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REPORT SUMMARY

Incidence and Mortality

In the United States over the last 50 years the incidence of breast cancer has steadily increased at
about 1% per year, with an accelerated period of greater annual increases in the 1980s and early 1990s
because of increased early detection measures.  In the United States, the age-specific incidence of breast
cancer increases throughout life.  At age 40, approximately one woman per 1000, while at 60, one per
400, is diagnosed annually with breast cancer.  In the United States, overall mortality from breast cancer
has been stable over many years until recently when annual decreases have been seen.  Mortality rate
decreases appear to be greater in younger women.

Causes and Prevention

Breast cancer develops over many years following multiple causal events.  Initial breast epithelial
DNA damage occurs with radiation, spontaneously, and perhaps with tobacco exposure, and these effects
are perpetuated in the presence of other inherited DNA mutations which prevent usual DNA damage
repair.  These processes are particularly important in the window of time when breast epithelium is
undifferentiated - from the time of menarche until a first full-term pregnancy.

Cumulative estrogen exposure, modified by a number of factors (age at menarche, pregnancy,
weight gain, alcohol, hormone replacement therapy), influences later preclinical phases of breast cancer
development.

Feasible and likely effective prevention strategies include: avoidance of radiation, alcohol, and
tobacco; increased fruit and vegetable intake and regular exercise and avoidance of weight gain,
particularly early in life; and lactation for long periods.  The role of antiestrogen chemopreventive
treatment is incompletely defined at present, although one large trial has shown a 50% reduction in
incidence of breast cancer in high risk women.
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 INCIDENCE
In the United States, breast cancer is the most frequently diagnosed major cancer in women

(approximately 180,000 cases in 1998 and over 44,000 deaths).2 Breast cancer accounts for approximately
one-third of all cancers diagnosed in American women and approximately 18 percent of all cancer deaths
in women.2  Worldwide, breast cancer is a major public health problem; there are approximately 1 million
new cases annually, the majority of which occur in premenopausal women.1

In the United States, a woman's risk of developing breast cancer is estimated at 1 in 8 if she lives
to be 110.3  This risk estimate is modified according to estimates of the probability of surviving through
each decade of life.3  Thus women over age 90 should contribute very little to an easily understandable
overall risk statistic, since numbers of such older women are small compared to the numbers of younger
women.  Several additional points should be made  about this 1 in 8 estimate. More than half the risk is
incurred after age 60, and one-third of the risk occurs after age 75.  This risk estimate is not very useful in
counseling women about their risks of breast cancer and it is subject to misinterpretation often4.  The
estimate does not suggest that if there are 8 women together in a room, on average one will develop breast
cancer.  Further, women suggested to be at greater than usual risk of breast cancer do not have risks
which are multiples of this 1 in 8 estimate.  It is more useful for physicians to consider risk estimates over
time spans of 10 or 20 years.  Recently, epidemiologists have developed more understandable ways of
presenting breast cancer risk data. Feuer and colleagues3 have employed (detailed in Table 1) life table
methods that use  age-specific incidence rates for only the first primary breast cancer and adjust for other
causes of death.  Their data show the likelihood of being diagnosed with breast cancer over different age
intervals.  The table shows that the chance of developing cancer by age 50 is 1 in 50 and these chances
decrease over time  as an individual woman ages without being diagnosed with breast cancer.  For
example, a 40-year-old woman has a 1 in 14 chance of developing breast cancer by age 70, while a
60-year-old woman has only a 1 in 28 chance of developing breast cancer by age 70.

Another widely used risk estimate model has been developed by Gail and colleagues5 who
studied a population of women who participated in a demonstration mammography screening project.
These researchers reported the exerience that these women had in being diagnosed with breast cancer
over various time intervals.  In addition, the researchers studied the impact of specific risk factors, such as
a family history of breast cancer or a previous breast biopsy which showed benign disease, had on the
rates of breast cancer occurrence.  Gail found that a 40-year-old woman had a 1 in 35 chance of
developing breast cancer by the time she was 60 if her relative risk was 1. This is lower than the 1 in 26
figure reported by Feuer, whose reported data for an ìaverageî population was made up of both low-risk
and high-risk women.  However, this hypothetical 40-year-old woman had a 1 in 25 chance of breast
cancer  by age 60 if she had a relative risk of 2 and a 1 in 13 chance if she had a relative risk of 5.  The
Gail model was used in selecting women participants for the recently completed National Surgical
Adjuvant Project breast cancer prevention trial with tamoxifen, and the data from that trial will provide
further practical tools for estimating breast cancer risk in individual women.6

The incidence of breast cancer has been increasing in the United States, as illustrated in Figure 1.
There have been two distinct periods of increases.  During the first period from 1940 through
approximately 1982 incidence increased at a little over 1%/year.  During a second period, an increase of
about 4 percent per year has characterized a 15 year span until recently7.  The increases over time seen in
this figure are suggested to be due to three factors.7  Approximately 30 percent of the total increase over
time is due to changes in ìcausativeî dietary, lifestyle, hormonal, and reproductive factors reviewed below
8 and about 60 percent of the total increase, particularly the recent increases, is attributable to the
detection of (subclinical) breast cancers as a result of more widespread mammographic screening.7,9

Approximately 10 percent of increased incidence is attributable to women living longer and decreased
mortality from other causes7.  One would expect that if mammographic screening is responsible for a
majority of the increase in breast cancer incidence, once the prevalent cases in the population are
discovered, incidence rates should decline to a baseline ìtrueî incidence rate.  The recent stabilization of
incidence supports this analysis7.

While the incidence of breast cancer has been increasing in the United States (Figure 1), overall
mortality from the disease has been stable7 (Figure 2).  This unchanged mortality rate suggests that breast
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cancer cases identified in the fifteen years following 1980 have not been followed long enough to have an
impact on the death rate, were diagnosed at earlier, more curable stages, were treated successfully, or
were somehow less lethal.  Evidence to support an  hypothesis about increased curability comes from data
showing that most of the excess cancers were tumors measuring less than 2 cm in diameter or in situ
cancers10.  These are the types of lesions that mammography would be expected to identify.  If this
explanation is the most true one, then further reduction in mortality from breast cancer can be expected.
The possibility that the biology of breast cancer is changing so that on balance the disease is less lethal, is
suggested by data showing a decrease in mortality of almost 25% in women under 50 in the period 1970-
82, while in recent years mortality in women over 50 has increased11 (Figure 2).

The evidence of breast cancer increases with age in all populations with some variations in the
rate until menopause, after which time different patterns are seen according to geographic region (Figure
3).  In western populations, the increases in incidence are most rapid in the premenopausal years, become
slightly less rapid at menopause, and then continue to rise throughout life.  In contrast, in Asian
populations in the 1970s and 1980s, the increases in the premenopausal years were less rapid (than in
Western populations) and gradual decreases in incidence have been observed after menopause.  These
patterns are important in two ways, In combination with the age compositions of populations, they
influence the overall incidence figures.  Thus increased longevity in Western women will be associated
with an overall breast cancer incidence increase without any meaningful ìrealî increase.  Secondly, true
age specific incidence patterns provide insights into the causal biology of breast cancer.

 ETIOLOGY

While a complete, comprehensive picture of the causal biology of breast cancer is not yet
available, many major components of the picture are known.  Breast cancer incidence rates  vary nearly
10-fold among populations; the highest rates are in Western countries (over 100 cases/100,000 women)
and the lowest are in Asian countries (10 to 15/100,000 women)12.   When a low-risk population migrates
to an area of high incidence, the low-risk population gradually assumes the breast cancer incidence of the
high-risk population.13,14 Incidence rates have increased rapidly in some countries such as Japan where
major lifestyle changes have also occurred.14  These observations strongly suggest that environmental and
lifestyle factors are important in the etiology of breast cancer.  At the same time, it has long been
observed that  breast cancer is more prevalent in some families, which account for approximately 5
percent of all cases15.

 BIOLOGY

An enhanced understanding of the biology of breast cancer is critical if we are to make progress
in prevention and in improving outcomes for patients with this disease. While the specific cause for the
transformation of a normal breast ductal epithelial cell into a malignant one is unknown, several important
alterations can occur within that cell that make breast cancer a potentially lethal disease. Breast tissue and
breast malignancies are dependent on estrogen for their growth. Most breast cancers have measurable
levels of estrogen receptor protein and cells that stain positive for this protein and these tumors are more
responsive to hormonal therapies.  Over time, practically all breast cancers become hormone independent
and capable of sustained growth in the absence of estrogen.16  The mechanisms involved in this
conversion from hormone dependence to hormone independence are becoming clearer.  Estrogen works
to stimulate cell growth by binding to the estrogen receptor. Then this receptor-ligand complex binds to
specific DNA sites and activates genes responsible for synthesizing important growth factors.17  In the
acquisition of hormone independence, it appears that some cells mutate their estrogen receptor,18 while
others acquire the ability to secrete these growth factors without the need for estrogen stimulation.19 These
cells lose the estrogen receptor protein and can produce such growth-inducing compounds as
transforming growth factor alpha (TGF- )20 and epidermal growth factor (EGF)21 without an estrogenic
stimulus. It is unknown whether this acquisition of hormone independence results from a mutation that
takes place spontaneously during the course of the disease, or whether tumors contain a great deal of
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heterogeneity early on and the overgrowth of hormone-independent cells is a function of natural selection.
This biologic information is also important in prognosis.  Cells that express the EGF receptor22 and
overexpress the HER-2/neu gene,23 which codes for a protein structurally similar to the EGF receptor,
have both been associated with poor prognosis in breast cancer patients. In addition to the definition of
additional prognostic markers for breast cancer outcome, research into growth factor secretion and growth
factor effects offer the potential for new therapies in breast cancer. For example, antibodies that bind and
occupy growth factor receptors could be potential targets for antineoplastic therapy in breast, as well as
other cancers.  To date, the most useful such therapy developed has been a humanized antibody to HER-
2-neu, therapy with which causes regression of metastatic tumors in approximately 15% of patients whose
tumors overexpress the HER-2-neu gene24.

Breast cancer involves many genetic alterations. Karyotypic analyses suggest that a truly diploid
breast cancer may not exist.25 The DNA content and the percent of cells in active cell cycle (S-phase
fraction) of cancer cells can now be measured from fixed sections. It appears that S-phase fraction may be
a prognostic indicator of outcome in node-negative breast cancer.26  In large clinical trial populations
primary tumor ploidy and S-phase fraction are being studied to see if these can aid in identifying specific
subsets of patients in need or not in need of additional therapies. The retinoblastoma gene, RB-1, a tumor
suppressor gene, is reported to be altered in 15 to 20 percent of breast cancer patients.27 The gene for
p-53, a cell cycle regulating protein, is found to be altered in a substantial number of the breast cancer
specimens studied.28 A gene on the long arm of chromosome 17 associated with a hereditary form of
breast cancer has recently been identified and will be discussed later in this chapter.  The oncogene C-myc
is amplified in approximately one-third of breast cancers29 and point mutations in the H-ras
proto-oncogene have also been detected.30 Understanding the genetic instability that accompanies breast
cancer as well as amplification or mutation of specific genes will give further insights into the causation
and progression of breast cancer.

In common with other solid tumors, breast cancer exhibits two other biologic properties that
contribute to its potential lethality. The first is the presence or acquisition of chemotherapy drug
resistance and the second is the ability to metastasize.

 EPIDEMIOLOGY

The descriptive and analytic epidemiology of breast cancer is complex because the disease is
clearly multicausal and significant interactions among multiple causes (which are themselves changing in
frequency) confound interpretations of our available information31.  Only limited numbers of causes (or
risk factors) can be evaluated in single studies; thus the results from single studies provide relative but not
absolute pictures of the spectrum of causes and their strengths.  At present no comprehensive, all-ìcauseî
inclusive model for breast cancer development has been proposed, although obvious components are well
recognized31.  One clinically important conclusion from these broad statements is that the relative risk
figures from many epidemiolgic studies are of very limited use in quantifying risk for individual women,
and indeed the absence of accepted comprehensive models makes current risk estimates for individuals
very uncertain (Tables 1 and 2).

A discussion of breast cancer epidemiology is important not only as a basis for understanding
disease development but also in understanding disease biology.  And it is in understanding disease
biology and characteristics that the foundations of successful treatment lie.

This section is structured on a physiologic framework, considering the identified or hypothesized
risk factors or causes of breast cancer according to their biologic mechanisms of action (Table 2).

Descriptive Epidemiology

The earlier sections of this chapter have summarized some of the major descriptive epidemiology:
in the U.S. incidence has been steadily increasing over a long period, there has been an accelerated
increase in incidence since the mid 1980s attributed to screening (Figure 1), and overall mortality has
been stable in the U.S., with perhaps a recent decrease (Figure 2).  Mortality trends have not been the
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same for older and younger women however (Figure 2), for reasons which are poorly understood.  Old
women appear to have suffered greater mortality from breast cancer in the U.S. until recently while
younger women have benefitted from a significant decline which began about 197011.  The increase
mortality in older women appears not to be artefactual (that is it is not because of a change in the age
structure of the population) and is perplexing because increased screening efforts and the clear benefits of
widely-used adjuvant hormonal therapy (see below) which began in the early-mid 1980s might have been
expected to affect sooner the overall trend favorably.  Similarly, in younger women, decreased mortality
is seen in the 1970-mid 80s period, for which there is no obvious explanation; this period antedated
widespread use of adjuvant chemotherapy which might produce such a trend.  One clue to a broad
understanding of these mortality data may lie in data suggesting that the average level of estrogen
receptor protein in primary breast tumors has been increasing significantly32 (Figure 4).  Such data imply
that the biology of breast cancers themselves may be changing.  To date research relating known risk
factor changes to these mortality trends has not clarified the picture.  On the whole these incidence and
mortality trends however, reinforce an impression that the control of breast cancer involves a ìmoving
targetî.  When the age specific incidence of breast cancer in the U.S. in graphed on logarithmic scales, a
figure with two apparently distant slopes is seen (Figure 5).  For many solid tumors similar graphs show
single straight lines.  This figure for breast cancer allows several interpretations, the most important of
which are that multiple, perhaps 4-6 events are responsible for the expression of clinical disease, the
earliest of these occurs in the first two decades of life, and menopause has a profound influence on the
rate of disease development.  A simple model that concludes that the 4-6 ëeventsí are mutations seems
unrealistic because of the large numbers of cells which continued dividing after initial mutation, and
because of the necessity for a high frequency of mutation33.  The profoundly different slopes of age
specific incidence figures in western and eastern populations (Figure 3) when combined with the
observation that migrants from east to west take on the incidence of this disease of this adopted culture14,
strongly imply that broad lifestyle factors over many years influence the rate of disease occurrence and
that inherited factors play only a minor role in the overall breast cancer incidence differences among
populations.

Breast Lobule Maturation and Differentiation

While the specific impacts of hormonal changes throughout the menstrual cycle have been
difficult to elucidate, the broad impacts of major reproductive events on hormonal alterations or breast
development have been described34-37.  As outlined in Table 3, initially undifferentiated lobules with cells
which are significantly sensitive to carcinogenic insult, become semi- and fully-differentiated under the
influence successively of menarche, pregnancy and lactation.  In individual women therefore, the timing
of these factors may have a profound influence in determining whether other factors are important.  For
example, radiation exposure to undifferentiated breast tissue (as with treatment for Hodgkinís Disease in
young girls or women) is associated with markedly increased risk of later breast cancer while shorter
exposures given to women in their 30s and 40s are associated with minimal increased risk38,39.

Genetic or DNA Damaging Causes of Breast Cancer  (Table 1)

While increased risk for breast cancer has long been associated with occurrence of the disease
among close family members40, it has only been in the last decade that a greater understanding has
developed of the likely mechanisms which explain the wide range of increased risk observed.  Broadly,
approximately 5% of women with breast cancer have a family history which suggests that an inherited
factor may have been important in these cases41.  The occurrence of breast cancer in close or first degree
relatives [mother, sister(s), daughter(s)] at younger ages, and bilaterally, each and together suggest that
inherited factors may be important in particular individuals, and when all are present, risk for breast
cancer is markedly increased [Table 4].  For example, if both the mother and sister of a healthy woman
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have had premenopausal breast cancer, the likelihood of breast cancer approaches 50%42.  While
occurrence of breast cancer among more than single individuals in a family may reflect common
exposures to environmental carcinogens, it appears that in most of these families specific genetic changes
confer increased susceptibility41.  Genetic linkage studies have established that mutations on a large gene
or chromosome 17 (17q21) called BCRA 1, are likely to be associated with slightly less than half of
breast cancer cases occurring in families15.  Mutations in a second gene, BCRA2 (13q12-13) account for
most of the other half of familial cases, and mutations in the p53 gene (17p12-13) account for a small
fraction also.  Approximately 3.3% of American patients with breast cancer have BCRA 1 or 2
mutations15.   These genes are thought to be tumor suppressor genes, mutations in which facilitate the
development of malignancies.  Recent data suggest that the BCRA gene mutations may be expressed as
DNA repair deficiency and may influence genetic stability43,44.  BCRA 1 and 2 appear to work through the
same pathways44.  Environmental factors appear to modify expression (or penetrance) of these genetic
mutations45,46.  While commercial tests are now available for some BCRA mutations, the general
consensus among experts is that currently these tests should only be used in research studies.

Irradiation, presumably because of resultant DNA damage and mutations, is a cause of breast
cancer.  Breast irradiation to doses which are carcinogenic has occurred as a result of exposure to atomic
bomb blasts, fluoscopic examinations for tuberculosis, and radiation treatments for mastitis, enlargement
of the thymus, acne, asthma, and Hodgkinís disease39,40.   The ages of women at the time of irradiation
profoundly influence the risk; the younger the age of exposure, the greater the risk.  By age 40, usual
diagnostic radiation exposures as from mammography, confer minimal to negligible risk, with the
possible exception that women heterozygous for the ataxia telangiectasia gene may have increased risk
throughout life47.  There is a long latency period after exposure to irradiation before the appearance of
more frequent breast cancers - 10-20 years.

Tobacco smoking is a probable DNA-damaging cause of breast cancer48.  Interpretation of studies
of smoking and breast cancer has been compounded by several factors.  Tobacco smoking may alter
menstrual cycle hormonal patterns and age at menopause in ways which decrease risk of breast cancer49.
Age at exposure to tobacco smoke appears to be important; smoking in the teenage years is associated
with increased risk presumably because the pool of undifferentiated breast cells which are more sensitive
to such carcinogenic damage is greater during these years prior to a full term pregnancy37,49.  Finally,
menopausal status and N-acetyl transferase 2 genotype appear to interact in modifying risk of breast
cancer50.  In sum, it appears that for some women, tobacco smoking is a risk factor for breast cancer and
that this influence is important in the initial phases of the disease process.

Inherited, radiation or carcinogen (tobacco smoke)-induced, or random DNA damage - genetic
mutations may be more or less likely to be expressed ultimately in clinical breast cancers depending on a
number of factors.  One new category of exposures that may be important in this regard is intrauterine
hormonal changes.  Studies have suggested that circumstances which decrease (toxemia) or increase
(neonatal jaundice or prematurity) exposure of the fetus (and fetal breast tissue) to estrogen are associated
with subsequent risk of breast cancer51.  Since hormonal changes are not usually considered genotoxic, if
this hypothesis is further supported, it is more likely that such estrogen exposures change the numbers or
susceptibility of breast cells to later DNA damaging exposures.  A less complicated hypothesis concerns
the possible protective effects of micronutrients, particularly during the years prior to a full term
pregnancy.  Two recent studies have suggested that carotenoid and perhaps folic acid intake may be
protective against breast cancer52,53.  Exposure to adequate quantities of these nutrients may be
particularly important in facilitating DNA repair in susceptible adolescent breast epithelia54.

Hormonal Exposures and Modifiers [Table 2]

The occurrence of breast cancer is strongly influenced by hormonal factors.  Perhaps the three
strongest illustrations of this relationship are the change in age specific incidence of breast cancer which
occurs at menopause [Figure 5], the relationship between metacarpal bone mass and breast cancer risk55,
and the recent data showing a 50% reduction in breast cancer incidence with tamoxifen - a breast
antiestrogen6.  As Figure 5 shows, age specific incidence of breast cancer in US women increases linearly
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[when graphed as here on a log-log scale] until the late forties, at which time the rate of increase changes
abruptly, becoming less rapid.  If women undergo bilateral ovariectomy at earlier ages, similarly the rate
of incidence increase abruptly changes34.  These observations make it clear that the appearance of
clinically recognized breast cancer is dependent on hormonal exposure.  The observation that metacarpal
bone mass is associated with breast cancer risk emphasizes the point that it is cumulative hormonal
exposure which appears to be important55.  Greater metacarpal bone mass is a surrogate for greater
cumulative estrogen exposure [Figure 6].  Treatment in healthy women for 3-4 years with tamoxifen, a
breast cancer-cell estrogen antagonist, has been reported in one recent large study, to be associated with a
halving of breast cancer incidence6.  Since the development of preclinical breast cancer is believed to
occur over many years [as the data showing increased occurrence of cancer 10-20 years after excess
radiation exposure suggest39], such evidence for effects of long term hormonal differences is consistent.

The relationship of hormonal exposures, primarily estrogen, and breast cancer risk is supported
by data of different types: those of hormone physiology and reproductive events, and those of apparent
hormone modifiers [Table 2].  Earlier ages at menarche are associated progressively with greater risk of
breast cancer later in life34,56.  Presumably this occurrence has such adverse effects by increasing the total
number of menstrual cycles and thus cumulative estrogen exposure to the breast in a womanís life, or also
by increasing the time during which undifferentiated susceptible breast epithelia can be affected by DNA
damage prior to a full term pregnancy37.  The determinants of age at menarche are not well understood;
nutritional, exercise, and inherited factors are likely the most influential, but their relative strengths and
specifics of timing and factors are not defined31.  Age at menarche  differs markedly in populations, and is
generally decreasing over recent years.  Girls in asian societies are reported to reach menarche at 15-16,
while currently American girls are beginning to have menstrual periods at 10-1131.  Characteristics of
menstrual cycles which are also independently associated with subsequent risk of breast cancer are also
influenced by age at menarche.  Shorter lengths of cycles, and earlier age at establishing regular cycles
are associated with increased risk and with early age at menarche57.

The relationship of age at first full term pregnancy and breast cancer risk is well established and
strong58 [Figure 7].  The mechanism underlying this relationship has been referred to earlier in this
chapter36,37 [Table 3].  A full term pregnancy and its associated hormonal events stimulate the
differentiation of breast ductules.  After this, breast tissues are less susceptible to DNA damage and less
likely to divide and preserve and perpetuate cells with genetic changes which might lead to cancers.  The
risk of breast cancer following a full term pregnancy is, however, a function of time from the pregnancy59

[Figure 8].  In the 5-10 years immediately following a pregnancy risk for breast cancer is increased,
presumably consequent to the tumor promotional effects of estrogenic and lactational hormones which are
markedly increased during pregnancy59.  Preclinical cancers, already partially established are thus pushed
along in their development by the hormonal changes of pregnancy.  After the passage of a decade
however, the epithelial-differentiating effects of pregnancy on the risk of breast cancer became dominant
and risk of breast cancer falls for women who have had a pregnancy compared to those without
[Nulliparous in Figure 8].

Increased parity also decreases risk of breast cancer in a remarkably linear fashion60  [Figure 9],
and this observation is further evidence that the differentiating effect of pregnancies is critical in
modulating breast cancer risk.

In more recent years, a relationship between cumulative time of lactation and breast cancer risk
has been demonstrated in several studies, particularly with respect to risk for breast cancer in
premenopausal women.  Periods of lactation (over 1 or more pregnancies) beyond 6-12 months are
associated with decreased risk61,62.  The mechanisms through which this risk reduction are mediated are
incompletely understood, but breast duct epithelial differentiation, omission of menstrual cycles during
lactation with associated decreased estrogenic hormone exposure to the breast, and permanent down-
regulation of prolactin levels after lactation is finished have been hypothesized to be important.

Given the clear evidence that hormonal changes modulate breast cancer risk, the use of oral
contraceptive hormonal preparations and postmenopausal hormonal replacement therapies is also of
concern.  A multiplicity of studies on oral contraceptives and postmenopausal hormonal therapy has not
provided a clear picture of the relationship.  Recently the Collaborative Group on Hormonal Factors in
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Breast Cancer gathered data from over 50 studies63,64.  A small increase in risk [relative risk 1.23] was
found in current users of oral contraceptives; this excess risk disappeared by 10 years after cessation of
these drugs63.  Hormone replacement therapy is associated with increased risk of breast cancer by 2% for
each year of use64.  This increased risk rapidly disappears with cessation of use.  Data on particular
hormone replacement preparations (estrogen alone versus combined estrogen- progesterone therapies) are
sparse and do not permit any firm conclusions about safer or riskier preparations.

A variety of exposures are suggested to influence breast cancer risk through modification of
hormonal levels or metabolism.  In recent years regular alcohol consumption has been consistently
demonstrated to be associated with increased risk of breast cancer in a dose dependent manner65,66.  While
alcohol may increase endogenous hormone levels67, it may also have direct effects on breast epithelia65.
Most, but not all, studies have suggested that increased levels of physical activity are associated with
decreased risk of breast cancer68-72.  The details of this relationship are difficult to study and quantify;
recreational and occupational physical activity levels have been more studied while nonspecific
occupational activities, more common in women, have received little attention.  The mechanisms whereby
levels of physical activity influence risk are unclear.  Physical exertion may modify hormone levels
and/or reduce numbers of menstrual cycles.  Physical activity levels may also influence body mass, or
immune system function.

Body mass is associated with breast cancer risk, but the relationship is complex.  In
premenopausal women increased body mass is associated with decreased risk of breast cancer; menstrual
cycle irregularities reflecting disrupted hormonal regulation and levels are believed to be mediators of this
association73,74.  In contrast, increased body mass in postmenopausal women is associated with increased
risk for breast cancer73.  The explanation for this has been that obese women have increased levels of
estrogenic hormones75.  The distribution of body fat, and the timing of weight gain appear to influence
whether this relationship is observed in studies.  In general, weight gain throughout life and abdominal
adiposity appear to be important variables associated with increased risk73,74,76.

Laboratory animal studies and large population data relationships in people suggest an association
between excess caloric or fat intake and increased risk of breast cancer77-79.  Epidemiologic case control
studies have directly supported this association while usually more powerful cohort studies have not80-82.
An ongoing trial of a low fat diet in Canada and a larger trial - The Womenís Health Initiative - in the
United States may provide more direct evidence on this complicated relationship.  Other than the possible
protective effect of micro-nutrients - carotenoids discussed earlier, the other most compelling hypothesis
concerns the protective effects of phytoestrogens particularly from soy foods, a risk of breast cancer83.  A
recent study suggested a specific mechanism for such a protective effect: lowering of serum estrogens84.
Other factors possibly associated with risk of breast cancer include height.  Greater height (and suggested
greater breast cancer risk) may reflect nutritional differences early in life and associated growth hormone
and insulin-like growth factor changes85.  Increased DDT levels and exposure have been suggested to be
associated with increased risk of breast cancer86,87.  More data are needed before a firm association can be
asserted.

Tissue Changes in Individual Women

Numerous studies have shown relationships between breast tissue characteristics in individual
women and increased risk of breast cancer88,89.  Such characteristics are assumed to reflect the impact of
risk factors previously discussed.  They may or may not represent changes in breast tissue on direct
pathways to the development of breast cancer.

Increased glandular tissue density seen on mammograms is associated with increased risk of
breast cancer, and as suggested, is likely to be reflective of the presence of other risk factors for
cancer90,91.  Interventions considered to possibly decrease risk of breast cancer are associated with
decreases in glandular tissue density92,93.  Women with breast symptoms or signs that reflect
overstimulation of glandular tissue or physiologic or biologic changes associated with increased risk of
breast cancer, are themselves at increased risk88,89.  When breast tissue biopsies show evidence of
proliferative changes in ductal tissues (hyperplasia),  abnormal cells [atypical hyperplasia] and finally
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lobular or ductal carcinoma in situ, risk for the development of invasive breast cancer is substantially
increased in those individual women94.

 PREVENTION

Breast cancers appear to develop. over several years during which multiple "causes" contribute to
their initiation, promotion and progression.  Several "causes" have favorable effects on health otherwise
or are unavoidable.  In this context the goals of interventions to prevent breast cancer occurrence and to
decrease mortality must also be to promote better health overall.

The goals of interventions broadly fall into two categories.  A first goal is the prevention of
critical DNA damage and the enhancing of DNA repair; interventions here are directed at the earliest -
initiation stages of breast cancer development.  A second goal is the reduction of breast epithelial
exposure to estrogen or to the effects of estrogen.  The favorable impacts of interventions appear to vary
according to when they occur in a woman's life.

In the preadolescent and adolescent years, interventions directed at the first goal - limiting
epithelial DNA damage - appear most important54 [Table 5].  Limited data suggest that some inherited
mutations associated with increased risk for breast cancer exert their deleterious effects by preventing
DNA repair43.  Specific factors which cause DNA damage include radiation47 and perhaps tobacco
smoking48-50, and thus limiting these as much as possible in the susceptible undifferentiated breast
epithelium of young girls is one preventive strategy37.  The balance of energy or caloric intake and energy
expenditure in exercise and physical activity influence the age of menarche and characteristics of
menstrual cycles in girls95,96.  Educating and counseling girls to achieve an optimal balance of these which
avoids excessive weight gain is likely to lead to later age at menarche and later establishment of regular
menstrual cycles, which in turn will decrease the length of time from menarche to first full-term
pregnancy, a time of heightened susceptibility to DNA damage of undifferentiated breast epithelium37,54.
Finally, adequate intake of critical dietary constituents, particularly carotenoids and perhaps folic acid,
may be especially important during these developmental years by enhancing DNA repair52,54.

During childbearing years, early first full-term pregnancy is clearly likely to reduce risk of breast
cancer by causing terminal differentiation of breast epithelium37,58.  Similarly, long duration of lactation is
likely to be beneficial through similar mechanisms, while also causing some favorable hormonal
changes61,62.  Again, during these years avoidance of excessive weight gain and regular exercise are likely
to be beneficial, and finally limited alcohol consumption should be encouraged65,68,85.  As discussed
earlier, lactation, weight gain, exercise and alcohol are factors which appear to modify breast cancer risk
through hormonal mechanisms.

During the fifth decade of life - the 40s - and beyond, again regular exercise, avoidance of weight
gain, and weight loss are desirable.  Surgical oophorectomy with hormonal replacement therapy (perhaps
optimally with estrogen alone) should be considered particularly when there are other medical indications
for gynecologic surgery97.  The physiologic change from the rapidly rising and falling monthly pattern of
estrogenic hormones in cycling women, to a steady state lower level of estrogen is reflected by marked
decreased long-term risk of breast cancer.

Finally, the use of hormonal therapies in pre, peri, and particularly postmenopausal women is
associated with changes in risk of breast cancer98.  Estrogen alone is associated with a risk increase of 2%
for each year of use64; this risk falls rapidly with cessation of use.  Combination hormone therapies, for
which there are fewer data, appear associated with significantly greater risk of breast cancer99.  Breast
antiestrogen hormones, tamoxifen and raloxifen, are associated with decreased risk of breast cancer in
some but not all studies.  In a meta-analysis of adjuvant studies, 5 years of tamoxifen was associated with
a 47% reduction in contralateral breast cancer100.  In a large American trial, shorter-term tamoxifen was
associated with a similar 45% reduction in incidence of breast cancer in healthy women at increased risk6.
In contrast, two smaller European studies in healthy women have reported no evidence of decreased
incidence of breast cancer with tamoxifen101,102.  An American study of raloxifen, in healthy
postmenopausal women with osteoporosis, has shown a marked reduction in breast cancer occurrence103.
Conclusions regarding benefits to particular groups of women - by menopausal status or specific risk
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factors are not currently evident.
Each of these hormonal therapies has other short- and long-term health benefits and risks, which

are less well defined for combination estrogen and progesterone therapies, tamoxifen and raloxifen.
Overall mortality rates appear lower with estrogen therapy, which is also associated with decreased rates
of cardiovascular disease, bone fractures, mood disturbance and vasomotor (hot flash) symptoms98.
While beneficial effects on bone mineral density in postmenopausal women are seen with tamoxifen and
raloxifen104,105, effects on fracture rates are less studied.  Cardiovascular risk factor changes are seen with
tamoxifen and raloxifen, in favorable lipid and lipoprotein reductions, but the long-term effects of these
remain uncertain105,106.  Tamoxifen is clearly associated with increased risk for pulmonary embolism,
thrombophlebitis, uterine endometrial cancer, and cataract6.  Vasomotor symptoms are increased with
both tamoxifen and raloxifen105,107.  The impacts of tamoxifen and raloxifen treatment on overall mortality
rates, and rates of second cancers, mood disturbances, and other central nervous system processes, are
incompletely defined, as are the optimal duration of treatment and the consequences of stopping
treatment.  These data about benefits and risks need to be considered in light of the specific circumstances
of individual women98 [Table 6].
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 TABLES

Table 1.  Chances of Being Diagnosed with Breast Cancer at Different Age Intervals

To Age:

From Age: 30 40 50 60 70 80 90 Ever

0 1:2, 525 1:217 1:50 1:24 1:14 1:10 1:8 1:8

30 1:233 1:50 1:23 1:13 1:9 1:8 1:8

40 1:63 1:26 1:14 1:10 1:8 1:8

50 1:41 1:17 1:11 1:9 1:9

60 1:28 1:14 1:11 1:10

70 1:24 1:16 1:14

(Adapted from Feuer3, with permission.)

Table 2 .  Risk Factors for Breast Cancer According to Hypothesized Mechanisms of Action and
Direction of Impact on Risk  ( increase;  decrease)

Gene or DNA-damaging or repair risk factors
 Inherited genetic mutations BCRA1, BCRA2, P53

 Irradiation
 Cigarette smoking [particularly in young and individuals with specific genotypes]

  or  Intrauterine/birth hormonal changes: neonatal jaundice, prematurity( ) or toxemia ( )
  Vitamins and micro-nutrient consumption [particularly in younger women]

Hormonal exposures

  Younger age at menarche
  Older age at menopause

  Older age at first full term pregnancy
  Increased parity

  Lactation history
  Exogenous hormones: oral contraceptives, postmenopausal hormonal therapies

Modifiers of hormonal exposure

Increased body mass;   in postmenopausal women;   in premenopausal women
  Alcohol

  Physical activity
Diet                  Calories               Fat                Soy

Notes:

In this table only the direction in which risk is influenced is indicated (  or  ) because the strength of each
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of these risk factors in individual women is difficult to quantify.  Usual practice is to quantify risk in
groups with or without a particular characteristic [without, relative risk = 1] but whether a particular

factor is important in an individual woman varies greatly according to other factors present.

Table 3.  Breast Lobule Maturation and Differentiation

Lobule Typea Characteristics Altering Factors Role in Breast Pathology

Type 1 Menarche, hormonal
stimulation, pregnancy

Undifferentieted with
6-11 ductiles

Origin of atypical ductal
hyperplasia, ductal carcinoma in
situ, and invasive cancers

Type 2 Semi-differentiated Pregnancy Origin of lobular atypia, lobular
carcinoma in situ, and lobular
carcinomas

Type 3 Fully differentiated
with 80 ductules

Lactation

Origin of adenomas,
fibroadenomas, sclerosing adenosis

Type 4 Differentiated for
lactation

aInvolution of types 1, 2, and 3 to terminally differentiated structures appears to occur in
postmenopausal years.

Breast Lobule Maturation and Differentiation.  Adapted from Russo J, Russo IH.  Toward a physiological

approach to breast cancer prevention.  Cancer Epidemiol Biomarkers Prev 1994; 3:353-364 37.

Table 4.  Family History and Relative Risk of Breast Cancer 42

Approximate relative risk

No close (first degree) relatives [mother, sister,
daughter] with breast cancer

1.0

One close relative with breast cancer 1.5-2.0

Two close relatives with breast cancer 5.0

Close relative with bilateral postmenopausal breast
cancer

10

Close relative with bilateral premenopausal breast
cancer

20
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Table 5.  Prevention Counseling by Age

Preadolescence, adolescence
Limit chest and breast radiation
Tobacco
Regular exercise
Avoid excessive calories and weight gain
Increase fruits and vegetables: carotenoids and folic acid

Childbearing years
Early first full-term pregnancy
Lactation, for long duration(s)
Avoid weight gain
Regular exercise
No or limited alcohol

In the 40s
Avoid weight gain
Weight loss
Regular exercise
Surgical oophorectomy [when gynecologic surgery is otherwise indicated]

Menopausal years
Weight loss
Hormonal therapies: estrogen, estrogen plus progesterone, tamoxifen, raloxifen

Table 6.  Considerations in Assessing Benefits and Risks for Hormonal Therapies
in Healthy Women

Menopausal symptoms: vasomotor or
mood disturbance

Personal and family history of
Vascular disease [pulmonary embolism, heart disease, thrombophlebitis]
Lipid disorders
Osteoporosis
Diabetes
Obesity
Mood disturbance [postpartum depression, bipolar disease]
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 FIGURES

Figure 1  US Breast Cancer Incidence Rates over Time
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Figure 2  Mortality from Breast Cancer in Younger and Older Women in the US



16

Figure 3  Breast Cancer Incidence in US and Japan
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Figure 4  Estrogen Receptor Protein Levels over 20 Years
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Figure 5  Impact of Hormonal Exposure
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Figure 6 Cumulative Incidence of Breast Cancer in 1373 Postmenopausal Women
according to Age-Specific Quartile of Metacarpal Bone Mass at Baseline
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Figure 7  Age at First Full-Term Pregnancy
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Figure 8  Risk after First Pregnancy
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Figure 9  Breast Cancer Risk according to Number of Completed Pregnancies
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