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INTRODUCTION 
 
Breast cancer is the most common malignancy among women worldwide and accounts 
for more than one million incident cases each year (Bray et al. 2004, Kamangar et al. 
2006). In Swedish terms, that is a yearly incidence of 7000 women diagnosed with 
breast cancer and a life time risk of 10-15 % (The National Board of Health and Welfare, 
2006). Over the past 20 years the breast cancer incidence has increased globally (Althuis 
et al. 2005) which corresponds to an increase of 1.4 % per year in Sweden (The National 
Board of Health and Welfare, 2006). Incidence and mortality rates generally co-varies, 
but vary across countries (Althuis et al. 2005). In Sweden, mortality has improved with a 
decrease of 14 % from the 70·s to the 90·s (Althuis et al. 2005). However, breast 
cancer still remains the leading causes of cancer death among women (Bray et al. 2004). 
The prognosis for Swedish breast cancer patients corresponds with a 5-year survival of 
86% and a 10-year survival of 75% (The National Board of Health and Welfare, 2006). 
The risk of breast cancer is indeed age-related and less than 1% of breast cancer 
patients are younger than 30 years at diagnosis (Shannon et al. 2003). The incidence 
increases along with age and peaks at the age of 60-64 years (The National Board of 
Health and Welfare, 2006).  
 
Several risk factors have been identified and many of them are associated with total life-
time hormonal exposure, endogenous as well as exogenous hormones.  Early menarche, 
late menopause, a low number of full-term pregnancies, and late age at first childbirth 
consequently lead to higher cumulative estrogen exposure. Obesity increases estrogen 
levels, however, the influence on breast cancer risk differs depending on menstrual 
status at the time of obesity (Daling et al. 2001). Furthermore, estrogen levels are 
altered by exposure to oral contraceptives (OC) and hormonal replacement therapy 
(HRT). Other life style factors such as smoking- and alcohol habits, physical exercise, and 
dietary intake, most likely influence breast cancer risk although the results from different 
studies are ambigious. American studies on migration patterns in relation to breast 
cancer risk report an increase in breast cancer incidence among Asian-American women 
compared to Asian women suggesting a substantial impact on breast cancer risk when 
exposed to a Western lifestyle (Deapen et al. 2002, Ziegler et al. 1993). 
 
The breast cancer diagnosis covers a wide range of tumours with different geno- and 
phenotypic characteristics. The diversity among studies on life-style factors and their 
impact on breast cancer risk might be clarified by recognizing breast cancer as a 
heterogeneous disease. In this thesis, the aim is to further study the association between 
life style related factors and breast cancer risk in relation to different molecular 
subgroups of breast cancer. This approach might improve the understanding of the 
impact of various risk factors and, hopefully, contribute to future prevention strategies. 
Furthermore, the identification of novel biological markers in breast cancer may add 
predictive value to existing therapeutic strategies. 
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parameters; (1) the percentage of open, tubular structures within the epithelial 
component of the invasive tumour, (2) grade of nuclear atypia, and (3) the number of 
mitoses. Each parameter is graded from 1-3, and the tumour grade is the sum of these 
three parameters. A sum of 3-5 corresponds with a grade I tumour; a sum of 6-7 with 
grade II tumours, and 8-9 points represents poorly differentiated grade III tumours. NHG 
is an established prognostic parameter (Elston et al. 1991), although the reproducibility 
has been questioned and recent studies suggest further refining, especially for mitotic 
count (Genestie et al. 1998, Mirza et al. 2002). 
 
 
 
TTable 1 Nottingham Histopathological Grading according to Elston and Ellis. 
 (Adapted from Regional Oncologic Center, Uppsala/Örebro Region, 2007)  
 
 
NNottingham Histopathological Grading (NHG) Score 

>75% 1 Percentage of tumour 
area 
composed of tubules (t) 

<10% t <75% 
<10% 

2 
3 

<10 1 
10< m <20   2 

Mitotic count in 10  
high power fields 

>20 3 
Nuclear  pleomorphism  Uniform, equally sized small nuclei, no nucleoli         1 
 Median size nuclei, moderate pleomorphism, nucleoli 

Large abnormal nuclei, pronounced pleomorphism,nucleoli 
2 
3 

Sum � NHG   
Grade I Well differentiated 3-5 
Grade II 
Grade III 

Moderately differentiated 
Poorly differentiated 

6-7 
8-9 

 
 
 
Tumour stage (TNM/NPI) 
 
The TNM classification system includes tumour size (T), axillary lymph node status (N), 
and distant metastasis (M). TNM is a useful system for comparison of clinical data and 
assessment of treatment outcomes. The value of the TNM system is continuously 
disputed (Benson et al. 2003), yet, in Swedish clinical praxis, TNM still plays a major part 
in the daily management of breast cancer and is fundamental for treatment 
recommendations. Each parameter in the TNM system is an independent prognostic 
factor (Cianfrocca et al. 2004) and the prognostic value of TNM is consequently high. 
Nottingham Prognostic Index (NPI) takes tumour size, NHG, and axillary lymph node 
status into account. NPI is estimated for all invasive breast tumours in the pathology 
protocol, and act as an important prognostic parameter (D’Eredita et al. 2001, Eden et al. 
2004). 
 
 
HER2 
 
The human epidermal growth factor receptor 2 (HER2) belongs to the EGFR family of 
trans-membrane receptors (HER1, HER2, HER3, HER4). The HER2 signalling is mediated 
through heterodimer formation with either of the family members (Earp et al. 1995, 
Zaczek et al. 2005).  
 
In today�s clinical practice, breast carcinomas are classified as 0, 1+, 2+, or 3+ based on 
protein expression in IHC analyses (Herceptestfi). HER2 gene amplification is analysed 
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FFigure 4  The mevalonate pathway. Reprinted from Liao (Liao 2002). Copyright, 2002, 
 with permission from Journal of Clinical Investigation.  
 
 
 
HMG-CoA reductase in cancer  
 
In cancer cells, HMG-CoAR activity is elevated and the normal sterol feedback regulation 
disrupted (Mo et al. 2004). The increased HMG-CoAR levels in tumours might reflect an 
increased demand of non-sterol isoprenoids to maintain growth advantages (Mo et al. 
2004). Both in vitro and in vivo studies on breast cancer have demonstrated how 
mevalonate is required for DNA-synthesis, cell proliferation, and subsequently tumour 
growth (Duncan et al. 2004, Wejde et al. 1992). 
 
It has been shown that estrogen affects HMG-CoAR activity (Cypriani et al. 1988, Di 
Croce et al. 1996), although the molecular mechanisms are not fully understood. 
Recently, Croce et al identified an estrogen-responsive-element (ERE) on the HMG-CoAR 
gene, proposing a potential way of mediating estrogen induced effects on the HMG-CoAR 
gene (Di Croce et al. 1999). 
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The mevalonate pathway represents a potential target for cancer prevention and 
chemotherapy. Most epidemiological studies agree on the preventive and therapeutic 
effects of lipophilic HMG-CoAR inhibitors (statins). Preclinical studies support the anti-
tumoural effects of statins and have reported anti-proliferative, proapoptotic, anti-
invasive, as well as radiosensitizing properties of statins (Chan et al. 2003). 
 
Several dietary components are potential inhibitors of HMG-CoAR activity. Plant 
isoprenoids are derived from vegetables, grains, and essential oils of fruits (Crowell 
1999). Genistein is derived from soy and possess estrogenic potential. Polyunsaturated 
fatty acids (PUFAs), mainly from dietary fish oils, and cholesterol, represent further 
sources of naturally occurring HMG-CoAR inhibitors (Duncan et al. 2005). Both in vivo 
and in vitro studies have observed anti-carcinogenic activity following administration of 
naturally occurring HMG-CoAR inhibitors, and the underlying mechanism is proposed to 
be inhibition of HMG-CoAR activity.  
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CLINICAL ASPECTS 
 
Diagnostics 
 
During the past decade, the breast cancer diagnosis has been based on the triple 
diagnostic procedure including clinical examination, mammography, and fine needle 
aspiration. The combined triad of tests provides a sensitivity of 100% and a negative 
predictive value of 100% allowing triple-negative individuals surveillance instead of an 
open biopsy (Kaufman et al. 1994). In case of suspicious cancer in any of the diagnostic 
procedures, further investigation is initiated, primarily using surgical biopsy, alternatively 
MRI or ductography. 
 
 
 

Treatment  
 
Breast cancer treatment comprises both local and systemic approaches. These 
approaches represent a wide range of options applied in different phases of the disease, 
and comprise surgery, radiotherapy, chemotherapy, endocrine therapy, and antibody 
therapy. 
 
 
Surgery 
 
Primary surgery is applied for most patients, and performed either in a breast conserving 
manner or as mastectomy. The surgical treatment of choice depends on several factors, 
i.e. tumour size, breast size, tumour growth pattern, and finally, and most importantly, 
the patient�s prerequisites. Following the introduction of the sentinel node (SN) 
technique, axillary surgery procedures have been modified. The sentinel node technique 
is appropriate in cases of smaller tumours and no indications of axillary metastasis. 
Otherwise, or in cases with positive sentinel node, axillary dissection is performed aiming 
at a minimum of ten examined lymph nodes. Surgery is generally not recommended in 
case of generalised disease at diagnosis. 
 
 
Radiotherapy  
 
In order to reduce the risk of loco-regional recurrences, women with invasive breast 
cancer should receive adjuvant radiotherapy to the remaining breast following breast 
conserving surgery (Malmstrom et al. 2003). Among women with locally advanced breast 
cancer, radiotherapy to the chest wall and loco-regional lymph nodes is applied following 
mastectomy. Postoperative radiotherapy to high-risk pre- and postmenopausal women 
has been shown to reduce the risk of local recurrences and improve survival (Overgaard 
et al. 1997, Overgaard et al. 1999). 
 
 
 
Chemotherapy 
 
Chemotherapy is applicable both in the neo-adjuvant, the adjuvant and in the palliative 
setting. Poly-chemotherapy is recommended in the neo-adjuvant and the adjuvant 
setting (2005). The rationale behind combining several drugs is the potential synergistic 
effects and different toxicity profiles which allow for more intense treatment modules. 
Neo-adjuvant treatment is primarily indicated in non-operable, locally advanced breast 
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RISK FACTORS 
 
 
 
Genetics 
 
Breast cancer exhibits familial aggregation, and a history of breast cancer among first or 
second-degree relatives increases breast cancer risk. The Collaborative Group on 
Hormonal Factors in Breast Cancer demonstrated a lifetime excess incidence of breast 
cancer of 5.5% for women with one affected first-degree relative and 13.3% for women 
with two (2001). Relatives diagnosed at young age is another important risk marker, and 
recent studies indicate that survival patterns are heritable (Hartman et al. 2007, 
Hemminki et al. 2007). Most breast cancers are sporadic and occur without any identified 
breast cancer susceptibility. In contrast, around 5 % of all breast cancers are considered 
hereditary and develops in women with inherited breast cancer susceptibility genes, most 
notably BRCA1 and BRCA2 (Loman et al. 2003). Mutation carriers have a seriously 
increased breast cancer risk estimated to an average cumulative risk of 65 % for BRCA1-
mutation carriers and 45 % for BRCA2 (Antoniou et al. 2003). A number of breast cancer 
susceptibility genes have been identified, however, it is estimated that all currently 
known breast cancer susceptibility genes accounts for less than 25% of the familial 
aggregation of breast cancer. The number of identified breast cancer susceptibility genes 
probably represents a small fraction, and intensive research chases new candidates 
(Easton et al. 2007, Pharoah et al. 2007). 
 
 
 
Diet 
 
The etiological role of diet in breast cancer is still unclear, although migrant studies 
demonstrating altered breast cancer risk profiles could indicate a dietary influence (King 
et al. 1980). Given the complexity of dietary intake, the number of potential cancer risk-
modifying agents is extensive. Furthermore, dietary assessment is complicated and 
several methods have been applied in different studies. Taken together, consistent 
associations between diet and breast cancer are difficult to prove, and might mirror a 
true absence of associations or may be caused by methodological difficulties (Michels, 
Mohllajee et al. 2007). 
 
In vivo studies have shown inhibition of mammary tumorigenesis in energy restricted 
animals, independent of the amount of dietary fat (Kritchevsky 1997). The preventive 
role of energy restriction was supported in a human study, demonstrating a significantly 
reduced breast cancer incidence among women hospitalized for anorexia nervosa prior to 
the age of 40 years compared to the general population (Michels et al. 2004). Energy 
balance covers energy intake and expenditure, and the null findings might be an 
important parameter in breast cancer risk assessment (Silvera et al. 2006). 
 
Fat intake has received considerable attention in breast cancer studies, although any 
consensus has not been reached. A meta-analysis of 12 case-control studies showed a 
higher breast cancer risk in the top quintile of total fat intake (Howe et al. 1990), as 
opposed to other case-control studies reporting negative results (Lipworth 1995). In 
general, prospective cohort studies have not shown any associations between total fat 
intake and breast cancer risk (Hunter et al. 1996). The hypothesis that a low-fat diet 
would reduce breast cancer risk was studied in a recent randomized controlled trial, and 
revealed a non-significant risk reduction in the intervention group (Prentice et al. 2006). 
 
Several nutritional researchers have questioned the traditional fat debate (Taubes 2001, 
Willett 1994) and stated that �mainstream nutritional science has demonized dietary fat� 
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(Taubes 2001). Rose et al have proposed that the challenge is rather to balance the 
proportion of different fatty acids than avoiding fat (Rose 1997). 
 
Diets are composed of several types of dietary fats, including saturated fatty acids (SFA, 
dairy products and meat), monounsaturated fatty acids (MUFA, i.e. olive oil), and 
polyunsaturated fatty acids (n-6 PUFA, vegetable oils, and n-3 PUFAs, fish). 
  
Animal studies have shown that the tumour promoting effect of fat depends on the type 
and amount of fat, and not simply the caloric content (Wynder et al. 1997). Most likely, 
the ratio between two PUFAs, n-6 and n-3, is important for the tumour promoting effects 
of fat observed in animal studies. Further, diets rich in the eicosapentanoic acid (long-
chained PUFA), present in fish oil, lack tumour promoting effects. In parallel, the low 
breast cancer rates in Eskimo and Japanese populations might be explained by the high 
content of eicopentanoic acid (Kaizer et al. 1989). Similar findings for oleic acid, present 
in olive oil, have been reported based on epidemiological studies on the relatively low 
breast cancer rates in Southern Europe where olive oil is a major contributor to the total 
amount of fat (Trichopoulou et al. 1993). 
 
The association between fatty acids and breast cancer was addressed in a study from the 
Malmö Diet and Cancer cohort, where the authors found that a high intake of n-6 PUFAs 
was associated with an increased risk of breast cancer (Wirfalt et al. 2002). In another 
Swedish cohort study, a high PUFA intake was associated with an increased breast cancer 
risk, whereas MUFA intake and breast cancer risk were inversely associated (Wolk et al. 
1998). SFA intake was not associated with breast cancer in neither of the Swedish 
studies. 
 
In general, diet consists of three different macronutrients; fat, carbohydrates, and 
protein. The intake of carbohydrates has generally not been associated with an increased 
breast cancer risk (Holmes et al. 2004, Jonas et al. 2003, Nielsen et al. 2005). The 
number of studies on protein intake and breast cancer risk is limited. 
 
 
 
Anthropometrics 
 
Anthropometric measurements cover a variety of parameters; height, weight, BMI, waist 
� and hip circumference, waist-hip ratio, and body fat percentage are all frequently 
applied parameters. In analyses of anthropometrics and breast cancer, it is generally 
agreed that stratification for menopausal status should be performed. Body size and 
postmenopausal breast cancer are positively associated whereas an inverse association is 
seen for premenopausal breast cancer (Harvie et al. 2003). In the following text �breast 
cancer� refers to postmenopausal breast cancer. 
 
 
Height 
 
Attained height is regarded as a non-modifiable anthropometric factor. A positive 
association between height and breast cancer risk has been reported in several cohort 
studies (van den Brandt et al. 2000). The possible mechanisms behind this are unclear. A 
low stature might reflect insufficient energy intake during childhood and as energy 
restriction has been shown to reduce breast cancer risk (Kritchevsky 1997, Michels et al. 
2004), this might partly explain the association. However, in relatively affluent 
populations, height is still considered a risk factor for breast cancer (Swanson et al. 
1989, Trentham-Dietz et al. 1997). More likely, genetic and environmental factors 
interact in a still unsolved manner.   
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Weight, BMI, waist, hip, and body fat percentage 
 
Body size is an important modifiable risk factor for breast cancer (Friedenreich 2001, 
Reeves et al. 2007). However, estimation of body size is not that simple and the choice 
of parameters often depends on the purpose and practical possibilities. Weight, BMI, 
waist- and hip circumference are rather inexpensive measurements and often applied in 
larger studies. BMI is used as an indicator of �general� body size, whereas waist- and hip 
circumference give information on the distribution of body fat. Assessment of body fat 
percentage generates an average estimate of body fat, but is a rather expensive and 
time-consuming method. Several anthropometric measurements have been used in 
breast cancer studies and it remains undecided which one of them is the most reliable 
predictor of breast cancer risk. 
 
Harvie et al conducted a review on central obesity using waist circumference and waist-
hip-ratio as indicators and found a positive association with breast cancer risk. 
Adjustment for BMI abolished the association and the authors conclude that central 
obesity is not a superior breast cancer predictor compared to general obesity (BMI) 
(Harvie et al. 2003). The increased breast cancer risk with a higher BMI is most likely due 
to increased concentrations of circulating sex hormones, and strong empirical evidence 
exists to support this underlying mechanism (Key et al. 2003). Adult weight gain has 
received increasing attention and is proposed as an equivalent, or even superior, risk 
indicator compared to BMI (Feigelson et al. 2004, Han et al. 2006). Han et al found a 4% 
increase in breast cancer risk for every 5 kg gained weight, however, weight gain in 
different periods of life might exert distinct impact on breast cancer risk and should be 
investigated further (Han et al. 2006). 
 
 
 
Physical activity 
 
Physical activity is considered a modifiable risk factor for breast cancer, and several 
studies have reported an inverse association (Bernstein et al. 2005, Lahmann et al. 
2007, Moradi et al. 2002, Sprague et al. 2007). Some studies suggest that physical 
activity primarily affects postmenopausal breast cancer risk (Monninkhof et al. 2007). 
Both recreational, household, and occupational activities are proposed as contributors to 
the protective effects (Sprague et al. 2007). The biological mechanisms behind are not 
fully understood, however, physical activity-mediated effects such as low estrogen 
bioavailability, prevention of weight gain, regulated insulin sensitivity, and altered 
immunological functions, are plausible explanations (Hoffman-Goetz et al. 1998, Sprague 
et al. 2007).  
 
 
 
Alcohol 
 
Alcohol consumption and breast cancer risk have consistently been positively associated 
(Hamajima et al. 2002, Singletary et al. 2001, Zhang et al. 2007). Increased estrogen 
levels following a regular alcohol use is a possible mechanism, although many other 
factors enhance alcohol-mediated effects on breast cancer risk, i.e. low folate intake 
(Singletary et al. 2001, Suzuki et al. 2005). The type of alcohol beverage has not been 
shown to affect breast cancer risk (Tjonneland et al. 2003). The average daily alcohol 
intake rather than drinking frequency seems to affect breast cancer risk (Tjonneland et 
al. 2003), and even a moderate alcohol intake of one drink per day has been associated 
with increased breast cancer risk (Longnecker et al. 1995). A study on alcoholic women 
with a severe intake did not reveal the presumed increase in breast cancer risk (Kuper et 
al. 2000).  
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Smoking 
 
The association between cigarette smoking and breast cancer is still controversial. A 
large collaborative re-analysis found no association between smoking and breast cancer 
(Hamajima et al. 2002). However, the association might be blurred by excluding tumour-
biological factors in the risk-assessment (Russo 2002). Some studies have advocated a 
protective role of cigarette smoking due to potential anti-estrogenic effects (Baron et al. 
1990), and dual effects of smoking has been reported and highlighted the need of 
separate analysis of pre- and postmenopausal women (Band et al. 2002). Cessation of 
cigarette smoking might be a risk indicator as higher breast cancer incidence has been 
reported among ex-smokers compared to current and never smokers (Manjer et al. 
2000). Furthermore, ex-smokers have an increased risk of grade III and PgR negative 
tumours compared to never-smokers (Manjer, Malina et al. 2001). 
 
 
 
Socioeconomic status 
 
Women of a high socioeconomic status have an increased risk of breast cancer (Baquet 
et al. 2000, Faggiano et al. 1997). The different incidence between deprived and affluent 
women might be caused by factors like late maternal age at first childbirth, nulliparity, 
and use of exogenous hormones  among affluent women (Brown et al. 2007). Higher 
attendance rates in screening programmes among affluent women, probably contribute 
to the different incidence rates across socioeconomic groups (Brown et al. 2007). The 
socioeconomic status is an important prognostic parameter in breast cancer, and most 
studies agree on an association between a poor socioeconomic status and poor prognosis 
(Baquet et al. 2000, Bouchardy et al. 2006). Especially young women of poor 
socioeconomic status are at high risk of dying from their breast cancer with a three-fold 
higher risk compared to women of high socioeconomic status (Bouchardy et al. 2006). 
 
 
 
Endogenous hormones 
 
An endogenous hormone is defined as a substance produced in one organ and 
transported to another with the purpose of exerting its metabolic effect. Steroid 
hormones are lipophilic molecules derived from cholesterol. When bound to albumin or 
serum hormone binding globulin (SHBG), they are in an inactivated state. However, the 
unbound and active forms diffuse through cell membranes and bind to receptors in the 
nucleus, mitochondria or cytoplasm. The ovarian hormones, i.e. estrogen and 
progesterone, are crucial in breast cancer development (Key et al. 2002) and described 
further below.  
 
 
Estrogen 
 
In premenopausal women, the predominant estrogen source is the ovaries. In the 
ovaries, cholesterol is converted to androstendione and either directly, or via 
testosterone, to estrone and estradiol, respectively (Clemons et al. 2001). The 
conversion into estrogens is regulated by aromatase enzymes which are stimulated by 
FSH. The lower estrogen levels in postmenopausal women are due to cessation of ovarian 
production of estrogens. However, compensatory estrogen production is initiated via 
aromatization of androgens predominantly from the adrenal glands. Liver, muscle, and 
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fat tissue are the predominant places for this conversion, and explain the higher levels of 
circulating estrogens in obese women (Key et al. 2003). 
 
In a �paracrine� manner, local estrogen production in the breast may occur. Recent 
studies propose that local formation of estrogens in breast tumours may be more 
important than circulating estrogen in plasma for the growth and survival of estrogen-
dependent breast cancer in postmenopausal women. The biosynthesis of estrogens in 
breast tumour tissues can follow two major and different routes, one being the 
aromatase pathway and another one the steroid-sulfatase (STS) pathway. There is 
accumulating evidence for higher estrogen concentration in breast tissue among women 
with breast cancer compared to those without (Chetrite et al. 2000, Nakata et al. 2003). 
Estrogens diffuse passively through the cell- and nuclear membranes in target cells. In 
complex with estrogen receptors, estrogen binds to estrogen responsive elements 
(EREs), whereby cell growth and differentiation is regulated. 
 
Estrogen levels are known to affect breast density (Greendale et al. 2005), supported by 
the notion that hormonal replacement therapy increases breast density (Greendale et al. 
2003) and tamoxifen treatment causes reduced breast density (Ursin et al. 1996). 
 
Estrogens are essential for many normal functions in the human body (Weihua et al. 
2003), i.e. breast development, bone mineral density (Clemons et al. 2001), and arterial 
calcification processes (Saltiki et al. 2007). Life-time exposure to endogenous estrogenes 
varies among women and is determined by reproductive factors as age of menarche, age 
at first full-term pregnancy, parity, and age at menopause. Other determinants of 
estrogen resources are obesity, amount of exercise, and certain dietary nutrients, i.e. 
phytoestrogens (Clemons et al. 2001).  
 
Estrogens are predominantly metabolized in the liver. The estrogen catabolism reveals 
both intra- and interpersonal variation due to gene polymorphism among catabolic 
enzymes (Clemons et al. 2001). Hence, further variation in the cumulative exposure to 
estrogen is added.  
 
Indeed, estrogen and breast cancer are associated. Estrogens are involved in both 
initiation and promotion of breast cancer. The mechanisms behind are complex. Estrogen 
has potential genotoxic effects, and DNA-damage might occur through activation of 
oncogenes or other proteins that are involved in the nucleic acid synthesis. Tumour 
promotion is mainly facilitated by proliferative effects exerted by estrogens in complex 
with estrogen receptors (Russo et al. 2006).  
 
 
Progesterone 
 
Progesterone is the only endogenous progestin. The corpus luteum in the ovaries is the 
primary site for synthesis, and a minor amount is derived from the adrenal glands. 
Progesterone is a precursor of androstendione which may be converted into testosterone, 
and further to estrone and estradiol. The role of progesterone in breast cancer is not fully 
elucidated.  Most epidemiological studies report no association between progesterone and 
breast cancer risk (Eliassen et al. 2006, Missmer et al. 2004), however, breast cell 
proliferation is increased in the luteal phase when progesterone levels are high 
(Navarrete et al. 2005). The full development of the mammary gland is not achieved 
until pregnancy and progesterone is proposed to play an important role in the 
morphological and functional changes of the breast induced during pregnancy (Soyal et 
al. 2002). 
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Exogenous hormones 
 
Oral contraceptives 
 
The use of oral contraceptives (OCs) is estimated to cause a slightly increased risk of 
breast cancer, although levelled out ten years after cessation (1996, Veronesi et al. 
2005). The influence on breast cancer risk exerted by OCs depends on several different 
parameters. Age of OC initiation, time of initiation in relation to menarche and first child 
birth, duration of OC use, and type of OC (Althuis et al. 2003) are relevant parameters to 
take into account when estimating breast cancer risk subsequently to OC use (Ansink et 
al. 2007). A recent Swedish study found no increased breast cancer risk among current 
and ever users, while women with a history of OC use prior to the age of 20, had a 
markedly higher risk of early-onset breast cancer (Jernstrom et al. 2005). 
 
 
Hormonal replacement therapy (HRT) 
 
Along with menopause and hormone deprivation, menopausal symptoms arrive. The 
most frequent symptoms include flushes, depression, heart palpitations, fractures, 
variations in menstruation cycle, sweat symptoms, etc. Hormone replacement therapy 
(HRT), prescribed as single estrogen-therapy (ERT), was introduced in the 1960s with 
great expectations, yet an increased risk of endometrial cancer emerged as a severe 
adverse effect. The addition of progestin eliminated the increased risk (Persson 89, Voigt 
91) and further on combined hormonal replacement therapy (CHRT) was recommended 
(Odlind 2004). In CHRT, progestins are added either sequentially or continuously.  
 
During the 1980s the use of HRT increased rapidly. In the Million Women Study (UK) 
recruiting participants between 1996 and 2001, half the women were current or former 
users of HRT (Beral 2003). However, novel consequences of the popular therapy arose. 
In the 1990s several meta-analyses pointed out an increased risk of breast cancer among 
HRT-users (1997). The Women�s Health Initiative Study, a randomized controlled primary 
prevention trial, was stopped after a mean of 5.2 years of follow-up due to an increased 
risk of breast cancer in the CHRT group compared to the placebo group. Further, the 
risk-benefit analysis concluded that initiation and continued CHRT was not appropriate for 
primary prevention of coronary heart disease (Rossouw et al. 2002).  
 
The first results from the Million Women Study were published in 2003 and showed a 
marked increase of breast cancer among women receiving CHRT, but not ERT. Neither 
the type of estrogen/progestin, nor the administration (sequential/continuous) and dose, 
influenced the risk of breast cancer. Further, the increased breast cancer risk seemed to 
vanish five years after HRT cessation (Beral 2003). The difference in breast cancer risk 
between ERT and CHRT has been described in several other studies (Colditz 2005, Collins 
et al. 2005, Greiser et al. 2005). Breast cell proliferation increases along with high 
endogenous progesterone levels in the luteal phase, and in a similar fashion after 
initiation of CHRT (Conner et al. 2003, Hofseth et al. 1999). Notably, proliferation was 
localized to the terminal duct-lobular unit of the breast, the site for development in most 
breast cancers (Hofseth et al. 1999).  
 
Women using HRT show increased breast density on mammography (McTiernan et al. 
2005) and women on continuously administrated CHRT have the most affected 
mammograms (Colacurci et al. 2001). A recent study reports that extensive 
mammographic density is associated with an increased risk of breast cancer detected by 
screening or during screening intervals and dense mammograms are therefore regarded 
as a risk factor per se (Boyd et al. 2007). However, dense breast tissue is more difficult 
to examine on mammography, and others propose that the decreased sensitivity of 
mammograms might influence the increased risk of interval cancer (Hofvind et al. 2006).  
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Thus, alternative diagnostic methods for women on HRT might be appropriate. 
Particularly when considering the fact that HRT-users are at high risk of lobular cancers 
which are often multifocal and easier detected on MRI (Biglia et al. 2007). 
 
Anthropometric factors have been related to breast cancer risk among HRT users; lean 
women appear to be at higher risk compared to obese women (Lahmann et al. 2004). 
Lean women do have lower levels of unbound serum estradiol compared to obese women 
(Bezemer et al. 2005, Rinaldi et al. 2006) and the use of HRT may stimulate cell 
proliferation relatively more in hormone-deprived lean women than in obese women.  
 
The biological association between CHRT use and breast cancer is not clear. Most studies 
agree on a tumour promoting effects of hormones (Anderson et al. 1989), whereas 
hormonally induced tumour initiation appears more controversial (Dietel et al. 2005). 
 
 
 
Reproductive factors 
 
The breast undergoes continuous changes during the reproductive phase in a woman�s 
life. The reproductive history includes several factors such as age at menarche, age at 
first full-term pregnancy, parity, breast feeding, and age at menopause. A relatively high 
cumulative estrogen exposure obtained through early menarche, late menopause, and 
nulliparity increases the risk of breast cancer (Veronesi et al. 2005). Oppositely, high 
parity, young age at first full-term pregnancy, and breast feeding have been associated 
with a protective effect on breast cancer risk (Clavel-Chapelon 2002, Veronesi et al. 
2005). Giving birth has shown dual effects on breast cancer risk with a temporary 
increased breast cancer risk subsequent to birth in the first five to ten years (Lambe et 
al. 1994, Liu et al. 2002). Neither spontaneous nor induced abortions seem to influence 
breast cancer risk (Clavel-Chapelon 2002, Michels, Xue et al. 2007, Paoletti et al. 2003).  
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SUBJECTS AND METHODS 
 
Study cohorts 
 
The Malmö Diet and Cancer Study (Paper I-IV) 
 
The Malmö Diet and Cancer Study (MDCS) is a prospective cohort study. Participants 
were recruited from a source population defined as all persons living in Malmö and born 
between 1926 and 1945. In 1994, the source population was extended to include women 
born between 1923 and 1950, and men born between 1923 and 1945. The only exclusion 
criteria was mental incapacity or inadequate language skills in Swedish (Berglund et al. 
1993). Recruitment was performed by public advertisement (posters and pamphlets) and 
personal invitations (letters and telephone calls) (Manjer et al. 2002). Participation was 
voluntary and without any financial compensation. Baseline examinations were initiated 
in March 1991 and conducted until September 1996. Participants visited the MDC 
screening centre twice. At the first visit, they received instructions on how to register 
meals in the menu-book and how to fill in questionnaires concerning demographic, 
socioeconomic, and various life style factors, including dietary habits. Furthermore, 
anthropometric measures and blood samples were taken. The purpose of the second visit 
was to ensure completion of the questionnaires and it also included a dietary interview. 
At the end of baseline examinations, 28 098 participants had completed all study parts, 
of whom 17 035 were women (Manjer, Carlsson et al. 2001).   
 
Breast cancer cases were ascertained by record linkage with the Swedish Cancer Registry 
and the Southern Swedish Regional Tumour Registry. Vital status was retrieved from the 
Swedish Cause of Death Registry. 
 
In Paper I, end of follow-up was 31 Dec 2001. Following baseline examinations, a total of 
440 women were diagnosed with incident breast cancer. Fifty cases were diagnosed as in 
situ breast cancer, and in 44 cases adequate tumour samples were not available at the 
Department of Pathology, either due to that surgery had been performed at another 
hospital or that the amount of tumour material left for histopathological evaluation was 
insufficient. The remaining cohort of 346 women with invasive breast cancer forms the 
study population in Paper I. 
 
In Paper II, the peri-and postmenopausal cohort was extracted and included 12 583 
women among which 512 had been diagnosed with breast cancer previously and 
classified as prevalent breast cancer. By the end of follow-up (31 Dec 2001), 332 women 
had been diagnosed with incident breast cancer. In situ carcinoma accounted for 30 
cases, in 36 cases there was no available or inadequate amount of tumour tissue, and 
the remaining 266 women diagnosed with invasive breast cancer form the cohort of 
cases in this paper. The cohort of 11 739 peri-and postmenopausal women without 
prevalent or incident breast cancer, represents the healthy control subjects. 
 
In Paper III, the follow-up period was extended to 31 Dec 2004 and by then; a total of 
622 women within the MDCS had been diagnosed with incident breast cancer. However, 
this study on anthropometric factors was restricted to analyses of peri- and 
postmenopausal women (n=12 583) with no prevalent breast cancer or HRT use at 
baseline which reveals a study population of 9685 women. In the study population, 305 
women were diagnosed with incident breast cancer and in 248 cases invasive and 
sufficient tumour material was provided. The remaining breast cancer population 
consisted of 31 in situ carcinomas and 26 cases with unavailable tumour samples. 
 
In Paper IV, end of follow-up was the same as in Paper III revealing 622 incident breast 
cancers. Within the MDCS, three different study populations were defined. For the 
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correlation analyses, the cohort of all invasive breast cancer cases with available tumour 
material, was applied and counted 511 cases. The remaining cases included 72 in situ 
carcinomas and 39 cases with unavailable tumour material. The analyses of HRT use 
included the peri- and postmenopausal cohort with no prevalent breast cancer 
(n=12 071) and included 464 incident breast cancer cases. Invasive breast cancer 
accounted for 382, another 45 were carcinoma in situ, and in 37 cases tumour material 
was not available. For analyses of anthropometric factors, the study cohort of Paper III 
was used. 

Figure 5  Flow-chart of the Malmö Diet and Cancer cohort 
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The Consecutive Breast Cancer Cohort (Paper V) 
 
The Consecutive Breast Cancer Cohort (CBCC) is a consecutive series of unselected 
breast cancer patients diagnosed with invasive breast cancer at the Department of 
Pathology, Malmö University Hospital, between 1988 and 1992. Breast cancer samples 
were collected, and data on treatment and disease outcome were retrieved from medical 
records. The CBCC includes 512 women with invasive breast cancer and adequate data 
on treatment and disease outcome was retrieved in 389 cases. Data on the remaining 
proportion was either insufficiently described in medical records or lost due to follow-up 
outside the Malmö University Hospital. 
 
 
 

Pathological re-evaluation 
 
Invasive breast tumours from MDCS and CBCC were collected and re-evaluated by a 
senior breast pathologist according to tumour type (WHO) (1982), NHG (Elston et al. 
1991), tumour size, and lymph node involvement. Furthermore, areas with invasive 
breast cancer were marked for the construction of the tissue microarray (TMA). 
 
 
 

Tissue microarray  
 
The tissue microarray (TMA) technology was developed in the late 1990s (Kononen et al. 
1998) and is now a commonly used method for high-throughput analyses of protein 
expression in tumour samples. The construction of the TMAs can be done either manually 
or using an automated arrayer. In paper I-II and V the manual arrayer (MTA-1) was 
used, and in paper III-IV an automated arrayer was used as well (ATA-27), both devices 
were provided by Beecher Inc., Sun Prairie, Wisconsin, USA. Generally, two tissue cores 
were retrieved from each donating paraffin block and arranged in a recipient block. Each 
recipient block contained approximately 200 cores corresponding to 100 patients. In 
order to consume a minimum of tumour tissue, small tissue cores are desired, and cores 
of 0.6 mm were preferred.  
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