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Summary 

The last proportion of heredity in breast cancer has proven to be somewhat elusive 
despite massive attempts to identify the associated factors. Approximately 50 percent 
of breast cancer caused by familial factors is currently explained. The five-year survival 
for breast cancer patients is excellent; however, breast cancer is considered a chronic 
disease, and given enough time, new tumors can develop. Women age 40 and older 
are offered screening mammography. However, population screening is expensive, 
and being able to pinpoint those who are at high risk of breast cancer would be 
beneficial. Both genetic and environmental risk factors could be used to select women 
who need screening. A major aim of this thesis was to try to identify potential familial 
patterns as candidates for hereditary breast cancer.  
 
In Paper I, we studied horizontal family history of breast cancer in relation to 
histology to discover a candidate phenotype for recessive inheritance. A horizontal 
pedigree pattern is characterized by two or more sisters diagnosed with breast cancer, 
without a family history of breast cancer in prior generations. A horizontal inheritance 
was more common in patients with tubular carcinoma compared with other 
histologic subtypes. Therefore, we propose that breast cancer patients with tubular 
carcinoma who have a sister or sisters diagnosed with breast cancer are candidates for 
genetic studies when searching for a recessively inherited predisposing gene.  
 
In paper II, we studied the occurrence of cancer in first-degree relatives of breast 
cancer patients diagnosed with the lobular carcinoma histologic subtype compared 
with other histological subtypes of breast cancer. We found a hereditary pattern 
involving breast cancer patients with lobular carcinoma and having a father diagnosed 
with cancer. The association was independent of a family history of breast cancer in 
sisters, the mother and grandmothers. Similarly, even though prostate cancer was 
prominent in the fathers, the association remained after removal of fathers diagnosed 
with prostate cancer.  
 
In paper III, we confirmed a previously reported younger age at breast cancer 
diagnosis in carriers of a BRCA1 mutation of paternal origin compared with maternal 
origin. Additionally, we observed an older age at ovarian cancer diagnosis in carriers 
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of a BRCA1 mutation of paternal origin compared with maternal origin. No such 
observations were observed for BRCA2 mutation carriers.  
 
In paper IV, we studied the occurrence of spider telangiectasias at the time of breast 
cancer diagnosis in relation to hormonal risk factors. We reported that the occurrence 
of spider telangiectasias was associated with several hormonal risk factors such as 
weight, parity, history of oral contraceptive use, and menopausal hormone therapy 
use. A better overall survival was observed in older breast cancer patients who 
displayed spider telangiectasias at the time of breast cancer diagnosis.  
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Introduction 

One third of the world’s population will be diagnosed with cancer at some point in 
their life-time. Although the 5-year survival has increased, there is an increase in the 
incidence of cancer in the entire population, and especially in the developing 
countries.1 In Sweden approximately 7500 women and 45 men were diagnosed with 
breast cancer (BC) in 2011, and although the 5-year survival is 90%, still 1400 
women and 15 men died in 2011 due to their BC. One third of all cancer diagnoses 
in women was BC diagnoses in Sweden in 2011, and approximately one in every nine 
women will be diagnosed with BC before age 75.2  
 
Tumor development in the breast from the first change in a normal cell, until a 
malignant tumor has developed is estimated to be on average 20 to 40 years.3, 4 In 
2000, Hanahan and Weinberg suggested key elements called “The hallmarks of 
cancer”, which are necessary for tumor development: resistance to cell death, 
sustained proliferative signaling, evasion of growth suppressors, enabling replicative 
immortality, activation of the ability to invade tissues and form metastases, and the 
induction of tumor angiogenesis.5 In 2011, they published an updated version 
containing four new hallmarks in addition to the other six: induction of genome 
instability and generation of mutations, avoidance of immune destruction, 
deregulation of cellular energetics, and the ability to induce tumor-promoting 
inflammation.6  

Figure 1 My thesis in relation to the 
Hallmarks of cancer. Papers I, II, and III all 
touch upon heredity and familial breast 
cancer. In paper IV spider telangiectasias, 
indicators of high levels of hormonal influence 
are suggested as markers of angiogenesis.  
Reprinted from Cell, Vol. 144, Hanahan, D., 
Weinberg, RA., Hallmarks of cancer: the next 
generation, pages no. 646-674, Copyright © 
2011 with permission from Elsevier. 
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The breast 

The presence of breasts is one of the main aspects for distinguishing mammals from 
other living creatures, such as reptiles, birds and insects. With a support system of 
interlobular stroma and fibroadipose tissue, the female breast has 6-10 duct systems, 
which originate at the nipples. Similar to a tree branching into finer and finer 
branches, the ducts in the mature, lactating breast end in clusters of acini. The ductal-
lobular system is layered with an inner epithelium, with a main secretory function, 
and an outer myoepithelium, with a contractile function. Additionally, the breast is 
also lined with adipose tissue. 
 
 
 

 

Figure 2. Anatomy of the female breast. The nipple and areola are shown on the outside of the breast. 
The lymph nodes, lobes, lobules, ducts, muscle, ribs, chest wall, and fatty tissue of the breast are also 
shown.        © 2011 Terese Winslow LLC, U.S. Govt. has certain rights 
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Development and life-cycle of the breast  

In humans, the male and female breasts are anatomically similar from gestational age 
until pre-puberty. At puberty, the female breast starts to further develop, while the 
male breast does not further progress and develop. The development and life-cycle of 
the breast in females is schematically described in figures 3a, 3b, and 3c.  
 
 
 
 
 

< 5 mm embryo Galactic band
The ectodermal milk streak or galactic band forms on 
the embryonic trunk

< 5 mm embryo Galactic band
Ectoderm over the thorax invaginates into 
mesenchyme, leading to epithelial budding and 
branching

< 5 mm embryo
Mammary ridge Near the thorax the galactic band develops and forms 

the mammary ridge, remaining part of the galactic band 
regresses

> 5 mm embryo Milk hill stage A thickening of the mammary anlage

10-11 mm embryo Disc stage Invagination into the chest wall mesenchyme

11-25 mm embryo Globular stage Tridimensional growth 

25-30 mm embryo Cone stage
Further invasion of chest wall mesenchyme -> 
flattening of the ridge

30-68 mm embryo Budding stage Bud-formation in epithelial cells 

30-68 mm embryo Budding stage Mesenchymal cells form the smooth muscles of the 
nipple and areola

10 cm embryo
Branching stage Buds branch and form 15-25 strips of epithelium, which 

are the future secretory alveoli

after w 16 The secondary mammary anlage:
Differentiation of hair follicles together with partly 
development of sebaceous glands

Sweat gland elements fully developed

w20-32
Canalization stage Canalization of epithelial branches under hormonal 

influence. 

w 32
15-25 ducts have been formed together with 10 major 
ducts and sebaceous glands near the epidermis 

w 32-40 End-vesicle stage
Parenchymal differentiation leads to lobuloalveolar 
containing colostrum develops

Mammary gland mass is increased fourfold 

The nipple-areolar complex is developed and pigmented
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Figure 3a. Brief description of embryonic breast development.7-11 
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d 0-7 to w3/4
Withdrawal of maternal hormones induces 
neonatal prolactin, resulting in secretion of 
colostral milk

Newborn-2 yrs.
Further canalization of end vesicles and ductal 
structure development, and menopause-like 
involution

2 yrs. - onset of puberty Quiescence, same growth rate of the breasts 
as the rest of the body

Pre-puberty Tanner stage 1 Elevation of the nipple

Early puberty Tanner stage 2 - Thelarche
Development of the breast buds, formation of a 
single mound of tissue, enlargement of the 
areola

Epithelium forms into a branching bilayered 
ductal structure with an outer layer of basal 
myoepithelial cells and an inner luminal cell 
layer. Luminal cells will differentiate into cells 
lining the ducts (ductal luminal cells) and 
secretory cells (alveolar luminal cells). 
Branching and ductal formation starts at the 
terminal end buds.

Tanner stage 3 Further increase of breast tissue and areola

Late puberty Menarche Induction of menses, the first bleeding.

Tanner stage 4 and stage 5
Formation of second mound of tissue, and 
increased nipple and areola, and recession of 
the areola 

Late puberty Stable menarche Regularity in monthly cycle

By the time the female reaches late 
adolescence, the nulliparous breast has 
reached ductal and stromal maturation and 
contains mainly lobules type 1. Type 1 lobules 
consists of a short terminal duct ending in a 
cluster of approximately 11 alveoli buds and are 
often referred to as terminal ductal lobular units 
(TDLU).

Breast development: Postpartum until the end of puberty
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Figure 3b Breast development from birth until the end of puberty.7-11 
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Pregnancy First half of pregnancy

Proliferation resulting in acini 
formation, more well-differentiated 
lobules than primitive budding lobules. 
By the end of the first half the ductal 
tree is structurally set.

Type 1 lobules develops into type 
2, further to type 3 and finally 
type 3 into preparation of type 4.

Second half of pregnancy

Acini further enlarges through 
cytoplasm enlargement. Proliferation 
rate of new acini is smaller than fully 
differentiated acini. Lipids are 
accumulating in the epithelium. 

Mostly type 4 lobules present.

Partum Lactation

Females that has gone through 
pregnancy and is lactating, 
differentiation of cells follows lactation 
and milk production.

Type 4 lobules are present.

Adult and mature breast No more lactation in parous women Mostly type 3 lobules present.

> 40 yrs. Regression

Type 3 lobules in parous females 
regress, probably due to 
involution, back to type 2 and 
finally to type 1.

Menopause

Type 1 lobules present in parous 
and nulliparous women both. In 
parous females it's a regressed 
form of type 1 where most cells 
are in G0 phase, and in 
nulliparous women it's a 
proliferative type 1 where few 
cells are in G0 phase.

Breast development: First pregnancy until menopause
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Figure 3c Breast development from first pregnancy until menopause. 7-11 
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Risk factors for breast cancer 

Genetics and inheritance 

In monogenic inheritance, the inherited genotype involves only one locus, whereas 
the polygenic inheritance, involves several loci. A genotype could be autosomal, which 
means that the locus inherited is situated on chromosomes one to 22. A genotype 
could also be gonosomal, which means that the locus is located on the X or Y 
chromosomes. A third type of genotype is mitochondrial, which means that the locus 
is located on the mitochondrial DNA, which is generally maternally inherited in 
humans.12 
 
When discussing the correlation between genotype and phenotype, there are several 
inheritance patterns through which inheritance can occur. For a monogenic trait, 
there is the classical dominant inheritance, in which the dominant phenotype is 
visible when the carrier is either homozygous or heterozygous for the dominant allele. 
The recessive genotype only becomes the phenotype when the carrier is homozygous 
for the recessive allele. There is also the co-dominant genotype, which is 
phenotypically visible when the carriers are heterozygous for the alleles.12 
 
The penetrance for a genotype in cancer genetics is what determines whether, and 
when an inherited genotype that predisposed the phenotype (cancer) manifests 
disease. Penetrance can be altered on different levels. One such example is maternal or 
paternal imprinting. When maternal imprinting occurs, it is only the paternal allele 
that is expressed, and vice versa. One example of a maternally imprinted gene is the 
insulin-like growth factor 2 (IGF2).13 Environmental modifiers influence the 
penetrance of the inherited phenotype, such as pregnancy in BRCA1 mutation 
carriers, which increases the risk of a breast cancer diagnosis. There are also genetic 
modifiers of an inherited genotype, such as low penetrance genes. 
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Breast cancer genetics 

It has been estimated that approximately 25% of all BC cases are caused by familial 
factors 14 and that approximately 5-10% are caused by a monogenic inheritance.15 
Almost half of familial BC have a known cause, whereas the other half remains un-
explained. Of the known causes of familial BC, the two rare, high-penetrance genes, 
BRCA1 and BRCA2, account for the largest percentage (Figure 4).16, 17 However, it is 
likely that a large proportion of familial BC with unknown cause is due to 
combinations of low-penetrance genetic components, such as loci, genes, 
polymorphisms, and single nucleotide polymorphisms, independent of or in 
combination with environmental risk factors.18, 19 Some of these have been identified, 
while others will be more difficult to identify due to the interaction between genes 
and the environment.20  
 
 
 
 

 

Figure 4 Approximated distribution of hereditary breast cancer: known and unknown causes.  
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Genes or loci that have been found to increase the risk of breast cancer generally 
belong to one of the following biological pathways: mammary gland development, 
DNA repair, cell cycle control, and estrogen receptor signaling (Figure 5).21 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5 Pathways to which the different genes increasing risk of breast cancer falls. Rare high- or 
moderate-penetrance genes are indicated in red, whereas blue genes are candidate genes implicated in 
breast cancer risk found in or adjacent to common low-penetrant breast cancer susceptibility loci.21 
Reprinted from American journal of Pathology, Vol. 182, No.4, Ghoussaini, M., Pharaoh, P., and 
Easton, D., Inherited Genetic Susceptibility to Breast Cancer: The beginning of the end or the end of the 
beginning?, pages no. 1038-1051, Copyright © 2013 with Permission from the American Society for 
Investigative Pathology. 
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Rare high-penetrance genes, lifetime risk >50% 

Breast cancer 1, early onset (BRCA1)22 and breast cancer 2, early onset (BRCA2)23 are 
the two most important rare, high-penetrance BC genes. BRCA1 and BRCA2 have 
partially different functions, which are indicated by their different tumor spectra. 
Female BRCA1 mutation carriers have, in addition to an increased BC and ovarian 
cancer (OvC) risk, an increased risk of fallopian tube carcinoma and primary papillary 
serous carcinoma of the peritoneum. Male BRCA1 mutation carriers have similar risks 
of cancer as the general population. Female BRCA2 mutation carriers have, in 
addition to the increased risk of BC and OvC, an increased risk of both fallopian tube 
carcinoma and primary papillary serous carcinoma of the peritoneum that is much 
higher than that of the general population. For male BRCA2 mutation carriers, the 
risk of prostate cancer and male breast cancer are substantially increased. For BRCA2 
mutation carriers, additional malignancies could include pancreatic cancer and 
tumors in the gallbladder, bile duct and stomach, as well as melanoma.24 
 
Identified in 1994, BRCA1 is located on chromosome 17q21. BRCA1 consists of 24 
coding exons and is transcribed into the BRCA1 protein consisting of 1863 amino 
acids.22 BRCA1 is involved in maintaining genomic integrity in multiple systems: 
homologous repair, checkpoint control, spindle regulation and transcriptional 
regulation25, 26, as well as in response to estrogenic proliferation and genotoxic stress.27 
In 1995, BRCA2 was identified; it is located on chromosome 13q12.3 and consists of 
26 coding exons that are transcribed into the BRCA2 protein consisting of 3418 
amino acids.23, 28 Less is known regarding all the functions of BRCA2 in cells, but it is 
known that is plays an important role in regulating a protein (RAD51), thereby being 
a crucial part of the homologous repair processes in response to double strand 
breaks27.  
 
For BRCA1 mutation carriers, the risk for developing BC by age 70 has been shown 
to vary between 40% and 87%, and the risk for OvC varies between 16% and 68%. 
For BRCA2 mutation carriers, the risk of a BC diagnosis ranges between 40% and 
84% and the risk of an OvC diagnosis ranges between 11% and 27%. This variation 
in penetrance indicates involvement of other factors, which could include both 
genetic and lifestyle factors. Some of the observed differences in penetrance between 
studies may be due to differences in study design, such as high-risk cases only vs. 
population based studies.29 Regarding the genetic factors that influence penetrance, 
several modifiers of penetrance for BRCA1 and BRCA2 have been reported during the 
last couple of years.30-35   
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BC tumors in BRCA1 and BRCA2 mutation carriers are most commonly of the 
histologic type invasive ductal carcinoma (IDC). However, compared to the 
distribution in sporadic BC cases, medullary carcinoma is more common in both 
BRCA1 and BRCA2 mutation carriers with a majority in BRCA1 mutation carriers. 
Whereas invasive lobular carcinoma (ILC) is less frequent in BRCA1 mutation 
carriers, the occurrence in percentage is similar in BRCA2 mutation carriers compared 
with BC tumors in general population. Tumors in BRCA1 mutation carriers are 
generally estrogen receptor (ER) negative, and progesterone receptor (PR) negative, 
while the opposite is true for tumors of BRCA2 mutation carriers.36  

Other rare high-penetrance genes 
The third rare high-penetrance gene is the tumor-suppressor gene Tumor protein 53 
(TP53). TP53 is mutated in the cancer predisposing syndrome Li-Fraumeni cancer 
syndrome.37 TP53 was identified as the cause of Li-Fraumeni syndrome in the early 
1990s.38, 39 Li-Fraumeni syndrome causes a wide range of tumors, such as sarcomas, 
brain tumors, adrenocortical tumors, childhood cancers, and early-onset BC.37, 40, 41 
Women carrying a mutation in this gene have an approximately 100% life-time risk 
of developing BC42 and a 30% risk of developing BC by age 30.16 The transcription 
factor p53, encoded by TP53, plays a major role in cell-cycle regulation. p53 can 
activate several anti-proliferative pathways, inducing apoptosis, cell-cycle arrest, and 
senescence. TP53 is one of the most common altered genes in any type of sporadic 
tumor.43 
 
The last of the rare high-penetrance genes known today is the Serine/threonine 
protein kinase 11 (STK11, formerly known as LKB1) mutated in the Peutz-Jeghers 
syndrome44. Heterozygous mutation carriers of STK11 have an increased risk of breast 
cancer45. STK11 encoded by STK11 is important in regulating cell-cycle arrest 
through various pathways, one of which includes p53.46  
 
It is unlikely that there are many high-penetrance genes left to be discovered for BC. 
Those that may exist are most likely very rare or even family/region specific and will 
therefore most likely only be found accidentally. 

Moderate-penetrance genes, lifetime risk >20%  

By re-sequencing former candidate genes of high-penetrance BC found through 
family-based linkage analysis and positional cloning for genes with a moderate-
penetrance of BC were discovered, for example, searching up-stream and down-
stream in the DNA-repair signaling pathways in which BRCA1 and BRCA2 act.21 
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Such genes include mutations in the ATM, where heterozygous carriers have an 
approximately two-fold increased risk of developing BC47-49. CHEK2,50, 51 PALB2,52 
and BRIP153 also interacts with or in the DNA-repair pathways through which 
BRCA1 and BRCA2 act. The two other moderate-penetrance genes are part of other 
rare syndromes and were found using linkage studies in families with either Cowden’s 
disease, PTEN, 54 or Hereditary diffuse gastric cancer, CDH1.55 
 
There are most likely more of these moderate-penetrance genes to be found. This 
would require re-sequencing families with clusters of tumors with today’s more in-
depth methods in very large cohorts. Some of these genes may even be coupled with 
hormonal life-style factors that influence BC risk. Therefore, there is a need for 
studies combining sequencing information with known endogenous and 
environmental BC risk factors.  

Low-penetrance genes, lifetime risk >10% 

Known low-penetrance genes include a group of more than 72 BC susceptibility loci. 
The increase in the relative risk for low-penetrance genes of BC is seldom above 1.5.21 
Included in this group are commonly occurring allele variants in genes located in or 
adjacent to BC susceptibility loci. Some of these increase the risk of BC, while others 
decrease the risk. It is also very likely that some alleles increase the risk of BC given 
specific genetic or environmental influences through epigenetic changes. It is very 
likely that there are several more common low-penetrance alleles to be found.21  

Epigenetics in breast cancer 

The most common epigenetic modification is methylation of CpG islands.56 The 
cytosine (C) residue is followed by a guanine (G) residue with a phosphodiester (p) 
bond between them, and they frequently occur in clusters, so called CpG islands. The 
CpG islands are not randomly distributed in the genome and are often in, or in close 
proximity to promoter regions. CpG islands are found in more than half of all 
promoter regions in the human genome.57  Through methylation of the CpG islands, 
the histones undergo a conformational change, which causes the promoter to be less 
accessible or completely inaccessible for transcription. The latter is called epigenetic 
silencing. In sporadic BC, the expression of BRCA1 is down-regulated both 
epigenetically and through somatic mutations.58 The functioning allele in tumor cells 
of germline BRCA1/2 mutation carriers is seldom down-regulated epigenetically. 
However, several other genes, such as CDKN2A and CDH1, are commonly regulated 
through methylation, sometimes to such a degree that the gene is silenced, which is 
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called hypermethylation. Hypermethylation occurs in hereditary BC families as well 
as in sporadic tumors.59 Epigenetics, which also include other types of regulation of 
gene expression is a new field within BC research, and much is yet to be understood 
about how these processes influences both hereditary and as sporadic tumor 
development.  

Endogenous and environmental risk factors 

Risk factors that are not genetically or epigenetically inherited from parents are 
endogenous or environmental risk factors. The influence of endogenous and 
environmental risk factors starts in utero at the gestational stage via the maternal 
blood, and their influence continues until death. For several of the factors, the 
exposure is important and influential in specific time intervals during life associated 
with different developmental stages of the breast. It should be noted that 
tumorigenesis in breast carcinoma in most cases is a long and slow process, and 
exposure throughout life accumulates until the scale is tipped towards cancer 
development.  

Exposures during gestational development 

Several studies have reported an increased risk of mammary tumor development in 
rodents whose mothers were treated with hormone-like substances such as Bisphenol 
A.8 The association between prenatal exposure and BC is difficult to assess in humans; 
however, we are learning a great deal from murine models.  

Exposure to radiation 

Exposure to ionizing radiation, especially during childhood and early breast 
development, increases the risk of BC. The increased risk is not observed in women 
exposed at age 40 and older.60  

Age at first menarche  

An early menarche is an established risk factor for BC; the risk of BC increases with 
younger age of menarche.61, 62 The time between menarche and menopause, as well as 
menstrual cycle length, and number of pregnancies, reflects the number of menstrual 
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cycles a woman undergoes. A study reported that the number of menstrual cycles was 
a better risk determinant than the individual risk factors.63 Later onset of menarche 
seems to be associated with a decreased risk of mucinous carcinoma.64, 65  

Hormonal contraception  

A current use of oral contraceptive pills (OCP) induces a small increase in the risk 
ratio of a BC diagnosis. The increased risk will last until 10 years after cessation. 
Initiation of OCP use before age 20 is associated with an increase in BC risk 
compared with women who are older at the initiation of OCP use, and early 
initiation of OCP use has been associated with more proliferative tumors.66 However, 
tumors of current OCP users at BC diagnosis are more likely to be highly 
differentiated compared with tumors of never users of OCP at diagnosis.62 Almost 
90% of all women in Sweden are current users of OCP or have a prior history of 
OCP use.67 There seems to be a limited or no difference between ILC and invasive 
ductal carcinoma (IDC) risk and OCP use.68 The risk induction for OCP use in 
BRCA1 and BRCA2 mutation carriers is somewhat controversial.29 Several studies 
have reported an increased risk of BC among BRCA1/2 mutation carriers with a prior 
history of OCP use.69-72  

Parity 

Increasing parity is generally considered to be protective against BC,61, 62 and 
nulliparity is associated with an increased risk of BC at age 40-45.61 However, there 
seems to be a short-term increase in BC risk after each pregnancy followed by long-
term protection.73-77 With regards to the histological subtypes, patients with IDC, 
ILC or tubular carcinoma (TC) all have decreased risk of BC compared with 
nulliparous women.78-81 There have also been reports of a decreased risk of BC with 
increasing number of full-term pregnancies for the different histologic subtypes of 
BC,79, 81 especially in mucinous carcinoma. For medullary carcinoma, in contrast, 
there seems to be an increased risk with increasing parity.79, 82 In BRCA1/2 mutation 
carriers, there are observations of both a decreased and increased risk of BC with 
parity.83-85 

Age at first full-term pregnancy  

Increased age at first full-term pregnancy increases the risk of BC in general. There 
are observations that women older than 35 years at their first full-term pregnancy 
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have a similar or even higher risk of BC compared with nulliparous women.62 With 
regards to histology, the risk of medullary carcinoma does not seem to increase with 
increasing age at first full-term pregnancy,79 but results seems conflicting.64 For 
mucinous carcinoma and TC, however, there are several studies that report a lack of 
effect of age at first full-term pregnancy and risk of BC,64 whereas patients with ILC 
had a significantly higher risk with increasing age at first full-term pregnancy 
compared with other histopathological subtypes, even if the increased BC risk is 
present in IDC as well.78-80, 86 In BRCA1/2 mutation carriers, the present conclusion is 
that there is no increase in the risk of BC with increasing age at first full-term 
pregnancy.83, 87  

Duration of breastfeeding 

Breastfeeding duration is a debated risk factor for developing BC.61 However, in a 
meta-analysis conducted by the ‘Collaborative Group on Hormonal Factors in Breast 
Cancer’, it was estimated that there is a risk reduction for BC of 4.3% per every 
twelve months of breastfeeding.88 There seem to be little or no differences between 
the histological subtypes with regards to risk reduction of BC.65, 86 For BRCA1 
mutation carriers, a breastfeeding duration of more than 12 months is associated with 
a substantially reduced risk of BC.89 There is no observed association between 
duration of breastfeeding and BC risk in BRCA2 mutation carriers.  

Alcohol consumption and smoking 

A daily intake of alcohol increases the risk of BC.90-92 The current consensus regarding 
smoking and the risk of BC is that smoking is responsible for a modest increase in BC 
risk. The risk is influenced by timing in the sense that women who start smoking 
around or immediately after menarche and whom continue to smoke with high 
consumption until first full-term pregnancy have the highest BC risk.93  

Menopause 

Increasing age at natural menopause, increases the risk of BC. However, the increased 
risk of BC caused by a natural menopause at an older age is generally not observed 
until after age 65. Surgical menopause through oophorectomy performed prior to 
natural menopause also reduces the risk.61, 62 
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Menopausal hormone therapy – MHT 

MHT, including both estrogen and progestins, increase BC risk, with indications of 
higher risks the closer the start of MHT is to menopause. This increase in BC risk is 
not limited to hormone receptor positive BC. BC tumors in women who were 
administered MHT with estrogens and progestins MHT are often of higher grade, 
and BC mortality is increased compared to BC patients who received placebo.94 The 
higher grade is likely caused by the difficulty in mammographic detection because of 
the increased density of the breast tissue caused by the MHT. There are observations 
that MHT with estrogen only reduces BC risk.95 The association between BC and 
MHT use has been reported to confer both a higher and a lower risk of BC. There is 
a need to further study this question.96 A current use of both combination therapy 
and estrogen only MHT at the time of BC diagnosis seems to increase the risk of 
tubular carcinoma, even if the risk is increased for ductal and lobular carcinoma as 
well.64 

Anthropometric measures 

Obesity in postmenopausal women is associated with an increased risk of BC.62, 97 In 
premenopausal women, however, obesity is associated with a decreased BC risk.62, 98 
The relationship between obesity in premenopausal women and the risk of BC has 
long been debated.98 Waist-to-hip (WTH) ratio, weight or body mass index (BMI) 
has historically often been used as a proxy marker for obesity. A recent meta-analysis 
concluded that an increase in BMI was associated with a decrease of BC risk in 
women of Caucasian and African descent, whereas the opposite was observed in 
women of Asian descent. However, an increased WTH ratio was associated with an 
increased risk of premenopausal BC across all ethnicities.98 WTH ratios reflect central 
obesity, which have been reported to influence hormonal and growth factor 
production, such as increased levels of free IGF-1, insulin resistance, and so on.99-101 
Therefore, it might be more appropriate to use WTH for BC risk assessment, 
especially in premenopausal women.98 Increased height is also associated with an 
increased risk of BC, in both premenopausal98 and postmenopausal97 women. 

Other factors  

Other endogenous or environmental risk factors implicated in BC risk includes shift 
work102-104, physical activity105, diet106, breast size and breast density.107, 108 
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Breast cancer prevention  

Prevention against BC development is growing increasingly important as the BC 
incidence is increasing.2 An estimation of the decrease in cumulative BC risk for 
preventative strategies is visualized in figure 6. 

Life-style prevention strategies 

Several preventative measures can be taken by counteracting some of the risk factors 
for BC mentioned in the prior chapter. Exercise equal to or more than 30 minutes 
per day and sustain a healthy weight, avoid excessive alcohol intake, abstain from 
smoking, keep a healthy diet, and increase duration of breast-feeding.109 However, 
there are medical and surgical preventative strategies as well. 

Oophorectomy 

As described in the menopause section, surgical oophorectomy, both before natural 
menopause and at natural menopause, decreases the risk of BC.61, 62 If undertaken 
before age 40, the risk reduction by oophorectomy could be up to 50% compared to 
women with natural menopause. However, there have been observations indicating 
that oophorectomy at the same age as natural menopause also decreases the risk of 
BC.61, 62  

Prophylactic surgery in high risk women 

For BRCA1 and BRCA2 mutation carriers, prophylactic surgery is an option. In 
BRCA1/2 mutation carriers, both mastectomy and oophorectomy reduce the risk of 
BC, and oophorectomy reduces the risk of OvC.110 A recent study observed a 
decreased risk of BC in BRCA1/2 mutation carriers associated with oophorectomy 
performed after menopause.111 
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Chemoprevention 

Selective estrogen-receptor modulators (SERMSs) 
The SERM tamoxifen reduces the risk of hormone receptor positive BC in high-risk 
premenopausal women and in postmenopausal women with prior history of 
hysterectomy. Another SERM used for the prevention of BC is raloxifene, which 
might be a better option for some postmenopausal women because of the absence of 
effects on the endometrium and decreased venous thromboembolic events.112   

Other preventative therapies  
Other preventative therapies include aromatase inhibitors (AI) and NSAIDS. AI 
could be an option for the prevention in high-risk postmenopausal women, and 
NSAIDS are an option for the prevention of cancer in general.4 The use of tamoxifen 
or AI decreases the risk of a contralateral BC.  
 
 
 

 
Figure 6 Breast Cancer risk reduction 
achievable based on life stage. Risk is 
illustrated (a) starting in midlife (with 
22% missed because it is diagnosed 
before age 50) and (b) starting in early 
life. In figure a (midlife), the factors that 
are illustrated for nulliparous women 
(body weight, physical activity, and 
alcohol intake) also affect the risk in 
parous women.  

Reprinted with permission from 
Colditz, G. A. and Bohlke, K. (2014), 
Priorities for the primary prevention of 
breast cancer. CA: A Cancer Journal for 
Clinicians. doi: 10.3322/caac.21225 
Copyright © 2014 American Cancer 
Society.  

http://onlinelibrary.wiley.com/doi/10.3
322/caac.21225/full#caac21225-fig-

0001  
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Breast Cancer 

BC is a collective name for different tumor types that all arise within the breast. Most 
BC tumors arise from the ductal epithelium. The heterogeneity of BC occurs both 
between tumors and within tumors. To validate the prognosis and to make decisions 
regarding therapy, several classification systems are used in clinical setting.   

TNM  

The TNM system is one of the prognostic measures used: T is graded from 0 to 4 
based on the size of the primary tumor. T0 indicates no sign of the primary tumor, 
T3 tumors are larger than 50 mm, and T4 is subdivided into four categories 
depending on certain pathological features, one of which being inflammation. The N 
indicates nodal status ranging from no involvement to distant nodal metastases. N0 
indicates no metastases in local nodes, and N3 indicates more than 10 local lymph 
node metastases. Finally, the M indicates the occurrence of distant metastases. Added 
together, they create a score that translates to a stage. Combined with a few other 
factors, treatment is based upon stage.113 

Nottingham histological grade 

The Nottingham grade is based on tubule formation, degree of nuclear 
polymorphism and mitotic count, all of which are separately graded and added 
together to create a score that describes the aggressiveness of the tumor. The scores are 
then grouped into three categories, 1-3, with 3 being the most aggressive.114 

Age 

Age is a strong prognostic factor, where younger age, particularly diagnosis before age 
35, is associated with an unfavorable prognosis.115, 116 Similarly, women diagnosed 
after age 70 have a poor prognosis.115 
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Estrogen and progesterone receptor status 

Complete or partial presence of the estrogen receptor (ER) in the breast tumor 
denotes a high probability of hormone dependence. Therefore, ER status is a 
predictive marker for response to endocrine therapy.117 The progesterone receptor 
(PR) status is used as well; however, the added benefit is debatable.118 ER and PR 
presence in the tumor is determined by immunohistochemistry (IHC). In Sweden, a 
cut-off of 10% or more positive cells is used to distinguish between hormone receptor 
negative or positive tumors;119 this value differs from the international standard of a 
cut-off of 1% or more.118, 120 

Human epidermal growth factor receptor 2 (HER2) 

HER2 is a proto-onco gene that, when amplified in tumors, is associated with 
proliferation, increased angiogenesis, increased invasive capability and growth signal 
independence.121, 122 The amplification of HER2 or the increased expression of HER2 
is a biomarker associated with a poor prognosis.123 It is also a predictive marker for 
treatment with targeted monoclonal antibodies, such as trastuzumab.124 HER2 
amplification is determined by fluorescence in situ hybridization (FISH), amplified or 
not amplified. Overexpression is assessed by IHC, where it is categorized from 0 to 
3+, where 0 and 1+ are regarded as no overexpression, and 2+ and 3+ are regarded as 
overexpression.  

Ki-67 

The Ki-67 protein is a proliferation marker present in all cell cycle phases of 
proliferating cells throughout the body and absent in the quiescent (G0) phase. 
Expression is low in the G1 and S phase, increases and peaks just prior to and during 
the early M phases, and decreases again during the later phases of mitosis.125 Its 
function remains unknown to a large extent;126 however, blocking Ki-67 prevents 
proliferation.127 High proliferation is linked to poor prognosis,126 especially among 
grade II, ER-positive BC patients 128. Currently, there is no international consensus 
regarding the assessment of Ki-67, but the most commonly used cut-off between high 
and low proliferation is 10-20% staining of the nuclei in invasive carcinoma.129  
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Histopathology  

Invasive ductal carcinoma 
The histopathological subtype invasive ductal carcinoma (IDC) is the most common 
histopathological subtype of breast cancer and comprises approximately 60-90% of all 
BC tumors. IDC can be further classified into tubular, mucinous, medullary, 
papillary, micropapillary, metaplastic and IDC–not otherwise specified (NOS) which 
is alternatively referred to as no special type (NST). IDC-NOS are the tumors that 
fail to express the different characteristics that distinguish the other subtypes, the 
special types.9  
 
IDC-NOS is a very heterogeneous group, and there were attempts in Malmö in the 
1970s and 1980s to subdivide and categorize these tumors. Linell, Ljungberg and 
Andersson attempted to subdivide ductal carcinomas into the three different 
subgroups: tubular, tubuloductal, and comedo carcinoma.130 Tubular carcinomas are 
described below. Tubuloductal carcinomas are tumors that show a mixed histology, 
whereas comedo carcinomas are tumors that often have microcalcifications and a 
necrotic core.130 IDC-NOS tumors are very heterogeneous in their histologic and 
molecular features. Patients with IDC-NOS have the poorest survival compared with 
the special histopathological subtypes.9  

Classic invasive lobular carcinoma  

Classic invasive lobular carcinoma (ILC) is the most commonly occurring special type 
of BC carcinomas and usually accounts for approximately 5-15% of all BC tumors.9, 

131 ILCs are often multifocal in the ipsilateral breast and are more often bilateral than 
other histopathological subtypes of BC. A total of 70% to 80% of ILC tumors co-
occur with lobular carcinomas in situ. ILCs are characterized by a loss of E-cadherin 
expression.9 ILCs are often ER positive and low-grade, and a subset have good 
prognosis.132 Many ILCs cluster in the luminal A or luminal B molecular groups, and 
a subset of ILC clusters with the HER2-overexpressive subtype. Many patients with 
ILC are postmenopausal, and part of the observed increased incidence of ILC is 
attributed to MHT.133  
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Tubular carcinoma 
Tubular carcinomas (TCs) where so named because of their resemblance to tubules. 
TCs are rare and usually account for between 0.7% and 10.3% of all BC tumors; 
patients with TCs are more often postmenopausal than premenopausal. TCs are 
highly differentiated, and the cell layer is usually one cell-layer thick and is 
surrounded by an abundant fibrous stroma.134 The survival of patients diagnosed with 
TC is similar to the survival of the general population.135-140 More than 90% of TCs 
are ER and PR positive. TCs are HER2 negative.134 In relation to the molecular 
subtypes, TCs often cluster with the luminal A subtype.141  

Mucinous carcinoma 
Mucinous carcinoma is characterized by mucin production; mucin accounts for more 
than 50% of the lesion. Mucinous carcinoma usually account for between 1% and 
4% of all BC tumors. Patients with mucinous carcinoma have the highest median age 
at BC diagnosis. Mucinous carcinomas are often highly differentiated, and patients 
with mucinous carcinoma have a good prognosis. Similarly to TCs, most mucinous 
carcinomas are ER and PR positive, HER2 negative134 and clusters with the luminal 
subgroups not further specified.141, 142  

Medullary carcinoma  
Medullary carcinomas are characterized by lymphoplasmacytic infiltration, with clear 
boundaries and a lack of stromal cells and glandular shaped cells. Medullary 
carcinomas often represent between 1% and 3% of all invasive BC. Many tumors in 
BRCA1 mutation carriers are of the medullary type. However, medullary carcinoma is 
not an indication of BRCA1 status. Good prognosis has been observed in patients 
with medullary carcinomas; however, due to the small numbers of cases, most studies 
have low power. Tumors of the medullary carcinoma type are typically ER, PR, and 
HER2 negative.134 Medullary carcinomas are often of basal-like molecular subtype; 
however, a subset clusters with the claudin-low subtype.141 

Molecular subtypes 

Using micro-array gene-expression profiling, four intrinsic subtypes were defined by 
Perou et al. in 2000.143 Throughout the last decade, these have been further studied 
and refined, and there are currently six intrinsic subtypes accepted: luminal A, 
luminal B, HER2 enriched, basal-like, claudin-low and normal-like.82, 144-148 Each 
intrinsic subtype has a surrogate clinico-pathologic definition.149   
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Luminal A - luminal A-like 
Luminal A-like is often ER and PR positive and HER2 negative. Luminal A-like 
tumors are not very proliferative with less than 14 percent staining of the nuclei for 
Ki-67.149  

Luminal B - luminal B-like 
Luminal B-like is subdivided into HER2 negative and HER2 positive. Luminal B-like 
HER2 negative is ER positive and HER2 negative and should be PR negative and/or 
less than 14 percent staining of the nuclei for Ki-67. Luminal B-like HER2 positive 
should be ER positive. For luminal B-like HER2 positive, Ki-67 and PR status does 
not matter.149 

Erb-B2 overexpression - HER2 positive non-luminal 
The HER2 positive non-luminal tumors should be HER positive or HER2 
overamplified together with ER and PR negativity or absence.149 

Basal-like – Triple negative ductal NOS histopathology 
As indicated by the name, these tumors either have very low presence or absence of 
ER and PR, and HER2 should not be amplified or overexpressed.149 

Claudin-low 
Similar to the basal-like, claudin-low tumors are usually triple negative but with a 
high frequency of metaplastic and medullary differentiation.150 
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Treatment of breast cancer 

To determine the treatment plan for patients, a preoperative and a postoperative 
multidisciplinary mammary conference is mandatory for all BC patients, as stipulated 
by the Swedish breast cancer group and according to the Swedish guidelines for BC 
treatment 119. If neoadjuvant treatment is an option or is necessary to shrink the 
tumor, either to make it operable or to make breast-conserving surgery possible, it is 
based on a pathological report containing histopathological information from a core 
needle biopsy. 119 

Surgery 

Surgery is the major treatment modality used for BC treatment. It is conducted either 
as modified radical mastectomy, partial mastectomy or breast-conserving surgery. 
Breast-conserving surgery is the primary choice for patients with early stage BC.151, 152 
This is coupled with removal of lymph nodes from the axilla, which is the primary 
location of metastasis. Currently, the sentinel node technique is most often used, 
which is based on the investigation into which lymph node/nodes drainage from the 
breast occurs. A radioactive isotope is injected prior to the operation, followed by a 
blue dye injection at the same spot at the time of the operation. The colored 
assimilation of isotopes indicates the draining node. The lymph node is removed and 
sent for immediate histopathological analysis, conducted by a pathologist. If 
metastases are present, axillary dissection is performed; otherwise, the axilla is spared 
from further dissection.119 

Radiotherapy 

To eradicate possible residual microscopic disease at and around the localization of 
the tumor, postoperative radiotherapy is administered. Postoperative radiotherapy of 
the breast and thoracic wall is to be administered when the risk of local recurrence 
within the next 10 years is greater than 20%. Therefore, radiotherapy is 
recommended for all BC patients who undergo breast-conserving therapy, for all 
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mastectomized BC patients, and in certain subtypes of tumors larger than 20 mm.119 
It has been shown that postoperative radiotherapy administered after breast-
conserving therapy reduced the relative risk of recurrence up to 50%.153 Although not 
proven, there are indications that radiotherapy should perhaps be considered in 
patients with tumors smaller than 20 mm but with one to three metastatic lymph 
nodes present.154 Loco-regional radiotherapy is recommended for all patients with 
metastases in four or more lymph nodes.119 Radiotherapy induces side effects, both 
acute, such as erythema of the skin and pneumonitis, and late side effects, including 
neuropathy of the affected brachial plexus, lymphedema of the upper extremity and 
increased mortality from cardiac disease. However, it seems that the improved 
precision of the modern techniques have reduced the risk of developing these side 
effects.155, 156  

Systemic treatment 

To systemically remove potential micrometastases adjuvant systemic therapy is 
recommended. Systemic therapy includes chemotherapy, endocrine therapy and anti-
HER2 therapy, either individually or in various combinations. The decision to 
administer systemic treatment is based on a collection of risk factors and/or the 
presence or absence of predictive biomarkers.  

Chemotherapy 
Chemotherapy is unselective and targets all dividing cells or proliferating cells. The 
synergic effect of the simultaneous use of several cytotoxic agents was compared with 
single-agent use because of the multiple pathways targeted.157 Cyclophosphamide, 
methotrexate and fluorouracil (CMF) was the standard regimen during the late 1970s 
and the first half of the 1980s. However, there were several reports demonstrating the 
superiority of treatment with anthracycline-containing (doxorubicin and epirubicin) 
regimens compared with CMF.158-160 Further improvement of breast cancer treatment 
outcomes was observed after the addition of the taxanes.161 Anthracycline-containing 
treatment alone or with the addition of taxanes has been shown to reduce BC 
mortality by one third in the adjuvant setting.162 The standard chemotherapy 
regimens used today include different combinations of anthracyclines, taxanes, 
cyclophosphamide, and fluorouracil. Amplification or overexpression of HER2 
warrants the addition of trastuzumab to the chemotherapy regimen. The Swedish 
guidelines recommend adjuvant chemotherapy for BC patients with one or more of 
the following factors: ER negative tumor, young age at diagnosis, tumor with high 
proliferative ability, the presence of micrometastases in the lymph nodes and HER2 
overexpression or amplification.119  
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Endocrine therapy 
As previously described, BC can be divided into subtypes based on presence of the 
ER; 70% to 80% of all BCs are ER positive and depend on estrogen for survival to 
some extent. That blockage of the ER pathway can be used for treatment of ER-
positive tumors has been known for a long time. As far back as 1896, Beatson 
reported a suggestion for the treatment of inoperable, premenopausal BC patients: 
oophorectomy 163. In premenopausal women, the primary source of estrogens is the 
ovaries, whereas in postmenopausal women estrogens are primarily derived from the 
aromatization of adrenal and ovarian androgens in the liver, muscles and adipose 
tissue.164  
 
The ER pathway can be targeted in several ways: by blockage of ER (tamoxifen), by 
degradation of ER (fulvestrant), or by blocking the synthesis of estrogens (aromatase 
inhibitors (AI)). Removal or blockage of the production of estrogens by 
oophorectomy, radiation, or treatment with gonadotropin-releasing hormone 
analogues is also one way of inducing endocrine treatment. Tamoxifen can be utilized 
for both pre-and postmenopausal BC patients. For pre-menopausal breast cancer 
patients, oophorectomy, radiation or suppression through gonadotropin-releasing 
hormone analogues is an option, whereas AI is an option for postmenopausal BC 
patients. Tamoxifen, AI, and ovarian suppression are all used in the adjuvant setting; 
fulvestrant, in contrast, is used in the metastatic setting.119 A combination of 
chemotherapy followed by tamoxifen for approximately five years decreases survival 
by half for ER positive, low-risk tumors.165 

Targeted therapies 
One targeted therapy is trastuzumab, which is a monoclonal antibody against HER2. 
In the adjuvant setting, trastuzumab has been reported to decrease mortality by 30% 
and recurrence by 50%;166-168 it has also been reported to increase progression-free 
survival in the metastatic setting.169, 170  
 
mTOR inhibitors, and Poly (ADP-ribose) polymerase (PARP) inhibitors are other 
options. The first targets the mTOR pathway, which is indicated to be a key pathway 
in the development of resistance against therapeutic agents.171 PARP inhibitors are 
especially interesting for patients and/or tumors with mutations in BRCA1 and/or 
BRCA2.172, 173 
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Angiogenesis and breast cancer 

Angiogenesis is the development and sprouting of new blood vessels from existing 
vessels. In cancer development, the induction of angiogenesis is one of the hallmarks 
of cancer defined by Hanahan and Weinberg.6 In the adult human tissue, 
angiogenesis is generally quiescent, with some exceptions, such as wound healing, 
inflammation, endometrial growth during the menstrual cycle and lactation of the 
breast.174, 175 
 

 

 

 

Figure 7 Physiologic and pathologic 
angiogenesis pathways.  
 
Reprinted by permission from Macmillan 
Publishers Ltd: Nature Reviews Cancer, 
Chung, A.S., Lee, J., Ferrara, N,. Targeting 
the tumor vasculature: insights from 
physiological angiogenesis, 10:505-514 © 
copyright 2010 

 
 
Hypoxia is a key element in stimulating angiogenesis. When tissue becomes hypoxic, 
Hypoxia-Inducible Factor 1α (HIF-1α) is stabilized and forms a dimer with HIF-1β. 
The complex binds to hypoxia regulated/responsive element/enhancer sequences in 
the 5’ and 3’ regions of the Vascular Endothelial Growth Factors A (VEGF-A) 
gene.176 VEGF-A together with several growth factors, for example, Fibroblast 
Growth Factor (FGF), destabilizes the vessels and initiates sprouting into the tissue. 
Matrix metalloproteinases (MMPs) faccilitate extra cellular matrix (ECM) remodeling 
so that the sprouting can advance into the hypoxic tissue. Once the hypoxic tissue is 
normoxic and perfusion exists, HIF-1α is once more destabilized, and VEGF-A levels 
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drop. Simultaneously, several growth factors, including transforming growth factor 
1β (TGF-1β), increase. TGF-1β together with a few other factors recruits vascular 
smooth muscle cells to stabilize the newly formed vessels. (Figure 7)  
 
In breast tissue and BC cells transcription of VEGF-A has been shown to be regulated 
by estrogens through ER.177 This regulation, or at least part of it, likely occurs 
through a structure with 70% homology to an estrogen responsive element in a 
promoter of VEGF-A.178 In tumor angiogenesis, the balance between pro- and anti- 
angiogenic factors is disrupted. The pro-angiogenic pathway is not down-regulated 
when the hypoxic tissue is vascularized. VEGF-A, as an example, remains up-
regulated: the angiogenic switch is on. Tumor vessels become unorganized and 
leaky.179, 180  
 
A monoclonal antibody against VEGF-A, bevacizumab, was investigate in clinical 
trials. However, it became clear that bevacizumab did indeed induce tumor shrinkage 
or tumor stasis, but the BC tumors acquired resistance and transformed into a more 
aggressive type.181 There is a need for markers to better identify the selection of 
patients who would benefit from targeted anti-angiogenic therapy. 
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Aims of this thesis 

Paper I 

The aim of paper I was to determine a recessive inheritance pattern by set criteria and 
relate it to histologic subtypes of breast cancer.  

Paper II 

The aim of paper II was to investigate the histological subtype of lobular breast cancer 
in relation to cancer in first-degree relatives to possibly identify new hereditary or 
familial patterns after exclusion of all known mutation carriers. 

Paper III 

The primary aim of paper III was to investigate the impact of parental origin of the 
BRCA1 and BRCA2 mutations on age at breast and ovarian cancer diagnosis. The 
second aim was to elucidate whether the use of oral contraceptives modified the age at 
diagnosis of breast and ovarian cancer in relation to paternal versus maternal origin of 
the BRCA1/2 mutation.  

Paper IV 

The aim of paper IV was to investigate the relationship between the manifestation of 
spider telangiectasias at the time of breast cancer diagnosis, and tumor and patients 
characteristics, as well as overall survival. 
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Materials  

Paper I-II, IV 

In paper I, II, and IV, a clinical consecutive BC series was used. The series consisted 
of 1676 female BC patients in the two first papers and 1682 female BC patients in 
paper IV. Part of this material has been used in a previous study,96 and an updated, 
larger version of this series was recently published.182   

At the time of BC diagnosis, all BC patients were interviewed by a clinician using a 
standardized questionnaire regarding several life-style parameters and family history of 
cancer (see table below). Information from the pathologic examination of the tumor 
regarding ER, PR, HER2, TNM, and histologic subtype was also added.  
 
 

Variables collected during the interview on the date of diagnosis 
Siblings Number of sibling 
Menstrual cycle  Age at menarche 
  Length (days) 
OCP use Start date 
  Duration 
Parity No of full-time pregnancies 
  Date of each pregnancy 
  Duration of breast-feeding 
Age at menopause Natural/surgical/medical 
Menopausal hormone therapy Start date 
  Duration 
Height (cm) At date of diagnosis 
Weight (kg) At date of diagnosis 
Occurrence of spiders Yes/no 
Detection of BC Screening 
  Symptomatic 
Family history of cancer Type of relative 
  Type of cancer 
  Age at diagnosis 
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The Regional Breast Cancer Register, hospital records, and pathological reports were 
used to confirm the diagnoses and date of diagnosis and to confirm the diagnoses in 
relatives. The Swedish Population Register was used to confirm date of death. Follow-
up was performed until Jan 1st, 2009 for paper I and II and until June 1st, 2009 for 
paper IV. For emigrants, the date of emigration was used as the last follow-up date.  

Information regarding germline mutation status was retrieved from the OnkGen 
register at the Oncogenetic Clinic, Skåne University Hospital, Lund. Confirmed 
germline mutation carriers (N=16) were excluded from all analyses in paper I and II 
with the exception of two survival analyses in paper I, figure 1 and table 3. 
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Paper III 

258 BRCA1/2 carrying families 
retrieved from the OnkGen Registry

587 BRCA1/2 mutation carriers

757 BRCA1/2 mutation carriers

Addition of 170 from Pedigree review

744 BRCA1/2 mutation carriers

13 BRCA1/2 mutation carriers excluded,  
mutation screened after Dec 1st, 2011

596 female BRCA1/2 mutation 
carriers

577  Female BRCA1/2 mutation
carriers

Excluded:
• 99 male BRCA1 carriers
• 46 male BRCA2 carriers
• 1 male BRCA1+BRCA2 mutation carriers
• 2 female BRCA1+BRCA2 mutation carriers, 

Paternal origin 92
• 68 known           
• 24 probable

Maternal origin 241 
• 145 known           
• 96 probable

Unknown 
origin 67

400 female BRCA1 carriers

Excluded, missing information regarding 
personal ID-number:
12 BRCA1 carriers
7 BRCA2 carriers

Paternal origin 50
• 34 known           
• 16 probable

Maternal origin 102
• 57 known           
• 45 probable

Unknown 
origin 25

177 female BRCA2 carriers

 

Figure 8 The inclusion and exclusion of BRCA1 and/or BRCA2 mutation carrying individuals in paper 
III. 

 

The Regional Breast Cancer Register was used to confirm new incident diagnoses and 
the date of diagnosis. The Swedish Population Register was used to confirm date of 
death. Follow-up was performed until Dec 1st, 2011. For emigrants, the date of 
emigration was used as the last follow-up date.  
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Paper I 

- Limitations  Strengths + 

- 
Limited number of BC patients with 
tubular carcinoma 

 Retrieval of information from the 
Total Population Register and the 

Regional Cancer Registry contributes 
to good quality and control of 

diagnoses and date of death 

+ 

- 
Unknown histopathology of sisters, 
concordance unknown 

 
Interviews conducted in a standardized 

manner  
+ 

- 
Histological subtypes might be 
assessed differently over time by 
different pathologists 

 

Known mutation carriers removed + 

- 
No information regarding molecular 
subtype 

 
Long median follow-up + 

 

Paper II 

- Limitations  Strengths + 

- 

Pedigree expansion in families of 
patients with both lobular breast 
cancer and a father diagnosed with 
cancer only  

 
The association between lobular 

histology and a father diagnosed with 
cancer remains robust regardless of 

adjustments for potential confounders 

+ 

- 
No information regarding molecular 
subtypes of BC 

 
Pedigree expansion of the selected 

families indicated that the association 
was not driven by BC in grandmothers   

+ 

  
 

Known mutation carriers removed + 

  
 

Long median follow-up + 
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Paper III 

- Limitations  Strengths + 
- Changes in the criteria for mutation 

screening over time, could cause a 
selection bias favoring younger age 
in BRCA1 mutation carriers with 
paternal origin of mutation  

 Several families with multiple 
generations tested leading to known 

parental origin instead of probable origin 
of mutation 

 

+ 

- Regarding the history of OCP use, a 
sampling bias might be present 

 Cohort representing all known mutation 
carriers in southern Sweden 

+
  

- Recall bias in cases with BC 
compared with non-BC cases 
regarding environmental risk factor 
information might be present in 
questionnaire data 

 Retrieval of information from the Total 
Population Register and the Regional 
Cancer Registry, contributes to good 

quality and control of diagnoses and date 
of death 

+ 

- Small sample size of BRCA2 
mutation carriers 

 All carriers tested at the same core 
facility 

+ 

 

Paper IV 

- Limitations  Strengths + 

- 
No information regarding VEGF-A 
and other angiogenic factors 

 Information on several hormonal risk 
factors for BC present 

+ 

- 

Invasive comedo carcinoma special 
subtype of ductal, comedo 
carcinoma has limited international 
use   

Interviews conducted in a standardized 
manner 

+ 

- 
No information regarding molecular 
subtypes of BC 

  
Long median follow-up + 
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External and internal validity of 
materials used 

External validity 

Cohort used for Paper I, II, and IV 
Skåne University Hospital, Lund is responsible for radio- and chemotherapy of BC 
patients in the Southern Health Care Region. The Southern Health Care Region 
included 1 459 024 inhabitants in 1980 and 1 705 863 inhabitants in 2010.183 BC 
patients only treated with surgery without chemotherapy and radiotherapy are not 
referred to the Department of Oncology at Skåne University Hospital, Lund. This 
includes a subset of stage I BC patients and very old patients who, due to 
comorbidity, will not receive the above mentioned therapies. BC patients referred to 
the Department of Oncology at Skåne University Hospital, Lund represent 60% of 
all BC patients diagnosed in the Southern Health Care Region. BC patients are 
randomly allocated to oncologists. Therefore, this cohort should very well resemble 
the population of the Southern Health Care region with the exception of some stage I 
BC patients and very old BC patients.  

Germline BRCA1 and BRCA2 mutation carriers used in paper III 
The Oncogenetic Clinic at Skåne University Hospital, Lund is responsible for all 
genetic counseling for potential and confirmed germline mutation carriers in the 
Southern Health Care Region and was started in 1993.184 The BRCA-lab at the 
Department of Clinical Sciences, Lund, Division of Oncology and Pathology 
conducts mutation screenings for BRCA1 and BRCA2 and the predictive tests. 
BRCA-lab provides their services to all Oncogenetic clinics and their genetic 
counseling facilities in Sweden. This cohort is the entire population of BRCA1 and 
BRCA2 mutation carriers with known mutations in the Southern Health Care 
Region.  
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The criteria for mutation screening are as follows 

To qualify for genetic counseling and BRCA1/2 mutation screening in 
Sweden, the individual must fulfill at least one of the following criteria119 

a) 
Three cases of breast cancer, of which at least one occurred before age 50, and/or 
ovarian/tubal cancer in a first-degree relative or second-degree relatives if related via a 
male regardless of age. 

b) 

Two cases of breast/ovarian/tubal cancer in first-degree relatives or second-degree 
relatives if related via a male, of which at least one case of breast cancer occurred before 
age 40. If two cases of ovarian/tubal cancer are present, then a genetic investigation 
should be considered regardless of age at diagnosis. 

c) One case of breast cancer that occurred before age 35. 

d) Male breast cancer case. 

e) Female with both breast and ovarian/tubal cancer. 

f) 
Bilateral breast cancer, as well as triple-negative (estrogen, progesterone negative breast 
cancer without HER-2 amplification) breast cancer increases the implication for 
mutation screening. 
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Internal validity 

Cohort used for Paper I, II, and IV 

 
Questionnaire data were collected for research purposes and were collected over a 
time period of approximately 30 years. The questions asked are commonly used in 
BC research, and the reported information from these questions has been found to be 
valid and reliable. 
 
A potential recall bias in a case-control study using healthy controls with regards to 
the propensity of BC patients to better recall family history of cancer when diagnosed 
themselves compared to controls, if it exists, may be a strength in our setting,185 where 
all cases in the cohort are BC patients.  
 
In paper I and paper II, there is the potential for selection bias regarding cancer 
diagnoses in relatives. Increased age at BC diagnosis of a patient increases the chance 
that family members have been diagnosed with cancer. In paper I, this potential 
selection bias was addressed by adjusting for age at diagnosis in the models. In paper 
II, adjustment for age at diagnosis and an addition of subdividing data based on age 
at diagnosis (table 6) was performed.  
In paper I, II and III, there is a lack of histopathological information regarding the 
ER, PR, and HER2 status of tumors of BC patients diagnosed before the clinical 
implementation of ER, PR, and HER2. The clinical standard of how they are scored 
might also have changed. However, the therapy determining information has been 
used. Regardless of how they would have been treated currently, they received 
standard treatment at the time.  

Germline BRCA1 and BRCA2 carriers used in paper III 

As described in paper III, a potential sampling bias and selection bias might be 
present. 

Sampling bias 
The questionnaire data were provided by potential mutation carriers attending a 
genetic counseling meeting at the Oncogenetic Clinic. The proband is the first person 
in one family who seeks genetic counseling, while the index case of a mutation family 
is the person whose diagnosis serves as the basis of a mutation screening and who will 
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be screened for a mutation. If the family contains several BC cases, if possible, the 
youngest patient will be selected for mutation screening. The index case in some 
families died prior to the genetic counseling meeting, which has potentially skewed 
the information regarding OCP retrieved from questionnaire data. Therefore, 
information regarding OCP in BRCA1 and BRCA2 mutation carriers was not missing 
completely at random; there was a potential sampling bias present. As described in the 
manuscript and in the Methods section, MICE186 was used as an effort to handle this 
problem.  

Selection bias 
The early criteria for genetic counseling and mutation screening (as described in 
Óskar Jóhannsson’s thesis, 1997 Lund University, Faculty of Medicine) only included 
first-degree relatives with BC and/or OvC. However, there was no inclusion of 
second-degree relatives (especially on the paternal side). This has potentially caused a 
selection bias, which was present in our study. To minimize the effect of a potential 
selection bias, we adjusted for year of inclusion in the OnkGen Register.   
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Methods and methodological 
considerations 

Questionnaire data 

Through the use of a structured, standardized questionnaire, information regarding 
lifestyle factors and family history of cancer was collected. Information collected 
included known risk factors for BC, and additional hormonal markers were included.  

Registers used in this thesis 

Swedish Population Registers 

The registration of Swedish citizens began in the parishes in the late 1600s. In the 
mid-1700s, the Swedish Population Register was officially conducted by the Swedish 
churches. In 1991, the Swedish Tax Agency assumed the responsibility from the 
churches to register and follow the population of Sweden. In 1947, the system for 
personal identification numbers was implemented, where all Swedish citizens was 
provided with a personal identification number containing the date of birth (six 
digits), a birth number (three digits) and a control digit. The control digit can be 
calculated using the other nine digits. The register contains information regarding full 
name, place of residence, place of birth, gender, civil status, citizenship, immigration,  
family (spouse, children and parents), date of death, and place of burial.187 In 1968 
the Total Population Register was implemented and provided by Statistics Sweden. 
The Total Population Register is an extract from the Swedish Population Register.188  
 
The personal identification numbers for citizens of Sweden have allowed us to follow 
the patients in different registers until their date of death. The Swedish Population 
Register also contains information regarding family members, which enables pedigree 
construction and validation of date of birth and date of death in relatives.  
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The Southern Swedish Regional Tumor Registry 

In 1958, the Swedish Cancer Register was initiated and is estimated to contain 
approximately 96% of all cancer diagnoses.189 Subdivided into six regional registers, 
the Southern Swedish Regional Cancer Registry is responsible for the regional cancer 
register in our region. It is mandatory both for the physician and the pathologist to 
report diagnosed malignant tumors and carcinoid tumors, all tumors of the central 
nervous system (including benign tumors) and in endocrine glands (excluding benign 
thyroid tumors), and some premalignant lesions. Multiple primary tumors are 
separately registered. Three classes of information are included in the register:190 
 

• Patient data – personal identification number, gender, age, and place of 
residence 

• Medical data – tumor site, histopathological subtype, stage, date of diagnosis, 
at which hospital and which department the patient was diagnosed, 
pathological/cytological department, and identification number of tumor 
specimen 

• Follow-up data – date of death, cause of death, and date of migration 
 
The connection between the Swedish Total Population register and the Tumor 
Registries enables good control and coverage regarding the date and type of diagnosis. 
Similarly, the date of diagnosis and the type of cancer diagnosis can be validated in 
relatives, which makes the data more reliable compared with reported data only.  

The OnkGen Register 

The Southern Swedish regional register, OnkGen, contains all attendees to the 
Oncogenetic Clinic for genetic counseling from 1993 to present. Included in the 
register is information regarding mutational screening or predictive testing, pedigree 
information in relation to the proband, data from questionnaires, and verification 
status of the diagnoses. 

46 



Statistics 

The statistical software used in this thesis were SPSS 17.0, IBM SPSS 19.0, 
SPSS 21.0, and R 3.0.0.  
 
For crude hypothesis testing of the distribution in nominal, dichotomous data, the 
X2-test (prophylactic surgery, OCP use (IV)), Fishers exact test (Occurrence of 
diagnosis (IV)) and the binominal test (cancer in grandparents (II)) were used, 
whereas for non-normally distributed data (age at death, year of birth, and year of 
inclusion (IV)), the Wilcoxon’s rank-sum test was used. 
 
Binary logistic regression was used to estimate the odds ratios (OR) together with 
95% confidence intervals (CI) for associations between a binary outcome, the 
dependent (e.g., horizontal family history of BC (I), cancer diagnosis in father/mother 
(II), ILC (III), occurrence of spider telangiectasias (IV)) and one or several 
independent variables (categorical or linear). The multivariate logistic regression was 
used to control for possible confounders (age at diagnosis (I-IV), use of MHT (I, II), 
TNM (I), number of children (I, II)).  
 
Survival analyses or time to event (BC/OvC) was visualized using Kaplan-Meier 
curves, accompanied by a log-rank test P-value to assess the difference between the 
time to event (death/last-follow-up (I, IV), diagnosis/last follow-up/prophylactic 
surgery (III)) in the analyzed groups. The risk for the above mentioned 
death/diagnosis was assessed by estimation of the hazard ratios (HR) and their 
corresponding 95% CI adjusted for possible confounders (age at diagnosis (I, IV), 
TNM, etc. (I), year of inclusion in the OnkGen register (III)).  
 
In paper III, Robust Variance Estimation191 (RVE) was used to adjust for potential 
influences on age at BC and OvC diagnoses induced by either familial factors or 
specific mutation. The adjustment by RVE addresses the fact that relatives might not 
be independent of each other when studying familial patterns. It should be 
mentioned that this does not take the degree of relation into account. Similarly, 
mutation carriers with the same exact mutation are hypothetically not independent of 
each other. 
 
In paper III, Multivariate Imputation by Chained Equations (MICE) was performed 
to address the selection bias caused by missing information on the history of OCP use 
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and to increase the power of the study due to the loss of several cases due to the 
missing information.186, 192  
 

48 



Results and discussion 

Paper I 

The main finding of this study was the association between a horizontal family 
history of BC and the histologic type tubular carcinoma (TC). Overall survival of BC 
patients with a horizontal family history was not significantly different than the 
overall survival of BC patients with no or vertical family history of BC.  
 
We conducted an array CGH on five TC patients with a horizontal family history of 
BC. It was conducted on tumor material as a search for large deletions that were 
similar between cases to identify where a possible recessive mutation could be located. 
Unfortunately, this investigation was inconclusive. It is difficult to determine whether 
the study was inconclusive due to a lack of resolution or a genetic alteration that 
cannot be found using array comparative genomic hybridization (CGH) or whether 
the potential recessive inheritance is a combination of low-penetrance loci with 
endogenous or environmental risk factors.  
 
TC has previously been suggested for familial BC.193 We only included pure 
histologic subtypes, and mixed subtypes were grouped as other. We were also able to 
remove previously known mutation carriers, which removes some likely confounders. 
However, this is a hypothesis generating study, and the results need to be confirmed 
in other cohorts. 

Paper II 

The main finding in paper II was the association between the histologic special type 
invasive lobular carcinoma (ILC) and the occurrence of cancer in the father. The 
association between ILC BC patients and a paternal cancer diagnosis appears to occur 
in the BC patients diagnosed at age 59 and below, although the loss of statistical 
significance among the older BC patients may be caused by the loss of power due to 
the small sample size. Removing the cancer diagnosis of prostate cancer in fathers 
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weakened the results slightly, but the association remained significant. Removing all 
BC patients with a family history of BC did not alter the association between ILC 
and having a father diagnosed with cancer. We excluded the probability that the 
association was driven by grandmothers with BC.  
 
ILCS have been reported as a candidate for inherited BC due to the clustering of 
family history of BC in families of ILC patients.80, 86, 194, 195 There was an association 
between the occurrence of BRCA2 mutations and ILC. The even cancer distribution 
in grandparents should indicate that this association most likely was not due to 
BRCA2 mutations unknown to the potential carriers. However, this is a hypothesis 
generating study, and the results need to be confirmed in other cohorts. 

Paper III 

Carriers of BRCA1 mutations of paternal origin were younger at BC diagnosis 
compared with carriers of BRCA1 mutations of maternal origin. In contrast, carriers 
of BRCA1 mutations of paternal origin were older at OvC diagnosis compared with 
carriers of BRCA1 mutations of maternal origin. These associations were not observed 
in BRCA2 carriers. The use of OCP did not influence the age at BC or OvC diagnosis 
in BRCA1 mutation carriers.  
 
Our study was the third to report a younger age at diagnosis in carriers of BRCA1 
mutation with a paternal origin. All three studies196, 197 have slightly different study 
designs and different study populations. Whether the younger age at BC or older age 
at OvC diagnosis in BRCA1 mutation carriers is caused by paternally specific co-
inherited modifiers or whether it is caused by endogenous or environmental factors 
linked with paternal origin of the mutation is difficult to answer and remains to be 
determined.  

Paper IV 

The manifestation of spider telangiectasias at the time of BC diagnosis occurred in 
older BC patients, in heavier BC patients and in BC patients who had a history of 
OCP and MHT use. Spider telangiectasias were less likely to occur on BC patients 
with many children and in BC patients who were diagnosed before age 50. The fact 
that 9% of the cohort had comedo carcinoma, and none of them had spider 
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telangiectasias seems unlikely to be a coincidence. Overall survival was better in 
postmenopausal BC patients with spider telangiectasias.  
 
Spider telangiectasias, also known as spider angiomas, arterial spiders or spider veins, 
typically manifest themselves on the upper part of the body198, although they occur on 
the legs as well. Spider telangiectasias are often present in women and men that have 
been or are heavily exposed to estrogens,199 such as during pregnancy200 or in liver 
cirrhosis.201 It is also known that the transcription of VEGF can be increased by 
estrogens in breast tissue. This regulation, or at least part of it, likely occurs through a 
structure with 70% homology to an estrogen responsive element.178 Another study 
reported increased TGF-β levels in patients with spider telangiectasias.202 TFG-β is 
important in physiologic angiogenesis and is responsible for the recruitment of 
vascular smooth muscle cells to stabilize the newly formed vessels.174 TGF-β is 
regulated by estrogens in some tissues during wound healing.203 Whereas vessels 
generally generated during tumor angiogenesis often have high permeability and are 
leaky.179  
 
Our speculative hypothesis generated from this finding is that the manifestation of 
spider telangiectasias, when present is a marker of hormonal exposure and may be 
eligible as a proxy marker of anti-angiogenic therapy. The presence of spider 
telangiectasias may also indicate good quality vessels due to a sustained level of TGF-
β in the tumor. Should this prove to be true, it could explain the good overall survival 
observed in BC patients with spider telangiectasias because good vessel quality would 
be beneficial for delivering patient treatment.  
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Conclusions 

Paper I 

We propose that breast cancer patients in the histological subtype tubular carcinoma 
and a horizontal family history of breast cancer could be a phenotype for recessive 
inheritance in breast cancer and thus a candidate for genetic studies in the search of 
recessive inheritance in breast cancer. 

Paper II 

We identified a possible inheritance pattern present in breast cancer patients who 
have lobular breast cancer together with a father diagnosed with cancer, independent 
of previous family history of breast cancer. Prostate cancer and other types of tumors 
in the father were associated with a lobular carcinoma in the daughter. These findings 
need to be validated in other materials due to the exploratory nature of the design.  

Paper III 

We confirmed the previously reported younger age at breast cancer diagnosis in 
carriers of BRCA1 mutations of a paternal origin compared with those carrying 
BRCA1 mutations of a maternal origin. We also report an observation of older age at 
ovarian cancer diagnosis in carriers of BRCA1 mutations of a paternal origin 
compared with those carrying BRCA1 mutations of a maternal origin. No such 
associations were found in BRCA2 mutation carriers. The use of OCP did not modify 
age at breast cancer or ovarian cancer diagnosis in relation to parental origin of the 
BRCA1 mutation.  
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Paper IV 

We observed an association between the occurrence of spider telangiectasias at the 
time of breast cancer diagnosis and several hormonal risk factors, such as increased 
weight, ever-use of OCP and MHT, and parity. The occurrence of spider 
telangiectasias at the time of breast cancer diagnosis was associated with longer overall 
survival in older breast cancer patients. We propose that spider telangiectasias might 
be a reflection of high hormonal levels and that they might indicate good ability to 
form new vessels. 
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Future perspectives 

It would be very interesting to study the association between horizontal inheritance of 
BC and the histologic subtype TC, both in a much larger study to increase the power 
and with the addition of sequencing information on concordant sister-pairs, when 
they exist. We conducted an array CGH on TC patients with a horizontal family 
history of BC. Unfortunately, the findings were inconclusive. The next step would be 
to conduct whole genome sequencing in sister-pairs with horizontal family history in 
the search for a cause of the recessive phenotype. 
 
With regards to the association between ILC and a father diagnosed with cancer, it 
would be very interesting to conduct a study in a second cohort with the use of the 
Swedish Total Population Register, the Swedish Cancer Registries, and a national 
OnkGen Register equivalent. By comparing the frequency of cancer diagnoses in 
fathers of lobular BC patients with the frequency of fathers with a cancer diagnosis in 
IDC BC patients, and by removing known mutation carriers, we could confirm our 
findings. The appropriate genetic study would be to use trios- mother, father, and 
daughter (the BC patient) – to determine a possible explanation for the association.  
 
The mechanism behind the younger age at BC diagnosis in carriers of BRCA1 
mutations of paternal origin compared with maternal origin, as well as the older age 
at OvC diagnosis in carriers of BRCA1 mutations of paternal origin compared with 
maternal origin, is unknown, and studies of epigenetic and genetic factors, such as 
imprinting, are required. 
 
The occurrence of spider telangiectasias at the time of BC diagnosis potentially 
reflects hormonal exposure, and whether such exposure could indicate good vessel 
quality and angiogenesis, and whether they could be used as predictors of response to 
anti-angiogenic therapy, could be studied in a clinical trial without a significant 
increase in cost. A nurse or physician at entry or diagnosis can simply examine the BC 
patients to determine if they exhibit spider telangiectasias.  
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Populärvetenskaplig sammanfattning 

Bröstcancer drabbar drygt 7500 kvinnor och ett 40-tal män årligen i Sverige. Antalet 
insjuknande ökar årligen och utöver förbättrade behandlingsmetoder så det finns ett 
behov att ta reda vem som löper störst risk att drabbas och varför. Dels för att få 
bättre förståelse för bröstcancer, men också för att hitta preventiva medel. Ärftlighet 
är en orsak till bröstcancer och det är beräknat att cirka 25 procent av all bröstcancer 
orsakas av familjära faktorer. Familjära faktorer kan innefatta allt från arv av gener 
som medför kraftigt ökad risk för bröstcancer, till arv av förändringar i DNA. Dessa 
förändringar kan var för sig medföra en mycket begränsad ökad risk, men som när de 
är många till antalet kan samverka och ge en ökad risk för bröstcancer. Ungefär 
hälften av de faktorer som orsakar ärftlig bröstcancer har identifierats. De gener som 
orsakar flest bröstcancerfall identifierades under början och mitten av 1990-talet. 
Sedan dess har det först på senare tid identifierats ytterligare några gener. Denna 
avhandling har som huvudsakligt mål att identifiera grupper av patienter med en viss 
typ av bröstcancer där det skulle kunna finnas en genetisk orsak.  
 
I det första arbetet studerades förekomsten av ett så kallat horisontellt familjeträd i 
förhållande till olika typer av bröstcancer. Ett horisontellt familjeträd innebär att det 
inte finns några släktingar med bröstcancer i tidigare generationer, men att två eller 
fler syskon diagnostiseras med bröstcancer. De familjer som bär på de gener som 
tidigare beskrivits och som ger upphov till bröstcancer har ofta familjeträd med 
bröstcancer i flertalet generationer. Vi fann att patienter med en viss typ av 
bröstcancer som kallas Tubulär oftare har ett horisontellt familjeträd. Vi föreslår 
därför patienter med Tubulär bröstcancer som har ett horisontellt familjeträd som 
kandidater för genetiska studier.  
 
I det andra arbetet studerade vi förekomsten av cancer hos förstagradssläktingar 
(mamma, pappa, syskon eller barn) hos bröstcancerpatienter med tumörer av lobulär 
typ. Lobulär bröstcancer är den näst vanligaste typen av bröstcancer. Lobulära 
tumörer utgör ungefär 5-15 procent av alla fall. Vi fann att de kvinnor som 
diagnosticerats med lobulär bröstcancer oftare än de som diagnosticerats med andra 
typer av bröstcancer hade en pappa som diagnosticerats med cancer. Detta samband 
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är delvis beroende av förekomst av prostatacancer hos papporna, men sambandet 
fanns även för andra typer av cancer hos papporna. 
 
I det tredje arbetet studerades en tidigare observation: att bärare av BRCA1 
mutationer som ärvts av pappan insjuknar i bröstcancer vid en lägre ålder än de som 
ärver BRCA1 mutationen av mamman. Två gener av de som är kända som orsak till 
bröstcancer är vanligare än andra: BRCA1 och BRCA2. Dessa beräknas vara orsak till 
mellan 20 och 25 procent av den bröstcancer som räknas som ärftlig, och mellan en 
och två procent av all bröstcancer. Vi kunde konfirmera det fynd som tidigare påvisats 
i tre olika studier som pekar på att de som ärver en mutation i BRCA1 genen från sin 
pappa insjuknar tidigare i bröstcancer än de som ärver en mutation i BRCA1 genen 
från sin mamma. Vidare kunde vi också rapportera en observation där de som ärver 
en BRCA1 mutation av sin pappa diagnostiseras med äggstockscancer vid en högre 
ålder jämfört med de som ärver en BRCA1 mutation av sin mamma. Vi kunde inte 
fastställa några sådana fynd för varken bröst- eller äggstockscancer hos bärare av 
BRCA2 mutationer.  
 
I det fjärde arbetet studerade vi eventuella kopplingar mellan förekomsten av så 
kallade telangiectasier (spindel vener) vid tidpunkten för bröstcancerdiagnosen och 
hormonella faktorer, såsom BMI, p-pilleranvändning, övergångshormonanvändning 
och barnafödande. Vi fann ett samband, t.ex. mellan dessa hormonella faktorer och 
förekomsten av telangiectasier. Vi studerade även totalöverlevnaden för 
bröstcancerpatienter med telangiectasier, och vi observerade att äldre kvinnor som 
hade förekomst av telangiectasier vid diagnos hade en bättre totalöverlevnad jämfört 
med andra bröstcancerpatienter i samma ålder som inte hade telangiectasier. 

58 



Acknowledgements 

Several people have contributed to making my time as a PhD student truly great and have 
helped making these years very educational. Some have had a greater impact, and to them I 
would like to say a special thank you: 
 
Håkan Olsson, an enormous thank you for these years as my supervisor and the education you 
have given me the opportunity to get. Thank you for all support, for your enthusiasm and 
ideas, our discussions, for your guidance, for letting me meet the scientific community during 
all conferences even already before my PhD-time, and for you letting me steer my projects, 
after discussion with you, in my own directions. 
 
Helena Jernström, you entered my PhD-student life as a co-supervisor with a bang after the 
project already had been initiated, and I am grateful for you joining “my team”. Thank you so 
much for all hours of SPSS analysis, discussing results, and editing, editing, editing. I have 
received great tools to work with regarding research and my writing, from you.  
 
Susanne André, thank you so very much for all your help, for listening, for fixing problems: 
computer-oriented as well as other, for sharing my interest in Sci-Fi, and for being you. 
 
Ingrid Mårtensson, thank you so much for helping me with all pedigrees, endless hours of 
verifications in registers, and being a great roommate. Karin Henriksson, thank you so much 
for all help, guidance and discussions about OnkGen, and the mutations causing breast 
cancer. Britt-Marie, Gertrud, and Monika at the Southern Regional Cancer Center thank you 
for all your help with the registers and forms to be filled in. Göran Jönsson and Mats Jönsson, 
thank you for your guidance and patience during the CGH project. Per Broberg, thank you for 
all hours of statistics during the BRCA-project, and for humoring my radical statistical ideas. 
Åke Borg, thank you for the discussions regarding heredity in breast cancer. Jari, thank you for 
explaining how the programs work and answering questions during the CGH project. Thank 
you Helen, Anita and Elisabeth with your help, concern and support.  
 
Susanne, thank you so much for all discussions regarding both science and life, for pushing me 
forward scientifically, enduring me as a roommate, and being supportive. Sophie, thank you 
for all laughs, and great discussion regarding science as well as bakery. Karin, thank you for 
being a lovely roommate, great travel-companion, and a supporter during the last part of my 
PhD-education.  
 

59 



Thank you to all the other PhD-students at the Department of Oncology and Pathology 
during these years. You have either during lunch, breaks, during our journal clubs and other 
forums shared your knowledge and creating a good environment for scientific growth. Thank 
you to everyone at the Department of Oncology and Pathology, the Tumor registry (as it was called 
back then), and all those situated at the ground floor, first floor and third floor of the 
Kamprad building for creating a great environment to work in, and making all breaks and 
lunches greatly enjoyable.  
 
Thank you to all my friends, and especially to Linda, for listening, shopping and scrapping 
with me, and always being such a great friend.  
 
Thank you to my in-law family: Lotta, Lars-Erik, for your support, concern, and 
understanding over the years. Thank you Boel, Mathilda, and Johanna for entering my family, 
and for making my family a bit more whole.  
 
Thank you to my role-model and aunt, Karin, and “Onkel” Per for their never-ending 
support, and their enormous enthusiasm. Special thanks to cousin Henrik for the cover 
photograph.  
 
Thank you to my sisters Erica and Desirée, for being the greatest sisters in the world, you are 
the best! Thank you Dad for endless encouragement, all hours of “taxi Håkanson”, and endless 
support. Special thanks to my Mum, for being a strong, and intelligent woman, I wish you 
were here today to share this with me, this is for you and Grandma. 
 
Thank you Anton for the greatest gifts I have ever received: being your mom and the 
adventure of following you throughout your life. Andreas, my true love and best friend, thank 
you for sharing your life with me. Thank you for always being there, making my life 
wonderful, and for supporting me and giving me the opportunity to follow my quest in the 
pursuit of understanding cancer. ♥ 
 
 
The studies included in this thesis were financially supported by grants from European 
Research Council Advanced Grant ERC-2011-294576, The King Gustaf V’s Jubilee 
Foundation, the Berta Kamprad Foundation, the Swedish Cancer Society, The Faculty of 
Medicine, Lund University, the Swedish Research Council, and Local funds from the Skåne 
University Hospital. I am also grateful for the travel grants received during my PhD-education 
from the John and Augusta Persson Foundation. 
 

 
 
 
 
 
 

60 



References 

 
[1] Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM: Estimates of worldwide 

burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010, 127:2893-917. 
[2] Cancerfonden S: Cancer i Siffror 2013. 6 ed. 

http://www.socialstyrelsen.se/publikationer2013/2013-6-5: Socialstyrelsen, 2013. 
[3] Olsson H, Baldetorp B, Ferno M, Perfekt R: Relation between the rate of tumour cell 

proliferation and latency time in radiation associated breast cancer. BMC Cancer 
2003, 3:11. 

[4] Umar A, Dunn BK, Greenwald P: Future directions in cancer prevention. Nat Rev Cancer 
2012, 12:835-48. 

[5] Hanahan D, Weinberg RA: The Hallmarks of Cancer. Cell 2000, 100:57-70. 
[6] Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation. Cell 2011, 144:646-

74. 
[7] Berstein LM, Santen RJ: Innovative endocrinology of cancer. New York,  Austin, Tex.: 

Springer Science+Business Media; Landes Bioscience, 2008. 
[8] Fenton SE, Reed C, Newbold RR: Perinatal environmental exposures affect mammary 

development, function, and cancer risk in adulthood. Annual review of pharmacology 
and toxicology 2012, 52:455-79. 

[9] Harris JR: Diseases of the breast. 4th ed. Philadelphia: Lippincott Williams & Wilkins, 
2010. 

[10] Javed A, Lteif A: Development of the Human Breast. Seminars in Plastic Surgery 2013, 
27:005-12. 

[11] Russo J, Russo IH: Development of the human breast. Maturitas 2004, 49:2-15. 
[12] Strachan T, Read A: Human molecular genetics 3. 3rd ed. London: Garland Science, 

2004. 
[13] Bergman D, Halje M, Nordin M, Engstrom W: Insulin-like growth factor 2 in 

development and disease: a mini-review. Gerontology 2013, 59:240-9. 
[14] Peto J, Mack TM: High constant incidence in twins and other relatives of women with 

breast cancer. Nat Genet 2000, 26:411-4. 
[15] Claus EB, Risch N, Thompson WD: Genetic analysis of breast cancer in the cancer and 

steroid hormone study. American journal of human genetics 1991, 48:232-42. 
[16] Lalloo F, Evans DG: Familial breast cancer. Clinical genetics 2012, 82:105-14. 
[17] Ripperger T, Gadzicki D, Meindl A, Schlegelberger B: Breast cancer susceptibility: 

current knowledge and implications for genetic counselling. Eur J Hum Genet 2009, 
17:722-31. 

[18] Mavaddat N, Antoniou AC, Easton DF, Garcia-Closas M: Genetic susceptibility to 
breast cancer. Mol Oncol 2010, 4:174-91. 

61 

http://www.socialstyrelsen.se/publikationer2013/2013-6-5:


[19] Foulkes WD: Inherited susceptibility to common cancers. N Engl J Med 2008, 
359:2143-53. 

[20] Fletcher O, Houlston RS: Architecture of inherited susceptibility to common cancer. Nat 
Rev Cancer 2010, 10:353-61. 

[21] Ghoussaini M, Pharoah PD, Easton DF: Inherited Genetic Susceptibility to Breast 
Cancer: The Beginning of the End or the End of the Beginning? The American journal 
of pathology 2013. 

[22] Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA, Harshman K, Tavtigian S, Liu Q, 
Cochran C, Bennett LM, Ding W, et al.: A strong candidate for the breast and ovarian 
cancer susceptibility gene BRCA1. Science 1994, 266:66-71. 

[23] Wooster R, Bignell G, Lancaster J, Swift S, Seal S, Mangion J, Collins N, Gregory S, 
Gumbs C, Micklem G: Identification of the breast cancer susceptibility gene BRCA2. 
Nature 1995, 378:789-92. 

[24] Petrucelli N, Daly MB, Feldman GL: Hereditary breast and ovarian cancer due to 
mutations in BRCA1 and BRCA2. Genetics in medicine : official journal of the 
American College of Medical Genetics 2010, 12:245-59. 

[25] Moynahan ME, Jasin M: Mitotic homologous recombination maintains genomic 
stability and suppresses tumorigenesis. Nature reviews Molecular cell biology 2010, 
11:196-207. 

[26] Huen MS, Sy SM, Chen J: BRCA1 and its toolbox for the maintenance of genome 
integrity. Nature reviews Molecular cell biology 2010, 11:138-48. 

[27] Shuen AY, Foulkes WD: Inherited mutations in breast cancer genes--risk and response. 
Journal of mammary gland biology and neoplasia 2011, 16:3-15. 

[28] Tavtigian SV, Simard J, Rommens J, Couch F, Shattuck-Eidens D, Neuhausen S, 
Merajver S, Thorlacius S, Offit K, Stoppa-Lyonnet D, Belanger C, Bell R, Berry S, 
Bogden R, Chen Q, Davis T, Dumont M, Frye C, Hattier T, Jammulapati S, Janecki 
T, Jiang P, Kehrer R, Leblanc JF, Mitchell JT, McArthur-Morrison J, Nguyen K, Peng 
Y, Samson C, Schroeder M, Snyder SC, Steele L, Stringfellow M, Stroup C, Swedlund 
B, Swense J, Teng D, Thomas A, Tran T, Tranchant M, Weaver-Feldhaus J, Wong 
AK, Shizuya H, Eyfjord JE, Cannon-Albright L, Tranchant M, Labrie F, Skolnick 
MH, Weber B, Kamb A, Goldgar DE: The complete BRCA2 gene and mutations in 
chromosome 13q-linked kindreds. Nat Genet 1996, 12:333-7. 

[29] Barnes DR, Antoniou AC: Unravelling modifiers of breast and ovarian cancer risk for 
BRCA1 and BRCA2 mutation carriers: update on genetic modifiers. Journal of 
internal medicine 2012, 271:331-43. 

[30] Couch FJ, Wang X, McGuffog L, Lee A, Olswold C, Kuchenbaecker KB, Soucy P, 
Fredericksen Z, Barrowdale D, Dennis J, Gaudet MM, Dicks E, Kosel M, Healey S, 
Sinilnikova OM, Lee A, Bacot F, Vincent D, Hogervorst FB, Peock S, Stoppa-Lyonnet 
D, Jakubowska A, kConFab I, Radice P, Schmutzler RK, Swe B, Domchek SM, 
Piedmonte M, Singer CF, Friedman E, Thomassen M, Ontario Cancer Genetics N, 
Hansen TV, Neuhausen SL, Szabo CI, Blanco I, Greene MH, Karlan BY, Garber J, 
Phelan CM, Weitzel JN, Montagna M, Olah E, Andrulis IL, Godwin AK, 
Yannoukakos D, Goldgar DE, Caldes T, Nevanlinna H, Osorio A, Terry MB, Daly 
MB, van Rensburg EJ, Hamann U, Ramus SJ, Toland AE, Caligo MA, Olopade OI, 
Tung N, Claes K, Beattie MS, Southey MC, Imyanitov EN, Tischkowitz M, 
Janavicius R, John EM, Kwong A, Diez O, Balmana J, Barkardottir RB, Arun BK, 
Rennert G, Teo SH, Ganz PA, Campbell I, van der Hout AH, van Deurzen CH, 

62 



Seynaeve C, Gomez Garcia EB, van Leeuwen FE, Meijers-Heijboer HE, Gille JJ, 
Ausems MG, Blok MJ, Ligtenberg MJ, Rookus MA, Devilee P, Verhoef S, van Os TA, 
Wijnen JT, Hebon, Embrace, Frost D, Ellis S, Fineberg E, Platte R, Evans DG, Izatt 
L, Eeles RA, Adlard J, Eccles DM, Cook J, Brewer C, Douglas F, Hodgson S, 
Morrison PJ, Side LE, Donaldson A, Houghton C, Rogers MT, Dorkins H, Eason J, 
Gregory H, McCann E, Murray A, Calender A, Hardouin A, Berthet P, Delnatte C, 
Nogues C, Lasset C, Houdayer C, Leroux D, Rouleau E, Prieur F, Damiola F, Sobol 
H, Coupier I, Venat-Bouvet L, Castera L, Gauthier-Villars M, Leone M, Pujol P, 
Mazoyer S, Bignon YJ, Collaborators GS, Zlowocka-Perlowska E, Gronwald J, 
Lubinski J, Durda K, Jaworska K, Huzarski T, Spurdle AB, Viel A, Peissel B, Bonanni 
B, Melloni G, Ottini L, Papi L, Varesco L, Tibiletti MG, Peterlongo P, Volorio S, 
Manoukian S, Pensotti V, Arnold N, Engel C, Deissler H, Gadzicki D, Gehrig A, Kast 
K, Rhiem K, Meindl A, Niederacher D, Ditsch N, Plendl H, Preisler-Adams S, Engert 
S, Sutter C, Varon-Mateeva R, Wappenschmidt B, Weber BH, Arver B, Stenmark-
Askmalm M, Loman N, Rosenquist R, Einbeigi Z, Nathanson KL, Rebbeck TR, 
Blank SV, Cohn DE, Rodriguez GC, Small L, Friedlander M, Bae-Jump VL, Fink-
Retter A, Rappaport C, Gschwantler-Kaulich D, Pfeiler G, Tea MK, Lindor NM, 
Kaufman B, Shimon Paluch S, Laitman Y, Skytte AB, Gerdes AM, Pedersen IS, 
Moeller ST, Kruse TA, Jensen UB, Vijai J, Sarrel K, Robson M, Kauff N, Mulligan 
AM, Glendon G, Ozcelik H, Ejlertsen B, Nielsen FC, Jonson L, Andersen MK, Ding 
YC, Steele L, Foretova L, Teule A, Lazaro C, Brunet J, Pujana MA, Mai PL, Loud JT, 
Walsh C, Lester J, Orsulic S, Narod SA, Herzog J, Sand SR, Tognazzo S, Agata S, 
Vaszko T, Weaver J, Stavropoulou AV, Buys SS, Romero A, de la Hoya M, Aittomaki 
K, Muranen TA, Duran M, Chung WK, Lasa A, Dorfling CM, Miron A, Bcfr, 
Benitez J, Senter L, Huo D, Chan SB, Sokolenko AP, Chiquette J, Tihomirova L, 
Friebel TM, Agnarsson BA, Lu KH, Lejbkowicz F, James PA, Hall P, Dunning AM, 
Tessier D, Cunningham J, Slager SL, Wang C, Hart S, Stevens K, Simard J, Pastinen 
T, Pankratz VS, Offit K, Easton DF, Chenevix-Trench G, Antoniou AC, Cimba: 
Genome-wide association study in BRCA1 mutation carriers identifies novel loci 
associated with breast and ovarian cancer risk. PLoS genetics 2013, 9:e1003212. 

[31] Antoniou AC, Kuchenbaecker KB, Soucy P, Beesley J, Chen X, McGuffog L, Lee A, 
Barrowdale D, Healey S, Sinilnikova OM, Caligo MA, Loman N, Harbst K, Lindblom 
A, Arver B, Rosenquist R, Karlsson P, Nathanson K, Domchek S, Rebbeck T, 
Jakubowska A, Lubinski J, Jaworska K, Durda K, Zlowowcka-Perlowska E, Osorio A, 
Duran M, Andres R, Benitez J, Hamann U, Hogervorst FB, van Os TA, Verhoef S, 
Meijers-Heijboer HE, Wijnen J, Gomez Garcia EB, Ligtenberg MJ, Kriege M, Collee 
JM, Ausems MG, Oosterwijk JC, Peock S, Frost D, Ellis SD, Platte R, Fineberg E, 
Evans DG, Lalloo F, Jacobs C, Eeles R, Adlard J, Davidson R, Cole T, Cook J, 
Paterson J, Douglas F, Brewer C, Hodgson S, Morrison PJ, Walker L, Rogers MT, 
Donaldson A, Dorkins H, Godwin AK, Bove B, Stoppa-Lyonnet D, Houdayer C, 
Buecher B, de Pauw A, Mazoyer S, Calender A, Leone M, Bressac-de Paillerets B, 
Caron O, Sobol H, Frenay M, Prieur F, Ferrer SU, Mortemousque I, Buys S, Daly M, 
Miron A, Terry MU, Hopper JL, John EM, Southey M, Goldgar D, Singer CF, Fink-
Retter A, Tea MK, Kaulich DU, Hansen TV, Nielsen FC, Barkardottir RB, Gaudet 
M, Kirchhoff T, Joseph V, Dutra-Clarke A, Offit K, Piedmonte M, Kirk J, Cohn D, 
Hurteau J, Byron J, Fiorica J, Toland AE, Montagna M, Oliani C, Imyanitov E, Isaacs 
C, Tihomirova L, Blanco I, Lazaro C, Teule A, Valle JD, Gayther SA, Odunsi K, 

63 



Gross J, Karlan BY, Olah E, Teo SH, Ganz PA, Beattie MS, Dorfling CM, van 
Rensburg EU, Diez O, Kwong A, Schmutzler RK, Wappenschmidt B, Engel C, 
Meindl A, Ditsch N, Arnold N, Heidemann S, Niederacher D, Preisler-Adams S, 
Gadzicki D, Varon-Mateeva R, Deissler H, Gehrig A, Sutter C, Kast K, Fiebig B, 
Schafer D, Caldes T, de la Hoya M, Nevanlinna H, Muranen TA, Lesperance B, 
Spurdle AB, Neuhausen SL, Ding YC, Wang X, Fredericksen Z, Pankratz VS, Lindor 
NM, Peterlongo P, Manoukian S, Peissel B, Zaffaroni D, Bonanni B, Bernard L, 
Dolcetti R, Papi L, Ottini L, Radice P, Greene MH, Loud JT, Andrulis IL, Ozcelik H, 
Mulligan AU, Glendon G, Thomassen M, Gerdes AM, Jensen UB, Skytte AB, Kruse 
TA, Chenevix-Trench G, Couch FJ, Simard J, Easton DF: Common variants at 
12p11, 12q24, 9p21, 9q31.2 and in ZNF365 are associated with breast cancer risk for 
BRCA1 and/or BRCA2 mutation carriers. Breast Cancer Res 2012, 14:R33. 

[32] Couch FJ, Gaudet MM, Antoniou AC, Ramus SJ, Kuchenbaecker KB, Soucy P, Beesley 
J, Chen X, Wang X, Kirchhoff T, McGuffog L, Barrowdale D, Lee A, Healey S, 
Sinilnikova OM, Andrulis IL, Ozcelik H, Mulligan AM, Thomassen M, Gerdes AM, 
Jensen UB, Skytte AB, Kruse TA, Caligo MA, von Wachenfeldt A, Barbany-Bustinza 
G, Loman N, Soller M, Ehrencrona H, Karlsson P, Nathanson KL, Rebbeck TR, 
Domchek SM, Jakubowska A, Lubinski J, Jaworska K, Durda K, Zlowocka E, 
Huzarski T, Byrski T, Gronwald J, Cybulski C, Gorski B, Osorio A, Duran M, Tejada 
MI, Benitez J, Hamann U, Hogervorst FB, van Os TA, van Leeuwen FE, Meijers-
Heijboer HE, Wijnen J, Blok MJ, Kets M, Hooning MJ, Oldenburg RA, Ausems MG, 
Peock S, Frost D, Ellis SD, Platte R, Fineberg E, Evans DG, Jacobs C, Eeles RA, 
Adlard J, Davidson R, Eccles DM, Cole T, Cook J, Paterson J, Brewer C, Douglas F, 
Hodgson SV, Morrison PJ, Walker L, Porteous ME, Kennedy MJ, Side LE, Bove B, 
Godwin AK, Stoppa-Lyonnet D, Fassy-Colcombet M, Castera L, Cornelis F, Mazoyer 
S, Leone M, Boutry-Kryza N, Bressac-de Paillerets B, Caron O, Pujol P, Coupier I, 
Delnatte C, Akloul L, Lynch HT, Snyder CL, Buys SS, Daly MB, Terry M, Chung 
WK, John EM, Miron A, Southey MC, Hopper JL, Goldgar DE, Singer CF, 
Rappaport C, Tea MK, Fink-Retter A, Hansen TV, Nielsen FC, Arason A, Vijai J, 
Shah S, Sarrel K, Robson ME, Piedmonte M, Phillips K, Basil J, Rubinstein WS, 
Boggess J, Wakeley K, Ewart-Toland A, Montagna M, Agata S, Imyanitov EN, Isaacs 
C, Janavicius R, Lazaro C, Blanco I, Feliubadalo L, Brunet J, Gayther SA, Pharoah PP, 
Odunsi KO, Karlan BY, Walsh CS, Olah E, Teo SH, Ganz PA, Beattie MS, van 
Rensburg EJ, Dorfling CM, Diez O, Kwong A, Schmutzler RK, Wappenschmidt B, 
Engel C, Meindl A, Ditsch N, Arnold N, Heidemann S, Niederacher D, Preisler-
Adams S, Gadzicki D, Varon-Mateeva R, Deissler H, Gehrig A, Sutter C, Kast K, 
Fiebig B, Heinritz W, Caldes T, de la Hoya M, Muranen TA, Nevanlinna H, 
Tischkowitz MD, Spurdle AB, Neuhausen SL, Ding YC, Lindor NM, Fredericksen Z, 
Pankratz VS, Peterlongo P, Manoukian S, Peissel B, Zaffaroni D, Barile M, Bernard L, 
Viel A, Giannini G, Varesco L, Radice P, Greene MH, Mai PL, Easton DF, Chenevix-
Trench G, Offit K, Simard J: Common variants at the 19p13.1 and ZNF365 loci are 
associated with ER subtypes of breast cancer and ovarian cancer risk in BRCA1 and 
BRCA2 mutation carriers. Cancer Epidemiol Biomarkers Prev 2012, 21:645-57. 

[33] Ding YC, McGuffog L, Healey S, Friedman E, Laitman Y, Paluch-Shimon S, Kaufman 
B, Liljegren A, Lindblom A, Olsson H, Kristoffersson U, Stenmark-Askmalm M, 
Melin B, Domchek SM, Nathanson KL, Rebbeck TR, Jakubowska A, Lubinski J, 
Jaworska K, Durda K, Gronwald J, Huzarski T, Cybulski C, Byrski T, Osorio A, Cajal 

64 



TR, Stavropoulou AV, Benitez J, Hamann U, Rookus M, Aalfs CM, de Lange JL, 
Meijers-Heijboer HE, Oosterwijk JC, van Asperen CJ, Gomez Garcia EB, 
Hoogerbrugge N, Jager A, van der Luijt RB, Easton DF, Peock S, Frost D, Ellis SD, 
Platte R, Fineberg E, Evans DG, Lalloo F, Izatt L, Eeles R, Adlard J, Davidson R, 
Eccles D, Cole T, Cook J, Brewer C, Tischkowitz M, Godwin AK, Pathak H, Stoppa-
Lyonnet D, Sinilnikova OM, Mazoyer S, Barjhoux L, Leone M, Gauthier-Villars M, 
Caux-Moncoutier V, de Pauw A, Hardouin A, Berthet P, Dreyfus H, Ferrer SF, 
Collonge-Rame MA, Sokolowska J, Buys S, Daly M, Miron A, Terry MB, Chung W, 
John EM, Southey M, Goldgar D, Singer CF, Tea MK, Gschwantler-Kaulich D, Fink-
Retter A, Hansen TV, Ejlertsen B, Johannsson OT, Offit K, Sarrel K, Gaudet MM, 
Vijai J, Robson M, Piedmonte MR, Andrews L, Cohn D, DeMars LR, DiSilvestro P, 
Rodriguez G, Toland AE, Montagna M, Agata S, Imyanitov E, Isaacs C, Janavicius R, 
Lazaro C, Blanco I, Ramus SJ, Sucheston L, Karlan BY, Gross J, Ganz PA, Beattie MS, 
Schmutzler RK, Wappenschmidt B, Meindl A, Arnold N, Niederacher D, Preisler-
Adams S, Gadzicki D, Varon-Mateeva R, Deissler H, Gehrig A, Sutter C, Kast K, 
Nevanlinna H, Aittomaki K, Simard J, Spurdle AB, Beesley J, Chen X, Tomlinson 
GE, Weitzel J, Garber JE, Olopade OI, Rubinstein WS, Tung N, Blum JL, Narod SA, 
Brummel S, Gillen DL, Lindor N, Fredericksen Z, Pankratz VS, Couch FJ, Radice P, 
Peterlongo P, Greene MH, Loud JT, Mai PL, Andrulis IL, Glendon G, Ozcelik H, 
Gerdes AM, Thomassen M, Jensen UB, Skytte AB, Caligo MA, Lee A, Chenevix-
Trench G, Antoniou AC, Neuhausen SL: A nonsynonymous polymorphism in IRS1 
modifies risk of developing breast and ovarian cancers in BRCA1 and ovarian cancer in 
BRCA2 mutation carriers. Cancer Epidemiol Biomarkers Prev 2012, 21:1362-70. 

[34] Jakubowska A, Rozkrut D, Antoniou A, Hamann U, Scott RJ, McGuffog L, Healy S, 
Sinilnikova OM, Rennert G, Lejbkowicz F, Flugelman A, Andrulis IL, Glendon G, 
Ozcelik H, Thomassen M, Paligo M, Aretini P, Kantala J, Aroer B, von Wachenfeldt 
A, Liljegren A, Loman N, Herbst K, Kristoffersson U, Rosenquist R, Karlsson P, 
Stenmark-Askmalm M, Melin B, Nathanson KL, Domchek SM, Byrski T, Huzarski 
T, Gronwald J, Menkiszak J, Cybulski C, Serrano P, Osorio A, Cajal TR, Tsitlaidou 
M, Benitez J, Gilbert M, Rookus M, Aalfs CM, Kluijt I, Boessenkool-Pape JL, 
Meijers-Heijboer HE, Oosterwijk JC, van Asperen CJ, Blok MJ, Nelen MR, van den 
Ouweland AM, Seynaeve C, van der Luijt RB, Devilee P, Easton DF, Peock S, Frost 
D, Platte R, Ellis SD, Fineberg E, Evans DG, Lalloo F, Eeles R, Jacobs C, Adlard J, 
Davidson R, Eccles D, Cole T, Cook J, Godwin A, Bove B, Stoppa-Lyonnet D, Caux-
Moncoutier V, Belotti M, Tirapo C, Mazoyer S, Barjhoux L, Boutry-Kryza N, Pujol P, 
Coupier I, Peyrat JP, Vennin P, Muller D, Fricker JP, Venat-Bouvet L, Johannsson 
OT, Isaacs C, Schmutzler R, Wappenschmidt B, Meindl A, Arnold N, Varon-Mateeva 
R, Niederacher D, Sutter C, Deissler H, Preisler-Adams S, Simard J, Soucy P, 
Durocher F, Chenevix-Trench G, Beesley J, Chen X, Rebbeck T, Couch F, Wang X, 
Lindor N, Fredericksen Z, Pankratz VS, Peterlongo P, Bonanni B, Fortuzzi S, Peissel 
B, Szabo C, Mai PL, Loud JT, Lubinski J: Association of PHB 1630 C>T and 
MTHFR 677 C>T polymorphisms with breast and ovarian cancer risk in BRCA1/2 
mutation carriers: results from a multicenter study. Br J Cancer 2012, 106:2016-24. 

[35] Stevens KN, Wang X, Fredericksen Z, Pankratz VS, Greene MH, Andrulis IL, 
Thomassen M, Caligo M, Nathanson KL, Jakubowska A, Osorio A, Hamann U, 
Godwin AK, Stoppa-Lyonnet D, Southey M, Buys SS, Singer CF, Hansen TV, Arason 
A, Offit K, Piedmonte M, Montagna M, Imyanitov E, Tihomirova L, Sucheston L, 

65 



Beattie M, Neuhausen SL, Szabo CI, Simard J, Spurdle AB, Healey S, Chen X, 
Rebbeck TR, Easton DF, Chenevix-Trench G, Antoniou AC, Couch FJ: Evaluation of 
chromosome 6p22 as a breast cancer risk modifier locus in a follow-up study of 
BRCA2 mutation carriers. Breast Cancer Res Treat 2012, 136:295-302. 

[36] Mavaddat N, Barrowdale D, Andrulis IL, Domchek SM, Eccles D, Nevanlinna H, 
Ramus SJ, Spurdle A, Robson M, Sherman M, Mulligan AM, Couch FJ, Engel C, 
McGuffog L, Healey S, Sinilnikova OM, Southey MC, Terry MB, Goldgar D, 
O'Malley F, John EM, Janavicius R, Tihomirova L, Hansen TV, Nielsen FC, Osorio 
A, Stavropoulou A, Benitez J, Manoukian S, Peissel B, Barile M, Volorio S, Pasini B, 
Dolcetti R, Putignano AL, Ottini L, Radice P, Hamann U, Rashid MU, Hogervorst 
FB, Kriege M, van der Luijt RB, Hebon, Peock S, Frost D, Evans DG, Brewer C, 
Walker L, Rogers MT, Side LE, Houghton C, Embrace, Weaver J, Godwin AK, 
Schmutzler RK, Wappenschmidt B, Meindl A, Kast K, Arnold N, Niederacher D, 
Sutter C, Deissler H, Gadzicki D, Preisler-Adams S, Varon-Mateeva R, Schonbuchner 
I, Gevensleben H, Stoppa-Lyonnet D, Belotti M, Barjhoux L, Collaborators GS, Isaacs 
C, Peshkin BN, Caldes T, de la Hoya M, Canadas C, Heikkinen T, Heikkila P, 
Aittomaki K, Blanco I, Lazaro C, Brunet J, Agnarsson BA, Arason A, Barkardottir RB, 
Dumont M, Simard J, Montagna M, Agata S, D'Andrea E, Yan M, Fox S, kConFab I, 
Rebbeck TR, Rubinstein W, Tung N, Garber JE, Wang X, Fredericksen Z, Pankratz 
VS, Lindor NM, Szabo C, Offit K, Sakr R, Gaudet MM, Singer CF, Tea MK, 
Rappaport C, Mai PL, Greene MH, Sokolenko A, Imyanitov E, Toland AE, Senter L, 
Sweet K, Thomassen M, Gerdes AM, Kruse T, Caligo M, Aretini P, Rantala J, von 
Wachenfeld A, Henriksson K, Collaborators S-B, Steele L, Neuhausen SL, Nussbaum 
R, Beattie M, Odunsi K, Sucheston L, Gayther SA, Nathanson K, Gross J, Walsh C, 
Karlan B, Chenevix-Trench G, Easton DF, Antoniou AC, Consortium of Investigators 
of Modifiers of B: Pathology of breast and ovarian cancers among BRCA1 and BRCA2 
mutation carriers: results from the Consortium of Investigators of Modifiers of 
BRCA1/2 (CIMBA). Cancer Epidemiol Biomarkers Prev 2012, 21:134-47. 

[37] Li FP, Fraumeni JF, Jr.: Soft-tissue sarcomas, breast cancer, and other neoplasms. A 
familial syndrome? Annals of internal medicine 1969, 71:747-52. 

[38] Srivastava S, Zou ZQ, Pirollo K, Blattner W, Chang EH: Germ-line transmission of a 
mutated p53 gene in a cancer-prone family with Li-Fraumeni syndrome. Nature 1990, 
348:747-9. 

[39] Malkin D, Li FP, Strong LC, Fraumeni JF, Jr., Nelson CE, Kim DH, Kassel J, Gryka 
MA, Bischoff FZ, Tainsky MA, et al.: Germ line p53 mutations in a familial syndrome 
of breast cancer, sarcomas, and other neoplasms. Science 1990, 250:1233-8. 

[40] Gonzalez KD, Noltner KA, Buzin CH, Gu D, Wen-Fong CY, Nguyen VQ, Han JH, 
Lowstuter K, Longmate J, Sommer SS, Weitzel JN: Beyond Li Fraumeni Syndrome: 
clinical characteristics of families with p53 germline mutations. J Clin Oncol 2009, 
27:1250-6. 

[41] Olivier M, Goldgar DE, Sodha N, Ohgaki H, Kleihues P, Hainaut P, Eeles RA: Li-
Fraumeni and related syndromes: correlation between tumor type, family structure, 
and TP53 genotype. Cancer Res 2003, 63:6643-50. 

[42] Chompret A, Brugieres L, Ronsin M, Gardes M, Dessarps-Freichey F, Abel A, Hua D, 
Ligot L, Dondon MG, Bressac-de Paillerets B, Frebourg T, Lemerle J, Bonaiti-Pellie 
C, Feunteun J: P53 germline mutations in childhood cancers and cancer risk for carrier 
individuals. Br J Cancer 2000, 82:1932-7. 

66 



[43] Rivlin N, Brosh R, Oren M, Rotter V: Mutations in the p53 Tumor Suppressor Gene: 
Important Milestones at the Various Steps of Tumorigenesis. Genes & cancer 2011, 
2:466-74. 

[44] Hemminki A, Markie D, Tomlinson I, Avizienyte E, Roth S, Loukola A, Bignell G, 
Warren W, Aminoff M, Hoglund P, Jarvinen H, Kristo P, Pelin K, Ridanpaa M, 
Salovaara R, Toro T, Bodmer W, Olschwang S, Olsen AS, Stratton MR, de la 
Chapelle A, Aaltonen LA: A serine/threonine kinase gene defective in Peutz-Jeghers 
syndrome. Nature 1998, 391:184-7. 

[45] Hearle N, Schumacher V, Menko FH, Olschwang S, Boardman LA, Gille JJ, Keller JJ, 
Westerman AM, Scott RJ, Lim W, Trimbath JD, Giardiello FM, Gruber SB, 
Offerhaus GJ, de Rooij FW, Wilson JH, Hansmann A, Moslein G, Royer-Pokora B, 
Vogel T, Phillips RK, Spigelman AD, Houlston RS: Frequency and spectrum of 
cancers in the Peutz-Jeghers syndrome. Clin Cancer Res 2006, 12:3209-15. 

[46] Yoo LI, Chung DC, Yuan J: LKB1--a master tumour suppressor of the small intestine 
and beyond. Nat Rev Cancer 2002, 2:529-35. 

[47] Swift M, Reitnauer PJ, Morrell D, Chase CL: Breast and other cancers in families with 
ataxia-telangiectasia. N Engl J Med 1987, 316:1289-94. 

[48] Thompson D, Duedal S, Kirner J, McGuffog L, Last J, Reiman A, Byrd P, Taylor M, 
Easton DF: Cancer risks and mortality in heterozygous ATM mutation carriers. J Natl 
Cancer Inst 2005, 97:813-22. 

[49] Renwick A, Thompson D, Seal S, Kelly P, Chagtai T, Ahmed M, North B, Jayatilake H, 
Barfoot R, Spanova K, McGuffog L, Evans DG, Eccles D, Breast Cancer Susceptibility 
C, Easton DF, Stratton MR, Rahman N: ATM mutations that cause ataxia-
telangiectasia are breast cancer susceptibility alleles. Nat Genet 2006, 38:873-5. 

[50] Bell DW, Varley JM, Szydlo TE, Kang DH, Wahrer DC, Shannon KE, Lubratovich M, 
Verselis SJ, Isselbacher KJ, Fraumeni JF, Birch JM, Li FP, Garber JE, Haber DA: 
Heterozygous germ line hCHK2 mutations in Li-Fraumeni syndrome. Science 1999, 
286:2528-31. 

[51] Meijers-Heijboer H, van den Ouweland A, Klijn J, Wasielewski M, de Snoo A, 
Oldenburg R, Hollestelle A, Houben M, Crepin E, van Veghel-Plandsoen M, Elstrodt 
F, van Duijn C, Bartels C, Meijers C, Schutte M, McGuffog L, Thompson D, Easton 
D, Sodha N, Seal S, Barfoot R, Mangion J, Chang-Claude J, Eccles D, Eeles R, Evans 
DG, Houlston R, Murday V, Narod S, Peretz T, Peto J, Phelan C, Zhang HX, Szabo 
C, Devilee P, Goldgar D, Futreal PA, Nathanson KL, Weber B, Rahman N, Stratton 
MR, Consortium CH-BC: Low-penetrance susceptibility to breast cancer due to 
CHEK2(*)1100delC in noncarriers of BRCA1 or BRCA2 mutations. Nat Genet 
2002, 31:55-9. 

[52] Rahman N, Seal S, Thompson D, Kelly P, Renwick A, Elliott A, Reid S, Spanova K, 
Barfoot R, Chagtai T, Jayatilake H, McGuffog L, Hanks S, Evans DG, Eccles D, 
Breast Cancer Susceptibility C, Easton DF, Stratton MR: PALB2, which encodes a 
BRCA2-interacting protein, is a breast cancer susceptibility gene. Nat Genet 2007, 
39:165-7. 

[53] Seal S, Thompson D, Renwick A, Elliott A, Kelly P, Barfoot R, Chagtai T, Jayatilake H, 
Ahmed M, Spanova K, North B, McGuffog L, Evans DG, Eccles D, Breast Cancer 
Susceptibility C, Easton DF, Stratton MR, Rahman N: Truncating mutations in the 
Fanconi anemia J gene BRIP1 are low-penetrance breast cancer susceptibility alleles. 
Nat Genet 2006, 38:1239-41. 

67 



[54] Nelen MR, Padberg GW, Peeters EA, Lin AY, van den Helm B, Frants RR, Coulon V, 
Goldstein AM, van Reen MM, Easton DF, Eeles RA, Hodgsen S, Mulvihill JJ, 
Murday VA, Tucker MA, Mariman EC, Starink TM, Ponder BA, Ropers HH, 
Kremer H, Longy M, Eng C: Localization of the gene for Cowden disease to 
chromosome 10q22-23. Nat Genet 1996, 13:114-6. 

[55] Guilford P, Hopkins J, Harraway J, McLeod M, McLeod N, Harawira P, Taite H, 
Scoular R, Miller A, Reeve AE: E-cadherin germline mutations in familial gastric 
cancer. Nature 1998, 392:402-5. 

[56] Rozek LS, Dolinoy DC, Sartor MA, Omenn GS: Epigenetics: relevance and implications 
for public health. Annual review of public health 2014, 35:105-22. 

[57] Antequera F, Bird A: Number of CpG islands and genes in human and mouse. Proc Natl 
Acad Sci U S A 1993, 90:11995-9. 

[58] Dobrovic A, Simpfendorfer D: Methylation of the BRCA1 gene in sporadic breast 
cancer. Cancer Res 1997, 57:3347-50. 

[59] Esteller M, Fraga MF, Guo M, Garcia-Foncillas J, Hedenfalk I, Godwin AK, Trojan J, 
Vaurs-Barriere C, Bignon YJ, Ramus S, Benitez J, Caldes T, Akiyama Y, Yuasa Y, 
Launonen V, Canal MJ, Rodriguez R, Capella G, Peinado MA, Borg A, Aaltonen LA, 
Ponder BA, Baylin SB, Herman JG: DNA methylation patterns in hereditary human 
cancers mimic sporadic tumorigenesis. Human molecular genetics 2001, 10:3001-7. 

[60] MacMahon B: Epidemiology and the causes of breast cancer. Int J Cancer 2006, 
118:2373-8. 

[61] Kelsey JL, Gammon MD, John EM: Reproductive factors and breast cancer. 
Epidemiologic reviews 1993, 15:36-47. 

[62] McPherson K, Steel CM, Dixon JM: ABC of breast diseases. Breast cancer-epidemiology, 
risk factors, and genetics. BMJ 2000, 321:624-8. 

[63] Olsson H, Ranstam J, Landin Olsson M: The number of menstrual cycles prior to the 
first full term pregnancy an important risk factor of breast cancer? Acta Oncol 1987, 
26:387-9. 

[64] Nyante SJ, Dallal CM, Gierach GL, Park Y, Hollenbeck AR, Brinton LA: Risk factors for 
specific histopathological types of postmenopausal breast cancer in the NIH-AARP 
Diet and Health Study. American journal of epidemiology 2013, 178:359-71. 

[65] Work ME, Andrulis IL, John EM, Hopper JL, Liao Y, Zhang FF, Knight JA, West DW, 
Milne RL, Giles GG, Longacre TA, O'Malley F, Mulligan AM, Southey MC, 
Hibshoosh H, Terry MB: Risk factors for uncommon histologic subtypes of breast 
cancer using centralized pathology review in the Breast Cancer Family Registry. Breast 
Cancer Res Treat 2012, 134:1209-20. 

[66] Olsson H, Jernstrom H, Alm P, Kreipe H, Ingvar C, Jonsson PE, Ryden S: Proliferation 
of the breast epithelium in relation to menstrual cycle phase, hormonal use, and 
reproductive factors. Breast Cancer Res Treat 1996, 40:187-96. 

[67] Ranstam J, Olsson H: Oral contraceptive use among young women in southern Sweden. 
Journal of epidemiology and community health 1993, 47:32-5. 

[68] Nyante SJ, Gammon MD, Malone KE, Daling JR, Brinton LA: The association between 
oral contraceptive use and lobular and ductal breast cancer in young women. 
International Journal of Cancer 2008, 122:936-41. 

[69] Brohet RM, Goldgar DE, Easton DF, Antoniou AC, Andrieu N, Chang-Claude J, Peock 
S, Eeles RA, Cook M, Chu C, Nogues C, Lasset C, Berthet P, Meijers-Heijboer H, 
Gerdes AM, Olsson H, Caldes T, van Leeuwen FE, Rookus MA: Oral contraceptives 

68 



and breast cancer risk in the international BRCA1/2 carrier cohort study: a report from 
EMBRACE, GENEPSO, GEO-HEBON, and the IBCCS Collaborating Group. J 
Clin Oncol 2007, 25:3831-6. 

[70] Jernstrom H, Loman N, Johannsson OT, Borg A, Olsson H: Impact of teenage oral 
contraceptive use in a population-based series of early-onset breast cancer cases who 
have undergone BRCA mutation testing. Eur J Cancer 2005, 41:2312-20. 

[71] Milne RL, Knight JA, John EM, Dite GS, Balbuena R, Ziogas A, Andrulis IL, West 
DW, Li FP, Southey MC, Giles GG, McCredie MR, Hopper JL, Whittemore AS: 
Oral contraceptive use and risk of early-onset breast cancer in carriers and noncarriers 
of BRCA1 and BRCA2 mutations. Cancer Epidemiol Biomarkers Prev 2005, 14:350-
6. 

[72] Narod SA, Dube MP, Klijn J, Lubinski J, Lynch HT, Ghadirian P, Provencher D, 
Heimdal K, Moller P, Robson M, Offit K, Isaacs C, Weber B, Friedman E, Gershoni-
Baruch R, Rennert G, Pasini B, Wagner T, Daly M, Garber JE, Neuhausen SL, 
Ainsworth P, Olsson H, Evans G, Osborne M, Couch F, Foulkes WD, Warner E, 
Kim-Sing C, Olopade O, Tung N, Saal HM, Weitzel J, Merajver S, Gauthier-Villars 
M, Jernstrom H, Sun P, Brunet JS: Oral contraceptives and the risk of breast cancer in 
BRCA1 and BRCA2 mutation carriers. J Natl Cancer Inst 2002, 94:1773-9. 

[73] Albrektsen G, Heuch I, Hansen S, Kvale G: Breast cancer risk by age at birth, time since 
birth and time intervals between births: exploring interaction effects. Br J Cancer 
2005, 92:167-75. 

[74] Hsieh C, Pavia M, Lambe M, Lan SJ, Colditz GA, Ekbom A, Adami HO, Trichopoulos 
D, Willett WC: Dual effect of parity on breast cancer risk. Eur J Cancer 1994, 
30A:969-73. 

[75] Leon DA, Carpenter LM, Broeders MJ, Gunnarskog J, Murphy MF: Breast cancer in 
Swedish women before age 50: evidence of a dual effect of completed pregnancy. 
Cancer causes & control : CCC 1995, 6:283-91. 

[76] Liu Q, Wuu J, Lambe M, Hsieh SF, Ekbom A, Hsieh CC: Transient increase in breast 
cancer risk after giving birth: postpartum period with the highest risk (Sweden). 
Cancer causes & control : CCC 2002, 13:299-305. 

[77] Lambe M, Hsieh C, Trichopoulos D, Ekbom A, Pavia M, Adami HO: Transient increase 
in the risk of breast cancer after giving birth. N Engl J Med 1994, 331:5-9. 

[78] Newcomb PA, Trentham-Dietz A, Hampton JM, Egan KM, Titus-Ernstoff L, Warren 
Andersen S, Greenberg ER, Willett WC: Late age at first full term birth is strongly 
associated with lobular breast cancer. Cancer 2011, 117:1946-56. 

[79] Reeves GK, Pirie K, Green J, Bull D, Beral V, Million Women Study C: Reproductive 
factors and specific histological types of breast cancer: prospective study and meta-
analysis. Br J Cancer 2009, 100:538-44. 

[80] Phipps AI, Li CI, Kerlikowske K, Barlow WE, Buist DS: Risk factors for ductal, lobular, 
and mixed ductal-lobular breast cancer in a screening population. Cancer Epidemiol 
Biomarkers Prev, 19:1643-54. 

[81] Loof-Johanson M, Brudin L, Sundquist M, Thorstenson S, Rudebeck CE: Breastfeeding 
and prognostic markers in breast cancer. Breast 2011, 20:170-5. 

[82] Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H, Hastie T, Eisen MB, van 
de Rijn M, Jeffrey SS, Thorsen T, Quist H, Matese JC, Brown PO, Botstein D, 
Eystein Lonning P, Borresen-Dale AL: Gene expression patterns of breast carcinomas 

69 



distinguish tumor subclasses with clinical implications. Proc Natl Acad Sci U S A 
2001, 98:10869-74. 

[83] Milne RL, Osorio A, Ramon y Cajal T, Baiget M, Lasa A, Diaz-Rubio E, de la Hoya M, 
Caldes T, Teule A, Lazaro C, Blanco I, Balmana J, Sanchez-Olle G, Vega A, Blanco A, 
Chirivella I, Esteban Cardenosa E, Duran M, Velasco E, Martinez de Duenas E, 
Tejada MI, Miramar MD, Calvo MT, Guillen-Ponce C, Salazar R, San Roman C, 
Urioste M, Benitez J: Parity and the risk of breast and ovarian cancer in BRCA1 and 
BRCA2 mutation carriers. Breast Cancer Res Treat 2010, 119:221-32. 

[84] Cullinane CA, Lubinski J, Neuhausen SL, Ghadirian P, Lynch HT, Isaacs C, Weber B, 
Moller P, Offit K, Kim-Sing C, Friedman E, Randall S, Pasini B, Ainsworth P, 
Gershoni-Baruch R, Foulkes WD, Klijn J, Tung N, Rennert G, Olopade O, Couch F, 
Wagner T, Olsson H, Sun P, Weitzel JN, Narod SA: Effect of pregnancy as a risk 
factor for breast cancer in BRCA1/BRCA2 mutation carriers. Int J Cancer 2005, 
117:988-91. 

[85] Andrieu N, Goldgar DE, Easton DF, Rookus M, Brohet R, Antoniou AC, Peock S, 
Evans G, Eccles D, Douglas F, Nogues C, Gauthier-Villars M, Chompret A, Van 
Leeuwen FE, Kluijt I, Benitez J, Arver B, Olah E, Chang-Claude J, Embrace, Genepso, 
Geo H, Group IC: Pregnancies, breast-feeding, and breast cancer risk in the 
International BRCA1/2 Carrier Cohort Study (IBCCS). J Natl Cancer Inst 2006, 
98:535-44. 

[86] Li CI, Daling JR, Malone KE, Bernstein L, Marchbanks PA, Liff JM, Strom BL, Simon 
MS, Press MF, McDonald JA, Ursin G, Burkman RT, Deapen D, Spirtas R: 
Relationship between established breast cancer risk factors and risk of seven different 
histologic types of invasive breast cancer. Cancer Epidemiol Biomarkers Prev 2006, 
15:946-54. 

[87] Kotsopoulos J, Lubinski J, Lynch HT, Klijn J, Ghadirian P, Neuhausen SL, Kim-Sing C, 
Foulkes WD, Moller P, Isaacs C, Domchek S, Randall S, Offit K, Tung N, Ainsworth 
P, Gershoni-Baruch R, Eisen A, Daly M, Karlan B, Saal HM, Couch F, Pasini B, 
Wagner T, Friedman E, Rennert G, Eng C, Weitzel J, Sun P, Narod SA, Hereditary 
Breast Cancer Clinical Study G, Garber J, Osborne M, Fishman D, McLennan J, 
McKinnon W, Merajver S, Olsson H, Provencher D, Pasche B, Evans G, Meschino 
WS, Lemire E, Chudley A, Rayson D, Bellati C: Age at first birth and the risk of breast 
cancer in BRCA1 and BRCA2 mutation carriers. Breast Cancer Res Treat 2007, 
105:221-8. 

[88] Collaborative Group on Hormonal Factors in Breast C: Breast cancer and breastfeeding: 
collaborative reanalysis of individual data from 47 epidemiological studies in 30 
countries, including 50302 women with breast cancer and 96973 women without the 
disease. Lancet 2002, 360:187-95. 

[89] Jernstrom H, Lubinski J, Lynch HT, Ghadirian P, Neuhausen S, Isaacs C, Weber BL, 
Horsman D, Rosen B, Foulkes WD, Friedman E, Gershoni-Baruch R, Ainsworth P, 
Daly M, Garber J, Olsson H, Sun P, Narod SA: Breast-feeding and the risk of breast 
cancer in BRCA1 and BRCA2 mutation carriers. J Natl Cancer Inst 2004, 96:1094-8. 

[90] Hamajima N, Hirose K, Tajima K, Rohan T, Calle EE, Heath CW, Jr., Coates RJ, Liff 
JM, Talamini R, Chantarakul N, Koetsawang S, Rachawat D, Morabia A, Schuman L, 
Stewart W, Szklo M, Bain C, Schofield F, Siskind V, Band P, Coldman AJ, Gallagher 
RP, Hislop TG, Yang P, Kolonel LM, Nomura AM, Hu J, Johnson KC, Mao Y, De 
Sanjose S, Lee N, Marchbanks P, Ory HW, Peterson HB, Wilson HG, Wingo PA, 

70 



Ebeling K, Kunde D, Nishan P, Hopper JL, Colditz G, Gajalanski V, Martin N, 
Pardthaisong T, Silpisornkosol S, Theetranont C, Boosiri B, Chutivongse S, Jimakorn 
P, Virutamasen P, Wongsrichanalai C, Ewertz M, Adami HO, Bergkvist L, 
Magnusson C, Persson I, Chang-Claude J, Paul C, Skegg DC, Spears GF, Boyle P, 
Evstifeeva T, Daling JR, Hutchinson WB, Malone K, Noonan EA, Stanford JL, 
Thomas DB, Weiss NS, White E, Andrieu N, Bremond A, Clavel F, Gairard B, Lansac 
J, Piana L, Renaud R, Izquierdo A, Viladiu P, Cuevas HR, Ontiveros P, Palet A, 
Salazar SB, Aristizabel N, Cuadros A, Tryggvadottir L, Tulinius H, Bachelot A, Le 
MG, Peto J, Franceschi S, Lubin F, Modan B, Ron E, Wax Y, Friedman GD, Hiatt 
RA, Levi F, Bishop T, Kosmelj K, Primic-Zakelj M, Ravnihar B, Stare J, Beeson WL, 
Fraser G, Bullbrook RD, Cuzick J, Duffy SW, Fentiman IS, Hayward JL, Wang DY, 
McMichael AJ, McPherson K, Hanson RL, Leske MC, Mahoney MC, Nasca PC, 
Varma AO, Weinstein AL, Moller TR, Olsson H, Ranstam J, Goldbohm RA, van den 
Brandt PA, Apelo RA, Baens J, de la Cruz JR, Javier B, Lacaya LB, Ngelangel CA, La 
Vecchia C, Negri E, Marubini E, Ferraroni M, Gerber M, Richardson S, Segala C, 
Gatei D, Kenya P, Kungu A, Mati JG, Brinton LA, Hoover R, Schairer C, Spirtas R, 
Lee HP, Rookus MA, van Leeuwen FE, Schoenberg JA, McCredie M, Gammon MD, 
Clarke EA, Jones L, Neil A, Vessey M, Yeates D, Appleby P, Banks E, Beral V, Bull D, 
Crossley B, Goodill A, Green J, Hermon C, Key T, Langston N, Lewis C, Reeves G, 
Collins R, Doll R, Peto R, Mabuchi K, Preston D, Hannaford P, Kay C, Rosero-Bixby 
L, Gao YT, Jin F, Yuan JM, Wei HY, Yun T, Zhiheng C, Berry G, Cooper Booth J, 
Jelihovsky T, MacLennan R, Shearman R, Wang QS, Baines CJ, Miller AB, Wall C, 
Lund E, Stalsberg H, Shu XO, Zheng W, Katsouyanni K, Trichopoulou A, 
Trichopoulos D, Dabancens A, Martinez L, Molina R, Salas O, Alexander FE, 
Anderson K, Folsom AR, Hulka BS, Bernstein L, Enger S, Haile RW, Paganini-Hill A, 
Pike MC, Ross RK, Ursin G, Yu MC, Longnecker MP, Newcomb P, Bergkvist L, 
Kalache A, Farley TM, Holck S, Meirik O: Alcohol, tobacco and breast cancer--
collaborative reanalysis of individual data from 53 epidemiological studies, including 
58,515 women with breast cancer and 95,067 women without the disease. Br J Cancer 
2002, 87:1234-45. 

[91] Seitz HK, Pelucchi C, Bagnardi V, La Vecchia C: Epidemiology and pathophysiology of 
alcohol and breast cancer: Update 2012. Alcohol and alcoholism (Oxford, 
Oxfordshire) 2012, 47:204-12. 

[92] Pelucchi C, Tramacere I, Boffetta P, Negri E, La Vecchia C: Alcohol consumption and 
cancer risk. Nutrition and cancer 2011, 63:983-90. 

[93] Reynolds P: Smoking and breast cancer. Journal of mammary gland biology and 
neoplasia 2013, 18:15-23. 

[94] Bond S: New findings from women's health initiative: breast cancer mortality rates 
higher among combination hormone therapy users. Journal of midwifery & women's 
health 2011, 56:177-8. 

[95] Chlebowski RT, Anderson GL: Changing concepts: Menopausal hormone therapy and 
breast cancer. J Natl Cancer Inst 2012, 104:517-27. 

[96] Jernstrom H, Frenander J, Ferno M, Olsson H: Hormone replacement therapy before 
breast cancer diagnosis significantly reduces the overall death rate compared with 
never-use among 984 breast cancer patients. Br J Cancer 1999, 80:1453-8. 

71 



[97] Lahmann PH, Lissner L, Gullberg B, Olsson H, Berglund G: A prospective study of 
adiposity and postmenopausal breast cancer risk: the Malmo Diet and Cancer Study. 
Int J Cancer 2003, 103:246-52. 

[98] Amadou A, Ferrari P, Muwonge R, Moskal A, Biessy C, Romieu I, Hainaut P: 
Overweight, obesity and risk of premenopausal breast cancer according to ethnicity: a 
systematic review and dose-response meta-analysis. Obesity reviews : an official journal 
of the International Association for the Study of Obesity 2013, 14:665-78. 

[99] Harris HR, Willett WC, Terry KL, Michels KB: Body fat distribution and risk of 
premenopausal breast cancer in the Nurses' Health Study II. J Natl Cancer Inst 2011, 
103:273-8. 

[100] Harvie M, Hooper L, Howell AH: Central obesity and breast cancer risk: a systematic 
review. Obesity reviews : an official journal of the International Association for the 
Study of Obesity 2003, 4:157-73. 

[101] Bruning PF, Bonfrer JM, van Noord PA, Hart AA, de Jong-Bakker M, Nooijen WJ: 
Insulin resistance and breast-cancer risk. Int J Cancer 1992, 52:511-6. 

[102] Jia Y, Lu Y, Wu K, Lin Q, Shen W, Zhu M, Huang S, Chen J: Does night work 
increase the risk of breast cancer? A systematic review and meta-analysis of 
epidemiological studies. Cancer epidemiology 2013, 37:197-206. 

[103] Kamdar BB, Tergas AI, Mateen FJ, Bhayani NH, Oh J: Night-shift work and risk of 
breast cancer: a systematic review and meta-analysis. Breast Cancer Res Treat 2013, 
138:291-301. 

[104] Megdal SP, Kroenke CH, Laden F, Pukkala E, Schernhammer ES: Night work and 
breast cancer risk: a systematic review and meta-analysis. Eur J Cancer 2005, 41:2023-
32. 

[105] Enger SM, Ross RK, Paganini-Hill A, Carpenter CL, Bernstein L: Body size, physical 
activity, and breast cancer hormone receptor status: results from two case-control 
studies. Cancer Epidemiol Biomarkers Prev 2000, 9:681-7. 

[106] Thomson CA: Diet and breast cancer: understanding risks and benefits. Nutrition in 
clinical practice : official publication of the American Society for Parenteral and 
Enteral Nutrition 2012, 27:636-50. 

[107] Williams PT: Breast cancer mortality vs. exercise and breast size in runners and walkers. 
PloS one 2013, 8:e80616. 

[108] Boyd NF, Martin LJ, Yaffe M, Minkin S: Mammographic density. Breast Cancer Res 
2009, 11 Suppl 3:S4. 

[109] Colditz GA, Bohlke K: Priorities for the primary prevention of breast cancer. CA: a 
cancer journal for clinicians 2014. 

[110] Ingham SL, Sperrin M, Baildam A, Ross GL, Clayton R, Lalloo F, Buchan I, Howell A, 
Evans DG: Risk-reducing surgery increases survival in BRCA1/2 mutation carriers 
unaffected at time of family referral. Breast Cancer Res Treat 2013, 142:611-8. 

[111] Kotsopoulos J, Lubinski J, Lynch HT, Kim-Sing C, Neuhausen S, Demsky R, Foulkes 
WD, Ghadirian P, Tung N, Ainsworth P, Senter L, Karlan B, Eisen A, Eng C, Weitzel 
J, Gilchrist DM, Blum JL, Zakalik D, Singer C, Fallen T, Ginsburg O, Huzarski T, 
Sun P, Narod SA: Oophorectomy after menopause and the risk of breast cancer in 
BRCA1 and BRCA2 mutation carriers. Cancer Epidemiol Biomarkers Prev 2012, 
21:1089-96. 

72 



[112] Cuzick J, DeCensi A, Arun B, Brown PH, Castiglione M, Dunn B, Forbes JF, Glaus A, 
Howell A, von Minckwitz G, Vogel V, Zwierzina H: Preventive therapy for breast 
cancer: a consensus statement. Lancet Oncol 2011, 12:496-503. 

[113] Carter CL, Allen C, Henson DE: Relation of tumor size, lymph node status, and 
survival in 24,740 breast cancer cases. Cancer 1989, 63:181-7. 

[114] Elston CW, Ellis IO: Pathological prognostic factors in breast cancer. I. The value of 
histological grade in breast cancer: experience from a large study with long-term 
follow-up. Histopathology 1991, 19:403-10. 

[115] Adami HO, Malker B, Holmberg L, Persson I, Stone B: The relation between survival 
and age at diagnosis in breast cancer. N Engl J Med 1986, 315:559-63. 

[116] Colleoni M, Rotmensz N, Robertson C, Orlando L, Viale G, Renne G, Luini A, 
Veronesi P, Intra M, Orecchia R, Catalano G, Galimberti V, Nole F, Martinelli G, 
Goldhirsch A: Very young women (<35 years) with operable breast cancer: features of 
disease at presentation. Annals of oncology : official journal of the European Society 
for Medical Oncology / ESMO 2002, 13:273-9. 

[117] EBCTCG: Tamoxifen for early breast cancer: an overview of the randomised trials. 
Early Breast Cancer Trialists' Collaborative Group. Lancet 1998, 351:1451-67. 

[118] Goldhirsch A, Ingle JN, Gelber RD, Coates AS, Thurlimann B, Senn HJ, Panel m: 
Thresholds for therapies: highlights of the St Gallen International Expert Consensus 
on the primary therapy of early breast cancer 2009. Annals of oncology : official 
journal of the European Society for Medical Oncology / ESMO 2009, 20:1319-29. 

[119] Group SBC: Nationella riktlinjer för behandling av bröstcancer (National guidelines for 
treatment of breast cancer). 2013. pp. 187-200. 

[120] Goldhirsch A, Wood WC, Coates AS, Gelber RD, Thurlimann B, Senn HJ, Panel m: 
Strategies for subtypes--dealing with the diversity of breast cancer: highlights of the St. 
Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 
2011. Annals of oncology : official journal of the European Society for Medical 
Oncology / ESMO 2011, 22:1736-47. 

[121] Harari D, Yarden Y: Molecular mechanisms underlying ErbB2/HER2 action in breast 
cancer. Oncogene 2000, 19:6102-14. 

[122] Barros FF, Powe DG, Ellis IO, Green AR: Understanding the HER family in breast 
cancer: interaction with ligands, dimerization and treatments. Histopathology 2010, 
56:560-72. 

[123] Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL: Human breast 
cancer: correlation of relapse and survival with amplification of the HER-2/neu 
oncogene. Science 1987, 235:177-82. 

[124] Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, Fleming T, 
Eiermann W, Wolter J, Pegram M, Baselga J, Norton L: Use of chemotherapy plus a 
monoclonal antibody against HER2 for metastatic breast cancer that overexpresses 
HER2. N Engl J Med 2001, 344:783-92. 

[125] Lopez F, Belloc F, Lacombe F, Dumain P, Reiffers J, Bernard P, Boisseau MR: 
Modalities of synthesis of Ki67 antigen during the stimulation of lymphocytes. 
Cytometry 1991, 12:42-9. 

[126] Urruticoechea A, Smith IE, Dowsett M: Proliferation marker Ki-67 in early breast 
cancer. J Clin Oncol 2005, 23:7212-20. 

[127] Starborg M, Gell K, Brundell E, Hoog C: The murine Ki-67 cell proliferation antigen 
accumulates in the nucleolar and heterochromatic regions of interphase cells and at the 

73 



periphery of the mitotic chromosomes in a process essential for cell cycle progression. 
Journal of cell science 1996, 109 ( Pt 1):143-53. 

[128] Klintman M, Bendahl PO, Grabau D, Lovgren K, Malmstrom P, Ferno M, South 
Sweden Breast Cancer G: The prognostic value of Ki67 is dependent on estrogen 
receptor status and histological grade in premenopausal patients with node-negative 
breast cancer. Mod Pathol 2010, 23:251-9. 

[129] Stuart-Harris R, Caldas C, Pinder SE, Pharoah P: Proliferation markers and survival in 
early breast cancer: a systematic review and meta-analysis of 85 studies in 32,825 
patients. Breast 2008, 17:323-34. 

[130] Linell F, Ljungberg O, Andersson I: Breast carcinoma. Aspects of early stages, 
progression and related problems. Acta Pathol Microbiol Scand Suppl 1980:1-233. 

[131] Yoder BJ, Wilkinson EJ, Massoll NA: Molecular and morphologic distinctions between 
infiltrating ductal and lobular carcinoma of the breast. The breast journal 2007, 
13:172-9. 

[132] Narbe U, Bendahl PO, Grabau D, Ryden L, Ingvar C, Ferno M: Invasive lobular 
carcinoma of the breast: long-term prognostic value of Ki67 and histological grade, 
alone and in combination with estrogen receptor. Springerplus 2014, 3:70. 

[133] Biglia N, Mariani L, Sgro L, Mininanni P, Moggio G, Sismondi P: Increased incidence 
of lobular breast cancer in women treated with hormone replacement therapy: 
implications for diagnosis, surgical and medical treatment. Endocr Relat Cancer 2007, 
14:549-67. 

[134] Yerushalmi R, Hayes MM, Gelmon KA: Breast carcinoma--rare types: review of the 
literature. Annals of oncology : official journal of the European Society for Medical 
Oncology / ESMO 2009, 20:1763-70. 

[135] Ellis IO, Galea M, Broughton N, Locker A, Blamey RW, Elston CW: Pathological 
prognostic factors in breast cancer. II. Histological type. Relationship with survival in a 
large study with long-term follow-up. Histopathology 1992, 20:479-89. 

[136] Diab SG, Clark GM, Osborne CK, Libby A, Allred DC, Elledge RM: Tumor 
characteristics and clinical outcome of tubular and mucinous breast carcinomas. J Clin 
Oncol 1999, 17:1442-8. 

[137] Rakha EA, Lee AH, Evans AJ, Menon S, Assad NY, Hodi Z, Macmillan D, Blamey 
RW, Ellis IO: Tubular carcinoma of the breast: further evidence to support its 
excellent prognosis. J Clin Oncol 2010, 28:99-104. 

[138] McBoyle MF, Razek HA, Carter JL, Helmer SD: Tubular carcinoma of the breast: an 
institutional review. The American surgeon 1997, 63:639-44; discussion 44-5. 

[139] Min Y, Bae SY, Lee HC, Lee JH, Kim M, Kim J, Lee SK, Kil WH, Kim SW, Lee JE, 
Nam SJ: Tubular carcinoma of the breast: clinicopathologic features and survival 
outcome compared with ductal carcinoma in situ. Journal of breast cancer 2013, 
16:404-9. 

[140] Liu GF, Yang Q, Haffty BG, Moran MS: Clinical-pathologic features and long-term 
outcomes of tubular carcinoma of the breast compared with invasive ductal carcinoma 
treated with breast conservation therapy. International journal of radiation oncology, 
biology, physics 2009, 75:1304-8. 

[141] Weigelt B, Geyer FC, Reis-Filho JS: Histological types of breast cancer: how special are 
they? Mol Oncol 2010, 4:192-208. 

[142] Weigelt B, Horlings HM, Kreike B, Hayes MM, Hauptmann M, Wessels LF, de Jong 
D, Van de Vijver MJ, Van't Veer LJ, Peterse JL: Refinement of breast cancer 

74 



classification by molecular characterization of histological special types. J Pathol 2008, 
216:141-50. 

[143] Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pollack JR, Ross 
DT, Johnsen H, Akslen LA, Fluge O, Pergamenschikov A, Williams C, Zhu SX, 
Lonning PE, Borresen-Dale AL, Brown PO, Botstein D: Molecular portraits of human 
breast tumours. Nature 2000, 406:747-52. 

[144] Sorlie T, Tibshirani R, Parker J, Hastie T, Marron JS, Nobel A, Deng S, Johnsen H, 
Pesich R, Geisler S, Demeter J, Perou CM, Lonning PE, Brown PO, Borresen-Dale 
AL, Botstein D: Repeated observation of breast tumor subtypes in independent gene 
expression data sets. Proc Natl Acad Sci U S A 2003, 100:8418-23. 

[145] Hu Z, Fan C, Oh DS, Marron JS, He X, Qaqish BF, Livasy C, Carey LA, Reynolds E, 
Dressler L, Nobel A, Parker J, Ewend MG, Sawyer LR, Wu J, Liu Y, Nanda R, 
Tretiakova M, Ruiz Orrico A, Dreher D, Palazzo JP, Perreard L, Nelson E, Mone M, 
Hansen H, Mullins M, Quackenbush JF, Ellis MJ, Olopade OI, Bernard PS, Perou 
CM: The molecular portraits of breast tumors are conserved across microarray 
platforms. BMC genomics 2006, 7:96. 

[146] Weigelt B, Geyer FC, Reis-Filho JS: Histological types of breast cancer: How special are 
they? Mol Oncol. 

[147] Ringner M, Staaf J, Jonsson G: Nonfamilial breast cancer subtypes. Methods Mol Biol 
2013, 973:279-95. 

[148] Herschkowitz JI, Simin K, Weigman VJ, Mikaelian I, Usary J, Hu Z, Rasmussen KE, 
Jones LP, Assefnia S, Chandrasekharan S, Backlund MG, Yin Y, Khramtsov AI, 
Bastein R, Quackenbush J, Glazer RI, Brown PH, Green JE, Kopelovich L, Furth PA, 
Palazzo JP, Olopade OI, Bernard PS, Churchill GA, Van Dyke T, Perou CM: 
Identification of conserved gene expression features between murine mammary 
carcinoma models and human breast tumors. Genome biology 2007, 8:R76. 

[149] Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, Thurlimann B, 
Senn HJ, Panel m: Personalizing the treatment of women with early breast cancer: 
highlights of the St Gallen International Expert Consensus on the Primary Therapy of 
Early Breast Cancer 2013. Annals of oncology : official journal of the European Society 
for Medical Oncology / ESMO 2013, 24:2206-23. 

[150] Prat A, Parker JS, Karginova O, Fan C, Livasy C, Herschkowitz JI, He X, Perou CM: 
Phenotypic and molecular characterization of the claudin-low intrinsic subtype of 
breast cancer. Breast Cancer Res 2010, 12:R68. 

[151] Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A, Aguilar M, 
Marubini E: Twenty-year follow-up of a randomized study comparing breast-
conserving surgery with radical mastectomy for early breast cancer. N Engl J Med 
2002, 347:1227-32. 

[152] Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, Jeong JH, 
Wolmark N: Twenty-year follow-up of a randomized trial comparing total 
mastectomy, lumpectomy, and lumpectomy plus irradiation for the treatment of 
invasive breast cancer. N Engl J Med 2002, 347:1233-41. 

[153] Early Breast Cancer Trialists' Collaborative G, Darby S, McGale P, Correa C, Taylor C, 
Arriagada R, Clarke M, Cutter D, Davies C, Ewertz M, Godwin J, Gray R, Pierce L, 
Whelan T, Wang Y, Peto R: Effect of radiotherapy after breast-conserving surgery on 
10-year recurrence and 15-year breast cancer death: meta-analysis of individual patient 
data for 10,801 women in 17 randomised trials. Lancet 2011, 378:1707-16. 

75 



[154] Karlsson P, Cole BF, Price KN, Coates AS, Castiglione-Gertsch M, Gusterson BA, 
Murray E, Lindtner J, Collins JP, Holmberg SB, Fey MF, Thurlimann B, Crivellari D, 
Forbes JF, Gelber RD, Goldhirsch A, Wallgren A: The role of the number of 
uninvolved lymph nodes in predicting locoregional recurrence in breast cancer. J Clin 
Oncol 2007, 25:2019-26. 

[155] Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans E, Godwin J, Gray R, 
Hicks C, James S, MacKinnon E, McGale P, McHugh T, Peto R, Taylor C, Wang Y, 
Early Breast Cancer Trialists' Collaborative G: Effects of radiotherapy and of 
differences in the extent of surgery for early breast cancer on local recurrence and 15-
year survival: an overview of the randomised trials. Lancet 2005, 366:2087-106. 

[156] Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U, Bronnum D, Correa 
C, Cutter D, Gagliardi G, Gigante B, Jensen MB, Nisbet A, Peto R, Rahimi K, Taylor 
C, Hall P: Risk of ischemic heart disease in women after radiotherapy for breast cancer. 
N Engl J Med 2013, 368:987-98. 

[157] Systemic treatment of early breast cancer by hormonal, cytotoxic, or immune therapy. 
133 randomised trials involving 31,000 recurrences and 24,000 deaths among 75,000 
women. Early Breast Cancer Trialists' Collaborative Group. Lancet 1992, 339:71-85. 

[158] Martin M, Villar A, Sole-Calvo A, Gonzalez R, Massuti B, Lizon J, Camps C, Carrato 
A, Casado A, Candel MT, Albanell J, Aranda J, Munarriz B, Campbell J, Diaz-Rubio 
E, Geicam Group S: Doxorubicin in combination with fluorouracil and 
cyclophosphamide (i.v. FAC regimen, day 1, 21) versus methotrexate in combination 
with fluorouracil and cyclophosphamide (i.v. CMF regimen, day 1, 21) as adjuvant 
chemotherapy for operable breast cancer: a study by the GEICAM group. Annals of 
oncology : official journal of the European Society for Medical Oncology / ESMO 
2003, 14:833-42. 

[159] Hutchins LF, Green SJ, Ravdin PM, Lew D, Martino S, Abeloff M, Lyss AP, Allred C, 
Rivkin SE, Osborne CK: Randomized, controlled trial of cyclophosphamide, 
methotrexate, and fluorouracil versus cyclophosphamide, doxorubicin, and fluorouracil 
with and without tamoxifen for high-risk, node-negative breast cancer: treatment 
results of Intergroup Protocol INT-0102. J Clin Oncol 2005, 23:8313-21. 

[160] Levine MN, Pritchard KI, Bramwell VH, Shepherd LE, Tu D, Paul N, National 
Cancer Institute of Canada Clinical Trials G: Randomized trial comparing 
cyclophosphamide, epirubicin, and fluorouracil with cyclophosphamide, methotrexate, 
and fluorouracil in premenopausal women with node-positive breast cancer: update of 
National Cancer Institute of Canada Clinical Trials Group Trial MA5. J Clin Oncol 
2005, 23:5166-70. 

[161] Gines J, Sabater E, Martorell C, Grau M, Monroy M, Casado MA: Efficacy of taxanes 
as adjuvant treatment of breast cancer: a review and meta-analysis of randomised 
clinical trials. Clinical & translational oncology : official publication of the Federation 
of Spanish Oncology Societies and of the National Cancer Institute of Mexico 2011, 
13:485-98. 

[162] Early Breast Cancer Trialists' Collaborative G, Peto R, Davies C, Godwin J, Gray R, 
Pan HC, Clarke M, Cutter D, Darby S, McGale P, Taylor C, Wang YC, Bergh J, Di 
Leo A, Albain K, Swain S, Piccart M, Pritchard K: Comparisons between different 
polychemotherapy regimens for early breast cancer: meta-analyses of long-term 
outcome among 100,000 women in 123 randomised trials. Lancet 2012, 379:432-44. 

76 



[163] Beatson G: ON THE TREATMENT OF INOPERABLE CASES OF CARCINOMA 
OF THE MAMMA: SUGGESTIONS FOR A NEW METHOD OF 
TREATMENT, WITH ILLUSTRATIVE CASES. The Lancet 1896, 148:162-5. 

[164] Clemons M, Goss P: Estrogen and the risk of breast cancer. N Engl J Med 2001, 
344:276-85. 

[165] Early Breast Cancer Trialists' Collaborative G: Effects of chemotherapy and hormonal 
therapy for early breast cancer on recurrence and 15-year survival: an overview of the 
randomised trials. Lancet 2005, 365:1687-717. 

[166] Piccart-Gebhart MJ, Procter M, Leyland-Jones B, Goldhirsch A, Untch M, Smith I, 
Gianni L, Baselga J, Bell R, Jackisch C, Cameron D, Dowsett M, Barrios CH, Steger 
G, Huang CS, Andersson M, Inbar M, Lichinitser M, Lang I, Nitz U, Iwata H, 
Thomssen C, Lohrisch C, Suter TM, Ruschoff J, Suto T, Greatorex V, Ward C, 
Straehle C, McFadden E, Dolci MS, Gelber RD, Herceptin Adjuvant Trial Study T: 
Trastuzumab after adjuvant chemotherapy in HER2-positive breast cancer. N Engl J 
Med 2005, 353:1659-72. 

[167] Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE, Jr., Davidson NE, Tan-Chiu 
E, Martino S, Paik S, Kaufman PA, Swain SM, Pisansky TM, Fehrenbacher L, Kutteh 
LA, Vogel VG, Visscher DW, Yothers G, Jenkins RB, Brown AM, Dakhil SR, 
Mamounas EP, Lingle WL, Klein PM, Ingle JN, Wolmark N: Trastuzumab plus 
adjuvant chemotherapy for operable HER2-positive breast cancer. N Engl J Med 
2005, 353:1673-84. 

[168] Smith I, Procter M, Gelber RD, Guillaume S, Feyereislova A, Dowsett M, Goldhirsch 
A, Untch M, Mariani G, Baselga J, Kaufmann M, Cameron D, Bell R, Bergh J, 
Coleman R, Wardley A, Harbeck N, Lopez RI, Mallmann P, Gelmon K, Wilcken N, 
Wist E, Sanchez Rovira P, Piccart-Gebhart MJ, team Hs: 2-year follow-up of 
trastuzumab after adjuvant chemotherapy in HER2-positive breast cancer: a 
randomised controlled trial. Lancet 2007, 369:29-36. 

[169] Vogel C, Cobleigh MA, Tripathy D, Gutheil JC, Harris LN, Fehrenbacher L, Slamon 
DJ, Murphy M, Novotny WF, Burchmore M, Shak S, Stewart SJ: First-line, single-
agent Herceptin(R) (trastuzumab) in metastatic breast cancer. a preliminary report. 
Eur J Cancer 2001, 37 Suppl 1:25-9. 

[170] Kaufman B, Mackey JR, Clemens MR, Bapsy PP, Vaid A, Wardley A, Tjulandin S, 
Jahn M, Lehle M, Feyereislova A, Revil C, Jones A: Trastuzumab plus anastrozole 
versus anastrozole alone for the treatment of postmenopausal women with human 
epidermal growth factor receptor 2-positive, hormone receptor-positive metastatic 
breast cancer: results from the randomized phase III TAnDEM study. J Clin Oncol 
2009, 27:5529-37. 

[171] Zagouri F, Sergentanis TN, Chrysikos D, Filipits M, Bartsch R: mTOR inhibitors in 
breast cancer: A systematic review. Gynecologic Oncology 2012, 127:662-72. 

[172] Farmer H, McCabe N, Lord CJ, Tutt AN, Johnson DA, Richardson TB, Santarosa M, 
Dillon KJ, Hickson I, Knights C, Martin NM, Jackson SP, Smith GC, Ashworth A: 
Targeting the DNA repair defect in BRCA mutant cells as a therapeutic strategy. 
Nature 2005, 434:917-21. 

[173] Bryant HE, Schultz N, Thomas HD, Parker KM, Flower D, Lopez E, Kyle S, Meuth 
M, Curtin NJ, Helleday T: Specific killing of BRCA2-deficient tumours with 
inhibitors of poly(ADP-ribose) polymerase. Nature 2005, 434:913-7. 

77 



[174] Chung AS, Lee J, Ferrara N: Targeting the tumour vasculature: insights from 
physiological angiogenesis. Nat Rev Cancer 2010, 10:505-14. 

[175] Clapp C, Thebault S, Jeziorski MC, Martinez De La Escalera G: Peptide hormone 
regulation of angiogenesis. Physiological reviews 2009, 89:1177-215. 

[176] Hoeben A, Landuyt B, Highley MS, Wildiers H, Van Oosterom AT, De Bruijn EA: 
Vascular endothelial growth factor and angiogenesis. Pharmacological reviews 2004, 
56:549-80. 

[177] Sengupta K, Banerjee S, Saxena N, Banerjee SK: Estradiol-induced vascular endothelial 
growth factor-A expression in breast tumor cells is biphasic and regulated by estrogen 
receptor-alpha dependent pathway. Int J Oncol 2003, 22:609-14. 

[178] Buteau-Lozano H, Ancelin M, Lardeux B, Milanini J, Perrot-Applanat M: 
Transcriptional regulation of vascular endothelial growth factor by estradiol and 
tamoxifen in breast cancer cells: a complex interplay between estrogen receptors alpha 
and beta. Cancer Res 2002, 62:4977-84. 

[179] Hobbs SK, Monsky WL, Yuan F, Roberts WG, Griffith L, Torchilin VP, Jain RK: 
Regulation of transport pathways in tumor vessels: role of tumor type and 
microenvironment. Proc Natl Acad Sci U S A 1998, 95:4607-12. 

[180] Nagy JA, Dvorak AM, Dvorak HF: VEGF-A and the induction of pathological 
angiogenesis. Annual review of pathology 2007, 2:251-75. 

[181] Kerbel RS: Issues regarding improving the impact of antiangiogenic drugs for the 
treatment of breast cancer. Breast 2009, 18 Suppl 3:S41-7. 

[182] Einefors R, Kogler U, Ellberg C, Olsson H: Autoimmune diseases and hypersensitivities 
improve the prognosis in ER-negative breast cancer. SpringerPlus 2013, 2:357. 

[183] Sweden S: Befolkningsstatistik. 2014-03-13 ed: Statistics Sweden. 
[184] Henriksson K, Olsson H, Kristoffersson U: The need for oncogenetic counselling Ten 

years’ experience of a regional oncogenetic clinic. Acta Oncologica 2004, 43:637-49. 
[185] Garbers V, Toniolo PG, Taioli E: Changes in self-reported family history of breast 

cancer with change in case-control status. European journal of epidemiology 2001, 
17:517-20. 

[186] Stef van Buuren KG-O: mice: Multivariate Imputation by Chained Equations in R. 
Journal of Statistical Software, 45. 

[187] Agency ST: Den svenska folkbokföringens historia under tre sekler. 1982. 
[188] Sweden S. Statistiska Centralbyrån. 
[189] Barlow L, Westergren K, Holmberg L, Talback M: The completeness of the Swedish 

Cancer Register: a sample survey for year 1998. Acta Oncol 2009, 48:27-33. 
[190] Welfare) STNBoHa: Cancerregistret. 
[191] Therneau TM, Grambsch, Patricia M.: Modeling Survival Data: Extending the Cox 

Model: Springer-Verlag, 2000. 
[192] White IR, Royston P, Wood AM: Multiple imputation using chained equations: Issues 

and guidance for practice. Statistics in medicine 2011, 30:377-99. 
[193] Lagios MD, Rose MR, Margolin FR: Tubular carcinoma of the breast: association with 

multicentricity, bilaterality, and family history of mammary carcinoma. Am J Clin 
Pathol 1980, 73:25-30. 

[194] Allen-Brady K, Camp NJ, Ward JH, Cannon-Albright LA: Lobular breast cancer: excess 
familiality observed in the Utah Population Database. Int J Cancer 2005, 117:655-61. 

[195] Lorenzo Bermejo J, Hemminki K: Familial association of histology specific breast 
cancers with cancers at other sites. Int J Cancer 2004, 109:430-5. 

78 



[196] Senst N, Llacuachaqui M, Lubinski J, Lynch H, Armel S, Neuhausen S, Ghadirian P, 
Sun P, Narod S: Parental origin of mutation and the risk of breast cancer in a 
prospective study of women with a BRCA1 or BRCA2 mutation. Clinical genetics 
2012. 

[197] Bernholtz S, Laitman Y, Kaufman B, Paluch Shimon S, Friedman E: Cancer risk in 
Jewish BRCA1 and BRCA2 mutation carriers: effects of oral contraceptive use and 
parental origin of mutation. Breast Cancer Res Treat 2011, 129:557-63. 

[198] Kumar V, Cotran RS, Robbins SL: Robbins basic pathology. Philadelphia, Pa.: 
Saunders, 2003. p. 357. 

[199] Solem JH: Cutaneous arterial spiders following use of adrenocorticotropic hormone. 
Lancet 1952, 2:1241-2. 

[200] Requena L, Sangueza OP: Cutaneous vascular anomalies. Part I. Hamartomas, 
malformations, and dilation of preexisting vessels. J Am Acad Dermatol 1997, 37:523-
49; quiz 49-52. 

[201] Li CP, Lee FY, Hwang SJ, Chang FY, Lin HC, Lu RH, Hou MC, Chu CJ, Chan CC, 
Luo JC, Lee SD: Spider angiomas in patients with liver cirrhosis: role of alcoholism 
and impaired liver function. Scand J Gastroenterol 1999, 34:520-3. 

[202] Sadreyev RI, Feramisco JD, Tsao H, Grishin NV: Phenotypic categorization of genetic 
skin diseases reveals new relations between phenotypes, genes and pathways. 
Bioinformatics 2009, 25:2891-6. 

[203] Stevenson S, Nelson LD, Sharpe DT, Thornton MJ: 17beta-estradiol regulates the 
secretion of TGF-beta by cultured human dermal fibroblasts. Journal of biomaterials 
science Polymer edition 2008, 19:1097-109. 

 

79 


	Contents
	List of original papers
	Abbreviations
	Summary
	Introduction
	The breast
	Development and life-cycle of the breast

	Risk factors for breast cancer
	Genetics and inheritance
	Breast cancer genetics
	Rare high-penetrance genes, lifetime risk >50%
	Other rare high-penetrance genes

	Moderate-penetrance genes, lifetime risk >20%
	Low-penetrance genes, lifetime risk >10%
	Epigenetics in breast cancer

	Endogenous and environmental risk factors
	Exposures during gestational development
	Exposure to radiation
	Age at first menarche
	Hormonal contraception
	Parity
	Age at first full-term pregnancy
	Duration of breastfeeding
	Alcohol consumption and smoking
	Menopause
	Menopausal hormone therapy – MHT
	Anthropometric measures
	Other factors


	Breast cancer prevention
	Life-style prevention strategies
	Oophorectomy
	Prophylactic surgery in high risk women
	Chemoprevention
	Selective estrogen-receptor modulators (SERMSs)
	Other preventative therapies


	Breast Cancer
	TNM
	Nottingham histological grade
	Age
	Estrogen and progesterone receptor status
	Human epidermal growth factor receptor 2 (HER2)
	Ki-67
	Histopathology
	Invasive ductal carcinoma
	Classic invasive lobular carcinoma
	Tubular carcinoma
	Mucinous carcinoma
	Medullary carcinoma

	Molecular subtypes
	Luminal A - luminal A-like
	Luminal B - luminal B-like
	Erb-B2 overexpression - HER2 positive non-luminal
	Basal-like – Triple negative ductal NOS histopathology
	Claudin-low


	Treatment of breast cancer
	Surgery
	Radiotherapy
	Systemic treatment
	Chemotherapy
	Endocrine therapy
	Targeted therapies


	Angiogenesis and breast cancer
	Aims of this thesis
	Paper I
	Paper II
	Paper III
	Paper IV

	Materials
	Paper I-II, IV
	Paper III

	External and internal validity of materials used
	External validity
	Cohort used for Paper I, II, and IV
	Germline BRCA1 and BRCA2 mutation carriers used in paper III

	Internal validity
	Cohort used for Paper I, II, and IV
	Germline BRCA1 and BRCA2 carriers used in paper III
	Sampling bias
	Selection bias



	Methods and methodological considerations
	Questionnaire data
	Registers used in this thesis
	Swedish Population Registers
	The Southern Swedish Regional Tumor Registry
	The OnkGen Register
	Statistics


	Results and discussion
	Paper I
	Paper II
	Paper III
	Paper IV

	Conclusions
	Paper I
	Paper II
	Paper III
	Paper IV

	Future perspectives
	Populärvetenskaplig sammanfattning
	Acknowledgements
	References

