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Abstract

The aim of this thesis was to address the hypothesis that estrogen protects women against the development of 
esophageal and gastric adenocarcinoma (AC). These two cancers show a striking but totally unexplained male 
predominance in their incidence. There are 6-7 men for every woman affected by esophageal AC, while the 
male: female ratio in gastric AC is 2-3:1.
In the fi rst study, we investigated whether hormone replacement therapy (HRT) with estrogen protects 
postmenopausal women against esophageal and gastric AC. We conducted a nested case-control study, in 
which cases and controls came from a cohort of postmenopausal women in the United Kingdom. Prospectively 
recorded data from the General Practice Research Database were used. Women on HRT had a signifi cantly 
decreased risk of gastric AC (odds ratio (OR) 0.48, 95% confi dence interval (CI) 0.29-0.79), an association 
that seemed stronger for non-cardia than for cardia gastric AC (OR 0.34, 95% CI 0.14-0.78). HRT use was not 
linked with a decreased risk of esophageal AC (OR 1.17, 95% CI 0.41-3.32).
In the second study, we prospectively assessed the risk of esophageal and gastric AC in women who had 
been treated for breast cancer with the anti-estrogen drug tamoxifen. Our large population-based cohort of 
postmenopausal women was identifi ed from the Swedish Cancer Register. Among 138 885 cohort members 
contributing to more than 1 million person-years of follow-up, we found a non-signifi cantly increased risk of 
esophageal AC in those exposed to tamoxifen (standardized incidence ratio (SIR) 1.60, 95% CI 0.83-3.08). 
No association was observed in the unexposed. No increased risk of cardia AC was identifi ed, irrespective of 
exposure to tamoxifen. The risk of non-cardia gastric AC was increased in the tamoxifen-exposed cohort (SIR 
1.27, 95% CI 1.03-1.57), and it was almost doubled (SIR 1.86, 95% CI 1.10-3.14) in the period of longest 
latency (10-14 years) after breast cancer diagnosis. We concluded that there might be a link between tamoxifen 
and risk of non-cardia gastric AC. 
In the third and fourth studies the potential infl uence of endogenous estrogen and of tamoxifen exposure on the 
risk of the intestinal type of gastric AC was addressed. Immunohistochemical laboratory work was conducted 
in order to assess the expression of estrogen receptors (ERs). In both studies we used data from the Swedish 
Cancer Register and we identifi ed patients with gastric cancer diagnosed in the county of Stockholm. In the 
third study we categorized gastric AC cases into three groups according to their endogenous estrogen exposure: 
1) women aged <50 years (“exposed women”), 2) men <50 years (“unexposed men”) and 3) women >70 years 
(“unexposed women”). Compared to “exposed women”, the intestinal type of gastric AC was over 4 and 9 
times more common among “unexposed men” (OR 4.7; 95% CI 2.2-10.3) and “unexposed women” (OR 9.1; 
95% CI 4.3-19.6), respectively. No differences in ER expression were found between the three groups. A loss 
of ERbeta and a gain of ERalpha in the tumor cells compared to non-tumor cells was observed. ERbeta cx was 
identifi ed for the fi rst time in gastric tissue.
In the fourth study we identifi ed all women with a breast cancer diagnosis who subsequently developed gastric 
AC. The intestinal type of gastric AC was not more frequent among tamoxifen users (27%) than among non-
users (34%) (p=0.601). There were no material differences between the two groups regarding distribution of 
ERs in intestinal AC specimens. Tamoxifen users seemed to have a shorter latency between breast cancer and 
gastric AC diagnoses. 
In conclusion, this thesis supports the hypothesis that estrogen may protect women against development of 
gastric AC, while we did not fi nd evidence for this in esophageal AC. The mechanism underlying this protection 
is not yet clear, but it may be mediated by ERs. For the fi rst time the existence of estrogen receptor beta cx in 
gastric tissue is reported.
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Introduction

 No notice is taken of a little evil, 

 but when it increases it strikes the eye.

 Aristotle

Cancer is one of the oldest recognized diseases of 
mankind. The fi rst description of cancer appeared 
in Egyptian papyri in 1500 B.C. About 1000 years 
later Hippocrates observed that tumors have a 
characteristic growth pattern, resembling the 
claws of a crab. He named the disease “karkinos” 
from the Greek word for crab, which in English 
translates to cancer or carcinoma. Today cancer 
consists of more than 100 diseases that can affect 
any tissue in the body.
According to the World Health Organization, more 
than 7.5 million cancer deaths (approximately 
13% of all deaths) occurred worldwide in the 
year 2005. It is predicted that the burden of cancer 
in humans will continue to rise, and the global 
estimate of cancer deaths in the year 2015 is 9 
million. The fi ve most common killing forms of 
cancer in men are lung, stomach, liver, colorectal 
and esophageal cancer, while in women they are 
breast, lung, stomach, colorectal and cervical 
cancer.
Esophageal adenocarcinoma is the most rapidly 
increasing form of cancer in Western populations, 
while in these populations the incidence of 

adenocarcinoma of the stomach is decreasing.
There is a clear, but totally unexplained, male 
predominance in the incidence of adenocarcinoma 
of the esophagus and stomach; in some areas 
of the world up to 8 men for every woman are 
affected by esophageal adenocarcinoma, while 
the incidence of gastric adenocarcinoma is at least 
twice as common in men. These ratios cannot 
be explained on the basis of sex differences in 
the prevalence of known risk factors. Despite 
advancements in the diagnosis and treatment of 
cancer in general, the prognosis of esophageal 
and gastric cancer remains dismal. Thus, research 
focusing on the etiology of these cancer forms is 
of paramount importance; understanding of the 
causes may lead to the development of effective 
preventive measures, better surveillance, and 
improved treatment. 
In this thesis, consisting of four original studies, 
the hypothesis that estrogen protects women 
against esophageal and gastric adenocarcinoma 
was investigated. Both epidemiological studies 
and laboratory work were conducted for this 
purpose.
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Background

 Nature is wont to hide herself.

 Heraclitus

Esophageal Adenocarcinoma 

Incidence and trends 
Esophageal cancer is the eighth most common 
cancer worldwide, with an incidence of more 
than 460 000 cases and almost 400 000 deaths 
in 2002, making it the sixth most common form 
of cancer death globally.1 The most recently 
available data in Sweden show an incidence of 
432 cases in 2005.2 Of these, 326 were diagnosed 
in men and 106 in women. 

There are two main histological types of 
esophageal cancer: squamous cell carcinoma 
(SCC) and adenocarcinoma (AC), both derived 
from the epithelial cells that cover the inner layer 
(mucosa) of the esophagus. Together these types 
constitute more than 90% of all cases,3 while 
the rest are rare histological types: melanomas, 
leiomyosarcomas, lymphomas, and carcinoids.4

Adenocarcinoma originate from glandular 
epithelial tissue and mainly occurs in the lower 
third of the esophagus.4

Up to a few decades ago only a low percentage 
of esophageal cancers were AC. In an American 
study of 1859 patients diagnosed with esophageal 
cancer between 1926 and 1966, only 45 (2%) 
had AC.5 In another study based on 25 years of 
experience from a single institution in the United 

States, an AC incidence of  4% was found, and a 
review of the literature by the authors revealed the 
same incidence among 6673 cases of esophageal 
cancer.6 Similar results for the period 1945-1969 
have been reported from Scandinavia.7

During the last two decades, however, a rapid 
increase in the incidence of AC has been observed, 
particularly among males.3, 8-10 The increase has 
been most notable among Caucasians and by the 
mid-1980s AC constituted one third of all cases 
of esophageal cancer in  that group in the United 
States.8 The incidence rose by more than 350% in 
the mid-1970s and surpassed that of SCC around 
1990.11

In Scandinavia12-14 as well as in other parts of the 
world,15-23 similar trends have been reported. In 
Sweden, in a period of about two decades the 
age-standardized incidence rate of AC was more 
than doubled in men, while the increase in the 
incidence of SCC was less pronounced.14

The incidence of esophageal AC in Sweden in the 
period 1970-2005 is depicted in Figure 1. There 
is a clear increase in its incidence, which is much 
more evident in men. Moreover it is seen that there 
has been a clear and constant male predominance 
since the mid-1970s, with a dramatic increase 
since the 1990s.
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Figure 1. The incidence of esophageal adenocarcinoma in Sweden between 1970 and 2005. 
Incidence per 100 000 persons and year, stratifi ed by sex.24

It has been discussed whether this increase in 
AC is real or has just been observed coinciden-
tally.25 For example, with the advancement of 
computer tomography since the mid-1970s26 and 
the improvements and widespread availability 
of  endoscopy since the 1980s,27 cancer may in 
recent years have been detected earlier than be-
fore (lead-time bias) giving the false impression 
that there has been an increase in its incidence. 
Public awareness of the disease, shorter patient 
delay in seeking medical help, and tumor mis-
classifi cation have also been discussed as poten-
tial misleading factors regarding the increased 
number of cases. These cannot, however, explain 
the rise which has continued beyond a temporary 
increase that one would expect in the event of 
better diagnostic modalities and greater general 
awareness. Moreover, the trend differs between 
subgroups of a population (women vs. men, Cau-
casians vs. blacks). In the event of inaccurate di-
agnosis and misclassifi cation a change in the in-
cidence of other esophageal tumors should have 
been noted. The slight decrease in the incidence 
of esophageal squamous cell carcinoma28 does 
not account for the striking increase in AC.28, 29 In 
addition, cardia gastric AC, which is a proximal 
gastric cancer that is diffi cult to distinguish from 
esophageal AC as it is located in the transition 
area between the esophagus and the stomach,30 is 
also showing an increasing incidence.9-11, 20, 22, 31  

Even if some degree of misclassifi cation with re-
gard to esophageal cancer occurs in the Swedish 
Cancer Register, which has an excellent com-
pleteness rate,30, 32 the observed increase in the 
incidence of esophageal AC cannot be explained 
by tumor misclassifi cation.30 Thus, the increase in 
esophageal AC cases must be real.

Prognosis
Although much effort has been put into diagnosing 
and treating esophageal cancer, the prognosis, 
compared to the fi ve most killing forms of 
cancer worldwide (in men: lung, stomach, liver, 
colorectal and esophageal; in women: breast, 
lung, stomach, colorectal and cervix), is only 
slightly better than that of liver cancer and as bad 
as that of lung cancer.1 The 5–year survival rate is 
between 10 and 16% in the Western countries,33, 

34 including Sweden.35 The prognosis of AC in 
Sweden has improved in recent years. The fi ve-
year observed survival rate rose from 4% during 
1961-1989 to 15.5% during 1990-1996.35

Etiology
Great efforts have been concentrated on inves-
tigating the etiology of esophageal AC. Hered-
ity plays no material role. Barrett’s esophagus, a 
condition in which the normal squamous epithe-
lium that lines the distal esophagus has been re-
placed by columnar epithelium,36 has been linked 
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to esophageal AC.37 Gastroesophageal refl ux is 
an independent and dose-dependent risk factor 
per se.38-40 Another strong and dose-dependent 
association has been found between high body 
mass index (BMI) and esophageal AC,41-46 a fi nd-
ing of paramount importance, as the prevalence 
of obesity is increasing worldwide.47 Tobacco 
smoking has been shown to be positively associ-
ated with esophageal AC, but this link is only of 
moderate strength.41, 42, 48, 49 As mentioned above, 
the incidence of this cancer among white males 
is increasing, despite the falling incidence of 
lung cancer,1 which has a much stronger associa-
tion with tobacco smoking. Thus as a risk factor 
smoking plays a more limited role in the devel-
opment of esophageal AC. Results of studies on 
alcohol drinking as a risk factor for esophageal 
AC have been confl icting; some researchers have 
found no association,41, 42, 48 while another group 
has reported a protective effect of wine.49 Also 
contradictory are the results of investigations of 
Helicobacter pylori infection as a risk factor. This Helicobacter pylori infection as a risk factor. This Helicobacter pylori
bacterium, which was identifi ed in gastric epithe-
lium in 1984,50 has been extensively studied with 
regard to the risk of both esophageal and gastric 
AC. Most research suggests that it may protect 
against esophageal AC,51-53 but other studies have 
shown no such association.54 High intake of fruit 
and vegetables seems to reduce the risk, while a 
diet high in total fat or rich in saturated fat and 
cholesterol increases the risk of esophageal AC.55, 

56

It is being debated whether the use of medica-
tion that relaxes the lower esophageal sphincter, 
such as nitroglycerines, anticholinergics, β-ad-
renergic agonists, aminophyllines, benzodiaz-
epines, calcium channel blockers, and tricyclic 
antidepressants, increase the risk of esophageal 
AC.57, 58 Non-steroidal anti-infl ammatory drugs 
(NSAIDs) might decrease the risk of developing 
this cancer,59 but this possibility has been ques-
tioned, as confounding by indication might be 
a factor underlying this result60 and thus further 
epidemiological studies are warranted.
Living without a partner more than doubles the 
risk, as does a low socioeconomic status.61

The sex ratio
One of the most intriguing risk factors for 
developing esophageal adenocarcinoma is the 
male gender. There is a strong male predominance 
in the incidence of this disease worldwide,1 with 
a ratio of 6-8:1 in most Western societies.10, 14, 23, 

62 This ratio cannot be attributed to differences in 
the prevalence of known risk factors between the 
sexes.
The hypothesis that female sex hormones, i.e. 
estrogen, may have a protective role against the 
development of this cancer has been proposed 
and is evaluated and discussed more extensively 
in this thesis. 

Background



Estrogen in the Development of Esophageal and Gastric Adenocarcinoma18

Gastric Adenocarcinoma

Incidence and trends
Gastric cancer is the fourth most common cancer 
worldwide. In 2002 more than 930 000 cases were 
diagnosed. With a high death rate (700 000 per 
year), gastric cancer is the second most common 
cause of cancer death, after lung cancer.1 In 
Sweden it is a less common cancer; the number 
of new cases diagnosed in 2005 was 913, with 
576 (63%) occurring in men and 337 in women.2

More than 90% of all gastric cancers are adeno-
carcinomas, the remainder being mainly non-
Hodgkin’s lymphomas or leiomyosarcomas.63

There are two types of gastric AC: intestinal and 
diffuse, according to Laurén’s classifi cation.64

The intestinal type is characterized by the gland-
like appearance of neoplastic cells (Illustration 
1), while in the diffuse type, as the name implies, 
the cells lack cohesion and infi ltrate the stomach 
wall without forming a distinct mass (Illustration 
2).64 The intestinal type occurs more often in older 

Figure 2. The incidence of gastric adenocarcinoma in Sweden between 1970 
and 2005. Incidence per 100 000 persons and year, stratifi ed by sex.24

patients65-67 and in men,65, 67, 68 affecting the distal 
part of the stomach.69 In contrast, the diffuse type 
is a feature of young patients,67-69 while men and 
women are equally affected,68, 69 and it is found 
more often in the corpus and fundus of the stom-
ach.69 This type has been more closely associated 
with heredity, while the intestinal type is thought 
to be preceded by precancerous conditions such 
as atrophic gastritis and intestinal metaplasia.69

While the incidence of gastric cancer is declining 
worldwide70 including in Sweden71, 72 (Fig. 2), the 
incidence of cardia gastric cancer has increased8, 

15, 19, 31, 73 (Fig. 3). It has been debated whether this 
increase is real. As a possible result of misclas-
sifi cation the true incidence rate of cardia gastric 
AC could be either 45% higher or 15% lower than 
that reported in the Swedish Cancer Register.32

However, in a recent study it was found that the 
incidence of this tumor is similar to that reported 
in the Register.30

Incidence of gastric adenocarcinoma in Sweden 
1970-2005
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Illustration 1
Gastric adenocarcinoma of the intestinal histological type in a 79-
year-old woman  (hematoxylin, 20x).

Illustration 2 
Gastric adenocarcinoma of the  diffuse type in a 41-year-old man.  
Signet-ring cells, a characteristic feature of diffuse cancer, are 
shown (arrows) (hematoxylin, 40x).

Prognosis
Although the prognosis in gastric cancer is poor, it 
is better than that of esophageal cancer. In Japan, 
where mass screening has been practiced since 

the 1960s, the 5-year survival rate is 53%, while 
in North America and Europe it is around 25%.1, 33

Studies focused on the prognosis of gastric cancer 

Background

Illustration 1. Gastric adenocarcinoma of the intestinal histological type in a 79-years 
old woman  (Hematoxylin, 20x). 

Illustration 2. Gastric adenocarcinoma of the diffuse type in a 41-years old man.  Signet-
ring cells, characteristic feature of diffuse cancer, are shown (arrows) (Hematoxylin, 40x) 

Illustration 1. Gastric adenocarcinoma of the intestinal histological type in a 79-years 
old woman  (Hematoxylin, 20x). 

Illustration 2. Gastric adenocarcinoma of the diffuse type in a 41-years old man.  Signet-
ring cells, characteristic feature of diffuse cancer, are shown (arrows) (Hematoxylin, 40x) 
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do not distinguish between adenocarcinomas and 
other histological types. Since more than 90% of 
gastric cancers are adenocarcinomas, however, it 
may be assumed that the results of these reports 
also refl ect the prognosis of AC. With regard to 
the specifi c localization of cancer in the stomach, 
in many reports a distinction between cardia and 
non-cardia gastric cancer is made. Cancer of the 
cardia has a much poorer prognosis.74

Etiology
The etiology of gastric cancer is multifactorial. 
The association between H.  pylori infection and H.  pylori infection and H.  pylori
the development of gastric cancer is, however, 
well established74 and has been demonstrated in 
studies using cross-sectional,75 case-control,76 and 
prospective designs77 in various populations of the 
world. As the decreasing prevalence of H. pylori
infection parallels the falling incidence of non-
cardia gastric cancer, it has been hypothesized 
that this infection is a risk factor limited to the 
non-cardia cancer, and not of cardia cancer, since 
the incidence of cardia cancer is increasing (Fig. 
3). It has even been suggested that H. pylori
infection has a protective effect against cardia 
cancer. A meta-analysis based on prospective 

Figure 3. The incidence of  cardia gastric adenocarcinoma in 
Sweden between 1970 and 2005. Incidence per 100 000 persons, 
stratifi ed by sex. 24

cohort studies showed that the infection is 
associated with a risk of developing non-cardia 
gastric cancer but not cancer of the cardia.78 This 
has also been verifi ed in a Norwegian study.79

In addition, a lower prevalence of this infection 
has been reported in patients with tumors of 
the cardia compared to those with tumors in 
the antrum of the stomach.80 The largest study, 
however, reported no association between H. 
pylori infection and cardia adenocarcinoma53. 
Thus, whether eradication of this infection 
leads to an increase risk of cardia gastric cancer 
is debatable. Numerous studies have shown a 
protective effect against gastric cancer of diets 
rich in fruit and vegetables,81 which has been 
confi rmed in a Swedish population-based case-
control study.82 Intake of salt seems to possibly 
increase the risk of this cancer.74 Tobacco has 
recently been established as a risk factor,83

and various groups, among them groups in 
Scandinavia, have reported an increased risk 
of gastric cancer in connection with tobacco 
smoking, while no association with alcohol 
drinking has been found.41, 48, 84, 85

Obesity is another risk factor for developing 
cancer of the cardia, but not of non-cardia gastric 
cancer.41, 43, 45, 86 A higher socioeconomic status has 
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been found to be associated with a reduced risk 
of gastric AC, and that risk was stronger for the 
cardia site or the intestinal histological type.87

The sex ratio
As with the incidence of esophageal AC, there is 
a clear male dominance in the incidence of gastric 
AC, although less strong. In the Western societies 
the male-to-female ratio is about 2:1,1 which is 
similar to the sex ratio of gastric AC in Sweden. 
The ratio is higher for cardia gastric cancer (Fig. 
3). For a worldwide perspective, summarized 
data are given in the Cancer Incidence in Five 
Continents, Volume 7.88 In that report, data from 
the National Cancer Registers of 50 countries are 

presented, and the report contains age-specifi c 
and country-specifi c incidence rates for major 
cancers in 183 populations. Registers which do 
not meet the high standards for quality and data 
compatibility are excluded. From these data, it 
is concluded that the male-to-female incidence 
ratio for cardia gastric AC is as high as that of 
esophageal adenocarcinoma in all countries 
studied.62 Data from the latest published volume 
of Cancer Incidence in Five Continents, in which 
57 countries are included,89 again support the 
male dominance in esophageal and gastric cancer 
(although the data are not yet analyzed specifi cally 
for esophageal AC). As already mentioned, data 
from Sweden support these fi ndings.2, 24, 31

Background
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The Hypothesis

           Change in all things is sweet.

                    Aristotle 

Various reports from different parts of the 
world have demonstrated the enigmatic male 
predominance in the incidence of esophageal 
and gastric adenocarcinoma. Since this sex ratio 
cannot be explained by sex differences in the 
prevalence of known risk factors, there should be 
endogenous factors that either provide protection 
in women alone, or imply an increased risk in 
men, but not in women. In the research presented 
in this thesis, it is hypothesized that women, as a in this thesis, it is hypothesized that women, as a in this thesis, it is hypothesized that
result of their endogenous estrogen exposure, 
are protected from developing esophageal and 
gastric adenocarcinoma. Various studies offer 
some support for this hypothesis. An example 
with regard to the sex ratio of gastric AC is the 
global fi nding that women develop the intestinal 
type of gastric AC 10-15 years later than men90

and that the incidence of this type of AC increases 
after the menopause. That fi nding was consistent 
in all the 18 cancer registries used in the study. 
The potentially protective effect of estrogen 
against gastrointestinal cancer has been studied 

with respect to colorectal cancer. An ambitious 
study, the Women’s Health Initiative (WHI), in 
which more than 160 000 postmenopausal wom-
en enrolled between 1993 and 1998, focused on 
defi ning risks and benefi ts of strategies that could 
potentially reduce the incidence of breast and 
colorectal cancer, and of fractures in postmeno-
pausal women. In that cohort, 16 608 women 
were randomized to either receive hormone re-
placement therapy (HRT) with estrogen and pro-
gestin, or placebo. The trial was stopped after 5.2 
years of follow-up because of an increased risk 
of invasive breast cancer in the HRT group, but 
in that group the risk of colorectal cancer  was 
almost half of that of the non-HRT group (hazard 
ratio 0.56, confi dence interval (CI) 0.38-0.81).91

Moreover, a meta-analysis of 18 observational 
studies showed a 20% reduction in the risk of 
colon cancer among women who had ever used 
HRT (relative risk 0.80, CI 0.74-0.86).92 Thus the 
notion of estrogen protection against gastrointes-
tinal cancer is not new.
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Estrogen

          Nature does nothing uselessly.

      Aristotle

Production of estrogen
The primary estrogen in women is 17β-estradiol 
(E

2
), which is produced in the granulosa cells of 

the ovaries. The estrogens estrone (E
1
) and es-

triol (E
3
) are formed from estradiol in the liver.93

Other tissues in the body produce E
2
 in addition 

(muscle, fat, nervous tissue), and E
2
 has also been 

found in the testis.94 During menstrual cycles, the 
highest concentration of E

2
 is in the preovula-

tory phase, while it is lowest premenstrually. In 
pregnancy, E

3
 is synthesized in the placenta. In 

perimenopausal women, E
2
 production declines, 

but the serum concentrations vary signifi cantly. 
After the menopause the predominant estrogen is 
E

1
 and the estrogen production in extragonadal 

tissue increases with increasing age and body 
weight.93

Pathophysiological actions of estrogen
E

2 
has multiple effects in the body. It stimulates 

growth in sexual organs, affects mood by regu-
lating serotonergic, dopaminergic, and cholinergic 
neurons,95 and may explain the male dominance 
in the incidence of Parkinson’s disease.96 It 
reduces the risk of fractures in postmenopausal 
women who use HRT,93 it stimulates the uptake 
of low-density-lipoprotein cholesterol in the 
liver,97 and it decreases the intraocular pressure.98

When applied locally, estrogen reduces the depth 
of wrinkles and increases turgor.99 In addition 
it decreases the risk of colon cancer100 and in 
combination with progestin it decreases the risk 
of colorectal cancer.91, 92

On the other hand, estrogen increases the risk 
of breast cancer, endometrial cancer,93 and 

venous thromboembolism.101, 102 The potentially 
cardiovascular protective effects of estrogen 
have been discussed. Three large randomized 
control trials, among them the Women’s Health 
Initiative described above (see The hypothesis) 
found no evidence that HRT (estrogen plus 
progestin) was effective in preventing non-fatal 
myocardial infarction and deaths from coronary 
heart disease.103-105 Neither does it seem to protect 
against stroke – actually it may rather increase 
the risk of stroke.106, 107 However, in the Nurse’s 
Health Study, a prospective observational cohort 
study in which more than 70 000 postmenopausal 
women were followed up for 20 years, estrogen 
reduced the risk of coronary events by almost 50% 
compared to never-users.107 Thus, the issue of 
cardiovascular protection remains controversial. 
In the WHI trial HRT did not improve cognitive 
function, but rather had the opposite effect,108, 109  
and in women with established Alzheimer’s 
disease estrogen had no benefi cial effect.110

Molecular actions of estrogen
The most potent estrogen is E

2
.111 Estrogen 

receptors (ERs), which belong to the nuclear 
receptor family of transcription factors, are 
attached to their receptor-associated proteins in 
the cytoplasm or the nucleus of the cell.93 The 
effects of estrogens in the cells are mediated 
through binding to these receptors. There are 
several mechanisms whereby this binding takes 
place. Estrogen can bind directly to ERs (the 
classical pathway), which then bind to DNA on 
estrogen response elements and thereby modulate 
gene regulation. In the tethered pathway, after 
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activation of ERs following binding of estrogen, 
the estrogen-ER complex binds to proteins (other 
transcription factors), which in turn bind to DNA 
(indirect DNA binding). A third mechanism 
involves activation of ERs, which leads to a rapid 
physiological response (such as activation of 
ion channels) without involving gene regulation 
(non-nuclear actions). A fourth mechanism, the 
ligand-independent pathway involves activation 
of ERs independently of estrogen; for example 
by growth factors, which activate the ER, thereby 
binding DNA and regulating gene transcription.

Estrogen receptors in esophageal and gastric 
adenocarcinoma
It is proposed that the potential protective effect 
of estrogen against esophageal and gastric AC is 
exerted through ERs. Two types of ER are known: 
ER alpha (ERα)112, 113 and ER beta (ERβ),114 both 
of which have been identifi ed in esophageal AC 
and in Barrett’s esophagus.115, 116 A plethora of 
studies have been published regarding the pres-
ence of ERs in non-cancerous117, 118 and cancerous 
gastric tissue.117-126 Two years after the fi rst report 
on ERβ, a splice variant of ERβ, termed ERβcx, 
was characterized.127, 128 ERβcx is expressed in 
the breast,129 the prostate, the testis,128 and the 
esophagus,130 and we recently identifi ed it for the 
fi rst time in gastric tissue (papers III and IV).

Selective estrogen receptor modulators 
(SERMs)
Whereas the different types of estrogen are purely 
agonists, and antiestrogens are antagonists, 
selective estrogen receptor modulators (SERMs) 
exert both of these actions. SERMs belong to a 
family of chemically diverse compounds which 
although they lack the steroid structure of estrogen, 
can bind to ERs. The most commonly known 
SERM is tamoxifen, an antiproliferative agent 
used in the treatment of breast cancer. Tamoxifen 
gradually came into clinical practice during the 
late 1970s. It reduces the risk of recurrence and 
death, and effectively palliates metastatic breast 
cancer.131

Whether a SERM has an agonistic or an antagonis-
tic effect depends on the different ERs expressed 
in a cell, the differential ER conformation on li-
gand binding, and the differential expression and 
binding to ER of coregulator proteins that either 
promote agonistic  (coactivators) or antagonistic 
(corepressors) activity.132 Thus when acting in 
the breast, tamoxifen has an antagonistic effect, 
while when acting in the uterus it has an agonis-
tic effect, increasing the risk of endometrial car-
cinoma.133 These two effects are considered to be 
mediated by the action of different coregulators 
(corepressors and coactivators) acting on ERα.111
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Aims of the studies

The beginning is the most 

important part of the work.

  Plato

The overall aim of this thesis was to clarify the question whether estrogen protects women against 
the development of esophageal or gastric adenocarcinoma and thus explain the male dominance in 
the incidence of these tumors.

The specifi c aims were:

w To determine whether hormone replacement therapy protects postmenopausal 
 women against esophageal or gastric adenocarcinoma (Paper I).

w To determine whether the use of tamoxifen increases the risk of esophageal or 
 gastric adenocarcinoma (Paper II).

w To establish whether high endogenous estrogen exposure decreases the risk of the intestinal 
type of gastric adenocarcinoma, and whether such a potential decrease is mediated by 
estrogen receptors (Paper III).

w To determine whether use of tamoxifen entails an increased risk of the intestinal type 
of gastric adenocarcinoma, and whether such a potential effect is mediated by estrogen 
receptors (Paper IV).
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Material and Methods

         No great thing is created suddenly.

           Epictetus

      

Table 1 gives an overview of the material and 
methods and of the outcomes analyzed in the 
four studies presented in this thesis. In the fi rst 
two studies, large cohorts were followed up, and 
prospectively recorded data were obtained. In 
study I, the General Practice Research Database 
(GPRD) in the United Kingdom was used. In 

studies II-IV we collected data partly from the 
Swedish Cancer Register. In the last two studies 
additional data were gathered from medical 
records (study IV), a review of histological 
specimens, and immunohistochemical analysis 
of ERs (studies III & IV).

Table 1. Overview of the four studies described in this thesis

Study I Study II Study III Study IV

Data source GPRD in the UK Swedish Cancer Register

Design Nested case-control
Retrospective 
nationwide 
population-based 
cohort 

Retrospective population-based cohort 
in the county of Stockholm; laboratory 

work (immunohistochemistry)

Participants Postmenopausal 
women with gastric 
or esophageal cancer 
as cases and their 
matched controls 

Postmenopausal 
women with a breast 
cancer diagnosis

Women and men 
< 50 years of age, 
and women > 70 
years 

Women with 
breast cancer and 
subsequent gastric 
cancer

Study period January 1994-
December 2001

January 1961- 
December 2003

January 1958-
December 2004

January 1958-
August 2005

Exposure HRT with estrogen Tamoxifen - Tamoxifen

Outcome Esophageal or gastric adenocarcinoma
Distribution of histological type of 
gastric adenocarcinoma and ERs

Adjustment Age, calendar year, 
tobacco smoking, 
alcohol use, BMI, 
hysterectomy, upper 
GI disorders

Age, calendar year Age, sex -

Statistical 
analyses

Unconditional logistic 
regression

Standardized 
incidence ratio

Logistic regression, Fisher’s exact test

GPRD: General Practice Research Database, HRT: hormone replacement therapy, BMI: body mass index,  GI: gastrointestinal.
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The General Practice Research Database 
(study I)
In the fi rst study we used a large British 
database, namely the General Practice Research 
Database (GPRD) which collects data from 
general practitioners’ (GPs’) offi ces for research 
purposes. Since health care in the UK is centered 
around the general practitioner, most medical 
data of the patients are available in the medical 
records of the GPs. The GPRD started in the late 
1980s, when a commercial company began to 
install computer systems in GPs’ offi ces across 
the UK. It was already expected at that time that 
data would be used in research, and after a trial 
period of data entry and quality training, more GP 
practices started to participate. Today more than 
3 million people are covered by the participating 
GPs. A limited number of practices have provided 
prospective data to the GPRD since as early as 
1987, but most of the practices have contributed 
since 1991. The size of the GPRD makes it 
effi cient in the study of rare diseases.134 Validation 
studies have shown that this database maintains 
a high standard of data quality,135 with near-
complete medical data in the GPs’ computers.136

The computerized information in the database 
includes: demographics, diagnoses, details of 
every consultation with general practitioners, 
a summary of specialists’ clinical notes and 
hospital letters, results of laboratory tests and a 
free-text section. The most valuable sources of 
data in the GPRD are the prescriptions of drugs. 
Every prescription is directly generated from the 
GP’s computer, thus ensuring a complete and 
unselected recording of prescriptions, including 
the dosage instructions. Drugs are coded on the 
basis of a drug dictionary from the Prescription 
Pricing Authority, and diagnoses are coded by a 
modifi cation of the Oxford Medical Information 
System.134 All this information is recorded 
prospectively.

The Swedish Cancer Register (studies II-IV)
The Swedish Cancer Register was established 
in 1958 for research purposes and it became na-
tionwide in 1961. Clinicians and pathologists in 

Sweden are required to report all cancer cases 
to the Register. In addition to the cancer diag-
noses, the Register contains information on sex, 
date of birth, date of diagnosis, codes for specifi c 
site and histology of cancers, and hospital codes. 
The patients are identifi ed by a unique 10-digit 
National Registration Number which is given to 
each Swedish resident at birth or immigration.137

This identifi er makes linkage between various 
registers possible. Emigrations and deaths can be 
identifi ed through linkage to the Swedish Regis-
ters of Causes of Death and Emigration. Valida-
tion studies have shown that the Swedish Cancer 
Register has a completeness rate of 98%30, 32 for 
both esophageal and gastric cancer diagnoses. 
Virtually all cancer cases (99%) are cytologi-
cally or histologically verifi ed.2 For the registra-
tion of cancer diagnoses, the Register used the 
7th revision of the International Classifi cation of th revision of the International Classifi cation of th

Diseases (ICD) (WHO/HS/CANC/24.1 Code for 
Anatomical Location) between 1958 and 1986. 
For the years 1987-1992, the ICD-9 coding sys-
tem was followed (WHO 9th revision 1976), 
and for the period 1993-2004 the ICD-O-2/ICD-
10 (International Classifi cation of Diseases for 
Oncology. Second Edition. WHO Geneva 1990) 
system. Since 2005 the ICD-O/3 (3rd Edition. 
WHO Geneva 2000) has been used (Table 2). 
ICD-O is a dual classifi cation with coding sys-
tems for both the topography and morphology of 
the tumor. The topography code describes the site 
of origin of the tumor and uses the same 3-charac-
ter and 4-character categories as in the neoplasm 
section of Chapter II, ICD-10. The morphology 
code describes the characteristics of the tumor 
itself, including the cell type and biological activ-
ity. The Swedish Cancer Register translates the 
different classifi cations to ICD-7 to enable lon-
ger trends to be identifi ed.

Study I
Study cohort, participants, and exposure
This was a case-control study nested within the 
GPRD during the period January 1st, 1994 through 
December 31st, 2001. All women between the 
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ages of 50-84 years recorded in the GPRD were 
identifi ed and were eligible for inclusion in the 
study if they had been enrolled with a GP for at 
least 2 years, and had at least one year of comput-
erized prescription history. Women with a cancer 
diagnosis recorded before the start of the study 
period were excluded. All participants were fol-
lowed up until the fi rst occurrence of esophageal 
or gastric cancer, detection of any other cancer, 
an age of 85 years, death, or the end of the study 
period. The computerized medical records of the 
patients (cases) with esophageal or gastric cancer 
were manually reviewed without knowledge of 
whether they had received HRT or not. A patient 
with this diagnosis was excluded from the study 
if: 1) the tumor was benign, 2) the origin of the 
cancer was unknown, 3) the tumor was a metasta-
sis, 4) the patient had another concurrent cancer, 
5) the cancer was diagnosed before the starting 
date of the study, or 6) the tumor was not AC or 
SCC.
The index date for each of our cases was the 
date on which their cancer was fi rst diagnosed. 
For our potential controls the index date was set 
as follows: First all persons received a random 
date within the study period, and if this date was 
within that individual’s eligible person-time, she 
was marked as an eligible control. Thereafter, we 
randomly selected controls, matched for age and 
calendar year, and their random dates were set as 

index dates. Only use of HRT prior to the index 
date was considered. HRT included oral estrogen, 
transdermal estradiol, estradiol implants, and tri-
bolone, which is a commonly prescribed steroid 
in Europe; a form of synthetic HRT. The use was 
classifi ed as non-use if no recorded prescription 
was found, or as ever use if there was any such 
use. Users of HRT were further categorized into 
current or past users. The duration of HRT use 
was calculated by summing the periods of con-
secutive prescriptions among ever users, and was 
grouped into less than three years or 3 years and 
more. We identifi ed 705 women with esophageal 
or gastric cancer and after exclusion of 93 cases 
that were not eligible, there remained 299 cases 
of esophageal cancer and 313 of gastric adeno-
carcinoma.

Statistical analysis 
We calculated odds ratios (ORs) with 95% CI by 
unconditional logistic regression. In multivariable 
analyses we adjusted for various potential 
confounding factors.

Study II
Study cohort, participants, and exposure
This was a population-based cohort study in which 
data from the Swedish Cancer Register were re-
trieved. All postmenopausal women of ≥50 years 

Table 2. International Classifi cation of Diseases (ICD) codes used for Esophageal, Gastric and Breast  (ICD) codes used for Esophageal, Gastric and Breast  (
Cancer diagnoses by the Swedish Cancer Register between 1958 and today. The different classifi cations 
are translated to ICD-7 for epidemiological research purposes

Esophageal Cancer Gastric Cancer Breast Cancer

ICD-7 (1958-1986) 150 151 170

ICD-9 (1987-1992) 150.0-5/8/9
151.0-9 except for 
151.7

174.0 to 174.9 except 
for 174.7

ICD-10 (1993- ) C15.0-5/8/9 
C16.0-9 except for 
C16.7

C50.0-9 except for 
C50.7

Study II

Study III
Study IV

Material and Methods
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of age with a fi rst, primary breast cancer diag-
nosed between January 1st, 1961 through Decem-
ber 31st, 2003 were included. Cross-linkage with-
in the Cancer Register identifi ed all study partici-
pants who during the study period developed an 
esophageal or gastric AC. To adjust for possible 
confounding by smoking, we also analyzed the 
risk of tobacco-related cancers, i.e. esophageal 
SCC and lung cancer. Since the Cancer Register 
has distinguished between cardia and non-cardia 
gastric cancer since the year 1970, the follow-up 
period with regard to the risk of gastric cancer 
started that year. Women diagnosed with a breast 
cancer before 1988 were considered not to have 
received tamoxifen treatment, whereas those di-
agnosed in 1988 and thereafter were considered 
to have been exposed to tamoxifen, since wide-
spread use of tamoxifen in Sweden began only in 
the late 1980s.138 Among 138 885 postmenopaus-
al women with breast cancer contributing with a 
total of more than 1 million person-years at risk, 
we identifi ed 19 women with esophageal AC, 21 
with cardia gastric AC and 341 with non-cardia 
gastric AC.

Statistical analysis
We estimated relative risks by calculating the 
standardized incidence ratio (SIR). This is the 
ratio of the observed to the expected number 
of newly diagnosed cancer cases. To minimize 
surveillance bias, women with an esophageal and 
gastric cancer diagnosis occurring within one 
year of their breast cancer were excluded.

Study III
Study cohort and participants
In the third study, we identifi ed patients diag-
nosed with gastric cancer in the county of Stock-
holm during the period 1958-2004. They were 
categorized into three groups with regard to their 
endogenous estrogen exposure at the time of the 
diagnosis: 1) females younger than 50 years of 
age, representing the group of “exposed wom-
en”, 2) males younger than 50 years, representing 
the group of “unexposed men”, and 3) females 

over the age of 70 years, representing the group 
of “unexposed women”. The Register identifi ed 
364 cases in the fi rst group, 396 in the second and 
3008 in the third. We selected the latest 150 cases 
in each group (n=450) and requested histological 
sections from biopsies and surgical specimens of 
the cases fi led at the six major pathology depart-
ments in the county of Stockholm (n=416). These 
were the Departments of Pathology at Karolinska 
University Hospital in Solna and Huddinge, St. 
Göran Hospital, Stockholm South General Hos-
pital (Södersjukhuset), Danderyd Hospital, and 
Medilab AB, a private laboratory center. Of the 
416 requested sections, we received 356 (86%), 
and verifi ed gastric AC in 289 patients. Each gas-
tric AC was classifi ed into the intestinal or dif-
fuse type in accordance with the Laurén classifi -
cation.64 Specimens of mixed histological types 
were classifi ed in conformity with Ming as being 
of the diffuse type.139 We performed immunohis-
tochemistry, according to the protocol described 
on the next page, on sections from 45 cases with 
intestinal gastric AC. We then evaluated each 
section for the presence of ERα, β, and βcx, both 
in gastric cancer tissue and in the adjacent non-
tumor tissue, if available in the section. Classifi -
cation of the histology of the gastric AC and im-
munohistochemical analyses and assessment of 
the specimens with regard to the presence of ERs 
were done blindly, i.e. without knowledge of the 
sex and age of each patient.

Study IV
Study cohort, participants, and exposure
In the last study, we again fi rst identifi ed case par-
ticipants from the Swedish Cancer Register. We 
identifi ed 211 women in the county of Stockholm 
who were fi rst diagnosed with breast cancer and 
who subsequently developed gastric cancer in 
1958-2005. We collected the medical records of 
107 (51%) and reviewed these to verify the diag-
noses and the dates, and to classify each patient 
with regard to tamoxifen treatment. We had com-
plete data for 101 patients. Of these, eight were 
excluded because their gastric cancer diagnosis 
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occurred within one year after the breast cancer. 
This exclusion was made to avoid surveillance 
bias; that is patients with a newly diagnosed can-
cer would be more likely to have another cancer 
detected because of the ongoing diagnostic ex-
aminations. Of the remaining 93 cases, we ob-
tained histological material for 76 and evaluated 
their tumor histology. Thereafter, 68 with gastric 
AC were included in our fi nal analyses and cate-
gorized according to Laurén’s classifi cation64 into 
the intestinal or diffuse type. Immunohistochem-
istry was conducted according to the protocol de-
scribed below to estimate the expression of ERs. 
Evaluation regarding the histological type of the 
gastric AC, and immunohistochemistry were 
done blind with respect to tamoxifen exposure.

Statistical analysis (studies III & IV)
By logistic regression, relative risks expressed 
as ORs with 95% CI were estimated. Fisher’s 
exact test was used to compare the frequency 
distributions of the three types of ER among the 
groups.

Immunohistochemistry and evaluation of 
estrogen receptors (studies III & IV)
Since the specimens from the selected tumors 
were mainly endoscopic biopsy samples, only a 
limited amount of tissue was available for im-
munohistochemistry in some cases. Consecutive 
sections were cut from paraffi n-embedded mate-
rial and immunohistochemistry was performed. 
We used a commercially available antibody for 
ERα, while the antibodies for detection of ERβ
and ERβcx came from Professor Jan-Åke Gus-
tafsson’s laboratory at Novum in Karolinska In-
stitutet. The following protocol was used: The 
4 µm thick paraffi n sections were dewaxed in 
xylene and rehydrated through graded ethanol 
to water. Antigens were retrieved in 10 mMole 
citrate buffer and boiled for 30 minutes. Cooled 
sections were incubated in methanol containing 
0.3% hydrogen peroxide for 30 minutes to block 
endogenous peroxidase. Thereafter, they were 
incubated in phosphate-buffered saline (PBS) 

containing 3% bovine serum albumin (BSA) 
and 0.5% Nonidet P-40 for 10 minutes at room 
temperature to block non-specifi c binding. The 
sections were then incubated with the follow-
ing antibodies in the given dilutions: Rabbit 
anti-ERα (1:120), chicken polyclonal antibody 
anti-ERβ 503 IgY (1:200) and anti-ERβcx sheep 
polyclonal antibody (1:200). Human breast tis-
sue was obtained for positive control. Sections 
were incubated in 5% BSA in PBS overnight at 
room temperature. Secondary antibodies in PBS 
were applied for 60 minutes at room temperature, 
after which the slides were rinsed with PBS and 
then incubated for 60 minutes with avidin biotin 
complex. They were further washed with PBS 
and colored with 3, 3´-diaminobenzidine tetrahy-
drochloride substrate. The sections were fi nally 
counterstained with Mayer’s hematoxylin and 
dehydrated through graded ethanol series to xy-
lene, and mounted with pertex. 
Immunohistochemical evaluation was performed 
according to the recommendation of Wang, 
Mangano and Antonioli,140 according to which 
areas with the highest degree of expression 
should be evaluated. There are two reasons for 
this: First, the number of positive cells to be 
counted may vary from one fi eld to another and 
the average count might not suffi ciently refl ect 
the severity of changes in the entire biopsy. The 
second reason is the varying size of the biopsy 
samples, many of which may have contained less 
than three well-oriented high power fi elds. In that 
case the average count would have been derived 
from a varying number of fi elds. 
Specimens with 50% or more of the cells, in a high 
power fi eld, positive for ERs were considered 
positive. ERs are mainly found in the nucleus,111

but immunoreactivity in the cytoplasm has also 
been shown.124 In our studies, sections with 
positive immunoreactivity in the nucleus were 
classifi ed in the nucleus-positive group, while 
those with exclusively cytoplasmic expression 
were assigned to the non-nuclear-staining group. 
We examined both the gastric cancer tissue and 
the adjacent non-tumor tissue.

Material and Methods
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Results

               Big results require big ambitions.

          Heraclitus 

Study I
Hormone replacement therapy and 
esophageal adenocarcinoma 
The results concerning the association between 
HRT with estrogen and risk of esophageal cancer 
are presented in Table 3. The risk of esophageal 
cancer of any histological type was not statistically 
signifi cantly related to use of HRT (OR 0.84, 
95% CI 0.51-1.38). The odds ratio for esophageal 
AC among HRT users was not decreased (OR 
1.17, 95% CI 0.41-3.32). Owing to the limited 
number of exposed cases, we could not perform 
valid analyses of use duration or recency among 
users of HRT. The point estimates were similar, 
however, regarding treatment duration, while 
lower point estimates were found among current 
users (OR 0.68).

Hormone replacement therapy and gastric 
adenocarcinoma
Table 4 shows the association between HRT 
and gastric adenocarcinoma. The risk of gastric 
AC was reduced by more than 50% (OR 0.48, 
95% CI 0.29-0.79) among ever users of HRT 
compared to never users. The risk estimates for 
cardia and non-cardia gastric AC were both lower 
among women with HRT, but the decrease was 
greater and statistically signifi cant only for non-
cardia gastric cancer (OR 0.34, 95% CI 0.14-
0.78). Stratifi ed analysis by age group revealed 
the lowest risk among women older than 60 years 
(OR 0.38, 95% CI 0.18-0.84). We did not fi nd any 
differences between smokers and non-smokers 
with regard to their risk of gastric AC. Current 
users of HRT had a lower risk (OR 0.56, 95% 

CI 0.33-0.96) and this risk was further decreased 
among past users (OR 0.25, 95% CI 0.09-0.70). 
No dose-response effect was found regarding 
duration of HRT use

Study II
Tamoxifen and esophageal adenocarcinoma
In the tamoxifen-exposed cohort we found 9 
women with esophageal AC, contributing to a 
60% statistically non-signifi cant increase in the 
risk of developing this tumor (SIR 1.60, 95% CI 
0.83-3.08). The risk decreased with increasing 
latency interval after the breast cancer diagnosis, 
however. In the unexposed cohort the risk for 
the same tumor was increased by 17 % (95% 
CI 0.63-2.18) and no trend was observed with 
increasing latency interval (see Table 1, paper 
II). 

Tamoxifen and gastric adenocarcinoma
We identifi ed 21 cases of cardia gastric AC in 
the total cohort. The risk of this tumor was not 
increased in either the exposed or the unexposed 
cohort. Nor did we fi nd any increase in the risk 
with increasing latency interval after the breast 
cancer diagnosis (Table 2, paper II). 
The number of non-cardia gastric AC cases in 
the total cohort was 341, which meant an over-
all increase in the risk of this cancer (SIR 1.41, 
96% CI 1.27-1.57) (Table 5). In the tamoxifen-
exposed cohort, the observed increase in risk was 
statistically signifi cant (SIR 1.27, 95% CI 1.03-
1.57) and it increased with an increasing latency 
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interval after the breast cancer diagnosis. In the 
unexposed cohort there was again a statistically 
signifi cantly increased risk of non-cardia AC (SIR 
1.47, 95% CI 1.30-1.66), but with an increasing 
latency interval the risk decreased. In the analyses 
of all gastric cancers, including tumors without 
specifi cation of histological type or gastric sub-
site (n=598), gastric AC without site-specifi c in-
formation (n=503), and non-cardia gastric cancer 
without histological specifi cation (n=405), the 
risk estimates were all generally similar to those 
presented for tumors specifi ed as non-cardia gas-
tric adenocarcinomas (data not shown). 

  

Tamoxifen and esophageal squamous cell 
carcinoma and lung cancer
In the cohort unexposed to tamoxifen, there was 
an overall increase in the  risk of esophageal 
squamous cell carcinoma (SIR 1.56, 95% CI 
1.21-2.02) and also a slight increased risk of lung 
cancer (1.10, 95% CI 0.99-1.22). In the exposed 
cohort no such increased risks were found (0.99, 
95% CI 0.59-1.64 and 0.84, 95% CI 0.73-0.97, 
respectively).

Table 5. Characteristics of a cohort of postmenopausal Swedish women with a breast cancer 
diagnosis between 1970 and 2003, and the standardized incidence ratio (SIR), with 95% confi dence 
interval (CI), of non-cardia gastric adenocarcinoma. Patients diagnosed between 1970 and 1987 
were considered unexposed to tamoxifen treatment, while those diagnosed between 1988 and 2003 
were considered to be exposed. The fi rst year of follow-up was excluded. The earliest data for the 
gastric cancer diagnosis were available from 1961, but distinction between cardia and non-cardia 
diagnoses was only made from 1970.

Non-cardia gastric adenocarcinoma

Unexposed
(1970-1987)

Exposed
(1988-2003)

Total cohort
(1970-2003)

No. of breast cancer cases 53,643 65,505 119,148

No. of person-years at risk 528,789 363,765 892,555

Mean years of follow-up 9.85 5.55 7.49

Mean age at entry
(range)

69
(50-101)

68
(50-104)

68
(50-104)

No. of observed non-cardia 
gastric adenocarcinoma cases

257 84 341

No. of expected non-cardia 
gastric adeno-carcinoma cases

174.52 65.88 240.39

SIR (95% CI) 1.47 (1.30-1.66) 1.27 (1.03-1.57) 1.41 (1.27-1.57)

Latency interval after breast 
cancer diagnosis in years

Number of observed cases of non-cardia gastric
 adenocarcinoma, SIR (95% CI)

1-4 105, 1.7 (1.4-2.06) 46, 1.29 (0.96-1.72) 151, 1.55 (1.32-1.82)

5-9 71, 1.4 (1.11-1.77) 24, 1.06 (0.71-1.58) 95, 1.3 (1.06-1.58)

10-14 39, 1.19 (0.87-1.63) 14, 1.86 (1.1-3.14) 53, 1.32 (1.008-1.72)

>15 42, 1.41 (1.04-1.91) 0 42, 1.4 (1.04-1.9)

Results
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Study III
Distribution of histological types of gastric 
adenocarcinoma
In 11% of the cases in the group of “exposed 
women” the gastric AC was of the intestinal 
type. In comparison with this group, the occur-
rence of the intestinal type was signifi cantly more 
common among “unexposed men” (OR 4.7; 95% 
CI 2.2-10.3) and “unexposed women” (OR 9.1; 
95% CI 4.3-19.6), respectively (Table 6).

Estrogen receptors
For the fi rst time, the existence of ERβcx was 
discovered in gastric tissue. We found no dif-
ferences between the three groups of patients, 
however, with regard to the expression of ER α, 

β, and βcx in the gastric AC tissue or in the ad-
jacent non-tumor tissue. This lack of difference 
was true for both the nuclear and non-nuclear 
stainings. The only statistically signifi cant dif-
ference was found in the expression of ERα
in the AC tissue (non-nuclear staining), where 
fewer unexposed men had ERα compared to 
exposed women (for detailed tables please refer 
to Paper III). In all three groups of patients the 
frequency of positive ERα was higher in the AC 
tissue than in adjacent tissue. The opposite trend 
was noted for ERβ and βcx; that is, positive β and 
βcx receptors were less frequent or non-existent 
in the gastric AC tissue than in non-tumor tissue 
(Table 7). Examples of ER expression are shown 
in Illustration 3 (A-D). 

Table 6. Distribution of the histological types (according to Laurén classifi cation) of  gastric 
adenocarcinoma in the three groups categorized on the basis of their estrogen exposure: females <50 
years represented “exposed women”, males <50 years represented “unexposed men”, and females 
>70 years represented “unexposed women”. Relative risk is expressed as odds ratios (ORs) with 95% 
confi dence intervals (CIs).

Estrogen exposure 
group

Intestinal type 
Number (%)

Diffuse type
Number (%)

Total
Number

Risk
OR (95% CI)

Exposed women 10 (11) 80 (89) 90 1.0 (reference)

Unexposed men 35 (37) 59 (63) 94 4.7 (2.2-10.3)

Table 7. Comparison of positive nuclear staining between adenocarcinoma and non-tumor, adjacent, 
gastric mucosa with regard to the presence of estrogen receptors (ER) α, β and βcx. Exposed women: 
<50 years of age; unexposed men: <50 years of age; unexposed women: >70 years of age (for the 
non-nuclear staining table, please refer to Paper III).

Estrogen
Exposure group

ERα+ (%) ERβ+ (%) ERβcx+ (%)

Tumor Non-tumor Tumor Non-tumor Tumor Non-tumor

Exposed women 25 14 0 0 0 0

Unexposed men 40 38 7 13 0 13

Unexposed women 23 11 0 17 0 0
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Study IV
Distribution of histological types of gastric 
adenocarcinoma
Table 8 shows the distribution of the histological 
types of gastric AC. No signifi cant differences 
between the groups were found.

Estrogen receptors
There were no statistically signifi cant differences 
in the expression of any of the three types of ER 
in the two groups, either in the gastric AC tissue 
or in the adjacent non-tumor tissue. This was the 
case for both the nuclear and non-nuclear stain-
ing. Examples of ER expression are shown in 
Illustration 3 (A-D).

Latency interval between breast cancer 
diagnosis and gastric adenocarcinoma
The mean age at the time of the breast cancer 
diagnosis was similar between the two groups. 
The mean interval between the breast and the 
gastric cancer diagnoses was shorter in those 
treated with tamoxifen (4 vs.13 years). When we 
restricted our analysis to patients who received 
a breast cancer diagnosis in 1978 or later (the 
year in which the fi rst tamoxifen treatment was 
registered in our cohort), a difference in latency 
remained. Breast cancer patients who had been 
exposed to tamoxifen were diagnosed with 
gastric cancer after 4 years, compared to 10 
years in those with no such exposure (Table 9).

Table 8. Histological types of gastric adenocarcinoma, according to the Laurén classifi cation,  in 
women with previous breast cancer diagnosed in the county of Stockholm in 1958-2005. Tamoxifen 
exposure was categorized into use or non-use.

Gastric  adenocarcinoma

Tamoxifen 
Treatment

Intestinal 
Number (%)

Diffuse 
Number (%)

Total
Number (%)

OR (95% CI)

No 13 (34) 25 (66) 38

Yes 8 (27) 22 (73) 30 1.43 (0.5-4.08)

Total 21 (31) 47 (69) 68

Table 9. Age at onset of breast cancer and of gastric adenocarcinoma among women diagnosed 
with both these tumors in the county of Stockholm in 1978-2005. The tamoxifen exposure was 
categorized into use or non-use.

Tamoxifen No tamoxifen Total

Number of patients (%) 30 (68) 14 (32) 44 (100)

Mean age at breast 
cancer diagnosis in 
years (range)

67 (42-87) 66 (56-79) 67 (42-87)

Mean age at gastric 
adenocarcinoma 
diagnosis in years 
(range)

72 (47-89) 77 (65-88) 73 (47-89)

Mean number of years 
between breast and 
gastric adenocarcinoma 
diagnoses in years 
(range)

All: 4 (2-9)
Intestinal (n=8): 5 

(2-7)
Diffuse (n=22): 4 (2-9)

All: 10 (4-19)
Intestinal (n=5):11 (6-19) 
Diffuse (n=9): 9 (4-16) 

All: 6 (2-19)
Intestinal (n=13): 7 (2-19) 
Diffuse (n=31): 6 (2-16) 

Results
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Illustration 3

A. Gastric adenocarcinoma of the intestinal 
type expressing nuclear estrogen 
receptor alpha in an 80-year-old woman 
with previous breast cancer. The patient 
had not been treated with tamoxifen.

B. Non-tumorous glands adjacent to gastric 
adenocarcinoma of the intestinal type 
(not shown) in a 79-years-old  woman, 
expressing estrogen receptor beta in the 
cytoplasm. The patient had been treated 
with tamoxifen.

C. Non-tumorous glands adjacent to gastric 
adenocarcinoma of the intestinal type 
(not shown), in a 42-year-old woman, 
expressing estrogen receptor beta cx in 
the cytoplasm.

D. Pyloric glands adjacent to gastric 
adenocarcinoma of the intestinal type 
(not shown), in a 79-year-old woman, 
expressing estrogen receptor beta cx in 
supra-nuclear granules.
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Discussion

All men by nature desire to know.

Aristotle 

The studies presented in this thesis have provided 
evidence in favor of the hypothesis that estrogen 
protects women against the development of gas-
tric adenocarcinoma, but not esophageal adeno-
carcinoma. The correctness of these main fi nd-
ings will be discussed in the following.

Animal studies suggest that hormonal factors 
may play a suppressive role in the development 
of gastric cancer. The carcinogenic N-methyl-
N´-nitro-N-nitrosoguanidine (MNNG) added to 
drinking water of rats induced gastric cancer in 
male rats but not in female. In the same experi-
ment, castrated or estrogen-treated male rats had 
a lower incidence of gastric cancer compared to 
untreated male rats.141 In addition, the incidence 
increased in castrated female rats.142 Administra-
tion of estrogen in previously MNNG-treated rats 
reversed MNNG-induced alterations.143 More-
over, administration of female sex hormones to 
male rats decreased their incidence of gastric 
cancer.144 On the other hand, estrogen effects on 
the growth of human gastric cancer xenografts in 
nude mice have been contradictory; some gastric 
cancers have been stimulated, while others have 
been inhibited or not affected at all.145

The discovery of estrogen receptors in gastric 
tissue in 1983122 ignited enormous interest in the 
possible implication of this fi nding for the treat-
ment of gastric cancer. The potential role of in-
volvement of hormonal factors was discussed124, 

126 and some groups suggested hormonal therapy 
with estrogen.146 Since then, a number of re-
searchers, using various methods, have observed 

the presence of ERs in gastric tissue, either in 
the cytoplasm or in the nucleus.117, 121, 147, 148 Some 
have reported on the ER status in association with 
clinicopathological data118-120, 123, 125, 148-154 but these 
studies were too small for the fi ndings to be ap-
plicable to clinical praxis.

In contrast to the large number of studies report-
ing on the presence of ERs in gastric tissue, very 
few groups have studied the presence of estrogen 
receptors in esophageal tissue.115, 116, 130 Labora-
tory research suggests that estrogen may have an 
inhibitory effect in esophageal cancer, both in 
vivo and in vitro.155-157 Nevertheless, there appear 
to have been no studies assessing the ER status in 
esophageal cancer in relation to clinicopathologi-
cal features.

Although the hypothesis of a protective effect of 
estrogen was stronger for gastric AC compared to 
esophageal AC, we decided in the planning stage 
of this thesis to study both these tumors because 
of the existence of the enigmatic sex ratio in their 
incidence. First, to further provide evidence for 
or against the hypothesis, we conducted two 
large epidemiological studies to assess the risk of 
developing these two cancers in relation to hor-
mone replacement therapy with estrogen (study 
I) and tamoxifen exposure (study II). In studies 
III and IV we concentrated our efforts on the pos-
itive fi ndings in the fi rst two studies with regard 
to gastric AC. The possible infl uences of endog-
enous estrogen and the anti-estrogen tamoxifen 
were evaluated by combining epidemiological 
data collection with histopathological and immu-
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nohistochemical laboratory work, in an effort to 
elucidate the question whether ERs can explain 
the sex ratio in gastric adenocarcinoma.

Before continuing with the discussion of this the-
sis, it is worth considering some basic epidemio-
logical aspects. There are two types of epidemio-
logical studies: Observational and Observational and Observational experimental. 
Studies in which an intervention is tested (for 
example the evaluation of a new drug) are often 
experimental, and of these randomized controlled 
trials are most common in clinical studies. None 
of the studies described in this thesis were experi-
mental, all being observational. In observational 
studies, nature is allowed to take its course and 
the effects of an exposure or treatment, for ex-
ample, are followed up with regard to a specifi ed 
outcome. An observational study can simply be 
a case report in which a clinical characteristic or case report in which a clinical characteristic or case report
outcome from a single clinical subject or event 
is reported, or a cross-sectional study in which cross-sectional study in which cross-sectional study
the presence or absence of a disease together with 
other variables in a study population at a particular 
point in time is investigated. Another main type 
of study design is a case-control study, in which 
a group of people with the disease under study 
is identifi ed and compared with a suitable com-
parison group without the disease. A case-control 
study can help to determine the causal relation 
between an exposure and a disease, and is usually 
most feasible for studies of diseases with a very 
low incidence or prevalence (e.g. esophageal AC 
in women, as in study I). A case-control study is 
typically retrospective regarding the exposure as-
sessment; that is, the exposures of the study sub-
jects are tracked backward in time. The special 
type of case-control study that is nested within 
a defi ned cohort, however, allows a prospective 
exposure assessment. The fi rst study presented in 
this thesis had a nested case-control design; i.e., 
cases and controls were derived from the same 
cohort, in which exposure data were collected 
before the occurrence of the disease under study. 
Another main type of observational study is the 
cohort study. In contrast to a case-control study, 
in a cohort study the disease is the end-point 
and a group of persons with a known exposure 

status is followed up over time. Cohort studies 
can determine the incidence of a disease, and are 
particularly useful for assessing the effect of rare 
risk factors. Among the present investigations, 
study II was a cohort study in which the effect of 
tamoxifen (as a risk factor) in the two groups of 
patients (one in the period 1961-1987 and one in 
1988-2003) was addressed. Although the groups 
were followed up prospectively in time, this was 
a retrospective study, since the outcome (gastric 
or esophageal AC) had already occurred when we 
started the investigation.

In epidemiological research any deviation from 
the truth is due to systematic error (bias) or 
random error. Systematic errors can be further 
classifi ed into selection bias, information bias 
and confounding.
Selection bias (sampling bias) occurs when the 
sampling is not representative of the population. 
For instance, this often happens when people who 
choose to participate in the study are different in 
one or more respects from those who choose not 
to do so.
Information bias occurs when the information 
collected is distorted. This can be measurement 
bias, i.e., misclassifi cation of the exposure or 
the disease. Recall bias is a common problem in 
case-control studies, when cases and controls re-
call events in the past differently depending on 
their health status. Experimenter expectancy (the Experimenter expectancy (the Experimenter expectancy
Pygmalion effect) is a problem in experimental 
studies when the experimenter’s expectations 
are inadvertently communicated to subjects who 
then produced the desired results. Lead-time bias 
happens when a disease is diagnosed earlier than 
normally on account of the study, resulting in 
false estimation of, for example, survival rates. 
Late-look bias occurs when patients with a se-
vere disease are less likely to be studied because 
they die fi rst. Information bias can be differen-
tial (different between the comparison groups) or 
non-differential (the same degree of bias in the 
comparison groups). Differential bias can show 
false associations when there are none, or obliter-
ate associations when they actually exist. Non-
differential bias usually dilutes true associations 
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against the null, and therefore cannot explain re-
maining associations. 
Confounding occurs when, simply put, there is 
a confusion, or mixing, of effects. A confound-
ing factor has three properties: a) it is associated 
with the disease (as a cause and not as an effect 
of it), b) it is associated with the exposure, and c) 
it is not an effect of the exposure.158 Some ways 
for controlling confounding are: randomization
(subjects randomly allocated to different groups; 
this can only be used in experimental studies), 
restriction (limiting the study to a group of sub-
jects with the same, or nearly the same, value of 
a factor that might be a confounder), matching
(subjects of different groups are paired together 
with regard to a confounding factor), stratifi ca-
tion (the exposure-disease analysis is done in dif-
ferent categories with regard to the occurrence 
of a confounder), and multivariable regression 
analysis (a mathematical model in which each 
confounder is analyzed one at a time). System-
atic errors cannot be reduced by increasing the 
size of the study

Random errors can be counteracted by increas-
ing the sample size. In type I (α error) the null 
hypothesis is incorrectly rejected, i.e., a statisti-
cally signifi cant effect is found even though there 
is none. In type II (β error) the null hypothesis 
is incorrectly not rejected, i.e., no effect is found 
even though there is one.

In the fi rst two studies we used population-based 
cohorts. Both the General Practice Research Da-
tabase135, 136 and the Swedish Cancer Register2, 30,  and the Swedish Cancer Register2, 30,  and the Swedish Cancer Register
32 have been shown to have a high quality of data, 
which are collected prospectively. In the fi rst 
study HRT use was recorded before the outcome 
(esophageal or gastric AC), and in the second 
study the cohort was defi ned on the basis of the 
breast cancer diagnosis, which was also recorded 
before the end-point outcome (esophageal or gas-
tric AC). In this way selection and information 
bias was avoided or at least reduced. 
In study I, our manual review of all the cases fur-
ther decreased the risk of information bias. The 
fact that we did not fi nd any association between 

HRT and esophageal cancer indicates that selec-
tion bias should not have explained the inverse as-
sociation found with gastric cancer. Our analyses 
were adjusted for a number of possible confound-
ing factors (age, smoking, alcohol consumption, 
BMI), but the risk of confounding by known or 
unknown factors cannot be ruled out. Moreover, 
residual confounding by factors adjusted for can-
not be excluded. An example of a potential con-
founder is socioeconomic status, since a low so-
cioeconomic status has been associated with an 
increased risk of esophageal61 and gastric AC,87

and the use of HRT might be infl uenced by such 
status. 
In the second study, tobacco smoking might have 
acted as a confounding factor in the tamoxifen-
unexposed cohort. The risks of esophageal SCC 
and lung cancer, both of which are closely linked 
with smoking, were increased in the cohort unex-
posed to tamoxifen. Since smoking is also a risk 
factor for gastric AC, confounding by smoking 
could explain the increased risk of non-cardia 
gastric AC. With regard to exposure, we could 
not assess this individually for each cohort mem-
ber. The cut-off year of 1988 was chosen for the 
reason that widespread tamoxifen treatment in 
Sweden started in the late 1980s.138 The use of 
a cut-off year means that misclassifi cation of the 
exposure is unavoidable. Nevertheless, data from 
the county of Stockholm159 indicate that during 
the period 1989-1991 48% of all patients with in-
vasive cancers received endocrine treatment (the 
most common of which being tamoxifen), and 
that since 1992 more than 90% have received such 
treatment. In addition, the exposure misclassifi -
cation should be non-differential and thus should 
only dilute true associations and not explain the 
positive associations found in our study. The true 
association is likely, rather, to be stronger. 
In the last two studies, we identifi ed our study 
participants from the Swedish Cancer Register. 
In study III we were not able to adjust for poten-
tial confounding with regard to the distribution 
of histological types of gastric AC between the 
three patient groups. However, H. pylori infection H. pylori infection H. pylori
should not affect the histological type.80, 160 Nei-
ther should smoking or intake of alcohol,161 fruits 

Discussion
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or vegetables,162 or occupational exposure and 
these factors should therefore not have acted as 
confounders in our analysis of histological type. 
In the last study, the thorough review of medical 
records reduced the risk of information bias. 
Data on the tumor size, location, and gross appear-
ance, invasive depth, invasion of lymph vessels 
or veins of the stomach wall, nodal involvement, 
peritoneal dissemination, liver metastasis, and 
curability were not available. But these clinico-
pathological characteristics do not infl uence the 
presence of ERs149 and would probably not have 
infl uenced our results of ERs in either of the last 
two studies. Moreover, the histological evalua-
tion, the immunohistochemical laboratory work 
(studies III & IV), and the review of the medical 
records (study IV) were conducted blindly with 
regard to the estrogen exposure status of each 
patient or the tamoxifen exposure, diminishing 
the risk of systematic bias. 
In the fourth study we analyzed the whole co-
hort of patients and found a decreased interval 
between the breast and gastric cancer diagnoses 
in those exposed to tamoxifen (4 vs. 13 years). 
This should, however, be interpreted with cau-
tion, as there is a risk for selection bias. Tamoxi-
fen was introduced in the later half of the total 
follow-up period (1958-2005), and patients hav-
ing that treatment who would have developed 
gastric cancer at a much later date (long latency 
interval) were not included in the analysis for 
the reason that the follow-up period in the study 
had ended. As a result, only those with a short 
latency interval would have been included in the 
analysis. However, stratifi ed analysis showed 
that there was still a difference between the 
groups regarding the latency between these two 
cancers. The fi rst breast cancer patient in our 
cohort who received tamoxifen treatment was 
registered in 1978. If only patients who were di-
agnosed with breast cancer in 1978 or later are 
analyzed, the latency interval in the tamoxifen 
group is 4 years, while that in the no-tamoxifen 
group is 10 years. Moreover, in study II we found 
that tamoxifen-exposed women had an almost 
doubled risk for non-cardia gastric AC after 10-
14 years following the breast cancer diagnosis, 

compared to the general population. Thus, the 
results of these two studies indicate that tamoxi-
fen increases the risk of gastric AC. Chance er-
ror was a major source of error in studies III and 
IV, particularly in the ER analyses, as a result of 
small sample sizes. 

There have been reports on the risk of esopha-
geal and gastric cancer in relation to hormonal 
factors,163-177 but only a few have specifi cally ad-
dressed the risk of esophageal171, 177 or gastric165

AC. In our fi rst study, we found a decreased 
risk of gastric AC in women who used HRT 
with estrogen. Previous studies concerning this 
association have also indicated a protective ef-
fect of HRT,163, 165, 169, 176 with one exception.164

Table 10 presents an overview of epidemiologi-
cal studies in which the risk of esophageal and/
or gastric cancer was assessed. The majority of 
these studies were conducted on women, but in 
two studies the effect of estrogen in men was 
investigated.171, 172 Patients with prostate cancer 
who were given estrogen showed a lower risk 
of developing gastric cancer than those with no 
such treatment,172 while no such association was 
found for esophageal AC.171

In our second study, we analyzed the effect of 
tamoxifen on the risk of esophageal and gastric 
AC. No effect regarding the incidence of esoph-
ageal cancer had been observed in the previous 
studies that had addressed tamoxifen as a risk 
factor.178-181 In a pooled analysis of three stud-
ies in Scandinavia a non-signifi cant, but nearly 
3-fold increase in the risk of gastric cancer was 
found,179 and correspondingly elevated risks have 
been reported from other studies.178, 180, 181 Our 
lack of a fi nding of any clear infl uence of anti-es-
trogen on the risk esophageal AC, but a positive 
association with gastric AC, is therefore in line 
with the majority of previous investigations. On 
the other hand, from two small but uncontrolled 
Japanese studies it was reported that patients with 
gastric cancer who were given tamoxifen had a 
survival advantage.182, 183 In a randomized, con-
trolled trial, 100 patients with gastric cancer who 
received conventional surgical management were 
assigned to either additional tamoxifen treatment 



45

or to join an untreated control group. The conclu-
sions drawn from that study were that tamoxifen 
had no overall effect on survival, and that there 

Table 10. Epidemiological studies assessing the risk of esophageal and/or gastric cancer in relation 
to hormonal factors. Not all associations were signifi cant.

Cancer 
studied

Age at 
menarche

Age at 
menopause

Length of 
fertility life

HRT Parity

AB. Miller et al 
(Canada, 1980)173

EC, GC NS NS NS NS NA

I. Plesko et al 
(Slovakia,1985)175

GC NS NS NS NS
+ increasing 
parity

C. La Vecchia et al 
(Italy, 1993)170

EC, GC NS NS NS NS

D. Palli et al
(Italy, 1994)174

GC NA + lower age NS NS NA

C. La Vecchia et al 
(Italy, 1994)169

GC NA - higher age
- longer 
fertility life

- HRT, +  
OC

J. Lagergren et al 
(Sweden, 1998)171

EAC Estrogen in men did not affect the risk of EAC

I. Heuch et al
(Norway, 2000)167

GC
- higher 
age

NA NA NS NA 

S. Gallus (Italy & 
Switzerland, 2001)166

EC Only squamous cell carcinoma cases were studied

M. Inoue et al
(Japan, 2002)168

GC NA NA NA NS NA

E. Fernandez et al 
(Italy, 2003)163

GC NS NS NS
Tend. to 
lower 
risk

NS

S. Kaneko et al
 (Japan, 2003)176

GC NA NA
- longer 
fertility life

-  HRT 
- increasing 
parity

M. Lindblad et al 
(Sweden 2004)172

GC Reduced risk in men treated with estrogen

J. Lagergren
 (Sweden 2005)177

EAC NS NS NS NS NA

S. Frise el al
(Canada, 2006)165

GAC
+ higher 
age

+  in post-
menopause

- longer 
fertility life

- HRT or 
OC

- 4 or more 
births

ND. Freedman
(China, 2007)164

GC NA - higher age 
+ shorter 
fertility life

NA NA

EC: esophageal cancer, GC: gastric cancer, EAC: esophageal adenocarcinoma, GAC: gastric adenocarcinoma, HRT: hor-
mone replacement therapy, OC: oral contraceptives,  NA: no association, NS: not studied,  + : increased risk with, - :
decreased risk with

was a signifi cant decrease in the survival time of 
patients with tumors positive for ERs.184

Discussion
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In our studies III and IV, we analyzed specimens 
of estrogen receptors of only intestinal types of 
gastric AC and we categorized patients according 
to sex and age (study III) or tamoxifen exposure 
(study IV). This was a unique study design, as 
in previous studies specimens of gastric cancer 
were analyzed in groups categorized only with 
regard to age, or sex, or histological type, and 
never on the basis of various epidemiological 
and histological data. Our reason for the choice 
of the intestinal types was that epidemiological 
data had suggested that only this type of gastric 
AC may be affected by hormonal factors.90 A 
unique global pattern in the male to female ratio 
in the incidence of gastric AC has been reported, 
indicating that there is a 10-15-year delay among 
females compared to males, possibly due to a 
difference in estrogen exposure.90 This delay 
was exclusively seen for the intestinal type. In 
addition, in a recently published Canadian study, 
it was found that the association between age 
at menopause and risk for the intestinal type of 
gastric AC was highly signifi cant, in contrast to 
the diffuse type. Although we did not fi nd any 
differences between the three groups of patients 
with regard to their ERs, we did fi nd a change 
in the expression of the ER types in gastric AC 
tissue in comparison with the adjacent non-
tumor tissue. Expression of ERβ and βcx was 
decreased in gastric AC, while ERα expression 
was increased. This is consistent with reports 
on prostate,185 breast186 and colon187 cancer, and 
a recently published study has also confi rmed 
the decreased expression of ERβ in gastric AC, 
compared to non-tumor tissue.118

In study IV, we did not fi nd that tamoxifen 
stimulates the progression of intestinal type 
adenocarcinoma exclusively. It is possible, 
however, that tamoxifen increases the overall 
risk of AC without affecting the histological type. 
This is supported by the fact that patients in the 
tamoxifen group may have a stronger heredity 
for cancer, as all of the nine patients with more 
than one breast cancer diagnosis had diffuse 
adenocarcinoma. As mentioned earlier the diffuse 
type has been postulated to be more likely to 

have  a genetic origin,68 although this has been 
challenged.72

In this thesis we found evidence to suggest that 
hormonal factors may play an important role in 
the development of gastric adenocarcinoma, while 
no support was found for a role in esophageal 
adenocarcinoma. The mechanisms, however, are 
still unclear.

It has been found that ovariectomy in rats increas-
es the cell mass as well as basal acid secretion,188

suggesting that estrogen may regulate gastric acid 
production. Moreover, it has been hypothesized 
that bile acids may be carcinogenic,189 although 
this is debated.190 Estrogen may prevent colon 
cancer by decreasing the bile acid concentration 
or by direct effects on the colonic mucosa, as sug-
gested by in vitro studies.191 This could explain 
why HRT with estrogen reduced the risk of non-
cardia gastric adenocarcinoma, as this region of 
the stomach is exposed to bile acids to a greater 
extent. In addition, in breast cancer cells it has 
been found that bile acids down-regulate the ex-
pression of ERs.192 Another proposed mechanism 
is that estrogen affects the expression of trefoil 
factor (TTF) genes. TTF proteins protect mucous 
epithelia from a range of insults and contribute to 
mucosal repair.193 The expression of these genes 
is reduced in precancerous conditions and in 
gastric cancer,194 and estrogen has been found to 
stimulate their expression.195 Others suggest that 
estrogen may bind to ERs and inhibit the expres-
sion of c-erbB-2 oncogene or the expression of 
p185.146 The latter is associated with the progres-
sion of gastric cancer.146

The exact action of tamoxifen has not been 
clarifi ed. It may have a direct anti-estrogenic effect 
in gastric tissue. Women who receive tamoxifen 
may be those with high ERalpha in their breasts 
and they may therefore also have a higher level 
of ERalpha in their gastric mucosa, and thus be 
more vulnerable to blockage of ERs. Another 
suggested mechanism is through inhibition of 
the binding of histamine to cytochrome P450 
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enzymes. A histamine-P450 interaction could 
disturb normal homeostatic maintenance of 
intracellular levels of lipid mediators. These 
mediators modulate gene function, including 
expression of the cytochrome P450, and thus 
affect cell growth and proliferation.196 Moreover, 
tamoxifen has been found to regulate expression 
of  transforming growth factor-α and β, and to bind 
to calcium channels and protein kinase C,197 but it 
is not known through which of these mechanisms, 
if any, it acts on the gastric mucosa. 

Although not all researchers agree that sex 
hormone receptors are involved in gastric 
carcinogenesis,154 and our studies did not produce 
any strong evidence of a role for ERs in explaining 
the estrogen relation to gastric AC development, 
this possibility should not be rejected. The 

decrease in the expression of ERβ in gastric AC 
that we observed is of particular interest, since 
this receptor has been linked to promotion of 
epithelial differentiation and plays a role in the 
organization and architectural maintenance of 
the colon.198 It may have a similar function in the 
gastric mucosa. The signifi cance of the presence 
of ERβcx in gastric adenocarcinoma remains 
to be further investigated. ERβcx does not bind 
oestrogen; but rather it inhibits ERα from binding 
DNA, while it does not infl uence ERβ.128 It is 
hoped that future research that can establish the 
potential role of estrogen and ERs in relation to 
gastric adenocarcinoma might open the way for 
adjuvant or preventive strategies in the treatment 
of this cancer, for example through the action of 
more selective ER modulators, and probably of 
specifi c ERβ agonists.

Discussion



Estrogen in the Development of Esophageal and Gastric Adenocarcinoma48



49

Conclusions

         
               Only the educated are free.

           Epictetus 

w Hormone replacement therapy with estrogen might reduce the risk of gastric 
adenocarcinoma by as much as 50%. This effect seems stronger for non-cardia 

 gastric cancer.

w We provided no evidence in favor of an association between hormone replacement 
therapy with estrogen and risk of esophageal adenocarcinoma.

w Use of the anti-estrogen tamoxifen might increase the risk of non-cardia gastric 
adenocarcinoma.

w Tamoxifen use might accelerate the development of gastric adenocarcinoma in 
 patients with previous breast cancer. 

w Tamoxifen use does not seem to increase the risk of esophageal adenocarcinoma.

w The intestinal type of gastric adenocarcinoma seems to be less frequent in women 
 with high endogenous estrogen exposure compared to men and women without 
 such exposure.

w There seem to be no substantial differences in the expression of estrogen receptor
 alpha, beta and beta cx between groups of patients categorized with regard to 
 endogenous estrogen exposure.

w Tamoxifen use does not seem to have any material infl uence on the distribution of 
 the two histological types of gastric adenocarcinoma.

w The expression of estrogen receptor beta cx has been identifi ed for the fi rst time 
 in gastric tissue. 

w The expression of estrogen receptor alpha seems to be increased in gastric 
adenocarcinoma, while the expression of estrogen receptor beta and beta cx seems

 to be decreased, compared to that in adjacent non-tumor tissue.
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Future research

The present will not long endure.

Pindar

Some of the fi ndings described in this thesis will 
provide reason for further research.
The presence of estrogen receptors in various 
groups of patients with esophageal AC has not 
been investigated, but might be of interest. 
No data are available concerning the occurrence 
of estrogen receptors in the esophagus and stom-
ach in the normal population. We did studied 
these receptors in the non-cancerous tissue ad-
jacent to gastric AC, but future research should 

focus on mapping out ERs in the esophagus and 
stomach of healthy individuals. Currently, such 
research by our group is in the planning stages.
If further evidence supports the hypothesis that 
estrogen protects against gastric AC, then ran-
domized, controlled trials should be considered. 
Patients with gastric AC with a particular com-
position of ERs could be randomized to adju-
vant treatment with estrogen or with a selective 
estrogen receptor modulator.
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Popular-scientifi c summary in Swedish
Populärvetenskaplig sammanfattning på svenska

Bakgrund
Cancer består av mer än 100 olika sjukdomar 
och alla vävnader i kroppen kan angripas. En-
ligt Världshälsoorganisationen (WHO) dog mer 
än 7.5 miljoner människor av cancer år 2005 
och denna siffra beräknas stiga till 9 miljoner år 
2015. 
Adenocarcinom (körtelcancer) i esofagus (mat-
strupe) är den mest ökande typen av esofaguscan-
cer medan adenocarcinom i ventrikel (magsäck) 
är den vanligaste typen av cancer i magsäcken 
(mer än 90% av alla fall). Gemensamt fön 90% av alla fall). Gemensamt fön 90% av alla fall). Gemensamt f r dessa 
två cancrar är att de av okänd orsak oftare drabbar 
män än kvinnor. Det är 6-7 gånger så många män 
som fåsom fåsom f r esofagusadenocarcinom, och könskvo-
ten  föten  föten  f r ventrikeladenocarcinom är 2-3:1 (män: 
kvinnor). Den manliga dominansen fökvinnor). Den manliga dominansen fökvinnor). Den manliga dominansen f r dessa 
två cancertyper kan inte föcancertyper kan inte föcancertyper kan inte f rklaras av att män och än och ä
kvinnor exponeras fökvinnor exponeras fökvinnor exponeras f r de kända riskfaktorerna i 
olika utsträckning. Det fi nns istället anledning att 
misstänka att könsskillnaderna kan bero på kön-
shormonella faktorer, närmare bestämt östrogen. 
Östrogen är ett kvinnligt kett kvinnligt kett önshormon som främst 
produceras i äggstockarna, vars nivåer stiger un-
der puberteten och åter sjunker vid klimakteriet. 
Både experimentella studier hos djur och epide-
miologiska rapporter talar fömiologiska rapporter talar fömiologiska rapporter talar f r hypotesen att ös-
trogen har en skyddande effekt mot cancer i mag-
säcken. Man har tex funnit att män som drabbats än som drabbats ä
av prostatacancer och som fåav prostatacancer och som fåav prostatacancer och som f tt behandling med 
östrogen löper en minskad risk föper en minskad risk föper en minskad risk f r ventrikel-
cancer jämfömfömf rt med män som inte fån som inte fån som inte f tt en sådan 
behandling föbehandling föbehandling f r sin prostatacancer. 
I denna avhandling har vi i olika studier testat 
hypotesen att östrogen skyddar kvinnor mot es-
ofagus- och ventrikeladenocarcinom.

Popular-scientifi c summary in Swedish

Studie I
Vi använde oss av en stor databas i Storbritan-
nien, General Practice Research Database, som 
har patientdata från ett stort antal vårdcentraler. 
En s. k. fall-kontrollstudie utföEn s. k. fall-kontrollstudie utföEn s. k. fall-kontrollstudie utf rdes. Alla kvinnor 
som efter klimakteriet drabbades av esofagus- 
eller ventrikeladenocarcinom mellan 1994-2001 
identifi erades och jämfömfömf rdes med avseende på 
hormonsubstitution med östrogen (HRT) med 
en kontrollgrup av kvinnor utan dessa diagnoser. 
Slutsatsen blev att kvinnor med HRT löper en ca 
50% mindre risk att drabbas av ventrikeladeno-
carcinom. Riskminskningen var ännu mer uttalad 
(66%) fö(66%) fö(66%) f r ventrikeladenocarcinom nedom övre 
magmunnen (non-cardia). Risken fömagmunnen (non-cardia). Risken fömagmunnen (non-cardia). Risken f r esofagus-
cancer var inte påverkad. 

Studie II
Om östrogen skyddar mot cancer i magsäck och 
matstrupe så borde antiöstrogen öka risken. I det-
ta arbete studerade vi om antiöstrogenbehandlade 
kvinnor löper en ökad risk fökad risk fökad risk f r adenocarcinom i 
esofagus eller ventrikel. Antiöstrogenbehandling 
med tamoxifen ges ofta till bröstcancerdrabbade 
patienter och sedan slutet på 80-talet är den en 
vanlig behandling i Sverige. Vi använde data från 
Cancerregistret (Socialstyrelsen) och identifi erade 
alla kvinnor som hade fåalla kvinnor som hade fåalla kvinnor som hade f tt diagnosen bröstcan-
cer mellan 1961-2003. Vi antog att de som hade 
fåfåf tt diagnosen fött diagnosen fött diagnosen f re 1988 inte hade fåre 1988 inte hade fåre 1988 inte hade f tt tamoxifen 
medan de med bröstcancer år 1988 eller senare 
hade i hög grad blivit exponerade fög grad blivit exponerade fög grad blivit exponerade f r detta anti-
östrogen.Vi jämfömfömf rde dessa två gruppers risk att 
drabbas av esofagus- eller ventrikeladenocarci-
nom och fann att risken att få nom och fann att risken att få nom och fann att risken att f ventrikelcancer var 
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signifi kant större (27%, avser risken förre (27%, avser risken förre (27%, avser risken f r cancer i 
non-cardia) och denna risk ökade med tiden efter 
bröstcancerdiagnosen. Risken föstcancerdiagnosen. Risken föstcancerdiagnosen. Risken f r esofagusad-
enocarcinom var inte statistiskt signifi kant ökad 
hos tamoxifenexponerade. 

Studie III
Bakgrunden till denna studie var det unika mön-
ster som man funnit i ventrikelcancerns könskv-
ot. Detta tyder på en 10-15 års förs förs f rdröjning av in-öjning av in-ö
sjuknande i ventrikelcancer hos kvinnor jämfömfömf rt 
med män och avser bara den sk. intestinala his-
tologiska typen av ventrikeladenocarcinom, inte 
den andra typen sk. diffus typ. I denna studie stu-
derade vi patienter med ventrikeladenocarcinom, 
diagnostiserade i Stockholm. Dessa grupperades 
i tre kategorier beroende på ålder och kön: a) 
kvinnor <50 år ansågs vara östrogenexponerade, 
b) män <50 än <50 ä år oexponerade och c) kvinnor >70 
år oexponerade. Vi konstaterade att unga kvin-
nor drabbades i mindre utsträckning av den in-
testinala typen (11%) jämfömfömf rt med oexponerade 
män ( 37%) och kvinnor (53%), vilket talar fön ( 37%) och kvinnor (53%), vilket talar fön ( 37%) och kvinnor (53%), vilket talar f r att 
östrogen skyddar mot just den intestinala typen. 
Vi samlade in vävnadsmaterial från de intestinala 
tumörerna och analyserade förerna och analyserade förerna och analyserade f rekomst av östro-
genreceptorer. En receptor är ett äggviteämne i 
cellen där östrogen utövar sin effekt. Det fi nns två 
kända ända ä östrogenreceptorer, alfa och beta samt en 
variant av beta som kallas fövariant av beta som kallas fövariant av beta som kallas f r beta cx. Alfa och beta 
har upptäckts i magsäcken sedan tidigare. I denna 
studie jämfömfömf rde vi sammansättningen av dessa 
receptorer mellan grupperna men fann inte påta-
gliga skillnader. Däremot upptäcktes receptorn 
beta cx i magsäcken föcken föcken f r för för f rsta gången. Dessutom 
fann vi en skillnad mellan tumörvävnad och den 
vävnaden som fi nns nära tumören: antalet östro-
genreceptor alfa stiger medan receptorna beta och 
beta cx är mindre vanliga i tumörvävnaden. Detta 
kan innebära att cancerceller blir av med beta-re-
ceptorer, vilket kan få ceptorer, vilket kan få ceptorer, vilket kan f betydelse föbetydelse föbetydelse f r framställning 
av mediciner föav mediciner föav mediciner f r behandling av ventrikelcancer i 
framtiden.

Studie IV
I den sista studien identifi erades kvinnor som föI den sista studien identifi erades kvinnor som föI den sista studien identifi erades kvinnor som f rst 
hade drabbats av bröstcancer och som senare i 
livet drabbades även av ventrikeladenocarcinom. 
Vid journalgenomgång säkerställdes diagnosen 
och eventuell tamoxifenbehandling mot bröst-
cancer. Vi analyserade tumörmaterial och hittade 
ingen stor skillnad mellan de två patientgrup-
perna vad det gäller histologin (intestinal/diffus 
ventrikeladenocarinom). Östrogenreceptorernas 
sammansättning i den intestinala typen var också 
lika mellan gruppena. Däremot var tiden mellan 
ventrikel- och bröstcancerdiagnoserna föstcancerdiagnoserna föstcancerdiagnoserna f r pati-
enter med tamoxifen behandling kortare jämfömfömf rt 
med dem utan sådan behandling.

Slutsatser
I denna avhandling har vi kunnat konstatera att: 
• Hormonsubstitution med östrogen verkar kunna 
minska risken föminska risken föminska risken f r ventrikeladenocarcinom, sär-
skilt föskilt föskilt f r tumörer nedanförer nedanförer nedanf r övre magmunnen av 
ventrikeln.
• Tamoxifenbehandling verkar kunna öka risken 
föföf r ventrikeladenocarcinom. 
• Tamoxifen verkar inte påverka föverka föverka f rdelningen av 
den histologiska typen av ventrikeladenocarci-
nom (intestinal/diffus)
• Tamoxifen verkar möjligen kunna pöjligen kunna pö åskynda ut-
veckling av ventrikelcancer. 
• Den intestinala typen av ventrikeladenocarci-
nom verkar vara mindre vanlig hos östrogenex-
ponerade kvinnor jämfömfömf rt med oexponerade män 
och kvinnor.
• Östrogenreceptor beta bcx kan fi nnas i mag-
säcken.
• Vi hittade inga större skillnader i östrogenrecep-
torsammansättning mellan olika patientgrupper 
med avseende på deras östrogenexponering
• I ventrikeladenocarcinom uttrycks östrogen-
receptor alfa i större utsträckning medan beta 
och beta cx i mindre, jämfömfömf rt med närliggande 
vävnad.
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��������
� �������� ����� ��� ��� ��� �����������
��������� ��� ������������. � ����������
(460-370 �.�.) ���������� ��� �������-
������� ����� ��������� ��� ����� ���
������� �� ��� �������� ������� ��� ��������
��� �������� �� �� ����� ��������, ���� ���
���� ������ �������� �������� ��������.
� �������� ������ ���������� ��� �����-
������� ��� 100 ������������ ��������� ���
������ �� ��������� ������������ ���� ���
�������. ������� �� ��� ������ ����-
����� ������, �� 2005 ����������� �����-
������� ��� 7.5 ����������� �������
�������� ��� ��������. � �������� ��� ��
2015 ��������� �� 9 ����������� ��������.
�� �������������� ��� ��������� ����� �
�������� �� ��� ���������� ������ ����
������ �����, ��� �� �������������� ���
�������� ����� � ��� ����������� �����
���������� ��������. �������������� ���
��� ��� ����� ������ �������� ����� ���
������������ ��������� ����� ������ ��’
��� ���� ��������. �� ��������� �������� ���
������, ��� ��� ������� �� ��������������
���� �������� ������������ ��� ��� 8 
������ �� ��� ���� ����, ��� ����������� 2 
����� �� ������ ��� ������������ �� ����
������� �� �������������� ��� �������. �
����������� ���� �������� ������ ��� ���
����� ��������� ���������.
�� ���������� ��������� ���� ����� ����
���������� ������� ��� ���������� ���� ��-
�����, �� �� ������� ���� ��� ���� ��
���������� ���� ��� ������ ��� ��������
��� �� ������������ ���� ��� ������-
�����. ��������� �� ��� ���� ��� �����-

������������ �������, ������� ��� �����-
����� ���, � ������� ������� ������������
����������������� �� �������� ��� ���-
���� ���� ��������, ���� ��������� ��
���������� ����������.
���� ������� ����������� �������� ���
����������� ��� ��������� �������������
�������, ����������� � ������� ��� ��
���������� ������������ ��� �������� ���
����� ��� ��� ������ ��������. ��� ���
����� ����� ���������������� ���� �����-
���������� �������, ��� ��� ������������
������.

������ 1�

���� ����� ��� ������ ���������������
��� ���������� ���� ��������� ��� ��
������ �������� (General Practice Research 
Database), ���� ����� ������������� ���-
�������� ��� �������� ��� ���� ������
������ ������� ������. ��� �� 1994 ��� ��
2001 ���������������� ���������� ������
�������� ���� ����������� ��� �������-
����� ��� �������������� ���� �������� �
��� ������� �� ��������, ����������� ���-
����, ��� ��� ���� ���� ���������, �����
����� ��� ������ ��������. ������������
��� � �������� �������� �� ����������
������� ���� 52% ��� ������� ���������
��� �������������� ��� ������� ���,
����������� ���� 66%, � �������� ������-
��� ��� �������������� ����� ��� �������
�������� (������ ��� ����� ���� ����� ���
�������� �� ��� ��������). � ��������
��������� ��� ���������� ������� ��� ���-
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����� �� ����������� ��� ��� ��������
��������.

������ 2�

��� �� ���������� ������������ ���
�������� ��� �� �������������� ��� ����-
����� ��� ��� ��������, ���� �� ����-
���������� �� ������ �� �������� ���
������� ��������� ��� ���� ������-
��������� ���������. ���� 2� ������� ���,
��������� ��� ������� ��������� ��
�������� ��� ����� ��������� �� ����-
������� ����� �� �� �������������� ����-
�������� ����������. � ���������� ����-
��� ������������� ����������� ���� ��� ���
������� ��� ������ ��� ��� �� ���� ���
��������� ��� �80 ���������� �� �������
����������� ����� ���� �������. ��� ���
������ ���� ��������������� �������� ���
�� �������� ������ ��������. ���� ��
�������� �� �������� �������� ��� ������
��� �� 1961 ��� �� 2003 ��������������.
�������� �� �������� ��� �� �������� ��
�������� ��� ���������������� �� ����
1988 � ������������� ����� ��������� ��
����������� ����� �� ����������, ���
�������� �� ������� ������ ��� ���������-
�� �������� ��� 1988, ��� ����� ���������
�� ������ ��������. ���������� ������ ��
����� ��� ������� ������������� ������
�� ��� �������� ������ ��������, �����-
���� �� ��� ������� ��������� ���
�������������� ��������� ��� ��������.
�� ������ ������������ ��� 138 000 
������� �� ������� ��� ������ ��������-
���� ��� � ���������� ������� ��� �������
����������������� �������� ���� 27% 
(���� ������� ����� �������), ��� �
�������� ����������������� ���� ��������
��� �������� �� �����������.

������ 3�

��������������� ������� �������� �������-
����, 10 ��� 15 ������, ���� �������� ���
����������������� ��� ������� ���� �����-
���, �� �������� �� ���� ������. ���� ������
������������ ��� ��� �������� ���� �����-
������������ ��� ��� ��� ��� ������� ����,
(������� �� ��� ���������� ��� Laurén). 
��� ��� ������� ���� ��������� ���
����������� 289 ������� �� �������� ���-
�������������� ��� �������, ��������-
����� ��� �������� ������ ��������.
���� �������� ������������ �� ����� ������
�� ���� ��� ������ ��� �� ����: ���� 1�

����� ������� �������� ���� ��� 50 ����
(������������ �� ����������), ���� 2� �����,
������ ���� ��� 50 ���� (�� ������������
�� ����������) ��� ���� 3� �����, ��������
��� ��� 70 ���� (�� ������������ ��
����������). ������������ ��� �� �����-
����� �������� ������������� �������� ���
��� �������� ���� �����������������
(11%), ���������� �� ���� �����������
������ (37%) ��� ��� �������� ��� �����
������� ���� ����������� (53%). ���
��������, ������������� ���������� �����
��� 45 �������� �� �������� ����������-
���� ��� ���������� ��� ������ ������-
������� ���������. �� ��������� ����� ���-
������ ���� ������ ������������ �� ������-
���� ��� ���� ����� ���������� �� ���-
����. �������� 2 ����� ��������� ������-
�����: � ���� (�) ��� � ���� (�), ����� ���
���� ����� �������� ���� ������� �� ����-
��-�� (�cx). ��� ���������� �����������
�������� ������ ��� ����� ������ ����-
��� �� ��� ����� ��� ������ ��� �����
����� ���������, ������������ ����, ���
����� ����, � ��������� �cx ��� �������.
�������� ������������ ��� �� ���������
���� ���������� ��� �� ���� ��� �cx ����-
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������ ���� ��������� ����, �� ��������� ��
��� �� ��������� ���� ��� ���������� ��
�����.

������ 4�

���� ��������� ��� ������� ���������
����������� �������� ��� ���������,
������ ��� ���� 1958-2005, ���� ������
����������� �����, �������� ��� ������
��� ������� (���� ��� ������ �����������
���� �����) ����������� ��������������
��� ��������. �� �������� ���� ������-
������� ��� �������� ������ ��������.
��������� �� �������� ��� ������� ���
������������� ��� ���������� ����� ���
���������� ����������� ����� �� ����-
������. �������� ������������� 68 ����-
���� ��� ������������� ���������� ����� ���
��� ������ ��������� �����������. ��
�������� ��� ����� ��������� �� �������� ��
���������� ��� ����������� ������� ���
��� �������� ��� ��� ����� ��������� ��
������ ��������, ���� �������� �����-
������������ ����� ���������/�������� ���
��� ������ ��������� ����������� (����
�������� ����). ������ �� �������� ���
����� ��������� �� �������� �� ����������
������������ ��� �������������� ���
������� ���� �� ���� �������� �����, ���
����� ��� ����� ����� ���������� (4 ��� ����
10).

������������
�� ������������ ��� �������� ���������-
��� ��������� ����� ��������� �� ����:
� �������� �������� �� ���������� ��

�������� ���� ����������� �������� ���
������� ��� ������� ��������� ����������-
������� ��� ������� ��� ��������� ����� ���
�������� ��� ������� ��������.
� �������� �� ���������� �������� ���

������� ��� ������� ��������� ����������-
������� ��� �������.
� ���������� ��� ��������� ��� ��������

���������/�������� ����� ������������-
����� ��� ��������.
� ���������� �������� �� ���������� ���

�������� �������� ��� �������.
� ��������� ����� ����������������� ���

������� ������������� ���������� �� �����-
��� ��� ����� ������������ �� ����������,
���������� �� ������ ��� �������� ��
������������� �� ����.
� ��������� ����������� �cx ������� ���

�������.
��� �������� ����������� �������� ����-

�� ��� ����� ������ ������� �� ��� �����
��� ������ ������������� ��������� �, �,
��� �cx.
�� ��������� � ����������, ��� �� � ���

�cx, ���������� ���� ��������� ���� (�����-
��������� ��������) �� �������� �� ���
������������ �� ��������� ����.
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