In contrast, patients with IM-CLO 

were predominantly male (71%), although this trend did not reach statistical 

significance. White male individuals represented 64% of IM-CLO patients 

compared with 34% of the reference group (p = 0.040). Similar to the reference 

group, 39% of IM-OGJ patients were male Caucasians. Alternatively, patients with 

IM-OGJ were significantly older than those in the reference group (p = 0.003), 

whereas the age distribution among both IM groups was comparable. Smoking 

was reported with increased frequency among IM-OGJ patients and IM-CLO 
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patients, but only in IM-CLO patients tobacco use was significantly different 

compared with the reference group (p = 0.024). 

Clinical and endoscopic characteristics. Primary indications for endoscopy 

included upper abdominal pain or dyspepsia (46%), GORD symptoms (24%), 

follow-up of H. pylori eradication therapy (11%), nausea (5%), anaemia (3%), and 

miscellaneous reasons including diarrhoea, dysphagia and atypical chest pain 

(11%). There was no association between any of the indications and IM-OGJ, IM-

CLO or reference group patients. When specifically asked, many patients in all 3 

study groups had ever experienced typical GORD symptoms (70% - 93%). 

However, the duration of these symptoms was significantly longer in IM-CLO 

Table 1. Demographic, clinical and endoscopic characteristics of 253 study patients. 

Reference IM-OGJ IM-CLO p--value " 

[n] M M 
number of patients 216 23 14 
male : female 105: 111 11 : 12 10:4 ns 
Caucasian : non-caucasian 155:61 19:4 11 :3 ns 
age [yrs] 48 (21 - 87) 55 (34-75)* 56 (21-74) 0.008 
body mass index [kg/m2] 25 (16 - 44) 26 (19-32) 24 (21-37) ns 
alcohol use 147 (68%) 14 (61%) 11 (79%) ns 
(history of) smoking 115 (53%) 16 (70%) 12 (86%)* 0.025 
follow-up H. pylori eradication 24 (11%) 3 (13%) 1 (7%) ns 
(history of) GORD symptoms 159 (74%) 16 (70%) 13 (93%) ns 
duration of GORD symptoms [yrs]c 5 (0.04-42) 5 (0.17-25) 10 (1.5-30)* ns 
current use of acid suppression 86 (40%) 10 (43%) 10 (71%)* ns 
current use of PPI 46 (21%) 4 (17%) 7 (50%) * 0.037 
hiatal hernia 61 (28%) 9 (39%) 6 (43%) ns 
endoscopic oesophagitis 41 (19%) 5 (22%) 4 (29%) ns 
macroscopic malignancy 0 0 1 (7%) " -

IM-OGJ = IM at a normal appearing OGJ; IM-CLO = IM in a columnar-lined oesophagus; 
ns = not significant; PPI = proton pump inhibitor; GORD = gastro-oesophageal reflux 
disease. Continuous variables are expressed as medians and ranges. 
" overall p-value (three-group comparison); 
* p < 0.05, compared with the reference group; 
c patients with (a history of) GORD symptoms only; 
d biopsy-proven adenocarcinoma associated with IM in the oesophagus. 
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patients compared with the reference group (p = 0.040). Also, use of acid 

suppression in general (p = 0.026) and PPI use in particular (p = 0.021) were 

increased in IM-CLO patients compared with the reference group. 

Endoscopic findings in terms of the presence or absence of a hiatal hernia or 

oesophagitis were similar in all three groups, with no statistically significant 

differences detected. Exclusion of patients on acid suppression therapy did not 

significantly alter the endoscopic prevalence of oesophagitis. By definition, the 

OGJ region appeared otherwise unremarkable in all patients with IM-OGJ. In the 

reference group, 81% of patients (175 of 216) had a normal appearing OGJ, 

whereas 19% had a subtle extension of red-coloured mucosa above the OGJ, with 

no evidence of IM on biopsy examination. IM-CLO was tongue-like in 4 patients 

and circular in 10 patients. One IM-CLO patient had a tumour within a 9-cm 

columnar-lined segment, which was histologically diagnosed as adenocarcinoma. 

Histologic characteristics. Protocol biopsies at 2 cm from a normally located SCJ 

often revealed a histologic diagnosis of oesophagitis {Table 2), regardless of the 

current use of acid suppression. Cardiac type (or junctional type) mucosa was 

invariably present in IM-containing biopsies distal to the SCJ. In contrast, only 

46% of patients in the reference group had cardiac type epithelium in biopsies 

distal to the SCJ. Fundic type epithelium was recognized in the remaining patients. 

Data on inflammation of gastric mucosa or H. pylori status were analysed only in 

patients who did not undergo endoscopy to evaluate the effect of H. pylori 

eradication therapy (n = 225). The overall prevalence of H. pylori in biopsies 

originating from the OGJ was 26% (56 of 212). All patients with H. pylori at the 

OGJ also had H. pylori elsewhere in the stomach (56 of 56), compared with 9% of 

patients (14 of 156) who had H. pylori at the other gastric sites but not at the OGJ 

(p < 0.001). There was no significant correlation between IM-OGJ and H. pylori 

status, albeit that corpus biopsies showed H. pylori infection in 50% of IM-OGJ 

patients compared with 30% of the reference group (p = 0.082) and 15% of IM-

CLO patients (p = 0.067). Irrespective of the identification of H. pylori organisms, 

patients with IM-OGJ had a significantly higher prevalence of corpus gastritis 

(90%) than those in the reference group (60%; p = 0.008) and those with IM-CLO 

(46%; p = 0.013). Similarly, antrum gastritis was significantly more frequent in 

IM-OGJ patients (100%) compared with 69% of both reference group patients (p = 

0.001) and IM-CLO patients (p = 0.017). Thirty percent of patients with IM-OGJ 
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(7 of 23) also had IM elsewhere in the stomach. This contrasted with 8% of the 

reference group (18 of 216) who had IM in the gastric corpus and/or antrum (p = 

0.005). Gastric IM was found in 3 IM-CLO patients (21%; p = 0.21 compared with 

the reference group). Regardless of subgroup, all patients with gastric IM (n = 28) 

also had inflammatory changes in corpus and/or antrum biopsies compared with 

76% of patients without gastric IM (171 of 225; p = 0.001). 

Dysplasia or cancer was not found in any of the patients with IM-OGJ, nor in the 

reference group, but was diagnosed in two patients with IM-CLO (2 of 14; 14%). 

As mentioned, one of them had a long CLE with biopsy-proven adenocarcinoma. 

The other patient had less than 3 cm columnar mucosa in the oesophagus, devoid 

of any suspected lesions but associated with low-grade dysplasia on protocol 

biopsies just distal to the SCJ. 

Table 2. Histologic findings in protocol biopsies of 253 study patients. 

Reference IM-OGJ IM-CLO p-value " 

[n] W M 
number of patients 216 23 14 

histologic oesophagitis 137 (63%) 17 (74%) 6 (43%) ns 

cardiac mucosa distal to SCJ 99 (46%) 23 (100%) * 14 (100%)* O.001 

SCJ in biopsy 65 (30%) 8 (35%) 10 {7\%)bc 0.006 

inflammation distal to SCJ d 152/192 (79%) 19/20 (95%) 13/13 (100%) 0.047 

H. pylori distal to SCJ d 49/192 (26%) 7/20 (35%) 1/13 (8%) ns 

dysplasia distal to SCJ 0 0 1 (7%) -

inflammation gastric corpusd 116/192 (60%) 18/20 (90%) *c 6/13 (46%) 0.016 
H. pylori gastric corpusd 58/192 (30%) 10/20 (50%) 2/13 (15%) ns 
IM gastric corpus 5 (2%) 3 (13%)* 2 (14%) 0.005 

inflammation gastric antrum1' 133/192 (69%) 20/20 (100%)kc 9/13 (69%) 0.014 
H. pylori gastric antrumd 57/192 (30%) 9/20 (45%) 3/13 (23%) ns 
IM gastric antrum 15 (7%) 5 (22%)* 2 (14%) 0.043 

See for abbreviations Table 1. SCJ = squamocolumnar junction. 
" overall p-value (three-group comparison); 
* p < 0.05, compared with the reference group; 
c p < 0.05, IM-OGJ versus IM-CLO; 
d patients not undergoing endoscopy to evaluate H. pylori eradication therapy. 
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Mucin staining characteristics. Generally, IM-biopsies distal to the SCJ contained 

a variable amount of AB-positive cells indicating the presence of acid mucins. 

Goblet cells (used as a prerequisite for the diagnosis of IM) produced acid mucins, 

either alone or in combination with intervening acid mucin secreting columnar 

cells. Different patterns of acid mucin secretion in IM-OGJ and IM-CLO emerged 

{Table 3; Figure 2). AB-positive surface columnar mucous cells were present in 

52% of patients with IM-OGJ but were almost invariably found in patients with 

IM-CLO (93%; p = 0.013). In all these cases, the epithelium was designated 

incomplete IM. The remaining patients had complete IM since AB-positive 

columnar cells were absent (5 IM-OGJ) or were present in the base of foveolae 

only (6 IM-OGJ and one IM-CLO). With HID-AB, there was no difference in the 

frequency of sulphomucin secreting surface columnar cells. In 20 of 37 (54%) 

patients, sulphomucin secreting goblet cells were also demonstrated. Overall, the 

type of acid mucin in goblet cells showed no correlation with that in adjacent 

surface columnar mucous cells. Irrespective of cell type, sulphomucin positivity 

tended to be less frequent in IM-OGJ (48%) compared with IM-CLO (79%; p = 

0.090). The two newly identified patients with dysplasia or cancer in IM-CLO 

both had incomplete IM on protocol biopsies distal to the SCJ. 

Table 3. Additional staining results in areas of intestinal metaplasia (IM) at a normal 

appearing oesophagogastric junction (IM-OGJ) or in a columnar-lined oesophagus (IM-

CLO). 

IM-OGJ IM-CLO p-value 

[n] [n] 

number of patients 

acid mucin secreting surface columnar cells 

sulphomucin-positive surface columnar cells 

sulphomucin-positive goblet cells 

distribution of IM subtypes: complete type I 
incomplete type II 8 
incomplete type III 4 

chromogranin reactivity 

gastrin reactivity 

lipase reactivity 

cytokeratin 20 deep glandular staining 

100 

23 14 
12 (52%) 13 (93%) 0.013 

4 (17%) 4 (29%) ns 

9 (39%) 11 (79%) 0.040 

11 
8 
4 

(48%) 
(35%) 
(17%) 

1 (7%) 
9 (64%) 
4 (29%) 

] 
] 0.037 
] 

22 (96%) 14 (100%) ns 

0 (0%) 3 (21%) 0.047 

6 (26%) 2 (14%) ns 

6 (26%) 4 (29%) ns 
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Figure 2. Mucin histochemical staining with alcian blue atpH 2.5 (upper sections; A - B), 

alcian blue atpH 2.5 /periodic acid Schiff (middle sections; C - D), and alcian blue atpH 

2.5 / high iron diamine (lower sections; E - F) showing incomplete intestinal metaplasia in 

a biopsy derived from a columnar-lined oesophagus (left; A - C - E) and complete 

intestinal metaplasia in a biopsy obtained at an endoscopically normal appearing 

oesophagogastric junction (right; B-D-F). Original magnification x 80 (all sections). 
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Immunostaining characteristics. IM-OGJ was immunohistochemically 

indistinguishable from IM-CLO using anti-chromogranin, anti-lipase or CK20 

staining (Table 3). In all but one patients, there was both superficial and deep 

gland staining of CK7. Gastrin producing cells were found in 21% of IM-CLO 

patients compared with none of the IM-OGJ patients (p = 0.047). The patient who 

had been diagnosed with adenocarcinoma of the oesophagus was among the 

patients with gastrin reactivity distal to the SCJ. No associations were noted 

between immunostaining results and mucin characteristics of IM-OGJ or IM-CLO. 

DISCUSSION 

Increasing evidence indicates that intestinal metaplasia (IM) at a normal appearing 

oesophagogastric junction (OGJ) is common. Reported prevalence rates vary from 

6% to 23%.511 Factors contributing to this considerable variation in the 

identification of IM-OGJ may stem from differences in patient selection, biopsy 

site, endoscopic technique, use of special stains or, perhaps most importantly, 

from differences in the definition used. In our study, IM-OGJ was defined as 

goblet cell metaplasia detected on standard H&E stained biopsies obtained from an 

area just distal to an endoscopically normal appearing SCJ located at the same 

level as the proximal margin of the gastric folds (OGJ). Using these criteria, the 

prevalence of IM-OGJ in this study was 9.1%. Patients with IM distal to a 

proximally displaced SCJ regardless of the distance to the OGJ were categorized 

as having IM in a columnar-lined oesophagus (IM-CLO). Conceptually, IM-CLO 

can be called Barrett oesophagus (BE) provided that the term BE refers to the 

histologic diagnosis of goblet cell metaplasia anywhere within the oesophagus.4 It 

is current use to subdivide BE into short segment BE (SSBE) and traditional or 

long segment BE (LSBE). When an arbitrary distance of 3 cm was chosen to 

separate patients with SSBE (< 3 cm) and LSBE (> 3 cm) in our study, the 

prevalence of SSBE was 3.6% (9 of 253) and that of LSBE was 2.0% (5 of 253) at 

routine endoscopic evaluation. Similar prevalence rates of newly diagnosed LSBE 

have been reported by other investigators who evaluated unselected patients 

attending for endoscopy (1%-4%).5'6'1(U1 Figures on the prevalence of SSBE tend 

to be higher in the literature (6%-18%),5'6'10'n'32 compared to the finding in our 

study. However, some of these figures included patients with IM-OGJ, patients 
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with 3 cm IM-CLO or only patients with clear endoscopic lesions suggestive of 

SSBE. If these were removed, the range of reported SSBE prevalence data would 

drop to 2%-7%.6'10'n It indicates that the condition of SSBE is clouded by 

diagnostic inconsistencies.33 SSBE has been variously defined as the presence of 

IM up to 2 or 3 cm above the OGJ or as the presence of IM in the region of the 

OGJ in the absence of traditional apparent BE (thereby including IM-OGJ). 

Clearly, there is no universal definition of SSBE nor is it certain whether SSBE 

and LSBE should be regarded as distinct conditions.34,35 

Our study results are consistent with the literature in that IM-CLO patients were 

predominantly white male smokers who reported a significantly longer duration of 

GORD symptoms compared with a reference group (Table l).u Current use of 

acid suppression therapy (or PPI use in particular) was most frequent among IM-

CLO patients. Dysplasia or cancer was noted in 2 of 14 IM-CLO patients (14%) 

emphasizing the neoplastic potential of IM-CLO.36'37 These data underline that IM-

CLO is a reflux-mediated oesophageal disorder with a specific demographic group 

at risk. In contrast, IM-OGJ was as common in men as in women who reported no 

increased history of GORD symptoms or use of acid suppression compared with 

the reference group. Although some investigators have reported that GORD plays 

a significant role in the etiology of IM-OGJ,8 others could not confirm any 

relationship between GORD and IM at a normal appearing OGJ.7'9-11 The 

significance of GORD in the development of IM-OGJ has usually been studied by 

clinical and endoscopic observations only. When seeking histologic evidence of 

reflux oesophagitis, hyperplastic changes and/or presence of intraepithelial 

eosinophils in squamous epithelium are commonly used criteria.38 Of note, basal 

cell hyperplasia and lengthening of the papillae have been described in the distal 3 

cm of the oesophagus in about 60% of subjects without symptoms of gastro-

oesophageal reflux.39 In our study, squamous epithelial biopsies were obtained 

only 2 cm above the SC J, and objective measurements of acid reflux were not 

performed. Both the reference group and patients with IM-OGJ had biopsies taken 

at the same location, with a similar prevalence of - nonspecific - reactive changes 

in squamous mucosa. When the SCJ was displaced proximal to the OGJ, histologic 

oesophagitis tended to be less prevalent (Table 2). However, reactive changes are 

more likely to be indicative of reflux if present in biopsies which are sampled 

above the distal 3 cm of the oesophagus.38 
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In our study protocol, the OGJ was not included as a separate biopsy site in IM-

CLO patients. As a result, the true overall prevalence of pathological changes at 

the OGJ in this cohort may not be completely assessed. Importantly, other gastric 

biopsy sites revealed no significant differences between IM-CLO patients and the 

reference group. In sharp contrast, some gastric pathologic findings were 

significantly increased in patients with IM-OGJ. The study results particularly 

indicate a close association between IM-OGJ and inflammation of the gastric 

mucosa. Similar to IM-OGJ, IM in the rest of the stomach was significantly 

related to a diagnosis of gastritis. It is commonly believed that gastric IM may 

arise from an inflammatory response to H. pylori colonization,40,41 but it should be 

acknowledged that the outcome of H. pylori infection has predominantly been 

studied in the gastric corpus and antrum. Recent investigations suggest that IM at 

the OGJ is related to the presence of H. pylori..7A11-42 We could not confirm a direct 

association. Nevertheless, the present results support the significance of a gastritis 

related background lesion in the development of IM-OGJ, and its clear association 

with IM in the rest of stomach provides indirect evidence to conceive that IM-OGJ 

may evolve from a similar mucosal process thought to be the result of H. pylori 

infection at other gastric sites. It is interesting to note the topographical prevalence 

and distribution of//, pylori as identified in the present biopsy series. H. pylori at 

the OGJ had a prevalence of 26% and was invariably associated with concomitant 

H. pylori colonization elsewhere in the stomach. H. pylori at the other gastric 

biopsy sites but not at the OGJ was significantly less prevalent (9%). These data 

suggest that H. pylori bacteria first colonize other parts of the stomach but - once 

present - easily progress towards the mucosa of the OGJ. Others have investigated 

topographical differences in the intensity of H. pylori infection, and found that 

cardiac mucosa behaved like antral mucosa and exhibited a much stronger 

inflammatory response than that of corpus mucosa.43 Since the morphology of 

cardiac mucosa is highly similar to that of the antrum, one might expect some 

similar pathogenetic consequences of H. pylori in the cardia and the antrum. 

However, the natural history of H. pylori at the OGJ awaits to be documented in 

prospective studies. 

Standard histologic evaluation fails to reliably differentiate between IM in the 

oesophagus and IM in native cardia mucosa.3 In our study, immunohistochemical 

stains were of little or no help in identifying whether IM occurred in the 
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oesophagus or in the most proximal part of the stomach. Other investigators have 

found that IM-CLO (defined as LSBE) and IM-OGJ show distinct patterns of CK7 

and CK20 immunostaining,31 but the present findings and those of other authors 

are not confirmatory.44 Studies on pancreatic metaplasia are scarce, but its 

presence has been described in endoscopically defined BE and in random biopsies 

from the OGJ area (with and without IM).45'46 Accordingly, we found lipase 

reactivity both in association with IM-CLO and in association with IM-OGJ, with 

no significant difference. In contrast, gastrin reactivity was observed exclusively 

in IM-biopsies from the oesophagus and not in IM-biopsies from the cardiac 

region. It is known that the antral-like glands in the cardiac region do not contain 

gastrin producing cells, which distinguishes them from their counterparts in the 

antrum.27 Apparently, the endocrine cell population in intestinalized columnar 

epithelium above the OGJ may involve gastrin producing cells, and we suggest 

that the clinical relevance of this distinctive histological finding needs further 

investigation (especially with regard to the growth stimulating features of gastrin 

and its precursors).47 

Long-term follow-up studies are awaited to define the risk of neoplastic 

progression associated with IM-OGJ. In a recent study, dysplasia and cancer were 

less prevalent in IM-OGJ than in newly diagnosed IM of the oesophagus." It thus 

appears as though the malignant potential in IM-OGJ is lower than that in IM-

CLO. Our data suggest that the alleged differences in malignant potential may be 

explained by distinct mucin histochemical characteristics. The frequency of acid 

mucin secreting columnar cells in surface epithelium of IM-CLO was 93%. This is 

in line with previous studies indicating that IM which is located in the oesophagus 

resembles incomplete gastric IM.1417 The relative frequencies of incomplete and 

complete IM at an endoscopically normal appearing OGJ have not previously been 

described. Of the IM-OGJ patients in the present cohort, 52% were characterized 

to have incomplete IM. We wish to emphasize that the columnar AB-positive cells 

were present in the surface and not foveolar epithelium, and that the presence of 

intestinal-type goblet cells was mandatory for a diagnosis of IM. This is important 

because some gastric pit cells may be AB-positive in normal gastric mucosa,48 and 

acid mucin secreting columnar cells may occur at the OGJ in the absence of goblet 

cells.10'17 The significance of acid mucins in metaplastic surface columnar cells is 

currently unclear. Their dense distribution in IM-CLO with high-grade dysplasia 
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or carcinoma may raise considerations regarding a role of these cells in neoplastic 

transformation,17 but this remains to be investigated. What is known is that IM-

CLO - usually being incomplete - predisposes to oesophageal adenocarcinoma. 

Furthermore, studies on IM in the distal stomach have documented that incomplete 

IM has a closer association with (intestinal-type) gastric carcinoma than IM in 

general.30 Perhaps mucin histochemical characteristics imply similar neoplastic 

consequences for IM in the very proximal stomach. 

In conclusion, our data indicate that IM-CLO and IM-OGJ should be regarded as 

two separate entities. Distinctive features of IM-CLO confirmed its known 

association with GORD. In contrast, IM-OGJ was significantly more likely in 

patients with associated pathology in other parts of the stomach. Increased gastric 

pathology in patients with IM-OGJ involved inflammatory changes and IM in 

gastric mucosa, which may suggest an intermediate role of H. pylori. Finally, the 

observed differences in the relative frequencies of complete versus incomplete IM 

may help to explain a lower malignant potential of IM-OGJ as compared to that of 

IM-CLO. It suggests that mucin histochemical subtyping of EVI should be 

incorporated in studies devoted to define the cancer risk associated with IM-OGJ. 
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Early adenocarcinoma 

ABSTRACT 

Background. As an alternative to surgical resection, endoscopic treatment 

modalities are being explored for the therapy of early oesophageal cancer. 

Aim. To evaluate patterns of local growth and regional dissemination of early 

adenocarcinoma of the oesophagus or oesophagogastric junction as these 

pathological features may contribute to rational therapeutic decision making. 

Methods. Among 173 patients who underwent oesophageal resection for invasive 

adenocarcinoma (1993-1998), 32 patients (19%) had early cancer (pTl). Clinical 

records, pathology reports and original slides of the surgically resected oesophagus 

were reviewed. 

Results. In 12 patients, tumour invasion was limited to the mucosa, whereas, in 20 

patients, the tumour showed infiltration of the submucosa. All cancers were 

associated with intestinal metaplasia. Areas of high-grade dysplasia accompanied 

27 of the 32 cancers (84%). Intramucosal cancer had no lymph node metastasis, 

but presented as multifocal disease in 42% and extended under pre-existing 

squamous mucosa in 17% of cases. In submucosal cancer, lymph node metastases 

were present in 30% of cases. Disease-specific 3-year survival for intramucosal 

cancer was 100% and for submucosal cancer 82% (p = not significant). 

Conclusions. Based upon its local growth pattern, endoscopic treatment of 

intramucosal adenocarcinoma of the oesophagus or oesophagogastric junction 

should be applied with caution. For submucosal carcinoma, surgery is the 

mainstay of treatment as nodal metastasis is frequently present. Both 

subclassifications of early cancer show a favourable outcome after 

oesophagectomy. 
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INTRODUCTION 

Early oesophageal cancer used to be rare in Western countries. During the late 

1970s, the frequency of early cancer was only 0.75% of all oesophageal 

carcinomas detected during a mass European survey.1 The ratio of squamous cell 

carcinoma to adenocarcinoma was 17:1. At present, the overall incidence of 

oesophageal adenocarcinoma is rising,2-3 and probably because of intensified 

surveillance of patients with Barrett oesophagus, early adenocarcinoma is 

diagnosed more frequently. In recent series, early cancer accounted for 16% to 

38% of resected adenocarcinomas of the oesophagus.4"7 Specific data on clinico-

pathological characteristics of this increasing group of patients with early invasive 

adenocarcinoma are scarce. In parallel with the rising incidence of 

adenocarcinoma of the oesophagus, adenocarcinomas located at the 

oesophagogastric junction (OGJ) have also been observed more frequently.8'9 

Recently reported Western rates of early cancer at this location varied from 6% to 

13%.6-1012 Very few studies have specifically focussed on patients with early 

tumours located at the OGJ.12 

The critical issue regarding early cancer of the oesophagus or OGJ includes its 

most appropriate treatment. In view of the potential for local ablative endoscopic 

techniques in treating early adenocarcinomas of the oesophagus or OGJ, it is 

essential to elucidate their patterns of local growth and regional dissemination. 

Therefore, a study was undertaken aimed to evaluate these pathological features of 

early adenocarcinoma which may contribute to rational therapeutic decision 

making. For the purpose of the study, we reviewed all 32 oesophagectomy 

specimens with early invasive lesions from a consecutive series of 173 surgical 

resections for oesophageal or OGJ adenocarcinoma between 1993 and 1998. 

Histopathological features as well as preoperative clinical findings and 

postoperative outcome after oesophagectomy were evaluated. 

PATIENTS AND METHODS 

Definition of early adenocarcinoma. Staging was based on pathological 

examination of the surgically resected oesophagus. Early invasive cancer (pTl) 

was defined as a tumour infiltrating in the mucosa or submucosa without invasion 
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of the muscularis propria.13 pTl-tumours were further subclassified as 

'intramucosal' if there was invasion into the lamina propria or muscularis mucosae 

(pTla) and as 'submucosal' if there was invasion into the submucosal layer 

(pTlb). Patients with high-grade dysplasia only were not included in this study. By 

definition, high-grade dysplasia includes carcinoma in situ (pTis) and differs from 

intramucosal cancer by the lack of invasion through the basement membrane. 

Patients. Between January 1993 and January 1998, 173 patients underwent 

primary oesophageal resection for invasive adenocarcinoma of the oesophagus or 

OGJ. Patients who had been treated with neo-adjuvant radiotherapy or 

chemotherapy were excluded. The location of the tumours was derived from the 

postsurgical pathological reports. Tumours were registered as oesophageal cancers 

when the center was located in the oesophagus (N=74) and as OGJ tumours when 

the center was located at the anatomic junction between oesophagus and stomach 

(N=99), irrespective of the presence of Barrett mucosa. Of the 173 resected 

adenocarcinomas, 32 were classified as pTl cancer (19%), located in the 

oesophagus in 20 cases (20/74: 27%) and at the OGJ in 12 cases (12/99: 12%). 

The 32 study patients had a median age of 69 years (range 48 - 83). The 

male.-female ratio was 7:1. Routine preoperative evaluation included upper 

gastrointestinal endoscopy with biopsy, endoscopic ultrasonography (EUS) using a 

radial scanning echo-endoscope or, occasionally, a miniprobe (Olympus Optical 

Co, Tokyo, Japan),14 and external ultrasonography of the neck and upper abdomen. 

In patients with tumours involving the OGJ, diagnostic laparoscopy with 

laparoscopic ultrasonography was performed.15 Follow-up included a final 

evaluation in April 1999 and was complete for all patients. Median duration of 

postoperative follow-up was 36 months (range 10 - 65 months). 

Operative procedures. All patients in the study population underwent subtotal 

oesophagectomy and proximal gastrectomy with curative intent. In 24 patients 

(75%), resection was performed by a transhiatal approach without thoracotomy, 

whereas 8 patients (25%) underwent oesophagectomy through a right-sided 

thoracotomy followed by a laparotomy in combination with a two-fields lymph 

node dissection. Selection for either transhiatal or transthoracic oesophagectomy 

occurred randomly as part of a randomized trial comparing both techniques for 

oesophageal and OGJ adenocarcinomas (since April 1994). Both procedures 

involved dissection of the peri-oesophageal lymph nodes in the lower 
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mediastinum, the paracardial lymph nodes and the perigastric lymph nodes along 

the lesser curvature of the stomach (including the lymph nodes at the origin of the 

left gastric artery). In addition, the transthoracic procedure involved an extended 

lymph node dissection both in the chest (i.e. including the right paratracheal, infra-

aortic arch, and subcarinal lymph nodes) and in the abdomen (i.e. along the 

common hepatic artery, splenic artery and coeliac trunc). The two operative 

techniques were equally distributed among patients with pTla cancer and those 

with pTlb cancer (p=1.00; Fisher's exact test). Gastrointestinal continuity was 

usually reestablished by constructing a gastric tube; only one patient with previous 

gastric resection had a colonic interposition. In all cases, the anastomosis was 

performed in the neck. 

Pathological examination. Processing of the resected specimens was done 

according to 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. The pathology reports of the 32 study 

patients were reviewed to determine the gross appearance of the primary tumour 

and other macroscopic findings such as the extent of columnar-appearing mucosa 

in the oesophagus. The number and sites of lymph node metastases, radicality of 

the resection, and the size and location of the primary tumour were also extracted 

from the pathology records. All tumours were staged according to the UICC 

pTNM-classification of oesophageal carcinoma.13 To consider adenocarcinoma of 

the oesophagus and OGJ as one entity is supported by several histological and 

epidemiological data from the literature.2'8'11'16'17 For a detailed evaluation of 

histological features of early invasive adenocarcinoma, the original slides of all 32 

tumours were re-examined by an experienced pathologist (FJWtK), who was 

unaware of the clinical data and lymph node status. Depth of tumour invasion, 

degree of differentiation and patterns of local tumour spread (multifocality, 

tumour extension under adjacent squamous epithelium, and vessel invasion) were 

assessed. Also, the presence of intestinal metaplasia (defined by the presence of 

goblet cells) and the severity of concomitant dysplasia were recorded.18'19 
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Statistics. The data were analysed using SPSS 7.5 for Windows 95. Results are 

expressed as means and standard deviations unless stated otherwise. Comparisons 

between groups were made using the Mann-Whitney U test, chi-square or Fisher's 

exact test when appropriate. Survival was estimated according to the method of 

Kaplan and Meier. The log-rank test was used for comparison of survival curves. 

Probabilities are two-tailed with statistical significance defined as p<0.05. 

RESULTS 

Symptoms and methods of detection. Nine patients (28%) were asymptomatic at 

the time of diagnosis {Table 1); their malignancies were detected at routine follow-

up endoscopy for surveillance of their Barrett oesophagus. Four patients presented 

with symptoms in the course of endoscopic follow-up. Two of them were part of a 

surveillance programme for Barrett oesophagus; the other 2 patients underwent 

endoscopic follow-up after previous local treatment of a malignant polyp at the 

OGJ (at 2 years and at 4 months prior to the present presentation). Treatment had 

consisted of polypectomy followed by laser therapy in one patient and of 

polypectomy alone in the other patient. By histopathologic examination of the 

polypectomy specimens, both patients had been earlier diagnosed with a pTla 

adenocarcinoma. 

Table 1. Clinical features in 32 patients with early adenocarcinoma of the oesophagus or 
oesophagogastric junction. 

No. of patients (%) 

No symptoms 9 (28%) 

Prevailing symptom: Dysphagia 3 (9%) 
Epigastric pain 6 (19%) 

Haematemesis/melaena 6 (19%) 

Retrosternal pain 5 (16%) 

Other 3 (9%) 

History of GORD symptoms 22 (69%) 

GORD = gastro-oesophageal reflux disease. 

Preoperative evaluation. An endoscopic diagnosis of Barrett oesophagus 

(columnar-lined oesophagus) was made in 24 patients. In 9 of them, the columnar-
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lined segment showed no visible abnormalities. Macroscopic lesions that were 

more or less suggestive of malignancy on endoscopic examination included 

ulceration (7 patients), a polypoid mass (6 patients), thickening of the mucosa (6 

patients) or mucosal irregularity (4 patients). A biopsy diagnosis of invasive 

adenocarcinoma was evident in 29 patients. In 3 patients, biopsy examination 

unequivocally showed high-grade dysplasia, but an invasive lesion was suspected. 

The biopsy series prior to surgery showed intestinal metaplasia in 23 patients. EUS 

was performed in all but two patients. The correlation between EUS staging and 

postsurgical histology is shown in Table 2. By EUS, 3 lesions were subclassified 

as uTla and 3 lesions as uTlb. Discrimination between Tla and Tib cancer was 

correctly predicted in 4 of 6 lesions. In 8 uTl lesions, visualization of the 

muscularis mucosae layer (i.e., uTla versus uTlb) was not documented. 

Table 2. Correlation between preoperative staging by endoscopic ultrasonography (EUS) 
and postsurgical staging. 

Endoscopic ultrasonography 

uTO" uTl uT2 uT3 uNO uNl 

pTla 4 6 i - pNÖ 22 3 

Histology 

pTlb 2 8 5 4 pNl 1* 4 

" no detectable lesion by EUS; * patient with distant nodal metastasis (pTlb Nl Mia). 

Pathological findings in the oesophagectomy specimens. In 12 of the 32 patients 

(37.5%), invasion was limited to the mucosa (pTla), whereas, in 20 patients 

(62.5%), the tumour extended into the submucosal layer (pTlb; Table 3). Mean 

size of the tumour was 2.3 ± 2.6 cm (range 0-12) for all cancers, 0.8 ± 1.1 cm (0-

3.5) for pTla lesions, and 3.2 ± 2.9 cm (0-12) for pTlb lesions (pTla versus pTlb: 

p=0.003; Mann-Whitney U test). In 6 cases, there was no gross evidence of 

carcinoma (these cases correspond to a tumour size of "0" cm). Columnar 

epithelium in the oesophagus was macroscopically identified in 29 cases, with a 

minimum length of 3 cm in 20 cases (mean 7.0 ± 3.7 cm; range 3-18) and 

measuring less than 3 cm in 9 cases (mean 1.6 ± 0.7 cm; range 0.5-2.5). In all 

these cases, the columnar epithelium was accompanied by intestinal metaplasia 

(IM) on histology. In addition, all 3 patients with no macroscopically apparent 
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columnar-lined oesophagus had microscopic foci of IM at the OGJ. In 6 patients 

(19%), squamous epithelium was overlying segments of non-neoplastic IM 

(Figure 1). In none of the patients, the metaplastic epithelium extended to the 

Table 3. Histopathological features in 32 o esophagectomy specimens with early 

adenocarcinoma of the oesophagus or o esophagogastric junction. 

Intramucosal cancer Submucosal cancer p-value* 

(pTla; n=12) (pTlb;n = 20) 

Location of tumour: 

middle oesophagus 0 (0) 2 (10) p=0.52 
lower oesophagus 7 (58) 11 (55) 
oesophagogastric junction 5 (42) 7 (35) 

Macroscopic appearance: 

occult 4 (33) 2 (10) p=0.07 
ulcerating 4 (33) 2 (10) 
slightly elevated 2 (17) 6 (30) 
exophytic/polypoid 2 (17) 10 (50) 

Maximum size of rumour: 

> 1 cm 2 (17) 16 (80) p=0.001 
< 1 cm 10 (83) 4 (20) 

Length of intestinal metaplasia: 

> 3 cm 7 (58) 13 (65) p=0.72 
< 3 cm 5 (42) 7 (35) 

Most severe dysplastic changes: 

no dysplasia 0 (0) 4 (20) p=0.17 
low-grade dysplasia 0 (0) 1 (5) 
high-grade dysplasia 12 (100) 15 (75) 

Degree of tumour differentiation: 

well differentiated 7 (58) 1 (5) p=0.001 
moderately differentiated 5 (42) 8 (40) 
poorly differentiated 0 (0) 11 (55) 

Patterns of local tumour growth: 

multicentric carcinoma 5 (42) 4 (20) p=0.24 
tumour spread under squamous mucosa 2 (17) 7 (35) p=0.42 
vascular and/or lymphatic invasion 0 (0) 8 (40) p=0.01 

Lymph node involvement: 

negative 12 (100) 14 (70) p=0.06 
positive 0 (0) 6 (30) 

* Fisher's exact or chi-square test. Values in parentheses are percentages. 
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oesophageal resection margin. Areas of high-grade dysplasia accompanied 27 of 

the 32 invasive cancers (84%). Proximal and distal as well as circumferential 

resection margins were free of tumour (RO) in all cases. Histological tumour 

grading was significantly different between pTla and pTlb adenocarcinomas in 

favour of the intramucosal cancers. Multicentric invasive tumour development was 

observed in 9 of the 32 resected specimens (28%). Nine cases (28%) showed 

infiltrating tumour extending under squamous mucosa (Figure 2). Vascular and/or 

lymphatic tumour invasion was detected in 8 cases (25%) and was present 

exclusively in pTlb cancers (Figure 3). 

A total of 428 lymph nodes were identified in the oesophagectomy specimens 

(mean 13 ± 9 lymph nodes per patient; range 3-34). Lymph node metastasis was 

not found in any of the patients with pTla cancer, whereas 6 of the 20 patients 

with pTlb cancer (30%) had nodal metastasis (Table 3). The ratio of tumour 

positive to removed lymph nodes for the 6 pNl patients was: 1:15, 1:12, 1:3, 2:6, 

3:11 and 4:20. Localization of positive lymph nodes was locoregional in 5 patients 

(lower mediastinum, paracardial and/or along the lesser curvature); in one patient, 

an infiltrated lymph node was resected from the origin of the left gastric artery 

(pTlb Nl Mia). It is ackowledged that a transhiatal oesophagectomy with limited 

lymph node dissection is not universally regarded as optimal staging procedure. 

Therefore, to compare the frequency of nodal metastasis in pTla and pTlb cancer, 

a selective analysis including exclusively those patients who underwent a 

transthoracic resection with two-fields lymph node dissection would seem 

appropriate. In the present series, such selective analysis appeared to be irrelevant 

as none of the patients who underwent an extended transthoracic resection had 

tumour positive lymph nodes. 

Outcome after surgical resection. The incidence of postoperative complications is 

summarized in Table 4. Vocal cord dysfunction (16%) spontaneously resolved in 

all cases. Patients with anastomotic leakage (13%) were successfully treated by 

postponement of oral feeding. Median duration of postoperative hospitalization 

was 15.5 days (range 10-38). In-hospital mortality was 0%. During follow-up, 

three patients developed tumour recurrence of which they subsequently died (at 

10, 15 and 36 months after surgery). Recurrences were initially detected as 

malignant pleural effusion, as bone metastases or as anastomotic recurrence in 

combination with mediastinal lymph node involvement, respectively. In all 3 
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patients, the primary lesion had invaded the submucosal layer and lymph node 

metastasis was present at the time of oesophagectomy. One patient died 26 months 

after resection of a lymph node negative intramucosal carcinoma without clinical 

signs of tumour recurrence (the patient had a history of cerebrovascular disease, 

being the probable cause of death). Twenty-eight patients were alive without 

recurrent disease after a median follow-up of 36 months (range 16 - 57) for pTla 

patients and of 43 months (range 1 6 - 6 5 ) for pTlb patients. Disease-specific 3-

year survival of all 32 patients was 88%. Comparison of disease-specific survival 

curves for pT la versus pT lb cancer revealed no statistical difference (100% 

versus 82% at 3 years; p=0.18; log-rank test). 

Table 4. Complications of oesophagectomy in 32 patients with early adenocarcinoma of 

the oesophagus or oesophagogastric junction. 

No. of patients (%) 

Pneumonia and/or respiratory failure 7 (22%) 

Transient vocal cord palsy 5 (16%) 

Anastomotic leakage " 4 (13%) 

Cardiac failure 3 (9%) 

Chylothorax " 1 (3%) 

Diaphragmatic herniation (relaparotomy) 1 (3%) 

Overall * 13 (41%) 

" recovered with conservative management; 
* patients with at least one of the listed complications. 

Figure 1. Histologic view showing intestinal metaplasia underneath squamous 

oesophageal epithelium. The patient was diagnosed with an intramucosal adenocarcinoma 

(pTla). Haematoxylin and eosin, original magnification x 83. 

Figure 2. A microscopic view of an early invasive adenocarcinoma with extension of 

cancerous tissue (arrows) beneath pre-existing squamous epithelium. The tumour reached 

the submucosal layer but not beyond (pTlb). Haematoxylin and eosin, original 

magnification x 25. 

Figure 3. Histologic view of an early invasive adenocarcinoma showing permeation of 

cancer cells into a submucosal vein (arrow). Vessel invasion was detected exclusively in 

submucosal cancers (pTlb). Haematoxylin and eosin, original magnification x 33. 
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Figure 1 

• ------ "•' 

Figure 3 i;v:-̂ ;---: -̂̂ .',:"' 

121 



Early adenocarcinoma 

DISCUSSION 

Previously considered a rare diagnosis in Western countries, a steady increase is 

observed of adenocarcinomas of the oesophagus and OGJ.2-3A9 Detection of early-

stage lesions is important as survival after resection significantly worsens with 

advanced tumour stage.5'7'11 Clinically, early detection is hampered by the late 

occurrence of alarming symptoms. Many of the patients in this series had 

experienced long-standing symptoms of gastro-oesophageal reflux, but were 

otherwise asymptomatic or presented with aspecific, non-obstructive symptoms at 

the time of early cancer diagnosis. 

The histological finding of IM in the oesophagus is generally regarded as the most 

important risk factor for the development of oesophageal adenocarcinoma, which 

has resulted in recommendations for close follow-up aimed at improving early 

cancer detection. In the present study, early cancer accounted for 27% of resected 

oesophageal adenocarcinomas, which is in line with recently reported figures 

(ranging from 16% to 38%).4"7 Previous studies, which included all tumour stages, 

have shown that approximately half of the adenocarcinomas located at the OGJ are 

associated with short segments of IM.620 It has been postulated that those tumours 

in which IM could not be identified might have overgrown the short metaplastic 

segment. Our observations give histological support to the hypothesis that IM is a 

prerequisite for OGJ adenocarcinomas: all 12 pTl-tumours located at the OGJ 

were associated with short segments or microscopic foci of IM. As compared to 

the rather high rates of early cancer arising from long segments of Barrett 

oesophagus, rates of early cancer in resected tumours of the OGJ are relatively 

low, ranging from 6% to 13% in the literature,6'1012 similar to the rate of 12% in 

the present series. 

Studies devoted specifically to early invasive adenocarcinoma of the oesophagus 

or OGJ are scarce,4'12-21'22 with some patient series included in subsequent reports 

from the same institution.23-24 The paucity of (Western) data on early 

adenocarcinoma is contrasted by numerous (Japanese) studies reporting (large) 

series of patients with early or superficial squamous cell carcinoma of the 

oesophagus.2534 Table 5 summarizes English-language reports on early 

oesophageal cancer provided that surgical pathology data as well as survival rates 

were specified. It would be questionable to extrapolate these squamous cell cancer 
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data, mainly originating from Japan, to early invasive adenocarcinoma in Western 

patients. There may be differences in the diagnosis of early oesophageal cancer 

between Japanese and Western pathologists, as it has been shown for the diagnosis 

of early gastric carcinoma.35 Moreover, it is unclear whether the two types of 

oesophageal carcinoma are comparable in biology and outcome. A better 

prognosis for patients with Tl adenocarcinoma than for those with T l squamous 

cell carcinoma has been reported.30 Therefore, the two tumour types need to be 

studied as distinct entities. 

Table 5. Early oesophageal carcinoma: reported data on lymph node involvement and 

survival after surgical resection, 1990-1998. 

Reference (year) Intramucosal cancer (pTla) Submucosal cancer (pTlb) 

N lymph node 5-year N lymph node 5-year 

involvement survival involvement survival 

Squamous cell carcinoma 

Kato,25 Japan (1990) 24° 

Yoshinaka,26 Japan (1991) 15 

Nabeya,27 Japan* (1993) 367 

Nishimaki,28 Japan (1993) 31" 

Sugimachi,29 Japan ( 1993) 13 

Hölscher,30 Germany (1995) 12 

Endo,31 Japan (1997) 109' 

Tachibana,32 Japan ( 1997) 15" 

Bonavina,33 Italy (1997) 5 

Kodama,34 Japan * (1998) 383 

Adenocarcinoma 

Rice,21 USA (1997) 29 

Hölscher,4 Germany (1997) 10 

Ruol,12 Italy (1997) 4 e 

1 (4%) 84% 68 24 (35%) 55% 

0 (0%) 100% * 38 18 (47%) pN0:86%6 

pNl:43%6 

21 (6%) 90%c 1384 485 (35%) 60%c 

0 (0%) 71% 58 24 (41%) 48% 

0 (0%) 100% 59 13 (22%) 49% 

0 (0%) 64% 35 9 (26%) 55% 

2 (2%) 84% 121 51 (42%) 64% 

0 (0%) 87% 15 8 (53%) 65% 

0 (0%) 75% * 68 11 (16%) pN0:51%* 

pNl:27%fc 

33 (7%) >95% 1158 451 (39%) 65-90% d 

1 (3%) 76% 17 3 (18%) 46% 

0 (0%) 100% 31 5 (16%) 79% 

0 (0%) 100% * 22 e 8 (36%) pNO: 100% 

pNl:43%* 

* multi-institutional data collection. 

" includes patients with intra-epithelial cancer (pTis);b postoperative deaths excluded; 
c postoperative deaths and other disease deaths excluded; d depends on depth of infiltration 

into the submucosal layer; ' tumours located at the oesophagogastric junction. 
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Unfortunately, available data on early oesophageal adenocarcinoma are difficult to 

compare as no consistent definition has been used in the literature.36 Some authors 

have included patients with carcinoma in situ (pTis),21,23 while others have 

restricted its definition to early invasive tumours, either according to the WNM 

staging system, or using the pTNM classification system.4,6 Still others have 

defined early oesophageal cancer by the absence of lymph node metastasis, either 

as pathologically or clinically staged T1N0M0 cancer.36,37 When investigating 

patterns of rumour spread in early oesophageal cancer, especially the frequency of 

nodal metastasis, its definition should preferably apply to the surgically resected 

oesophagus, as we did in the present series. 

The endoscopic identification of an early cancer may be difficult. In patients with 

an endoscopically apparent columnar-lined oesophagus, various forms of early 

malignancy have been described with no characteristic endoscopic picture 

emerging.38 Also, in the present study, no specific macroscopic appearance of 

pTla or pTlb adenocarcinoma was observed. A columnar-lined oesophagus may 

even have an otherwise unremarkable appearance, as is illustrated by our data and 

those of others.19 Occasionally, the biopsy diagnosis of early invasive 

adenocarcinoma may be problematic.39 Indeed, in three of our patients, biopsy 

examination could not distinguish high-grade dysplasia from intramucosal cancer. 

Endoscopic ultrasonography (EUS) has become an important imaging technique in 

clinical staging of patients with carcinoma of the oesophagus or OGJ. Its accuracy 

for local tumour classification is around 85% in most series, and for the 

recognition of regional lymph node metastasis about 75%.40 In the present series, 

EUS correctly predicted absence of invasion beyond the submucosal layer in 20 of 

30 patients, whereas 10 patients were clinically overclassified with a T2- or T3-

tumour. Pre-operative N-classification was correct in 26 of 30 patients. With the 

growing interest in local endoscopic treatment modalities, diagnostic accuracy in 

clinical staging is of crucial importance. A differential approach towards patients 

with pTla cancer and those with pTlb cancer requires separate imaging of the 

mucosal muscle layer. Using the five-layer pattern of the digestive wall, 

convential EUS at 7.5 or 12 MHz does not seem to allow accurate discrimination 

between intramucosal and submucosal cancer.32 At higher frequencies (20-25 

MHz), the oesophageal wall has been described as a nine-layer structure, the 

fourth echo-poor layer corresponding to the muscularis mucosae.41,42 With the use 
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of 20-MHz probes, high diagnostic accuracy rates for discrimination between 

intramucosal and submucosal cancer have been reported,31,42 but these results 

remain to be confirmed by large prospective series with histological verification. 

If local endoscopic therapy for early cancer of the oesophagus and OGJ is 

considered, several pathological factors need to be taken into account. The 

likelihood of lymph node involvement plays a major role. Adenocarcinomas 

invading the submucosa have a substantial risk of lymph node metastasis, ranging 

from 16% to 36% in other series,4'12,21 and being 30% in the present series. In 

submucosal squamous cell carcinoma of the oesophagus, even higher rates of 

lymphatic spread have been reported (Table 5). It is unknown whether these 

figures represent a true difference in biological behaviour between the two cancer 

types or merely result from differences among institutions regarding the extent of 

lymph node dissection and more or less detailed pathological examination of the 

surgical specimen. The relatively high incidence of lymph node involvement in 

patients with pTlb carcinomas can be explained theoretically by the anatomy of 

the oesophageal wall.43 The submucosal layer contains a dense plexus of lymphatic 

vessels, in addition to abundant vascular vessels. Neoplastic invasion of these 

lympho-haematic vessels has been reported in 25% to 42% of cases with pTlb 

adenocarcinomas,5,12'24 similar to the rate of 40% in the present series. On the basis 

of these findings, it seems reasonable to classify submucosal adenocarcinoma 

rather as an advanced cancer, as previously suggested for submucosal squamous 

cell cancer of the oesophagus.31'44 The pathological data indicate that for patients 

with pTlb adenocarcinomas of the oesophagus or OGJ, surgical resection should 

be the treatment of choice. 

Lymph node metastasis and neoplastic vessel invasion should not be expected in 

adenocarcinomas with invasion limited to the mucosa (Table 3), although both 

features have been described to occur in a small minority of cases by other 

investigators.5-21 Other histopathological features require, however, as much 

consideration. In nearly half of the investigated pTla adenocarcinomas, invasive 

tumour development was found at distinct sites throughout the segment with IM. 

Previously reported data also indicate that multifocality of early adenocarcinoma 

developing in the columnar-lined oesophagus is common.4'19 Additional foci of 

high-grade dysplasia have been described by others,24,45 and were invariably found 

to adjoin pTla adenocarcinomas in this series. Another important feature in 
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patients with IM is the potential presence of glandular mucosa underlying pre

existing squamous epithelium, which was identified in 19% of our cases. Recent 

studies have shown the persistence of IM covered by squamous epithelium 

following endoscopic ablation by laser,46 photodynamic therapy, 47 and argon 

plasma coagulation,48 and in patients on medical acid suppressive therapy only.49 

Follow-up studies need to be awaited to establish the malignant potential of this 

concealed IM. Our study indicates that cancerous tissue underlying squamous 

epithelium can be present in patients who are diagnosed with early cancer arising 

from IM. These pathological findings should be acknowledged when considering 

local ablative treatment for pTla adenocarcinomas. Multifocal invasive lesions, 

concomitant high-grade dysplasia and hidden (neoplastic) intestinal metaplasia 

harbour the risk of incomplete clearance of (pre-)malignant epithelium. The need 

for (continued) histologic surveillance would be indicated, while it should be 

recognized that this surveillance may be hampered by epithelial changes due to 

tissue repair. At present, endoscopic therapy regimens may be an alternative to 

oesophagectomy in patients with major co-morbidity precluding operative 

treatment. Its therapeutic efficacy remains to be determined, as clinical experience 

to date is restricted to small series of patients and/or short periods of follow-up.50"52 

We have described histopathological features of early invasive adenocarcinoma of 

the oesophagus or OGJ. For patients with pTlb cancer, surgical resection is the 

mainstay of treatment as lymph node involvement is frequently present. Tumour 

recurrence was found exclusively but not in all pTlb patients with nodal 

metastasis at the time of surgery. After oesophagectomy for pTla cancer, no 

recurrences were seen after a median follow-up period of 3 years. Review of the 

resected oesophagectomy specimens leads us to the conclusion that local treatment 

of pTla cancer should not be generally adopted prior to long-term approval of its 

curative potential. Moreover, to treat pTla cancer differently than pTlb cancer is, 

at this time, questionable given the relative inaccuracy of current staging 

techniques to differentiate between these two subclassifications of pTl cancer in 

the pretreatment setting. 
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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 

134 



Lauren classification and c-erbB-2 overexpression 

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 
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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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Complications and prognosis after oesophagectomy 

ABSTRACT 

Background. There is no universal consensus regarding the most appropriate 

surgical approach in treating cancer of the oesophagus or oesophagogastric 

junction (OGJ). In our institution, transhiatal oesophagectomy without 

thoracotomy is the treatment of choice for resectable cancer involving the middle 

or distal oesophagus or OGJ. 

Aim. To evaluate the procedure-related hazards, the pathological results and the 

clinical outcome of transhiatal oesophagectomy for oesophageal or OGJ cancer. 

Methods. Perioperative complications and prognostic factors were analysed in 115 

consecutive patients who underwent primary resection with curative intent via the 

transhiatal approach between January 1993 and September 1996 for 

adenocarcinoma (n=86) or squamous cell carcinoma (n=29) of the middle or distal 

oesophagus or OGJ. Median follow-up of surviving patients was 45 months (range 

30 - 74 months). 

Results. No emergency thoracotomies were experienced. Vocal cord dysfunction 

and pulmonary complications were the most frequent postoperative complications 

(both 24%). In-hospital mortality was 3.5%. Overall survival was 72% at 1 year, 

53% at 2 years and 45% at 3 years. A microscopically radical resection was 

achieved in 73% of patients. In univariate analysis, radicality of the resection, 

lymph node involvement, lymph node ratio and pathological stage of disease 

showed a strong correlation with long-term survival (all p < 0.0001). Multivariate 

analysis (Cox model) demonstrated that the lymph node ratio (p < 0.0001), 

radicality of the resection (p = 0.0064) and duration of ICU-stay (p = 0.027) were 

independent predictors of long-term survival. 

Conclusions. Transhiatal oesophagectomy without thoracotomy can be considered 

a safe procedure for resectable cancer of the oesophagus or OGJ provided that the 

tumour does not extend proximal to the carina. Radicality, complication rates and 

survival results equal to the data reported for transthoracic oesophagectomy. A 

prognostic value of the lymph node ratio was observed, but the prognostic impact 

of an extended lymph node dissection remains to be established. 

148 



Complications and prognosis after oesophagectomy 

INTRODUCTION 

World-wide, different techniques are advocated for the surgical treatment of 

oesophageal carcinoma.1'2 For cancer of the intrathoracic oesophagus immediately 

adjacent to the trachea, careful dissection of the primary tumour usually 

necessitates a transthoracic surgical approach.3,4 Conversely, for tumours located 

at lower levels of the oesophagus (i.e., below the tracheal bifurcation), the need to 

perform a thoracotomy is controversial.5,6 In our institution, transhiatal 

oesophagectomy without thoracotomy is the treatment of choice for resectable 

cancer involving the middle or distal oesophagus or oesophagogastric junction 

(OGJ). Since its introduction,7 the transhiatal technique has been subject to ample 

discussion. Opponents have underlined the higher intraoperative risks, a violation 

of radical oncological surgery and the dismal long-term survival rates as compared 

with a transthoracic approach.810 Proponents have claimed that the avoidance of a 

thoracotomy would decrease postoperative complications without any negative 

effect on long-term prognosis.1113 Encouraged by these contradictory attitudes 

concerning transhiatal oesophageal resection, we performed a study aimed to 

evaluate the procedure-related hazards, the pathological results as well as the 

short-term and long-term clinical outcome of transhiatal oesophagectomy for 

cancer using a uniform surgical technique in a consecutive series of patients 

operated during a 3!/2-year period. 

PATIENTS AND METHODS 

Patients. All patients who underwent primary surgical treatment for 

adenocarcinoma (AC) or squamous cell carcinoma (SCC) of the oesophagus or 

OGJ by a transhiatal oesophagectomy without thoracotomy between January 1993 

and September 1996 were included in the study. During this period, 208 patients 

with locally resectable AC or SCC of the intrathoracic oesophagus or OGJ without 

distant metastases on preoperative investigations were scheduled for surgery with 

curative intent. None of the patients had received preoperative radiotherapy. As 

part of a randomized study,14 19 patients with SCC had been treated with neo

adjuvant chemotherapy and were therefore excluded. Another 35 patients were 

allocated to an extended transthoracic resection in an ongoing randomized trial 
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comparing transhiatal oesophagectomy versus transthoracic oesophagectomy with 

two-fields lymphadenectomy for patients with AC below the carina.15 In our 

hospital, resectable cancer of the intrathoracic oesophagus above the carina is 

treated by a limited transthoracic oesophagectomy (Ivor Lewis). This procedure 

was indicated in 24 patients who either presented with obvious high-thoracic 

disease on preoperative examination (n=13) or who were found to have proximal 

tumour extension during transhiatal surgical exploration (n=ll). Of the 130 

remaining patients scheduled for transhiatal oesophagectomy, 14 patients had 

locally irresectable disease and/or distant metastasis on exploratory laparotomy 

and one patient was lost to follow-up. 

The median age of the 115 patients eligible for the present analysis was 65 years 

(range 3 7 - 8 3 years). The male to female ratio was 4:1. Data collection was 

performed in part prospectively and in part by review of the hospital records. A 

standard registration form was used to score postoperative complications, patterns 

of tumour recurrence, and survival times. 

Preoperative evaluation. Routine preoperative evaluation involved upper 

gastrointestinal endoscopy with biopsy, endoscopic ultrasonography,16 external 

ultrasonography of the neck and upper abdomen (with puncture of suspected 

lymph nodes and/or liver lesions), indirect laryngoscopy and chest radiography. If 

airway involvement could be expected by the site of the tumour, local resectability 

was further evaluated by bronchoscopy. In patients with tumours involving the 

OGJ, diagnostic laparoscopy with laparoscopic ultrasonography was performed.17 

Operative risk analysis routinely included standard blood examination, 

electrocardiography, pulmonary function tests (if indicated) and anaesthesiological 

consultation. 

Surgical technique. At least one of two senior surgeons experienced in 

oesophageal cancer surgery (HO and JJBvL) performed the operation or assisted a 

fellow-surgeon. All patients underwent subtotal oesophagectomy and proximal 

gastrectomy by the transhiatal technique as described in detail by Orringer.18 

Positioning and draping of the patient was done using a method as reported 

before.19 It enables a right-sided thoracotomy if neccessary without renewed 

preparation of the operative field. After abdominal exploration, opening of the 

oesophageal hiatus usually involved an antero-lateral incision of the diaphragm to 

allow adequate entry into the posterior mediastinum. Retractors were routinely 
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positioned in the enlarged hiatus to facilitate exposure of the oesophagus up to the 

level of the carina. During the intrathoracic dissection, particular care was taken to 

identify extra-oesophageal tumour extension that would preclude safe transhiatal 

resection and/or restrict its curative intent. The standard procedure involved 

dissection of the para-oesophageal lymph nodes in the lower mediastinum, the 

paracardial lymph nodes surrounding the OGJ and the perigastric lymph nodes 

along the lesser curvature of the stomach (including the lymph nodes at the origin 

of the left gastric artery). Occasionally, the hiatal opening allowed for en bloc 

removal of the subcarinal lymph nodes. In case of resectable enlarged lymph 

nodes at the coeliac trunc, these nodes were included in the dissection of the lesser 

gastric curvature. Gastrointestinal continuity was preferably reestablished by 

constructing a narrow gastric tube vascularized by the right gastroepiploic artery 

(93%). In 8 patients (7%) with previous gastric resection, the left colon was used 

for reconstruction. The oesophageal substitute was most frequently positioned in 

the posterior mediastinum (98%). All anastomoses were performed in the neck, 

almost invariably by a right-sided cervical incision. In 55 patients (48%), the 

anastomosis was performed manually (usually end to end), and in 60 patients 

(52%), a surgical stapler (21 mm or 25 mm) was used. Insertion of chest tubes 

(usually bilateral) and placement of a feeding jejunostomy were added to the 

procedure in all patients. 

Pathological examination. Processing of the resected specimens was done 

according to a standard 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 all lymph nodes that were 

recognized as such. Tumours were classified as oesophageal cancers when the 

center was located in the oesophagus and as OGJ tumours when the center was 

located at the anatomic junction between oesophagus and stomach, irrespective of 

the presence of Barrett mucosa. Depth of tumour invasion, degree of 

differentiation, radicality of the resection, and the number and sites of lymph node 

metastases were registered. Postsurgical staging of tumours was done according to 

the revised pTNM-classification of oesophageal carcinoma.20 To consider 

adenocarcinoma of the oesophagus and OGJ as one entity is supported by several 

histological and epidemiological data from the literature.21"24 

Follow-up. For immediate postoperative observation, patients were admitted to the 
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Intensive Care Unit (ICU), at least until the following day. Routine investigations 

during postoperative hospitalization included a water-soluble contrast swallow 

examination to exclude subclinical leakage of the cervical anastomosis and 

indirect laryngoscopy to evaluate vocal cord function. After discharge additional 

diagnostic procedures were only performed if indicated. Patients were routinely 

seen in the outpatient clinic 3 weeks after discharge, at 3-month intervals for two 

years and at 6-month intervals thereafter. The study included a final evaluation in 

February 1999, ensuring a follow-up of at least 214 years for surviving patients. 

Median duration of postoperative follow-up was 27 months (range 0.8 - 74 

months) for all patients, and 45 months (range 3 0 - 7 4 months) for those alive at 

final follow-up. 

Statistics. The data were analysed using SPSS 7.5 for Windows 95. Results are 

expressed as medians and ranges. Comparisons between groups were made using 

the Mann-Whitney [/test for continuous variables and chi-square or Fisher's exact 

tests for categorical variables. Statistical significance was defined as p<0.05 (two-

tailed). Survival was estimated according to the method of Kaplan and Meier, 

including all causes of death unless stated otherwise. In univariate analysis, the 

log-rank test was used for comparison of survival curves. Independent prognostic 

factors for survival were determined by Cox's proportional hazard regression 

analysis in a forward stepwise manner. Enter limit and removal limit were p<0.05. 

The relative risk (with 95% confidence interval; CI) was used to quantify the 

relationship between survival time and each independent factor. 

RESULTS 

Preoperative features. Dysphagia was the main presenting symptom in 77 patients 

(67%). Thirteen patients (11%) were evaluated because of retrosternal or 

epigastric pain, 6 patients (5%) for haematemesis or melaena, and 11 patients 

(10%) presented with other gastrointestinal symptoms {e.g., odynophagia, hiccup, 

abdominal discomfort). Eight patients (7%) were asymptomatic; their cancers 

were detected on routine surveillance endoscopy for Barrett oesophagus. Five 

other patients who had been under surveillance of a known Barrett oesophagus 

were symptomatic at the time adenocarcinoma was diagnosed. Weight loss 

(defined as percentage weight loss during the last year before operation) was more 
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than 5% in 54 patients (47%). According to the scoring system of the American 

Society of Anaesthesiologists (ASA classification),25 there were 22 ASA I patients 

(19%), 65 ASA II patients (57%), and 28 ASA III patients (24%). In 32 ASA II/III 

patients, the operative risk was judged as increased solely because of advanced 

age, in 49 patients because of cardiac and/or pulmonary deficiency and in 12 

patients because of other concomittant diaseases. By endoscopic examination, 96 

tumours (83%) were localized in the lower thoracic oesophagus or at the OGJ with 

substantial infiltration of the distal oesophagus. In 19 patients (17%), the cancer 

was (mainly) localized in the mid-thoracic oesophagus.20 

Intraoperative surgical findings. During the operation, there were no intrathoracic 

injuries necessitating an emergency thoracotomy. Iatrogenic injury of the spleen 

requiring its resection occurred in 10 patients (9%). In 14 patients (12%), a part of 

the diaphragm was resected for suspected tumour ingrowth (with a part of the 

adjacent lung in three patients). At final removal of the surgical specimen, the 

oesophagus was lacerated in 6 patients (5%). The site of laceration was outside the 

primary tumour area in 3 patients, but involved cancerous tissue in the other 3 

patients. In the majority of patients (n = 109; 95%), no macroscopic tumour was 

left behind. Six patients (5%) had a macroscopically irradical resection (i.e., 

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

R2 resection), including the 3 patients with (possible) tumour spill due to 

laceration, two patients with irresectable coeliac trunc nodes and one patient with 

macroscopic residual tumour at the site of one lung. Median duration of the 

procedure was 4.0 hours, varying from 2 to 8 hours, and median intraoperative 

blood loss was 1000 cc, varying from 250 to 5500 cc. 

Postoperative course. The incidence of postoperative complications is 

summarized in Table 1. Vocal cord dysfunction was transient in most patients (20 

of 28 patients), but persisted in 6 patients (two patients with vocal cord 

dysfunction died postoperatively). Pulmonary complications included pneumonia, 

pneumothorax or pleural effusion (requiring drainage), pulmonary embolism 

and/or respiratory failure (necessitating reintubation). Cardiac complications 

included arrhythmia (requiring treatment) and/or left ventricular failure. No 

myocardial infarction was observed. Indications for surgical reintervention 
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(thoracotomy and/or relaparotomy) were intrathoracic bleeding (n=2), 

mediastinitis from a necrotic gastric tube (n=2), abdominal sepsis (n=2), clinical 

leakage of the cervical anastomosis (n=l), diaphragmatic herniation of colon 

(n=l), internal bowel herniation around the jejunal fistula (n=l), dehiscence of 

abdominal wall fascia (n=l), acute cholecystitis (n=l) and leakage of the duodenal 

stump in a patient who had undergone a total gastrectomy two months before 

oesophageal resection. Leakage of the cervical anastomosis healed spontaneously 

in two patients with subclinical leakage and in six patients with clinical leakage 

(one patient with clinical anastomotic leakage died postoperatively). In both 

patients with a chylothorax, the condition recovered with conservative 

management. Median duration of mechanical ventilation was 1 day (0 -33 days); 

median number of days at the Intensive Care Unit was 3 days (1 - 36 days) and 

median duration of postoperative hospitalization was 16 days (10 - 113 days). The 

30-day mortality rate was 0.9% (one patient); the in-hospital mortality rate was 

3.5% (four patients). 

A benign stenosis of the cervical anastomosis occurred in 46 patients (40%) after a 

median follow-up of 1.8 months (0.5 - 20 months). Strictures were treated by 

(repeated) endoscopic dilatation during a median period of 3.3 months (0.03 - 43 

months) with the number of dilatation sessions varying from 1 to 30 (median 6 

sessions). 

Table 1. Postoperative complications in 115 patients who underwent transhiatal 
oesophagectomy for cancer of the oesophagus or OGJ. 

No. of patients (%) 

Vocal cord palsy 28 (24 %) 

Pulmonary complications 27 (24 %) 

Cardiac complications 15 (13 %) 

Reoperation (thoracotomy and/or relaparotomy) 12 (10%) 

Cervical anastomotic leakage 10 (9 %) 

Sepsis or SIRS 10 (9 %) 

Wound infection 7 (6 %) 

Mediastinitis / necrotic gastric tube 2 (2 %) 

Chylothorax 2 (2 %) 

Anastomotic stricture requiring dilatation 46 (40 %) 

OGJ = oesophagogastric junction; SIRS = systemic inflammatory response syndrome. 
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Histopathologic findings. Histological type of the tumour was adenocarcinoma in 

86 patients (75%) and squamous cell carcinoma in 29 patients (25%). Remnants of 

Barrett mucosa were identified in 48 of the 86 (56%) resection specimens with 

adenocarcinoma. In 51 of the 115 patients (44%), the main part of the tumour was 

localized at the OGJ, and in 64 patients, the tumour was mainly or entirely located 

in the oesophagus {i.e., 19 mid-thoracic tumours [17%] and 45 lower thoracic 

tumours [39%] when considering endoscopic findings). The tumour was graded as 

well-differentiated in 10 patients (9%), as moderately differentiated in 39 patients 

(34%), and as poorly differentiated in 66 patients (57%). Depth of tumour 

infiltration, frequency of nodal metastasis, and radicality of the resection are 

shown in Table 2. The median number of resected lymph nodes as identified in the 

surgical specimen was 12 (range 1-40). In patients with lymph node metastasis (n 

= 64), the ratio of invaded to removed lymph nodes (lymph node ratio = LNR) 

varied from 0.03 to 1.0 (median 0.3). Lymph node involvement was only regional 

in 43 patients, whereas 20 patients had coeliac lymph node metastasis and one 

patient had cervical lymph node metastasis. The distribution of pathological stages 

was as follows: n = 18 stage I (16%), n = 31 stage IIA (27%), n = 7 stage IIB 

(6%), n = 38 stage III (33%) and n = 21 stage IV (18%). 

Table 2. Lymph node involvement and radicality of the resection according to depth of 

tumour infiltration in 115 patients with resected cancer of the oesophagus or OGJ. 

Lymph node involvement Radicality of the resection 
n n (%) R0 (%) Rl (%) R2 (%) 

.___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

2 (40%) 
47 (63%) 
9 (82%) 

Total 115 64 (56%) 84 (73%) 25 (22%) 6 (5%) 

* including pTla (0 / 8 = 0% nodal metastasis) and pTlb (6 /16 = 38% nodal metastasis). 

Pattern of tumour recurrence. During follow-up, recurrent disease was detected 

in 64 patients. In 22 patients, the site of recurrence was only locoregional {i.e., at 

the site of the anastomosis, in the oesophageal substitute, in the region of the 

primary tumour site and/or in regional lymph nodes) and, in 22 patients, tumour 

recurrences manifested exclusively as systematic disease {i.e., distant lymph node 
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pT2 5 

pT3 75 
pT4 11 
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5 (100%) 0 (0%) 0 (0%) 
48 (64%) 22 (29%) 5 (7%) 
7 (64%) 3 (27%) 1 (9%) 
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metastasis, malignant pleural effusion, peritoneal and/or organ metastases). 

Twenty patients developed both locoregional and systematic recurrences. The 

median time-interval between the operation and first detection of locoregional 

tumour recurrence was 10.2 months (range 1.6 - 41 months); for systematic 

recurrences, the median time-interval was 8.9 months (range 1.5-63 months). 

Altogether, the majority of recurrences (87.5%) were detected within 2 years after 

surgery. At last evaluation, 61 of the 64 patients with recurrent disease had died 

(being the cause of death in all but one who died as a result of postoperative 

complications). Among the three remaining patients, one patient had a solitary 

pulmonary metastasis resected with curative intent. 
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Figure 1. Overall survival in 115 patients who underwent transhiatal oesophagectomy for 
cancer of the oesophagus or OGJ (including in-hospital mortality), as calculated by the 
Kaplan-Meier method. The numbers in the box refer to the number of patients at risk at 12 
month intervals. 
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Survival analysis. By the end of follow-up in February 1999, 64 patients had died 

from oesophageal cancer (including all post-operative deaths), one patient from 

lung cancer, one patient from cerebrovascular disease and one patient from 

progressive Parkinson's disease. Forty-eight patients were alive and all but two 

were without evidence of tumour recurrence at last evaluation. Overall survival for 

all 115 patients was 72% at 1 year, 53% at 2 years and 45% at 3 years (Figure 1). 

To determine predictors of long-term survival, univariate and multivariate 

analyses of various clinicopathological variables were performed in patients who 

survived the postoperative period in the hospital (n = 111). The most important 

prognostic factors in univariate survival analysis were radicality of the resection, 
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LNR>0.3 31 14 7 2 - - - -

Figure 2. Survival according to the lymph node ratio (LNR) after transhiatal 

oesophagectomy for cancer of the oesophagus or OGJ (excluding in-hospital mortality), as 

calculated by the Kaplan-Meier method and log-rank test (p < 0.0001). The numbers in the 

box refer to the number of patients at risk at 12 month intervals. 
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lymph node involvement, lymph node ratio {Figure 2) and pathological stage of 

disease (all p < 0.0001; Table 3). Clinical and pathological factors that 

demonstrated no correlation with long-term survival are listed in Table 4. In a 

multiple stepwise regression analysis, the final model identified the lymph node 

ratio as the strongest independent predictor of long-term survival, followed by 

radicality of the resection and duration of ICU-stay {Table 5Ä). When only 

patients with less than 15 examined lymph nodes were entered in the Cox model, 

the conventional nodal status {i.e., pNO versus pNl) was the most significant 

independent prognostic factor {Table 5B), whereas, in patients with at least 15 

examined lymph nodes, the lymph node ratio persisted as independent prognostic 

factor {Table 5Q. 

Table 3. Clinical and pathological features related to survival after transhiatal 
oesophagectomy for cancer of the oesophagus or OGJ (n = 111). * 

Parameter Category# 
p-value 

(log-rank) 
Preoperative dysphagia no; yes 0.0020 
Weight loss (% in previous year) 0-5%; > 5% 0.0016 
Pulmonary complications absent; present 0.033 
Sepsis or SIRS absent; present 0.0016 
Duration of ventilation < 1 day; 2-7 days; > 7 days 0.025 
Duration of ICU-stay < 3 days; 4-10 days; > 10 days 0.0005 
Postoperative hospital stay <, 16 days; 17-30 days; > 30 days 0.0056 
Tumour differentiation well; moderate; poor 0.0092 
Radicality of resection ¥ R0;R1;R2 < 0.0001 
Depth of invasion (pT) pTl;pT2;pT3;pT4 0.0004 
Lymph node metastasis (pN) pNO; pNl < 0.0001 
Distant lymph node metastasis (pM) pMO; pMl 0.0004 
Lymph node ratio (LNR)§ 

pNO; LNR <, 0.30; LNR > 0.30 < 0.0001 
Pathological stage (pTNM) I; IIA; IIB; III; IV < 0.0001 

Excluding postoperative deaths (n = 4). See for abbreviations Table 1. 
' Categories are listed in a sequence of decreasing survival times; 
: R0 versus Rl: p = 0.0044 andRl versus R2: p = 0.016; 
pNO versus LNR < 0.30: p = 0.0009 and LNR < 0.30 versus LNR > 0.30: p = 0.0027. 
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DISCUSSION 

The first transhiatal oesophageal resection without thoracotomy was reported by 

Grey Turner in 1933.7 Although this approach to oesophageal cancer had been 

advocated by several other surgeons subsequently,26'27 it was only since its 

reintroduction by Orringer, in 1978,28 that there has been an increase in the use of 

transhiatal oesophagectomy. More than two decades have passed and this 

technique for the surgical treatment of oesophageal cancer is still controversial. 

Transhiatal resection of the oesophagus has been considered a dangerous operation 

due to the risk of intraoperative complications. Lacerations of nearby vital 

structures have been reported.29"31 In a review including over 1300 patients with 

transhiatal oesophagectomy, tracheal injuries were seen in 0.7% of patients and 

massive mediastinal bleeding necessitating an emergent conversion to a 

thoracotomy occurred in 1.3% of patients.32 These intraoperative hazards, although 

Table 4. Clinical and pathological features not related to survival after transhiatal 

oesophagectomy for cancer of the oesophagus or OGJ (n = 111).* 

Parameter 

Age 

Sex 

ASA classification 

Duration of operation 

Blood loss during operation 

Splenectomy 

Cardiac complications 

Cervical anastomotic leakage 

Relaparotomy and/or thoracotomy 

Vocal cord dysfunction 

Tumour location 

Tumour histology 

Extent of lymph node dissection 

Category p-value 

(log-rank) 

< 65 yrs; > 65 yrs 0.89 

male; female 0.59 

ASA I; ASA II; ASA m 0.16 

< 4 hrs; > 4 hrs 0.40 

< 1000 cc; > 1000 cc 0.65 

no; yes 0.87 

absent; present 0.97 

absent; present 0.89 

no; yes 0.17 

absent; present 0.67 

mid-thoracic; lower thoracic ;OGJ 0.65 

adenocarcinoma; squamous i lell carcinoma 0.70 

< 15 nodes removed; > 15 nodes removed 0.27 

* Excluding postoperative deaths (n = 4). ASA = American Society of Anaesthesiologists. 
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infrequent, have led several surgeons to question the safety of transhiatal 

oesophagectomy thereby disapproving of its role as method of choice.31,33,34 Others 

have argued that intrathoracic injuries and emergency thoracotomies are 

preventable.4,32 Perhaps the most important factor contributing to safe transhiatal 

oesophagectomy is proper selection of patients. In transhiatal exploration of the 

mediastinum, the dissection of the distal and middle intrathoracic oesophagus is 

performed under direct vision. With the use of retractors, exposure of the 

oesophagus is possible up to the level of the carina.35 Through the cervical 

incision, part of the upper intrathoracic oesophagus can be visualized, but it leaves 

a blind area directly posterior to the distal trachea and its bifurcation.18 It is at this 

level that lacerations of the membraneous trachea and injuries to the azygos vein 

have been documented. The anatomy indicates that patients with tumours 

involving the upper intrathoracic oesophagus are particularly prone to the reported 

hazards of blind dissection. In our hospital, these patients are not considered 

candidates for transhiatal oesophagectomy. Preoperative oesophagoscopy or 

oesophagography may already demonstrate supracarinal tumour involvement of 

the oesophagus. Other diagnostic modalities (EUS, CT scan, bronchoscopy) also 

provide relevant information about the feasibility of transhiatal oesophageal 

resection. But, a final guide to safe transhiatal resection is the course of the upper 

mediastinal dissection. As indicated by several other investigators,4,30,32 one should 

not persist with blunt exploration of the intrathoracic oesophagus if mediastinal 

attachments to adjacent structures can not be separated easily. A low threshold for 

difficulty as an indication for converting to a transthoracic procedure is 

recommended. To facilitate conversion to a three-stage operation if necessary, we 

routinely prepare the operative field in such a way that a right-sided thoracotomy 

can be performed without intraoperative repositioning and redraping of the 

patient.19 To date, we have favoured this three-stage method of preparation in any 

patient scheduled for a transhiatal oesophagectomy without thoracotomy. Its 

continuing practice in patients with cancer of the distal oesophagus or OGJ may be 

questioned. In the study period, 141 patients with untreated AC or SCC (see 

Patients and Methods) were scheduled for a transhiatal oesophageal resection. 

Most tumours were localized in the lower thoracic oesophagus or at the OGJ. 

Conversion to a transthoracic approach was needed in 11 patients (8%) of whom 8 

patients had a mid-thoracic tumour and only 3 patients had a distally located 
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tumour based on preoperative examinations. A detailed cost-benefit balance might 

limit the indication for a three-stage preparation procedure to patients with mid-

thoracic cancers. 

Comparing historical to recent figures, postoperative mortality of oesophageal 

resection has obviously decreased. In a review by Earlam et al?6 who analysed 

reported data from the 1950s to 1970s, the mean hospital mortality rate after 

resection was 29%, which declined to 13% in the paper by Müller et al?1 who 

reviewed all papers published in the 1980s. Most studies since 1990 have reported 

mortality rates below 10%,5'9>38-39 and some even below 5%,40-41 which is in line 

Table 5. Ranking of independent prognostic factors after transhiatal oesophagectomy for 
cancer of the oesophagus or OGJ. * 

Prognostic factor Relative Risk 

(95% CI) 

p-value 

(multivariate) 

A. In all patients (n = 111). 

Lymph node ratio (LNR) pNO 1 < 0.0001 

LNR < 0.30 1.2 (0.8--1.7) 

LNR > 0.30 2.2 (1.5. -3.2) 

Radicality of resection R0 1 0.0064 

Rl 0.9 (0.6--1.4) 

R2 2.1 (1.1-•4.0) 

Duration of ICU-stay < 3 days 1 0.027 

4-10 days 0.8 (0.6-•1.2) 

> 10 days 1.9 (1.1- 3.1) 

B. In patients with <15 lymph nodes identified (n=64). 
Lymph node metastasis (pN) pNO 1 < 0.0001 

pNl 2.2 (1.5-3.1) 
Radicality of resection R0 1 0.0019 

R1/R2 1.7 (1.2-2.5) 

C. In patients with > 15 lymph nodes identified (n=47). 
Lymph node ratio (LNR) pNO 1 

LNR < 0.30 1.0 
LNR > 0.30 4.3 

< 0.0001 
(0.6-1.8) 
(2.3 - 8.2) 

* Excluding postoperative mortality. CI = confidence interval. 
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with the rate of 3.5% in the present series. It is most likely that this significant 

reduction in-hospital mortality mainly results from general improvements in 

patient care, in addition to an overall growing experience with oesophageal cancer 

surgery. In two recent reports,42,43 the impact of a single institution's experience on 

postoperative mortality of oesophagectomy has been quantified. Both studies 

demonstrated a correlation between the hospital's volume of oesophagectomies 

and the surgical mortality rate, which was 3% to 5% in high-volume hospitals, 

compared with 17% to 19% in low-volume hospitals. Obviously, these data should 

be interpreted with caution (e.g., the reports did not adjust for re-admission rates 

or transferral to other facilities); they nevertheless harbour a potential entry to 

maximize the outcome of oesophageal cancer surgery. 

Postoperative morbidity rates of oesophagectomy continue to be significant. 

Theoretically, these might be reduced by the avoidance of a thoracotomy. 

However, with few exceptions,12'39 comparative studies have failed to demonstrate 

less morbidity or hospital stay with the transhiatal technique.10'41'44"46 Pulmonary 

complications and vocal cord dysfunction were the most commonly experienced 

complications in our study, which is in parallel with the findings of other 

authors.10,32'37'46 In gastric cancer, an independent prognostic impact of 

postoperative complications on long-term survival has been demonstrated.47 

Similarly, we found that the long-term prognosis of patients who survived the 

immediate postoperative period after oesophagectomy was independently affected 

by the duration of ICU-stay. It can be hypothesized that a prolonged postoperative 

course may adversely affect immunological resistance to residual tumour cells, but 

such mechanisms await further investigations. 

As in previous multivariate analyses,10,48,49 radical clearance of the primary tumour 

(RO resection) emerged as one of the most important parameters determining long-

term survival in patients with resected cancer of the oesophagus or OGJ. 

Advocates of a transthoracic approach have suggested that the transhiatal 

procedure would limit the yield of tumour-negative dissection margins and thus 

violate basic principles of oncological surgery. In the present series, the frequency 

of irradical resections (both macroscopic and microscopic) was 27%. A 'curative' 

resection in terms of tumour-free surgical margins was achieved in 73% of 

patients. It is of note that these percentages are similar to those reported for 

transthoracic oesophagectomy.10,29,49,50 Randomized data comparing the yield of RO 
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resections by the transhiatal versus the transthoracic approach are not available. 

Another subject of concern with transhiatal oesophagectomy has been claimed by 

advocates of extended lymph node dissections.2'9-49,51 Undoubtedly, 

lymphadenectomy improves the accuracy of postoperative staging. The minimum 

number of lymph nodes to be submitted to the pathologist for a correct 

pathological staging has long been a matter of discussion. During a consensus 

conference of the International Society for Diseases of the Esophagus in 1995,' it 

was suggested that the resection of a subcarinal cancer should include at least 15 

lymph nodes, derived from both the abdomen and the mediastinum, in order to 

achieve an accurate pathological staging. We therefore performed separate 

multivariate analyses for patients with less than 15 lymph nodes and those with 15 

lymph nodes or more identified in the resected specimen. Importantly, the true 

significance of detailed lymph node staging remains to be demonstrated {e.g., 

selection of patients for adjuvant treatment). Extended lymphadenectomy may not 

only be seen as staging procedure. There are some reports suggesting that patients' 

survival might benefit from extended lymph node dissection,6,10,51 but available 

data are contradictory.37,38,52 In our series, the extent of the lymph node dissection 

was not a significant prognostic factor. Although the lymph node ratio was 

identified as most effective predictor of survival, careful interpretation is 

warranted. Other authors have felt confident in suggesting that an extended lymph 

node dissection improves long-term survival after oesophagectomy because the 

lymph node ratio exhibits prognostic significance.49,53 However, it should be 

remembered that the lymph node ratio may only be "an indicator and not a 

governor" of prognosis, as discussed previously regarding the convential nodal 

status.54 

Long-term survival rates from different surgical series are difficult to compare due 

to wide variations in data collection, preoperative staging measures, patient 

inclusion and survival calculations. In most series reported after 1990,12-40'41-49.53.55 

overall survival rates after resection were between 35% and 55% at 2 years (being 

53% in the present study) and between 15% and 35% at 5 years. In general, 

current survival figures compare favourably with those collected by Earlam et al. 

(29% 2-year and 18% 5-year survival) and by Müller et al. (34% 2-year and 20% 

5-year survival).36,37 The improvements made may be largely an effect of the 

diminished operative mortality. Beyond this effect, long-term prognosis has not 
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substantially changed over the past few decades. In view of the often made 

suggestion that the transthoracic approach provides a beneficial impact on long-

term survival, it should be emphasized that randomized data - although restricted 

to small series of patients - do not support this assumption.44"46 Results of non

randomized studies might be affected by historical bias, staging differences and/or 

selective indications for the adopted surgical techniques. A common approach is to 

regard (extended) transthoracic oesophagectomy as the standard surgical 

procedure, while reserving the transhiatal technique to patients who would not 

tolerate a thoracotomy .6'10'22'29'52'55 In addition, a selective surgical approach based 

on preoperative staging results has been reported, advocating that the transhiatal 

technique would only be appropriate for early tumours or, conversely, for locally 

advanced disease.6'8'10'40 

We have shown that transhiatal oesophagectomy without thoracotomy can be 

considered a safe procedure for resectable cancer of the oesophagus or OGJ, 

provided that the oesophageal tumour does not extend proximal to the carina. 

Radical resections, postoperative complication rates and survival results equal to 

the data reported for transthoracic oesophagectomy. In our hospital, the transhiatal 

approach continues to be the method of choice while awaiting the results of an 

ongoing trial comparing transhiatal oesophagectomy versus transthoracic 

oesophagectomy with two-fields lymph node dissection.15 
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Diaphragmatic herniation after oesophagectomy 

ABSTRACT 

Background. Intrathoracic herniation of abdominal viscera is an unusual but 

potentially life-threatening complication of various thoracic and abdominal 

surgical interventions. 

Aim. The aim of this study was to describe the clinical spectrum of diaphragmatic 

herniation after oesophagectomy, to estimate its incidence and to define 

contributing factors that might affect its occurrence. 

Methods. In a series of 218 patients who underwent oesophagectomy between 

1993 and 1997, all radiographic studies of the chest that were made during early 

and late follow-up were reviewed. 

Results. Herniation of bowel alongside the oesophageal substitute was detected in 

nine patients (4%). Four herniations occurred within the first week after operation 

and five were detected at late follow-up. Surgical treatment was indicated in 6/9 

patients (67%). Analysis of predisposing factors revealed that extended incision 

and partial resection of the diaphragm were associated with an increased risk for 

postoperative hernia formation (14% following extended enlargement versus 3% 

after routine opening of the oesophageal hiatus; p=0.02). 

Conclusions. Diaphragmatic herniation was found in 4% of patients after 

oesophagectomy. Upon extended iatrogenic disruption of the normal hiatal 

anatomy, narrowing of the diaphragmatic opening is indicated to avoid 

postoperative herniation of bowel into the chest. Awareness of its possible 

occurrence may at least prevent the development of intestinal obstruction and 

strangulation. 
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INTRODUCTION 

Iatrogenic herniation of abdominal contents into the chest has been described most 

frequently in patients who had previously undergone (laparoscopic) antireflux 

surgery.16 Incidental cases have also been reported after rib resection drainage of a 

subphrenic abscess, thoraco-abdominal splenectomy, proximal gastric resection, 

transthoracic Heller's oesophagomyotomy, placement of an Angelchik prosthesis, 

and following nephrectomy.3,4,7"11 Data on the occurrence of diaphragmatic 

herniation following oesophagectomy are scarce. In the English language literature 

(1979-1997), 18 cases have been previously reported, either presented as case 

reports or listed among other postoperative complications.3,12"22 To our knowledge, 

no previous study has specifically evaluated the incidence of diaphragmatic 

herniation following oesophageal resection. Although diaphragmatic herniation 

secondary to surgical trauma appears a relatively infrequent diagnosis, early 

recognition is important. Delayed diagnosis may result in strangulation and 

perforation of the herniated contents,4,10 with high mortality rates following 

emergency surgery.23,24 

The aim of the present study was to describe the clinical spectrum of 

diaphragmatic herniation after oesophagectomy, to estimate its incidence and to 

evaluate contributing factors that might affect its occurrence. 

PATIENTS AND METHODS 

Between January 1993 and January 1997, 219 patients underwent resection for 

malignant disease of the oesophagus and/or oesophagogastric junction (135 

adenocarcinomas, 75 squamous cell carcinomas and 9 other types of malignancy) 

at the Surgical Department of the Academic Medical Center at the University of 

Amsterdam, The Netherlands. Their median age was 63 (range 37-83) years. The 

male:female ratio was 7:3. One patient with incomplete follow-up was excluded 

from further analysis. Oesophageal resection was performed by the transhiatal 

approach without thoracotomy or via a right-sided thoracotomy in combination 

with a laparotomy. Gastro-intestinal continuity was preferably reestablished by 

constructing a gastric tube which was positioned in the posterior mediastinum. In 

all cases, a cervical anastomosis was performed. The resectional procedure 
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invariably involved dissection of the diaphragmatic oesophageal hiatus by incision 

of the peritoneal reflections around it, enabling the margins of the crura to be 

defined, followed by ligation of the crossing phrenic vein. In order to allow 

adequate mobilization of the oesophagus, manual dilatation of the hiatal opening 

was usually accompanied by an antero-lateral incision of the diaphragm (this was 

defined as routine hiatal opening). Occasionally, a part of the diaphragm was 

resected to achieve en bloc removal of the primary tumour, or unconstricted 

transposition of the gastric tube (or colon) through the hiatal opening necessitated 

an extended incision of the surrounding hiatal tissues (this was considered 

extended enlargement of the hiatus). In order to prevent venous congestion of the 

oesophageal substitute, routine narrowing of an (iatrogenically) enlarged hiatus 

was not performed. 

In the early postoperative course, at the Intensive Care Unit, plain chest 

radiographs were performed daily until the day the patients were extubated. On the 

8th day after operation, oesophagography with a water soluble contrast was carried 

out to exclude leakage of the anastomosis. Thereafter, radiographic examinations 

of the chest were only done if indicated. Clinical follow-up after discharge was 

performed regularly in the outpatient clinic. In-hospital mortality was 5% (11 

patients). The duration of clinical follow-up after resection ranged from 0.2 to 55.1 

months (median 15 months). In order to identify patients with postoperative 

diaphragmatic herniation, all radiographic studies of the chest that were made in 

the early and late postoperative course were reviewed. Follow-up radiographic 

studies of 218 patients were obtained from 0.03 to 48.0 months after 

oesophagectomy (median 1.0 month). In 118 patients (54%), chest films were 

made exclusively during postoperative follow-up in the hospital. 

The occurrence of postoperative hernia formation was analysed statistically in 

relation to the following potential risk factors: sex, age, preoperative 

diaphragmatic hernia, location of the tumour, stage of disease by pTNM 

classification, operative approach, type of reconstruction, position of the neo-

oesophagus and iatrogenic enlargement of the oesophageal hiatus during resection. 

Comparisons between groups were made using the univariate Fisher's exact test. 

Probabilities are two-tailed with statistical significance set at p<0.05. 
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RESULTS 

Frequency and diagnosis. Intrathoracic herniation of abdominal contents was 

identified in nine (4%) of 218 patients after oesophagectomy. Four herniations 

occurred within the first week after operation. Two of them were asymptomatic 

and were discovered by routine chest radiography on postoperative day 2 {Figure 

1). In both these patients, a part of the diaphragm had been resected because of 

suspected tumour invasion. The other two patients with early herniation had 

undergone routine -hiatal opening with minimal disruption of the surrounding 

hiatal tissues. In one of them, diaphragmatic herniation of the colon caused acute 

respiratory failure on the third postoperative day. The fourth patient presented four 

months after oesophagectomy with acute symptoms of intestinal obstruction. 

Review of his previous chest X-rays revealed that intrathoracic herniation of 

bowel had already occurred in the early postoperative period, which had not been 

noted at that time. Five patients were found to have diaphragmatic herniation 

during long-term follow-up, at 12, 19, 23, 24 and 44 months after 

oesophagectomy. One of them had no attributable clinical manifestations. The 

other four patients with late herniation were symptomatic at the time of diagnosis 

(dyspnoea, cough, abdominal pain, constipation). 

Surgical repair of herniation. Six patients (67%) underwent surgical treatment of 

the diaphragmatic hernia {i.e., all 4 early herniations and 2 late herniations). In 5 

of them, hiatal repair was performed by the abdominal route. At laparotomy, 

herniation of the transverse colon was encountered in all five patients. In two 

patients, also the small bowel was involved, and in one, even the spleen had 

herniated into the thorax. The remaining patient underwent a left-sided 

thoracotomy for surgical hernia repair followed by a left lobectomy for a solitary 

pulmonary metastasis. In this patient, the herniated contents involved exclusively 

small bowel. In all six patients, operative repair involved reduction of the 

herniated viscera back into the abdomen and subsequent narrowing of the hiatal 

defect. No recurrence of hernia formation was encountered during a median 

follow-up of 8 months after hiatal repair (range 3-13 months). Three patients did 

not undergo surgical reduction of the hernia: in one, symptoms of upper abdominal 

discomfort settled spontaneously, and in the other two, surgical repair was 

considered undesirable because of advanced tumour recurrence. 

173 



Diaphragmatic herniation after oesophagectomy 

Contributing factors. Table 1 shows the relationship between possible risk factors 

and the development of diaphragmatic herniation after oesophageal resection. 

Only extended iatrogenic enlargement of the oesophageal hiatus during 

oesophagectomy was associated with an increased risk for the development of 

postoperative diaphragmatic herniation (4/29 = 14% following extended 

enlargement versus 5/189 = 3% after routine hiatal opening; p=0.02). 

Figure 1. Chest radiograph of a patient with early diaphragmatic herniation after 
oesophageal resection. Air-filled intestinal loops are seen in the left hemithorax. At 
laparotomy, the hernia contained both small bowel and transverse colon. 
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DISCUSSION 

Intrathoracic herniation of abdominal contents is an unusual complication of both 

thoracic and abdominal surgery.1"11 The condition is potentially life-threatening, 

especially when diagnosis is delayed.4'10 Excluding case reports, 13 cases out of 

613 oesophagectomy patients have been reported, resulting in an overall frequency 

of 2% (1% to 8%).15"22 Of the 18 previously reported cases,3'12"22 8 herniations were 

detected in the early postoperative period, and 10 were diagnosed during follow-

up, at three months up to seven years after the operation. It should be recognized 

that most previously reported patients had symptomatic herniations requiring 

surgical correction (14/18: 78%). In the present series of 218 patients, we found 9 

patients (4%) with radiological evidence of herniated bowel into the chest as an 

early (four) or late (five) complication of oesophagectomy. The actual incidence of 

late (asymptomatic) herniation might even be greater as radiographic studies after 

discharge from the hospital were available in only 100 patients (46%). 

Furthermore, since herniation has been shown to occur after more than 5 years of 

follow-up,17 new cases may develop in the present series. 

Table 1. Analysis of potential risk factors for diaphragmatic herniation following 

oesophageal resection. 

Grouping variable Risk factor Frequency of p 
herniation 

m:f 
-c 63 years : > 63 years 
no : yes 
upper-middle : distal oesophagus-OGJ 
pTNM O-II : pTNM III-IV 
transhiatal : transthoracic 
gastric pull-up : colonic interposition 

Position of neo-oesophagus anatomic : extra-anatomic 
Hiatal opening routine opening : extended enlargement 

Sex 
Age 
Preoperative hernia 
Location of tumour 
Stage of disease 
Operative approach 
Reconstruction 

8/159 : 1/59 ns 
5/105 :4/113 ns 
4/148 :5/70 ns 
0/63 :9/155 ns 
5/97 :4/121 ns 
5/142 :4/76 ns 
9/203 :0/15 ns 
9/196 :0/22 ns 
5/189 :4/29 0.02 

OGJ = oesophagogastric junction; pTNM = pathological tumour node 

ns = not significant.* Fisher's exact test. 

metastasis; 
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Three of the nine patients demonstrated no clinical manifestations at the time of 

diagnosis. In the other 6 patients, the symptoms prompting radiographic evaluation 

varied strongly with no characteristic clinical picture emerging. Acute intestinal 

obstruction which occurred in one of the patients is an imminent risk.121415,20 Other 

presenting symptoms of diaphragmatic herniation involve respiratory distress, 

chest pain, anaemia, fever, leucocytosis and a broad spectrum of chronic 

abdominal symptoms.1,4'25'26 This varied clinical presentation - together with its 

relatively rare occurrence - most probably accounts for a frequently observed 

delay in diagnosis. In several previously reported cases,1'4,10 the diagnosis was not 

considered until strangulation and perforation of the herniated viscera had 

occurred. A delay in recognition may lead to increased morbidity and even death, 

the mortality rate being 10 per cent for correction of an uncomplicated 

diaphragmatic herniation, but rising to 20-80 per cent in patients with strangulated 

diaphragmatic hernias.4,23,24 Usually, plain chest roentgenograms will readily 

demonstrate an air collection within the herniated intestine above the normally 

anticipated level of the diaphragm. Its presence may be confirmed by computer 

tomography scan and/or barium enema. Because spontaneous resolution of the 

herniation will not occur, surgical repair is generally recommended, regardless of 

symptoms, to prevent the potentially disastrous complications of incarceration, 

strangulation, and perforation.3,26 Untreated herniation remaining asymptomatic 

has been reported.21,22 In patients with small, asymptomatic herniations, especially 

in those who have a short life expectancy, an observational approach is reasonable. 

In all other surgically fit patients, operative reduction of the herniated viscera with 

subsequent repair of the diaphragmatic defect is indicated. Preferably, a 

transabdominal approach is chosen.3'22 However, because intrathoracic adhesions 

may prohibit reduction via the abdominal route, the need for a (re-) thoracotomy 

should be anticipated.12'14 

The optimal approach to diaphragmatic herniation following oesophagectomy is 

prevention. Strategies to reduce the likelihood of diaphragmatic herniation have 

been addressed.6,14,27,28 If it is necessary to enlarge the hiatus in order to allow 

adequate mobilization of the oesophagus, an anterior incision in the diaphragm 

rather than a lateral extension has been advocated.14 At the end of the procedure, 

the integrity of the diaphragm should always be checked. The importance of 

routine narrowing of the hiatus has been emphasized.28 Moreover, the edges of the 
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hiatus can be sutured to the oesophageal substitute,27 taking care not to injure 

vascular blood supply of the neo-oesophagus. In the present series, risk factors that 

predisposed patients to postoperative hernia formation have been analysed. 

Following extended disruption of the normal hiatal anatomy, a 14% incidence of 

diaphragmatic herniation was observed. The presented data indicate that if a part 

of the diaphragm is resected for suspected tumour ingrowth, the hiatal defect 

should be restored in order to minimize the risk for herniation of viscera into the 

chest. Any extended incision of the diaphragm should be partially re-

approximated. Ultimately, awareness of the possible occurrence of diaphragmatic 

herniation should at least result in prompt recognition thereby minimizing the risk 

of life-threatening complications. 
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ABSTRACT 

Background. Impaired cellular immunity is associated with an increased incidence 

of infectious complications. Polarization of the specific immune response, 

reflected in the T helper (Th) typel/type2 balance, appears crucial for effective 

elimination of certain invading micro-organisms. Patients undergoing oesophageal 

resection via a transhiatal or transthoracic approach are prone to develop 

infectious complications. There are no randomized data on immune responses after 

two major surgical interventions. 

Aim. To investigate cellular immune responses following transhiatal versus 

transthoracic oesophageal resection, and to evaluate the relation between 

preoperative immune responses and development of postoperative infectious 

complications. 

Methods. The study group consisted of 20 patients with adenocarcinoma of the 

oesophagus or oesophagogastric junction who were randomly allocated to a 

transhiatal or extended transthoracic oesophagectomy. Blood samples were taken 

before the operation and at regular intervals thereafter up to 6 weeks 

postoperatively. Monocyte as well as Thl- and Th2-type T lymphocyte functions 

were assessed in stimulated whole blood cultures. 

Results. Both surgical groups had severely depressed in vitro production of IL-12, 

IL-10, IFN-y, IL-2, IL-4, and IL-13 at the first postoperative day. Depression of 

Th2-type cytokine production lasted significantly longer after transthoracic 

oesophagectomy than after transhiatal resection (IL-4, p=0.002; IL-13, p=0.025). 

Irrespective of the surgical procedure, IFN-y and IL-4 cytokine production was 

significantly lower over the course of time in patients who encountered 

postoperative infectious complications than in those who had an uneventful 

recovery (IFN-y, p=0.005; IL-4, p=0.034). Preoperative IFN-y production, 

duration of anaesthesia and operation time were predictive variables for the 

development of major infectious complications in the postoperative period. 

Conclusions. Depression of cellular immunity after oesophagectomy is related to 

the extent of the procedure. The preoperative T helper response profile is 

indicative for a postoperative course with or without major infectious 

complications, and its effect is presumably superimposed on surgery-related 

changes in cellular immune responses. In particular, high preoperative levels of 

the Thl-type cytokine IFN-y seem to be protective for the development of 

postoperative major infectious complications. 
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INTRODUCTION 

Various alterations in immune responses have been described following minor or 

major surgical trauma, usually consisting of various degrees of down-regulated 

cellular immunity.1"3 Clinical and experimental data suggest that an increased 

susceptibility to infectious complications after host injury, such as surgical or non

surgical trauma, may be caused by impaired cellular immunity.48 In the past few 

years, it has become clear that the cytokine profile of the specific immune 

response plays a central role in the ability of a host to eliminate effectively certain 

invading organisms. Functionally polarized responses by the CD4+ T helper (Th)-

and the CD8+ T cytotoxic-cell subsets are discerned on the basis of the cytokines 

they produce. Immune responses dominated by either Thl-type or Th2-type 

cytokines provide different modalities of protection against infection.9,10 

In patients with oesophageal carcinoma, data on cellular immune responses in 

relation to (potentially) curative surgery or to postoperative infectious 

complication rates are scarce. Three major factors that largely determine the 

immunocompetence in these patients may be distinguished: (1) the presence of 

cancer, (2) malnutrition, and (3) immune responses to surgical trauma when 

undergoing resection. Although postoperative morbidity rates of oesophageal 

resection for cancer have decreased over the last decades,11'12 they continue to be 

substantial. No previous studies were specifically devoted to determine the 

contribution of immunological impairment to postoperative infectious 

complications after oesophagectomy. In our institution, interim results of an 

ongoing randomized trial comparing the transhiatal approach versus a 

transthoracic approach with two-fields lymph node dissection for oesophageal 

adenocarcinoma indicated that the transthoracic procedure is associated with 

increased infectious complications compared to the transhiatal approach.13 In the 

present study, we investigated postoperative cellular immune responsiveness 

following transhiatal versus transthoracic oesophageal resection for cancer. The 

random allocation of the surgical procedure minimized the potential impact of any 

confounders such as tumour stage and nutritional status. We examined the effects 

of oesophageal surgery on monocyte, Thl-type and Th2-type T cell functions 

during a 6-week postoperative period, and compared the immune responses 

between the two surgical procedures. In addition, the study aimed to investigate 
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whether preoperative cellular immune responsiveness is predictive for the 

development of postoperative infectious complications. Therefore, irrespective of 

the surgical approach, preoperative immunological parameters of patients who 

encountered major infectious complications after surgery were compared to those 

of patients who had a relatively uneventful recovery. 

PATIENTS AND METHODS 

Patients. Between July 1997 and June 1998, 29 consecutive randomized patients 

with adenocarcinoma of the oesophagus or oesophagogastric junction (OGJ) 

consented to participate in the present study. All patients were scheduled for a 

potentially curative oesophagectomy by either a transhiatal or extended 

transthoracic approach following the result of randomization. Inclusion criteria 

were (1) age s 18 years, (2) invasive adenocarcinoma of the middle or distal 

oesophagus or OGJ, (3) locally resectable tumour without distant metastases, (4) 

Karnovsky score ^ 80 (normal activity with effort), (5) weight loss < 10% in the 

last 3 months, (6) good cardiac function (no cardiac chest pain, congestive heart 

failure, hypertension or arrhythmia after medical treatment), (7) good pulmonary 

function (FEV1 > 1.6 litres), (8) good renal function (creatinine < 160 umol/1), (9) 

no liver cirrhosis (no Child classification B or C), portal hypertension or ascites, 

and (10) no haemorrhagic diathesis. Exclusion criteria were (1) a previous 

diagnosis of other malignant disease, (2) organ insufficiency as defined by ASA 

III or IV (American Society of Anaesthesiology),14 (3) impossibility to construct a 

gastric tube, (4) chemotherapy, radiation therapy or immunotherapy within 30 

days prior to surgery, (5) perioperative administration of glucocorticoids 

(including 24-hour pulmonary prophylaxis), (6) splenectomy, (7) limited 

transthoracic resection, and (8) macroscopically irradical resection as assessed by 

the surgeon during the operation. 

Based on these criteria, 9 patients were excluded for the following reasons: 

postoperative treatment with glucocorticoids (n=2), iatrogenic injury of the spleen 

requiring its resection (n=2), conversion to a limited transthoracic resection after 

initial transhiatal exploration (n=l), macroscopically irradical resection (n=l), 

peroperative finding of liver metastasis (n=l), total gastric resection (n=l), and no 

operation due to massive preoperative aspiration (n=l). 
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Twenty patients were prospectively analysed, i.e., 10 patients undergoing 

transhiatal oesophageal resection without thoracotomy (THO) and 10 patients 

undergoing transthoracic oesophagectomy with extended lymph node dissection 

(TTO). At the end of the study, the 20 patients were also subdivided in a group 

with major infectious complications (COM) and a group without major infectious 

complications (NOCOM), irrespective of the operative procedure. Ten healthy 

volunteers, matched for age and gender, served as normal controls. The study was 

approved by the institutional medical ethical committee, and all participants 

enrolled into the study gave written informed consent. 

Operative procedures. Transhiatal oesophagectomy was performed by a combined 

abdomino-cervical approach. Transthoracic oesophagectomy involved a right-

sided thoracotomy followed by an abdominal and cervical phase. Both procedures 

involved dissection of the peri-oesophageal lymph nodes in the lower 

mediastinum, the paracardial lymph nodes and the perigastric lymph nodes along 

the lesser curvature of the stomach (including the lymph nodes at the origin of the 

left gastric artery). In addition, the transthoracic procedure involved an extended 

lymph node dissection both in the chest (i.e. including the right paratracheal, infra-

aortic arch, and subcarinal lymph nodes) and in the abdomen (i.e. along the 

common hepatic artery, splenic artery and coeliac trunc). In all patients, a gastric 

tube was constructed from the greater curvature of the stomach, receiving its blood 

supply from the right gastroepiploic artery, and gastrointestinal continuity was 

restored by a cervical anastomosis. 

Clinical monitoring. Clinical data of each patient were registered at preoperative 

assessment, during the operation, and in the period thereafter up to 6 weeks 

postoperatively. Preoperative risk analysis routinely included standard blood 

examination, chest radiography, electrocardiography, pulmonary function tests (if 

indicated) and anaesthesiological consultation. The patients' nutritional status was 

assessed on admission to the hospital (2-3 days prior to surgery) by body weight 

(kg), absolute weight loss (kg), and percentage weight loss during the previous 

year. Standard clinical staging of the tumour was done by endoscopic 

ultrasonography and external ultrasonography of the neck and upper abdomen.15 

Documentation of peroperative indices included type of anaesthetic agents, 

duration of anaesthesia, duration of the operation, peroperative complications, 

peroperative blood loss (ml), and peroperative blood transfusion (units of packed 
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cells). The postoperative course was monitored for 6 weeks in the hospital, or until 

discharge from the hospital with a final evaluation 6 weeks after surgery at the 

outpatient clinic. 

Postoperative complications were scored using standard criteria as defined in the 

study protocol. Definitions for major infectious complications were (a) 

pneumonia: isolation of pathogen from sputum culture and a new or progressive 

infiltrate on chest radiography, (b) anastomotic leakage with clinical 

manifestations of infection, (c) thoracic empyema: isolation of pathogen from one 

intrathoracic fluid culture or two cultures in case of normal skin flora, (d) 

abdominal abscess: isolation of pathogen from one intra-abdominal fluid culture 

needing percutaneous drainage or relaparotomy, (e) ARDS: bilateral infiltrates on 

chest radiography, Pa02/Fi02 < 26.6 kPa, and PAWP < 18 mmHg, (f) bacteraemia: 

isolation of pathogen from one blood culture or two cultures in case of normal skin 

flora, (g) systemic inflammatory response syndrome (SIRS), manifested by two or 

more of the following conditions: temperature > 38 °C or < 36° C, heart rate > 90 

beats/min, respiratory rate > 20/min or Pa02 < 8 kPa, white blood cell count > 

12,000 or < 4,000 cells/mm3 or > 10% immature forms, (h) sepsis: systemic 

inflammatory response to infection, manifested by two or more of the conditions 

mentioned for SIRS, (i) acute respiratory failure due to infection (any of the 

above): Pa02 < 8 kPa and respiratory rate > 30/min or < 16/min requiring 

intubation and mechanical ventilation. Postsurgical staging of tumours was done 

according to the revised pathological TNM-classification of oesophageal 

carcinoma.15 To avoid potential differences by stage migration, nodal metastases 

in the extended lymph node dissection fields were not considered when staging 

tumours in the TTO group. 

Blood sampling. Two days prior to surgery and on postoperative day 1, 3, 5, 7, 10 

and 42, blood samples were taken and transported at room temperature. Peripheral 

blood was obtained in EDTA-tubes for white blood cell count (WBC) and 

differentiation, and in sterile sodium-heparinized tubes for whole blood cultures 

and automated flow cytometry. Whole blood was handled in a flow chamber and 

was routinely put into culture within one hour after withdrawal. 

Phenotyping. For flow cytometry, according to the manufacturers' instructions, 5 

jul of monoclonal antibody (CD3; CD4; CD8; Becton Dickinson, San Jose, CA, 

USA) were placed in tubes with 100 ul of heparinized whole blood. With these 
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antibodies CD3+CD4+ (helper/inducer) and CD3+CD8+ (suppressor/cytotoxic) T 

lymphocyte subsets were measured. Mouse IgG, (Becton Dickinson) was used to 

estimate the amount of nonspecific binding. The tubes were left on ice in the dark 

for 30 minutes. FACS lysing solution (Becton Dickinson) was diluted 1:10 and 

added to each tube, vortexed, and left to lyse for exactly 10 minutes. This 

procedure was repeated twice. Between steps and after the last period, the tubes 

were centrifuged at 4000 rpm for 1 minute at 4 °C, the supernatant was aspirated, 

and the pellet resuspended in phosphate-buffered saline (PBS) with bovine serum 

albumine (BSA; 5 gr/1) and 0.1% azide. The tubes were then placed on ice in the 

dark for 30 minutes until analysed using an automated flow cytometer (Becton 

Dickinson, San Jose, CA, USA). White blood cell counts were used to convert 

percentages of positively stained cells to absolute numbers of cells. 

Whole blood cultures: monocyte and T lymphocyte stimulation. Whole blood 

was 1:10 diluted in Iscove's Modified Dulbecco's Medium (IMDM; Boehringer 

Ingelheim, Alkmaar, The Netherlands), supplemented with 0.1% fetal calf serum 

(FCS), penicillin (100 IU/ml), streptomycin (100 ug/ml) and 15 IU/ml 

sodiumheparin (Leo Pharmaceutical Products BV, Weesp, The Netherlands). 

Diluted whole blood was cultured in triplicate in 200-ul flat-bottomed culture 

plates (Nunc, Roskilde, Denmark) and stimulated with Staphylococcus aureus 

Cowan I (SAC, 0.05% w/v) for IL-6 and IL12 determination or with Neisseria 

meningitidis-derived LPS (1000 pg/ml; a gift from Dr. J. Poolman, RIVM, 

Bilthoven, The Netherlands) for IL-10 determination. Supernatants were harvested 

after 24 hours of culture and stored at -20 °C until tested. In addition, for cross-

linking of CD3 and CD28 receptors, diluted whole blood was stimulated with anti-

CD3 (CLB-T3/4.E, 100 ng/ml; CLB, Amsterdam, The Netherlands) and anti-

CD28 (CLB-CD28/1, 1 ug/ml). Supernatants were harvested after 24 hours for IL-

2 determination and after 72 hours for IL-4, IL-13 and IFN-y determination, and 

stored at -20 °C until tested. 

Assays for cytokines. IL-12 p40 was measured with an enzyme-linked 

immunosorbent assay (ELISA) as described previously.16'17 Briefly, MoAb CI 1.79 

and biotinylated MoAb C8.6, both directed against the IL-12 p40 subunit, were 

used as coating and detecting antibodies, respectively. Streptavidin-polymerized 

horseradish peroxidase (poly-HRP; CLB) was used to quantify bound antigen. 

Recombinant human p40 was used as a standard. This ELISA recognizes p40 and 
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p70 equally well. The lower detection limit was 4 pg/ml. 

IL-12 p70 was measured as described previously.16'17 The assay was performed 

identically to the p40 ELISA, except that MoAb 20C2, which exhibits relative 

specificity for the p70 dimer (a kind gift from Dr. M.K. Gately, Hoffmann-

LaRoche, Nutley, NJ), was used as a coating antibody. The ELISA did not 

measure free human p40 unless concentrations of >20 ng/ml were tested. In 

contrast, recombinant human p70 (provided by Dr. S.F. Wolf, Genetics Institute, 

Inc), which was used as a standard, could be detected at concentrations as low as 

0.3 pg/ml. After correcting for the dilution of plasma, the detection limit of the 

assay was 1 pg/ml. 

IFN-y was measured as described previously.18 MoAbs MD2 and biotinylated 

MD1 were used as capture antibody and detecting antibody, respectively. To allow 

the antibodies to absorb to the well, the plate was incubated overnight at 4 °C. 

After washing, wells were post-coated with PBS containing 4% BSA. Increasing 

concentrations of human IFN-y were used as a standard. The assay had a lower 

detection limit of 50 pg/ml. 

IL-4, IL-6, IL-10 and IL-13 were measured using commercially available enzyme 

immunoassays (CLB). IL-2 was measured using a commercial ELISA from 

Genzyme (Cambridge, MA). 

Statistical analysis. The data were analysed using SPSS 7.5 for Windows 95. 

Results are expressed as medians and ranges unless stated otherwise. Postoperative 

values were calculated as percentages of preoperative values for each individual 

patient, i.e., each patient acted as his own control. Absolute preoperative values 

were compared between THO and TTO groups as well as between COM and 

NOCOM groups. ANOVA repeated measures were used to compare differences 

between groups in the course of the observation period. For those parameters that 

showed overall significance by ANOVA repeated measures, the nonparametric 

Mann-Whitney U (MWU) test was used to assess significant differences between 

groups at various time points. The Wilcoxon Rank test was used to identify 

significant differences within groups between various time points. Chi-square, 

Fisher's exact and Pearson's correlation coefficient tests were used when 

appropriate. Statistical significance was defined as p < 0.05 (two-tailed). 
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Table 1. Clinical characteristics. 

age (years) 

gender (m : f) 

absolute weight loss (kg) 

percentage weight loss in previous year (%) 

clinical tumour stage, cTNM (I/II : HI/TV) 

pathologic tumour stage, pTNM (I/II : III/IV) 

tumour differentiation (good/moderate : poor) 

tumour size (cm) 

duration of anaesthesia (hours) 

operation time (hours) 

peroperative blood loss (ml) 

packed cells during operation (units) 

packed cells during hospital stay (units) 

duration of ICU stay (days) 

duration of mechanical ventilation (days) 

duration of hospital stay (days) 

major infectious complication (yes : no) 

time until first major infectious complication 

(days) 

THO TTO P 
(n=10) (n=10) value* 

.4 (45.8-78.2) 64.0 (45.4-77.6) ns 

9 : 1 10:0 ns 

2.9 (0-12) 4.2 (0-12) ns 

3.0 (0-10) 4.5(0-11) ns 

6 : 4 7 : 3 ns 

4 : 6 3 : 7 ns 

4 : 6 3 : 7 ns 

ns 3.35(0.5-11.0) 4.65(1.0-7.0) 

4.40 (3.75-5.25) 7.77 (6.30-10.25) 0.0001 

3.47(1.75-4.15) 6.47(5.00-9.25) 0.0001 

1000(300-1700) 1157(500-3120) ns 

0 (0-2) 

0 (0-4) 

1.5(1-5) 

0.5 (0.5-1) 

15(11-64) 

2:8 

6.0 (3-9) 

1 (0-4) 

2.5 (0-20) 

7.5 (2-77) 

5.5 (1-58) 

22 (13-105) 

6:4 

4.5 (2-6) 

0.03 

0.005 

0.001 

0.0001 

ns 

ns 

THO = transhiatal oesophageal resection; TTO = transthoracic oesophageal resection. 

* Mann-Whitney U test (continuous variables) or Fisher's exact test (categorical variables). 

Continuous variables are expressed as medians and ranges; ns = not significant. 
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RESULTS 

Clinical characteristics. 

Preoperative characteristics such as age, gender, weight loss and clinical tumour 

stage were equally distributed among THO and TTO patients {Table 1). Also, 

surgical pathology revealed no significant differences between the two groups. 

This comparison included localization of tumours (oesophagus or OGJ) and 

frequency of intestinal metaplasia (data not shown). In contrast, most operative 

and postoperative parameters were signicantly different between the THO and 

TTO group. Duration of anaesthesia, surgery, ICU stay, and mechanical 

ventilation were all significantly longer in TTO patients than in THO patients. 

TTO patients required increased numbers of blood transfusions, especially in the 

postoperative period. 

White blood cell and lymphocyte counts. 

In both groups, postoperative WBC were increased as compared to baseline values 

(7.1 [5.4-9.9] and 6.5 [6.0-13.3] x 109 cells/1 for THO and TTO, respectively) with 

significant differences up to postoperative day 10. Between the two groups, there 

was no significant difference over time. In the early postoperative period (day 1 to 

7), there was a profound decrease in absolute lymphocyte counts in both groups. 

No significant differences were observed between groups in the course of the 

observation period. A small nonsignificant postoperative increase in absolute 

monocyte counts was detected in both groups (data not shown). 

T cell phenotypes. 

Preoperative values of CD4+ and CD8+ T lymphocytes were similar in THO and 

TTO patients. Postoperative levels of CD4+ cells were depressed relative to 

preoperative values in both groups. In the THO group, the levels recovered within 

the first postoperative week. In contrast, CD4+ T cell levels in the TTO group 

were significantly lower during the course of the study period (p=0.025). 

Postoperative numbers of CD8+ T cells were also depressed, lasting for almost a 

week, but differences over time after THO versus TTO failed to reach statistical 

significance (p=0.067). 
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Production of monocyte-derived cytokines after oesophageal surgery. 

In both groups, SAC-induced IL-12 p40 production was profoundly reduced 

immediately after surgery (p=0.001 for THO and p=0.0001 for TTO at day 1). 

This reduction lasted for more than 10 days postoperatively. A greater reduction in 

IL-12 in the TTO group compared to the THO group was observed over the course 

of the study period {Figure 1; p=0.022). The low levels of p70, ranging from the 

detection limit of 1 pg/ml to 20 pg/ml, contrasted higher levels of p40 up to 1000 

pg/ml. However, supernatant levels of the IL-12 p40 subunit correlated well with 

measurable levels of the IL-12 p70 dimer (R=0.61, pO.0001 for 105 measured 

samples), indicating that p40 measurement reflected the production of bioactive 

heterodimeric IL-12. 
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Figure 1. IL-12 p40 supernatant levels of whole blood cultures from blood samples taken 

during a 6-week study period expressed as percentages from baseline in patients 

undergoing transhiatal (THO) versus transthoracic (TTO) oesophagectomy. 

Median (range) preoperative values were 529 (57-893) and 588 (180-2487) pg/ml for THO 

and TTO, respectively (p=0.4, MWUtest). THO versus TTO, p=0.022 by AN OVA repeated 

measures. Closed circles, THO; open circles, TTO. 
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Because IL-10 is a known inhibitor of IL-12, we examined whether the production 

of IL-10 was enhanced after surgery. After stimulation with LOS, a strong 

stimulator of IL-10 production by monocytes, a clear reduction in secretion of IL

IO was found (p=0.001 for THO and p=0.0001 for TTO at day 1), which lasted 5 

days in the THO group and at least 10 days in the TTO group. Although IL-10 

levels were consistently lower after TTO than after THO, changes in IL-10 levels 

over time did not reach statistical significance between groups {Figure 2; 

p=0.078). 

Preoperative levels of IL-6 production from SAC-stimulated whole blood were 

similar in the THO and TTO groups (700 [381-2715] and 750 [324-4117] pg/ml, 

respectively). A small nonsignificant increase in IL-6 levels was found over time 

in both groups (data not shown). 
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Figure 2. IL-10 supernatant levels of whole blood cultures from blood samples taken 
during a 6-week study period expressed as percentages from baseline. 
Median (range) preoperative values were 231 (151-430) and 356 (207-492) pg/ml for THO 
and TTO, respectively (p=0.1, MWU test). THO versus TTO, p=0.078 by ANOVA repeated 
measures. Closed circles, THO; open circles, TTO. 
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Production ofThl-type cytokines IFN-yandIL-2 after oesophageal surgery. 

T cell cytokine production was measured in supernatants of whole blood cultures 

after stimulation of T cells by cross-linking of their CD3 and CD28 receptors. In 

both groups, significantly lower levels of IFN-y were observed in the early 

postoperative period compared to baseline values (p=0.0001 for THO and p=0.015 

for TTO at day 1). Although levels tended to be lower in the TTO group compared 

to the THO group throughout the study period, this difference was not significant 

{Figure 3A; p=0.15). Similar observations were documented regarding IL-2 

production {Figure 3B; p=0.09). 

Production ofTh2-type cytokines IL-4 andIL-13 after oesophageal surgery. 

An initial significant decline of IL-4 and IL-13 at the first postoperative day was 

seen in both groups (p=0.015 and p=0.001, respectively, for THO; p=0.001 and 

p=0.0001, respectively, for TTO). IL-4 and IL-13 production recovered earlier in 

THO patients than in TTO patients. For both IL-4 and IL-13, a significant 

difference between the two groups was found over the course of the observation 

period {Figures 4A and 4B\ p=0.002 and p=0.025, respectively). 

Major infectious complications: comparison ofThl and Th2 cytokines. 

Irrespective of the surgical procedure, the study patients were regrouped in a group 

with major infectious complications (COM) and a group without major infectious 

complications (NOCOM). Among the 20 randomized patients, there were 8 

patients with a major infectious complication during the study period (two THO 

and six TTO patients) and 12 patients with a relatively uneventful recovery. Major 

infectious complications, as defined in the Methods section, usually occurred 

between the fourth and sixth postoperative day {Table 1). Patient characteristics 

such as age, gender, and stage of disease were equally distributed among the COM 

and the NOCOM group. Their cytokine levels (IFN-y and IL-4) prior to surgery 

(TO) and postoperatively are depicted in Figures 5A and 5B. 

Levels of IFN-y at baseline and over the course of time after surgery were 

significantly lower in the COM group compared to the NOCOM group {Figure 

5A\ p=0.005 by ANOVA repeated measures). The COM group also had 

significantly lower levels of IL-4 during the postoperative period {Figure 5B; 
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Figure 3. IFN-y (A) and IL-2 (B) supernatant levels of whole blood cultures from blood 

samples taken during a 6-week study period expressed as percentages from baseline. 

Median (range) preoperative values were 22912 (3542-122998) versus 22964 (306-

149566) pg/ml IFN- y and 2427 (1355-10206) versus 2430 (281-6540) pg/ml IL-2 for THO 

and TTO, respectively (p=0.5 andp=l, MWU). THO versus TTO, p=0.15 for IFN-y and 

p=0.09 for IL-2 by AN OVA repeated measures. Closed circles, THO; open circles, TTO. 
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Figure 4. IL-4 (A) and IL-13 (B) supernatant levels of whole blood cultures from blood 

samples taken during a 6-week study period expressed as percentages from baseline. 

Median (range) preoperative values were 26.8 (5.5-106.0) versus 35.7 (2.7-199.9) pg/ml 

IL-4 and 624 (329-2726) versus 1195 (59-4819) pg/ml IL-13 for THO and TTO, 

respectively (p=0.5 andp=0.13, MWU). THO versus TTO, p=0.002 for IL-4 andp=0.025 

for IL-13 by ANOVA repeated measures. Closed circles, THO; open circles, TTO. 
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Figure 5. /FAT- j ' (S4) crnrf 7L-4 (Bj levels in patients with (COM) versus without (NOCOM) 

major infectious complications. Results are expressed as means ± SEM in pg/ml. COM 

versus NOCOM, p=0.005 for IFN-y and p=0.034 for IL-4 by ANOVA repeated measures. 

Closed triangles, COM; open triangles, NOCOM. 
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p=0.034 by ANOVA repeated measures). For IL-2, IL-10, and IL-13, preoperative 

levels were not significantly different between the COM and NOCOM group. 

Major infectious complications: preoperative monocyte-T cell interaction. 

The ratio of IL-12p40/IFN-y reflects the balance between the production of the 

major IFNy-inducer IL-12 and the capacity of T cells to respond with IFN-y 

production.19 The ability of monocytes to produce IL-12 and of T cells to produce 

IFN-y was measured after an appropriate stimulus in culture. Thereafter, the IL-

12p40/IFN-y ratio was calculated for each individual. Preoperatively, the median 

(range) IL-12/IFN-y ratio was 4.8 (1.2-162.7) and 1.0 (0.1-6.0) for COM and 

NOCOM groups, respectively (p=0.02 by MWU test). Preoperative IL-12 p40 

levels were similar in both groups (588 [315-2487] pg/ml and 529 [57-831] pg/ml 

for COM and NOCOM, respectively; p=0.2). This suggests a compromised IFN-y 
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Figure 6. IL-12/IFN-y ratio (x 100) in patients with (COM) versus without (NOCOM) 

major infectious complications. COM versus NOCOM, p=0.001 by ANOVA repeated 

measures. Closed triangles, COM; open triangles, NOCOM. 
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production of Th-1 cells in the presence of an intact Thl-type stimulus of 

monocytes in the COM group. Over the course of the study period the NOCOM 

group consistently produced more IFN-y in relation to IL-12 than the COM group 

{Figure 6; p=0.001). 

The transthoracic procedure was accompanied with more infectious complications 

than the transhiatal procedure {Table 1). To examine whether the preoperative 

differences in cytokine profiles between COM and NOCOM patients were merely 

due to differences between the THO and TTO groups, we calculated the median 

(range) IL-12/IFN-y ratio of each operation group. IL-12/IFN-y ratio of the THO 

and TTO groups were similar at baseline (1.4 [0.3-5.8] and 2.7 [0.1-12.6], 

respectively; p=0.4 by MWU test). In addition, we found similar preoperative 

levels of IL-12 p40 and IFN-y m the THO and TTO groups (Legends to Figures 1 

and 3A). 

Tcell responses in volunteers and preoperative cancer patients: 

relation to postoperative infectious complications and tumour characteristics. 

Preoperative values of the 20 study patients were compared to values of 10 

matched healthy volunteers to assess whether baseline values were different in the 

presence versus absence of oesophageal cancer. There were no significant age 

differences among patients and volunteers (64.1 [45.4-78.2] and 67.1 [44.6-72.6] 

years, respectively; p=1.0). Also, men and women were equally represented (m : f, 

19 : 1 among patients versus 8 : 2 among volunteers). Compared to healthy 

volunteers, patients with resectable adenocarcinoma of the oesophagus or OGJ had 

a significantly higher IFN-y response and IFN-y/IL-4 ratio, and a significantly 

lower IL-12/IFN-Y ratio {Table 2), indicating a favoured Th-1 response. 

Remarkably, the monocyte-derived cytokines IL-12 and IL-10 were similar in 

patients and volunteers, suggesting a normal monocyte function. 

We separately compared the preoperative response-types of the NOCOM and 

COM groups with those of healthy volunteers. The patients in the NOCOM group 

had an increased preoperative IFN-y response and a reduced IL-12/IFN-y ratio 

compared to both volunteers and the COM group, indicating a triggered IFN-y 

production. In contrast, in the COM group, these parameters were not significantly 

different from the volunteers. Furthermore, we investigated whether these 

preoperative differences between the NOCOM and COM groups could be 
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explained by differences in tumour characteristics. Tumour stage did not correlate 

with the development of infectious complications. However, there were significant 

correlations between the degree of tumour differentiation and preoperative T cell 

cytokine production {Table 2). A striking resemblance was noted between patients 

with well/moderately differentiated tumours and patients in the NOCOM group 

regarding their preoperative IFN-y levels, IL-4 levels as well as IL-12/IFN-y 

ratios. Similarly, these parameters were comparable between patients with poorly 

differentiated tumours and patients in the COM group. Such correlation was not 

observed between tumour stage and T cell cytokine production. 

Regression analysis showed that, of all investigated parameters at baseline and 

during the operation, only preoperative IFN-y levels (p=0.04), duration of 

anaesthesia (p=0.02) and operation time (p=0.02) were predictive variables for the 

occurrence of major infectious complications. 

DISCUSSION 

It is known that major surgery is accompanied by a depression in cellular immune 

responses.3,20,21 Several studies have linked these changes to the occurrence of 

postoperative infectious complications.4"8 Oesophageal resection, via either a 

transthoracic or a transhiatal approach, is associated with a substantial risk of 

infectious complications.11'12 Interim results of an ongoing randomized trial 

indicate that patients undergoing TTO are more likely to develop postoperative 

infectious complications than patients undergoing THO.13 To date, no randomized 

comparison of immune responses between two standardized major surgical 

interventions has been performed. 

The prospective randomized design of our study enabled us to evaluate the 

exclusive influence of the extent of the operative procedure (including anaesthesia 

and blood transfusion) on monocyte and T cell responses. Possible confounders 

such as age, tumour stage, and nutritional status were comparable among groups. 

Thus, the observed differences between groups are likely to be related to the extent 

of the surgical procedure. 

Remarkably, even though both surgical groups underwent major surgery with a 

considerable impact on immune functions, postoperative changes in 

immunological parameters were distinct between the two groups. Overall, 
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cytokine levels of stimulated whole blood cultures were lower after TTO than after 

THO, with significant differences over the course of time for IL-12, IL-4 and IL-

13 production. After the initial postoperative decline, an earlier recovery to 

preoperative levels was encountered in the THO group. In addition, the numbers of 

CD4+ and CD8+ T cells were lower in the TTO group than in the THO group, 

with a significant difference for the subset of (CD4+) T helper cells. Differential 

changes in IL-4 and IL-13 production (Th2-type cytokines) compared to IFN-y 

and IL-2 production (Thl-type cytokines) were observed. This indicates that lower 

cytokine levels in TTO patients are not merely due to a decreased number of 

CD4+ T cells but rather to specific functional differences of these cells as 

compared to those in THO patients. 

Postoperative IL-12 production was lower in the TTO group, while absolute 

numbers of monocytes were equal to those in the THO group. From this, one 

might suggest that TTO patients also had a specific functional deficit of 

monocytes. However, SAC-stimulated IL-6 release was not affected by either type 

of surgery. This may indicate that reduced IL-12 release did not reflect a general 

defect in monocyte cytokine production. The postoperative decline in IL-12 

production was not related to an increased production of IL-10, a known inhibitor 

of IL-12 production. Instead, IL-10 levels were equally decreased for several days 

after surgery. Others have found an increased LPS-stimulated IL-10 production by 

isolated monocytes of surgical patients on the second postoperative day.22 There 

are some methodological differences between our series and their series which 

may explain the postoperative differences. Hensler et al. measured cytokine 

production in a miscellaneous group of surgical patients.22 Furthermore, results 

from isolated monocytes may be different from whole blood cultures. The 

purification process of monocytes may well have a stimulatory effect in itself. 

Moreover, in contrast to whole blood cultures, isolated monocytes are deprived of 

regulatory stimuli from other blood cells. Whole blood cultures may reflect a more 

physiological situation when assessing functional capacity. Consistent with our 

findings, Lemaire et al. found in whole blood cultures a reduced LPS-stimulated 

IL-10 production after surgery.23 It remains to be clarified which mechanism 

underlies this IL-10 independent decrease in IL-12 production. 

The data indicate that oesophageal surgery was associated with a severe general 

defect of T cell cytokine secretion. Importantly, although this T cell functional 

199 



Immune responses and oesophagectomy 

defect was more prolonged after TTO, this was not expressed by a polarized 

differentiation to a Thl or Th2 phenotype. Recent studies suggest that moderate 

surgical trauma may induce polarization of T helper cells to the Th2 phenotype 

rather than causing a generalized T cell suppression.h2A After minimal invasive 

surgery by laparoscopy, only minor changes in T cell cytokine production have 

been found.2 After conventional cholecystectomy, a downregulated Thl-type 

response was found.1'2 Others have found a depression of both Thl- and Th2-type 

cytokines after major trauma.3 These data from the literature suggest that minor or 

moderate trauma causes only a deficient Thl-type response, whereas major trauma 

potentially leads to an overall deficient T cell function. The concept that the 

severity of T cell depression is related to the extent of host injury is supported by 

the present findings. Differences in the extent of host injury between THO and 

TTO patients were clinically reflected by significant differences in duration of 

anaesthesia, operation time, and blood transfusion. It has been described that 

anaesthesia and blood transfusion compromise cellular immune functions by 

themselves.2426 Thus, the observed differences in postoperative immune 

responsiveness after THO versus TTO may have been the result of a cumulative 

effect of surgery-related factors. 

One of the most challenging issues refers to the question whether changes in 

immune responses in surgical patients are clinically relevant. In line with the 

assumption that suppressed host defense mechanisms after major surgery 

contribute to postoperative infectious complications,4"8 we consistently found that 

the observed nadir in immunoresponsiveness preceded infectious complications. 

This sequence of events may seem supportive of a causative relation, but a similar 

nadir was also seen in patients without infectious complications. There are data to 

suggest that the development of infectious complications may not only be related 

to surgery-induced phenomena but also to the patients' immune status before 

surgery. For instance, a critical role for the extent of preoperative supernatant IL-

12 release in the early resistance to postoperative infection has been found.5 We 

found that patients with a relatively uneventful recovery had a significantly higher 

IFN-Y production and lower IL-12/IFN-y ratio before surgery compared to both 

patients with postoperative infections and healthy volunteers. Monocyte-derived 

IL-12 and IL-10 were similar among all three groups, suggesting a normal 

monocyte function. IFN-y is the hallmark for a Thl response and its production 

200 



Immune responses and oesophagectomy 

has been shown to be induced by IL-12.10 After stimulation of T cells by cross-

linking of their CD3 and CD28 receptors, IFN-y production is 80-90% dependent 

on endogenous IL-12 production (Van der Pouw Kraan TCMC, personal 

communication). In view of this, our results indicate that patients without 

postoperative infectious complications display an elevated Thl-type response in 

the presence of an otherwise normal monocyte-derived Thl-type stimulus before 

surgery. Irrespective of the surgical procedure, IFN-y and IL-4 cytokine 

production was significantly lower over the course of time in patients who 

encountered postoperative infectious complications than in those who had an 

uneventful recovery. The study data strongly suggest that the preoperative Thl-

and Th2- T cell response profile is related to future infectious complications. 

IFN-y is an important macrophage activating factor and has demonstrated 

antimicrobial benefits in humans. The vast majority of Thl cells but only a few 

Th2 cells exhibit cytolytic activity for antigen-presenting cells. IL-12 sets the stage 

for an ensuing adaptive immune response by stimulating a Thl-type response with 

the release of IFN-y. IL-4 directs Th2 development and has been shown to 

facilitate B-cell antibody secretion. In addition, IL-4 counterregulates Thl-

dominated responses.9'27,28 However, recent studies in IL-4 knockout mice have 

demonstrated a previously unappreciated role of IL-4 for the generation of Thl -

associated cytotoxic T cell activity,29 and for the induction of Thl-type protective 

antifungal responses.30 In our study, of all parameters examined, only preoperative 

IFN-y production as well as duration of anaesthesia and operation time were 

predictive variables for the occurrence of postoperative infectious complications. 

We, therefore, postulate that preoperative low Thl-type responses, superimposed 

on surgery-related impaired responsiveness, increase the risk for major infectious 

complications. 

Previous studies have shown that favourable stages of cancer are associated with 

increased Thl immune responses,31 whereas in unfavourable tumour stages Thl 

responses are decreased.31,32 Similarly, in the present study, patients with well or 

moderately differentiated oesophageal adenocarcinomas had a significantly higher 

IFN-y production and lower IL-12/IFN-y ratio compared to patients with poorly 

differentiated tumours. A difference in these parameters was not observed between 

early and advanced tumour stages. No direct association between tumour 

characteristics and postoperative morbidity was found. Nevertheless, the absolute 
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preoperative values were strikingly similar between patients with relatively 

favourable degree of tumour differentiation and those without infectious 

complications, and both were significantly different compared to healthy 

volunteers' values. Possibly, a pre-existing tumour-related upregulation of the Thl 

response may be involved in controlled host defense mechanisms against infection 

after surgical trauma. 

In conclusion, these data underline that the postoperative depression of monocyte 

and T-cell immune responses is related to the extent of the surgical trauma. It is 

however not marked by a polarized differentiation to a Thl- or Th2-type response. 

Although these changes precede postoperative infectious complications, based 

upon the present data, a causative relation between postoperative changes in 

cellular immune responses and infectious complications can not be concluded. 

Alternatively, the preoperative T helper response profile is indicative for a 

postoperative course with or without major infectious complications, and its effect 

is presumably superimposed on surgery-related changes in immuno-

responsiveness. In particular, high preoperative levels of T helper cytokines such 

as IFN-Y seem to be protective for the development of postoperative major 

infectious complications. 
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Immune responses and cancer prognosis 

ABSTRACT 

Background. Adequate patient selection for different treatment modalities remains 

a major challenge in the management of patients with cancer of the oesophagus or 

oesophagogastric junction (OGJ). In this process, pretreatment determination of 

prognosis is essential. To date, the implementation of immunological parameters 

in oncological decision-making remains uncertain. 

Aim. To evaluate lymphocyte phenotypes and Thl- and Th2-type cytokine 

production in relation to long-term survival in a uniform group of cancer patients. 

Methods. Prior to surgery, peripheral blood samples were collected from 32 

patients with a potentially curable adenocarcinoma of the oesophagus or OGJ. Ten 

matched healthy volunteers served as controls. Lymphocyte populations were 

determined using flow cytometry. Furthermore, in whole blood cultures, 

monocyte-, Thl-, and Th2-derived cytokine production was assessed after 

stimulation. The prognostic significance of these immunological parameters was 

evaluated in univariate and multivariate survival analyses. 

Results. IFN-Y production was significantly higher in patients compared to 

volunteers (p=0.01). The production of the Th2-type cytokines IL-4 and IL-13 was 

similar among patients and volunteers. Although patients and volunteers had 

comparable median CD4+/CD8+ ratios, CD4+/CD8+ ratios in the patient group 

were inversely correlated with pathological tumour stage (pTNM, p=0.025). Using 

the median value of each parameter as a cut-off value, none of the immunological 

parameters showed a significant impact on overall survival. Of all measured 

immunological parameters, only CD4+/CD8+ ratio was associated with disease-

free survival: 81% at 1.5 years for patients with a high CD4+/CD8+ ratio and 40% 

at 1.5 years for those with a low CD4+/CD8+ ratio (p=0.03). None of the 

measured immunological parameters proved to be an independent predictor of 

tumour recurrence or survival. 

Conclusions. In all stages of adenocarcinoma of the oesophagus or OGJ, an 

upregulated Thl-type cytokine (IFN-y) production was found compared to normal 

values. A favoured Thl-type immune response was not associated with tumour 

stage or prognosis. T cell CD4+/CD8+ ratio was inversely correlated with tumour 

stage and disease-free survival, but was not an independent prognostic factor. In 

patients with advanced oesophageal or OGJ adenocarcinoma, deficient anti-

tumour response may be due to either a relative deficit in antigen-specific CD8+ 

CTL in relation to tumour load or to an increased CD8+ T suppressor population. 
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INTRODUCTION 

The incidence of adenocarcinoma of the oesophagus and of the oesophagogastric 

junction (OGJ) has risen rapidly in Western countries over the past few decades. 

Following a diagnosis of oesophageal or OGJ cancer without distant metastases, 

surgical resection has potential for long-term survival provided that locoregional 

disease can be removed completely. It is well documented that postoperative 

survival rates significantly worsen with advancement of pathological tumour 

stage.1'2 Clinical assessment of tumour invasion and lymphatic spread has long 

been difficult in patients presenting with these malignancies. The introduction of 

endoscopic ultrasonography and diagnostic laparoscopy with laparoscopic 

ultrasonography has overcome some of the difficulties in the past. Nevertheless, 

adequate patient selection for different treatment modalities remains a major 

challenge in the management of patients with cancer of the oesophagus or OGJ. In 

this process, pretreatment determination of prognosis is essential. 

Presumably, prognosis of patients with cancer is affected not only by the primary 

biological behaviour of the malignancy and the extent of the disease itself, but also 

by host defense mechanisms. There is considerable evidence that, in the presence 

of cancer, immune responses are altered. Impaired cell-mediated immunity tends 

to become more pronounced as the stage of cancer advances.3"7 Several studies 

have shown an association between cancer patients' immune status and their 

prognosis,8"11 although other studies could not confirm any prognostic significance 

of immunological parameters in patients with malignant disease.7,12 Little is known 

on the prognostic impact of immune responses or lymphocyte phenotyping in 

patients with oesophageal adenocarcinoma.3 Moreover, the implementation of 

immunological parameters in selecting the appropriate oncological therapy is at 

present times uncertain. 

Recent studies have indicated that the CD4+ T helper (Th) cell population in 

cancer patients comprises a changed functioning of Thl and Th2 subsets or a shift 

in the Thl/Th2 balance.5,1315 Optimal systemic anti-tumour immunity involves the 

priming of both CD4+ and CD8+ T cells specific for tumour antigens. CD8+ 

cytotoxic T lymphocytes (CTL) are considered dominant effector cells mediating 

killing of tumour cells. Cytokines produced by Thl and Th2 cells are required for 

the priming of CTL.16 In particular, IFN-y and IL-2 contribute to the development 
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of tumour-reactive CTL.17 Suppressor T cells are predominantly CD8+ and are 

able to inhibit the proliferative response of CD4+ T cells.18 The immune response 

is regulated by several factors, including the presence of foreign antigen, the 

membrane make-up of antigen presenting cells such as major histocompatibility 

complex (MHC) and accessory molecules, the absolute and relative proportions of 

CD4+ and CD8+ T cells, and by the balance between Thl and Th2 cytokines. 

Evolving perceptions on disregulation of T cell subsets in cancer patients 

encouraged us to evaluate lymphocyte phenotyping and ex vivo production of 

monocyte, Thl- and Th2-derived cytokines before surgical intervention in relation 

to (disease-free) survival in patients undergoing surgery for oesophageal or OGJ 

adenocarcinoma. 

PATIENTS AND METHODS 

Patients. Between July 1997 and July 1998, 32 consecutive patients with 

adenocarcinoma of the oesophagus or OGJ consented to participate in the present 

study. All patients were scheduled for surgical resection with curative intent. 

Inclusion criteria were (1) age > 18 years, (2) invasive adenocarcinoma of the 

middle or distal oesophagus or OGJ, and (3) locally resectable disease without 

distant metastases on preoperative investigations. Exclusion criteria were (1) a 

previous diagnosis of other malignant disease, (2) organ insufficiency as defined 

by ASA III or IV (American Society of Anaesthesiology),19 (3) impossibility to 

construct a gastric tube, (4) chemotherapy, radiation therapy or immunotherapy 

within 30 days prior to surgery, and (5) chronic treatment with glucocorticoids. 

Oesophageal resection was performed by a transhiatal approach without 

thoracotomy or via a right-sided thoracotomy in combination with a laparotomy. 

Ten healthy volunteers, matched for age and gender, served as normal controls. 

The study was approved by the institutional medical ethical committee, and all 

participants enrolled into the study gave written informed consent. 

Clinical monitoring. Routine preoperative evaluation involved upper 

gastrointestinal endoscopy with biopsy, endoscopic ultrasonography, external 

ultrasonography of the neck and upper abdomen (with puncture of suspected 

lymph nodes and/or liver lesions), indirect laryngoscopy and chest radiography. 

Operative risk analysis routinely included standard blood examination, 
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electrocardiography, pulmonary function tests (if indicated) and anaesthesiological 

consultation. The patients' nutritional status was assessed on admission to the 

hospital (2-3 days prior to surgery) by body weight (kg), absolute weight loss (kg), 

and percentage weight loss during the previous year (%). Documentation of 

peroperative indices included duration of anaesthesia, duration of the operation, 

peroperative complications, peroperative blood loss (ml) and peroperative blood 

transfusion (units of packed cells). Postoperative complications were scored using 

standard criteria. Postsurgical staging of tumours was done according to the 

revised pathological TNM-classification of oesophageal carcinoma.20 To avoid 

potential differences by stage migration, nodal metastases in the extended lymph 

node dissection fields were not considered when staging tumours in patients who 

underwent a two-field lymph node dissection. After discharge additional 

diagnostic procedures were only performed if indicated. Patients were routinely 

seen in the outpatient clinic 3 weeks after discharge, at 3-month intervals for two 

years and at 6-month intervals thereafter. For the study, a final evaluation of 

surviving patients was performed in August 1999. 

Blood sampling. Two days prior to surgery, blood samples were taken and 

transported at room temperature. Peripheral blood was obtained in EDTA-tubes 

for white blood cell count (WBC) and differentiation, and in sterile sodium-

heparinized tubes for whole blood cultures and automated flow cytometry. Whole 

blood was handled in a flow chamber and put into culture as quick as possible, 

routinely within one hour after withdrawal. 

Phenotyping. For flow cytometry, 5 ul of monoclonal antibody (LeucoGATE, 

CD3, CD4, CD8, CD14, CD16, CD56, CD25, HLA-DR; Becton Dickinson, San 

Jose, CA, USA) were placed in tubes with 100 ul of heparinized whole blood. 

With these antibodies the following lymphocyte subsets were measured: 

CD3+CD4+ (helper/inducer T lymphocytes), CD3+CD8+ (suppressor/cytotoxic T 

lymphocytes), CD3+HLA-DR+ (T cells expressing class II MHC antigens), and 

CD3+CD25+ (activated T lymphocytes). Natural killer (NK) cells were recognized 

as CD 16+ and/or CD56+ cells. Monocytes (CD 14+) expressing class II MHC 

antigens were identified with anti-CD 14 in combination with anti-HLA-DR. 

Mouse IgG, (Becton Dickinson) was used to estimate the amount of nonspecific 

binding. The tubes were left on ice in the dark for 30 minutes. FACS lysing 

solution (Becton Dickinson) was diluted 1:10 and added to each tube, vortexed, 
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and left to lyse for exactly 10 minutes. This procedure was repeated twice. 

Between steps and after the last period, the tubes were centrifuged at 4000 rpm for 

1 minute at 4 °C, the supernatant was aspirated, and the pellet resuspended in 

phosphate-buffered saline (PBS) with bovine serum albumine (BSA; 5 gr/1) and 

0.1% azide. The tubes were then placed on ice in the dark for 30 minutes until 

analysed using an automated flow cytometer (Becton Dickinson, San Jose, CA, 

USA). White blood cell counts were used to convert percentages of positively 

stained cells to absolute numbers of cells. 

Whole blood cultures: monocyte and T lymphocyte stimulation. Whole blood 

was 1:10 diluted in Iscove's Modified Dulbecco's Medium (IMDM; Boehringer 

Ingelheim, Alkmaar, The Netherlands), supplemented with 0.1% fetal calf serum 

(FCS), penicillin (100 IU/ml), streptomycin (100 ug/ml) and 15 IU/ml 

sodiumheparin (Leo Pharmaceutical Products BV, Weesp, The Netherlands). 

Diluted whole blood was cultured in triplicate in 200-ul flat-bottomed culture 

plates (Nunc, Roskilde, Denmark) and stimulated with Staphylococcus aureus 

Cowan I (SAC, 0.05% w/v) for IL-6 and IL 12 determination or with Neisseria 

meningitidis-derived LPS (1000 pg/ml; a gift from Dr. J. Poolman, RIVM, 

Bilthoven, The Netherlands) for IL-10 determination. Supernatants were harvested 

after 24 hours of culture and stored at -20 °C until tested. In addition, for cross-

linking of CD3 and CD28 receptors, diluted whole blood was stimulated with anti-

CD3 (CLB-T3/4.E, 100 ng/ml; CLB, Amsterdam, The Netherlands) and anti-

CD28 (CLB-CD28/1, 1 ug/ml). Supernatants were harvested after 24 hours for IL-

2 determination and after 72 hours for IL-4, IL-13 and IFN-y determination, and 

stored at -20 °C until tested. 

Assays for cytokines. IL-12 p40 was measured with an enzyme-linked 

immunosorbent assay (ELISA) as described previously.21'22 Briefly, MoAb CI 1.79 

and biotinylated MoAb C8.6, both directed against the IL-12 p40 subunit, were 

used as coating and detecting antibodies, respectively. Streptavidin-polymerized 

horseradish peroxidase (poly-HRP; CLB) was used to quantify bound antigen. 

Recombinant human p40 was used as a standard. This ELISA recognizes p40 and 

p70 equally well. The lower detection limit was 4 pg/ml. 

IL-12 p70 was measured as described previously.21,22 The assay was performed 

identically to the p40 ELISA, except that MoAb 20C2, which exhibits relative 

specificity for the p70 dimer (a kind gift from Dr. M.K. Gately, Hoffmann-
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LaRoche, Nutley, NJ), was used as a coating antibody. The ELISA did not 

measure free human p40 unless concentrations of >20 ng/ml were tested. In 

contrast, recombinant human p70 (provided by Dr. S.F. Wolf, Genetics Institute, 

Inc), which was used as a standard, could be detected at concentrations as low as 

0.3 pg/ml. After correcting for the dilution of plasma, the detection limit of the 

assay was 1 pg/ml. 

IFN-Y was measured as described previously.23 MoAbs MD2 and biotinylated 

MD1 were used as capture antibody and detecting antibody, respectively. To allow 

the antibodies to absorb to the well, the plate was incubated overnight at 4 °C. 

After washing, wells were post-coated with PBS containing 4% BSA. Increasing 

concentrations of human IFN-y were used as a standard. The assay had a lower 

detection limit of 50 pg/ml. 

IL-4, IL-6, IL-10 and IL-13 were measured using commercially available enzyme 

immunoassays (CLB). IL-2 was measured using a commercial ELISA from 

Genzyme (Cambridge, MA, USA). 

Statistical analysis. The data were analysed using SPSS 7.5 for Windows 95. 

Results are expressed as medians and ranges unless stated otherwise. Comparisons 

between groups were made using the Mann-Whitney U (MWU) test or the 

Kruskal-Wallis test (for continuous variables), or the chi-square or Fisher's exact 

test (for categorical variables). Pearson's correlation coefficient was used as a 

measure of linear association. Survival was estimated according to the method of 

Kaplan and Meier. In univariate analysis, the log-rank test was used for 

comparison of survival curves. Multivariate analysis was performed by stepwise 

regression analysis. Statistical significance was defined as p < 0.05 (two-tailed). 

RESULTS 

Clinical characteristics. Patient characteristics, pathological features, peroperative 

indices and postoperative data are given in Table 1. All but two patients actually 

underwent oesophageal resection. In 13 patients, the oesophagus was resected via 

a transhiatal approach, 16 patients underwent a transthoracic oesophagectomy with 

two-fields lymph node dissection and, in one patient, tracheal laceration 

necessitated conversion to a transthoracic procedure after transhiatal exploration. 

In two patients, the surgeons refrained from oesophageal resection: one patient, in 
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whom the tumour was largely confined to the proximal stomach, underwent a total 

gastrectomy with splenectomy; another patient appeared to have liver metastases 

at laparotomy. There were no significant age differences among patients and 

volunteers (64.1 [43.5-78.2] and 67.1 [44.6-72.6] years, respectively; p=1.0). Also, 

men and women were equally represented (m : f, 28 : 4 among patients versus 8 : 2 

among volunteers, p=0.6). 

Table 1. Clinical characteristics of 32 patients undergoing surgery for adenocarcinoma of 

the oesophagus or oesophgogastric junction (OGJ). 

age (years) 64.1(43.5-78.2) 

gender (m : f) 28 : 4 

clinical tumour stage, cTNM (I : II : III : IV) 7 : 1 1 : 1 1 : 3 

pathological tumour stage, pTNM (I : II : III : IV) 7 : 4 : 1 3 : 8 

percentage weight loss (%) by pTNM (I/II : III/IV) 0 (0-9) : 4 (0-20) 

tumour differentiation (good/moderate : poor) 12 : 20 

tumour size (cm) 4.3 (0.5-11.0) 

location of tumour (oesophagus : OGJ) 9 : 23 

radicality of the resection (R0 : Rl : R2) 23 : 5 : 4 

operative procedure (THO : TTO : other) 13 : 16 : 3 

operation time (hours) 5.3 (1.0 - 9.3) 

peroperative blood loss (ml) 1075 (300 - 4000) 

duration of ICU stay (days) 3.5 (0 - 77) 

duration of hospital stay (days) 22.0 (11 - 105) 

major infectious complication (yes : no) 15 : 17  

TNM = tumour node metastasis; R0 = microscopically radical resection; 

Rl = microscopically irradical resection; R2 = macroscopically irradical resection; 

THO = transhiatal oesophageal resection; TTO = transthoracic oesophageal resection. 

Continuous variables are expressed as medians and ranges. 

Postoperative follow-up. After a median follow-up period of 16.0 (0.1-25.9) 

months, 20 patients had no evidence of (recurrent) disease. Eleven patients were 

found to have locoregional and/or systemic tumour recurrence after a median 

time-interval of 7.6 (0.3-14.5) months. In one patient, as mentioned, liver 
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metastases were detected at time of the operation. At final evaluation, 9 patients 

had died from (recurrent) disease after a median postoperative duration of 10.9 

(0.1-16.4) months. No deaths from other causes were encountered. Overall 

survival for all 32 patients was 84% at 1 year and 67% at 1.5 years. Disease-free 

survival was 78% at 1 year and 61% at 1.5 years. 

White blood cell counts and lymphocyte subsets. White blood cell counts (WBC) 

were significantly higher in the patient group compared to those in the control 

group, although for both groups median WBC counts were within normal ranges 

(6.9 [4.3-13.3] and 5.1 [3.2-6.9] x 109 cell/1, respectively; p=0.001). Patients and 

volunteers had similar absolute T lymphocyte counts (1.52 [0.84-2.81] and 1.49 

[0.83-2.11] x 109 cell/1, respectively) and number of natural killer cells (0.19 

[0.03-0.46] and 0.20 [0.04-0.55] x 10" cell/1, respectively). CD4+ and CD8+ T 

lymphocyte counts, monocyte - and HLA-DR+ monocyte counts were not 

significantly different between patients and healthy volunteers (Table 2). 

Table 2. Lymphocyte and monocyte subsets. 

patients volunteers p value* 

(ii = 32) (n=10) 

CD3+ 1.52(0.84-2.81) 1.49(0.83-2.11) n.s. 

CD3+CD4+ 0.64(0.13-1.63) 0.57 (0.33-0.96) n.s. 

CD3+CD8+ 0.36(0.03-1.10) 0.26 (0.08-0.66) n.s. 

CD47CD8+ ratio 1.90(0.71-5.46) 2.07(0.94-4.31) n.s. 

CD3+ CD25+ 0.50(0.16-1.28) 0.44 (0.22-0.85) n.s. 

CD3+ HLA-DR+ 0.19(0.04-0.54) 0.16(0.07-0.49) n.s. 

CD14+ 0.54(0.34-1.08) 0.47 (0.26-0.68) n.s. 

CD14+HLA-DR+ 0.52 (0.28-0.89) 0.46 (0.26-0.67) n.s. 

Variables (except CD47CD8+ ratio) represent absolute numbers of positively stained cells 

(x 109 cells/1). 
Data are expressed as medians and ranges. * Mann-Whitney t/test; n.s. = not significant. 
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Monocyte-derived cytokine production. The production of the IL-12 p40 subunit 

and IL-12 p70 (the bioactive heterodimer) by monocytes was similar among 

patients and volunteers {Table 3). Supernatant levels of IL-12 p40 correlated well 

with measurable levels of IL-12 p70 (R=0.73, pO.0001 for 42 measured samples), 

indicating that p40 measurement reflected the production of bioactive IL-12. Also, 

the production of IL-10, a known inhibitor of IL-12, and of IL-6 did not differ 

between patients and healthy volunteers (Table 3). 

Table 3. Monocyte-, Thl- and Th2-derived cytokines. 

patients volunteers p value* 

(n = 32) (n=10) 

IL-12p40 481 (57-2487) 421 (122-2863) 0.7 

IL-12p70 1.3(0.1-8.5) 0.6(0.1-61.6) 1.0 

IL-10 263 (149-492) 289 (122-371) 0.5 

IL-6 750 (324-7802) 677 (385-1779) 0.8 

IFN-Y 28006 (306-242499) 5756 (605-80615) 0.01 

IL-2 2816(281-15828) 1963 (63-3919) 0.05 

IL-4 47 (3-200) 73 (1-206) 0.5 

IL-13 851 (60-4819) 603 (36-2991) 0.3 

IL-12/IFN-Y ratio 1.2(0.1-16.1) 10.2 (0.5-58.7) 0.02 

IFN-Y/IL-4 ratio 6.4(0.7-143.2) 1.0(0.3-16.7) 0.02 

Cytokine levels are given in pg/ml. IL-12/IFN-Y ratio (x 100) reflects the balance between 
Thl-type stimulation (IL-12) and Thl-type cytokine production (IFN-Y). IFN-Y/IL-4 ratio 
(x 0.01) reflects the balance between Thl-type (IFN-Y)

 and Th2-type (IL-4) responses. 
Data are expressed as medians and ranges. * Mann-Whitney U test. 

Thl-type and Th2-type cytokine production. Patients demonstrated a higher 

production of the Thl-type cytokines IFN-Y
 a nd IL-2 compared to volunteers 

{Table 3). For each individual, we calculated the IL-12 p40/IFN-y ratio, reflecting 

the balance between the production of the major IFN-y-inducing cytokine IL-12 

and the capacity of T cells to respond with IFN-Y production.24 This ratio was 
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significantly lower in patients compared to volunteers. These data suggest a 

triggered IFN-y production of Thl cells - in the presence of a normal stimulus 

from monocytes - in patients with oesophageal or OGJ adenocarcinoma. In 

contrast, the production of the Th2-type cytokines IL-4 and IL-13 was similar 

among patients and volunteers. The balance between a Thl-type response (IFN-y) 

and a Th2-type response (IL-4) is reflected in the IFN-y/IL-4 ratio. In patients, we 

found a clearly increased IFN-y/IL-4 ratio compared to volunteers, illustrating a 

favoured Thl-type response in the patient group {Table 3). 

Figure 1. CD4+/CD8+ ratios (A), 

CD4+ T lymphocyte subsets (B), and 

CD8+ T lymphocyte subsets (C) of 

healthy volunteers and patients with 

oesophageal or OGJ adenocarcinoma 

subdivided by tumour stage. 

(A) CD4+/CD8+ ratio: stage I/II 

versus stage III/IV, p=0.01 (MWU); 

between all four stages, p=0.02 

(Kruskal-Wallis test); stage IV versus 

volunteers, p=0.02 (MWU). 

(B) CD4+ subset: no significant 

differences among tumour stages or 

between tumour stages and volunteers. 

(C) CD8+ subset: stage I/II versus 

stage III/IV, p=0.06 (MWU); stage IV 

versus any other stage or volunteers, 

p<0.05 (MWU). 

1 

r -| T 

u 
_L 

0 

i 

itags I slags II stags III 

pathological tumour stage 

H 

"T 
1 1 

e ï T T y 
stage I slags II stage 

pathological tumour stage 

stags I stage II stage 111 

pathological tumour stage 

215 



Immune responses and cancer prognosis 

Immunological parameters and tumour characteristics. Of all measured 

immunological parameters, only CD4+/CD8+ ratio correlated with pathological 

tumour staging. CD4+/CD8+ values were inversely related to pTNM classification 

(p=0.025; Figure 1Ä). This relationship appeared predominantly the effect of an 

increase in CD8+ cells with advancement of tumour stage as the CD4+ cell 

population remained relatively stable {Figures IB and 1C). Patients and volunteers 

had comparable median CD4+/CD8+ ratios (Table 2). Nevertheless, all patients 

with a stage IV tumour had a CD4+/CD8+ ratio below the median CD4+/CD8+ 

ratio of volunteers. 

Figure 2. (A) IFN-y cytokine 

production of healthy volunteers and 

patients with oesophageal or OGJ 

adenocarcinoma subdivided by tumour 

stage. All tumour stages except stage 

III: p<0.05 compared to volunteers. 

(B) IFN-y/IL-4 ratio (x 0.01) reflects 

the balance between Thl-type (IFN-y) 

and Th2-type (IL-4) responses. All 

tumour stages except stage III: p<0.05 

compared to volunteers. 

(C) IL-12/IFN-y ratio (x 100) reflects 

the balance between Thl-type 

stimulation (IL-12) and Thl-type 

cytokine production (IFN-y). All 

tumour stages except stage III: p<0.05 

compared to volunteers. 
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The parameters which were significantly different between patients and 

volunteers, i.e., IFN-y, IFN-y/IL-4 ratio and IL-12/IFN-y ratio {Table 3) did not 

correlate with pathological tumour staging {Figures 2 A-Q. In all stages of 

oesophageal or OGJ cancer, IFN-y production and IFN-y/IL-4 ratio were higher 

compared to volunteers, whereas IL-12/IFN-y ratio was lower. 

Particularly IFN-y and IL-2 are involved in the development of tumour-reactive 

CTL.17 The production of these cytokines was not significantly different between 

stage I/II and stage III/IV patients (p=0.5 for IFN-y and p=0.06 for IL-2). Thus, 

we found no clear differences in the major stimuli of CTL between early and 

advanced oesophageal or OGJ adenocarcinoma. 

Clinical and immunological parameters in relation to prognosis. In this group of 

32 patients with oesophageal or OGJ adenocarcinoma, neither patient 

characteristics such as age and gender nor peroperative indices such as type of 

procedure, blood loss, and operation time were associated with tumour recurrence 

or patient survival. As expected, pathological stage of disease correlated well with 

both tumour recurrence and survival. Overall survival of patients with stage III or 

IV tumours was 51% at 1.5 years; disease-free survival was 42% at 1.5 years 

{Figure 3A). None of the patients with stage I or II tumours developed tumour 

recurrence or died within the follow-up period (stage I/II versus III/IV: p=0.02 and 

p=0.003 in survival and disease-free survival analyses, respectively). 

To examine whether any of the immunological parameters could be implicated in 

determining prognosis of patients with oesophageal or OGJ adenocarcinoma, 

subsequent survival analyses were performed using the median value of each 

parameter as a cut-off value. For example, the median IFN-y level of all patients 

was 28,000 pg/ml {Table 3); survival times were then compared between patients 

with IFN-y > 28,000 pg/ml and patients with IFN-y < 28,000 pg/ml. In Kaplan-

Meier survival analyses, none of the immunological parameters showed a 

significant difference in overall survival distribution. Of all immunological 

parameters, only CD4+/CD8+ ratio was associated with disease-free survival. 

When performing survival analysis at a cut-off value of 1.9 {Table 2), disease-free 

survival at 1.5 years was 81% for patients with a CD4+/CD8+ ratio > 1.9 and 40% 

for those with a ratio < 1.9 (p=0.03; Figure 3B). In multivariate analyses, none of 

the measured immunological parameters proved to be an independent predictor of 

tumour recurrence or survival. 
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Figure 3. Disease-free survival after surgery for oesophageal or OGJ adenocarcinoma (A) 

by pathological tumour stage (stage I/II versus stage III/IV; p=0.003; log-rank test) and 

(B) by CD4+/CD8+ ratio (CD4+/CD8+ ratio ± 1.9 versus CD4+/CD8+ ratio < 1.9; 

p=0.03; log-rank test). 
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DISCUSSION 

Preoperative evaluation of cellular immune responses in patients undergoing 

surgery for oesophageal or OGJ adenocarcinoma provided no clinically useful 

parameter with respect to prognostic assessment. In agreement with previous 

reports,4"7,25'26 this study showed that changes in T lymphocyte subsets and T helper 

cytokine production occur in patients with solid tumours compared to healthy 

volunteers. In contrast to others,5,1315 we found a Thl predominance in both early 

and advanced cancer, i.e., an increased IFN-y/IL-4 ratio, as a result of an increased 

IFN-y production was observed in cancer patients. An increased IFN-y/IL-4 ratio 

indicates a favoured Thl-type response. In all stages of disease, IFN-y and IL-2 

production were elevated compared to volunteers, suggesting a tumour-induced 

upregulation of Thl-type cytokine production. Levels of monocyte-derived IL-12 

were similar in both groups. However, the IL-12/IFN-y ratio was significantly 

lower in patients compared to healthy volunteers, reflecting an increased capacity 

of patients to produce IFN-y without upregulation of the major IFN-y inducer IL-

12. This could imply a better response to IL-12, or other cytokines acting in 

concert with IL-12 to induce IFN-y production (IL-15, IL-18) are playing a more 

important role in these cancer patients. 

Few studies have investigated the balance between Thl- and Th2-type cytokine 

production in cancer patients. Although some have found a Th2 predominance,1315 

others have shown that favourable stages of cancer are associated with increased 

Thl immune responses.5 Our study demonstrated a Thl predominance for all 

stages of oesophageal and OGJ adenocarcinoma. Although we cannot explain 

these discrepancies, there are some essential differences between the present study 

and other previous studies.5,13"15 In this study, the cytokine-producing capacity of T 

lymphocytes was assessed in response to cross-linking of CD3 and CD28 

receptors in whole blood cultures. This design may reflect a more physiological 

situation when assessing functional capacity, in contrast to measurements in 

PBMC cultures stimulated by specific cytokines or anti-CD3 only. Other authors 

have determined the Thl/Th2 balance using flow cytometric analysis of 

intracellular cytokine production.5,15 It can be expected that such methodological 

variation may lead to some differences in outcome. To gain insight in various 

interacting immune responses, we assessed lymphocyte phenotyping as well as ex 
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vivo monocyte and lymphocyte functioning in each individual simultanuously. A 

uniform study group was included, i.e., all patients had oesophageal or OGJ 

adenocarcinoma and all were scheduled for potentially curative surgery. 

It is known that T lymphocytes are intimately involved in anti-tumour immune 

responses. T cells can have a direct effect on tumour cells, or they can act 

indirectly via production of cytokines that amplify CTL responses or activate NK 

cells and macrophages. In cancer patients, suppression of the (CD4+)T helper cell 

population has been found.3'25'26 In contrast, we observed no overall differences in 

the numbers of CD4+ and CD8+ T cells between healthy volunteers and patients 

with cancer. However, an inverse relation between CD4+/CD8+ ratios and 

pathological tumour stage was identified. CD4+/CD8+ ratios were significantly 

decreased in more advanced stages of disease, predominantly due to an increased 

number of CD8+ T cells. 

For an anti-tumour response to ensue, at least in mice, cytokines derived from 

CD4+ T helper cells are required to prime CD8+ cytotoxic T lymphocytes (CTL), 

the dominant effector cells mediating killing of tumour cells. Especially IFN-y and 

IL-2 are involved in the development of tumour-reactive CTL.16,17 In the present 

study, the production of IFN-y and IL-2 was similar in patients with early (stage I 

or II) and advanced (stage III and IV) adenocarcinoma, suggesting a similar drive 

towards tumour-reactive CD8+ CTL in all stages. Nevertheless, the number of 

CD8+ T cells was increased in patients with a high tumour load. The question 

whether this increase was due to an increased population of CD8+ cytotoxic T 

cells or CD8+ suppressor T cells cannot be answered based upon these data. The 

CD 8+ cytotoxic population may be compensatory increased in the presence of a 

high tumour load in a final attempt to attack the tumour mass. Alternatively, a 

higher number of suppressor T cells may be present. Although the concept that T 

suppressor cells downregulate immune responses has long been accepted, the 

existence of a distinct population of lymphocytes that mediates suppression has 

not been demonstrated convincingly.27"29 

Numerous studies have focussed on various cytokines or their receptors in serum 

or culture, in search for a strong prognostic indicator. Parameters that have been 

described to correlate with cancer prognosis include, for example, reduced IL-2 

levels, reduced CD4+/CD8+ ratio, or elevated levels of IL-12, IL-6, or soluble IL-

2 receptor.3'8"11 For clinical implementation of a prognostic parameter, its positive 
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or negative predictive value must be high. In clinical practice, levels of such 

parameter ideally discriminate between good and poor prognosis in the individual 

patient, and might indicate the need for adjuvant therapy. For oesophageal and 

OGJ cancer, pathological staging provides strong prognostic information.1,2 In the 

present study, of all measured immunological parameters, only the CD4+/CD8+ 

ratio was associated with disease-free survival; it also correlated with pathological 

tumour staging. In multivariate analysis, the CD4+/CD8+ ratio was not an 

independent prognostic factor. Whether any of these parameters are of value for 

biological monitoring of the response to immunotherapy regimens remains to be 

determined. 

In a recent study, preoperative IFN-y production showed a significant correlation 

with the occurrence of postoperative infectious complications following 

oesophagectomy for cancer. IFN-y levels prior to surgery were higher in patients 

with an uneventful postoperative recovery, compared to preoperative levels in 

patients who experienced a major infectious complication postoperatively as well 

as compared to healthy volunteers' values (JW van Sandick et al., unpublished 

data). In the present study, we demonstrated that survival curves were unaffected 

by the level of IFN-y production. Thus, it appears that IFN-y is associated with 

postoperative morbidity (i.e., infectious complications) but not with survival in 

patients undergoing surgery for oesophageal or OGJ adenocarcinoma. 

In conclusion, an upregulated Thl-type cytokine production was found in all 

stages of adenocarcinoma of the oesophagus or OGJ, compared to values of 

matched healthy volunteers. Although this suggests a tumour-related process, the 

involved factors are presently unknown and are beyond the scope of this study. A 

favoured Thl-type immune response was not associated with tumour stage or 

prognosis. T cell CD4+/CD8+ ratio was inversely related to tumour stage. In 

patients with advanced adenocarcinoma, deficient anti-tumour response may be 

due either to a relative deficit in antigen-specific CD8+ CTL in relation to tumour 

load, or to an increased CD8+ T suppressor population. These challenging issues 

require further research and gained insights may lead to improved patient selection 

for different treatment modalities. As for now, the impact of preoperative 

immunological parameters on oncological decision-making in the individual 

patient with oesophageal or OGJ adenocarcinoma seems to be limited. 
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Summary and Conclusions 

SUMMARY 

In Western countries, a steady increase in the incidence of adenocarcinoma of the 

oesophagus and oesophagogastric junction has been observed. As reviewed in 

Chapter 1, it is well established that patients with distinctive-type Barrett 

oesophagus are predisposed to develop adenocarcinoma of the oesophagus. By 

endoscopic examination, Barrett oesophagus is recognized by a proximal 

displacement of the epithelial junction between oesophagus and stomach (i.e., the 

squamocolumnar junction) relative to the anatomic oesophagogastric junction. 

Histological features of oesophageal columnar metaplasia resemble gastric 

mucosa, intestinal mucosa, or both. Distinctive-type Barrett oesophagus is 

characterized by the finding of intestinal-type columnar epithelium in the 

oesophagus, and it is this epithelial type that carries the cancer risk in Barrett 

oesophagus. 

Adenocarcinomas of the oesophagogastric junction may be associated with short 

segments of intestinal-type columnar epithelium in the distal oesophagus. Follow-

up studies of patients with such metaplastic epithelium limited to the distal few 

centimeters of the oesophagus are scarce, but available data confirm the malignant 

potential of short segment Barrett oesophagus. Whereas earlier definitions of 

Barrett oesophagus required a predefined length of metaplastic columnar 

epithelium lining the oesophagus, it is now common practice to define Barrett 

oesophagus by the presence of intestinal-like goblet cells anywhere within the 

oesophagus. 

Concepts regarding the pathophysiology of Barrett oesophagus have evolved over 

the past four decades from a congenitally short oesophagus (as first described by 

Norman Barrett) to an acquired condition in response to long-standing gastro-

oesophageal reflux, possibly in synergy with duodenogastro-oesophageal reflux. It 

links one of the most frequent conditions of the upper gastrointestinal tract (i.e., 

gastro-oesophageal reflux disease) to a potentially fatal malignancy. Importantly, 

anti-reflux treatment (medical and surgical) does not irrevocably reverse 

metaplastic changes in the oesophagus nor does it prevent malignant progression 

of Barrett metaplasia. It has been shown that progression to invasive cancer in 

Barrett oesophagus occurs through a sequence of metaplasia - low-grade dysplasia 

- high-grade dysplasia - adenocarcinoma. 
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The identification of Barrett oesophagus as a premalignant condition, the 

recognition of a neoplastic sequence, together with the poor survival rates of 

advanced oesophageal adenocarcinoma have initiated the practice of endoscopic 

biopsy surveillance for patients with Barrett oesophagus. Chapter 2 shows the 

results of a nationwide survey investigating surveillance practices for patients with 

Barrett oesophagus in the Netherlands. The outcome was evaluated against a 

background of earlier established international guidelines and evolving 

perceptions in the literature. An anonymous questionnaire was mailed to 269 

specialist physicians working in the field of gastroenterology. Response rate was 

88%. A majority of respondents (84%) indicated to perform regular endoscopic 

follow-up in patients with Barrett oesophagus. This high rate of agreement 

contrasted with a lack of uniformity in the physicians' approaches to surveillance. 

Consistency with the guidelines for Barrett oesophagus surveillance as 

recommended by the International Society for Diseases of the Esophagus 

(published in 1996) was poor. Only 25% of respondents agreed with biennial 

surveillance for patients without dysplasia, annual surveillance for those with low-

grade dysplasia, and oesophagectomy or early repeat endoscopy for patients with 

high-grade dysplasia. The observed variability in clinical practice may result from 

conflicting data and recommendations in recent literature. 

A major subject of discussion regarding endoscopic biopsy surveillance of Barrett 

oesophagus is lack of evidence that it reduces mortality rates from oesophageal 

adenocarcinoma. In view of this debate, in Chapter 3, a clinico-pathological 

comparison was made between patients who initially presented with 

adenocarcinoma arising in Barrett oesophagus (n = 54) and those in whom the 

cancer had been detected during surveillance of Barrett oesophagus (n = 16). None 

of the patients in the surveillance-group had advanced stages of adenocarcinoma, 

whereas 56% of the patients in the non-surveillance-group had stage III/IV 

tumours. Two-year survival after oesophageal resection for surveyed patients 

(86%) was significantly better than for non-surveyed patients (43%). These 

findings indicate that endoscopic biopsy surveillance of Barrett oesophagus 

permits detection of malignancy at an early and curable stage. In addition, a 

detailed documentation of all biopsy results in the surveillance period was made to 

gain further insight in the temporal course of malignant progression in Barrett 

oesophagus. The concept that adenocarcinoma in Barrett oesophagus develops 
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through stages of increasingly severe dysplastic changes was confirmed. 

Moreover, the study supported the contention that routine endoscopic biopsy 

sampling may fail to detect foci of invasive adenocarcinoma in patients with a 

biopsy diagnosis of high-grade dysplasia. It provides an argument in favour of 

oesophageal resection for patients with high-grade dysplasia (confirmed by an 

independent pathologist) who are likely to tolerate a major surgical procedure. 

Grading of dysplasia in Barrett oesophagus is currently based on subjective 

assessment of haematoxylin and eosin (H&E) stained tissue material. This 

subjective grading of dysplasia in Barrett oesophagus is prone to observer 

variation. In Chapter 4, the question was addressed whether computerized 

quantitative pathology would be applicable on endoscopic biopsy material from 

Barrett oesophagus surveillance programmes. Archival surveillance biopsies 

showing distinctive-type Barrett mucosa were collected and biopsy criteria for 

quantitative analysis were defined. In the original H&E sections, 105 areas that 

distinctively displayed no dysplasia, low-grade dysplasia or high-grade dysplasia 

were demarcated. Corresponding tissue blocks were sectioned for p53 (tumour-

suppressor gene) and Ki67 (proliferation marker) immunohistochemistry. 

Agreement on double-blind examination by two experienced pathologists was 

reached in 66 areas (63%). Computerized morphometry (especially stratification 

index; SI) and immunoquantitation (p53 area% and Ki67 area%) could objectively 

discriminate between different grades of dysplasia. Classification analyses of 

disagreement areas on subjective grading showed that assessment of p53 area% 

with SI may be of help to differentiate non-dysplastic from dysplastic Barrett 

oesophagus, and that quantification of Ki67 area% with SI may yield additional 

information when uncertainty exists in classifying dysplasia as low-grade or high-

grade. With the consideration that the results obtained in this study remain to be 

validated on an independent set of biopsies, the presented data indicate that 

quantitative analysis of features associated with cellular differentiation and 

proliferation comprises a potential adjunct tool in reducing diagnostic variability 

in grading of dysplasia during surveillance of Barrett oesophagus. 

Until recently, intestinal metaplasia on H&E stained biopsies obtained in the 

vicinity of the ©esophagogastric junction was considered sufficiently distinctive 

for a diagnosis of Barrett oesophagus. However, a similar metaplastic lesion has 

been identified immediately distal to a normally located squamocolumnar junction 
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between oesophagus and stomach (i.e., in the absence of oesophageal columnar 

lining). The prevalence of intestinal metaplasia at an endoscopically normal 

appearing ©esophagogastric junction (IM-OGJ, i.e., intestinal metaplasia in the 

gastric cardia) was 9.1% in a prospective endoscopic biopsy study of 253 patients 

referred for elective upper endoscopy (Chapter 5). Distinctive-type Barrett 

oesophagus regardless of extent was found in 5.5%. Compared with the reference 

group (without histologic evidence of intestinal metaplasia at or above the 

oesophagogastric junction), IM-OGJ was associated with inflammation and 

intestinal metaplasia of the gastric corpus and antrum. A trend for increased H. 

pylori infection of the gastric mucosa in patients with IM-OGJ was noted. Patients 

with Barrett oesophagus but not IM-OGJ patients were predominantly white male 

smokers who reported a significantly longer duration of typical reflux symptoms 

compared with the reference group. The data confirm that Barrett oesophagus is a 

reflux-mediated oesophageal disorder with a specific demographic group at risk. 

In contrast, it appeared that IM-OGJ might evolve from a gastritis related 

background lesion, with no gender predilection. It was therefore concluded that 

Barrett oesophagus and IM-OGJ should be regarded as two separate conditions. 

In the same study, immunohistochemical stains (e.g., cytokeratin expression) were 

of little or no help in differentiating intestinal metaplasia in the oesophagus from 

that in the gastric cardia. But, using mucin histochemistry, distinct patterns 

between Barrett oesophagus and IM-OGJ were observed. Whereas Barrett 

oesophagus revealed almost invariably (93%) incomplete type intestinal 

metaplasia (defined as goblet cell metaplasia with histochemical evidence of acid 

mucin secreting columnar cells in surface epithelium), only 52% of IM-OGJ 

patients had incomplete type intestinal metaplasia. This finding may explain the 

alleged lower malignant potential of IM-OGJ as compared to that of distinctive-

type Barrett oesophagus. Follow-up study is needed to evaluate whether 

identification of the mucin profile (incomplete versus complete intestinal 

metaplasia) has clinical relevance when intestinal metaplasia is found at an 

endoscopically normal appearing oesophagogastric junction. 

Surveillance of distinctive-type Barrett oesophagus potentially increases the 

frequency of early invasive adenocarcinoma of the oesophagus and 

oesophagogastric junction. As an alternative to surgical resection, endoscopic 

ablative techniques are being explored for the treatment of these early cancers. 
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The study in Chapter 6 aimed to elucidate their patterns of local growth and 

regional dissemination as these pathological features may contribute to rational 

therapeutic decision making. In a consecutive series of 173 primary surgical 

resections for invasive adenocarcinoma of the oesophagus or oesophagogastric 

junction, 32 oesophagectomy specimens (19%) showed early invasive lesions 

(pTl). All pTl cancers were associated with intestinal metaplasia, and a majority 

(84%) was accompanied by areas of high-grade dysplasia. Intramucosal cancer 

(pTla; n = 12) had no lymph node metastasis, but presented as multifocal disease 

in 42% and extended under pre-existing squamous mucosa in 17% of cases. In 

submucosal cancer (pTlb; n = 20), lymph node metastases and neoplastic invasion 

of submucosal lympho-haematic vessels were present in 30% and 40% of cases, 

respectively. The study findings led to the conclusion that, for submucosal 

adenocarcinoma, surgery is the mainstay of treatment, whereas local ablative 

treatment for intramucosal adenocarcinoma should be applied with caution. 

Concomitant high-grade dysplasia, multifocal invasive lesions, and hidden 

(neoplastic) intestinal metaplasia harbour the risk of incomplete clearance of (pre-

)malignant epithelium. Moreover, to treat pTla cancer differently than pTlb 

cancer is, at this time, questionable given the relative inaccuracy of current clinical 

staging techniques to differentiate between these two subclassifications of pTl 

cancer in the pretreatment setting. 

Pathological stage is a well known prognostic indicator for cancer of the 

oesophagus oesophagus or oesophagogastric junction, but this can be determined 

only after surgical intervention. For gastric cancer, the histologic tumour type 

according to Lauren has been shown an independent prognostic factor, and a link 

between the histological (intestinal-) tumour type and c-erbB-2 oncogene 

overexpression has been suggested. The prognostic significance of these markers 

was investigated for adenocarcinoma of the oesophagus and oesophagogastric 

junction in Chapter 7. According to the Lauren classification, 41 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. The prognostic value of the Lauren 

classification was independent of pathological stage. 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 
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III/IV tumours were c-erbB-2 positive, whereas none of the 11 stage I/II tumours 

overexpressed the oncogene product. The prognostic value of c-erbB-2 

overexpression was not independent of pathological stage. It was concluded that 

the Lauren classification is an independent prognostic factor in adenocarcinoma of 

the oesophagus and oesophagogastric junction. C-erbB-2 overexpression was 

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

diffuse-type tumours not only differ morphologically and biologically (i.e., 

prognostically), but also oncogenetically. The association between c-erbB-2 

overexpression and the stage of disease suggests that it is a late event during 

tumour progression. From a clinical point of view, it is important to realize that the 

histologic type according to the Lauren classification and c-erbB-2 overexpression 

can be assessed on preoperative biopsy specimens, thereby enabling assessment of 

prognosis at the time of cancer diagnosis. However, their clinical relevance for 

therapeutic decision making (e.g., extent of surgical resection, indication for neo

adjuvant radiotherapy or chemotherapy) remains to be demonstrated. 

Various approaches have been advocated for the surgical treatment of cancer of 

the oesophagus or oesophagogastric junction. In many institutions, (extended) 

transthoracic oesophagectomy is the standard surgical procedure, while transhiatal 

resections are exclusively performed in patients who would not tolerate a 

thoracotomy. Another strategy is based on preoperative staging results, reserving 

the transhiatal technique to patients with early lesions or, conversely, to those with 

a dismal prognosis from the outset. As a consequence, reported results of 

transhiatal oesophageal resection for cancer are often biased. Transhiatal 

oesophageal resection without thoracotomy has been debated for its safety and 

oncological results. In Chapter 8, perioperative complications, pathological 

results and clinical outcome of transhiatal oesophagectomy were evaluated in a 

consecutive series of 115 patients treated by a uniform surgical technique for 

resectable cancer of the middle or distal oesophagus or oesophagogastric junction 

during a 3'/2-year period. During surgery, there were no intrathoracic injuries 

necessitating an emergency thoracotomy. Vocal cord dysfunction and pulmonary 

complications were the most frequent postoperative complications (both 24%). In-

hospital mortality was 3.5%. Overall survival was 72% at 1 year, 53% at 2 years 

and 45% at 3 years. A microscopically radical resection was achieved in 73% of 

patients. The most important prognostic factors in univariate survival analysis 
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were radicality of the resection, lymph node involvement, lymph node ratio (i.e., 

the ratio of invaded to removed lymph nodes) and pathological stage of disease 

(all p< 0.0001). In a multiple stepwise regression analysis, the final model 

identified the lymph node ratio as the strongest independent predictor of long-term 

survival, followed by radicality of the resection and duration of ICU-stay. The 

study results indicate that transhiatal oesophagectomy without thoracotomy can be 

considered a safe procedure for resectable cancer of the oesophagus or 

oesophagogastric junction provided that the tumour does not extend proximal to 

the carina. Radicality, complication rates and survival results are in line with the 

data reported for transthoracic oesophagectomy. A prognostic value of the lymph 

node ratio was observed, but the prognostic impact of an extended lymph node 

dissection remains to be demonstrated. For this, the results of an ongoing 

randomized trial comparing transhiatal oesophagectomy versus transthoracic 

oesophagectomy with two-fields lymph node dissection are awaited. 

An infrequent but potentially serious complication of both abdominal and thoracic 

surgery is intrathoracic herniation of abdominal viscera. In Chapter 9, its 

incidence following oesophageal resection was evaluated, and contributing factors 

that might influence its occurrence were investigated. In a series of 218 

oesophagectomy patients, herniation of bowel alongside the oesophageal substitute 

was detected in nine patients (4%). Analysis of predisposing factors revealed that 

extended incision and partial resection of the diaphragm were associated with an 

increased risk for postoperative hernia formation. Therefore, upon extended 

iatrogenic disruption of the normal hiatal anatomy, narrowing of the 

diaphragmatic opening is indicated to reduce the likelihood of diaphragmatic 

herniation following oesophageal resection. Awareness of its possible occurrence 

in the postoperative period is recommended. 

Oesophageal resection, via either a transhiatal or a transthoracic approach, is 

associated with a substantial risk of infectious complications. In general, following 

major surgical trauma, depression of cellular immunity is associated with an 

increased incidence of infectious complications. The cytokine profile of the 

cellular immune response plays a central role in the ability of the host to eliminate 

effectively certain invading mirco-organisms. Polarization of the specific immune 

response is reflected in the T helper-1 / T helper-2 (Thl/Th2) balance. In Chapter 

10, immune responses were evaluated in 20 randomized patients undergoing a 
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transhiatal oesophagectomy or an extended transthoracic oesophagectomy for 

adenocarcinoma of the oesophagus or oesophagogastric junction. Furthermore, the 

relation between preoperative immune responsiveness and the development of 

infectious postoperative complications was investigated. Blood samples were 

taken preoperatively and at regular intervals during a 6-week period after surgery. 

Monocyte functions as well as Thl- and Th2-type T lymphocyte functions were 

assessed in stimulated whole blood cultures. Both surgical groups had severely 

depressed in vitro production of IL-12, IL-10, IFN-y, IL-2, IL-4, and IL-13 at the 

first postoperative day. Over the course of the study period, a greater reduction in 

IL-12 was observed in the transthoracic group compared with the transhiatal 

group. In addition, the depression of Th2-type cytokine production (IL-4, IL-13) 

lasted significantly longer after transthoracic oesophagectomy than after 

transhiatal resection. These results indicate that the postoperative depression of 

monocyte and T cell immune responses after oesophagectomy is related to the 

extent of the procedure. 

Irrespective of the surgical procedure, IFN-y and IL-4 cytokine production at 

preoperative assessment and over the course of time were significantly lower in 

patients who encountered postoperative infectious complications than in those who 

had an uneventful recovery. Preoperative IFN-y production, duration of 

anaesthesia and operation time were predictive variables for the development of 

major infectious complications. From these data, it was concluded that the 

preoperative T helper response profile is indicative for a postoperative course with 

or without major infectious complications, and its effect is presumably 

superimposed on surgery-related changes in cellular immune responses. In 

particular, high preoperative levels of the Thl-type cytokine IFN-y seem to be 

protective for the development of postoperative major infectious complications. 

To date, there is no evidence that immunological parameters may add to adequate 

patient selection for different treatment modalities in the management of 

adenocarcinoma of the oesophagus or oesophagogastric junction. In Chapter 11, 

lymphocyte phenotypes and Thl- and Th2-type cytokine production were 

examined in relation to survival in 32 patients with adenocarcinoma of the 

oesophagus or oesophagogastric junction who were scheduled for a potentially 

curative oesophagectomy. Peripheral blood samples were collected prior to 

surgery. Ten matched healthy volunteers served as controls. Lymphocyte 
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populations were determined using flow cytometry. Furthermore, in whole blood 

cultures, monocyte-, Thl-, and Th2-derived cytokine production was assessed 

after stimulation. In patients, a significantly higher IFN-y production was found 

compared to healthy volunteers. Production of the Th2-type cytokines IL-4 and IL-

13 was similar among patients and healthy volunteers. Although patients and 

volunteers had comparable median CD4+/CD8+ ratios, CD4+/CD8+ ratios in the 

patient group were inversely correlated with pathological tumour stage. None of 

the immunological parameters showed a significant correlation with overall 

survival. CD4+/CD8+ ratio was significantly associated with disease-free survival 

in univariate analysis, but not in multivariate analysis. In conclusion, the study 

showed an upregulated Thl-type cytokine production (IFN-y) in all stages of 

adenocarcinoma of the oesophagus or oesophagogastric junction compared to 

normal controls. A favoured Thl-type immune response was not associated with 

tumour stage or prognosis. T cell CD4+/CD8+ ratio was inversely correlated with 

tumour stage and disease-free survival, but was not an independent prognostic 

factor. At this time, the impact of preoperative immunological parameters on 

treatment selection in the individual patient with adenocarcinoma of the 

oesophagus or oesophagogastric junction seems to be limited. 

CONCLUSIONS 

Despite many efforts to improve prognosis of patients with cancer of the 

oesophagus or oesophagogastric junction, long-term survival rates have largely 

remained unchanged. Prognosis after surgical resection is most strongly affected 

by the biological behaviour of the malignancy and the extent of the disease itself 

indicating that, at present times, any meaningful impact on long-term prognosis 

can only be expected from early diagnosis. Early detection requires more 

information on pathological conditions that precede invasive cancer at these 

locations. In patients with distinctive-type Barrett oesophagus, surveillance 

appears an effective way to shift the extent of associated cancer to an earlier stage 

at time of diagnosis. The additional use of computerized quantitative pathology 

may add to the efficacy of surveillance by reducing diagnostic variability in 

current grading of dysplasia in Barrett oesophagus. The final goal of surveillance 

is reduction in mortality. Its justification is therefore critically guided by the 
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magnitude of the cancer risk. The clinical implications of intestinal metaplasia at 

an endoscopically normal oesophagogastric junction (i.e., in the gastric cardia) are 

as yet unclear, but it is shown that this condition should be distinguished from 

intestinal metaplasia in the oesophagus. For cancer surveillance measures, 

differential identification of oesophageal versus gastric cardia intestinal metaplasia 

may become critical. The hypothesis that the neoplastic potential of intestinal 

metaplasia in the gastric cardia depends on its mucin profile needs to be tested. 

The continuing use of the term 'cardia carcinoma' for any tumour in the proximity 

of the oesophagogastric junction proves no longer tenable as it wrongly supposes a 

common (gastric) origin for all adenocarcinomas involving the oesophagogastric 

junction. An alternative classification recognizes that adenocarcinomas of the 

oesophagogastric junction may have their origin either in the distal oesophagus or 

in the proximal stomach. Selection of the most appropriate treatment modality for 

the individual patient with an adenocarcinoma of the oesophagus or 

oesophagogastric junction remains the ultimate challenge. At present, endoscopic 

treatment regimens for early cancer at these sites should not be generally adopted. 

Short-term outcome of surgical treatment has improved by universal advances in 

patient care, probably in addition to an overall growing experience with 

oesophageal cancer surgery. However, postoperative morbidity remains 

substantial. It can be hypothesized that preoperative administration of IFN-y may 

diminish the risk for infectious complications but this requires further research. 

Several issues regarding early detection and surgical treatment of adenocarcinoma 

of the oesophagus and oesophagogastric junction have been addressed in this 

thesis; some were elucidated, and some have risen many new questions. 
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SAMENVATTING 

In Westerse landen wordt een geleidelijke stijging van de incidentie van het 

adenocarcinoom van de oesofagus en oesofagus-maagovergang gezien. Zoals 

beschreven in het overzicht in Hoofdstuk 1, is het duidelijk dat patiënten met een 

intestinaal-type Barrett oesofagus gepredisponeerd zijn om een adenocarcinoom 

van de oesofagus te ontwikkelen. Bij endoscopisch onderzoek is een intestinaal-

type Barrett oesofagus te herkennen aan een proximale verschuiving van de 

epitheliale overgang tussen oesofagus en maag (de overgang van plaveisel- naar 

cilinderepitheel) ten opzichte van de anatomische oesofagus-maagovergang. De 

histologische kenmerken van het cilinderepitheel van de oesofagus tonen veel 

overeenkomsten met maagmucosa of darmmucosa of beide. Een Barrett oesofagus 

wordt gekarakteriseerd door de aanwezigheid van intestinaal-type cilinderepitheel 

in de oesofagus, en het is dit epitheliale type dat het risico op kanker in Barrett 

oesofagus met zich meebrengt. 

Het adenocarcinoom van de oesofagus-maagovergang kan geassocieerd zijn met 

korte segmenten van het intestinaal-type cilinderepitheel van de distale oesofagus. 

Studies waarbij patiënten met dergelijke korte segmenten (enkele centimeters) van 

het intestinaal-type cilinderepitheel van de distale oesofagus over langere tijd 

worden vervolgd zijn zeldzaam, maar beschikbare data bevestigen de maligne 

potentie van kort-segment Barrett oesofagus. In tegenstelling tot eerdere definities 

van Barrett oesofagus die een bepaalde minimale lengte van metaplastisch 

cilinderepitheel in de slokdarm eisten om aan de definitie te voldoen, wordt 

tegenwoordig Barrett slokdarm gedefinieerd door de aanwezigheid van 

slijmbekercellen (gelijkend op die van de dunne darm) waar dan ook in de 

oesofagus. 

In de afgelopen vier decennia heeft de gedachtengang over de pathofysiologie van 

de Barrett oesofagus zich ontwikkeld van een congenitale korte oesofagus (zoals 

beschreven door Norman Barrett) tot een verworven conditie in reactie op 

langdurige gastro-oesofageale reflux, mogelijk in samenspel met duodenogastro-

oesofageale reflux. Dit legt een verband tussen één van de meest frequente 

aandoeningen van de bovenste tractus digestivus (nl. gastro-oesofageale reflux) en 

een potentieel fatale maligniteit. Belangrijk is dat antireflux therapie 

(medicamenteus of chirurgisch) de metaplastische veranderingen van de slokdarm 
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niet eenduidig kan herstellen noch maligne progressie van Barrett metaplasie kan 

voorkomen. Het is aangetoond dat de progressie naar invasieve kanker in de 

Barrett slokdarm verloopt via een sequentie van metaplasie - laaggradige 

dysplasie - hooggradige dysplasie - adenocarcinoma. 

De onderkenning van de Barrett oesofagus als een premaligne aandoening, de 

herkenning van een neoplastische sequentie, en de beperkte 

overlevingspercentages van een vergevorderd adenocarcinoom van de slokdarm 

hebben geleid tot het toepassen van endoscopische biopsie controles 

("surveillance") van patiënten met een Barrett slokdarm. Hoofdstuk 2 toont de 

resultaten van een nationale enquête aangaande de endoscopische controles van 

patiënten met een Barrett oesofagus in Nederland. De resultaten werden 

geëvalueerd tegen een achtergrond van eerder vastgestelde internationale 

richtlijnen en zich ontwikkelende visies in de literatuur. Een anonieme enquête 

werd gestuurd aan 269 internisten en gastro-enterologen. Hiervan werd 88% 

beantwoord. De meerderheid van de respondenten (84%) gaf aan regelmatig 

endoscopische controles te verrichten bij patiënten met een Barrett oesofagus. Dit 

hoge percentage contrasteerde een gebrek aan uniformiteit bij de uitvoering van 

deze controles. De richtlijnen voor controles van Barrett oesofagus zoals 

aanbevolen door de "International Society for Diseases of the Oesophagus" 

(gepubliceerd in 1996) werden vaak niet gevolgd. Slechts 25% van de 

respondenten was het eens met tweejaarlijkse controle van patiënten zonder 

dysplasie, jaarlijkse controle van patiënten met laaggradige dysplasie, en 

oesofagusresectie of herhaalde endoscopie op korte termijn bij patiënten met 

hooggradige dysplasie. De gevonden variabiliteit in de praktijkvoering kan het 

resultaat zijn van elkaar tegensprekende data en aanbevelingen in de recente 

literatuur. 

Een belangrijke discussie bij het al of niet toepassen van endoscopische biopsie 

controles van Barrett oesofagus is het gebrek aan bewijs dat deze controles de 

sterfte aan adenocarcinoom van de slokdarm verminderen. Naar aanleiding van 

deze discussie werd in Hoofdstuk 3 een klinisch-pathologische vergelijking 

gemaakt tussen patiënten die zich presenteerden met een adenocarcinoom ontstaan 

in een Barrett slokdarm (n = 54) en patiënten waarbij het carcinoom was ontdekt 

tijdens routinematige controles van hun Barrett slokdarm (n= 16). Geen van de 

patiënten in de surveillance-groep had een vergevorderd stadium van 
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adenocarcinoma, terwijl bij 56% van de niet-surveillance patiënten stadium III/IV 

tumoren werden gevonden. De twee jaars-overleving na oesofagusresectie van 

surveillance patiënten (86%) was significant beter dan van niet-surveillance 

patiënten (43%). Deze resultaten laten zien dat endoscopische biopsie controle van 

Barrett oesofagus detectie van een maligniteit in een vroeg en behandelbaar 

stadium mogelijk maakt. Bovendien werden alle biopsie resultaten van de 

surveillance periode in detail gedocumenteerd om meer inzicht te krijgen in de 

maligne progressie van een Barrett slokdarm in de tijd. Het concept dat 

adenocarcinoom in Barrett slijmvlies zich ontwikkelt via stadia van toenemende 

mate van dysplasie werd bevestigd. De studie ondersteunde eveneens het 

standpunt dat, bij patiënten met hooggradige dysplasie, tijdens routinematige 

endoscopische biopten gebieden van invasief adenocarcinoom gemist kunnen 

worden. Dit vormt een belangrijk argument ten gunste van oesofagusresectie bij 

patiënten met hooggradige dysplasie (bevestigd door een onafhankelijke 

patholoog) die een grote chirurgische ingreep kunnen doorstaan. 

Gradering van dysplasie in een Barrett slokdarm is hedendaags gebaseerd op 

subjectieve beoordeling van weefselcoupes die gekleurd zijn met haematoxyline 

en eosine (H&E). Deze subjectieve gradering van dysplasie is onderhevig aan 

verschillen tussen diverse beoordelaars. In Hoofdstuk 4 werd onderzocht of 

computer-ondersteunde kwantitatieve pathologie toepasbaar was op endoscopisch 

verkregen biopsiemateriaal van patiënten in een Barrett surveillance programma. 

Archiefmateriaal van surveillance biopten met Barrett mucosa werden verzameld 

en criteria waaraan de biopten moesten voldoen voor kwantitatieve analyse werden 

gedefinieerd. In de oorspronkelijke H&E coupes werden 105 gebieden gemarkeerd 

die duidelijk laaggradige dysplasie, hooggradige dysplasie of geen dysplasie lieten 

zien. Opeenvolgende weefselcoupes werden gebruikt voor p53 (tumorsuppressor 

gen) en Ki67 (proliferatieparameter) immunohistochemisch onderzoek. Bij 66 

gebieden (63%) werd tijdens dubbelblind onderzoek door twee ervaren pathologen 

overeenstemming bereikt. Computer-ondersteunde morfometrie (in het bijzonder 

de stratificatie-index; SI) en immunokwantifïcering (p53 percentage en Ki67 

percentage per gebied) waren in staat een objectief onderscheid te maken tussen de 

verschillende graderingen van dysplasie. Classificatie-analyse van de gebieden 

waarover bij subjectieve gradering geen overeenstemming werd bereikt, liet zien 

dat bepaling van het p53 percentage in combinatie met de SI kan bijdragen tot 
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differentiatie tussen non-dysplastisch en dysplastisch Barrett slijmvlies. 

Kwantificering van het percentage Ki67 in combinatie met de SI kan additionele 

informatie geven als er twijfel is over classifïcering als laaggradige of hooggradige 

dysplasie. Ondanks enige terughoudendheid, aangezien de resultaten van deze 

studie nog gevalideerd moeten worden in onafhankelijke set van biopten, geven de 

gepresenteerde data aan dat kwantitatieve analyse van histologische kenmerken 

geassocieerd met cellulaire differentiatie en proliferatie de diagnostische 

variabiliteit in gradering van dysplasie tijdens Barrett surveillance kan 

verminderen. 

Tot voor kort was intestinale metaplasie in H&E gekleurde biopten verkregen 

waren nabij de oesofagus-maagovergang voldoende specifiek voor het stellen van 

de diagnose Barrett oesofagus. Echter, een soortgelijke metaplastische laesie is 

geïdentificeerd distaal van een normaal gepositioneerde plaveisel-cilinderepitheel 

overgang tussen oesofagus en maag (in afwezigheid van cilinderepitheel in de 

oesofagus). In een prospectieve studie waarbij endoscopische biopten van 253 

patiënten, die waren verwezen voor electieve oesofagogastroscopie, werden 

onderzocht, werd in 9,1% van de patiënten intestinale metaplasie (IM-OGJ, 

intestinale metaplasie in de cardia van de maag) in een endoscopisch normale 

oesofagus-maagovergang gevonden (Hoofdstuk 5). Een intestinaal-type Barrett 

oesofagus, onafhankelijk van de lengte, werd in 5,5% van de patiënten gevonden. 

Vergeleken met de referentiegroep (zonder histologische tekenen van intestinale 

metaplasie ter plaatse van of boven de oesofagus-maagovergang), was IM-OGJ 

geassocieerd met ontsteking en intestinale metaplasie van corpus en antrum van de 

maag. Patiënten met IM-OGJ hadden opvallend vaker een H. pylori infectie van 

het maagslijmvlies. In tegenstelling tot IM-OGJ patiënten waren patiënten met een 

Barrett slokdarm voornamelijk blanke mannelijke rokers, die significant langer 

typische refluxsymptomen hadden in vergelijking met de referentiegroep. De data 

bevestigen dat bij het ontstaan van een Barrett slokdarm reflux een rol speelt en 

dat deze slokdarmaandoening voornamelijk bij een specifieke demografische 

risicogroep wordt gevonden. Hier staat tegenover dat IM-OGJ zich mogelijk 

ontwikkelt in aanwezigheid van gastritis zonder voorkeur voor een bepaald 

geslacht. Derhalve werd geconcludeerd dat een Barrett oesofagus en IM-OGJ 

moeten worden beschouwd als twee separate aandoeningen. 

Uit dezelfde studie bleek dat immunohistochemische kleuringen (bv. cytokeratine 
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expressie) van weinig of geen waarde waren om bij een biopt uit de oesofagus-

maagovergang een onderscheid te maken tussen intestinale metaplasie van de 

oesofagus of van de maag. Echter, gebruikmakend van slijmhistochemie, werden 

duidelijke verschillen tussen Barrett slijmvlies en IM-OGJ ontdekt. Barrett 

oesofagus toonde vrijwel altijd (93%) incompleet-type intestinale metaplasie 

(gedefinieerd als slijmbekermetaplasie met histochemische tekenen van 

cilindrische cellen in het oppervlakte epitheel die zuur slijm produceren), terwijl 

slechts 52% van de IM-OGJ patiënten een incompleet-type intestinale metaplasie 

hadden. Deze bevinding zou een verklaring kunnen zijn voor de vermeende lagere 

maligne potentie van IM-OGJ ten opzichte van intestinaal-type Barrett slokdarm. 

Een follow-up studie zal moeten uitwijzen of identificatie van het slijmprofïel 

(incomplete versus complete intestinale metaplasie) bij intestinale metaplasie op 

een endoscopisch normale oesofagus-maagovergang klinische relevantie heeft. 

Routine controles ("surveillance") van een intestinaal-type Barrett slokdarm 

kunnen mogelijk leiden tot ontdekking van meer vroeg-invasieve (ten opzichte van 

de late vergevorderde vormen) adenocarcinomen van de slokdarm of slokdarm-

maagovergang. Als alternatief voor chirurgische resectie worden recentelijk 

endoscopische ablatietechnieken onderzocht om deze vroege carcinomen te 

behandelen. De studie in Hoofdstuk 6 is gericht op het verhelderen van de lokale 

groeipatronen en regionale disseminatie van vroege carcinomen, aangezien deze 

pathologische kenmerken kunnen bijdragen tot een rationele therapeutische 

besluitvorming. In een opeenvolgende serie van 173 primaire chirurgische 

resecties vanwege invasief adenocarcinoom van de oesofagus of oesofagus-

maagovergang werd in 32 resectiepreparaten van de slokdarm (19%) een vroege 

invasieve laesie gevonden (pTl). Alle pTl carcinomen waren geassocieerd met 

intestinale metaplasie, en de meerderheid (84%) van deze preparaten bevatte 

eveneens gebieden van hooggradige dysplasie. Intramucosale carcinomen (pTla; n 

= 12) hadden geen lymfkliermetastasen, maar presenteerden zich in 42% van de 

gevallen als multifocale ziekte en met uitbreiding onder pre-existent 

plaveiselepitheel in 17% van de gevallen. In submucosale carcinomen (pTlb; n = 

20) werden lymfkliermetastasen en neoplastische invasie van submucosale lymfe-

en bloedvaten gevonden in, respectievelijk, 30% en 40% van de preparaten. Deze 

resultaten leidden tot de conclusie dat chirurgie de behandeling van voorkeur is 

voor submucosale adenocarcinomen, terwijl bij locale ablatietherapie voor 
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intramucosale adenocarcinoma! een zekere terughoudendheid moet bestaan. 

Begeleidende hooggradige dysplasie, multifocal invasieve laesies, en verborgen 

(neoplastische) intestinale metaplasie herbergen een risico op incomplete 

behandeling van (pre-)maligne epitheel in zich. Bovendien is het dubieus om pTla 

carcinomen anders te behandelen dan pTlb carcinomen, aangezien de huidige 

klinische stadiëringstechnieken geen betrouwbaar onderscheid kunnen maken 

tussen deze twee subclassificaties van pTl carcinomen. 

Het pathologische stadium is een bekende prognostische faktor bij kanker van de 

slokdarm of slokdarm-maagovergang, maar deze kan slechts bepaald worden na 

chirurgische resectie. Van maagkanker is bekend dat indeling van het 

histologische tumortype volgens de Laurén classificatie een onafhankelijke 

prognostische faktor is. Bovendien wordt in de literatuur een relatie tussen het 

histologische (intestinale-) tumortype en overexpressie van het c-erbB-2 oncogen 

gesuggereerd. De prognostische waarde van deze parameters voor het 

adenocarcinoom van de oesofagus en oesofagus-maagovergang werd in 

Hoofdstuk 7 onderzocht. In navolging van de Laurén classificatie werden 41 

tumoren geclassificeerd als intestinaal-, gemengd- of diffuus-type (54%, 32% en 

15%, respectievelijk). Diffuus-type tumoren waren geassocieerd met een 

significant slechtere prognose dan intestinaal-type tumoren. De prognostische 

waarde van de Laurén classificatie was onafhankelijk van het pathologische 

stadium. Overexpressie van c-erbB-2 werd in 24% van de tumoren gevonden en 

was uitsluitend aanwezig in intestinaal-type tumoren en in intestinaal-type 

gebieden van gemengd-type tumoren. Tien van de 30 stadium III/IV tumoren 

waren c-erbB-2 positief, terwijl geen van de 11 stadium I/II tumoren een 

overexpressie toonden van het oncogen. De prognostische waarde van c-erbB-2 

overexpressie was niet onafhankelijk van het pathologische stadium. Uit deze 

resultaten werd geconcludeerd dat de Laurén classificatie een onafhankelijke 

prognostische faktor is bij adenocarcinomen van de slokdarm en slokdarm-

maagovergang. Overexpressie van c-erbB-2 was beperkt tot (gebieden van ) 

intestinaal-type tumoren, hetgeen aangeeft dat intestinaal-type en diffuus-type 

tumoren niet alleen morfologisch en biologisch (derhalve prognostisch) maar ook 

oncogenetisch verschillen. Het verband tussen overexpressie van c-erbB-2 en het 

stadium van de ziekte suggereert dat deze overexpressie een laat fenomeen is 

tijdens tumorprogressie. Vanuit een klinische perspectief is het belangrijk om zich 
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te realiseren dat, in tegenstelling tot het pathologisch tumorstadium, het 

histologische type volgens de Laurén classificatie en overexpressie van c-erbB-2 

kunnen worden bepaald in preoperatieve biopten, waardoor het mogelijk wordt om 

een uitspraak te doen over de prognose op het moment dat de diagnose gesteld 

wordt. Hun klinische relevantie bij therapeutische besluitvorming (bv. 

uitgebreidheid van de resectie, indicatie voor neo-adjuvante chemotherapie) zal 

nog moeten worden bewezen. 

Verschillende benaderingen voor chirurgische behandeling van carcinomen van de 

slokdarm of slokdarm-maagovergang zijn bepleit. In veel ziekenhuizen is de 

(uitgebreide) transthoracale oesofagectomie de standaardoperatie, terwijl 

transhiatale procedures alleen worden uitgevoerd bij patiënten die geen 

thoracotomie kunnen doorstaan. Een andere strategie is gebaseerd op pre-

operatieve stadiëringsresultaten, waarbij de transhiatale techniek gereserveerd 

wordt voor patiënten met vroege laesies of, omgekeerd, voor degenen met vanaf 

het begin een duidelijk slechte prognose. Het gevolg is dat de gerapporteerde 

resultaten van transhiatale oesofagusresectie vaak een vertekend beeld geven. 

Transhiatale oesofagusresectie zonder thoracotomie staat ter discussie voor wat 

betreft de veiligheid van de procedure en de oncologische resultaten. In 

Hoofdstuk 8 werden peri-operatieve complicaties, pathologische en klinische 

resultaten van de transhiatale oesofagusresectie geëvalueerd in een opeenvolgende 

serie van 115 patiënten, die tijdens een periode van VA jaar werden behandeld met 

een uniforme chirurgische techniek vanwege een resectabel carcinoom van de 

midoesofagus, distale oesofagus of oesofagus-maagovergang. Tijdens operatie 

deden zich geen intrathoracale letsels voor die een spoedthoracotomie 

noodzakelijk maakten. Stembanddysfunctie en pulmonale complicaties waren de 

meest frequente postoperatieve complicaties (beide 24%). Ziekenhuissterfte was 

3,5%. De algehele overleving was 72% na 1 jaar, 53% na 2 jaar en 45% na 3 jaar. 

Een microscopisch radicale resectie werd bewerkstelligd bij 73% van de patiënten. 

De belangrijkste prognostische factoren in een univariate overlevingsanalyse 

waren radicaliteit van de resectie, lymfkliermetastasen, lymfklierratio (ni. de ratio 

van het aantal lymfklieren met metastasen en het totaal aantal lymfklieren) en het 

pathologische stadium van de ziekte (alle p < 0.0001). Een regressie-analyse 

identificeerde de lymfklierratio als de parameter met de sterkste onafhankelijke 

voorspellende waarde, gevolgd door de radicaliteit van de resectie en de 
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opnameduur op de ICU. De resultaten van deze studie laten zien dat transhiatal 

oesofagectomie zonder thoracotomie kan worden beschouwd als een veilige 

procedure voor resectabel oesofaguscarcinoom onder voorwaarde dat de tumor 

geen uitbreiding heeft proximaal van de carina. De radicaliteit, het aantal 

complicaties en de overlevingspercentages zijn overeenkomstig met de resultaten 

zoals deze vermeld worden voor een transthoracale oesofagectomie. Hoewel de 

lymfklierratio van prognostisch belang bleek in deze studie, zal nog moeten 

blijken of een uitgebreide lymfklierdissectie de prognose kan beïnvloeden. Hiertoe 

zullen de resultaten van een op dit moment lopende trial die transhiatal 

oesofagectomie versus transthoracale oesofagectomie met tweevelds-

lymfklierdissectie vergelijkt moeten worden afgewacht. 

Een zeldzame maar potentieel ernstige complicatie van zowel de abdominale als 

de thoracale benadering is een intrathoracale herniatie van abdominale viscera. In 

Hoofdstuk 9 werd een schatting gemaakt van de incidentie van deze complicatie 

na oesofagusresectie, en de factoren die bijdragen aan het optreden hiervan werden 

onderzocht. Van een serie van 218 patiënten die een oesofagectomie hadden 

ondergaan, werd bij negen patiënten (4%) een herniatie van darm langs de neo-

oesofagus gevonden. Uit analyse van risicofactoren bleek dat een verlengde incisie 

of partiële resectie van het diafragma een verhoogd risico gaven op het ontstaan 

van een postoperatieve herniatie. Het is aan te bevelen om na uitgebreide iatrogene 

verstoring van de normale anatomie van de hiatus de opening in het diafragma te 

vernauwen teneinde de kans op herniatie door het diafragma na oesofagusresectie 

te verkleinen. Voorts dient men zich ervan bewust te zijn dat een dergelijke 

complicatie kan optreden in de postoperatieve periode. 

Een oesofagusresectie, transhiataal of transthoracaal, gaat gepaard met een 

aanzienlijk risico op het optreden van infectieuze complicaties. In het algemeen 

kan gesteld worden dat na een grote operatie een verminderde cellulaire 

immuniteit samengaat met een toegenomen incidentie van infectieuze 

complicaties. Het cytokine profiel van cellulaire immuunrespons speelt een 

centrale rol in het vermogen van een mens om binnengedrongen micro

organismen effectief te elimineren. Polarisatie van deze immuunrespons is 

weerspiegeld in de T helper-1/T helper-2 (Thl/Th2) balans. In Hoofdstuk 10 

werden immuunresponsen onderzocht in 20 gerandomiseerde patiënten die een 

transhiatale of transthoracale oesofagectomie ondergingen vanwege 
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adenocarcinoom van de oesofagus of oesofoagus-maagovergang. Tevens werd de 

relatie tussen het pre-operatieve functioneren van het immuunsysteem en het 

ontwikkelen van infectieuze postoperatieve complicaties onderzocht. 

Bloedmonsters werden voor de operatie en met regelmatige intervallen gedurende 

6 weken postoperatief afgenomen. Monocytenfunctie evenals Thl- en Th2-type 

lymfocytenfuncties werden bepaald in gestimuleerde volbloedkweken. Beide 

chirurgische groepen toonden op de eerste postoperatieve dag een ernstige 

depressie van de in vitro productie van IL-12, IL-10, IFN-y, IL-2, IL-4 en IL-13. 

Tijdens de studieperiode werd, vergeleken met de transhiatale groep, een grotere 

reductie van IL-12 gevonden in de transthoracale groep. Bovendien was de 

productie van Th2-type cytokinen (IL-4, IL-13) na een transthoracale 

oesofagectomie gedurende een significant langere periode verminderd ten opzichte 

van een transhiatale resectie. Deze resultaten wijzen erop dat de postoperatieve 

depressie van immuunresponsen van monocyten en T cellen na een 

oesofagectomie is gerelateerd aan de uitgebreidheid van de ingreep. 

Onafhankelijk van de chirurgische procedure was de IFN-y en IL-4 productie van 

patiënten die postoperatief een infectieuze complicatie kregen zowel bij pre-

operatieve meting als gedurende de postoperatieve periode significant lager dan 

die van patiënten met een ongecompliceerd postoperatief beloop. Pre-operatieve 

productie van IFN-y, anaesthesieduur en operatieduur waren voorspellende 

variabelen voor het ontwikkelen van ernstige postoperatieve complicaties. 

Gebaseerd op deze data werd geconcludeerd dat het pre-operatieve T helper 

responsprofiel een indicatie vormt voor een postoperatief beloop met of zonder 

ernstige infectieuze complicaties, en dat deze effecten waarschijnlijk zijn 

gesuperponeerd op operatie-gerelateerde veranderingen van cellulaire 

immuunresponsen. In het bijzonder hoge pre-operatieve spiegels van het Thl-type 

cytokine IFN-y lijken te beschermen voor het optreden van postoperatieve ernstige 

infectieuze complicaties. 

Tot op heden is er geen bewijs voorhanden dat immunologische parameters van 

aanvullende waarde zijn bij adequate patiëntenselectie voor de verschillende 

behandelingsmogelijkheden van het adenocarcinoom van de oesofagus of 

oesofagus-maagovergang. In Hoofdstuk 11 werden de lymfocyt-phenotypen als 

ook de productie Thl- en Th2-type cytokinen onderzocht in relatie tot overleving 

bij 32 patiënten die gepland waren voor een potentieel curatieve oesofagusresectie. 
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Pre-operatief werden perifere bloedmonsters afgenomen. Tien vergelijkbare 

gezonde vrijwilligers dienden als controle. Lymfocytenpopulaties weren bepaald 

door middel van flowcytometrie. Voorts werd in volbloedkweken de 

cytokineproductie door monocyten, Thl en Th2 cellen na stimulatie bepaald. 

Patiënten hadden een significant hogere IFN-y productie dan gezonde 

vrijwilligers. De productie van de Th2-type cytokinen IL-4 en IL-13 was niet 

verschillend tussen patiënten en gezonde vrijwilligers. Hoewel bij patiënten en 

vrijwilligers vergelijkbare mediane waarden van de CD4+/CD8+ ratio werden 

gemeten, werd bij patiënten een omgekeerde correlatie gevonden tussen 

CD4+/CD8+ ratio's en pathologisch tumorstadium. Geen van de immunologische 

parameters toonde een significante correlatie met overleving. In een univariate 

analyse maar niet in een multivariate analyse was de CD4+/CD8+ ratio 

siginificant geassocieerd met ziektevrije overleving. Concluderend kan gesteld 

worden dat deze studie een toename van de productie van Thl-type cytokinen 

(IFN-y) ten opzichte van normaalwaarden liet zien in alle stadia van 

adenocarcinomen van de slokdarm of slokdarm-maagovergang. Een versterkte 

Thl-type immuunrespons was niet geassocieerd met tumorstadium of prognose. 

De T-cel CD4+/CD8+ ratio was omgekeerd gecorreleerd aan het tumorstadium en 

ziektevrije overleving, maar was geen onafhankelijke prognostische factor. Voor 

zover nu bekend lijken pre-operatieve immunologische parameters van weinig 

waarde tijdens therapiekeuze bij de individuele patient met adenocarcinoom van 

de oesofagus of oesofagus-maagovergang. 

CONCLUSIES 

Ondanks vele inspanningen om de prognose van patiënten met kanker van de 

slokdarm of slokdarm-maagovergang te verbeteren, is de lange-termijn overleving 

vrijwel onveranderd gebleven. De prognose na chirurgische resectie wordt vrijwel 

uitsluitend bepaald door het biologische gedrag van de maligniteit en de 

uitbreiding van de ziekte zelf, waaruit voortvloeit dat tot op heden alleen van een 

vroege diagnose enige invloed op de lange-termijn prognose verwacht mag 

worden. Vroege detectie vereist meer informatie over de pathologische condities 

die voorafgaan aan invasief carcinoom van de oesofagus. Bij patiënten met een 

intestinaal-type Barrett oesofagus blijkt surveillance een effectieve manier om de 
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Samenvatting en Conclusies 

hiermee gepaard gaande vorm van slokdarmkanker te verschuiven naar een 

vroeger stadium ten tijde van zijn diagnose. Met behulp van computer

ondersteunde quantitatieve pathologie zou door afname van de diagnostische 

variabiliteit van de huidige gradering van dysplasie in de Barrett slokdarm de 

doeltreffendheid van surveillance kunnen toenemen. Het uiteindelijke doel van 

surveillance is reductie van mortaliteit. Rechtvaardiging van surveillance wordt in 

de praktijk dan ook vooral bepaald door de omvang van het risico op 

slokdarmkanker. De klinische implicaties van intestinale metaplasie in een 

endoscopisch normale oesofagus-maagovergang (dat wil zeggen: in de cardia) zijn 

vooralsnog niet duidelijk, maar het is aangetoond dat deze aandoening 

onderscheiden dient te worden van intestinale metaplasie in de slokdarm. Voor 

wat betreft kankersurveillance wordt mogelijk het onderscheid tussen intestinale 

metaplasie van de slokdarm en intestinale metaplasie van de cardia van cruciaal 

belang. De hypothese dat de neoplastische potentie van intestinale metaplasie in de 

cardia afhankelijk is van het slijmprofiel moet verder worden onderzocht. Het 

voortdurend gebruik van de term "cardiacarcinoom" voor een tumor in de 

nabijheid van de oesofagus-maagovergang is niet langer te verdedigen, aangezien 

dit ten onrechte een gezamenlijke oorsprong (in de maag) van alle 

adenocarcinomen van de oesofagus-maagovergang suggereert. Een alternatieve 

classificatie erkent dat adenocarcinomen van de oesofagus-maagovergang hun 

oorsprong kunnen hebben in de distale oesofagus of in de proximale maag. 

Selectie van de beste behandeling voor de individuele patient met een 

adenocarcmoom van de slokdarm of slokdarm-maagovergang blijft de ultieme 

uitdaging. Op dit moment is het niet aan te bevelen om endoscopische 

behandelingsregimes voor vroege carcinomen van de slokdarm toe te passen. De 

korte-termijn resultaten van chirurgische behandeling zijn verbeterd door de 

ontwikkelingen in de patiëntenzorg in het algemeen, waarschijnlijk tesamen met 

een groeiende ervaring in oesofaguschirurgie. Echter, de postoperatieve 

morbiditeit blijft aanzienlijk. Hypothetisch zou pre-operatieve administratie van 

IFN-y het risico op infectieuze complicaties kunnen verminderen, maar dit zal 

verder onderzocht moeten worden. Verscheidene probleemstellingen aangaande 

vroege detectie en chirurgische behandeling van het adenocarcinoom van de 

slokdarm en slokdarm-maagovergang werden in dit proefschrift behandeld en 

verhelderd, daarbij echter weer aanleidinggevend tot nieuwe vragen. 
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Professor van Lanschot, beste Jan, dank voor je begeleiding, je ontstuitbare 

enthousiasme, en oplettendheid. Je zette vraagtekens bij alinea's die nou juist zo 

goed leken maar door jouw vragen ineens niet meer zo logisch waren; van die 

discussies heb ik veel geleerd. Er is geen misplaatste komma in de referenties aan 

je aandacht ontsnapt. Je had (of maakte) altijd tijd om knelpunten door te spreken 

en verwachtte dat ook van mij ("doe rustig aan, morgen is pas de deadline"), en 

dank voor het vertrouwen dat je me gegeven hebt tijdens het coördineren van de 

HIVEX-trial. 

Professor Obertop, beste professor, veel steun heb ik van u gekregen door van 700 

tot na 1900 uur toch altijd de deur op een kier en een luisterend oor te hebben, door 

heen en weer rennend tussen verschillende sessies van diverse onderzoekers toch 

altijd weer in de zaal te zitten bij voordrachten, en voor de H.O.-briefjes die op het 

juiste moment even een hart onder de riem staken. Het is een voorrecht om bij u de 

opleiding chirurgie te doen. 

Professor ten Kate, beste Fiebo, ik heb veel van je geleerd met name tijdens de 700-

sessies achter de microscoop. Je heldere kijk door de microscoop kontrasteert de 

aanblik van je kamer. Ik hoop dat we de resterende en weer nieuw ontstane vragen 

in de toekomst nog zullen oplossen. 

Leden van de promotiecommissie: 

Professor Offerhaus, beste Johan, bedankt voor de vele kritische discussies die van 

veel waarde zijn geweest. Tijdens één van de laatste besprekingen wilde ik het 

eigenlijk niet horen (weer nieuwe berekeningen), maar het artikel is er wel beter 

van geworden. 

Professor Tytgat, met respekt heb ik ervaren hoe u een ieder in de kliniek en in 

onderzoek scherp houdt. Waar het ook over gaat (op congressen, bij het CLDO of 

de HPB-bespreking), u bent op de hoogte en stelt juist die vraag die de kern van 

het probleem omvat en het lont is bij vurige discussies. 

Professor Baak, beste Jan, je zet 'conventionele' pathologen en pasgeboren 

onderzoekers in de pathologie aan het denken door met de vernieuwingen van de 

kwantitatieve pathologie de huidige blik door de microscoop aan de kaak te 

stellen. De ritjes naar Alkmaar waren het zeker waard. 

Professor ten Berge, beste Ineke, veel dank voor je enthousiaste begeleiding en je 

oprechtheid. Jouw specialisme was totaal nieuw voor mij, ik hoop dat onze 

samenwerking op dit gebied nog een vervolg heeft. 
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Professor Tilanus, veel dank voor de samenwerking in de HIVEX-trial. Je 

nuchtere kijk op de dingen heb ik gewaardeerd. Natuurlijk was het spionage 

wanneer ik naar Rotterdam kwam voor een HIVEX-operatie, maar gezellig was 

het ook. 

Professor Kroon, veel dank voor uw kritische blik op het proefschrift en dat u 

heeft willen plaatsnemen in de commissie. 

Professeur Launois, je vous remercie d'être intéressé par ce thèse, merci pour 

venir à Amsterdam. Votre présence en particulier augmentera la cérémonie au 

Lutherse Kerk. 

Professor van der Heyde, ik stel het zeer op prijs datje er 1 december bij bent. 

De paranimfen: 

Sjoerd Wildervanck, lieve Sjoerd, grote broer in Amsterdam die altijd open huis 

heeft, enfant terrible. Ik ben blij dat je altijd in de buurt bent. Ik hoop dat je je 

goed voorbereidt op die ene vraag ("waar ligt de slokdarm?"). 

Dominique van der Heyde, lieve Domi, het zal niemand ontgaan dat je er bent, en 

dat is maar goed ook. Als geen ander weet je hoeveel ik hecht aan dit vak. 

Gelukkig heb je altijd weer medische weetjes uit de media (vers van de redactie) 

waar ik meestal geen antwoord op heb. Je vergeet nooit optimistisch de wereld te 

bekijken, daarin blijf ik graag betrokken. 

Op G4 / afdeling Heelkunde: Wojtek Polkowski, it has been such a great pleasure 

to work with you, to be your paranimf, to visit your new house in Lublin. Thank 

you for all the helpful discussions; Dorien van Ringelestijn, Els Tijman, Saskia 

van der Kolff, Marijke Dirksen, Ineke van de Logt, Afna Glas (dank voor alle 

ondersteuning, secretarieel en emotioneel); het congresclubje (Washington, Corfu, 

New Orleans), Lucienne Lemaire (erg prettig om met jou G4-134 gedeeld te 

hebben), Yolande Keulemans (gelukkig ben je nooit écht vertrokken), Els Nieveen 

van Dijkum (onze buurvrouwen-tijd was een goede tijd); Djamila Boerma 

(Barcelona; nu collega in de kliniek, en wat voor één. Ik hoop nog vele jaren met 

je samen te werken), Sven Meylaerts (brein achter de "coca-cola light break"), 

Peter van Duijvendijk (steun en toeverlaat bij computer-perikelen), Miguel 

Sewnath, Karen den Boer, Rutger van Geenen, Pascale Hendriks, Mark van Berge 

Henegouwen, Bart van Wagensveld, Thybout Mooyen, Jan Hulscher (Jan Hi vex); 

"mijn" studenten, Suzanne Gisbertz ("steamship", wat een onvoorstelbare 

hoeveelheid werk heb je verricht tussen alle tentamens door, en bovenal was het 
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erg gezellig samen aan de pipetten), Lonneke van Felius, Joost Knegjens, Barthold 

Kuiken, Maarten Soeters en Maurice Barrée (jullie inzet is van onschatbare 

waarde geweest); alle assistenten chirurgie (dank voor jullie begrip in deze 

woelige tijden). 

Niet-G4: Angela de Boer (van jou heb ik o.a. geleerd hoe ik moet letten op 

kwaliteit van leven), Theo Out (dank voor de ondersteuning en de gelegenheid die 

je hebt gegeven om op het SKIL onderzoek te doen), Frank van Diepen en 

Monique de Nooyer (jullie hadden altijd antwoord als ik de weg kwijt was op het 

SKIL lab); van de afdeling Gastro-enterologie waren onmisbaar voor dit boekje: 

Jelle Haringsma, Paul Fockens en Joep Bartelsman (dank jullie wel ! voor de 

samenwerking die hopelijk nog voortduurt), en van de afdeling pathologie: Paul 

Drillenburg (dank voor je inzet in de intestinale metaplasie-studie), Wilfried Meun 

(je fotografische vakkennis is duidelijk herkenbaar in dit boekje), Henrike 

Ruijsenberg (steunpilaar op de pathologie). 

Buiten AMC: Wim Dekker (zonder jouw endoscopieën waren we nu nog bezig 

geweest patiënten te includeren), Bas Wijnhoven (dank voor de Amsterdamse-

Rotterdamse samenwerking in de HIVEX), Tineke van der Pouw Kraan (veel dank 

voor je scherpe analyse van mijn eerste schreden op het immunologische pad, en 

je vriendschap daarbij en daarnaast). 

In het bijzonder: Helene, Willemijn, Fred, Eveline, Bernard, Ivo (het is een groot 

gevoel met zoveel te zijn); elftal-genoten (vele zondagen was 't bijna af); de 

smurfjes Patty Jansen en Dorien Graas (een vrolijke noot en een welkome break in 

spannende tijden: onbetaalbaar!, Patty, dank je voor de 'werk'-besprekingen op het 

dakterras, Dorien, speciaal voor jou een thoraxfoto); Steven Stapel (Pistolen 

Paultje, ik zal er nu vaker bij zijn); Irene Straatsburg (nooit te moe om eens lekker 

bij te kletsen); Anke Knottenbelt (op het juiste moment alle aandacht, daarnaast 

zorgde je voor het perfekte thuishonk); mijn vader (lieve pap', wie had dat 

gedacht?, je toewijding is groot, zó groot datje delen hieruit wilde lezen, en nog 

'ns lezen, dat je bloed hebt afgestaan als vrijwilliger in één van de studies, en 

kantoorgenoten ertoe aanzette hetzelfde te doen. Ik hoop dat je 1 december geniet 

voor twee); Marja (lieve Marja, je bent als geen ander, je onophoudelijke zorg, 

ondanks je eigen drukke leven. Het is/was een bewogen jaar ter afsluiting, 

eindelijk langer weg dan een paar dagen). 
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