
Abstract. Background/Aim: Conflicting data exist on the
changes in the incidence of oesophageal (EAC) and
oesophagogastric junction adenocarcinoma (EGJAC). In
addition, risk factors of the disease are only partly known. The
aim of the study was to evaluate the incidence of EAC and
EGJAC in Finland as well as risk factors of these cancers.
Patients and Methods: The complete number of new EAC and
EGJAC cases between January 1980 and December 2007 in
Finland was provided by the Finnish Cancer Registry. All
treated EAC and EGJAC patients in the Pirkanmaa Hospital
District between January 1980 and December 2007 were
included in the study. Results: The incidence of EAC increased
significantly in Finland. Barrett’s oesophagus (BE) was
associated with the risk of EAC and cholecystectomy with the
risk of EGJAC. Conclusion: A significant increase in EAC was
found in Finland over the course of nearly 30 years, indicating
that the increase in EAC in Finland is existent in the long
term. BE was associated with the risk of EAC and
cholecystectomy with the risk of EGJAC. 

Several Western countries have reported a marked increase
in the incidence of oesophageal adenocarcinoma (EAC) over
recent decades (1-3). However, certain studies suggest that
this incidence seems to have reached a plateau (4, 5). At the
same time, there exist conflicting data on the incidence of
reflux-related oesophagogastric junction cancer (EGJAC),

certain reports indicate a steady increase (6), while others
demonstrate either a plateau in its increase (2) or no increase
in reflux-type EGJAC (1). It has been suggested that the
differences in the incidence trends for EAC and EGJAC are,
at least partly, due to diagnostic differences between the
accurate locations of the tumour (7).

The risk factors for EAC and EGJAC are only partly known.
Based on several epidemiological population-based cohorts and
case-control studies, male sex (8), gastroesophageal reflux
disease (GERD) (9), Barrett’s oesophagus (BE) (10), smoking
(11) and obesity (12) are associated with an increased risk of
EAC. 

The aim of this study was to evaluate possible changes in
the incidence of EAC and EGJAC in Finland over the course
of nearly 30 years. Furthermore, we aimed to analyze the
risk factors of EAC and EGJAC in our area, since, to our
knowledge, the risk factors of EAC and EGJAC have not
been reported previously in Finland. 

Materials and Methods

Tampere University Hospital is a tertiary hospital that evaluates and
performs all treatments for the EAC and EGJAC patients from the
Pirkanmaa Hospital District. In addition, Tampere University
Hospital routinely performs either all or at least some demanding
operations on the EAC and EGJAC patients from four other hospital
districts (Kanta-Häme, Päijät-Häme, Seinäjoki, Vaasa) between 1st
January 1980 and 31st December 2007. However, our hospital does
not perform evaluations or palliative treatments for EAC and EGJAC
patients from the four above-mentioned hospital districts. All patients
evaluated or treated (surgical, oncological or palliative treatment) at
the Tampere University Hospital for EAC or EGJAC during the study
period were included in the present study. During the study period,
there were 877 patients with a diagnosis of oesophageal or gastric
cardia cancer. Of these, 569 did not have a diagnosis of
EAC/EGJAC, 51 received their main treatment elsewhere, and,
therefore, 257 were eligible for inclusion in the study. 

Based on medical history, information on occupation, age at the
time of the EAC or EGJAC diagnosis as well as symptoms and tests
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leading to diagnosis, data were collected. Educational level was
defined as low for patients who had completed some form of
vocational training, medium for those who had finished upper
secondary education, and high for those who had earned a university
degree. Cardinal symptoms were defined as the main symptoms
leading to investigations and the cancer diagnosis. In addition, data
on treatments administered as well as on sex, smoking, alcohol
consumption, other malignancies and previous diseases of the
cardiovascular or respiratory system or the upper GI tract were
collected retrospectively. Due to retrospective study dietary fiber
intake and Helicobacter pylori infection could not be checked.
Cancer localisation and staging were assessed using the 7th edition
of the AJCC cancer staging manual (13). 

Alcohol abuse was defined if cirrhosis was detected or the
abuse was mentioned in documents. Previously performed
oesophageal and gastric operations were also analysed. However,
previously performed cholecystectomy was checked only for a
subgroup analysed by the first author (n=158; 45 EAC and 113
EGJAC patients). 

Upper gastrointestinal endoscopy and CT scans had been
performed on most of the EAC and EGJAC patients. In addition,
some (101 patients) had been treated surgically. In the case of
surgically treated patients, the tumour location was determined
based on gastrointestinal endoscopy and CT images as well as
operative findings and pathological reports of the operative
specimen. In other cases, tumour location was determined using
upper gastrointestinal endoscopy and CT scan results. All
determinations were made retrospectively by the first author using
the 7th edition of the AJCC cancer staging manual (13). When the
tumour location was uncertain, two colleagues evaluated the
documents, after which a consensus was reached.

The annual population statistics for the study period in Finland
(mean population=5.1 million) and in the Pirkanmaa Hospital
District (mean population 437,647) were provided by Statistics
Finland. The number of new EAC and EGJAC cases and the age-
adjusted incidences of EAC and EGJAC in Finland were provided
by the Finnish Cancer Registry. 

Finnish hospitals licensed to perform surgery have only been
required to report every patient to the National Institute for Health
and Welfare since the beginning of 1987. Therefore, data on
cholecystectomies and gastric operations were only available
starting from 1987. The number of annually performed
cholecystectomies and gastric resections was provided by the
National Institute for Health and Welfare. The number of annually
performed antireflux operations between 1st January 1987 and 31
December 2006 was obtained from our previous study (14). 

In addition, the percentages of elderly individuals (65-84 years)
in Finland who were daily smokers were provided by the National
Institute for Health and Welfare. Finally, the gender-specific
prevalence of alcohol consumption among elderly individuals in
Finland was obtained from a previously reported Finnish study (15).

Statistical analysis. The differences in the prevalence of risk factors
between male and female and EAC and EGJAC patients were
analyzed using the Chi-square test. In addition, univariate and
multivariate binary logistic regression analysis was used in the
analysis of the said risk factors, including age, alcohol abuse,
smoking, GERD symptoms, educational level, previous
oesophagitis, previous BE, BE at the time of EAC or EGJAC
diagnosis, previously performed fundoplication, gastric resection

and cholecystectomy. All the significant factors in univariate
analysis were entered in the multivariate binary logistic regression
model. The association of risk factors with EAC and EGJAC was
expressed as OR >1 indicating increased tendency towards EGJAC.
Finally, the incidence analysis was performed using a linear
regression model. p<0.05 was considered statistically significant.

Ethics approval. The study protocol was approved by the Ethics
Committee of Tampere University Hospital.

Results

The age-adjusted incidence trends for EAC and EGJAC in
Finland are presented in Figures 1 and 2. The overall
duration of the study was divided into three periods as
follows: i, 1980-1989; ii, 1990-1999; and iii, 2000-2007. The
age-adjusted incidence of EAC among male individuals
increased significantly from 0.4 to 1.6/100,000 inhabitants
(p<0.001). A significant increase from 0.2 to 0.9/100,000
inhabitants was also found in the female population
(p<0.001) and when both sexes were included (p<0.001)
(Figure 1). However, the incidence of EGJAC decreased
significantly in both sexes from 1.5 to 1.0/100,000
inhabitants (p=0.0005), but the decrease was more
pronounced among men (p=0.00019) than women
(p=0.0038) (Figure 2).

EGJAC was diagnosed in 154 (60%) and EAC in 103
(40%) patients in our area. The locations of tumours are
shown in Table I. EAC or EGJAC was diagnosed with the
aid of upper gastrointestinal endoscopy in 239 patients
(93%), with barium swallow in 16 patients (6%) and with a
CT scan or explorative surgical examination in one patient
each (0.4%). The symptoms that led to malignant diagnosis
are listed in Table II. The mean duration of the cardinal
symptom that led to diagnosis of adenocarcinoma was 18.9
weeks (range=0-104 weeks). 

Among the whole study population, stage I
adenocarcinoma was discovered in 14 (5.4%), IIA in 56
(22%), IIB in 10 (3.9%), III in 74 (29%) and IV in 49 cases
(19%, IVA 7;2.8%, IVB 42;16%) (13). The cancer was,
therefore, detected in the early stages (I-IIA) in 27.4% of
patients. The exact stage could not be determined according
to patient records in 54 (21%) cases. In 11 (4.3%) patients
(5 stage I, 3 stage IIA, 1 stage IIB, 2 stage III), the
adenocarcinoma (9 lower EAC, 2 EGJAC) was discovered at
a follow-up gastroscopy due to BE (13). Therefore, 72.7%
of these cases were caught in the early stage (I-IIA).

Oesophageal and oesophagogastric junction adenocarci-
nomas were more common among males; 200 (78%) of the
patients were male (78 EAC, 122 EGJAC) and 57 (22%)
female (25 EAC, 32 EGJAC), the male-to-female ratio being
3.1:1 for EAC and 3.8:1 for EGJAC. Male patients developed
cancer at an earlier age than their female counterparts – the
mean age among males at the time of diagnosis was 66.5
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years (range=21-92) and among females 72.6 years
(range=50-89 years) (p<0.0001).

The number of patients with a low educational level,
smoking, alcohol abuse, GERD symptoms, previous
oesophagitis, previous BE and BE at the time of carcinoma
diagnosis, as well as those with previously performed
fundoplication, gastric resection and cholecystectomy, are
shown in Table III.

No differences in smoking, alcohol abuse, GERD
symptoms and previous oesophagitis were found between
EAC and EGJAC patients. However, previous BE (p=0.006)

and BE at the time of the carcinoma diagnosis (p=0.008)
were more common among EAC than EGJAC patients. No
patients with fundoplication had undergone associated
cholecystectomy. Previously performed fundoplication was
more common among EAC than EGJAC patients (p=0.040).
The fundic wrap was disrupted in one patient. 

Gastric resection had been performed on six patients due
to an ulceration and on three patients due to a previous
malignancy. The resection had taken place on an average of
16 years before carcinoma diagnosis (range=6-36 years).
Cholecystectomy had been previously performed on 14 out
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Figure 1. Age-adjusted incidence of EAC in male and female individuals and in both sexes combined in Finland between 1st January 1980 and 31st
December 2015. 

Figure 2. Age-adjusted incidence of CAC in male and female individuals and in both sexes combined in Finland between 1st January 1980 and 31st
December 2015. 



of the 158 (8.9%) patients who were checked for previous
cholecystectomies. According to the national statistics,
between 1 January 1987 and 31 December 2007,
cholecystectomies were performed on 2.6% of the male and
2.7% of the female population aged >60 years in Finland,
while the figure was 0.15% for the population of all ages.
The results of multivariate analysis are shown in Table IV. In
brief, according to univariate analysis, a previously detected
BE (p=0.0076) and BE detected at the diagnosis (0.0134)
were associated with EAC and cholecystectomy (p=0.0329)
with EGJAC. According to multivariate analysis, previously
detected BE (p=0.007) was associated with EAC, and
cholecystectomy (p=0.0296) with EGJAC. When BE
detected at the time of diagnosis (55 patients) was excluded,
the results were the same, with the exception that
fundoplication (p=0.0317) was associated with EAC in
univariate analysis. However, according to the multivariate
analysis, only previously detected BE (p=0.007) was
associated with EAC and previous cholecystectomy
(p=0.0296) with EGJAC.

Discussion 

In our study, with a follow-up of nearly 30 years, the age-
adjusted incidence of EAC for both sexes was found
significantly increased in Finland. Our results support

previous reports with shorter follow-ups conducted in our
country, that have found that the incidence of EAC in
Finland is increasing in the long term.

Previously, the incidence of EAC was found to have
increased among Finnish males during 1977-1995, but no
increase was found among the female population (8). This,
together with our results, supports the finding that the
incidence of EAC among male individuals is increasing
during long-term follow-up. Contrary to the findings by
Sihvo et al. (7), a significant increase was also found in our
study in the incidence of EAC among the female population.
The increase in EAC among women is now seen for the first
time in our country. The reasons for the increase are
unknown. In accordance with our material from the
Pirkanmaa Hospital District, the incidence of EGJAC was
higher during the entire study time in the whole country.
However, the incidence of EGJAC in Finland decreased
significantly from the first to the last period, which is in
accordance with some earlier reports (1). 

According to the literature, male predominance has been
found for EAC and EGJAC, being highest in the age group
of 50-59 (8). We also encountered a male predominance, but
the male-to-female ratio in our study was smaller than in
previous ones. In addition, we found that females developed
EAC or EGJAC at a significantly later age than males,
suggesting that oestrogens might protect females. However,
hormone replacement therapy was not found to be
associated with EAC (16), which contradicts the previous
speculations on the preventive role of oestrogens in EAC or
EGJAC. Exposure to some of the established risk factors for
EAC seems to be more common in men than in women, and
perhaps the difference in the effect of these factors can
better explain the difference in the incidence of EAC and
EGJAC between men and women (17, 18). Our results
further support this speculation, since we found more risk
factors for EAC – including smoking, GERD, BE and
previous antireflux surgery – in men. 

According to multivariate analysis, we found two
independent risk factors, BE for EAC and cholecystectomy
for EGJAC. The association of BE with EAC is not a new
discovery. However, the association of previous
cholecystectomy with EGJAC has not, to our knowledge,
been reported before. The incidence of cholecystectomy
among the EGJAC patients in our study was four and, among
the EAC patients, 1.5-times higher than among the non-
affected Finnish population of the same age. In fact, among
the female EGJAC patients, the incidence of cholecystectomy
was more than 10-times higher. The number of patients who
had undergone cholecystectomy might be even higher, since
we analyzed this aspect in only 158 patients. Previously, a
risk of distal gastric cancer among male individuals has been
detected for up to 10 years after cholecystectomy, but no clear
association between cholecystectomy and EGJAC was found
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Table I. Location of tumours in 257 patients with EAC or EGJAC.

Location N %

EAC, upper third 3 1.2
EAC, medial third 15 5.8
EAC, lower third 85 33
EGJAC 154 60
Total 257 100

Table II. Cardinal symptoms leading to diagnosis in the 257 patients
with EAC or EGJAC.  A patient could have several symptoms.

Symptom N %

Dysphagia 148 57.6
Weight loss 49 19.1
Heartburn 46 17.9
Regurgitation 33 12.8
Anaemia 24 9.3
Abdominal pain 20 7.8
Melena or haematemesis 19 7.4
Vomiting or nausea 17 6.6
Deteriorated general condition 14 5.4
Barrett’s oesophagus: 
Follow-up endoscopy 11 4.3

Other 26 10.1



(19). Instead, cholecystectomy was associated with a
moderate risk (20) of EAC. The risk was speculated to be
caused by the toxic effect of refluxed duodenal juice (20).
Previously, we found that cholecystectomy had been
performed for 28% of the patients who were diagnosed to
have EAC after antireflux surgery (14). The cholecystectomy
preceded the diagnosis of EAC by an average of 17.5 years.
Although we did not report the coincidence of fundoplication
failure with cholecystectomy in that study, most of the
patients who developed EAC late after fundoplication had a
functional failure (14). This further supports the speculation
that the risk of cholecystectomy relates to the toxic effect of
duodenal juice.

For 34% of EAC and EGJAC patients for whom the stage
of disease was known, the cancer was in the early stage

(Stage I/IIA), while among BE patients in whom the cancer
was discovered during BE surveillance, the cancer was in
early state in 73% of the patients. This suggests that BE
surveillance may be beneficial. However, the BE was known
before the cancer diagnosis in only 11.7% and 2.6% of EAC
and EGJAC patients, respectively, while only 4.3% of the
cancer cases were detected in BE surveillance. In the study
by Voutilainen et al. (2005), two EAC patients (18.2%) had
BE, and one of them was identified during BE surveillance
and could be operated on. In the literature, the annual risk of
EAC among BE patients has been found to be 0.12%, which
is much lower than the assumed risk of 0.5% that has been
the basis for current surveillance guidelines in BE (22). It
seems that patients detected during BE surveillance are in an
earlier stage of disease than others but that the cancer risk in
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Table III. The prevalence of risk factors in 257 patients with EAC or EGJAC and in Finland.

Risk factor Male Female EAC EGJAC Finland

Smoking 111 (56%) 7 (12%) 41 (40%) 77 (50%) 11% male; 5% female*
Alcohol abuse 24 (12%) 4 (7%) 13 (13%) 15 (9.8%) 20.3% male; 1.2% female*
GERD symptoms 49 (25%) 10 (18%) 23 (22.3%) 36 (23%) Unknown
Previous oesophagitis 16 (8%) 3 (5%) 7 (6.8%) 12 (7.8%) Unknown
Previous BE 14 (7%) 2 (3.5%) 12 (11.7%) 4 (2.6%) Unknown
BE at the time of the carcinoma diagnosis 47 (23.5%) 8 (14%) 31 (30%) 24 (15.7%) Unknown
Fundoplication# 5 (2.5%) 1 (1.8%) 5 (4.9%) 1 (0.65%) 0.018%
Gastric resection# 5 (2.5%) 4 (7.0%) 4 (3.9%) 5 (3.2%) 0.012%
Cholecystectomy# 8 (4%) 8 (14%) 2 (1.9%) 14 (9.1%)** 2.6% male; 2.7% female***
Low educational level 102 (51%) 32 (56.1%) 52 (50.5%) 82 (53.2%) Unknown

*Among 65-84-year-old men and women in Finland (15). **26.9% of female CAC patients. ***In men and women aged >60 years in Finland
(provided by the National Institute for Health and Welfare). #previously performed fundoplication, gastric resection or cholecystectomy.

Table IV. Results of multivariate analysis concerning the risk factors among 257 patients with EAC and EGJAC in Finland. 

Univariate analysis Multivariate analysis

Variable OR 95% CI p-Value OR 95% CI p-Value

Alcohol abuse 0.76 0.35-1.67 0.4969
Previously detected BE 0.21 0.06-0.66 0.0076 0.19 0.06-0.64 0.007
BE detected at the time of diagnosis 0.48 0.26-0.86 0.0134 0.60 0.32-1.10 0.099
Cholecystectomy 5.14 1.14-23.10 0.0329 5.52 1.18-25.72 0.0296 
Oesophagitis 1.51 0.56-4.13 0.4149
Fundoplication 0.13 0.02-1.13 0.0646
Gastric resection 1.02 0.28-3.71 0.9755
Age 0.99 0.97-1.02 0.6997
Low educational level 1.27 0.73-2.23 0.3959
Medium educational level 0.79 0.33-1.85 0.5763
High educational level 2.61 0.67-10.18 0.1676
GERD symptoms 1.08 0.60-1.96 0.7914
Gender 0.92 0.50-1.67 0.7752
Smoking 0.68 0.40-1.15 0.1498



BE is lower than previously assumed. Therefore, we should
find other risk factors that will allow us to pinpoint those BE
patients who benefit from surveillance and, on the other
hand, to identify those who may have BE but remain
undetected. In addition, the clinicians should consider the
patients’ symptoms more seriously, since the mean duration
of cardinal symptoms (most commonly dysphagia, heartburn,
regurgitation, weight loss) among our patients was as long
as 18.9 weeks.

Our study has certain limitations. The most important
one is the retrospective nature of the study. It is impossible
to recover all risk factors comprehensively from
documents. In addition, tumour classification in the region
of the EGJ is sometimes difficult to define retrospectively.
Finally, the classification of these tumours has changed at
least three times over the course of the study period.
However, tumour classification was carried out using as
many investigation methods as possible, and all
classifications were made by the first author who
specialises in oesophagogastric surgery. In addition, all
classifications were based on the 7th edition of the AJCC
cancer staging manual (13). The strength of our study is
that we could analyze the risk factors of EAC and EGJAC
much more profoundly than has been done in previous
studies, which are mostly population-based. In addition, to
our knowledge, this is the first study from Finland in
which the risk factors of EAC and EGJAC have been
evaluated. Finally, our EAC and EGJAC incidence rates in
Finland were based on data from the Finnish Cancer
Register, which has been regarded as reliable.

In conclusion, in accordance to the previous report from
our country, a significant increase in EAC among Finnish
male individuals was found over the course of nearly 30
years, indicating that the increase in EAC among Finnish
men is existent in the long term. However, a significant
increase in EAC was also found in the female population,
which is now documented for the first time in Finland. We
found a previously performed cholecystectomy to be
associated with EGJAC, which is, to the best of our
knowledge, reported for the first time herein.
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