
Adenocarcinoma of oesophagus: what exactly is the size of
the problem and who is at risk?
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The incidence of oesophageal adenocarcinoma is
increasing and the prognosis is poor. There is a strong
predominance of white males, and heredity plays a minor
role. The established risk factors are Barrett’s oesophagus,
gastro-oesophageal reflux, and obesity. Infection with
Helicobacter pylori and use of non-steroidal anti-
inflammatory drugs might reduce the risk. Medications that
relax the lower oesophageal sphincter might contribute to
increasing the risk. Among dietary factors, low intake of
fruit, vegetables, and cereal fibres seem to increase the risk
of oesophageal adenocarcinoma. The role of tobacco
smoking is probably limited and alcohol consumption is not
a risk factor. It is uncertain which factors cause the
increasing incidence. Increasing prevalences of reflux and
obesity, and decreasing prevalence of H pylori infection
may contribute to this development; however, the sex
distributions of these factors do not match the incidence
trends well. Endoscopic surveillance for oesophageal
adenocarcinoma among persons with reflux and obesity is
discussed, but presently there is no evidence that strongly
supports such a strategy.
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O
esophageal adenocarcinoma is a highly
lethal cancer. Survival rates have
improved during recent years in some

countries,1 2 but the 5 year survival is still only
about 10% in most Western populations.3 These
poor survival rates indicate that all attempts to
improve the treatment have only to a limited
degree contributed to an improved overall
survival.2 Some authors have reported a better
survival rate among patients with cancer coming
from a Barrett’s mucosa4 5 compared with oeso-
phageal malignancies without this metaplasia.
This might be explained by more prevalent
symptoms of gastro-oesophageal reflux in the
Barrett’s group, leading to earlier gastroscopy
and confirmation of the diagnosis at an earlier
tumour stage. Furthermore, the recent introduc-
tion of endoscopic surveillance programmes
among patients with Barrett’s mucosa in many
endoscopy units might improve the long term
survival in this defined group of patients. To
reduce the mortality in oesophageal adenocarci-
noma, it is important to identify risk factors that
might make primary prevention possible (see
table 1).

INCIDENCE TRENDS
The epidemiology of oesophageal adenocarci-
noma is changing. Before the mid 1970s, the
incidence of adenocarcinoma of the oesophagus
seems to have represented less than 5% of all
oesophageal cancers. Thereafter, the incidence of
adenocarcinoma of the oesophagus has increased
rapidly in the United States6–11 and in large parts
of Europe,12–16 and is still rising.17 The reported
increase among men ranged from 1.5 to 17% per
year in these studies. In the white male popula-
tion of the USA the reported annual increase has
been close to 10%, which exceeds that of any
other malignancy in that population.8 In some
countries the incidence of the adenocarcinoma
type is higher than that of oesophageal squa-
mous cell carcinoma.11 The increasing incidence
of adenocarcinomas is not likely to be explain-
able by changes in diagnostic methods, with
general introduction of endoscopy, because the
trend differs distinctly between males and
females. Furthermore, the incidence is still
increasing during a period of no or minimal
changes in diagnostic procedures. This increasing
trend can not be explained by changes in
classification of the tumours located near to or
in the gastro-oesophageal junction (the tumours
classified as oesophageal instead of gastro-
oesophageal) either because the increasing inci-
dence is evident both in adenocarcinoma of the
oesophagus and adenocarcinoma of the gastric
cardia. The reasons for the increasing incidence
are still unknown, but important clues have
recently been found. These clues are discussed
below.
Although the incidence of adenocarcinoma of

the oesophagus has increased, it is still a rare
disease. In countries in which population based
incidence figures are available, the number of
new cases per 100 000 white males during year
2000 varied between 1 and 5.17 The incidence
of oesophageal adenocarcinoma is highest in
Great Britain; and thereafter Australia, The
Netherlands, and the United States are relatively
high incidence populations. Low incidence areas
include countries in Eastern Europe and in
Scandinavia.

AGE, SEX, AND RACE DISTRIBUTION
The age distribution is similar to most other
gastrointestinal cancers, with an increased risk
with increasing age. The median age at diagnosis
is about 60 years. An unexplained feature of the

Abbreviations: BMI, body mass index NSAID, non-
steroidal anti-inflammatory drug; COX-2, cyclo-
oxygenase 2
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incidence of oesophageal adenocarcinoma is the striking
male predominance (7:1). This observation has been similar
in all populations studied.8 13 16 The incidence of oesophageal
adenocarcinoma is higher among whites compared with
blacks.8 11 Differences in socioeconomic variables might
explain this observation.11

RISK FACTORS
Heredity
Although familial clustering of both Barrett’s oesophagus
and oesophageal adenocarcinoma occurs,18–24 the influence
of genetic factors in the aetiology of oesophageal adenocar-
cinoma seems to be of limited importance among cases
occurring in the community at large. In three population
based studies of familial occurrence, no evidence of family
history of digestive cancer among cases of oesophageal
adenocarcinoma was found.25–27 Hence, the aetiology of
oesophageal adenocarcinoma is dominated by non-genetic
risk factors. Moreover, the recent increase in incidence of
oesophageal adenocarcinoma is not related to hereditary
factors because a change of gene pool in 20–30 years is
unlikely.

Barrett’s oesophagus and gastro-oesophageal reflux
The strongest risk condition for oesophageal adenocarcinoma
is Barrett’s oesophagus. Barrett’s oesophagus is an acquired
condition secondary to long standing gastro-oesophageal
reflux disease.28 Patients with this premalignant mucosa have
an excess risk of developing adenocarcinoma ranging between
30- and 400-fold.29–35 In studies with a large sample size, the
excess risk has been estimated to be 30- to 60-fold relative to the
risk of the general population.29 30 33 35 A majority of cases with
adenocarcinoma of the oesophagus arise from a Barrett’s
mucosa.36 The role of gastro-oesophageal reflux (or reflux
symptoms) per se in the development of oesophageal adeno-
carcinoma has been investigated in four recent large
epidemiological studies. In a medical record based case
control study including 196 patients with oesophageal or
cardia adenocarcinoma in the United States, a significantly
twofold increased risk was found among persons with a
recorded history of gastro-oesophageal reflux disease, hia-
tus hernia, oesophagitis/oesophageal ulcer, or difficulty in
swallowing.37 In a Swedish population based, nationwide
case control study, information on subjects’ history of gastro-
oesophageal reflux was collected during personal inter-

views.38 One hundred and eighty nine patients with
oesophageal adenocarcinoma and 820 control subjects were
interviewed. Among persons with recurrent symptoms of
reflux occurring at least once per week, the risk of
oesophageal adenocarcinoma was eightfold increased. The
more frequent, more severe, and longer lasting the symptoms
of reflux, the greater the risk. Among persons with long-
standing and severe symptoms of reflux, the odds ratio (OR)
was 43.5 for oesophageal adenocarcinoma. In a case control
study of similar design in the United States, there was also a
dose response relation between reflux symptoms and
oesophageal adenocarcinoma;39 however, the relative risk
estimates were not as high as in the Swedish study. A recent
population based study of the relation between gastro-
oesophageal reflux disease and oesophageal adenocarcinoma
used a cohort design.40 A cohort of 65 000male patients with
a discharge diagnosis of heartburn, hiatus hernia, or oeso-
phagitis was identified in the Swedish Inpatient Register.
Virtually complete follow up was attained through record
linkage with several nationwide registers, and 37 cases of
oesophageal adenocarcinomas were identified. There was a
ninefold increased risk of oesophageal adenocarcinoma
among patients with an endoscopically verified oesophagitis.
The risk estimates increased with increasing follow up time
(p for trend=0.03). Based on all these four studies, it is
possible to establish that reflux is a major risk factor for
oesophageal adenocarcinoma.

Lower oesophageal sphincter relaxing drugs
Data from a Swedish case control study support that a
continuous and long standing use of medications that can
relax the lower oesophageal sphincter, and thereby cause
gastro-oesophageal reflux, increases the risk of developing
adenocarcinoma of the oesophagus.41 Groups of medications
that were introduced before the increase in incidence of
oesophageal adenocarcinoma started included nitroglycerins,
aminophylline, b receptor agonists, anticholinergics, and
benzodiazepines. A use of any of the medications in these
five groups for more than 5 years increased the risk of
oesophageal adenocarcinoma significantly and more than
twofold. After adjustment for reflux symptoms, this associa-
tion disappeared, indicating that the mechanism behind the
association might be reflux, as hypothesised.41 In a study
from the United States, there was no clear signs of an
association between drugs that can relax the lower oesopha-
geal sphincter and risk of oesophageal adenocarcinoma.42

Therefore, the relation needs to be further studied.

Body mass
Obesity (body mass index (BMI) .30) is common in Europe
and the United States, where the prevalence has been
estimated at 11–15% in men and 15–25% in women.43 44

The prevalence of obesity is increasing in these parts of the
world.43 A high BMI has been found to be a risk factor for
adenocarcinoma of the oesophagus in several epidemiological
case control studies.45–50 In a few other case control studies no
association was found between BMI and the risk of either
adenocarcinoma of the oesophagus or the gastric cardia.51 52

The three more recent studies were of large sample size with
an advantage of a population based design, and they all show
similar results, which strongly indicate that there is a true
and dose dependent association between increasing BMI and
risk of oesophageal adenocarcinoma, independent of
reflux.48–50 Among persons with a historical BMI above 30
the relative risk of developing oesophageal adenocarcinoma
has been found to be as high as 16 compared with the leanest
(BMI ,22). The mechanism behind this association remains
to be identified.

Table 1 Summary of risk factors for
adenocarcinoma of the oesophagus

Risk factor
Adenocarcinoma of
the oesophagus

Heredity 0
Male sex + +
Age + +
Reflux + + +
Cholecystectomy +
Lower oesophageal sphincter-
relaxing medications

+ +

Obesity + + +
Helicobacter pylori 2 2

Human papillomavirus 0
Smoking +
Alcohol 0
Fruits and vegetables 2 2

Antioxidants 2 2

Cereal fibre 2

+ + +, Strong positive association; + +, moderate positive
association; +, weak positive association; 0, no association;
2, weak negative association; 2 2, moderate negative
association.
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Tobacco smoking
Eight case control studies have reported a moderately
increased risk of adenocarcinoma of the oesophagus and/or
the gastric cardia among tobacco smokers (cigarette smok-
ing), with ORs of generally about 1.5–2.8.46 50–56 In three
studies no association between smoking and oesophageal
adenocarcinoma was found.57–59 Among all these studies,
there are three large scale studies of population based design
that might be considered to be of higher internal validity as
compared with the other studies.50 56 59 The two US studies
found moderately increased risk of adenocarcinoma of the
oesophagus among tobacco smokers,50 56 but no significant
association was identified in a Swedish study.59 Taken
together, any association with smoking seems to be of
moderate strength.

Alcohol drinking
In three studies in which adenocarcinomas of the oesophagus
and gastric cardia were combined, there was a positive
association with alcohol,46 51 54 but in one other corresponding
study there was not.25 None of the five studies that addressed
the relationship between alcohol consumption and the risk
specifically of adenocarcinoma of the oesophagus revealed a
positive association.50 56–59 Three large population based case
control studies have probably provided the most reliable
results hitherto concerning the influence of alcohol.50 56 59

Based on data from all these studies, it may be concluded
that alcohol is not associated with an increased risk of
oesophageal adenocarcinoma, independent of the type of
alcoholic beverage consumed.

Helicobacter pylori
Evidence of an inverse relation on the individual level
between Helicobacter pylori infection and risk of adenocarci-
noma of the oesophagus or gastro-oesophageal junction is
accumulating.60–65 In a case control study by Chow et al, it was
found that infection with H pylori as measured by positive
results for both IgG serology and cagA positivity (ELISA)
significantly decreased the risk of oesophageal or cardia
adenocarcinoma by 60%. Similarly, a Swedish population
based study revealed that regardless of whether IgG ELISA,
CagA, or both were used as indicator of infection, there was a
significantly 50–80% reduced risk for oesophageal adenocar-
cinoma.65 A study of similar design by Wu et al, revealed
no association between H pylori infection and oesophageal
adenocarcinoma.66 The postulated mechanism for the alleged
protective effect of H pylori is through its ability to introduce
atrophic gastritis, and possibly also by increasing intragastric
ammonia production.67 This mechanism was recently chal-
lenged in the Swedish case control study though because the
inverse association between H pylori and oesophageal
adenocarcinoma remained unaffected after adjustment for
gastric atrophy.65

Diet
There are a few known dietary risk factors.68 The best estab-
lished risk exposure is low intake of fruit and vegetables.69 70

Particularly, the antioxidants in these dietary items seem to
have a protective effect.69 71 Furthermore, low intake of fibres
seems to increase the risk according to two large population
based case control studies.69 72 Other potential dietary risk
factors include high intake of dietary fat, dietary cholesterol,
and animal protein.69 The data concerning diet and oesopha-
geal adenocarcinoma are limited and susceptible to bias,
particularly the role of confounding by dietary variables,
which is a source of error that is difficult to reliably adjust for.
Therefore, more well designed studies are needed to establish
new dietary risk factors.

Non-steroidal anti-inflammatory drugs
Multiple studies furthermore have indicated an anti-
tumoural effect on gastrointestinal tumours by the use of
non-steroidal anti-inflammatory drugs (NSAIDs), especially
by using selective cyclooxygenase-2 (COX-2) inhibitors.73 74

Over representation of COX-2 has been identified in
oesophageal cancer of both the squamous cell carcinoma
and the adenocarcinoma type.75–77 Tumour growth in oeso-
phageal cancer is reduced by the treatment with COX-2
inhibitors.78 Epidemiological studies have shown a reduced
risk of developing oesophageal cancer among individuals
using NSAID drugs.79–81 Therefore, data are accumulating in
the direction of a protective effect of NSAIDs.

EXPLANATIONS FOR THE CHANGING
EPIDEMIOLOGY
Although gastro-oesophageal reflux is the strongest known
risk factor for oesophageal adenocarcinoma, it is uncertain
whether this factor contributes to the increasing incidence of
this tumour. If reflux would be the main reason for the
increasing incidence of oesophageal adenocarcinoma, the
incidence of reflux disease should have risen during recent
decades. There is unfortunately a lack of data on the
incidence of gastro-oesophageal reflux disease. The only
available measure of the occurrence of reflux is prevalence
figures. In a study of hospitalisation for reflux disease, the
prevalence of diagnoses representing gastro-oesophageal
reflux had increased during the period in which the incidence
of adenocarcinoma of the oesophagus had increased.82 The
main problem with the study was that the recording of reflux
disease in the medical records might not mirror the true
incidence of the disease. In that sense, it might be more
appropriate to evaluate the prevalence of reflux symptoms in
population based studies. According to such studies, there are
no clear signs of an increasing prevalence in earlier studies
when compared with more recent ones.38 83–85 Hence, there are
as yet no data to firmly support an increasing incidence of
reflux disease. If the incidence of reflux is rising, this increase
in turn should be caused by some environmental factor. Such
a potential environmental factor is the use of medications
that relax the lower oesophageal sphincter and thereby
facilitate reflux. As discussed above, a positive association
between previous use of such medications and the risk of
oesophageal adenocarcinoma has been identified.41 Another
study of similar design in the United States showed con-
flicting results.42 The increasing use of these drugs in the
1960s and 1970s may still have contributed to the increase in
incidence of oesophageal adenocarcinoma.
It would be tempting to attribute the increase in the

incidence of oesophageal adenocarcinoma to the increase
in average body mass observed in Western populations,
especially in men.43 However, the apparently sudden deflec-
tion of the incidence curve for oesophageal adenocarcinoma,9

the rapidity of the increase,11 and the marked (6–8-fold) male
predominance11 are observations not entirely consistent with
this interpretation.
Tobacco smoking has been proposed to be a risk factor

contributing to the rising incidence of adenocarcinoma of
the oesophagus.56 However, the association between smoking
and squamous cell carcinoma of the oesophagus is much
stronger than that with adenocarcinoma.50 56 59 Moreover,
the association has been refuted in some studies of high
validity.59 Furthermore, smoking has declined markedly
among men, as reflected by a decreasing incidence of lung
cancer86; the increasing incidence of oesophageal adenocarci-
noma has been practically confined to men.11 Taken together,
tobacco smoking does not seem to be the main reason for the
increasing incidence of these tumours.
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It has been suggested that this increase is linked to falling
rates of H pylori infection in Western society.60 The majority of
data point to the idea that there is a true inverse relationship
between infection with H pylori and risk of oesophageal
adenocarcinoma, but more studies are warranted to establish
these preliminary findings.
In conclusion, gastro-oesophageal reflux, the use of

medications that might cause such reflux, obesity, and the
decreasing occurrence of infection with H pylori might all be
key factors to explain the increasing incidence of adenocar-
cinoma of the oesophagus. A general problem with any
explanation for the increasing incidence of oesophageal
adenocarcinoma based on the known risk factors for the
disease presented above is the skewed sex distribution that
does not match any of the major risk factors. Hence, the
mysterious epidemiology of this cancer is not yet solved.

A NEED FOR SCREENING OR SURVEILLANCE
Because the poor survival rates for adenocarcinoma of the
oesophagus3 are improved only by early tumour detection,87 it
is important to identify high risk people in whom endoscopic
screening or surveillance might be warranted. However,
because reflux symptoms are common83 and oesophageal
adenocarcinoma is still a rare disease, endoscopic screening
in reflux patients would rapidly overtax available healthcare
resources.38 The possible benefits of endoscopic screening
should exceed the costs and inconveniences for patients and
healthcare systems. In a re-analysis of Swedish nationwide
case control data, we estimated the number of endoscopies
needed to identify one oesophageal or cardia adenocarcinoma
in people with various combinations of both obesity and
reflux.88 Risk of oesophageal adenocarcinoma increased dose
dependently with increasing BMI and reflux severity. The
risks combined in a multiplicative manner. Among obese
people (BMI .30 kg/m2) with reflux symptoms, the odds
ratio was 184 (95% CI 36 to 949) for oesophageal adeno-
carcinoma compared with lean people (BMI ,22 kg/m2)
without reflux. We then estimated the number needed to
screen to detect one oesophageal or cardia adenocarcinoma
among males aged 50–79 years. Six per cent had the com-
bination of BMI 25 kg/m2 and reflux symptoms, but only
0.3% of males aged 50–79 years had reflux and BMI .30 kg/
m2. The number of people needed to screen to detect one
adenocarcinoma varied from 2189 in the former stratum, to
594 in the latter. Thus, if 60 obese men aged 50–79 with
reflux symptoms are followed for 10 years, one oesophageal
or cardia adenocarcinoma will be observed. In the United
States, the incidence figures of oesophageal adenocarcinoma
are higher compared with those in Sweden. According to a
recent analysis based on data accrued in the gathered
literature, screening endoscopy, but not surveillance, might
play a role among men over 50 years with severe reflux
symptoms.89 In conclusion, it is possible to identify a limited
group with a relative risk that greatly exceeds that of the
general population. Endoscopic surveillance for oesophageal
adenocarcinoma in this group would, however, consume
considerable healthcare resources. Furthermore, the data to
support a general recommendation in favour of surveillance
are limited. Therefore, presently there is no need for
surveillance programmes among people with reflux and
obesity. Given the poor results of treatment of the cancer
when it occurs and if the incidence of these tumours
continues to increase, new studies might find that surveil-
lance may be worthwhile in the future.
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1 Sundelöf M, Ye W, Dickman P, et al. Improved survival in both histological

types of oesophageal cancer in Sweden. Int J Cancer 2002;99:751–4.

2 Farrow DC, Vaughan TL. Determinants of survival following the diagnosis of
esophageal adenocarcinoma (United States). Cancer Causes Control
1996;7:322–7.

3 Survival of Cancer Patients in Europe: The EUROCARE II Study. Lyon:
International Agency for Research on Cancer, 1999.

4 Johansson J, Johnsson F, Walther B, el al. Adenocarcinoma in the distal
esophagus with and without Barrett esophagus. Differences in symptoms and
survival rates. Arch Surg 1996;131:708–13.

5 Thomas P, Doddoli C, Lienne P, et al. Changing patterns and surgical results in
adenocarcinoma of the oesophagus. Br J Surg 1997;84:119–25.

6 Yang PC, Davis S. Incidence of cancer of the esophagus in the US by histologic
type. Cancer 1988;61:612–7.

7 Hesketh PJ, Clapp RW, Doos WG, et al. The increasing frequency of
adenocarcinoma of the esophagus. Cancer 1989;64:526–30.

8 Blot WJ, Devesa SS, Kneller RW, et al. Rising incidence of adenocarcinoma of
the esophagus and gastric cardia. JAMA 1991;265:1287–9.

9 Pera M, Cameron AJ, Trastek VF, et al. Increasing incidence of
adenocarcinoma of the esophagus and esophagogastric junction.
Gastroenterology 1993;104:510–3.

10 Thomas RM, Sobin LH. Gastrointestinal cancer. Cancer 1995;75:154–70.
11 Devesa SS, Blot WJ, Fraumeni JF Jr. Changing patterns in the incidence of

esophageal and gastric carcinoma in the United States. Cancer
1998;83:2049–53.
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