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CHAPTER 1

Columnar lined (Barrett's) oesophagus and oesophageal adenocarcinoma,

A review of the literature.






1.1 History and definition

1.1.1 History and definition

In his article in 1950 'Chronic peptic ulcer of the oesophagus and oesophagitis'
Norman Barrett described the occurrence of ulcers in the lower part of the oesophagus lined
by columnar epithelium (1). He believed that these were gast;jc ulcers developing within a
tubular intrathoracic extension of the stomach in patients with'congenitally short vesophagi,
Earlier descriptions of peptic uleers located in the oesophagus had been given by Tileston in
1906 and Lyali in 1937 (2,3). In 1953 Allison and Johnstone first used the term 'Barrett's
ulcers' to indicate the presence of an ulcer in oesophageal columnar epithelium (4), They
emphasized that the organ lined by gastric mucous membrane was the oesophagus, since it
had no peritoneum covering its musculature and had islands of squamous epithelium.
Furthermore, they believed that the condition was acquired due to the progress of
oesophagitis rather than congenital. In 1957 Barrett admitted that the tubular structure he
initially described was indeed the oesophagus and published further cases of the lesion
classifying it under the title 'Lower oesophagus lined with columnar epithelium’ (5), This
columnar mucosal lining of the distal oesophagus is commonly referred to as Barrett's
mucosa. Lortat-Jacob in 1957 described the same condition as endo-brachyoesophagus, which
he defined as a short oesophagus whose sole criterion of shortness was its endocavitary, i.e.
its mucosal appearance (6). Endo-brachyoesophagus as synonymous with Barrett's oesophagus
is frequently used in the French, German and Swiss literature.

Barrett's oesophagus is a condition in which a variable length of squamous epithelium
in the distal oesophagus is replaced by columnar epithelium. Since the columnar mucosa may
normally extend up to 2 or 3 cm above the lower border of the lower oesophageal sphincter,
we refer the term Barrett's oesophagus to the condition representing a circumferential zone

of columnar epithetium of at least 3 cm in length above the gastro-oesophageal junction (7).

1.1.2 Etiology and pathogenesis
Since the early fifties there has been discussion about the eticlogy of Barrett's
oesophagus, resulting in the congenital and acquired theory, The congenital theory was

suggested by the observation that the embryonic cesophagus is originally lined with columnar
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epithelium (8). During the 18th to 20th weeks of fetal growth the columnar epithelium is
replaced by squamous epithelium that gradually progresses from the middle of the oesophagus
in both directions, Conversion to squamous epithelium is completed before birth, but an arrest
in the developmental process could account for Barrett's oesophagus. A number of reports
describe familiar occurrence of Barrett's oesophagus, suggesting a genetic origin with
autosomal dominant inheritance (9-11). However, other authors suggested that the gastro-
oesophageal reflux and not the Barrett's epithelium is the condition that is inherited (12,13).
Although it is not possible to exclude a congenital origin in some patients, today the acquired
theory is generally the more accepted explanation of the pathogenesis of Barrett's oesophagus.
Allison and Johnstone first suggested that Barrett's oesophagus was an acquired condition due
to severe and chronic gastro-oesophageal reflux causing oesophagitis with destruction and
desquamation of squamous epithelium, resulting in its replacement by the more acid resistant
columnar epithelium (4). The acquired theory was supported by several authors showing that
chronic oesophagitis with destruction of the squamous epithelium may heal by migration of
adjacent columnar epithetium (14,15). Further support came from clinical observations in
which development of a columnar-lined ccsophagus was seen after gastro-oesophageal
surgery, such as oesophago-gastrostomy, oesophago-jejunostomy and Helier myotomy, and
in conditions associated with gastro-cesophageal reflux disease, such as scleroderma and
Zoltinger-Ellison syndrome (16-19). Experimental studies with animal models showed that
columnar mucosa could replace a denuded part of the oesophagus in the presence of gastro-
oesophageal reflux (20,21).

Patients with Barrett's oesophagus have been shown to have a number of physiological
abnormalities that might contribute to the severity of gastro-oesophageal reflux disease.
Manometric study of the Barrett oesophagus reveals a reduced pressure in the lower
oesophageal sphincter more frequently than normal, and therefore these patients are
predisposed to reflux (22). It has been demonstrated by means of pH-monitoring in the
oesophagus that patients with Barrett's oesophagus have a high reflux-index, with frequent
and prolonged episodes of reflux (23). In addition, there is a reduced oesophageal acid
clearance due to poor oesophageal contractility or dyscoordination of the peristalsis (22-24).
The increased exposure of the oesophagus to acid may also result from an enhanced basal
gastric acid secretion (25). Patients with columnar epithelial metaplasia of the oesophagus

have relatively reduced sensitivity to acid (26). This can cause delay in acid clearance via the
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absence of stimulation of swallowing and saliva excretion when reflux occurs, and lead to
poor compliance with antireflux therapy (27). Some patients have duodenogastric reflux and,
consequently, bile and pancreatic juice may be present in the stomach (28). Secondary to
duodenogastric reflux there is an increased exposure of the oesophagus to an alkaline
environment (29). The acidic environment in the oesophagus enhances the injurious effect of
the proteolytic enzymes and bile acids in the refluxed material (30). Experimentally, bile
reflux has also been shown fo cause columnar transformation of the oesophagus (21,30).
Other factors, less commonly, are also associated with the development of Barrett's
oesophagus, Spechler et al. described the development of Barreit's mucosa 24 years afler
accidental lye ingestion in a patient (31). In addition, three children who underwent

chemotherapy for leukemia were found to have Barrett's mucosa (32).

1.2 Detection and management

1.2.1 Epidemiology

The true prevalence of Barrett's ocsophagus in the general population is unknown. In
a study from the Mayo Clinic the prevalence of Barrett's oesophagus found at autopsy (376
cases per 100,000 population) in the population of Olmstead county was 16 times higher than
was predicted on a population-based study of clinically diagnosed patients (23 cases per
100,000 population) (33). This indicates that many people in the community have Barrett's
oesphagus that remains unrecognized. There was an increase of the incidence of Barrett's
oesophagus diagnosed over the past three decades, probably because of the more frequent use
of endoscopy, but over the years Barrett's oesophagus continued to be found in about one of
every 100 oesophageal endoscopic examinations for all clinical causes. The incidence of
newly diagnosed clinical cases of Barrett's oesophagus is 9-13% of patients with symptoms
of reflux oesophagitis referred to hospital for endoscopy and 44% of patients referred to
hospital with peptic stricture of the oesophagus (27,34-37). The average age at the time of
diagnosis of Barrett's oesophagus ranges from 55 to 64 years (7,34,38-41). There seems to
be a bimodal age distribution with age incidence peaks occurring at 0 to 15 years and from
40 to 80 years (38). However, Cameron et al. demonstrated that the prevalence of Barrett's

oesophagus is increased with age to reach a plateau by the seventh decade (40). It seems that
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Barrett's oesophagus occurs almost exclusively in white people (7,41). There is male
predominance among patients with Barrett's oesophagus with a male to female ratio varying

from 2:1 to 4:1 (7,34,39-41),

1.2.2 Clinical presentation and diagnosis

Barrett's oesophagus itself does not cause symptoms, but most of the patients have the
symptoms or complications of gastro-oesophageal reflux disease (25,39). The most comimon
symptoms of patients with Barrett's oesophagus are heartburn (67-81 %), dysphagia (38-68%)
and regurgitation (33-67%) (34,42,43), Complications associated with Barrett's oesophagus
are ulceration (14-68%), stricture (19-61%) and bleeding (30%) (7,34,35,41-46). The
majority of patients with Barrett's oesophagus (70-92%) have a hiatal hernia
(7,34,35,41,42,46), The association of a columnar lined lower oesophagus and
adenocarcinoma has been recognized as early as in 1950 (47), The reported prevalence rate
of adenocarcinoma in patients with Barrett's oesophagus varies from 8.5 to 37.5%
(34,41,43,48-50). Some other diseases associated with Barrett's oesophagus have been
described. Davidson found an associated duodenal ulcer in 10% of the cases and Sontag et
al, reported 19 benign and 10 malignant colon neoplasms in a series of 65 Barrett's patients
(51,52).

Endoscopic examination with biopsy of the abnormal epithelium is required to
establish the diagnosis of Barrett's oesophagus. Barrett's mucosa in most of the cases can
easily be recognized at endoscopy by the sharp demarcation between the pale glossy squamous
mucosa and velvety, salmon-pink mucosa extending to the mid-oesophagus rather than its
normal location at the diaphragmatic hiatus (35,39,33). The columnar lining extends
proximally up into the oesophagus in irregular, fingerlike projections or as a circumferential
sheet. There may also be isolated islands of Barrett's epithelium in the distal oesophagus. As
a diagnostic test for Barrett's oesophagus, endoscopy alone (without biopsy) has a specificity
of approximately 90% (35,54). During endoscopy oesophagitis, oesophageal ulcers and
strictures may be found, Adenccarcinoma arising from Barrett's epithelium may appear
endoscopically as a polypoid lesion, an ulcerated mass, or an infiltrative friable lesion
simulating a benign peptic stricture {55). However, intramucosal adenocarcinoma may be

patchy in distribution and without grossly recognizable neoplastic lesions on endoscopy (56).
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Therefore multiple biopsies should be obtained throughout the columnar lined tubular
oesophagus (e.g. at 2 cm intervals) and specimens should also be taken of any visible lesion,
no matter how insignificant they may appear endoscopically.

No radiological findings are pathognomonic for Barrett's oesophagus, but the diagnosis
should be suspected when sirictures or ulcerations are found in the oesophagus (27,46).
Winters et al. demonstrated that the sensitivity of radiologic examination for Barrett's
oesophagus was 24% and the specificity 94% (35).

Although manometric studies and 24-hour pH monitoring commonly show
abnormalities in the majority of patients with Barrett's oesophagus, they are not specific for

this disorder.

1.2.3 Histologic features

The columnar mucosa of the oesophagus consists of a spectrum of epithelial patterns.
Three different epithelial types can be distinguished and were classified by Paull and Trier
57):
1) Speciatized columnar epithelium has a villiform surface and crypts that resembie intestinal
nucosa. The rmudimentary or well-formed villi are lined with columnar cells and mucous-
secreting goblet cells, There are no parietal or chief cells, Between the villi there are cryptlike
glands lined with columnar and goblet cetls, in which entero-endocrine cells and Paneth cells
can be found (58). Specialized columnar epithelium represents incomplete intestinal
metaplasia because it lacks intestinal absorptive cells and is functionally immature (59).
Recently, it was found that specialized columnar epithelium and normal colonic mucosa share
a unique epitope, suggesting a histogenetic relation between specialized Barrett's epithelium
and colonic-type epithelium (60). Specialized columnar epithelium is the most commaon type
of Barrett's epithelivm and tends to progress to dysplasia and adenocarcinoma at a relatively
higher frequency than other types of Barrett's epithelia (4,5,7,50,61,62).
2} Junctional type epithelium has a foveolar surface with rudimentary villiform pattern, which
is as well as the underlying glandular tissue composed of mucous secreting cells, Parietal,
chief, Paneth or entero-endocrine cells are absent (57,58). This type of epithelivm resembles

the mucosa of the gastric cardia.
3) Gastric-fundic epithelium has a foveolar or pitted surface without villi, lined by mucous-
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secreting cells and a deeper glandular fayer that contains chief and parietal cells. This type
of epithelium resembles the mucosa of the gastric body and fundus.

Any of these epithelia, or any combination constitutes the mucosa of Barrett's
oesophagus. It has been suggested that columnar cells develop from a gastrointestinal stem
cell, possibly the gastric mucous neck cell. Some degree of inflammation is always present
in the columnar epithelium. Takubo et al. observed that, unlike the normal oesophagus with
its single muscularis mucosae layer, the oesophageal segment lined by Barrett's epithelium
had a double muscularis mucosae (63). This suggests that the alterations in Barrett's
oesophagus are not limited merely (o the epithelial cells that line the Iuminal surface and the

glands, but also extend to the mesenchyme,

1.2.4 Treatment .

The treatment of Barrett's ocsophagus is primarily that of gastro-oesophageal reflux
disease and its complications (39). Therapeutic goals are to relieve pain, promote healing of
the oesophageal mucosa, avold complications and prevent recurrence (64), Since the
pathogenesis of gastro-oesophageal reflux is multifactorial, effective therapy can deat with
contributing factors such as gastric acid secretion, lower oesophageal sphincter pressure, or
gastric motility, Asymptomatic patients with uncomplicated Barrett's oesophagus do not
require therapy (39,65). Symptomatic patients should start with dietary and lifestyle
medifications such as elevation of the head of the bed, weight loss, avoidance of food before
bedtime and cessation of smoking (66). Pharmacologic therapy usually includes antacids, H2-
receptor antagonists, prokinetic agents and in some cases proton pump inhibitors, Healing of
reflux oesophagitis and treatment of the symptoms in Barrett's oesophagus often requires
greater reduction in acid production than cases of oesophagitis alone or in the treatment of
duodenal and peptic ulcers (67). H2-receptor antagonists tike ranitidine and cimetidine reduce
gastric acid secretion and can provide symptomatic relief and some reduction in the severity
of ocsophagitis in patients with Barrett's oesophagus (68,69)., However, the healing of
Barrett's ulcers is slow when H2-receptor antagonists are used and {reatment has to be given
in large doses over a prolonged period (27,68,70). Almost total suppression of gastric acid
secretion can be obtained with a H+/K + - adenosine triphosphatase inhibitor like omeprazole

or lansoprazole. Good results in the treatment of even severe cesophagitis and Barrett's ulcers
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with omeprazole in a relatively short period of time have been described (70-74). In the great
majority of studies in which long-term medical treatment consisted of H2-receptor
antagonists, no decrease in the extension of columnar epithelium was observed, although
partial regression has been described (68,69,75,76). After longlerm treatment with proton
pump inhibitors, regression of the linear extent of the columnar mucosa and the emergence
of macroscopic squamous islands within the abnormal mucosa have been demonstrated (77).

Berenson at al, documented restoration of squamous mucosa after abolition of
oesophageal columnar epithelium by argon laser photoablation in patients who were treated
with omeprazole (78). An experimental study in dogs showed the same results (79),
However, long-term treatment outcomes have not been defined and the technique of laser
ablation may not be practical for patients with extended columnar mucosa,

Antireflux operation for Barrett's oesophagus has been advocated in patients with
intractable symptoms despite medical therapy or in patients whose complications are
unresponsive (0 conservative measures (46,49,80). The Nissen fundoplication and Belsey-
Mark IV procedures are the most commtonly performed antireflux operations (81). In Barrett's
patients, antireflux operation leads to improvement of the lower cesophageal sphincter
pressure in 73-90% of the patients and nermalization of the standard acid reflux test in 62-
70% of the patients (7,80). Symptomatic relief has been described in 77-92% of the Barrett's
patients after antireflux surgery, even after longterm follow-up, and healing of ulcera or
strictures in 88-95% of all cases (7,34,45,80,82). While antireflux surgery can relieve the
symptoms of oesophagitis and is an effective therapy for some complications of gastro-
oesophageal reflux disease, it is not a reliable means by which to effect regression of Barrett's
mucosa. A minority of patients shows any sign of regression, and when present, this is rarely

complete (7,44,49,80).

1.3 Neoplastic progression of Barrett's cpithelinm

Since the incidence of adenocarcinoma in Barreit's oesophagus is 30 to 125 times
higher than that of the genera} population, Barrett's oesophagus is considered a premalignant
condition (39,43,48-50,83,84). Although Barrett's oesophagus carries a risk of

adenocarcinoma, the value of endoscopic screening remains unclear (50,84-87), Retrospective
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and prospective studies demonstrated an incidence of adenocarcinoma in Barrett's oesophagus
varying from 1 per 52 to | per 441 patient years of follow-up (39,43,48-50,83,84). A
significant better S-year survival after oesophagectomy for adenocarcinoma has been
demonstrated for patients with Barrett's oesophagus who underwent routine endoscopic
surveillance (5-year survival 62%) as compared to patients not under surveillance (5-year
survival 20%), due to a higher percentage of early stage carcinomas in the former group (86).
On the other hand, no significant difference could be demonstrated between the survival
curves of a follow-up population of patients with Barrett's oesophagus and that of an age and
sex matched group from the general population (84). Although many authors have stressed
the importance of annual endoscopic screening, others stated that there are no arguments to
submit all patients with Barrett's oesophagus, but only those patients at high risk of malignant
degeneration (50,65,84-87). Therefore, it is necessary to define factors which indicate

increased risk of malignant change for selecting patients who should be offered regular

screening.

1.3.1 Histological subtype and extension of Barrett's oesophagus

It has been observed that high grade dysplasia and adenocarcinoma are usually
surrounded by specialized columnar epithelivm, while gastric-fundic or junctional type
epithelium are rarely associated with high grade dysplasia or adenocarcinoma
(7,50,61,62,83,88-90), Therefore, it is thought that patients who have specialized metaplastic
epithelium are most at risk for developing an oesophageal adenocarcinoma. Ransom et al.
demonstrated that specialized columnar epithelinm was more common in an extended
columnar lined oesophagus (91). Although oesophageal adenocarcinomas can develop in short
segments of Barrett's mucosa, patients with an extensive columnar lined oesophagus seem to
have a higher risk of malignancy (84,88,89,91). Iftikhar et al. pointed out that the length of
columnar lined oesophagus in patients with dysplasia was significantly longer as compared
with patients without dysplasia (92), Since none of the patients with dysplasia had a columnar
lined segment of less than 8 cm, they regarded patients with a columnar lined oesophagus of
8 cm or more to be at particular risk. In de follow-up study of van der Veen et al, all four

patients who developed adenocarcinoma had also a columnar lined segment of more than 8

cm (84).
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1.3.2 Dysplasia

The metaplastic columnar epithelium has the potential to undergo morphological
changes resulting in dysplasia. The main histological and cytological features of epithelial
dysplasia are cellular atypia and disorganized mucosal architecture (90). In order to classify
the various degrees of epithelial dysplasia in Barrett's oesophagus, two grading systems have
been worked out. A grading system has been evolved for dysplasia of the gastric mucosa,
based on criteria such as cellular atypia, abnormat differentiation and disorganized
architecture of the mucosa, which classifies dysplasia of the gastric mucosa as mild, moderate
or severe (93), Riddell et al, developed a detailed grading system for inflammatory bowel
diseases, which can be well used in classifying dysplastic changes in Barrett's oesophagus,
since the morphologic spectrum is similar to that found in inflammatory bowel diseases
(90,94). According to this system, mucosa is classified as negative, indefinite or positive for
dysplasia. In mucosa classified as indefinite for dysplasia it is not possible to decide whether
lestons are inflammatory, regenerative or neoplastic. Mucosal changes classified as positive
for dysplasia are considered as neoplastic lesions, and are subdivided into low grade and high
grade dysplasia. At initial endoscopic examination of patients with Barrett's oesophagus
entering a surveitlance programme, dysplasia is found in 11-37% of all cases without the
presence of visible carcinoma (43,53,57,83,95,96). It has been demonstrated by prospective
follow-up studies that additional 12-18% of the patients develop dysplasia during a mean
follow-up period of 3 to 5.2 years (83,95,96). Ten to 25% of the patients with Barrett's
oesophagus followed by serial endoscopy appear to progress from low grade dysplasia (o
high-grade dysplasia, and in the series of Hameeteman et al. even 67% of the patients with
low-grade dysplasia developed high-grade dysplasia or adenocarcinoma. However, when low-
grade dysplasia develops, progression to high-grade dysplasia and adenocarcinoma is not
inevitable, and there are some reports of regression of dysplasia (95,96). Although high-grade
dysplasia can persist for several years without progressing, the majority of patients with high-
grade dysplasia will eventually develop adenocarcinoma (83,95,96). Dysplasia is found
adjacent to adenocarcinoma in 68-100% and high-grade dysplasia in 35-84% of the patients
undergoing oesophagectomy for Barrett's carcinoma (7,58,61,89,90,97-99). Moreover, high-
grade dysplasia is an important marker for associated malignancy, since invasive
adenocarcinoma is found in the resection specimens of 45-75% of the patients undergoing

oesophagectomy for high-grade dysplasia (61,100-103).
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The management of patients with high grade dysplasia without evidence of invasive
cancer is controversial, Oesephagectomy with excision of ali columnar lined epithelium is
proposed by some investigators, whereas others favour continued follow-up vsing a rigorous,
systematic endoscopic biopsy protocol untii invasive cancer is detected (100-105).
Undoubtedly, dysplasia in columnar lined oesophagus is the most important indicator of
impending malignant change and at present the only reliable histopathological marker
{56,61,85,105). The interobserver agreement for high grade dysplasia is 87%, and an

interobserver agreement of 70% can be reached for indefinite or low grade dysplasia (106).

1.3.3 Envirenmental risk factors
Although smoking and 2lcohol consumption do not predispose to the devefopment of
metaplastic columnar lined oesophagus, smoking and to a lesser extent alcohol consumption

are associated with the development of adenocarcinoma in patients with established Barrett's

oesophagus (7,48,50,107),

1.3.4 Biomarkers for neoplastic progression in Barrett's oesophagus

Aneuploidy

Flowcytometric analysis of the DNA content of the epithelial nuctei provides objective
information about the ploidy status and cell cycle events in populations of cells. In most series
at least 90% of solid tissue cancers have undergone sufficient genomic changes to produce
an aneuploid peak on flow cytometry (108). The morphologic stage in carcinogenesis at
which aneuploidy develops is not clear, but in several precancerous lesions of various origin
aneuploid cells have been demonstrated, In Barreit's oesophagus aneuploidy or increased
G2/tetraploid fraction is associated not only with adenocarcinoma, but also with dysplasia in
Barrett's epithelium (98,109-112). Although it has been observed in most series that the
prevalence of aneuploid cell populations is increased as metaplasia progresses to dysplasia and
carcinoma, discordance between flowcytometric abnormatities and dysplastic changes has been
demonstrated (96,98,109,112), Aneuploidy is more comumonly encountered than definite

dysplasia, being found in non-dysplastic epithelium as well as in specimens with low and high

20



grade dysplasia (96). The presence of multiple different aneuploid populations of cells
indicates more advanced genomic instability and has been shown to be strongly associated
with dysplasia and adenocarcinoma in Barrett's cesophagus (96,98,113). Data from
prospective follow-up studies indicated that ancuploidy and dysplasia were both
prognosticators for the subsequent development of adenocarcinoma in patients with Barrett's
oesophagus (96,113). Reid et al. demonstrated that 70% of the patients with aneuploidy or
increased G2/tetraploid fractions in biopsy specimens obtained during initial endoscopic
evaluation developed high-grade dysplasia or adenocarcinoma, whereas none of the patients
without these abnormalities progressed to high-grade dysplasia or cancer (96). However, none
of the patients with flowcytometric abnormalities on initial evaluation progressed to invasive
cancer without first exhibiting high-grade dysplasia (96,113). Although fowcytometric
abnormalities may be earlier and more specific markers for cancer development than
dysplasia, flowcytometry seems not to provide suffictent additional information to justify its

routine application in clinical practice so far (13).

Abnormal cell cyclus and proliferation

Several studies have demonstrated increased proliferative activity in Barrett's
oesophagus by autoradiography, immunohistochemistry and DNA content flowcytometry
(96,109,111}, Autoradiographic studies reported expansion of the proliferative zone in
columnar epithelivm of patients with Barrett's oesophagus if dysplasia or carcinoma was
present (114,115).

Immunohistochemical studies of Barrett's oesophagus showed increased proliferative
fractions detected by monoclonal antibodies that recognize the proliferation associated
antigens Ki-67 and proliferating cell nuciear antigen {(PCNA) (116-118). The Ki-67 {abelling
index was found to be very low in junctional- or gastric type Barrett's epithelium, moderately
high in infestinal type epithelium and very high in severe dysplastic epithelium or
adenocarcinoma (119), In the study of Jankowski et al. the PCNA labelling index was higher
in adenocarcinoma (25%) and in Barrett's intestinal type mucosa with high-grade dysplasia
(26 %) compared with intestinal type mucosa without significant dysplasia (20%) and Barrett's
gastric type mucosa (12%) {118). Studies using DNA-content flow cytometry have
demonstrated that the prevalence of increased S-phase and G2 fractions increase with

advancing stages of neoplastic progression (96,109). Patients whose specimens taken at initial
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examination had elevated S-phase and G2-fractions were at increased risk for progression to
high-grade dysplasia and adenocarcinoma. A muitiparameter flow cytometric assay showed
that increased S-phase fractions developed in a subset of patients with Barrett's oesophagus
and appeared to be associated with genomic instability, as evidenced by the high percentage
of aneuploid cell populations that had increased S-phase fractions compared with diploid
specimens (111}, These studies indicate that neoplastic progression in Barrett's oesophagus
is associated with the development of multiple celi cycle abnormalities, suggesting the
sequential involvement of different cell cycle check points in the progression to malignancy

in this condition,

Abnorntal mucus and mucus production

It has been observed that there is reduced or absent mucus production within Barrett's
dysplastic epithetium (106,112), Ultrastructural studies of Barrett's dysplastic epithelivm
demonstrated a distended rough endoplasmic reticulum, increased glycogen aggregates, and
depletion of other cytoplasmic organelles required for mucus biosynthesis (112), Mucus
granules were greatly diminished or absent, These abnormalities correfated with
flowcytometric abnormalities and may result from defects in mucus biosynthesis that are
related to neoplastic progression in Barrett's oesophagus. Lapertosa et al. demonstrated that
O-acetylated sialomucins that were present in the goblet cells of specialized columnar
epithelium were decreased markedly in the immediate vicinity of dysplasia, and absent in the
dysplastic epithelium itself (120). They suggested that these results indicate a relative tissue
immarurity that might be useful as an early sign of malignancy. However, as yet there are
no data on the sensitivity or specificity of these changes for detection of dysplasia or

identification of patients at increased risk for oesophageal adenocarcinoma.

Mucosal enzymes

Ornithine decarboxylase (ODC) is a key enzyme in the biosynthetic pathway for
polyamines and is important in cel} proliferation and differentiation. In Barrelt's oesophagus
ODC activity is increased in some cases of dysplasia, bui a direct relation between ODC
activity and polyamine content could not be demonstrated (121-123). Moreover, the
distinction between specialized and dysplastic columnar lined oesophagus could not be made

by measuring the polyamine content (124),
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Carcincembryonic antigen (CEA)

CEA has been identified as a glycoprotein present in fetal gut, normal colonic mucosa
and in many neoplasms, especially those of the gasirointestinal tract. CEA expression has
been found in Barrett's cesophagus, mainly in intestinal type epithelium (125). However, a

direct relation with malignant degeneration could not be demonstrated.

Growth regulatory factors

Gastrointestinal mucosa may synthesize epidermal growth factor (EGF) and
transforming growth factor (TGF-alpha) which bind to epidermal growth factor receptors
(EGF-R) and may act as autocrine, paracrine and humoral growth factors in regulating the
growth and differentiation of the gastrointestinal tract (126}, It has been noted that the
expression of growth factors and their receptors correlates with the degree of mucosal
dysplasia of the oesophagus, as well as with the occurrence of oesophageal adenocarcinoma
(118,119,127,128). Co-expression of EGF or TGF-alpha and EGF-R is associated with
autocrine growth regulation in oesophageal carcinoma cells (128), Barrett's mucosa,
especiaily when dysplastic, and Barrett's adenocarcinoma overexpress TGF-alpha and EGF-R,
indicating the possibility of autocrine growth regulation (119). TGF-alpha and EGF-R
expression were found to be low in junctional- or gastric type Barrett's epithelium, and high
in intestinal type epithelium, Barrett's epithelium with moderate to severe dysplasia and
adenocarcinoma (118,119,127). EGF expression is unaffected by the degree of dysp!asia in
Barrett's epithelium. A significant correlation between the intensity of TGF-alpha and EGF-R
expression and Ki-67 and PCNA labelling indices has been shown. Although the expression
of growth factors and their receptors is significantly greater in intestinal type Barrett's
metaplasia and dysplastic epithelium compared with normal mucosa, its independent

prognostic value has not been proven by prospective studies.

Chromosomal abnermalities

There is substantial evidence that the progression to malignancy in Barrett's
oesophagus is associated with a multistep process of genetic instability and clonal evolution
(96,98,129). There are a few reports of cytogenelic analysis of Barreit's epithelium and
adenocarcinoma (130-132). Karyotypes are often complex and contain multiple numerical and

structural rearrangements. Barrett's metaplasia can contain cytogenetically abnormal clones
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that occupy extensive regions of the Barrett's segment, persist for several years, and progress
to high-grade dysplasia and adenocarcinoma (131). The most consistent numerical
chromosomal aberration found in cytogenetic studies of dysplastic colunnar mucosa and
adenocarcinoma is loss of the Y-chromosome (130-132). In a cytogenetic study of 9 gastric
and lower oesophageal adenocarcinomas, of which 3 had devetoped in Barrett's oesophagus,
non-random structural rearrangements involving the region Iipl3-15 were detected in 8
(132).

It has been shown that the development of Barrett's adenocarcinoma is associated with
allelic losses that include tumour suppressor genes (133). Allelic losses of 17p occur in
diploid cells as early events and typically precede the development of aneuploidy and other
allelic losses during neoplastic progression in Barrett's oesophagus (134). There is strong
evidence that the target of 17p allclic losses is the p53 gene, a tumour suppressor gene found
to be lost or mutated in many tumours (129,135,136). Allelic losses of 17p or 5q were found
in ancuploid cell populations from paticats with Barrett's oesophagus who had high-grade
dysplasia or cancer (129). Allelic losses of 17p were found in 92% of Barrett's
adenocarcinoma and 5q allelic losses in 77% (135,137). It was demonstrated that 17p allelic
losses typically occurred before 5q allelic losses during neoplastic progression in Barrett's
oesophagus (129,134). Allelic losses of 5q in Barrett's adenocarcinoma involve both APC
(adenomatosis polyposis coli) and MCC {mutated in colon cancer) genes in the majority of
tumours. In addition, allelic losses of 13q, 18q and 8p have been found (133).

Microsatellite instability is another form of genomic instability found in both Barreit's
metaplasia and in approximately one-fourth of Barrett's associated adenocarcinomas (138).
Microsatellites are short repeated nucleotide sequences interspersed throughout the human
genome (139), In a subset of tumours, errors in DNA repair occur, resulting in completely
different lengths of DNA in these regions, Microsatellite instability can develop as an early
event in metaplasia and in diploid tumour cells, before aneuploidy occurs (138). Secondary
microsatellite alterations have been found in aneuploid DNA, suggesting that these

abnormalities continue to accumulate as the neoplastic process progresses.

Tumour suppressor genes and (protojoncogenes
P53 is a component of a signal transduction pathway that responds o DNA damage

by causing cells to arrest in G {140). Cells that lack p33 enter the S-phase inappropriately
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and are predisposed to genomic instability (141}, Mutations in the p53 gene frequently
prolong the half life of p53 protein, rendering it detectable by immunchistochemistry and
multiparameter flowcytometry. The presence of p53 protein immunostaining in Barrett's
adenocarcinoma ranges from 53-87% (135,142-146}. Ramel et al. demonstrated progressive
increase in the percentage of patients with p53 overexpression with increasing histological risk
of malignancy: 5% of the patients with non-dysplastic Barrett's epithelium showed p53
overexpression, 15% of those with indefinite or low-grade dysplasia, 45% of those with high-
grade dysplasia and 53% of those with Barreft's adenocarcinoma (143). The prevalence of
P53 protein overcxpression is higher in aneuploid cell populations as compared to diploid cell
populations of high-grade dysplasia and adenocarcinoma in Barreit's oesophagus. Similar
results were published by Younes et al. (144). Flejou et al. found that p53 overexpression
was limited to carcinoma and high-grade dysplasia, suggesting that p53 is a relatively late
event in the neoplastic transformation of Barrett's oesophagus (145). Since not all patients
with p53 overexpression in Barrett's epithelium progress to carcinoma and on the other side
a subset of patients with Barrett’s oesophagus will undergo malignant transformation despite
lack of immunostaining for p33 protein, the value of p53 as a marker for identifying patients
with Barrett's oesophagus at high risk of developing adenocarcinoma is unclear so far,

Allelic losses of other chromosomal regions harbouring known tumour suppressor
genes have been found in oesophageal adenocarcinomas: allelic losses of Rb (13q) in 42%,
DCC (18q) in 38%, MCC (5q) in 83% and APC (5q) in 80% (133).

Expression of the c-erbB2 proto-oncogene, encoding a transmembrane tyrosine kinase
receptor highly homologous to EGF-R, has been demonstrated in Barrett's mucosa and
adenocarcinoma (147-149). Specimens of Barrett's oesophagus with severe dysplastic changes
showed increased expression of c-erbB2 protein on the cell membranes, The mechanism of
overexpression of c-erbB2 protein in most cases results from gene amplification.

Ras oncogenes play a role in cell growth and differentiation (147). H-ras mutations
are consistently associated with dysplastic Barrett's mucosa and adenocarcinoma, but are not
found in non-dysplastic Barrett's metaplasia (150).

In the study of Melzer et al. abundant c-myec expression was found in Barrett's
epithelium and oesophageal adenocarcinoma, but Jankowski et al. couid not demonstrate c-
myc in either Barrett's mucosa or adenocarcinoma (142,151).

To a lesser extent expression of the oncogenes ¢-srs (encoding a cytoplasmic protein
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with tyrosine kinase activity) and ¢-jun (controlling the number of cell divisions) was found
in Barrett's epithelium and adenocarcinoma (142).

It is likely that the synchronous expression of oncogenes may act synergistically,
gradually overcoming the negative feedback regulation of mitogenesis. However, the

prognostic value of these oncogenes has to be assessed in prospective studies,

1.4 Adenocarcinoma in Barrett's oesophagus

i.4.1 Prevalence and incidence

There has been a large increase in the incidence of oesophageal adenocarcinoma in the
last two decades in the United States and Europe (152-156). From 1926 to 1976
adenocarcinoma represented only 0.8 to 3.7% of oesophageal cancers, while reports in the
1980's showed an increase in the proportion of oesophageal cancer represented by
adenocarcinema to 18-50% (152,157,158), The annual age- and sex-adjusted incidence of
oesophageal adenocarcinoma rose from 0.13 in 1935-1971 to 0.74 cases per 100,000 in 1974-
1989 in the United States, and from 0.18 in 1967-1971 to 0.63 cases per 100,000 in 1977-
1981 in the United Kingdom (152,159}, There is a higher incidence rate of cesophageal
adenocarcinoma among white males as compared to black males and white females, but
comparable increases in the incidence rates have been observed (153). Adenocarcinomas of
the oesophagus are found to be associated with Barrett's oesophagus in 41-86% of the cases
(88,152,154,156,158, 160). However, this may be underestimated since Barrett's cesophagus
is most often defined as columnar epithelium extending more than 2-3 ¢cm above the gastro-
oesophageal junction, and in some cases adenocarcinoma may arise in small areas or tongues
of specialized epithelium {161). Retrospective and prospective follow-up studies reported an
incidence of adenocarcinoma in Barrett's oesophagus varying from one in 52 to one in 441
patient-years of follow-up, with a mean follow-up period ranging from 2.9 to 15 years
(43,48,50,83-85,92,162). Possible explanations for the variation in incidence are the fact that
some studies are retrospective, there may be a referral bias, and methods of follow-up may
differ (43,163). Compared with the incidence of ocesophageal carcinoma in the general
population, the incidence of adenocarcinoma arising in patients with Barrett's oesophagus is

30 to 125 times greater (43,48,50,83-85,162).
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1.4.2 Clinical presentation and diagnosis

The average age at the time of diagnosis of an adenccarcinoma in Barrett's oesophagus
is 57-63 years, although the age ranges from 23 to 96 years (7,34,41,44,77,89,97,156).
There is a strong male predominance with a male to female ratio ranging from 3:1 to 15:1.
The predominant presenting symptom is dysphagia, occurring in 60-87% of patients with an
adenocarcinoma in Barrett's oesophagus (7,34,41,44,48,89,97,164). Other symptoms that
occur in a minority of patients are weight loss (42%), hemorrhage (12-36%) and pain (25 %).
Of all patients with an adenocarcinoma in Barrett's oesophagus, only 5-29% was known to
have a Barrett's oesophagus before the development of carcinoma (97,156). This suggests that
an unknown proportion of the general population probably has Barrett's cesophagus, but
remains undetected unless carcinoma develops and symptoms related to malignancy fead to
the discovery of both adenocarcinoma and Barrett's oesophagus simultaneously (33,48,50).

An advanced adenocarcinona in Barrett's oesophagus may appear on double-contrast
oesophagography as a stricture, protruding tumour mass or ulcer {164,165). The endoscopic
diagnosis of carcinoma of the oesophagus is usually straightforward when the tumour is in
an advanced stage, as is often the case when a patient presents with complaints of dysphagia.
Adenocarcinomas in Barrett's oesophagus are nodular or polypoid and less frequently
ulcerating (166). Diffuse infiltration, presenting as a thickened and rigid oesophageal wall
miay be present, In most cases there is narrowing of the oesophageal lumen and submucosal
tumour extension. There is a better chance of detecting early carcinomas by endoscopy as
compared to radiologic techniques. However, there may be no grossly recognizable neoplastic
lesions at all at endoscopy (56,83), Therefore, multiple biopsies should be obtained not only
from any grossly visible lesions, but also at small intervals throughout the length of the
columnar lined oesophagus. Some authors propesed to use cytologic brushings, as the use of
oesophageal brush cytology and biopsy specimens provides two complementary techniques,
which detect a greater number of maligaant lesions than either technique alone (167,168).

The diagnosis adenocarcinoma in Barrett's oesophagus has to be confirmed by
histologic examination, If the bulk of the tumour is situated in the oesophagus and has a patch
of Barrett's mucosa at its margin, the diagnosis of Barrett's carcinoma is assured, In 80% the
tumours are focated in the lower third of the oesophagus (88). Tumours grow infiltrative or
expansive, they are well to poorly differentiated and often present multifocally (58,102,169).

Although the carcinomas that arise in Barrett's mucosa are adenocarcinomas in the vast
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majority, other types of cancers occurring in Barrelt's oesophagus have been described.
Adenosquamous carcinomas and squamous cell carcinomas of the oesophagus, most often
located in the native squamous lined oesophageal mucosa proximal to the columpar lined

segment, were found to be associated with Barrett's oesophagus (170-172),

1.4.3 Treatment and survival
‘The treatment of choice most often reported for adenocarcinoma of the oesophagus

is surgical resection (7,34,41,44,89,97,164). If the general condition of the patient is good
enough to undergo surgical treatment, further analysis has to be performed to assess whether
a lesion is potentially resectable and to exclude the presence of distant metastases. The tumour
extension and depth of oesophageal wall invasion can be anatyzed by various examinations,
including endoscopy, radiology, computed tomography, nuclear magnetic resonance imaging
(MRI), and endoscopic uitrasonography (173-178), The invasion of adjacent structures and
depth of tumour invasion can correctly be assessed by computer tomography scanning in more
advanced stages, but it is inaccurate in staging early carcinoma of the oesophagus (174-176).
The experience with MRI is simifar (179). Endoscopic ultrasonography has been shown to
be useful in the preoperative staging of oesophageal carcinoma, and even in early carcinomas
there is an accuracy of 81.5-90% in T-staging (177,178). Diagnostic evaluation of a possible
infiltration of the tracheobronchial system can best be performed by bronchoscopy (173).
Pretreatment lymph node staging can be performed by computer tomography, MRI or
endoscopic ultrasonography (173,177,180). Endoscopic ultrasonography leads to the best
results in assessing mediastinal lymph node metastasis (accuracy 78.4-82%) as compared to
computed tomography (accuracy 56-77%). Distant lymph node metastases, supraclavicular
and abdominal, can be assessed by computed tomography, ultrasound or both, and the
diagnosis can be confirmed histologically by ultrasound-guided fine-needle aspiration biopsy
(181,182). Preoperative staging can finally be performed by diagnostic faparoscopy combined
with laparoscopic uitrasonography (183).

The aim of surgical treatment of an cesophageal carcinoma is to achieve locoregional
freedom of tumour (156,184). The standard ocesophagectomy consists of a subtotal
oesophagectomy and sampling of obvious lymph nedes, through a right or left

thoracoabdominal approach or using the technique of iranshiatal oesophagectomy avoiding

28



thoracotomy (156,158,185). Some authors reported better survival rates after en bloc
resection of the oesophageal tumour completely covered on all sides by normal tissue and
incorporating ali the potentially involved peritumoural and regional lymph nodes as compared
to survival rates after standard oesophagectomy (158,186). Reconstruction can be achieved
using a stomach tube or a colon interposition (156,158,184,185). The postoperative mortality
within 30 days after oesophagectomy for carcinoma lies between 0 and 6.5% in specialized
centers, even after the more extensive en bloc resection (97,158,184-186). Postoperative
morbidity up to 50% has been reported, but varies in most series between 20% and 30%.
Pulmonary complications are the most frequent (23-35%), followed by recurrent laryngeal
nerve paresis (7-31%) after a cervical anastomosis, anastomotic leakage (2-17%),
postoperative bleeding (3-7%) and wound infection (5-8%). There is no effect of adjuvant
chemotherapy on the survival of patients with an adenocarcinoma of the oesophagus and
cardia, and prospective randomized trials showed no effect of preoperative radiotherapy either
(184,187,188). Patients with metastatic disease or patients who are not fit enough to undergo
cesophagectomy can be treated for palliation. Symptorns based on obstructing oesophageal
cancer can be treated by intraluminal irradiation, laser therapy or electrocoagulation of the
tumour (189-191). Palliation of a malignant stricture by intubation is performed in patients
with end stage disease (156,192).

The survival for patients with an adenocarcinoma in Bacrett's cesophagus is poor, even
after surgical treatment, Overall 5-year survival after oesophagectomy ranges from 15% to
58% (7,97,164,186). Survival is influenced by the depth of tumour penetration into the
oesophageal wall and the presence of lymph node metastasis. The reported 5-year survival
rates after surgical treatment for superficial oesophageal carcinoma, i.e. tumours restricted
to the mucosa and submucosa (Tis and T1 tumours according to the TNM-classification)
range from 63% to 100% (97,184,186,193,194), Metastasis to lymph nodes and vessel
invasion develop rarely in intramucosal tumours, but occur frequently in submucosal tamours
(35-40%), resulting in a significant difference in the 5-year survival of patients with an
intramucosal tumour (84-100%) versus patients with a submucosal tumour (55-64%)
(193,195). The lymph node status is an important prognostic index since the 5-year survival
rates of patients without lymph node metastasis varies between 30-85% compared to 0-38%
for patients with lymph node metastasis (97,196), More favourable survival rates have been

shown after more radical resections and extensive lymphadenectomies, although no
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prospective randomized studies are reported.
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1.5  Aims of the studies

Barreit's oesophagus is a premalignant condition. In comparison with the general
population patients with Barrett's oesophagus run a 30 to 125 fold increased risk of
developing an oesophageal adenocarcinoma. Once a carcinoma has developed, prognosis is
poor. Since locoregional freedom of tumour by surgical treatment of oesophageal carcinoma
is more likely to be achieved in earlier stages of cancer, there is an indication that early
diagnosis will benefit the patient. It is therefore important to determine if tumour stage,
including the depth of infiltration and the presence of lymph node metastases, and the
differentiation grade of the tumour affect the survival of patients with an adenocarcinoma in
Barrett's oesophagus. We performed a retrospective study to analyze the survival of patients
with an adenocarcinoma in columnar lined oesophagus in relation to surgical treatment, stage
and differentiation grade of the tumour (Chapter 2.1).

Early diagnosis of ocesophageal adenocarcinoma can be achieved by endoscopic
surveillance of patients with Barrett's oesophagus. Instead of submitting all patients with
Barrett's oesophagus, which is time consuming and may not be cost-effective, it would be
more efficient to select a subgroup of patients at high risk of developing carcinoma for
endoscopic screening. To identify this subset of patients, it is necessary to define factors
which indicate an increased risk of neoplastic progression. The significance of clinical
characteristics like sex, age, smoking and drinking habits and the extension of Barrett's
oesophagus as risk factors for neoplastic progression were evaluated in Chapter 3.

The only histopathological marker for impending malignant change in clinical use at
the moment is the presence and grade of dysplasia. Malignancies develop in association with
genomic instability, resulting in guantilative and qualitative aberrations. Quantitative
abnormalities of the DNA content can be assessed by floweytometry. The association of
dysplasia and aneuploidy with malignant change in Barrett's cesophagus was analyzed by a
case control study (Chapter 4), Furthermore, the influence of DNA-ploidy of tumour cells
on patient survival was studied (Chapter 2.2).

Finatly, we studied genomic abnormalities by cylogenetic analysis {Chapter 5). If there
are chromosomal aberrations common (o all oesophageal adenocarcinomas, occurring in early
stages of neoplastic progression, genetic analysis would be helpful in selecting patients with

Barrett's oesophagus at high risk. Therefore, we studied genomic abnormalities in
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adenocarcinoma of the distal oesophagus and cardia by cytogenetic analysis to discover
specific chromosomatl rearrangements. Barrett's mucosa was also analyzed cytogenetically to

investigate if chromosomal abnormalities occurred as an early event before invasive tumour

could be demonstrated.
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Summary

To analyse the survival of 112 paticnts (85 men and 27 women, mean age 63
years) with an adenocarcinoma in a columnar lined oesophagus in relation to surgical
treatment, tumour staging and histological grading, a retrospective study was performed
over an l-year period (1978-1988).

Presenting symptoms were dysphagia (60%) and pain (25%). Only 6 patients
were previously known to have a columnar lined oesophagus. Eighty-five patients (76%)
underwent a partial resection of the oesophagus and cardia. Postoperative mortality was
6%. After resection (N=385) the 5-year survival was 24%. Survival was significantly
better for patients without regional lymph node metastases (Stage 0,LHHA (N=61): 3-year
survival 30%) and even better if the tumour was restricted to the submucosa (Stage 0,1
{N=12): 5-year survival 63%). Survival was not influenced by the histological grade of
the mmour,

In conclusion, staging for adenocarcinoma in columnar lined cesophagus based on

infiitration of the oesophageal wall and fymph node spread is valuable in determining the

prognosis.
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Introduction

Barreit's oesophagus (1,2) represents a metaplastic transformation of the nonmal
squamous cell epithelium of the fower tbular oesophagus into columnar epithelium (3).
The premalignant character of Barrett's cesophagus is demonstrated by progression from
benign columnar epithelium into dysplasia and adenocarcinoma (4,5), Although
endoscopic surveillance and biopsy are performed to achieve an early diagnosis of
malignant degeneration, many patients with Barrett's oesophagus present primarily with
symptoms of an oesophageal carcinoma.

The survival of patients with an adenocarcinoma in Barrett's oesophagus is low,
even after oesophagectomy (6,7), The influence of infiltration of the oesophageal wall,
lymph node metastases and histological grade of the tumour on the prognosis is not fully
understood, The purpose of this retrospective study was to analyse the survival of patients
with an adenocarcinoma in columnar lined oesophagus in relation to surgical treatment,

staging and differentiation grade of the tumour,

Patients and methods

During the period 1978-1988, 112 consecutive patienis with an adenocarcinoma
in a columnar lined lower oesophagus were referred to the Rotterdam Oesophageal
Tumour Study Group for evaluation and treaiment. The patient population consisted of 85
men (76%) and 27 women (24%), with a mean age of 63 years (range 30-96 years).

Barreit's columnar lined oesophagus is defined as the condition in which
columnar type epithelium is found at least 3 centimeters above the distal end of the
oesophagus as endoscopically defined. The demarkation between stomach and oesophagus
is endoscopically determined by the diameter change of the lumen, change in colour of the
mucosa and ‘vascular pattern. The upper level was diagnosed by the columnar-squamous
epithelial border, which was always easily identified. For the purpose of this study, we
considered those patients with a biopsy proven adenocarcinoma of the distal tubular
oesophagus, in whom columnar epithelium of the oesophagus above the carcinoma was

visible macroscopically at endoscopy, meeting the above definition of Barrett's
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oesophagus, Patients with a carcinoma of the cardia were excluded from this study,

A careful history covering the total livespan with respect to symptoms of reflux
and anti-reflux treatment was obtained. Preoperatively all patients underwent a general
physical examination, electrocardjogram and lung function studies to determine their
general fitness for operation. Chest X-ray, barium swallow studies, endoscopy with
biopsy, ultrasound examination of the liver and upper abdominal areas, and in cases of
high- or mid-oesophageal tumours bronchoscopy were performed. Since 1980 computer
tomography of the thorax and upper abdomen and ultrasound examination of the neck
were carried out in order to identify pathological lymph nodes, which were subjected to
cytological examination {8). All patients considered inoperable on grounds of general
health, with distant metastases or extension of the tumour into the bronchus were not
considered for resection.

During the period 1978-1985 all patients who were considered for resection
(N =72) received preoperative radiation therapy (40 Gray in 4 weeks). However, in two
randomized prospective studies no advantage of preoperative radiation therapy could be
demonstrated (9,10}, Therefore, from 1986-1988 preoperative radiation therapy was no
longer given (N=27). Hospital mortality was defined as the mortality during postoperative
stay in hospital,

Based on pathologic analysis of the resection specimens, postoperative staging
was performed according to the pTNM-classification of the U,I.C.C., 1987(11) (table 1).
At least half of the tumour was examined histologically. Those areas which were suspect
for deep invasive growth were selected. Areas immediately above the tumour were also
investigated for the presence of metaplastic epithelium. Biopsies and resection specimens
were reviewed for the differentiation grade of the tumour.

The follow-up period ranged from I month to 9 years with a mean of 21
months. Survival was assessed by computerised life table analysis according to Kaplan-
Meier (12). For all patients survival after diagnosis was calculated. For comparison of the
survival of subgroups of patients, the Logrank test was used, Other methods used are

indicated in the text. P<0.05 (two-sided) was considered the limit of statistical

significance.
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TFable 1. P-TNM-classification of oesophageal carcinoma according to the

U.I.C.C,, 1987,

Stage grouping Number of patients

Stage 0 Tis NO MO 2

Stage I Tt NO MO 10

Stage I1A: T2 NO MO 19
T3 NO MO 30

Stage IIB: TI NI MO i
T2 NI MO 4

Stage Il: T3 NI MO 13
T4 anyN MO

Stage IV : anyT anyN Ml

Tis (carcinoma in sitw), T! (tumour invades Iamina propria or submucosa), F2 (tumour
invades muscularis propria), T3 (wmour invades adventitia), T4 (tumour invades adjacent
structures), NO (no regional lymph node metastases), N1 (regional lymph node

metastases), MO (no distant metastases), M1 {distant metastases).

Results

Symptoms and social habits,

The most important presenting symptoms were dysphagia (60%) and pain (25%).
Patient characteristics with respect to symptoms of gastro-oesophageal reflux and treatment
are listed in Table 2, Twelve patients (11%) had undergone an antireflux operation in the
past, with an interval between anti-reflux surgery and diagnosis of an oesophageal
carcinonia ranging from two months to 33 years (median 4,75 years, mean 10 years). In
three patients a Nissen fundoplication had been performed, a Billroth II partial gastric
resection in ‘three, a high selective vagotomy in one, and in five patients the procedure
performed for hiatal hernia was not precisely documented. Daily alcohol consumption was
reported by 67% of the patients, with more than 4 consumptions a day by 4%. Fifty-one

percent of the patients were cigarette smokers,
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Endoscopic findings,

Of all 112 patients with an adenocarcinoma, only 6 (5%) had a previous biopsy
proven history of columnar lined oesophagus. The area of adenocarcinoma was circular in
41 patients (36%), and comprised more than half the circumference of the cesophagus in
19 patients {17%). On average the tumour extended over a length of 5 cm of the distal
tubular oesophagus (ranging from 1-12 cm). In the group of patients with a resectable
tumour (n=285) the mean length (+ SD} of the tumour was 4 + 2 cm, and in the group
with an irresectable tumour (n=27) 6 £ 2 cm (Mann-Whitney's test; p=0.003). The
columnar lined segment comprised 3-19 c¢m (mean 6 cm) of the oesophagus above the

tumour, A hiatal hernia was found in 72% of the patients on endoscopical examination.

Table 2. Symptoms of gastro-oesophageal reflux and treatment in patients with

adenocarcinoma in columnar-lined cesophagus.

Symptoms Patients Anti-reflux Anti-reflux
N {%) medication (N}  surgery (N}

No symptoms 39 (35)

Heartburn/

Regurgitation 62 (55) 33 12

- < 1 year 10(9 4 2

- 1-5 years (8 5 I

- > 5 year 32 (28) 19 6

- upknown duratien 11 (10 5 3

Not documented [t €10)

Treatment.,
After preoperative screening, 99 patients (88%) with an adenocarcinoma in

columnar lined oesophagus were considered for surgical treatment, In 14 patients an
irresectable tumour or metastases were found at laparotomy. Eighty-five patients (76%)

underwent a subtotal resection of the oesophagus and cardia, Reconstruction was made by
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gastric tube (N=79) or colonic interposition (N==6), with an intrathoracic anastomosis at
the level of the azygos vein or a cervical anastomosis. Postoperative complications
occurred in 29 patients (morbidity rate 34%), of which the most important were
postoperative bleeding (n=6), recurrent laryngeal nerve paresis (n=6) and anastomotic
leakage (n=8). Cardiovascular complications in three, respiratory complications in two
and postoperalive bleeding in one patient lead to death in six patients during the
postoperative period in hospital (hospital mortality 6%), Of the 14 irresectable patients no
one died in hospital after operation. Over the first period of study (1978-1983) hospital
mortality was 9%, while over the second period (1984-1988) it had reduced to 4% (Fisher
exact test: p=0.4), Sixty-six of the 85 resected patients (78%) had received radiation
therapy (40 Gray in 4 weeks) prior to operation, as a routine preoperative treatment until

1986. The 27 inoperable or irresectable patients were treated by non-surgical treatment

with palliative intent.

Figure 1, Survival (all causes) of patients treated by oesophagectomy (n=35)

versus inoperable or irresectable patients (n=27).

survival %
100 =
i Treatment
50 — reseoclion (n=86)
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p<0.001
40
20 7
[0} T T — T 1 T T T T T T
0 5 10 i5 20 256 30 35 40 46 80 55 60

months
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Pathologic findings and staging,

Reviewing the slides for the differentiation grade of the tumour, in 2 cases the
turnour was classified as well differentiated, in 52 cases as moderately and in 58 cases as
poorly differentiated, In 95% of the cases the marging of the resected specimens were free
of tumour tissue on histological examination, but in 4 cases (5%) microscopical remnants
were demonstrated. Patients were classified according to the pTNM-classification as

shown in Table I. Barrett's mucosa was histologically proven in all cases,

Figure 2. Survival of resected patients without regional Iymph node metastases

(n=061) versus patients with regional lymph node metastases (n=20).

survival %
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months

Survival.

At the end of the study 26 patients were alive, 6-107 months (mean 36 months)
after resection of the tumour. Sixty-two patients died from metastatic disease (72% of all
deaths), 18 from causes unrelated o carcinoma and in 6 cases the cause of death was
unknown. Life table analysis revealed 1., 2- and S5-year survival rates of respectively
57%, 31% and 17% for the whole group. The 1-, 2- and 5-year survival rates of the 83

patients who underwent oesophagectomy were respectively 67%, 38% and 24%, and for
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the 27 inoperable or irresectable patients respectively 26%, 11% and 0% (p<0.001),
Figure 1. Within the group of resected patients (N=385) were no significant differences in
survival between patients treated by preoperative radiation therapy (N=66) and those
treated by resection alone (N=19). Patients classified as stage 0, I or IIA {no regional
lymph node metastases) had a significant better survival (p=0.03) with 1-, 2- and 5-year
survival rates of respectively 76%, 47% and 30%, as compared to patients classified as
stage IIB and IIT (regional iymph node metastases present), with 1-, 2- and 5-year survival
rates of respectively 44%, 10% and <10% (Figure 2). Patients with a Tis or T1 tumour
without regional lymph nodes (N=12) had a significant better survival than patients with a
T2 or T3 tumour without regional lymph nodes (N=49), p<0.05 (Figure 3). Patients
with well (G1) or moderately (GII) differentiated tumours classified as stage 0, I, IIA and
IIB, III respectively did not show a significant better survival than patients with poorly

differentiated (GHI) tumours (Figure 4),

Figure 3, Survival of resected patients classified as stage 0 or I (n=12) versus

patients classified as stage A (n=49).
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Figure 4, Survival of resected patients with well or moderately differentiated
tumours (GI,II) versus patients with poorly differentiated tumours (GIII)

staged respectively as stage 0,I,1TA and stage IIB,HI,
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Discusston

In 1950 Barrett described the condition of columnar epithelium lining a
mediastinal stomach, secondary to a congenital short oesophagus (1), Allison and
Johnstone suggested that columnar epithelium occurred in the lower oesophagus,
secondary to gastro-oesophageal reflux (3). Since Barrett's description of the condition in
the early nineteen fifties, many investigators have noted an association between columnar
lined oesophagus and primary oesophageal carcinoma (2,4-7).

The reported mean age of patients with an adenocarcinoma associated with
Barrett's oesophagus is about 57 years and the male to female ratio 5.5:1 (14). In our
series, the mean age was higher (63 years), and the male to female ratio lower (3.1:1)
than reported, but still indicating a maie predominance. In our patient group a major
presenting symptom was dysphagia, which is in agreement with the presenting symptoms

reported in the literature (7).
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Controversy exists regarding the influence of medical or surgical treatment of
gastro-oesophageal reflux on Barrett's oesophagus. Medical treatment (antacids, H2-
receptor blocking agents, prokinetic drugs) has no influence on the extent of Barrett's
mucosa (14), but surgical correction of gastro-oesophageal reflux leads possibly to partial
regression of Barrett's epithelivm (15,16). However, 14 patients in our series had
undergone antireflux surgery in the past. This suggests that an antireflux operation will
not inevitably lead fo regression or disappearance of Barrett's epithelium, and may not
diminish the risk of malignant degeneration,

The treatment of choice most often reported for adenocarcinoma of the
oesophagus is surgical (7,13,19). The reported postoperative mortality after
oesophagectomy for carcinoma varies between 10-16% (7,17,18), However, most of these
studies comprised patient populations treated by varying surgical techniques, in a period
before our study. While most patients with an adenocarcinoma associated with Barrett's
oesophagus are resectable, the long term survival is low (7). In our series the S5-year
o2verall survival was 17% and after resection and reconstruction 24%, which is in
concordance with the reported 5-year survival (14,5-22%) (7,19).

Seventy-two percent of the resected patients did not have lymph node
involvement, and more than one third (36%) had neither node involvement nor full
thickness wall penetration of the oesophagus, which scems favourable regarding the
literature (7,17). A clear correlation between pathologic staging of oesophageal tumours
and prognosis has been reported, particularly infiltration through the muscular wall and
regional lymph node metastases have a negative influence on survival rates (17,20,21).
Within the group of resected patients in our series, those without regional lymph node
metastases showed a significant better survival compared to patients with regional iymph
node metastases, Survival was significantly better if the tumour was restricted to the
submucosa if compared to those cases in which the tumour invaded the muscle jayer.

The influence of histologicat differentiation grade of adenocarcinomas in Barrett's
oesophagus has not been reported before, For squamous cell carcinomas of the oesophagus
histological differentiation grade has no significant effect on survival (20). However, in
one large series including all types of cesophageal carcinomas patients late outcome was
influenced significantly by tumour staging and histological grading (21). In our series

histological differentiation grade of the tumour had no significant influence on survival,
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Cenclusion,
Most patients with Barrett's oesophagus were not recognized prior to the

diagnosis of an associated adenocarcinoma. If an adenocarcinoma in Barrett's oesophagus
is diagnosed, resection offers the only chance for cure. In our series S-year survival after
resection was 24%. A correlation between pathologic staging and survival was
demonstrated, with a significant better survival if the tumour was restricted to the

submucosa and in absence of regional lymph node metastases. Survival was not influenced

by histological differentiation grade op the mumour.
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DNA-ploidy as a prognostic factor for patients with an adenocarcinoma in Barrett's

oesophagus
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Summary

The role of DNA-ploidy of tumour cells as a prognostic factor for the survival after
resection was evaluated in 40 patients with an adenocarcinoma in Barrett's oesophagus (28
men and 12 women with a mean age of 61 years).

After resection of the oesophagus staging was performed according to the TNM-
classification (UICC 1987). Tumour tissue specimens were reviewed for the histological
differentiation grade and DNA-flowcytometry was performed on paraffin embedded tissue
according to the method described by Hedley.

There was no significant correlation between DNA-ploidy and TNM-stage or
histological differentiation grade of the tumour, DNA ploidy, stage and grade as prognostic
factors for the survival were evaluated by multivariate analysis. DNA ploidy significantly
(p=0.04) correlated with survival, also univariately. Patients with diploid tumours had 3- and
5-year survival rates of 51% and 25% respectively, as compared to 10% and 0% respectively
for patients with aneuploid or tetraploid/increased G2 tumours.

Although the number of patients in this study is relatively small, there is an indication
that DNA-ploidy may be a prognostic factor for the survival of patients with an

adenocarcinoma in Barrett's oesophagus.

69



Introduction

Patients with a carcinoma of the oesophagus have a dismal prognosis, even after
resection, We previously reported the survival of 112 patients with an adenocarcinoma in
Barrett's oesophagus referred to the Rotterdam QOesophageal Tumour Study Group during the
period 1978-1988 (1). The S-year survival after oesophagectomy was 24%. The most
important prognostic factors for the survival of patients after resection are the extent of
tumour growth in the cesophageal wall and the presence of regional lymph node metastases
(1-3).

Human malignancies develop in association with a process of genomic instability, and
many human solid tumours show abnormalities of the cellular DNA content (4-9), There is
evidence of a relation between DNA-ploidy pattern and prognosis of a variety of malignant
tumours (4-9), Flowcytometry of formalin fixed paraffin embedded tissue allows retrospective
study of archival material of patients whose clinical outcome is aiready known (10).

To evaluate the role of DNA-ploidy of the tumour cells as a prognostic factor for the
survival, we analyzed paraffin embedded tumour tissue specimens of patients with an
adenocarcinoma in Barrett's oesophagus referred to the Rotterdam Oesophageal Tumour Study

Group for evaluation and treatment between 1978-1988.

Patients and methods

Patients.

During the period 1978-1988, 112 patients (85 men, 27 women; mean age, 63 years)
with an adenocarcinoma in Barrett's cesophagus were referred to the Rotterdam Oesophageal
Tumour Study Group for evaluation and treatment. Eighty-five patients (76 %} underwent a
subtotal resection of the oesophagus and cardia. As a routine preoperative treatment untit
1986, 66 of the 85 (78 %) resceted patients had received radiation therapy (40 Grays over four
weeks) before operation. Tumour samples of resection specimens from those patients not
receiving preoperative radiation therapy, as well as endoscopically directed biopsies obtained
before radiation therapy was given, were histologically reexamined by light microscopy for

the differentiation grade of the tumour, A representative specimen containing adenocarcinoma
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was selected for flowcytometry. In 40 cases, paraffin embedded tumour tissue was available
for flowcytometry. This group of 40 patients consisted of 28 men (70%) and 12 women
(30%) with a mean age of 61 years (range 39-78 years). The tumours were staged according
to the TNM-classification (UICC 1987} (11). The follow-up period ranged from one month
to 9 years after resection of the oesophagus (mean 2 years).
Specimens

All adenocarcinoma specimens were obtained either with endoscopically directed
biopsies or from resection specimens fixed in formalin and embedded in paraffin, These
specimens were prepared for flowcytometry according to the method described by Hedley
(10). The nuclear suspension was filtered through a 40 micrometer mesh filter and stained
with ethidium bromide (BDH Chemicals Ltd. Pook England). Cellular DNA-content of at
teast 10,000 cells was measured on a fluorescence activated cell sorter (FACS I Becton
Dickinson, Sunnyvale California). The Argon laser was tuned at 488 nm and a red
fluorescence was measured using a cut off filter (Pomfrett Stamford, Cann.). The data were
fed into a8 Data General computer.
Flowcytometry

Aneuploidy was determined both by visual inspection of the histograms and
confirmation of an aneuploid popuiation by calculating the deoxyribonucleic acid index as
defined by the Convention of Nomenclature for deoxyribonucleic acid cytometry (12). A
diploid histogram contained & GO/G1 peak (DNA-index 1.00) and a G2/tetraploid peak above
PNA-index 1.90 and below DNA-index 2.10, with a G2/tetraploid fracion up to 10%.
G2/tetraploid fractions above 10% were considered abnormal. Specimens were excluded from
analysis if the coefficient of variation exceeded 9%.

Statistics
Survival was asscssed by the Kaplan-Meier method. Stage, grade and ploidy as

prognostic factors for the survival were evaluated using Cox regression (13), P=0.05 (two-

sided) was considered the limit of statistical significance,
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Results

The results of flowcytometry according to TNM-stage and differentiation grade of the
tumour are summarized in table 1. Ploidy did not correlate significantly with TNM-stage or
differentiation grade of the tumour, After excluding the 5 patients with histograms with high
coefficients of variation (HCV, CV >9%) and the only patient with distant metastases (stage

IV}, life table analysis was performed for the remaining 34 patients.

Table 1. Results of floweytometry of adenocarcinoma in Barrett's oesophagus according

to TNM-stage and differentiation grade.

Diploid Aneuploid or HCV  Total
increased
tetraploid/G2
(N) (N (N} (N}
TNM-stage
stage 0 0 1 1 2
stage [ 1 I 2 4
stage ITA 6 15 I 22
stage 1IB 1 - - f
stage 1l 2 7 1 10
stage IV I - - 1
Grade
well 1 1 - 2
moederate S 12 2 20
poor 5 13 3 18

HCV =High Coefficient of Variance {>9%)

Table 2 gives the outcomes of the muitivariate apalysis of the factors lymph node
metastases, differentiation grade and DNA ploidy. Although patients with poorly

differentiated tumours did worse as compared (o those with well or inoderately differentiated
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tumours, the difference was not significant. The same applied to the comparison of N+ (with

lymph node metastases) to NO (without lymph node metastases) patients. DNA ploidy

significantly (p=0.04) correlated with survival, also univariately. The 3- and 5-year survival

percentages in the group of patients with diploid tumours were respectively 51% and 25%.

The corresponding percentages in the group with aneuploid or tetraploid/increased G2

tumours were respectively 10% and 0%.

Due to the relatively small number of patients the confidence limits of the relative

death rates are rather wide. Therefore conclusions about the prognostic impact from this

series arc precluded.

Table 2. Outcomes of multivariate analysis of the prognostic factors TNM-stage,

differentiation grade and DNA-ploidy for the survival of patients with an

adenocarcinoma in Barrelt's oesophagus after resection,

Factor Relative Significance 95% confidence
Death Rate {p-value) Hmits

Stage

- NO (n=24) I - -

- N+ (n=10} 1.5 0.44 0.5, 4.5

Grade

- well/moderate (n=20) 1 - -

- poor (n=14) 2.2 0.5 (0.8, 6.1}

Ploidy

- diploid (n=10) r - -

- aneuploid or increased

tetraploid/G2 (n=24) 3.5 0.04 (1., 11.5)
* reference category
# relative death rate is 2.9 (p=0.04) when the factor ploidy was evaluated univariately.
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Discussion

Overall S-year survival after cesophagectomy for adenocarcinoma in Barrett's
ocsophagus is 24% (1,3), However, survival is influenced by tumour stage, especially with
respect to the presence of lymph node metastases (1-3). In this study survival was better for
patients without lymph node metastases (3-year survival 25%) compared to those with lymph
node metastases (3-year survival 0%), but was not statistically different. This is most likely
due to the relatively small number of patients in this study. Histological differentiation grade
of the mumour does not seern to play an important role as prognostic factor for the survival
of patients with an ocsophageal carcinoma (1,14).

Sixty percent of the adenocarcinomas in Barreit's oesophagus had aneuploid or
increased G2/ietraploid celt populations, Of squamous cell carcinomas of the oesophagus,
49% were found to be aneuploid in eatly carcinoma and 83% in more advanced stages (4,5).
We found no significant refation between DNA-ploidy and TNM-stage or differentiation grade
of the tumour. This agrees with other studies on human solid tumours in which DNA-ploidy
was not often found to correlate with clinical stage or histologicat differentiation grade (6-8).

It has been suggested that aneuploid cancers are generally associated with inferior
prognoses compared to diploid ones. A relationship between DNA-ploidy and survival of
patients with sotid tumours has been reported for several organs (4-9). Matsuura et al. found
that the DNA distribution pattern was a major independent determinant of survival in patients
with advanced squamous cell carcinoma of the oesophagus (4). Ikebe et al, also found a good
correlation between DNA distibution pattern of early squamous cell carcinoma and prognosis
(8). Among patients with ar adenocarcinoma in Barrett's oesophagus we found a better
survival for patients with diploid tumours as compared to those with aneuploid or increased
G2/tetraploid tumours.

Although the number of patients in this study is too small for retiable statistic analysis,
there is an indication that DNA-ploidy may be a prognostic factor for the survival of patients

with an adenocarcinoma in Barrett's oesophagus,
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Summary

To evaluate the importance of the extension of columnar lined oesophagus, sex,
age, smoking and drinking habits as risk factors for malignant degeneration, we performed
a retrospective case-control study comparing patients with and without adenocarcinoma in
Barrett's oesophagus,

The records of 96 patients (53 male and 43 female; mean age 61 years) with a
benign columnar lined oesophagus and 62 patients (47 male ard 15 female; mean age 62
years) with an adenocarcinoma in columnar lined oesophagus referred to the Rotterdam
Oesophageal Tumour Study Group, diagnosed over the same period (1978-1985), were
reviewed. A frequency distribution of the extension of columnar lined oesophagus in both
groups was made, Statistical analysis was performed using multivariate methods.

The extension of columnar lined oesophagus was related _significantly to
carcinoma: a doubling of the length resulted in a 1.7 times increased risk. Smokers had a
2.3-fold increased risk as compared with nonsmokers, Male sex as a risk factor
approached statistical significance (p=0.006), Adjusted for these risk factors, no relation
between carcinoma and age or alcohol consumption was found.,

In conclusion, the risk of development of an adenocarcinoma in Barrett's
oesophagus increased with the extension of Barrett's epithelium, Smoking and possibly
male sex were also risk factors, The identification of these risk factors may help in

developing more cfficient screening programs for patients with Barrett's oesophagus.
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Introduction

Barrett's oesophagus is a condition wherein a variable length of squamous
epithelium of the distal tubular cesophagus is replaced by columnar epithelium. After the
first description of the condition in 1906 by Tileston (1), Barrett in 1950 described the
columnar epithelium as occurring in a mediastinal stomach secondary to a congenital short
oesophagus (2). Currently, the acquired origin of columnar epithelium in the distal tubular
oesophagus secondary to gastro-ocesophageal reflux is accepted most (3,4),

Adler was the first to stress the etiologic relationship between Barrett's
oesophagus and oesophageal adenocarcinoma (5). The reported incidence of oesophageal
cancer in patients with Barrett's oesophagus varies from one in 52 to one in 441 patient-
years of follow-up (6-9). In comparison with the general population patients with Barrett's
oesophagus run a 30 to 1235 fold increased risk of development an oesophageal carcinoma
(7-9). This is the reason why regular endoscopic screening has its advocates, although
there is no agreement about the intensity and even the desirability of such a screening
program (9-12), It is also an open guestion whether all patients with Barrett's oesophagus
should be screened, or only a subgroup with special risk factors. A number of risk factors
have been cited in the literature: race, age, sex, gastro-oesophageal reflux, intestinal
metaplasia, dysplasia, extension of columnar epithelitm in the cesophagus, and smoking
and drinking habits (4,11-15). Harle et al. and Ransom et al, suggested a positive
relationship between the extension of Barrett's epithelium and the risk of development of
an adenocarcinoma in the oesophagus (15,16). According to this assumption, one would
expect a higher frequency of longer segments of Barrett's epithelium in patients in whom
adenocarcinoma develops compared with those without malignancy.

To evaluate the importance of the extension of columnar epithelium by analysis of
the frequency distributions of the extension of Barrett's epithelium, sex, age, smoking and
alcchol consumption as risk factors for development of adenocarcinoma in Barrett's
oesophagus, we performed a retrospective case-control study, comparing patients with and

without adenocarcinoma in Barreit's oesophagus.
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Patients and methods

In this study, Barrett's columnar fined oesophagus was defined as the condition in
which a segment of columnar epithelium is found at least 3 cm above the distal end of the
tubular oesophagus as endoscopically defined. Cases of adenocarcinoma in Barrett's
oesophagus were accepted only if at endoscopic examination the tumour was localized in
the distal tubular oesophagus, if a segment of Barrett's columnar epithelium was found at
or above the upper limit of the tumour, and if no tumour was visible in the gastric cardia
at retroversion. Patients with carcinoma of the cardia were excluded from this study. In
all cases, Barrett's oesophagus was proven histologically by biopsy specimens showing
columnar epithelium. Adenocarcinoma also was proven histologically in all cases.

During the period 1978-1985, 96 consecutive cases of Barreti's oesophagus
without carcinoma, meeting the above-mentioned criteria, were identificd at endoscopy at
our hospital. This group of patients with cancer-free Barrett's oesophagus consisted of 53
male and 43 female patients (male-female ratio 1.2:1), with a mean age of 61 years. Over
the same period, 62 consecutive patients with an adenocarcinoma in Barrelt's esophagus
were referred (mostly from other hospitals) to the Rotterdam Oesophageal Tumour Study
Group for evaluation and treatment. There were 47 male and 15 female patients (male-
female ratio 3.1:1), with a mean age of 62 years.

For both groups, the extension of Barreit's oesophagus was measured from the
lower end of the tubular oesophagus to the squamo-columnar junction identified at
endoscopic examination. All measuremenis were performed by one of two experienced
endoscopists. The demarcation between stomach and oesophagus was determined
endoscopically by the diameter change of the lumen, termination of gastric folds, change
in colour of the mucosa, and vascular pattern, The upper level was diagnosed by the
epithelial border of Barrett's epithelium, which always was identified easily. In the group
with carcinoma, all adenocarcinomas were localized in Barrett's epithelium, A frequency
distribution was made for the extension of Barrett's oesophagus for both the group with
benign Barrett’s oesophagus and that with malignant disease. Data regarding smoking and
alcohol consumption were recorded systematically as part of the medical history. Patients
were designated as smokers if they smoked more than five cigarettes daily. Findings

regarding atcohol consumption were counted as positive if there was a daily intake, and
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intake of greater than four drinks per day was recorded.

In a case-control analysis, the risk factors were compared in both groups,
representative for patients with Barrett's oesophagus with and without carcinoma,
respectively, to obtain the relative risk. Statistical analysis included the Fisher exact test
for comparing percentages and the Mann-Whitney test for comparison of continuous data,
Various risk factors were evaluated simultancously by logistic regression (17). A P value

less than 0.05 (two-sided) was considered the limit of statistical significance.

Table I. Characteristics regarding the sex-ratio, symptoms, smoking and alcohol
consumption of the patients with a benign Barrett's oesophagaus (n=96),

and the group with an adenocarcinoma in Barrett's cesophagus (n=62)".

Barrelt's oesophagus

Benign Malignant
No.(%) No.(%)
Male 53(55) 47(76)
Female 43(45) 15¢24)
Presenting symptoms
heanthurn/regurgitation 23(24) 2(3)
dysphagia 26(27) 37(60)
pain 40(42) 15(24)
other o)) 8(13)
Smoking 28(31) 316(58)
Nonsmoking 63(69) 26(42)
Daily alcohol intake >4 drinks 2{2} 1(2)
Daily alcohol intake <4 drinks 40(44) 20(32)
No daily alcohol intake 48(53) 41(66)

* Missing data {(only in the group with benign disease): smoking (n=35), alcohol

consumption (n==6),
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Resulfs

There was no significant difference in the age distribution between both groups.
In the group with benign Barrett's ocsophagus, the median age was 65 years (range 14-96
years) and in the group with malignant disease 63 years {range 30-96 years), Table 1
summarizes the characteristics of both groups regarding sex ratio, symptoms, smoking and
alcohol consumption., The percentage of smokers was significantly (p <0.001) higher in
the group with malignant disease. The same applied to alcohel consumption (p=90.02).
Also, the male to female ratio was significantly (p=0.01 greater in the group with

malignant disease,

Figure 1, Frequency distributions of the length of Barrett's oesophagus for the

groups with nonmalignant Barrett's oesophagus and malignant disease.
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Figure 1 shows the frequency distributions of the extension of Barrett's
oesophagus for the groups with nonmalignant Barrett's oesophagus and malignant disease,
Forty percent of (he patients with benign Barrett's oesophagus had a segment of columnar

mucosa fonger than 6 cm. In the group with an adenocarcinoma in Barrett's oesophagus,
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60% of the patients had a length longer than 6 cm. By logistic regression, the odds ratio
for each risk factor with respect to adenocarcinoma was obtained (Table 2). An odds ratio
of 1.0 indicates no effect. An odds ratio greater than 1.0 indicates an increased risk of
cancer in the group with this particular risk factor as compared with the group without the
risk factor. A significantly increased risk of adenocarcinoma was associated with greater
lengths of Barrrett's oesophagus: a doubling of any given length involved a 1.7 increase in
risk (p<0.05). Smokers appeared to have a 2.3-fold increased risk. The 2.4-fold
increased risk of development of an adenocarcinoma for male as compared with female
patients, after allowing for the other factors, approached statistical significance (p=0.06).
The group of patients reporting alcohol consumption did not have a significant increased
risk in comparison with teetotalers. When the other risk factors were taken into account,

no significant relation between adenocarcinoma and the age was found.

Table 2, Outcomes of multivariate analysis of various risk factors’.

Risk factor Qdds ratio P-Value
Extension of BO 1.74 <0.05
Sex: female 1.0

male 2.4 0.06
Age 1.2#
Alcohol: no 1.0

yes 1.2 0.6
Smoking: no 1.0

yes 2.3 <0.05

* Odds ratios and P values were calculated by logistic regression,
# The odds ratio for the extension of Barrett's cesophagus (BO) applies to each doubling

of the length. For the age factor, the risk increases with a factor 1.2 with a 1Q-year

increase of age.

84



Discussion

Several studies have stressed the association between Barreft's oesophagus and
adenocarcinoma (5-8). It is thought that longstanding gastro-cesophageal reflux damages
the squamous epithelium of the lower tubular oecsophagus, which is replaced by
metaplastic  columnar epitheliom  (18,19). This columnar epithelium may become
dysplastic and eventually progress from mild to severe dysplasia into adenocarcinoma (%),
In view of the high risk of adenocarcinoma, endoscopic surveillance for the detection of
increasing dysplasia and malignant change has been recommended by some auwthors,
although the screening program is expensive and time consuming (9,11). Others have
questioned the value of a surveillance program for all patients with Barrett's oesophagus
because the incidence in absolute terms is low and the influence on life expectancy is not
well known (10,12). Therefore it seems important to detect subgroups of patients who are
at risk for the development of adenocarcinoma and who will benefit from regular follow-
up. Several risk factors that might enhance malignant degeneration, such -as race, age,
sex, gastro-oesophageal reflux, intestinal metaplasia, dysplasia, extension of columnar
epithelium in the oesophagus, smoking and drinking habits, have been cited in the
literature (4,11,13-15). It appears that Barrett's oesophagus occurs almost exclusively in
white people (4,13).

The prevalence of oesophageal cancer in patients with Barrelt's oesophagus varies
from 7% to 33% (7,10,20). Because our hospital is a referral center for carcinoma of the
oesophagus, the prevalence of adenocarcinoma in Barrett's oesophagus could not be
determined in this study.

The average age at the time of diagnosis of Barre{t's oesophagus ranges from 55
to 64 years (4,7,13-15,20-22). In most stucies there is no significant difference in the
mean age at onset of an adenocarcinoma in Barrett's oesophagus and the mean age at
diagnosis of Barrett's oesophagus (4,7,14,21,22). This was also seen in our series.

There is a male predominance among patients with Barrett's oesophagus, with a
male to female ratio varying from 2:1 to 4:1 (7,13-15,20). For patients with an
adenocarcinoma in Barrett's oesophagus, the male to female ratio varies from 3:1 to 5.5:1
(4,13-15,22), We found a significant difference in the male to female ratio between the

patients with benign Barrett's oesophagus and those with malignant disease with Barrett's
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oesophagus. In the group with benign disease the male to female ratio was slightly greater
than 1 (1.2:1), but in the group with malignant disease there was a definite male
predominance, with a male to female ratio of 3.1:1,

It has been suggested that an extended columnar-tined oesophagus could increase
the risk factor of development of an adenocarcinoma in Barrett's cesophagus (15,16). In a
follow-up study of 155 patients with Barrett's oesophagus performed at our institution,
adenocarcinoma was found to have developed in four patients with longest segments of
Barrett's mucosa (10). However, in the current series, 40% of the patients with an
adenocarcinoma had a segment of columnar lined oesophagus of 6 cm or less, showing
that adenocarcinoma also occurs in shorier segments of Barreit's oesophagus. Our data
indicate that for each doubling of the length the risk of development of an adenocarcinoma
increases by a factor of 1.7,

Smoking and alcohol consumption usuaily are considered to be risk factors for the
development of carcinoma of the oesophagus (12,13,23). Smoking and alcohol
consumptlion were reported by a higher percentage of patients with an adenocarcinoma as
compared with patients with benign Barrett's oesophagus. However, after correction for
the other risk factors, smokers had a significantly higher risk than non-smokers, whereas
there was no significantly increased risk from alcohol consumption, This is in accordance
with several studies in the literature, which identified a correlation between smoking and
adenocarcinomas in Barrett's oesophagus, but not between alcohol consumption and
carcinoma (13,23).

In summary, this case-control study shows that the risk of development of an
adenocarcinoma in Barrett's oesophagus increases with the extension of Barrett's
epithelium by a factor of 1.7 for each doubling of the length of Barrett's epithelium.
Smoking and possibly male sex were also risk factors, whereas after correction for the
extension of Barrett's cesophagus, age, and smoking there was no significantly increased
risk from alcohol consumption. The identification of risk factors for the development of
adenocarcinoma in Barrelt's vesophagus may help in creating more efficient screening

programs,
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Summary

The role of dysplasia and aneuploidy as markers in columnar epithelium for malignant
degeneration in Barrett's oesophagus was compared in a case control study comprising 38
patients with a benign Barrett's oesophagus and 50 patients with Barrett's oesophagus
associated with adenocarcinoma. Tissue specimens of columnar epithelium were reviewed for
the presence of specialized columnar epithelivm and the grade of dysplasia. Ploidy was
determined using the method for formalin fixed paraffin embedded tissue described by
Hedley.

There was no significant difference in the frequency of specialized columnar
epithelium between both groups. Dysplasia was more often found in columnar epithelium
associated with adenocarcinoma as compared to benign Barrett's oesophagus (p<0.001).
Multivariate analysis using logistic regression revealed an increased risk of malignancy in
Barrett's oesophagus in case of dysplasia (odds ratio 9.4, p=0.003 for mild dysplasia and
33.1, p<0.001 for moderate or severe dysplasia). DNA-ploidy was not statistically
significant correlated with dysplasia. Aneuploidy or increased G2/tetraploidy proved to be an
independent risk factor for younger patients {age < 635 years: odds ratio 44.7, p=0.003).

In conclusion, dysplasia and aneuploidy or increased G2/tetraploidy in columnar
epithelium are independent risk factors for malignant degeneration. Patients with these risk

factors should be offered a more intensive screening programme,
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Introduction

Barrett's cesophagus represents a metaplastic transformation of the normal squamous
cell cpithelinm of the lower tubular ocsophagus into columnar epitheliuvm (1,2). The
metaplastic columnar epithelium has the potential to undergo dysplastic changes resulting in
adenocarcinoma (3). There is an increased risk of adenocarciroma developing in Barreit's
oesophagus (4). This risk is estimated to be 30-125 fold higher than in the general population
(3,5). The value of endoscopic surveillance has not been fully established and it has been
suggested it should be concentrated on a subgroup of high risk patients (6). It would therefore
be valuable to discover markers identifying this subset of patients, Histological changes (both
specialized columnar epithelium and dysplasia) and flow cytometric abnormalities have been
suggested as putative markers of increased risk of malignancy in Barrett's oesophagus (3,7-
10). However, the only screening marker in clinical use at the moment is the presence of
dysplasia. One group concluded that flow cytometry is capable of detecting alterations in
DNA-content which are present in high frequency in Barrett's cesophagus with dysplastic
changes and carcinoma (8,9). Others, however, have found discordance between flow
cytometric abnormalities and dysplasia in Barrett's oesophagus (11). It remains unclear
whether the presence of both ancuploidy and dysplasia implies a greater cancer risk than each
factor separately ot that they merely represent confirmatory markers.

To evaluate the association of dysplasia and aneuploidy with malignant change in
Barrett's oesophagus, we performed a case control study comparing the occurrence of
dyspiasia and ancuploidy in columnar epithelium in patients with adenocarcinoma in Barrett's
oesophagus to an age and sex matched group of patients with Barrett's oesophagus, recruted

during the same period, in whom no carcinoma developed during a follow-up peried of at

least 5 years.

Patients and methods

Definitions.
Barrett's oesophagus was defined as the condition in which a segment of columnar

epithelium was found of at least three centimeters above the distal end of the tubular
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oesophagus as endoscopically defined, In all cases columnar epithelium was proven
histologically by endoscopically directed biopsies demonstrating columnar epithelium. Cases
of adenocarcinoma in Barrett's oesophagus were only accepted if a segment of Barrett's
columnar epithelium was found at or above the upper limit of the tumour and if the bulk of
the tumour was located in the tubular cesophagus. All cases of adenocarcinoma were
confirmed by histologic examination of biopsies and resection specimens,

Patients.

During the period 1978-1988, 112 consecutive patients with an adenocarcinoma in
Barrett's oesophagus were referred to the Rotterdam Oesophageal Tumour Study Group for
evaluation and treatment. Tissue specimens of columnar epithelium from 50 of these patients
(biopsies in 36 cases and resection specimens in 14) were available for flowcytometric
analysis, They comprised 36 men and 14 women with a mean age of 62,2 years (range 39-
81), and constituted our study group with malignant change in Barrett's oesophagus. Thirty-
eight patients underwent oesophagectomy, of whom 24 had received preoperative radiation
therapy. In 6 patients the tumour proved unrescclable at laparotomy and 6 patients were not
considered for resection because of distant metastases. Resection specimens from the 24
patients who had received preoperative radiotherapy were discarded, but in these cases biopsy
specimens of columnar epithelivm obtained before radiotherapy were analyzed. Thirty-eight
patients with a columnar lined cesophagus and with a similar age and sex distribution, who
entered the surveillance programme between 1980 and 1986, constituted the control group.
These patients were 28 men and 10 women with a mean age of 62.6 years (range 30-88),
none of whom developed an oesophageal carcinoma during a follow-up period of 5-11 years.
Endoscopic biopsics obtained at the first endoscopy were used for histological examination
and flow cytometric analysis. Histological examination and flow cytometry were always
performed on the same specimen.

Endoscopy and Biopsy.

All patients underwent endoscopy using an Olympus GIFQ 10 endoscope. Biopsy
specimens were taken at one centimeter intervals throughout the columnar lined tubutar
oesophagus up to the squamocolumnar junction and directed biopsies were taken of any
endoscopic abnormality. All endoscopically directed biopsies were embedded in one paraffin

block, which was used for analysis,
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Histology.

All tissue specimens of columnar epithelium obtained by endoscopically directed
biopsies (usually 3-8 biopsies in one paraffin specimen) or resection (several cross-sections
through the oesophagus) were reviewed by two of us (AH M. and MBE MP.). Specimens
were designated as no dysplasia, mild, moderate or severe dysplasia according to criteria for
epithelial dysplasia in the stomach described by Morson et al. (i12). Since severity of
dysplasia may be patchy and the paraffin blocks contained several biopsies, the most severe
type of dysplasia was scored. The type of columnar epithelium was determined using criteria
described by Paull et al. (13).

Specimens,

All specimens were either endoscopically directed biopsies or resection specimens of
colummar epithelium fixed in formalin and embedded in paraffin, These specimens were
prepared for flowcytomeltry according to the method described by Hedley (14), The nuclear
suspension was filtered through a 40 micrometer mesh filter and stained with ethidium
bromide (BDH Chemicals Ltd. Poole England). Cellular DNA-content of at least 10.000 celis
was measured on a fluorescence activated cell sorter (FACS II Becton Dickinson, Sunnyvilie,
California, USA), The Argon laser was tuned at 488 nm and a red fluorescence was measured

using a cut off filter (Pomfrett Stamford, Cann.). The data were fed into a Data General

computer.
Flowcytometry analysis.

Ancuploidy was determined both by visval inspection and confirmation of an
aneuploid population by calculating the deoxyribonucleic acid index as defined by the
Convention of Nomenclature for deoxyribonucleic acid cytometry (15). A diploid histogram
contained a GO/G1 peak (DNA-index 1.00) and a G2/tetraploid peak above DNA-index 1.90
and below DNA-index 2.10, with a G2/tetraploid fraction up to 10%, G2/tetraploid fractions
above 10% were considered abnormal. Specimens were excluded from analysis if the
coefficient of variation exceeded 9% or the cells numbered less than 10000 for analysis,
Statistical analysis,

Statistical analysis included Mann-Whitney's test for the comparison of continuous
data and Fisher's exact test for the comparison of percentages. Dysplasia and aneuploidy as
risk factors for malignant change were evaluated simultancously by a multivariate analysis

using logistic regression (16). P=0.05 (two-sided) was considered the limit of statistical
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significance.

Results

There was no significant difference (p=0.35) in the frequency in which specialized
columnar epithelium was found in both groups: 29 cases (76%) in the benign group and 33
cases (66%) in the malignant group. Table 1 shows the grades of dysplasia for both groups.
The frequency and grade of dysplasia found in Barrett's epithelium associated with

adenocarcinoma were higher than that in benign Barrett's epithelium (p <0.001),

Table 1. Grade of dysplasia of columnar epithelium of patients with benign Barrett’s
oesophagus and patients with Barrett's oesophagus associated with

adenocarcinoma,
Benign Group Malignant Group
N (%) N (%)
No dysplasia 25 (66) 9 (18)
Mild dysplasia 11 (29) 19 ¢38)
Moderate dysplasia 2(5 14 (28)
Severe dysplasia - 8 (16)

Table 2 summarizes the results of flow cytometry. Ploidy did not significantly
correlate with the grade of dysplasia in columnar epithelium in either group. Aneuploidy or
increased G2/tetraploidy of columnar epithelium occurred significantly more often (p <0.001)
in the malignant group (62%) as compared to the benign group (21%).

Using multivariate analysis, dysplasia and ancuploidy or increased G2/tetraploidy were
simultancously evaluated as risk factors with respect to adenocarcinoma (Table 3). Odds ratios
of 1 indicate no effect. An odds ratio above 1 indicates an increased risk of cancer in the
group with this particular risk factor as compared to the group without the risk factor, A
significantly increased risk of adenocarcinoma was associated with dysplasia, invelving a 9-

fold increased risk for mild dysplasia (p=0.003) and a 33-fold increased risk for moderate
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or severe dysplasia (p<0.001), Aneuploidy or increased G2/tetraploidy appeared to be a
significant (p=0.003) independent risk factor for malignancy in Barrett's cesophagus for
younger patients {age < 065 years), whereas the risk increase was not significant for older

patients (age > 63 years). The effects of the various risk factors were not affected by gender,

Table 2. Results of flowceytometry of columnar lined epithelium of patients with benign
Barreft's oesophagus and of patients with Barrett's oesophagus associated with

adenocarcinoma according to grade of dysplasia.

Diploid Aneuploid
Increased G2/tetraploid
N (%) N {%)
Benign Group
no dysplasia 21 (84 4 (16)
mild dysplasia g (82) 2(18)
moderate/severe dysplasia - 2 {100y
Total 30 (79) 8 (21)
Malignant Group
no dysplasia 1 (1) 8 (89)
mild dysplasia 11 (58) 8 (42)
moderate/severe dysplasia FREYA] 15 {68)
Total 19 (38) 31 (62)

Discussion

A aumber of reports have stressed the association between Barrett's oesophagus and
adenocarcinoma (3-6), The metaplastic columnar epithelium may progress from mild to
severe dysplasia into adenocarcinoma (3). In view of the 30-125 -fold increased risk of
adenocarcinoma regular endoscopic and histologic surveitlance have been recommended,
although there is no agreement about the intensity of such a screening programme (3,5).

Because of the low incidence of carcinoma it should be important to identify the subset of
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Table 3. Outcomes of multivariate analysis of the risk factors dysplasia and aneuploidy.

Risk factor Odds ratio P-value
No dysplasia® [
Mild dysplasia 9.4 0.003
Moderate/severe dysplasia 331 <0.001
Diploid* 1
Aneuploid/increased G2
tetraploid
age < 65 years 4.7 0.003
age > 65 years 2.4 0.28

(a) Reference category
) Significantly (p=0.03) difference between ages above or below 63 years.

patients with Barrett's oesophagus at high risk for the development of adenocarcinoma and
therefore to concentrate surveillance on high risk patients. Most endoscopic surveillance
pratocols are based on histologic evaluation of biopsy specimens for dysplasia (17). However,
the morphologic diagnosis of dysplasia, especially that of lesser degrees is difficult and
marred by considerable intra- and interobserver variation. Therefore more objective indicators
would be useful.

In most patients with an adenccarcinoma in Barrelt's oesophagus dysplasia is found
in the surrounding columnar epithelium (8,10,20), Schraidt et al. found high grade dysplasia
in 48% and low grade dysplasia in 30% of the patients with an adenocarcinoma in Barrett's
oesophagus compared with only low grade dysplasia in 5% of the patients without carcinoma
(10). This agrees with our study, in which we found moderate or severe dysplasia in 44 % of
the patients in the malignant group but only moderate dysplasia in 5% of the patients in the
benign group.

The relationship between flowcytometry and dysplasia is controversial. Reid et al,
demonstrated genomic instability (aneuploidy) or abnormalities of mucosal proliferation by

flow cytometry in specimens of paticnts with Barreti's oesophagos with dysplasia and
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adenocarcinoma (7). They showed that flow cytometric abnormalities were correlated with
the histologic diagnosis of dysplasia and carcinoma. In contrast, Fennerty et al. found that
histologic dysplasia and aneuploidy were often discordant (11). In our study ploidy did not
significantly correlate with the grade of dysplasia in columnar epithelium in either group,
although specimens with moderate or severe dysplasia showed a trend towards aneuploidy or
increased G2/tetraploidy. Recently Reid et al. demonstrated that most of the patients whose
tissues showed aneuploidy or ihcreased G2/tetraploid fractions progressed to high grade
dysplasia or carcinoma regardless of their histological dysplastic abnormalities (9). On the
basis of these data it is stilt unclear whether flow cytometry and histology are complimentary
risk factors, or merely serve as confirmatory markers,

Our study was designed to evaluate the role of dysplasia and aneuploidy as
independent risk factors and to determine the extent of this risk. Cur data indicate that the
relative risk increases 9-fold for mild dysplasia and 33-fold for moderate or severe dysplasia.
For younger patients {(age < 65 years) ancuploidy or increased G2/tetraploidy appeared to
be a significant risk factor for malignant degeneration with a 45-fold increased relative risk.
In the benign group the 8 cases with aneuploidy or increased G2/tetraploidy had a significant
higher (p=0.04) mean age than those with diploidy (mean ages respectively 61 and 69 years).
In the malignant group there was no age difference, with means both equalling 62 years.
There was no relation between age and dysplasia score in either group. For columnar lined
epithelium no relation between ploidy and age has been described in contrast to some studies
on flowcytometric analysis of nuclear DNA content in ovarian tumours and breast
adenocarcinoma which revealed an association between aneuploidy and advanced age (18,19).
Specialized columnar cpithelium was found with equal frequency in benign Barrett's mucosa
and Barrett's mucosa associated with adenocarcinoma.,

In conclusion, an increased risk for malignant degeneration was found where dysplasia
was present in columnar epithelium, especially moderate and severe dysplasia. Ploidy was not
significantly correlated with dysplasia. Aneuploidy or increased G2/tetraploidy, however,
proved to be an independent risk factor in patients under 65 years of age. On the basis of our
finding that both dysplasia and aneuploidy or increased G2/tetraploidy are independent risk
factors for malignant degeneration in Barrett's cesophagus, patients with either or both these
risk factors should be offered at least annual or half yearly screening, provided they are able

to undergo surgical intervention, As severe dysplasia is often associated with invasive
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carcinoma, these patients should be offered oesophageal resection or at least frequent (three
monthly) endoscopies with extensive biopsies (17,20). Patients without these factors may be

screened at greater intervals puided by other risk factors (21).
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Summary

We performed flowcytometry and cytogenetic analysis of 37 adenocarcinomas of the
distal oesophagus and cardia of which 22 arose in Barrett's mucosa, Two of eight analyzed
specimens of Barrett's mucosa had clonal chromosomal abrormalities, In 19 cases clonal
chromosomal abnormalities were found in tumour tissue. The complex pattern of cytogenetic
changes did not differ among the adenocarcinomas arisen in Barrett's oesophagus, and those
in the distal oesophagus without Barrett's mucosa or cardia. Abnormal karyotypes with
multiple and complex rearrangements were seen in Il cases and with single or a few
numerical changes in 8. Losses of chromosomes 4, 18, 21 and Y were the most frequent
numerical changes, Loss of the Y-chromosome was observed in 8 of 26 tumours of males
{31%). Gains of chromosomes 14 and 20 were also frequent numerical changes. Structural
abnormalities were observed in 13 of the abnormal karyotypes (68 %). The chromosome arms
most frequently rearranged were 1p, 3q, 11p and 22p, The chromosome arm most frequently
contributing to losses was Ip with the shortest region of overlap being 1p22-33, The
chromosome arms most often involved in gains were 1lp and 22p, and i(3q) was the

isochromosome that was most frequently identified,
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Introduction

There has been a striking increase in the incidence of adenocarcinoma of the
oesophapus and the oesophagogastric junction in North America and Western Europe in
recent years (1,2). Most oesophageal and gastro-oesophageal adenocarcinomas appear to arise
from Barreft’s oesophagus (3}, As a consequence of persistent damage, the squamous
epithelial Hning of the oesophagus is replaced by columnar epithelium. The incidence of
adenocarcinoma to develop in a patient with Barrett's ogsophagus varies from 1 in 56 to 1
in 441 patientyears of follow-up (4). Although the risk of developing an adenocarcinoma
appears to be small, it is at least 30-125 times that expected for a similar population without
Barrett's oesophagus. The survival of patients with an oesophageal adenocarcinoma is poor,
even after oesgphagectomy (5,6). Although endoscopic surveillance and biopsy are performed
to achieve an early diagnosis of malignant degeneration, its value has not been fully
established and it has been suggested to concentrate on a subgroup of high risk patients (7).
A better understanding of the underlying mechanisms of carcinogenesis in Barrett's
oesophagus and the discovery of markers identifying the subset of patients at high risk would
be of great importance,

Barrett's adenocarcinoma occurs as a result of progression of severe dysplastic changes
in the abnormal mucosal lining of the oesophagus, involving a series of genetic alterations
in the cells that comprise the Barrett's epithelium (8), The correlation between dysplastic
changes and aneuploidy has been demonstrated by flowcytometric techniques (8,9). A few
studies demonstrated clonal chromosome abnormalities in Barrett's epithelium and
adenocarcinoma (10-13). The karyotypes were often complex, but loss of the Y-chromosome
was a frequent finding. Genetic changes affecting 3q and the 1Ipl13-15 region have been
described in oesophageal adenocarcinomas as well as in other umours {11,12). However,
since the cytogenetic study of solid tumours and premalignant tissues is difficult, there are
no large series reported, ,

We report cytogenetic studies of 37 adenocarcinomas of the distat oesophagus and
cardia of which the majority (59%) arose in Barrelt's mucosa. In these cases (n=22)

cytogenetic analysis was also performed on Barrett's epithelinm.
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Materials and methods

Patients,

Patients with an oesophageal carcinoma were referred to the Rotterdam Oesophageal
Tumour Study Group for evaluation and treatment. Three groups were investigated: 1)
patients with an adenocarcinoma in Barrett's oesophagus, 2) patients with an adenocarcinoma
in the distal oesophagus without Barrett's mucosa and 3) patients with an adenocarcinoma in
the cardia. All patients underwent an oesophagectomy without preoperative radiotherapy or
chemotherapy and were included in the study during the period November 1989 to August
1992, Tissue specimens of 37 patients (26 male and 11 female; mean age of 62 years) were
analyzed by histopathological, flowcytometric and cytogenetic methods.

Pathology.
Based on histopathologic findings and site of the tumour the 37 adenocarcinomas of

the patients were divided in three subgroups:
1) Adenocarcinoma in Barreit's oesophagus, if the bulk of the tumour was located in the
distal oesophagus and columnar epithelium was found proximal to the ftumour at
microscopical examination (N=22).
2) Adenocarcinoma in the distal ocsophagus, if the bulk of the tumour was located in the
distal oesophagus and no columnar epithelium could be demonstrated proximal to the tumour
by microscopical examination (N=10).
3) Adenocarcinoma of the cardia, if the bulk of the tumour was located in the cardia with
tumourgrowth into the distal oesophagus (N =35).
From all 37 resection specimens fresh tissue samples of the oesophageal mucosa and the
tumour were taken out and divided in 3 parts. One part of every tissue sample was used for
histopathological analysis, one for cytogenctic analysis and a third part was stored in Jiquid
nitrogen (-70°C) for flowcytometry. In a few cases tissue samples were taken from lymph
node metastases.

If columnar epithelium was found, specimens were designated as no dysplasia, mild-,
moderate-, and severe dysplasia according to criteria for epithelial dysplasia in the stomach
described by Morson et al (14). In all tumour specimens adenocarcinoma was found and the

differentiation grade of the tumour was determined.
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Flowcytometry (FCM).

Fresh tissue samples for FCM were immediately frozen and stored in liquid nitrogen
(-70°). These specimens were prepared for FCM according to the method described by
Vindelov et al. (15). The nuclear suspension was filtered through a 40 micrometer mesh filter
and stained with propidium iodide (Sigma Chemical Co,, St. Louis, MO). Cellular DNA
content of at least 10,000 cells was measured on FACS scan (Beckton Dickinson,
Mountainview, California). The data were fed into a Data General computer, Aneuptoidy was
determined both by visual inspection of the histograms and confirmation of an aneuploid
population by calculating the deoxyribonucleic acid index as defined by the convention of
nomenclature for deoxyribonucleic acid (16). A diploid histogram contained a GO/G1 peak
and a G2ftetraploid peak above DNA index 1.90 and below DNA index 2.10, with a
G2/tetraploid fraction up to 10%, G2/tetraploid fractions above 10% were considered
abnormal, An aneuploid population of cells was defined as a GO/G1 population of cells that
produced a discrete peak, separate from the diploid population, constituting 5% or more of
the cells in the biopsy specimens. The coefficient of variation was 6% or less in all cases.
Cytogenetics,

Fresh tissue samples of oesophageal mucosa and adenoccarcinoma obtained from the
resection specimens were minced with sharp scissors into pieces approximately 1 mm or less
in diameter. The pieces were incubated in DMEM/Ham's F12 culture medium containing 5
ug/ml Amphotericin B, 200 1U/ mi penicitlin and 0.2 mg/m! streptomycin for one hour, The
suspension was washed in medium, then medium containing coliagenase II (200 IU/m1) was
added for several hours in order to obtain enzymaticat disaggregation of cells. The suspension
was washed two times in medium and dispersed into 50 ml cell culture T-flasks with 10 ml
DMEM/ IHam's Fi2 culture medium with 10% fetal calf serum, 0.3 mg/ml glutamin, 100
IU/mi penicillin and 0.1 mg/ml streptomycin, The cultures were maintained at 37°C in a
humidified atmosphere of 5% carbon dioxide in air, The specimens were harvested for
cytogenetic analysis after 2 or 3 days of growth in vitro (short term culture). To synchronize
the cells in the cellcyclus the cultures were treated with methotrexate (1 ug/ml) overnight and
tymidine (10*M) 6 hours before harvesting (17). Metaphase cells were arrested by exposure
to colcemid (0.1 ug/ml) for 1 hour. The mitotic cells were loosened by shaking the culture
flasks, washed with medium, swelled in KCl 0.075 M at 37°C for 8§ minutes and f{ixed

according to standard procedures using methanol:acetic acid (3:1). The remaining monolayer
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was flooded with KCI-EGTA for 20 minutes and scraped out with a rubber policeman,
washed with KCI 0,075 M and processed as above, The chromosomes were identified using
RFA and QFQ banding. Karyotype designations were in accordance with the ISCN (1991)
(18). As a control, preoperative blood samples of the patients were obtained and cytogenetic
analysis of the leucocytes was performed.

The most frequent problems we encountered in processing tissue cultures for
cytogenetic analysis were lack of outgrowth, contamination of the tissue cultures most often
by yeast or fibroblast overgrowth, Incubating the minced tissue pieces in medium containing
5 ug/ml Amphotericin B directly after preparation of the resection specimens minimalized the
contamination by yeast. We used only short term cultures (2-3 days) to prevent karyotypic
evelution in vitro, The direct method, i.e. processing the tissue samples for cytogenetic
analysis without tissue culture, yielded an insufficient number of metaphase cells. The quality

of metaphases was irregular and not all cells could always be fully karyotyped.

Resulfs

Clinical characteristics.
Table 1 shows the clinical and histopathological characteristics of 22 patients with an

adenocarcinoma in Barrett's oesophagus. The histotogical diagnosis of the mucosat specimens
on which cytogenetic and flowcytometric analysis were performed are listed according to the
mucosal type, i.e. Barrett's epithelium or squamous epithelium. In one patient (no. 19) tumour
tissue for cytogenetic analysis was obtained from a lymph node metastasis, while the tissue
culture of the primary tumour was not successful,

Barrett's mucosa.
The results of flowcytometric {12 cases) and cytogenetic analysis (8 cases) of Barrett's

mucosa are listed in table 2. FCM showed a diploid population in 8 cases, a tetraploid
population in one and aneuploidy in 3 cases. Of these three aneuploid populations no
cytogenetic analysis could be performed in patient no. 9, only 3 mitoses were analyzed and
not clonally abnormal in patient no, 24, while in patient no, 25 clonal abnormalities were
found. In this patient the DNA-index of Barrelt's mucosa was 1.61, correlating with the

modal chromosome number (near-triploid) found at cytogenetic analysis, The same clonal
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karyotypic aberrations were also seen in the adenocarcinoma of the same patient. One of the
dipleid samples of Barrett's mucosa showed a hypodiploid karyotype with loss of the Y-
chromosome. Loss of Y was also seen in the adenocarcinoma of this patient. The number of
metaphases was insufficient in 4 cases (less than 5 mitoses), and in none of them an abnormal
clone was found, despite the fact that FCM showed aneuploidy in one case. In three patients
the mucosal tissue samples that were analyzed cytogenetically contained only squamous
epithelium. In these cases Barrett's mucosa seen histologically in their resection specimens
was not present in the tissue samples for cytogenetic analysis. These samples all showed
normal karyotypes (3,8 and 4 metaphases were analyzed respectively). In 11 patients out of
22, tissue cultures of the mucosa were not successful which prevented cytogenetic analysis.
Adenocarcinoma,

In table 3 the data of flowcytometric and cytogenetic analysis of 22 adenocarcinomas
in Barrett's oesophagus are summarized. FCM showed only diploid populations in 2, a
tetrapioid population in one and aneuploidy in 14 cases. In the latter the DNA indices varied
between 1.42 and 1.72 in 10 cases. Four of these 10 tumours showed also near-triploid
karyotypes (no0.19,25,31 and 36). Patient 13 exhibited two distinct clonal populations, one
hypodiploid and the second one near-triploid, both showing the same markers. Of the 12
cytogenetic abnormal clones identified, 5 were hypodiploid and two of these corresponded
to near-triploid FCM indices, a situation similar to that of patient 13. There were no mitoses
found in one case, and an inadequate number of metaphases in 4 cases, in which no abnormal
clones were found, although FCM showed aneuploidy in two. In 9 tumours between 5 and
10 metaphases were karyotyped and an abnormal clone was found in 4 cases. In 4 umours
aneuploidy or tetraploidy was found by FCM, but this could not be confirmed
cytogeneticaily.

Table 4 shows the clinical and histopathological characteristics of the patients with an
adenocarcinoma in the distal oesophagus without Barrett's mucosa (n=10) and cardia (n=35).
In two patients the tumour appeared to be irresectable at laparotomy and tumour tissue was
obtained from lymph node metastases (no.7 and 8), All oesophageal mucosa specimens were
of the squamous celi type. Cytogenetic analysis of squamous epithelium was performed in 6
cases {1-5 metaphases were analyzed in 4 cases and 10 metaphases in 2 cases), and at random
numerical changes were found in 4 of them, In the other 9 patients tissue cultures of the

squamous epithelium were not successful.
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The results of flowcytometric and cytogenetic analysis analysis of adenccarcinoma
located in the distal ocsophagus without Barrett's mucosa and cardia are listed in table 5 and
6 respectively. FCM showed aneuploidy in 6 of the 10 adenocarcinomas of the distal
oesophagus, while two were diploid and two were not investigated (table 5). In two of these
(no.7 and 10) the DNA-index correlated with the modal chromosome number found at
cytogenetic analysis. A FCM histogram of patient no. 7 showed a hypodiploid shouider and
an aneuploid peak with a DNA-index of 1.65 (Figure 1), Furthermore, three others had
DNA-indices varying between 1,53 and 2.17, but hypodipleid cytogenetic clones were found
{no.6,16 and 28). An inadequate number of metaphases was analyzed in 3 cases, and no
abnormal clones were found, although FCM aneuploidy was seen in one. At least 5
metaphases were analyzed in 7 cases and clonat abnormalities were found in all of them.
FCM showed a tetraploid population in one case and aneuploidy in another case of
adenocarcinoma of the cardia {table 6). In both cases only one metaphase was analyzed and
showed a normal karyotype. More than 10 metaphases were analyzed in one case, in which
an abnormal clone was found. Constitutional chromosomal abnormalities were not found in

any of the patients by cytogenetic analysis of periferal blood Iymphocytes,

Figure 1, Histogram of flowcytometric analysis of tumour tissue of patient no 7.

no. of events

T i i 1 ]
DNA-Content

111



Clenal chromosomal abnormalities in Barreit's mucosa were seen in two cases with
near-diploid and near-triploid chromosome numbers respectively. In 19 cases clonal
chromosomal abpormalities were found in tumour tissue. These were analyzed for the
presence of common numerical and structural aberrations, All chromosomes contributed to
numerical changes, Gains and losses of chromosomes, determined relatively to ploidy, were

plotted on a histogram (figure 2),

Figure 2, Histogram of ali clonal numerical chromosome changes observed in tumour
cells of 19 patients with an adenocarcinoma in Barrett's oesophagus (11), the
distal cesophagus without Barrett's mucosa (7) and cardia (1). Gains and losses
depicted are determined relative to ploidy. Unidentified markers are also

shown; r=ring chromoseme, dm=double minute, mar = marker chromosome.

no. of cases
12, —

104

LY TP ety T

2 3 45056 7 89 0111213141516 171819202122 x vy r dm M chromosomes

loss

10~

When compared to the ploidy of individual tumours whole chromosome losses were
more common than gains, Losses of chromosomes 4, 18, 21 and Y were the most frequent

numerical losses. Loss of the Y was observed in 8 of 13 tumours of males (62%).
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Chromosomes 14 and 20 were most frequently gained. Loss of chromosome 16 was not
observed, Structural abnormalities were observed in 13 of the abnormal clonal karyotypes
{68%). All chromosome arms except 10p, 16q, 18q, 19p, 20q and chromosome X
participated in structural changes (figure 3). The chromosome arms most frequently
rearranged were 1p, 3q, 1lp and 22p. Abnormalities of chromosome 1p arm frequently
resulted in {partial) deletion, with the shortest region of overlap being at 1p22-33 (figure 4).
In contrast, chromosome 11p and 22p rearrangements often showed gain of material, A
homeogenous staining region (hsr) of 11p14 was observed in 3 cases and gain at 11pl5 in one
case, whereas a deletion on chromosome arm 11p was seen in one case with the breakpoint
at 11pl4 (figure 4). Structural rearrangements of chromosome arm 3q were frequently
observed, including deletions in 2 cases, gains in 2 cases, an unbalanced transiocation in one
case and isochromosomes in 3 cases (figure 4). The breakpoint occurred at the centromere
in 4 cases, Several recurrent isochromosomes have been identified. The most frequent were

i(3q) in 3 cases, i(13q) in 2 cases and i(14q) in 2 cases,

Figure 3, Histogram of all clonal structural chromosome changes observed in tumour
cells of 12 patients with an adenocarcinoma in Barrett's oesophagus (8}, the
distal eesophagus without Barrett's mucosa (3) and cardia (1),
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Figure 4,

Examples of rearrangements affecting chromosome arms Ip, 3q and 11p in the
studied fumours, Patient numbers are indicated under the rearranged
chromosomes. R-bands are used in the majority of cases and Q-bands for

patientno. 1 (chromosome 11), 5 {chromosome 1}, 31 (chromosomes 1 and 3)

and 36 (chromosome 3),
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Table 1 CLINICAL AND HISTOPATHOLOGICAL CHARACTERISTICS OF 22 PATIENTS WITH
AN ADENOCARCINOMA IN BARRETT'S OESOPHAGUS

1 1
ADENOCARCINOMA MUCOSA
2 3
PATIENT) SEX AGE pTNM GRADE TYPE GRADE OF DYSPLASIA

NOQ

1 ¥ 76 TIN1Mo G1 - -

M 61 TiNOMo G3 - -
B M 58 T3INLMe G2 SQUAMOUS -
M 45 T2ZNOMGo G3 BARRETT MILD

11 M 63 TINOMoe G3 BARRETT MILD

1z F 65 T3NLMO G3 - -

] M 59 TIN1MO G3 SQUAMOUS -

17 M 30 T1INOMO G2z BARRETT MODERATE
i8 M 67 TIN1IMO G3 - -

19 M 69 T3NiMo G3 (4) BARRETT RO
20 F 67 T3N1M1 G3 BARRETT MODERATE
23 r 77 TINOMD G2 BARRETT NO
z4 B 68 TINOMO G2 BARRETT SEVERE
FA] B 75 TINOMO G2 BARRETT MILD
25 3 67 TINLM1 G3 - -
27 M 77 T3INIMO G3 BARRETT NGO
29 M 70 TZINOMO G2 BARRETT MILD

31 M 33 T3NLMO G2 3QUAMOUS -
3z F 64 TZNOMD Gl BARRETT NO

36 P 73 TINLIM1 G2 BARRETT MODERATE
38 M s0 TINLMg G3 - -

39 M 70 TINOMO G3 = =

L. IISTOPATIIOLOGICAL DIAGNOSIS OF TISSUE SAMPLES FOR FLOWCYTOMETRIC AND CYTOGENETIC ANALYSIS
Z. DIFFERENTIATION GRADE: G1=WELL DIFFERENTIATED G2= MODERATELY DIFFERENTIATED G3=FOOQRLY DIFFERENTIATED

3. UISTOLOGICAL DIAGNOSIS OF MUCOSA SPECIMENS ON WHICH CYTOGENETIC AND FLOWCYTOMETRIC ANALYSIS WERE PERFORMED
4. TISSUE SAMPLE PROM A LYMPH NODE METASTASIS



Table2 FCM AND CYTOGENETIC ANALYSIS OF BARRETT’S MUCOSA

BARRETT'S MUCOSA

PATIENT)
NO

FLOWCYTOMETRY
{(DNA—INDICES)

NUMBER OF METAPHASES ANALYZED

TOTAL | NORMAL | ABNORMAL ABNORMAL
NON~CLONAL CLONAL

KARYOTYPE OF CLONAL ABNORMALITY

il

17

9

20

23

24

27

25

32

36

ANEUPLOID (1.93.3.43)

RIPLCID

DIPLOID

DIPLOID

TETRAPLCID

DIPLOID

ANEUPLOID (1.18.2.32)

ANEUPLOID (1.61}

DIFLOID

DIPLOID

DIPLOID

DIPLOID

16 7 4 5
26 20 5 -
3 4 2 -
A 2 - -
3 4 1 -
1
5 - - 1+ 4
% 1 - -

45(34-46).X, ¥ [cp5]

T2<3n> XXX +3,—4,—5,~5.~ 6.+ 8, +add(9)(p22).+del(10}(q23}, ~11.+12.~14,add(15){pl2).
+3dd{15)(q21).add(17)(p12).—18,+2dd(19)(q1 3),+20, ~21,+22,+ mazl ,+marZ[cps]

1. INDICATES METAPLIASES THAT WERLE COUNTED, WITIH MARKERS IDENTIFIED, BUT WILICIL COULD NOT BE COMPLETELY KARYOTYRPED




Table 3

FCM AND CYTOGENETIC ANALYSIS OF ADENOCARCINOMA IN BARRETT’S OESOPHAGUS

[ ADENOCARCINOMA IN BARRETT'S OESOPHAGUS

PATIENT FLOWCYTOMETRY NUMBER OF METAPHASES ANALYZED
NO (DNA—INDICES)
TOTAL | NORMAL | ABNORMAL ABNORMAL | KARYCTYPE OF CLONAL ABNORMALITY
NON—-CLONAL CLONAL
1
1 - 10 - - 6+4 3942 <20 > X.—X,+3,~4,2dd(10)(q26), +her(11)(pl4},~13,—~17,-18,-20,—21,
zdd(22)(pll},+ mar,+dwmin[cpl0]
3 - 1 1 - - -
1
5 - 14 9 2 142 80 <4m> XXX, =Y.~ YV.del{1}(p21p34 ), +2d&(1)(p22). +inv(2)(ql 3933}, —3,—4.~5,—6
del(7)(¢31).-7,—9,—9,~10,—10,~10,+11.add(12)(p12),i(13)(q10),~13,~13,~13,~14
add(15)(q26)x2,add(18){p211),~18.~18,—21,—21,-21,2dd(22)(p12}x2,+r,+marlz2,
+mar2, +mar3
g ANEUPLOID (1.85,3.29) b & 3 - -
11 TETRAPLOID 6 4 z - -
12 ANEUPLOID (1.65) 0 16 2 2 4647, XX, +2marcpz]
1
13 DIPLOID 23 3 - £+ 37—42 <2n>Xi(Y)(q10).del(1)(p21p34), +2d d(3)(q27), —5.i(7)(p10).add(8){q24),—F,—11,~12.—13
1(13)(q190),—15,-19,—20,—22,244(22)(¢13)},+ 7, + mar [cpl5]
1
T+ 3 69(64 ~33)<3m> XXi(Y)(QLO).+2,+3,+ add(I)( q27). +4,~5,+2d(6}(q26)22,1(7)(p10).+E(7)(PL10)
244(8)(q24)z2,~10,~11, —12.i(13)(q10)x2.+14,+15,~17.~18,~19.~20,+21,2dd(22) (q13)=2.
+1x2,+marfcpll]
17 ANEUPLOID (1.58) 34 12 6 16 45(34 —45),X,-Y[10],—10,—14,—17,-18,~21 [cpl§]
1% ANEUPLQID (1.49) 37 17 2 18 45(36—47).X.—Y[9).~2,-6,—7.~9,—11,—1£,—-19,—2Z [cpEE]
19 ANEUPLOID (1.50.2.05) 11 5 2z 4

£6—69<3n> X, — Y, add(9){p22). +mar [cpd]




Table 3 (continued)
PATIENT FLOWCYTOMETRY NUMBER OF METAPHASES ANALYZED
NO (DRA-INDICES) TOTAL | NORMAL | ABNORMAL ABNORMAIL | KARYOTYPE OF CLONAL ABNORMALITY
NON—-CLONAL CLONAL
20 DIPLOLD 3 6 z - -
z3 ANEUPLOID (1.98, 2.93) 12 9 3 - -
24 ANEUPLOILD (1.20,2.43) 6 4 Z - -
i
25 ANEUPLOTD (1.61) 6 - - 4+2 63—71 30> XXX, +X.del(1)(p21p33).+3,—4,—5,+8,2dd(9) (p22),+10,—13,+14,add(15)(pl12).
add(15)(q21),—18,+add(1%){q13},add(21)(p21},+22,+ marl,+ mar2[cps]
24 ANEUPLOID {1.47.1.78) 4 4 - - -
27 ANEUPLOID (149, 2.07) - - - - -
29 ANEUPLOID (1.69) & 6 z - -
1
31 ANEUPLOID (1.42) 7 1 z 2+2 51—55<2a>.Xadd(Y )} pi3),+del(1)(p22).+ dei{2}(p15).+add(3)(pZ6). +decl(3)}{qZ4).+ 9.+ X1,
+add(14)(q32).ber(14)(p11).i(17)(P10)x2.add(1 8){pl1).+20,+20,— 21, —22,~2Z,+mar [cp4]
32 ANEUPLOID (1.99,2.79) 3 2z 1 - -
1
36 ANEUPLOID (1.72) 8 - - 54+3 T6(61—95) <3n> XN, — X, +1,+del(1)(p22),+del(Z)(p13),+der(2:3)(q10:q1 0}, +del(3) (q21 ). ~4.
2dd(4)(q2 1), +der{4;12){q10;q10).add(6}(p22).del(7}(q3L)x2. ~ B.der(9)1(9:10)(q34:922)2,
+hee(11)(p14).—12,+1 3. der(15){1:15)(p22:p1 3)x3, — 7,420, 20,420,471, + marl .+ mas2,
+mar3{cps]
33 - 1 1 -~ - -
39 - 23 16 8 5 39-45<2n>.XY,—19,-21 [cp5]

1. INDICATES METAFPHASES THAT WERE COUNTED, WITH MARKERS IDENTIFIED, BUT WHICH COULD NOT BE COMPLETELY KARYOTYPED




Table 4 CLINICAL AND HISTOPATHOLOGICAL CHARACTERISTICS OF PATIENTS
WITH AN ADENOCARCINOMA IN THE DISTAL GESOPHAGUS WITHOUT

BARRETT'S MUCOSA (DO) OR CARDIA (C)

ADENOCARCINOMA
1
PATIENT SEX AGE pTRM GRADE LOCALIZATION

NO

2 M 44 TINIML G3 Do
6 M 68 TINIMO G2 Do

7 M 46 - Gz (2) Do
8 M 44 - Gz (2} Do
10 I3 62 TINIMO a3 Do
16 M 53 T2NIMi a3 pe
2% M 44 TZNOMO G2 Do
34 M 54 TINLMO G2 Do
38 M 68 TINLMO G3 Do
37 M 53 TZNIMO G3 Do
14 M 59 TINZMO G3 C
21 M 64 TINLMO G3 c
22 M 41 TINEMO G3 c
30 M 63 TIN2ZM1 G3 C
33 P 73 TaNzMO G2 c

1. DIFFERENTIATION GRADE: Gi=WELL DIFFERENTIATED
G2 =MODERATELY DIFFERENTIATED
U3 = POORLY DIFFERENTIATED

2. TISSUE SAMPLE FROM A LYMPH NODE METASTASIS
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Table 5

FCM AND CYTOGENETIC ANALYSIS OF ADENOCARCINOMA IN THE DISTAL OESOPHAGUS WITHOUT BARRETT'S MUCOSA

PATIE. FLOWCYTOMETRY NUMBER OF METAPHASES ANALYZED
NOC {DNA—INDICES)
TOTAL | NORMAL | ABNORMAL | ABNORMALl KARYOTYPE OF CLONAL ABNORMALITY
NON-CLONAL | CLONAL
2 - 3 i - - -
3 ANEUPLOID (1.53) 5 2 - 3 45(45 - 64)<2n>X.—¥[cp3]
1
7 ANEUPLOID (1.65) 21 - - 12 +9 | 63-68<3n> XXYY,+der(1}1(1:9)(pl2:q12).+der(1)1(1:9)(p12:q12}.
+2.i(3)(q10)x2,2dd(5)(p25),add (4 }(g23). 1, ~12.der (12)1(10:1 3)(q23:p12)x2 del(13)(g12),
+del(13)(912), +del(13)(q12), +14.+15,der(16)1(13:16)(ql2,pl3) +der(16)t{13;16)(q12;p13).—17.
—18,-19,—20,add(21)(q21)x2, —21,del(22)(p11)x2.der(22)t( 322 ) (p12; p13).+ der(22)1(3:22)
(p12:p13).+r,+mar [ep2l] :
3 DIPLOID 17 106 2 5 91 —94 <dn> XXY'Y,+12,+15 [cpS]
1
10 ANEUPLOID (1.56,1.94)| 23 z - 516 |S0-66<20> XX.add(1)(p33). radd(1)(q43), +2,4el(3)(pl4 ). +i{3)(q10).del(4)(p12).—4.
add(5){q35).+5.add{5)(p23).del(TIHg31 ).+ der(T:11)(pl0:ql0).del{B}(p21), dal(11)(p14),
2dd(11){p15), +bxr(12)(p12).2dd(13)(p11). —13.i(14)(q10),add(15)(q26).+16.
del(17)(q25),+add(17)(p12).+20,+20.4+21,+21,2dd(22}(p12). +mar[cp2i]
16 ANEUPLOID (1.69) 2 19 2 11 A0(25—45)<20>,X,—Y[5],—1,~-2.~4,~5.~9,~11.~13.~17,—13,—22 [epl1]
28 ANEUPLOID (2.17} 16 12z 1 3 44-45,X,—¥[cp3]
1
34 - 3 - - 4+ 4 53—60<30> XX, —Y,add(1)(pl1),de}(3){p24).+ del{3)(p24). —4.i(5) (p10),— 6,2d d(7}{p1 T)
2dd{8)(924)x2.add (9)(p21), — S har(11)(pl4),.del(12)(q21),~12.i(14)(qR0), — 14, ~15.~17,—17.
—18,—18,—18,-21.«ZLl.+7.+4mar [cp8) -
35 ANEUPLOID (1.73) 1 1 - - -
37 DIPLOID i 1 - - =

i. INDICATES METAPHASES THAT WERE COUNTED, WITH MARKERS IDENTIFIED, BUT WHICH COULD NGT BE COMPLETELY XARYOTYPED




Table 6 FCM AND CYTOGENETIC ANALYSIS OF ADENOCARCINOMA IN THE CARDIA
PAT[EN’# FLOWCYTOMETRY | NUMBER OF METAPHASES ANALYZED

NO | (DNA-INDICES)
TOTAL | NORMAL | ABNORMAL | ABNORMAL| KARYOTYPE OF CLONAL ABNORMALITY
NON-CLONAL| CLONAL

14 - 6 3 - - -

21 TETRAPLOID 1 1 - - -

22 ANEUPLOID (141, 2,59} 1 1 - - -

30 - & 5 1 - -

33 - 11 z - 9 60 ~77 <303 XX, — X, 1,2dd(3)(q29). +i(3)(q10).—4.— 5.dcl(6)(q24)x2. + 2 dd(6)(p22).add(B)(p22).
~12.a4d(13)(g34),+add(13)(q34).,add(14}(q32)x2, —14.add(15)(p13), —15.+16,+16_+1 6,415,
2dd(17)(q25).del(17)(q22), —18,2d4{20)(p11),—20,—21,— 22, + mar [cp9]




Discussion

In 1976 Nowell hypothesized that cancer develops in association with an acquired
genetic instability that predisposes to the acquisition of abnormal clones of cells with
accumulated genetic errors (19). It has been demonstrated that neoplastic progression in
Barrett's oesophagus is associated with a simifar process of clonal evolution (8,9,13,20), In
our study we analyzed 37 adenocarcinomas of the oesophagus and cardia of which 22 arose
in Barrett's oesophagus. In Barrett's mucosa we found normal karyotypes, except in one case
where a complex karyotype was found with the same markers and rearrangements as in the
adenocarcinoma of the same patient. A theoretical possibility in this case is that the abnormal
tissue obtained from the Barrett's segment that was spatially separate from the cancer
contained an unidentified microscopic focus of carcinoma. A specific karyotypic change
common to all cases with genetic abnormalities was not found. The absence of differences
in the complex pattern of cytogenstic changes between adeno-carcinomas in Barrett's
oesophagus, the distal ogsophagus without Barrett's mucosa or cardia suggests a common
pathway of origin at all three anatomical sites. This is similar to the results of others (11,12).
A good correlation between DNA-indices of the aneuploid twmours and the modal
chromosome numbers of the abnormal karyotypes was found in most of the tumours with
multiple and complex chromosomal rearrangements, Recurrent combinations of hypodiploid
and triploid clones correspo'nd to a pattern of clonal progression that is characterized by
chromosome losses followed by secondary duplication and losses. Im cases with a few
numerical changes there was discordance between DNA-indices and modal chromosome
numbers of the karyotypes. DNA-content flowcytometry can delermine the relative
proportions of populations of different ploidies, but may not detect near-diploid or minority
populations. By cytogenetic analysis it is possible to identify a clone, even when it comprises
a small number of cells, but it cannot estimate its prevalence. Populations of cells with a
single or a few numerical changes will be near-diploid and are therefore seldom detected by
flowcytometry. On the other hand, DNA-aneuploid clones found by flowcytometry may not
be analyzed cytogenetically due to tissue selection. Whereas balanced translocations were
seldom found in this study, losses due to missing chromosomes or apparently unbalanced
rearrangements (derivative chromosomes, deletions and isochromosomes) were frequently

observed. Marker chromosomes were common and some of the missing chromosomal
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material obviously resides in these unidentified chromosomes. Whole chromosome losses of
4, 18, 21 and in males Y were the most frequent numerical changes in this series, Frequent
numerical loss of chromosomes 4, 18, 21 and Y has been described in colorectal carcinoma
{21-24), Loss of the Y-chromosome has been demonstrated in different gastrointestinal
malignancies (21,22,25) and brain tumours (24,26). In Barrett's oesophagus and oesophageal
adenocarcinoma loss of the Y-chromosome also appears fo be a common occurrence
(10,11,20,27). It has been suggested that tissues retaining rapid cellular proliferation rates in
elderly men are more prone to loss of the Y-chromosome (28). In our series loss of the Y-
chromosome in Barrett's mucosa and adenocarcinoma occurred in 31% of the male patients,
but not merely the oldest ones. Furthermore, cytogenetic analysis of peripherai blood
lymphocytes did not reveal Y-loss. Although there is a male predominance in the incidence
of Barrelt's cesophagus and oesophageal adenocarcinoma (1,4,5,29), the significance of Y-
loss is unclear since there are no cancer genes linked to the Y-chromosome so far, Recurrent
gains of chromosomes 14 and 20 were seen in (his series. Exira copies of chromosome 20
were also found in colorectal carcinomas (21,24). Structural abnormalities of chromosome
arms lp, 3q, 11p and 22p were most frequently observed, Structural rearrangements of the
short arm of chromosome 1 resuited most often in deletions with the shortest region of
overlap being 1p22-33. Frequent rearrangements of chromosome arm 1p were also described
in gastric and colorectal carcinomas (22,25), N-ras, a (ransforming gene from a
neuroblastoma cell line has been assigned to 1p22-31 (30,31). Rao et al. described structurat
rearrangements of 3q in 6 of 9 gastric and oesophageal adenocarcinomas (12). Allelotype
analysis in osteosarcomas suggests the existence of tumour suppressor genes on the fong arm
of chromosome 3 (32). Structural rearrangements in the 11p13-15 region were found in
Barreit's adenocarcinomas and other adenocarcinomas of the oesophagus and stomach {11).
Genetic changes affecting the 11p13-15 region have previously been associated with Wilm's
tumour, hepatoblastoma, rhabdomyosarcoma, carcinoma of the bladder and breast (33-35).
Furthermore, the H-ras-1 protooncogene has been localized to band 11pl5 (35). Whether
these cancer genes are implicated in the progression of oesophageal tumours should be
investigated using molecular techniques,

These studies show that Barrett's mucosa and adenocarcinoma can be successfully
karyotyped using banding techniques. Clonal evolution characterized by chromosome loss and

further duplication of the hypodiploid karyotype is a known mechanism in adenocarcinoma
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and has previously been described, particularly in coloncarcinoma (36). A chromosomal
abnormality common to all tumours was not identified, although hot spots for structural
rearrangements have been seen in chromosome 1p, 3q, 11p and 22p as well as frequent losses
of chromosomes 4, 18, 21 and Y, Further studies should include the use of molecular
cytogenetic methodology, in particular fluorescent in situ hybridization with chromosome
specific probes and comparative genomic hybridization. In addition loss of heterozygozity
analyses for chromosome loss or deletions and molecular investigations of cancer genes

possibly involved, e.g. the ras genes and various tumour suppressor genes seem already

indicated.
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General discussion and conclusions
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There has been an increase in the incidence of adenocarcinoma of the oesophagus
and the oesophagogastric junction in North America and Western Europe in recent years,
whereas rates of squamous cell carcinoma of the oesophagus have remained fairly constant
(1,2). Prognosis for patients with an oesophageal carcinoma, both adenocarcinoma and
squamous cell carcinoma, is poor, even after oesophagectomy (3-6). Once a carcinoma
has developed and leads to symptoms, the tumour is often in an advanced stage and
survival is poor. In contrast to squamous cell carcinoma of the ocsophagus,
adenocarcinoma has a precursor lesion; patients with Barrett's oesophagus run a 30 to 125
fold increased risk of developing an oesophageal adenocarcinoma (7-9).

As demonstrated in chapter 2.1 prognosis of patients with adenocarcinoma in
Barrett's oesophagus is influenced by oesophageal wall penetration and the presence of
lymph node metastases: patients with a tumour restricted to the submucosa without lymph
node metastases had the best survival rates.

In chapter 2.2 we showed a relation between DNA ploidy of tumour cells and
survival, Although the number of patients in this study was too small for reliable statistic
analysis, there is an indication that increasing genomic instability of tumour cells leading
to aneuploidy is related to poor survival.

It can be concluded from these studies that early diagnosis will improve the

prognosis of patients with an adenocarcinoma in Barrett's oesophagus.

Since early diagnosis of oesophageal adenocarcinoma will benefit the patient,
endoscopic surveillance programs have been developed for patients with Barrett's
oesophagus, although there is no agreement about the intensity of such a screening
programme (9,10-12), Many authors have siressed the importance of annual endoscopic
screening, but others suggested that only patients at high risk of developing invasive
carcinoma should be screened (11-15), To create more efficient surveillance programs, it

is necessary to define factors which indicate increased risk of malignant change for

selecting a subgroup of patients at high risk.

One of the factors indicating high risk of malignant change is the extent of
Barrett's mucosa. Although oesophageal adenocarcinoma can develop in short segments of

Barrett's mucosa, patients with an extensive columnar lined segment have an increased
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risk of malignancy (12,16,17). In chapter 3 we demonstrated that a doubling of the length
of a columnar lined segment resulted in about a doubling of the risk of developing
carcinoma. Columnar lined segments of 6 cm or more were more common in patients
with adenocarcinoma in Barrett's oesophagus compared to patients with benign Barrett's
ocsophagus. In the literature Barrett's patients with a columnar lined segment of 8 cm or
more are regarded to be at particular risk (12,16,17).

There is a male predominance among patients with Barrett's oesophagus and even a
higher male to female ratio in the group with adenccarcinoma in Barrett's oesophagus.

In accordance with several studies in the literature we identified a correlation
between smoking and adenocarcinoma in Barrett's oesophagus, but not between alcohol,
consumption and carcinoma (18,19).

It can be concluded that male patients, patients with a columnar lined segment of 6
cm or more and smokers form a subgroup at risk for neoplastic progression in Barrett's
oesophagus. Therefore, it can be considered to exclude female patients with a columnar
lined segment less than 6 cm, who do not smoke from the screening programme, or (o

screen these patients at longer intervals.

Dysplasia in columnar fined oesophagus is the most important indicator of
impending malignant change and at present the only reliable marker (20-22). In the
literature a strong association between high grade dysplasia and adenocarcinoma in
Barrett's oesophagus has been demonstrated, so that patients with high grade dysplasia
should be offered oesophageal resection or at least frequent endoscopies with extensive
biopsies (20-24)., As demonsirated in chapter 4, we also found an increased risk of
malignancy in Barrett's cesophagus if dysplasia was present, especially moderate or severe
dysplasia, However, flowcytometric analysis revealed that DNA-ploidy was not
statistically correlated with dysplasia. The refationship between DNA-ploidy and dysplasia
is controversial, Although some authors showed that flowcytometric abnormalities
correlated well with dysplastic changes, others found that aneuploidy and dysplasia were
often discordant (25,26)., We found that dysplasia and aneuploidy or increased
G2/tetraploidy were independent risk factors for malignant degeneration in Barrett's
oesophagus, Data from prospective follow-up studies indicated that aneuploidy and

dysplasia were both markers for the subsequent development of adenocarcinoma in
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Barrett's oesophagus (27,28). Although it has been demonstrated that none of the patients
with flowcytometric abnormalities progressed to invasive cancer without first exhibiting
high grade dysplasia, flowcytometry may help identifying patients at risk for developing
high grade dysplasia or invasive carcinoma. On the basis of our finding that both dysplasia
and aneuploidy or increased G2/teiraploidy are independent risk factors for malignant
degeneration in Barrett's oesophagus, patients with either or both these risk factors should
be offered at least annual or half yearly screening, provided that they are able to undergo
surgical intervention. Patients without these factors may be screened at greater intervals

guided by other risk factors,

Cancer develops in association with an acquired genetic instability that predisposes
to the acquisition of abnormal clones of cells with accumulated genetic errors (29).
Neoplastic progression in Barrett's ocesophagus is associated with a similar process of
clonal evolution (25,27,30,31). Rabinovitch et al. found cell populations with single
common abnormal DNA contents extending over large areas of dysplastic mucosa,
suggesting that dysplastic epithelium arises by expansion of a single clone of genetically
altered cells (25). The findings of Raskind et al, suggested that neoplastic progression in
Barrett's oesophagus involves the development of abmormal clones that can expand to
occupy extensive regions of oesophageal mucosa, persist for several years, and progress to
high grade dysplasia and adenocarcinoma (30). To discover clonal chromosomal
rearrangements common to all oesophageal adenocarcinomas we performed cytogenetic
analysis of adenocarcinoma of the distal oesophagus and cardia. Cytogenetic analysis was
also performed on Barrett's mucosa to investigate if chromosomal abnormalities occurred
as an early event before invasive tumour could be demonstrated.

Abnormal karyotypes with mulitiple and complex rearrangements were found. A
chromosomal abnormality common to all wmours was not identified, although hot spots
for structural rearrangements have been found in chromosome lp, 3q, l1p and 22p as
well as frequent losses of chromosomes 4, 18, 21 and Y. Other studies in Barrett's
oesophagus demenstrated frequent loss of the Y chromosome, both in dysplastic mucosa
and adenocarcinoma (31-33), Its significance is unciear since there are no cancer genes
linked to the Y chromosome until now, Frequent losses of chromosomes 4, 18, 21 and Y

have been described in colorectal carcinoma {34,35). So far, cytogenetic analysis of
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Barrett's mucosa and adenocarcinoma s not useful in clinical practice,

There is a striking parallel between neoplastic progression in Barrett's mucosa and
that in colonic epithelium. Specialized columnar epithelium and normai colonic mucosa
share a common epithelial protein, suggesting a histogenetic relation between specialized
Barrelt's epithelium and colonic type epithelinm (36). Dysplastic changes found in
Barrett's oesophagus are similar to those found in inflammatory bowel disease, so that a
grading system developed for inflammatory bowel disease can be used for Barrelt's
oesophagus (37). As in Barrett's mucosa, most carcinomas and areas of dysplasia appear
to develop on the background of ancuploid mucosa (38). Also, genetic changes in
Barrett's dysplastic mucosa and adenocarcinoma are similar to those in colonic mucosa.
Losses of chromoesomes 4, 18, 21 and Y, which we frequently found in adenocarcinomas
of the distal oesophagus and cardia, have also been described in colorectal cancer (34,35).
Blount et al. found that allelic losses of 17p occur as early events that precede the
development of aneuploidy and other allelic losses during neoplastic progression in
Barrett's oesophagus (39). Mutations and loss of the p53 gene are common events in
ulcerative colitis associated dysplasia and carcinoma, and late events in sporadic colorectal
tumourigenesis (40,41). Furthermore, allelic losses of chromosome 3q (APC, MCC) and
18q (DCC) have been found during neoplastic progression of both Barrett's mucosa and
colorectal carcinoma (42,43).

Another striking finding was done by Sontag et al.; they found 19 benign and 10
malignant colon neoplasms in a series of 65 Barrett's patients (44).

Since the histopathological progression: of colon cancer, commonly known as the
adencma to carcinoma scquence, now scrves as a paradigm for the progression of most
human cancers, the parallel between neoplastic progression in Barrett's oesophagus and
colonic epithelium should be taken into account for future studies. These studies, using
molecular cytogenetic techniques and losses of heterozygozity analysis, should be
performed to identify one or more genetic changes that may provide rational markers for

early cancer diagnosis.
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SUMMARY

Chapter I is the general introduction of this thesis and gives an overview of the
literature on Barrett's oesophagus, neoplastic progression in Barrett's oesophagus and
oesophageal adenocarcinoma,

At the end of chapter L the aims of the study are presented. To determine if early
diagnosis would benefit the patient, we analyzed the influence of tumour stage,
differentiation grade and DNA-ploidy of tumour cells on the survival of patients with an
adenocarcinoma in Barrett's oesophagus. Early diagnosis can be achieved by endoscopic
surveillance of patients with Barrett's oesophagus. To create more efficient screening
programs it is necessary to identify a subset of patients at high risk of developing
carcinoma, To identify this subset we studied clinical characteristics (sex, age, extent of
Barrett's mucosa, smoking and drinkihg habits) as well as histopathological factors
(dysplasia, aneuploidy), which might indicate an increased risk of neoplastic progression.
Finally we studied genetic changes by cytogenetic analysis to discover chromosomal
aberrations common to all ocesophageal adenocarcinomas, that may occur in early stages,

so that these changes might provide markers for early cancer diagnosis.

Chapter 2.1 shows the results of a retrospective study of an 11 year period (1978-
88) analyzing the survival of 112 paticnts with an adenocarcinoma in Barrett's oesophagus
in respect of surgical treatment, tumour staging, and histological grading. Eighty-five
patients (76%) underwent p%rtial resection of the oesophagus and cardia. Postoperative
mortality was 6%. After resection the 5-year survival was 24%. Survival was significantly
better for patients without regional lymph node metastases (stage 0,LIIA (n=61); 5-year
survival 30%) and even better if the fumour was restricted to the submucosa (stage 0,1
(n=12): 5-year survival 63%). There were no 5-year survivors after resection within the
group of patients with regional lymph node metastases, Survival was not influenced by the
histological grade of the tumour. Staging based on infiltration of the oesophageal wall and
lymph node spread is valuable in determining the prognosis for patients with
adenocarcinoma in Barreit's oesophagus.

Chapter 2.2 analyzes the role of DNA-ploidy of tumour cells as a prognostic
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factor for the survival of patients with an adenocarcinoma in Barrett's oesophagus.
Muitivariate analysis showed a significant correlation between DNA-ploidy and survival
after resection. Patients with diploid tumours had 3- and S-year survival rates of 51% and
25% respectively compared to 10% and 0% respectively for patients with aneuploid or
increased G2/tetraploid tumours. Although the npumber of patients in this study is
relatively small, there is an indication that DNA-ploidy may be a prognostic factor for the
survival of patients with an adenocarcinoma in Barrett’s oesophagus.

Based on these findings, it can be concluded that early diagnosis will improve the

prognosis of patients with an adenocarcinoma in Barrett's oesophagus.

Chapter 3 evaluates the importance of the length of columnar lined oesophagus,
sex, age, smoking and drinking habits as risk factors for malignant degeneration. A case
control study was performed comprising 96 patients with benign Barrett's oesophagus and
62 patients with adenocarcinoma in Barrett's oésopllagus, diagnosed over the same period
(1978-88), The extent of columnar lined oesophagus was related significantly to
carcinoma; a doubling of the length resulted in a 1.7 times increased risk. Smokers had a
2.3-fold increased risk compared to nonsmokers. Male sex as risk factor approached
statistical significance (p=0.06). Adjusted for these risk factors, no relation between
carcinoma and age or alcohol consumption was found, The identification of these risk fac-

tors may help in developing more efficient screening programs for paticnts with Barrett's

oesophagus.

Chapter 4 analyzes the role of dysplasia and aneuploidy as markers in columnar
epithelium for malignant degeneration in Barrett's oesophagus, Dysplasia was found more
often in columnar epithelium associated with adenocarcinoma compared with benign
Barrett's oesophagus, Multivariate analysis using logistic regression showed an increased
risk of malignancy in Barrett's ocsophagus in case of dysplasia (odds ratio 9.4, p=0.003
for mild dysplasia and 33.1, p<0.001 for moderate or severe dysplasia), DNA-ploidy was
not statistically significantly correlated with dysplasia, Aneuploidy or increased G2/tetrap-
loidy proved to be an independent risk factor for younger patients (age <65 years: odds
ratio 44.7, p=0.003). Dysplasia and aneuploidy or increased G2/tetraploidy in columnar

epithelium are independent risk factors for malignant degeneration in Barrett's
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oesophagus. Patients with either or both these risk factors should be offered at least annual
or half yearly screening. Patients without these risk factors may be screened at greater

intervals guided by other risk factors,

Chapter 5 shows the results of flowcytometric and cytogenetic analysis of Barrett's
mucosa and adenocarcinoma of the distal oesophagus and cardia. Two of 8 analyzed
specimens of Barreit's mucosa had clonal chromosomal abnormalities. Abnormal
karyotypes with multiple and complex rearrangements were seen in 11 out of 37
adenocarcinomas, and single or a few numerical changes in 8. Losses of chromosomes 4,
18, 21 and Y were the most frequent numerical changes, Structural abnormalities were
observed in 68% of the 19 abnormal karyotypes, The chromosome-arms most frequently

rearranged were 1p, 3q, llp and 22p. A chromosomal abrormality common to all

tumours was not identified.
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SAMENVATTING

Hoofdstuk 1 is de algemene inleiding van dit proefschrift en geeft een overzicht
van de literatuur over de Barrett cesofagus, maligne ontaarding in Barrett slijmvlies en het
adenocarcinoom van de oesofagus.

De doelstellingen van het onderzock worden aan het einde van dit hoofdstuk
geformuleerd, Om te bepalen of een vroegtijdige diagnose gunstig zou zijn voor de
patient, werd de invloed van het tumor stadium, de differentiatiegraad ¢cn de DNA-ploidie
van de tumorcelien op de overlevingsduur van patienten met cen adenocarcinocom in een
Barrett oesofagus bepaald. Vroegtijdige diagnostiek kan bevorderd worden door patienten
met een Barrett oesofagus regelmatig endoscopisch te controleren. Om dit zo efficient
mogelijk te doen is het van belang te bepalen welke patienten met name een verhoogde
kans hebben op het ontstaan van een adenocarcinoom. Om deze patientengroep te kunnen
definieren hebben we zowel kiinische kenmerken (geslacht, leeftijd, uitbreiding van het
Barrett slijmvlics, roken en alcoholgebruik) als histopathologische factoren (dysplasie,
aneuploidie) bestudeerd. Tenslotte hebben we door middel van cytogenetisch onderzoek
genetische afwijkingen bestudeerd in adenocarcinomen van de distale oesofagus en cardia,
om mogelijke gemeenschappelijk aanwezige chromosomate afwijkingen op het spoor te
komen, die al in e¢en vroeg stadium zouden kunnen optreden en een vroege aanwijzing

zouden kunnen zijn voor maligne ontaarding.

Hoofdstuk 2.1 beschrijft de resultaten van een retrospectief onderzoek over een
periode van 11 jaar (1978-88) naar de overlevingsduur van 112 patienten met een
adenocarcinoom in een Barrett oesofagus in relatie tot chirurgische behandeling, stadiering
en histologische gradering van de tumor, Vijfentachtig patienten (76%) ondergingen een
partiele resectic van de cesofagus en cardia. De postoperatieve sterfte bedroeg 6%. De 5-
jaarsoverleving na resectic was 24%. De groep patienten zonder regionale
lymfekliermetastasen had een statistisch significant betere overlevingsduur (stadium
0,IIIA; 5-jaarsoverleving 30%) en de langste overlevingsduur werd gezien in de groep
met tumor beperkt tot de submucosa zonder regionale lymfekliermetastasen (stadium O,I;

5-jaarsoverleving 63%). In de groep met regionale lymfeklier metastasen waren 5 jaar na
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resectie geen patienfen meer in leven, De overlevingsduur werd niet beinviced door de
histologische differentiatiegraad van de tumor. Stadiering gebaseerd op doorgroei van de
tumor in de wand van de oesofagus en de aanwezigheid van regionale
lymfektiermetastasen is zinvol voor het bepalen van de prognose voor patienten met een
adenocarcinoom in een Barrett oesofagus,

Hoofdstuk 2.2 bestudeert de waarde van de DNA-ploidie van tumorcellen als
prognostische factor voor de overlevingsduur van patienten met een adenocarcinoom in
een Barrett ocsofagus, Door middel van multivariate analyse werd een statistisch
significante relatie aangetoond tussen DNA-ploidie en overlevingsduur na resectie.
Patienten met diploide tumoren hadden een 3- en 5-jaars overleving van respectievelijk
51% en 25%, vergeleken met respectievelijk 10% cn 0% voor patienten met aneuploidie
of verhoogde G2/tetraploidie. Hoewel het aantal patienten in deze studie gering is, en er
geen conclusie getrokken kan worden met betrekking tot de prognostische waarde, is er
een aanwijzing dat DNA-ploidie een prognostische factor zou kunnen zijn voor de
overlevingsduur van patienten met een adenocarcinoom in een Barrett oesofagus,

Gebaseerd op deze bevindingen kunnen we concluderen dat vroegtijdige

diagnostiek de prognose van patienten met een adenocarcinoom in een Barrett oesofagus

zal verbeteren.

Hoofdstuk 3 gaat in op de waarde van de uitbreiding van het Barrett slijmvlies,
geslacht, roken en alcohol gebruik als risicofactoren voor maligne ontaarding. Door
middel van een case control studie werden deze factoren vergeleken tussen een groep van
96 patienten met een Barrett oesofagus zonder maligniteit en een groep van 62 patienten
met een adenocarcinoom in een Barreit oesophagus., Beide groepen werden
gediagnostiseerd gedurende dezelfde periode (1978-88), Er was een statistisch significante
relatie tussen de uitbreiding van het Barrett slijmvlies en maligniteit: verdubbeling van de
lengte leidde tot een 1,7 maal verhoogd risico. Rokers hadden een 2,3 maal verhoogd
risico vergeleken met niet-rokers. Mannelijk geslacht als risicofactor benaderde statistische
significantie (p=0,06). Na correctie voor deze factoren werd geen relatie gevonden tussen
leeftijd of alcohol gebruik en maligniteit, Rekening houdend met de aanwezigheid van
deze risicofactoren zouden meer efficiente endoscopische controle schemata ontwikkeld

kunnen worden voor patienten met een Barreit oesopfagus.
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In hoofdstuk 4 wordt de rol van dysplasie en aneuploidie als indicatoren voor
maligne ontaarding in een Barrett oesofagus geanalyseerd. Dysplasie werd vaker
aangetroffen in Barrett epitheel indien een carcinoom aanwezig was dan in Barrett epitheel
zonder carcinpom. Door middel van multivariate analyse werd aangetoond dat er een
verhoogde kans bestaat op maligniteit in cen Barrett oesofagus als er dysplasie van het
epitheel aanwezig is (odds ratio 9,4, p=0,003 voor geringe dysplasie en odds ratio 33,1,
p<0,001 voor matige en ernstige dysplasie). Dysplasie en aneuploidie of verhoogde
G2/tetraploidie in Barrett epitheel zijn onathankelijke risicofactoren voor maligne
ontaarding. Patienten met deze risicofactoren zouden tenminste eens of tweemaal per jaar
endoscopisch gecontroleerd moeeten worden. Patienten zonder deze risicofactoren hoeven
minder vaak gecontroleerd te worden, afhankelijk van de aanwezigheid van andere

factoren.

Hoofdstuk 5 geeft de resultaten weer van flowcytometric en cytogenetisch
onderzoek van Barrett epitheel en adenocarcinoom van de distale oesofagus en cardia. In 2
van de 8 geanalyscerde weefselstukjes met Barrett epitheel werden clonale chromosomale
afwijkingen gevonden. Afwijkende karyogrammen met multipele en complexe afwijkingen
werden in 11 van de 37 adenocarcinomen gevonden, en een of meerdere numerieke
afwijkingen in 8. De meestvoorkomende numerieke afwijkingen waren verlies van
chromosoom 4,18,21 en Y. Structurele afwijkingen waren aanwezig in 68% van de 19
adenocarcinomen met afwijkende karyogrammen. Structurele afwijkingen werden vooral
gezien op chromosocomarm lp, 3q, 1ip en 22p. Een specificke chromosomale afwijking

voor alle tumoren werd niet gevonden,
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