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Dysplasia and aneuploidy as markers of malignant
degeneration in Barrett's oesophagus
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Abstract
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 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 specialised
columnar epithelium and the grade of
dysplasia. Ploidy was determined using
the method for formalin fixed paraffin
wax embedded tissue described by
Hedley. There was no significant differ-
ence in the frequency of specialised
columnar epithelium between both
groups. Dysplasia was found more
often in columnar epithelium associated
with adenocarcinoma compared with
benign Barrett's oesophagus (p<0.001).
Multivariate analysis using logistic
regression showed an increased risk of
malignancy in Barrett's oesophagus in
case of dysplasia (odds ratio 9-4, p=0O003
for mild dysplasia and 33*1, p<0001 for
moderate or severe dysplasia). Ploidy was
not statistically significantly correlated
with dysplasia. Aneuploidy or increased
G2/tetraploidy proved to be an indepen-
dent risk factor for younger patients (age
<65 years: odds ratio 44 7, p=0003). 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.
(Gut 1994; 35: 1348-135 1)

Barrett's oesophagus represents a metaplastic
transformation of the normal squamous cell
epithelium of the lower tubular oesophagus
into columnar epithelium.1 2 The metaplastic
columnar epithelium has the potential to
undergo dysplastic changes resulting in adeno-
carcinoma.3 There is an increased risk of
adenocarcinoma developing in Barrett's oeso-
phagus.4 This risk is estimated to be 30 to
125-fold higher than in the general popula-
tion.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 there-
fore be valuable to discover markers identifying
this subset of patients. Histological changes
(both specialised columnar epithelium and

dysplasia) and flow cytometric abnormalities
have been suggested as putative markers of
increased risk of malignancy in Barrett's
oesophagus.37-10 The only screening marker
in clinical use at the moment, however, is the
presence of dysplasia. One group concluded
that flow cytometry can detect changes in
DNA content, which are present in high
frequency in Barrett's oesophagus with dys-
plastic 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 aneuploidy and
dysplasia implies a greater cancer risk than
each factor separately or 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 dysplasia and
aneuploidy in columnar epithelium in patients
with adenocarcinoma in Barrett's oesophagus
to an age and sex matched group of patients
with Barrett's oesophagus, recruited during the
same period, in whom no carcinoma developed
during a follow up period of at least five years.

Methods

DEFINITIONS
Barrett's oesophagus was defined as the
condition in which a segment of columnar
epithelium was found of at least three centi-
metres above the distal end of the tubular
oesophagus as endoscopically defined. In all
cases columnar epithelium was confirmed
histologically by endoscopically directed
biopsy specimens showing columnar epithe-
lium. 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
oesophagus. All cases of adenocarcinoma were
confirmed by histological examination of
biopsy specimens and resection specimens.

PATIENTS
During the period 1978-88, 112 consecutive
patients with an adenocarcinoma in Barrett's
oesophagus were referred to the Rotterdam
Oesophageal Tumour Study Group for evalua-
tion and treatment. Tissue specimens of
columnar epithelium from 50 of these patients
(biopsy specimens in 36 cases and resection
specimens in 14) were available for flow
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cytometric 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 had an

oesophagectomy, of whom 24 had received
preoperative radiation therapy. In six patients
the tumour proved unresectable at laparotomy
and six patients were not considered for resec-

tion 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 epithelium obtained before
radiotherapy were analysed. Thirty eight
patients with a columnar lined oesophagus and
with a similar age and sex distribution, who
entered the surveillance programme between
1980 and 1986, constituted the control group.
There 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 biopsy specimens 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 had an endoscopy with an

Olympus GIFQ 10 endoscope. Biopsy
specimens were taken at one centimetre
intervals throughout the columnar lined
tubular oesophagus up to the squamo-
columnar junction and directed biopsies were
taken of any endoscopic abnormality. All
endoscopically directed biopsy specimens were

embedded in one paraffin wax block, which
was used for analysis.

HISTOLOGY
All tissue specimens of columnar epithelium
obtained by endoscopically directed biopsies
(usually 3-8 biopsy specimens in one paraffin
wax specimen) or resection (several cross

sections through the oesophagus) were

reviewed by two of the authors (AHM and
MBEM-P). 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.'2 As
severity of dysplasia may be patchy and
the paraffin wax blocks contained several
specimens, 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
columnar epithelium fixed in formalin and
embedded in paraffin wax. These specimens
were prepared for flow cytometry according to
the method described by Hedley. 14 The nuclei
suspension was filtered through a 40 micro-

metre mesh filter and stained with ethidium
bromide (BDH Chemicals Ltd, Poole,
England). Cellular DNA content of at least
10 000 cells was measured on a fluorescence
activated cell sorter (FACS II Becton
Dickinson, Sunnyville, CA, USA). The
Argon laser was tuned at 488 nm and a red
fluorescence was measured using a cut off filter
(Pomfrett, Stamford, CT, USA). The data
were fed into a Data General computer.

FLOW CYTOMETRY ANALYSIS
Aneuploidy was determined both by visual
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/Gl 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 10 000 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
simultaneously by a multivariate analysis using
logistic regression.16 A value of p=0 05 (two
sided) was considered the limit of statistical
significance.

Results
There was no significant difference (p=0 35)
in the frequency in which specialised 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<0001).

Table II summarises 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<0Q001) in the malignant

TABLE I 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
No (%o) No (%)

No dysplasia 25 (66) 9 (18)
Mild dysplasia 11 (29) 19 (38)
Moderate dysplasia 2 (5) 14 (28)
Severe dysplasia 0 8 (16)
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TABLE II Results offlow cytometry ofcolumnar lined
epithelium ofpatients with benign Barrett's oesophagus
and ofpatients with Barrett's oesophagus associated with
adenocarcinoma according to grade of dysplasia

Aneuploidl
increased G2

Diploid tetraploid
No (%) No (%)

Benign group:
No dysplasia 21 (84) 4 (16)
Mild dysplasia 9 (82) 2 (18)
Moderate/severe dysplasia 0 2 (100)
Total 30 (79) 8 (21)

Malignant group:
No dysplasia 1 (11) 8 (89)
Mild dysplasia 11 (58) 8 (42)
Moderate/severe dysplasia 7 (32) 15 (68)
Total 19 (38) 31 (62)

group (62%) compared with
group (21%).

the benign

Using multivariate analysis, dysplasia and
aneuploidy or increased G2/tetraploidy were
simultaneously evaluated as risk factors with
respect to adenocarcinoma (Table III). 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
compared with the group without the risk
factor. A significantly increased risk of
adenocarcinoma was associated with dysplasia,
entailing a ninefold increased risk for
mild dysplasia (p=0 003) and a 33-fold
increased risk for moderate or severe dys-
plasia (p<0001). Aneuploidy or increased
G2/tetraploidy seemed to be a significant
(p=0003) independent risk factor for
malignancy in Barrett's oesophagus for
younger patients (age <65 years), whereas
the risk increase was not significant for older
patients (age >65 years). The effects of the
various risk factors were not affected by sex.

Discussion
A number 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 to 125-fold increased risk
of adenocarcinoma regular endoscopic and
histological surveillance have been recom-
mended, although there is no agreement about
the intensity of such a screening programme.3 5

Because of the low incidence of carcinoma it is
important to identify the subset of patients
with Barrett's oesophagus at high risk for
the development of adenocarcinoma and
therefore to concentrate surveillance on high

TABLE III Outcome of multivariate analysis of the risk
factors dysplasia and aneuploidy

Risk factors Odds ratio p Value

No dysplasia* 1
Mild dysplasia 9-4 0-003
Moderate/severe dysplasia 33-1 <0 001
Diploid* 1
Aneuploid/increased G2 tetraploid:
Age <65 years 44-7t 0-003
Age >65 years 2-4 0-28

*Reference category; tsignificant (p=0-03) difference between
ages above or below 65 years.

risk patients. Most endoscopic surveillance
protocols are based on histological evaluation
of biopsy specimens for dysplasia.17 The
morphological diagnosis of dysplasia,
especially that of lesser degrees is difficult,
however, and marred by considerable intra and
interobserver variation. Therefore more
objective indicators would be useful.

In most patients with an adenocarcinoma in
Barrett's oesophagus dysplasia is found in the
surrounding columnar epithelium.8 10 20
Schmidt 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 relation between flow cytometry

and dysplasia is controversial. Reid et al
showed genomic instability (aneuploidy) or
abnormalities of mucosal proliferation by flow
cytometry in specimens of patients with
Barrett's oesophagus with dysplasia and
adenocarcinoma.7 They showed that flow
cytometric abnormalities were correlated with
the histological diagnosis of dysplasia and
carcinoma. In contrast, Fennerty et al found
that histological 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 showed that most of the
patients whose tissues showed aneuploidy or
increased 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 still unclear
whether flow cytometry and histology are
complementary 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. Our data show that the relative risk
increases ninefold for mild dysplasia and
33-fold for moderate or severe dysplasia. For
younger patients (age <65 years) aneuploidy
or increased G2/tetraploidy seemed to be a
significant risk factor for malignant degenera-
tion with a 45-fold increased relative risk.
In the benign group the eight cases with
aneuploidy or increased G2/tetraploidy had a
significant higher (p=004) 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 with some studies on flow
cytometric analysis of nuclear DNA content in
ovarian tumours and breast adenocarcinoma,
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which showed an association between
aneuploidy and advanced age.18 19 Specialised
columnar epithelium 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
wkh 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
oesophagus, patients with either or both
these risk factors could be offered annual or
even half yearly screening, provided they
can undergo surgical intervention. As severe
dysplasia is often associated with invasive
carcinoma, these patients should be offered
oesophageal resection20 or at least frequent
(three monthly) endoscopies with extensive
biopsies.17 Patients without these factors may
be screened at greater intervals guided by other
risk factors.21

Presented at the Spring Meeting of the British Society of
Gastroenterology, 24-26 March 1993, Manchester.
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