
Chapter 1

Epidemiology and Etiology of Breast Cancer

Gul Kitapcioglu

1.1 Introduction

Breast cancer is the most common cause of cancer death among women worldwide,

and breast cancer is by far the most frequent cancer among women, with an estimated

1.38 million new cancer cases diagnosed in 2008 (23% of all cancers), and ranks

second overall (10.9% of all cancers). It is now the most common cancer both in

developed and developing regions with approximately 690,000 new cases estimated

for each region (population ratio 1:4). Incidence rates vary from 19.3 per 100,000

women in Eastern Africa to 89.7 per 100,000 women in Western Europe, and are

higher (greater than 80 per 100,000) in the developed regions of the world (except

Japan) and lower (less than 40 per 100,000) in most of the developing countries [1].

The range of mortality rates is much less in (high-incidence) developed regions

(approximately 6–19 per 100,000) because of the more favorable survival of breast

cancer. As a result, breast cancer ranks as the fifth cause of death from all cancers

(458,000 deaths), but it is still the most frequent cause of cancer deaths in women in

both developing (269,000 deaths, 12.7% of total) and developed regions, where the

estimated 189,000 deaths is almost equal to the estimated number of deaths from

lung cancer (188,000 deaths) [1]. Incidence rates are relatively higher in more

developed countries, whereas rates are lower but increasing in less developed

countries [2]. According to the standardized incidence rates of breast cancer in

countries such as France and Belgium, Denmark and the Netherlands, and the

United States, as well as in the developed countries of Western Europe, it is the

most common cancer in women in developed countries (109.19/100.000; 101.12/

100.000; 99.74/100.000; 98.46/100.000; respectively) [1, 3, 4].
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Higher breast cancer incidence rates detected in developed countries can be

attributed to a variety of reasons, such as higher standards of living, early menarche

age, late age of pregnancy and birthing, fewer pregnancies, and also easy accessi-

bility to the use of techniques such as mammography, early diagnosis opportunities,

and adequate data recording systems. Breast cancer rates fell over the last 10 years

worldwide, and this downward trend, seen especially in developing countries, may

be linked to the reduction of the use of hormone replacement therapy (HRT) during

menopause [2, 5].

1.2 Breast Cancer Risk Factors

1.2.1 Reproductive Factors

Environment, genes, and lifestyle seem to cooperate in increasing or decreasing

the probability of development of female breast cancer [6], and this complicated

causal relationship can lead to more difficulties in the prevention of the disease. The

World Health Organization declared in an August 2005 report that estrogen is

carcinogenic in women, and that estrogen exposure is associated with lifelong

risk of breast cancer. Studies have also displayed the relationship between endoge-

nous hormone levels and breast cancer [7].

Where the lifetime exposure to endogenous sex hormones is concerned, life

stages of women have come to the fore. Younger age at menarche, older age at

menopause, late age at first full-term pregnancy, and number of pregnancies have

been the subject of various research studies investigating the relationship between

the risk of breast cancer and hormones. As a result, it has been proved that women

below the age of 12 years at onset of menarche have a higher risk of breast cancer as

a result of a longer period of estrogen exposure at the breast epithelium. It seems the

same causal mechanism is valid for the older ages of the menopause. For late age

onset of menopause, each 1-year delay can result in a 3% increase in the risk of

breast cancer [8].

Multiple full-term pregnancies and early age of pregnancy decrease the risk of

breast cancers and can be considered as protective situations. Women who experi-

ence pregnancy when they are younger than age 20 years carry approximately half

of the risk of women whose first pregnancy was older than age 30 years. The

mechanism can be linked to early maturation of breast tissue in accordance with

pregnancy, with breast-feeding showing a similar protective effect [9–11]. The

effects of the reproductive factors are related to the effects of progesterone and

estrogen receptors. The relative risk of the reproductive factors is shown in

Table 1.1.
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1.2.2 Obesity

Obesity has been associated with a twofold increase in the risk of breast cancer in

postmenopausal women, whereas it has been correlated with a reduced incidence of

breast cancer among premenopausal women [12].

Endogenous estrogen in postmenopausal women is primarily found in adipose

tissue, secondary to the aromatization of adrenal androgens, with a higher risk of

developing breast cancers. A study found that women who gained 55 pounds or

more after the age of 18 years had an approximately 55% greater risk of breast

cancer compared with those who maintained their weight. A gain of 22 pounds or

more after menopause was associated with an 82% greater risk of breast cancer,

whereas losing at least 22 pounds after menopause and maintaining weight were

associated with a trend toward decreased breast cancer risk [13].

1.2.3 Diet

The observation that breast cancer rates are much higher in the countries with high-

fat diets than underdeveloped countries and Japan, where fat intake is recognized as

being much lower, it has been suggested that high-fat diets might increase the risk

of breast cancer. However, it was reported in a pooled analysis of seven prospective

studies no association was found between fat intake and breast cancer risk among

adult women living in more developed countries [14, 15]. These results do not

entirely exclude any significant effect of fat on breast cancer, while there would be a

considerable error in measurement of fat intake by dietary questionnaires [2].

Excessive fat intake can increase breast cancer risk by increasing the endoge-

nous estrogen levels. Further studies are required to confirm the effect of diet on

breast cancer.

Table 1.1 Relative risks and risk factors of breast cancer

Relative

risk Reproductive factors Cause

Older age at menopause (>65 yr) Long-term exposure to endogenous estrogen

>4 Postmenopause breast density

2.1–4.0 Increased bone density

1.1–2.0 Older age at first full-term pregnancy

(>30 yr)

Oophorectomy at younger than age 40 yr is

preventative

Younger age at menarche (<12 yr)

Older age of menopause (>55 yr)

Not breast feeding

Incomplete pregnancies

Oral contraceptives (long term) Exogenous hormone exposure

Hormone replacement therapy (>5 yr)

Obesity (postmenopausal)
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1.2.4 Oral Contraceptive Use

Key et al. reported that the overall effect of oral contraceptive use on the risk of breast

cancer among young premenopausal women is low because the small increase in

relative risk is acting on a very low background risk. In older premenopausal women,

oral contraceptives can be a less favorable choice because of the absolute risk of

breast cancer, as well as other health hazards which increase rapidly at ages from

40–50 years [2]. Additionally, in their randomized controlled trial, Rossouw et al.

pointed out that after an average follow-up of approximately 5 years, combined oral

contraceptive therapy (estrogen plus progesterone) has a 26% higher risk then

therapy using only estrogen, and also reported a 15% increase for estrogen

plus progestin use for less than 5 years, with a 53% increase for use for more than

5 years [16].

1.2.5 Hormone Replacement Therapy

The Million Women Study, a cohort study of all quarter of British women between

the ages of 50–64 years, was set up especially to investigate the relation between

various patterns of HRT use and breast cancer incidence and mortality. It was

reported in the study that the use of HRT at that time was associated with an

increased risk of incidence and fatal breast cancer; the effect was found to be

substantially greater for estrogen-progesterone combinations compared with other

types of HRT (relative risks [RR] have been reported; for combined treatment of

estrogen-progesterone, RR ¼ 2.00; for estrogen, RR ¼ 1.30; and for Tibolon,

RR ¼ 1.45) [17]. Similar findings were reported by Magnusson et al., who found

that users of hormonal therapy for menopause are considered at higher risk of breast

cancer compared with women who have never used these therapies [18].

The results from the Million Women Study reported that minimal or no overall

increase was detected in RR of breast cancer in past users of HRT.

1.2.6 Smoking

In many cohort studies conducted in recent years, it has been suggested that

smoking increases the risk of breast cancer, especially among women who smoked

cigarettes for a long period of time or who started smoking at a young age [19, 20].

Additionally, in a larger prospective cohort study by Luo et al., such associations

have been further confirmed in postmenopausal women [21].

Additionally, Luo et al. also reported that they observed a significantly increased

risk of breast cancer associated with the amount and duration of smoking among

nonobese women. The mechanism behind this relation can mainly be attributed to

the carcinogenic effects of tobacco smoking on breast tissue [22].
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1.2.7 Alcohol

Smith-Warner et al. reported that alcohol consumption was associated with a linear

increase in breast cancer incidence in women [23]. In a similar study, Chen et al.

reported that low levels of alcohol consumption were associated with a small

increase in breast cancer risk, with the most consistent measure being cumulative

alcohol intake throughout the adult life. Alcohol intake both at earlier and later ages

of adult life was independently associated with breast cancer risk [24].

1.2.8 Heredity

Various aspects of genetic transition of cancer can be monitored. Historically,

French surgeon Paul Broca had identified a large number of breast cancer host

families in 1860 [25]. Since then, researchers have confirmed Broca’s insight.

Presently, it has been proved that 5–10% of all breast cancers were a result of

mutations in the genes at high risk, such as BRCA1 and BRCA2 (familial risks of

breast cancer) [26].

Patients having these mutations and indicating the inheritance of Mendel (i.e.,

dominant, recessive, X-linked) defined a hereditary breast cancer. When the family

history is suggestive of a hereditary predisposition, but the number or distribution of

the cancers is not definitive, then families are described as having familial cancer

[27]. Specific genetic alterations have been identified for many of the established

hereditary breast cancer syndromes that are responsible for 10% of all breast cancer

cases. Hereditary breast-ovarian cancer (HBOC) syndrome is an inherited tendency

to develop breast, ovarian, and other cancers. Although most cancers are not

inherited, approximately 5% of those with breast cancer and approximately 10% of

women with ovarian cancer also possess HBOC. Approximately 80–90% of cases of

hereditary breast and ovarian cancers are caused by mutations in the BRCA1 and

BRCA2 genes [28]. A study reviewing 22 trials reported that the average cumulative

risks among BRCA1-mutation carriers at age 70 years were determined as 65% for

breast cancer and 39% for ovarian cancer. The corresponding estimates for BRCA2
were 45% and 11%, respectively [29, 30].

Typically, the BRCA1 mutation carriers increase rapidly, as well as high-grade,

estrogen receptor negative breast tumors in premenauposal women. Foulkes et al.

also reported that BRCA1 serves as a breast stem cell regulator [31].

Further studies have revealed that women with mutations in either the BRCA1 or
BRCA2 gene have a predicted lifetime risk of breast cancer between 37% and 85%,

and a lifetime risk of ovarian cancer between 15% and 40% [27, 32, 33].

The p53 tumor suppressor protein can prevent carcinogenesis. In breast cancers,

p53 is mutated in almost 30% of cases, with a higher frequency in some tumor

subtypes. Tumor p53 mutation is reported to be a factor for good prognosis in some

studies, while in others it is a factor for poor prognosis [34]. In breast cancers, the
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p53 inactivation was 20–30%. The presence of mutations on p53 can demonstrate

tumor transition from in situ to invasive carcinoma as a marker. Li-Fraumeni

syndrome (LFS) is a classic cancer predisposition disorder that is commonly

associated with germ-line mutations of the p53 tumor suppressor gene. Germ-line

mutations in p53 predispose to LFS, including childhood sarcomas and brain

tumors, as well as early-onset breast cancer [35, 36]. The risk of breast cancer is

50–60% by age 45 years [34] and those in pentaerythritol tetranitrate are respon-

sible for Cowden disease, in which breast cancer is a major feature and the risk of

breast cancer is 25–50% [27, 33].

1.3 Molecular Epidemiology of the Breast Cancer

Breast cancers, which have different clinical properties, pathologic features, mor-

phology, grade, and hormone receptors, are very different biological and clinically

heterogeneous groups of diseases. Breast cancer is classified jointly by estrogen

receptor (ER) and progesterone receptor (PR) status in human epidermal growth

factor receptor-2 (Her-2). Her-positive tumors are observed in 60–70% under the age

of 35 years and in 80% over the age of 60 years [1], which also shows the

heterogeneous etiology. In all age groups, rates of Her-2 positive and Her-2 negative

are quite similar. Risk factors for breast cancer include obesity, lifestyle factors,

reproductive factors, as well as some environmental and postmenopausal obesity

lifestyle factors. ER and/or PRmay indicate a tight relationship [37, 38]; although no

relationship between genetics and ER/PR receptor status was seen [39]. Mavaddat

et al. reported that they could not find any association between ER-positive and

ER-negative receptors, but under the age of 50 years, the ER-negative disease rate

is high in relations and family [40].

Gene expression profiling in tumor tissues with polymerase chain reaction

suggests that breast cancers may be divided into subtypes consisting of two

ER-positive types (luminal A and luminal B) and three ER-negative types (Her-2),

expressing basal-like, and unclassified “normal-like”, with distinctive clinical

outcomes [41, 42]. Yang et al. [43, 44] and Gaudet et al. [43, 44] reported that they

observed significant differences in terms of tumor subtypes for the distribution of

age at menarche, age at first full-term birth, and body mass index (BMI) among

premenopausal women. Basal-like tumors were related to the youngest age

at menarche and highest BMI among premenopausal women, whereas luminal A

tumors were associated with the oldest mean age at first full-term birth.

The Carolina Breast Cancer Study also investigated the risk factors that could

cause such differences. They reported that a number of risk factors depending on

the subtype of tumor were also observed, and the effects were opposed of each

other. More importantly, having more than one child, the age of the completed first

pregnancy was found to be a protective factor for luminal A, in turn these factors

are found as predisposing to basal-like cancers [45]. Millikan et al. reported other

well-known risk factors showing a different behavior according to the subgroups.

8 G. Kitapcioglu



For example, a measure of obesity with high waist-to-hip ratio also increases

susceptibility to ER-negative and ER-positive cancers. Younger menarche age,

Multiparity, the age at first full-term pregnancy (younger age), increased waist-to-

hip ratio are considered as factors increasing the risk of triple-negative breast

cancer. However, the number of births and the age at first birth showed no

difference between the triple-negative group and the other groups [46].

Cancer stem cell hypothesis shows that breast stem cell populations targeting

strategies for prevention and treatment of breast cancer are very efficient, and are

shown in Figure 1.1.

1.4 Conclusion

Breast cancer should be regarded as one of the most important cancers affecting

women in the future, therefore, there is a need for prevention. There would be great

benefit of education programs aimed at promoting breastfeeding, at the reduction of

abdominal obesity, promoting a healthy lifestyle and healthy nutrition, especially in

preventing bad progressive types of breast cancer progression.

Hyperplasia

Released Stemcell
Markers

Risk reduced tissue

Risk Reductiona
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Primery Prevention

Early Diagnosis

Fig. 1.1 Breast cancer prevention steps
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