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Factors That Promote the Development
of Human Breast Cancer
by David B. Thomas*

Epidemiologic and endocrinologic studies of breast cancer etiology are reviewed in the context of
the Moolgavkar two-stage model for mammary carcinogenesis. Promoters are hypothesized to en-
hance the growth of stem and intermediate cells, and initiators are assumed to cause stem and
intermediate cells to give rise to intermediate and tumor cells, respectively. Although all
epidemiologic features of breast cancer can be explained in terms of the cellular events supposed by
the model, the specific causes of breast cancer are largely unknown. Aberrations in endogenous
steroid sex hormones most probably act as promoters, although their exact nature and etiology are
unclear. Ionizing radiation is the only known initiator. The two-stage model implies that others
exist and that they are responsible for both the international variation in risk of breast cancer, and
its familial aggregation. Results of endocrinologic studies suggest either that aberrations in en-
dogenous sex hormones serve as such initiators or are correlated with them, or that familial and
international variations in risk are mediated by promoters.

Introduction
Many epidemiologic studies, conducted largely

during the past three decades, have resulted in the
identification of a number of factors that distinguish
women who are at increased risk of breast cancer.
A number of investigators have attempted to syn-
thesize information from epidemiologic studies,
along with findings from clinical and laboratory in-
vestigations, and develop models or hypothesis for
the etiology of breast cancer. In spite of these ef-
forts, the specific causes of breast cancer are largely
unknown.
The purposes of this paper are to critically sum-

marize the epidemiologic features of breast cancer,
describe the more promising etiologic hypotheses
and models that have been proposed, and indicate
additional studies that might enhance our under-
standing of the genesis of this disease.

Risk Factors for Breast Cancer
A critical review of the epidemiology of breast

cancer was published in 1980 (1) and should be con-
sulted for documentation of the risk factors summa-
rized in Tables 1 and 2. Table 1 shows factors that
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strongly implicate ovarian hormones as etiologic
agents. Risk of breast cancer is approximately 100
times greater in women than men. In women, the
disease does not occur before menarche. Thereafter
the incidence increases rapidly with age until meno-
pause, after which time it increases more slowly
with advancing years. Risk of breast cancer is
inversely related to age at menarche. This adverse
effect of earlier onset of ovarian function appears to
diminish with age. Risk also increases with age at
menopause, and premenopausal oophorectomy,
without exogenous estrogen replacement therapy,
reduces the risk of breast cancer, the degree of pro-
tection being inversely related to the age at which
the ovaries are removed. The adverse consequences
of prolonged ovarian function and the protective ef-
fect of premenopausal oophorectomy appear to in-
crease with age.

Nulliparous women are at greater risk of breast
cancer than parous women, and the risk in women
who have had children increases with the age at
which their first child is born. Results of some
studies show that having additional children may
also be weakly protective. The reduction in risk as-
sociated with an early first birth may diminish as a
woman ages. Lactation does not appear to alter the
risk of breast cancer, although in one study women
with breast cancer who breast fed from only one
breast tended to develop their tumors in the breast
that was not used for nursing (2).



Table 1. Risk factors for breast cancer: factors implicating hormones as tumor promoters.

Factor Influence on risk Remarks
Female sex Increases risk
Age Increases risk Effect of age diminishes after menopause
Age at menarche Inversely related to risk Influence diminishes with age
Age at menopause Directly related to risk Influence increases with age
Oophorectomy Protection inversely related to Influence increases with age

age at oophorectomy
Nulliparity Increases risk
Age at first child Directly related to risk Influence diminishes with age

(early birth protective)
Parity Additional children may be weakly protective
Lactation Minimal Unilateral nursing may influence laterality of

tumor
Exogenous estrogens Probably eliminates the protective Results of studies conducted

effect of oophorectomy. Risk in to date are inconsistent
women with intact ovaries uncertain

Table 2. Risk factors for breast cancer: probable tumor initiators and factors with unknown mechanisms of action.

Factor Influence on risk Remarks
Ionizing radiation Increases risk Dose-response, probably linear
Family history of breast cancer Increases risk May be multiple explanations
Geography High risk in "western" countries Not explainable by known risk factors
Nutritional factors "Western diet," fats, may increase risk Effect may be indirect
Weight May increase risk Effects mainly postmenopausal disease; not

confounded by age at menarche
Height Questionable increase in risk Results of studies inconsistent
Body size Questionable increase in risk Results of studies inconsistent
Benign breast disease Increases risk Lesions with epithelial proliferation and

calcification particularly increase risk.

Transvestite males given high doses of estrogens
to induce breast development have developed
breast cancer, but studies of more moderate doses
of estrogens given to women for treatment of meno-
pausal symptoms (3- 7), or with progestogens in the
form of oral contraceptives (3, 9-11), have yielded in-
consistent results. Estrogen therapy probably
eliminates the protective effect of premenopausal
oophorectomy (6, 7, 12), but results of some studies
are not supportive of this statement (4, 5).

Table 2 summarizes other factors that have been
related to breast cancer. Ionizing radiation is the
only known cause of this disease. Although such
radiation is undoubtedly responsible for only a
minute proportion of all breast cancer, as discussed
subsequently, its influence on risk of breast cancer
is age-dependent, and this observation has provided
insight into possible mechanisms of tumor initiation
and promotion.

Risk is approximately doubled in mothers, sis-
ters, and daughters of women with breast cancer, as
well as in both their maternal and paternal grand-
mothers and aunts (1). Such familial aggregation
could result from either common environmental or
genetic factors, and different mechanisms are prob-
ably operative in various situations. The compar-

able risks in maternal and paternal relatives rule
out x-linked genetic mechanisms, or transmission of
an oncogenic agent via the placenta or breast milk,
and the latter is also refuted as a vehicle by the ob-
servation that women who were breast fed are not
at increased risk.

Evidence for genetic mechanisms are as follows:
(a) familially aggregated breast cancers tend to oc-
cur in premenopausal women and to be bilateral
more frequently than nonfamilial tumors (13-15); (b)
the risk in sisters and daughters of propositi with
breast cancer is enhanced if the propositus has a
second-degree relative with breast cancer, is in-
creased even more if she has an affected sister, and
is greatest if her mother also had breast cancer (13,
14); (c) risk of breast cancer is no greater in
dizygotic twins of cases than in other sisters (about
doubled), but is increased sixfold in monozygotic
twins (16); and (d) the lesions occurred on the same
side in eight of nine twins that were concordant for
breast cancer (16).

In spite of these observations, no simple Mendel-
ian mode of inheritance of breast cancer is evident.
One exception to this is an observation made in 11
high-risk families in which the pattern of occurrence
of breast cancer was compatible with an autosomal
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dominant gene chromosomally linked to the gluta-
mate-pyruvate transaminase locus (17). This linkage
was not found in other high-risk families and prob-
ably accounts for only a tiny portion of all breast
cancer. It has, nonetheless, provided an important
new etiologic lead.

Incidence rates of breast cancer vary among

countries by a factor of nearly eight. Rates are high-
est in Caucasian populations of North America and
lowest in parts of Africa, Japan, and among non-

Jews in Israel. Migrants from low- to high-risk coun-

tries have intermediate rates of breast cancer, and
rates gradually approach those of the high-risk
country in succeeding generations. In the United
States, this "movement" of rates is more rapid in
migrants and their decendents from Western
Europe than in more culturally distinct groups such
as Japanese, Chinese and Mexicans (1). These obser-
vations clearly show the international differences in
rates to be of environmental rather than genetic ori-
gin and due to factors associated with a "western"
life style. The international differences have been
shown not to be due to variations in the prevalence
of any of the risk factors that have so far been men-

tioned. Large increases in rates of breast cancer in
succeeding generations of women in Iceland (18) and
Japan (19) have similarly been associated with
changes from traditional to modern societies and
not to temporal changes in the known risk factors
for breast cancer.

Rates of breast cancer have been shown to be
correlated with total fat consumption among vari-
ous countries (20-22), temporally and among dis-
tricts in Japan (19) and among five ethnic groups in
Hawaii (23).

Similar correlations have been observed, al-
though somewhat less consistently, with meat con-
sumption (19, 21-23). Case-control studies in Canada
(24) and among Seventh Day Adventists in the
United States (25) have also related risk of breast
cancer to total fat consumption, and preliminary re-

sults from a prospective study in Japan (19) show
risk to be related to meat consumption. The spouses
of Japanese women with breast cancer in Hawaii
(and presumably also the cases themselves) were

found to have previously consumed more meat and
dairy products and less traditional Japanese food
than spouses of normal women (26). Finally, a high
fat diet has been shown to increase mammary
tumor production both in rats exposed and not
exposed to the mammary carcinogen, 7,12- dimeth-
ylbenz(a)anthracene (DMBA) (27). Although each ob-
servation relating fat and meat consumption to risk
of breast cancer can be faulted, in the aggregate
they strongly suggest that diets rich in fats and
meats, or unknown factors strongly correlated with

such diets, increase one's risk of breast cancer.
Studies of the relationship of breast cancer to

height, weight, and body size have recently been re-
viewed (1). Findings among studies are inconsistent
and difficult to interpret. The most consistent
finding (but with several exceptions) is an associa-
tion of postmenopausal breast cancer with weight.
Adult weight is obviously related to nutritional
factors and has been inversely correlated with age
at menarche and directly related to age at
menopause (28). The association of weight with
breast cancer may thus be indirect.
The risk of breast cancer is roughly doubled in

women with previous benign breast lesions. The in-
crease is largely confined to women with fibrocystic
lesions characterized by proliferation of ductal epi-
thelial cells (29, 30). Risk may be particularly high if
there is histologic evidence of calcification of these
lesions (29 and D. L. Page, personal communication).

The Moolgavkar Model
Moolgavkar et al. (31) have proposed a two- stage

model for the genesis of breast cancer. They hypo-
thesize that malignancies develop from undifferenti-
ated stem cells as a result of two independent
events that occur during cell division. A normal
stem cell can either die or differentiate, and thus
not be at further risk of potentially malignant
change, divide into two normal stem cells (each of
which are at risk), or divide into one normal cell and
one intermediate cell. Intermediate cells can
similarly die or differentiate and thus be removed
from the pool of cells at risk of a second event,
divide into two intermediate cells, or divide into one
intermediate and one transformed cell. The trans-
formed cell then grows into a tumor. The exact
nature of the hypothesized event is unknown, but
may be viewed as a failure of normal cell division in
which one of the two daughter cells is not an exact
replica of the parent cell. An event may also be
viewed as the cumulative effect on a cell of tumor
initiators. Tumor promotors, on the other hand,
would act by enhancing normal proliferation of stem
or intermediate cells.
An elegant mathematical model was developed

which included terms representing the net growth
rates of stem and intermediate cells and terms for
the probabilities of stem and intermediate cells giv-
ing rise to intermediate and tumor cells, respec-
tively. By assigning different values to the net cell
growth terms, before and after menopause, and dif-
ferent values for the probabilities of events in
different human populations, the model accurately
simulated the age-incidence curve for breast cancer
in six populations with markedly different overall

211



D. B. THOMAS

incidence rates. In biological terms; the interna-
tional differences in rates would be due to different
risks of exposure to tumor initiators; the rapid
increase in risk with age between menarche and
menopause in all areas would be due to the pro-
liferation of stem and intermediate cells, largely
between the ages of 12 and 18; and the decline in
the slope of the incidence curves with age after
menopause would be due to the decrease in rates of
division (or more differentiation or death) of stem or
(especially) intermediate cells associated with cessa-
tion of ovarian function.

Pregnancy initially causes proliferation, but then
marked differentiation of the mammary epithelial
cells. The latter would reduce the number of cells at
risk of events; and the earlier in life that this hap-
pened, the shorter would be the time when large
numbers of undifferentiated susceptible cells are
present in the breast, and the lower would be the
risk of breast cancer. The model accurately simu-
lated the inverse relationship between age at birth
of first child and risk of breast cancer.
The other risk factors shown in Table 1 can like-

wise be explained in terms of the Moolgavkar model
as being indicators of hormonal events that promote
(or retard) the growth of stem and intermediate
cells. Females have more such cells than males and
are thus at much greater risk. Early age at men-
arche as a risk factor is explainable by the fact that
large numbers of stem cells are present for a longer
period of time in women with an early than late
menarche. If the model is correct, risk should be re-
lated to the length of time from menarche to birth
of first child; and this was observed in a study com-
pleted since the model was developed (32). Young
age at natural menopause or oophorectomy as pro-
tective factors are explained by the fact that cessa-
tion of ovarian function causes involution of the
breast and removal of stem and intermediate cells.
To the extent that exogenous estrogens retard this
process they would be expected to eliminate the
protective effect of a premenopausal oophorectomy
or early natural menopause. The possible small pro-
tective effect of pregnancies subsequent to the first
could be due to slight additional differentiation of
the mammary epithelium.
The first three factors in Table 2 most likely rep-

resent initiators. Ionizing radiation certainly can
cause genetic mutations which could result in
events in terms of the model. Knudson (33, 34) has
proposed that if the first event in a two-hit model is
in a germ cell, then all mammary cells would be in-
termediate cells and require only one additional
event for tumor development. This would explain
the younger age at onset of familial cancers and
their tendency to be bilateral. The geographic dif-

ferences in rates of breast cancer were successfully
simulated by the model by assuming that they were
due to enhancement of the rates of transition, which
implies that they are due to differences in levels of
initiators in different countries. Weight, height, and
body size presumably reflect nutritional status,
which is discussed subsequently.
The role of benign breast lesions can be explained

in terms of the model by assuming that lesions char-
acterized by epithelial proliferation represent inter-
mediate cells. Noninvasive carcinomas (lobular carci-
noma in situ and intraductal carcinoma) may similar-
ly be indicative of intermediate cells (31).

In summary, the Moolgavkar model nicely relates
the epidemiologic features of breast cancer to prob-
able events occurring at the cellular level. Hormo-
nal risk factors are hypothesized to represent pro-
motors which enhance the growth of stem and inter-
mediate cells, and nonhormonal factors are seen
likely to represent causes of mutations in individual
cells that result in transformations of normal stem
cells to intermediate cells and of intermediate cells
to fully initiated tumor cells. Intermediate cells are
seen to have the ability to proliferate and cause be-
nign or noninvasive tumors but not to invade nor-
mal tissues, whereas a fully transformed cell will
grow and invade and thus develop into a malig-
nancy.

Although the model provides a logical description
of what may happen at the cellular level, it does not
tell us what actually causes breast cancer. The
specific hormonal aberrations that result in the pro-
liferation of susceptible stem and intermediate cells,
and the etiology of these aberrations, are not well
understood; and radiation is the only initiator that
has been identified. In the next section, our current
knowledge of the relationships of breast cancer to
specific endogenous hormones will be reviewed, and
considered in the context of the proposed model.
After that, possible initiators will be similarly con-
sidered.

Endogenous Hormones
Estrogens

Estrogens cause proliferation of human breast
tissue, so presumably would promote growth of
stem and intermediate cells. However, neither
breast cancer cases nor individuals at high risk of
breast cancer have been consistently shown to have
elevated levels of total plasma estrogens or urinary
estrogen metabolites.

There are three major endogenous estrogens in
humans: estrone (E1), estradiol (E2) and estriol (E3).
Until recently, it was thought that estriol was not
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estrogenic or carcinogenic in experimental animals
and would antagonize the effects of the other two
estrogens. Based on this premise, and observations
that the ratio EA(E, + E2) in urine (the estriol excre-
tion ratio) was low in breast cancer cases, in women
with benign breast lesions and in infertile women
with anovulatory cycles, and that it was increased
during pregnancy, Lemon (35) hypothesized that a
low urinary estriol excretion ratio (E3 ratio) facili-
tated the development of breast cancer. This hy-
pothesis was modified by Cole and MacMahon (36)
who suggested that a low E3 ratio between puberty
and about age 25 was an important determinant of a
woman's lifetime risk of breast cancer. A number of
studies were conducted to test this hypothesis by
comparing urinary E3 ratios in members of high and
low risk populations. These have previously been
reviewed (1). In the aggregate they showed, as pre-
dicted that young women from high-risk populations
have lower ratios than young women from low-risk
populations. However, estriol has since been shown
to be an active estrogen and a tumor promotor in
animal systems (37) and to occur in insufficient
levels in human plasma to counteract effectively the
effects of the other estrogens. Urinary levels of
estriol vary due to differences in the final pathways
of estrogen metabolism (38). The estriol excretion
ratio hypothesis must thus be rejected. However,
the E3 ratio must be related to some other factor
that is responsible for the international differences
in rates of breast cancer. According to the model,
this factor acts as an initiator. Therefore, either the
model is incorrect, or this factor is nonhormonal, or
hormonal aberrations may act as initiators as well
as promotors.

In Greece, (39), young parous women were also
found to have higher urinary E3 ratios than nullipar-
ous women. This observation suggests that the
same basic mechanisms that cause the international
differences in rates may also be responsible for the
protective effect of an early first child. If so, this too
suggests that the international variation in rates is
of hormonal origin.

Close relatives of women with breast cancer, who
are themselves at increased risk, do not have low
urinary E3 ratios. However, one study (40) but not
another (41) did find elevated plasma levels of El +
E2 in relatives of cases, along with elevated plasma
prolactin levels. In two studies (41, 42), higher levels
of El + E2 were found in the urine of relatives of
cases than controls. Low levels of androgens in
plasma and urine have been observed in sisters of
cases (43). These findings are difficult to interpret,
but do suggest that altered steroid hormone
production, metabolism, or excretion, perhaps
resulting in more estrogens relative to other

hormones, may play a promoting role in some
familial breast cancer. This mechanism is different
from that proposed by Knudson (33), and in-
corporated into the Moolgavkar model (31), by
which familial breast cancer was hypothesized to
result from the first event occurring in a germ cell
and causing an individual to be born with all stem
cell precursors already in the intermediate stage.

Progesterone
Progesterone is produced primarily during the lu-

teal phase of the menstrual cycle by the corpus lute-
um, and causes alveolar cell growth and differentia-
tion in the estrogen primed breast. Sherman and
Korenman (44) hypothesized that breast cancer was
caused by inadequate corpus luteum formation, and
hence estrogenic stimulation in the absence of
sufficient cyclic progesterone. This hypothesis was
subsequently modified by Korenman (45), who pos-
tulated that menarche and menopause were two
"windows" in time when anovulatory cycles are
frequent, and individuals are particularly suscep-
tible to environmental carcinogens (initiators, in
terms of the Moolgavkar model). Results of some
endocrinologic studies are not supportive of this hy-
pothesis: low risk Japanese and high risk British
women were found to have similar levels of plasma
progesterone and urinary pregnanediol (46);
daughters of women with breast cancer have been
found to have elevated levels of plasma
progesterone (40) and urinary pregnanediol (40, 42);
and members of high risk families were not found
to have unusual levels of plasma progesterone or
urinary pregnanediol (41). On the other hand, on the
Isle of Guernsey, women at increased risk of breast
cancer by virtue of an early menarche, a family
history of breast cancer or low urinary androgen
excretion, were found, on the basis of low plasma
progesterone levels, to have more anovulatory
cycles than other women (47); and infertile women
with anovulatory cycles were found to have higher
rates of breast cancer than infertile women with
normal cycles (48). If the "window" hypothesis is
valid, then only endocrinologic studies of women at
menarche or menopause would be expected to dis-
tinguish high- and low risk women, but this seems
not to explain the discrepant findings of studies of
progestogens conducted to date.

Androgens
A large prospective study conducted on the Isle

of Guernsey has shown that woman who excrete
low levels of the androgen metabolites etiocholano-
lone and androsterone have elevated risks of
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subsequent breast cancer (49). Androsterone is
androgenic whereas etiocholanolone is not, and low
risk Japanese women were found to have a higher
ratio of androsterone to etiocholanolone in their
urine, indicating that the lower risk women had
higher levels of active androgens (50). Sisters of
breast cancer cases (43) and 20- to 40-year old
women with benign breast lesions, but not older
women (51, were found to have lower levels of an-
drogens or their metabolites in their plasma and
urine than women at lower risk, although in another
study, the urinary levels of etiocholanolone did not
distinguish women with benign breast disease from
controls (52).
On balance, it seems that low levels of endoge-

nous androgens are associated with an elevated risk
of breast cancer. However, on the Isle of Guernsey,
the effects on risk of breast cancer of low urinary
etiocholanolone level, age at menarche, family
history of breast cancer, and age at birth of first
child, were independent (on a multiplicative scale)
(53). This suggests that low androgen levels are not
the mechanism by which the other three factors
considered influence the risk of breast cancer.

Prolactin
Prolactin is secreted by the pituitary gland and

acts on the estrogenprimed breast to stimulate and
maintain lactation. It is thus associated with the
functioning of differentiated cells, not the stimula-
tion of stem cell growth, and, like androgens and
progesterone, should, if anything, be related to a re-
duced risk of breast cancer. High levels of prolactin
are secreted during pregnancy, and this may be one
reason for the reduced risk of breast cancer as-
sociated with an early first birth. Most ob-
servations, however, suggest that prolactin does not
play a role in the genesis of breast cancer. Prolactin
is secreted during lactation, but breast feeding
seems not to alter one's risk of breast cancer. Nei-
ther basal plasma prolactin levels (54-58) nor levels
in response to provocative tests (57) have been
found to differ in breast cancer cases and controls,
and plasma levels in women from high- and low-risk
populations were not appreciably different (59).
Both reserpine and phenothiazines stimulate prolac-
tin production, and women who have -taken these
drugs are not at altered risk of breast cancer (1, 60,
61). One study found increased levels of prolactin in
daughters of cases (40), but two other investigations
failed to confirm this finding (41, 62).

Thyroid
Thyroid hormone probably does not play a direct

role in the genesis of breast cancer (1). Studies of

women with a variety of thyroid diseases have
shown no relationship of breast cancer risk to any
type of thyroid condition or treatment (63- 65).

In Summary
A simple hypothesis that tumor promotion in the

human breast results from either an absolute ex-
cess of active estrogens, or an excess relative to
other hormones, must be rejected for two reasons:
the results of studies of endogenous hormones do
not consistently show excess absolute or relative es-
trogen levels in individuals at increased risk of
breast cancer; and studies do not clearly and consis-
tently show an increased risk of breast cancer in
women exposed to exogenous estrogens. This is not
to imply that endogenous hormones do not act as tu-
mor promotors. They probably do, but their role is
complex and not fully understood. Evidence to date
suggests that individuals at increased risk for dif-
ferent reasons may have different hormonal aberra-
tions. For example, the aberrations related to inter-
national differences in rates appear to differ from
those that distinguish women with a family history
of breast cancer.
The possibility must also be considered that hor-

monal aberrations act as initiators. As mentioned in
the above section on estrogens, the Moolgavkar
model implies that the international variation in
rates is due to differences in the prevalence of ini-
tiators, and yet such variation has been related to
differences in endogenous estrogen (and androgen)
excretion. Alternatively, these observations on
hormone excretion may imply that the model is
incorrect.

Possible Promotors
Ionizing Radiation

Increased risk of breast cancer has been ob-
served in women who received multiple fluoro-
scopies of the chest (66- 70), women treated with ra-
diation for acute postpartum mastitis (71- 73), acne
(74), and benign breast diseases (73), women exposed
to atomic bombs in Japan (75, 76), and women who
worked with paint containing radium (77). The dose-
response curve appears to be linear within a wide
range of dosages (70, 72, 76, 78), but with some
evidence of a leveling off of the curve at high doses.
Rad for rad, fractionated and single exposures ap-
pear to have about the same effect on risk (78).
Breast cancer appears in excess after a latent
period of at least 8 years (67). Thereafter, the excess
risk persists for up to 30 years after exposure (70,
72). Radiation effects the risk of subsequent breast
cancer at all ages to about the same degree (78), al-
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though high doses may diminish the latent period
somewhat (72, 73).
The influence of radiation on risk varies with the

age of the women at the time of exposure. Girls ex-
posed prior to breast development are not at in-
creased risk, and those irradiated in early adulthood
are at greater risk than women irradiated later in
life (70, 73, 76- 78). In addition, risk of breast cancer
was increased to a greater extent in women treated
with x-rays for postpartum mastitis following their
first child than in women so treated after the birth
of other children (79).

All of these observations are consistent with the
notion that ionizing radiation acts as an initiator in
the context of the Moolgavkar model, and that it
acts primarily on stem cells to cause the initial
event. Thus, radiation has no effect until puberty,
when stem cells start to grow and proliferate. Its ef-
fect is maximal early in adult life, when stem cells
are rapidly proliferating, and diminishes thereafter
with age as more stem cells differentiate or die.
During the first pregnancy, there is marked prolife-
ration of breast stem cells and therefore a par-
ticularly large radiation effect right after this preg-
nancy. Enhanced differentiation of stem cells then
follows the first pregnancy so the effect of radiation
after subsequent pregnancies is less. The intermedi-
ate cells thus produced by radiation, like any other
intermediate cells, are then subject to whatever
other initiating factors cause tumor cells to develop
from intermediate cells. This mechanism explains
why, after an appropriate latent period, risk is
enhanced at all subsequent ages, and why cases do
not then occur strongly clustered in time like an
infectious disease in persons following exposure to a
common source. The somewhat shortened latent
period in women who received particularly high
doses may indicate that, under such circumstances,
radiation may also act to induce second events.
The epidemiologic observations on risk of breast

cancer in relation to ionizing radiation thus support
the Moolgavkar model, and in the context of the
model, radiation serves as a prototype for tumor ini-
tiators, particularly those acting at stage one.
Unfortunately, no other initiators for human breast
cancer are known.

Familial Factors
We have seen that the familial aggregation of

breast cancer may result from an alteration of en-
dogenous hormones, and if so, that this is at vari-
ance with the Moolgavkar and Knudson models
which imply that familial breast cancer is due to the
first event occurring in a germ cell and causing the
individual to have all stem cells in the intermediate

stage. On the other hand, there are features of
familial breast cancer that are supportive of the
model, in particular the early age of onset of familial
cases and the tendency for such cases to develop bi-
lateral tumors. It is possible that both mechanisms
are operative in different familial situations.

Geographic Factors
Reasons for the marked international variation in

rates of breast cancer are unknown. They are un-
doubtedly environmental and not genetic. In the
section on endogenous hormones, it was pointed out
that the international differences in rates had been
correlated with some measures of endogenous es-
trogens and androgens, and that these observations
suggest that tumor promotors rather than initiators
may be responsible for the international differences
in rates. On the other hand, the Moolgavkar model
implies that the international differences in rates
are due to variation in exposure to initiators.

Rates of breast cancer have been correlated with
per capita consumption of various animal fats and
meats (20-22), as well as with gross national product
(20). These observations could result from the ef-
fects of either initiators or promotors, so neither
support nor refute the model.
A high fat diet could promote a breast cancer by

at least two mechanisms: it could result in obesity,
and in obese persons, there is enhanced production
of estrone from androstenedione (80); or hormone-
like substances could be produced by the action of
intestinal bacteria on bile salts, both of which may
be altered by a high fat diet (81). Alternatively, the
international difference could be due to unrecog-
nized mammary carcinogens in the environment,
the presence of which is correlated with fat or meat
consumption. These could be dietary contaminants
(82), or substances produced in the gut from the
action of intestinal bacteria on bile salts or other
substances (83). Theoretically, they could also be of
nondietary origin, although there is currently little
evidence for any such substances.

Possible Lines of Further Inquiry
The observations on androgens, estrogens, pro-

gesterone, and other hormones are not necessarily
in conflict. They may be different indicators of the
same (unknown) underlying hormonal aberration.
The production, metabolism, and excretion of these
hormones, and their resultant concentrations in
blood, urine, and breast tissue are certainly interre-
lated. These interrelationships are complex and not
fully understood, and they should be the subject of
further study.
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More information is also needed on the endocrino-
logic events associated with such risk factors for
breast cancer as a first pregnancy at an early or
late age, an early menarche and a late menopause.

Studies to clarify the mechanisms by which indi-
viduals with a family history of breast cancer are at
increased risk are needed. These should include
additional endocrinologic studies to compare various
hormones in women with single and multiple first
degree relatives with breast cancer, and in women
whose relatives have bilateral disease of early onset
and unilateral disease of later onset. Other in-
vestigations might include epidemiologic studies to
ascertain whether the recognized risk factors for
breast cancer can explain the increased risk in rela-
tives of cases. Studies of the clonal nature of familial
and nonfamilial tumors have been suggested by
Moolgavkar (31).

Additional studies to attempt to identify causes
of the international differences in rates of breast
cancer are needed. A search for determinants of a
low (or high) urinary estriol excretion ratio might
provide a clue. Much more work needs to be, and is
being, done on dietary determinants of breast can-
cer risk. In addition to initiators and promotors,
dietary factors that might act to prevent breast can-
cer should be considered.

It is well known that estrogens increase the
amount of calcium in bone. Their influence, and that
of other hormones, on the calcification of extraosse-
ous tissues is unknown, and should be studied. Two
possible lines of inquiry follow.

The first derives from the observation that wom-
en with benign breast lesions characterized by duct-
al cell hyperplasia with calcium deposits have been
shown to be at a particularly high risk of breast can-
cer (29). Perhaps the presence of calcium in these le-
sions is an indicator of some endogenous hormonal
aberration that is also responsible for the develop-
ment of breast cancer. Hormonal determinants of
these mammary calcifications should, therefore, be
investigated.
The second suggested line of inquiry derives

from a theory for the genesis of breast cancer pro-
posed by Cohen et al. (84) in 1978 that has since
received little attention. They suggested that calcifi-
cation of the pineal gland results in decreased pro-
duction of melatonin, which normally inhibits pitui-
tary gonadotropin and ovarian estrogen production,
and that this results in an increase in estrogen
levels, which leads to breast cancer. In support of
this hypothesis, they cited evidence that the preva-
lence of calcified pineal glands is correlated with the
incidence of breast cancer in various geographical
areas. The cause of pineal calcification is unknown.
Perhaps this calcification, too, is influenced by estro-

gens or other steroid hormones. If it is, breast can-
cer might result from the development of an abnor-
mal positive feedback system in which calcification
of the pineal causes a decrease in melatonin, which
causes an increase in pituitary gonadotropins, which
causes an increase in estrogens (absolute or relative
to other steroid hormones), which further increases
calcification of the pineal, etc. This mechanism is
conjectural, but plausible, and implies that studies
of possible hormonal (and other) determinants of
pineal calcification would be of value.

Summary and Conclusions
The etiology of breast cancer is complex, multi-

factorial and poorly understood. The epidemiologic
features of the disease are compatible with a two-
stage carcinogenic process, with promotors acting
to enhance the growth of stem and intermediate
cells, and initiators acting to cause stem and inter-
mediate cells to give rise, respectively, to inter-
mediate and tumor cells. Endogenous hormones
most probably act as promoters but the specific in-
ternal hormonal milieu responsible is unknown. It is
not an absolute excess of estrogens, and probably
not a simple excess relative to other steroid hor-
mones such as androgens, progestogens, or inactive
estrogens. Different aberrations may be operative
in different circumstances.

Ionizing radiation probably acts as an initiator,
primarily on stem cells. Other initiators undoubt-
edly exist, but have not been identified. The Mool-
gavkar model implies that international differences
in risk of breast cancer, and familial aggregation of
cases, are due to initiators acting on breast stem
cells and germ cells, respectively. However, results
of endocrinologic studies suggest that hormonal
aberrations might be involved. If so, then either the
inferences drawn from the model are incorrect and
the familial aggregation of cases and the variation
in risk among countries are mediated by promotors,
rather than initiators, or hormonal aberrations are
highly correlated with the presence of initiators, or
hormones can act as initiators. Several possible
lines of further investigation into the etiology of
breast cancer, some to clarify the role of endogne-
ous hormones, have been suggested in this review.

REFERENCES

1. Thomas, D. B. Epidemiologic and related studies of breast
cancer etiology. In: Reviews in Cancer Epidemiology, Vol.
1 (A. M. Lilienfeld, Ed.), Elsevier/North Holland, New
York and Amsterdam, 1980.

2. Ing, R., Ho, J. H. C., and Petrakis, N. L. Unilateral breast-
feeding and breast cancer. Lancet ii: 124-127 (1977).

3. Thomas, D. B. Role of exogenous female hormones in al-



HUMANBREAST CANCER PROMOTERS 217

tering the risk of benign and malignant neoplasms in hu-
mans. Cancer Res. 38: 3991-4000 (1978).

4. Jick, H., Walker, A. M., Watkins, R. N., D'Ewart, D. C.,
Hunter, J. R., Danford, A., Madsen, S., Dinan, B. J., and
Rothman, K. J. Replacement estrogens and breast cancer.
Am. J. Epidemiol. 112: 586- 594 (1980).

5. Ross, R. K., Paganini-Hill, A., Gerkins, V. R., Mack, T. M.,
Pfeffer, R., Arthur, M., and Henderson, B. E. A case- con-
trol study of menopausal estrogen therapy and breast
cancer. J. Am. Med. Assoc. 243: 1635-1639 (1980).

6. Brinton, L. A., Hoover, R. N. Szklo, M., and Fraumeni,
J. F. Menopausal estrogen use and risk of breast cancer.
Cancer 47: 2517-2522 (1981).

7. Hoover, R., Glass, A., Finkle, W. D., Azevedo, D., and
Milne, K. Conjugated estrogens and breast cancer risk in
women. J. Natl. Cancer Inst. 67: 815-820 (1981).

8. Lawson, D. H., Jick, H., Hunter, J. R., and Madsen, S.
Exogenous estrogens and breast cancer. Am. J. Epide-
miol. 5: 710-713 (1981).

9. Pike, M. C., Henderson, B. E., Casagrande, J. T., Rosario,
I., and Gray, G. E. Oral contraceptive use and early abor-
tion as risk factors for breast cancer in young women.
Brit. J. Cancer 43: 72-75 (1981).

10. Royal College of General Practitioners. Breast cancer and
oral contraceptives: findings in Royal College of General
Practitioners' Study. Brit. Med. J. 282: 2089-2093 (1981).

11. Vessey, M. P., McPherson, K., and Doll, R. Breast cancer
and oral contraceptives: findings in Oxford-Family Plan-
ning Association contraceptive study. Brit. Med. J. 282:
2093-2094 (1981).

12. Hoover, R., Gray, L. A., Cole, P., and MacMahon, B. Men-
opausal estrogens and breast cancer. N. Engl. J. Med. 295:
401-405 (1976).

13. Anderson, D. E. Breast cancer in families. Cancer 40:
1855-1860 (1977).

14. Anderson, D. E. Genetic study of breast cancer: identifica-
tion of a high risk group. Cancer 34: 1090-1097 (1974).

15. Anderson, D. E. Genetic predisposition to breast cancer.
In: Recent Results in Cancer Research, Vol. 57 (G. St.
Arneault, P. Band and L. Israel, Eds.), Springer-Verlag,
Berlin, 1976.

16. Holm, N. V., Hauge, M., and Harvald, B. Etiologic factors
in breast cancer elucidated by a study of unselected
twins. J. Natl. Cancer Inst. 65: 285-298 (1980).

17. King, M. C., Go, R. C. P., Elston, R. C., Lynch, H. T., and
Petrakis, N. L. Allele increasing susceptibility to human
breast cancer may be linked to the glutamate-pyruvate
transaminase locus. Science 208: 405-408 (1980).

18. Tulinius, H., Day, N. E., Johannesson, G., Bjarnason, O.,
and Conzales, M. Reproductive factors and risk for breast
cancer in Iceland. Int. J. Cancer 21: 555- 561 (1978).

19. Hirayama, T., Epidemiology of breast cancer with special
reference to the role of diet. Preven. Med. 7: 173- 195
(1978).

20. Armstrong, B., and Doll, R. Environmental factors and
cancer incidence and mortality in different countries, with
special reference to dietary practices. Int. J. Cancer 15:
617-631 (1975).

21. Gray, G. E., Pike, M. C., and Henderson, B. E. Breast-
cancer incidence and mortality rates in different countries
in relation to known risk factors and dietary practices.
Brit. J. Cancer 39: 1-7 (1979).

22. Correa, P. Epidemiological correlations between diet and
cancer frequency. Cancer Res. 41: 3685-3690 (1981).

23. Kolonel, L. N., Hankin, J. H., Lee, J., Chu, S. Y., Nomura,
A. M. Y., and Hinds, M. W. Nutrient intakes in relation to
cancer incidence in Hawaii. Brit. J. Cancer 44: 332-339
(1981).

24. Miller, A. B., Kelly A., Choi, N. W., Matthews, V., Mor-
gan, R. W., Munan, L., Burch, J. D., Feather, J., Howe,
G. R., and Jain, M. A study of diet and breast cancer. Am.
J. Epidemiol. 107: 499- 509 (1978).

25. Phillips, R. L. Role of life-style and dietary habits in risk
of cancer among Seventh-Day Adventists. Cancer Res. 35:
3513-3522 (1975).

26. Nomura, A., Henderson, B. E., and Lee, J. Breast cancer
and diet among the Japanese in Hawaii. Am. J. Clin.
Nutr. 31: 2020-2025 (1978).

27. Carroll, K. K., Gammal, E. B., and Plunkett, E. R. Dietary
fat and mammary cancer. Can. Med. Assoc. J. 98: 590-
594 (1968).

28. Sherman, B., Wallace, R., Bean, J., and Schlabaugh, L. Re-
lationship of body weight to menarcheal and menopausal
age: implications for breast cancer risk. J. Clin. Endo-
crinol. Metab. 52: 488-493 (1981).

29. Hutchinson, W. B., Thomas, D. B., Hamlim, W. B., Roth,
G. J., Peterson, A. V., and Williams, B. Risk of breast can-
cer in women with benign breast disease. J. Natl. Cancer
Inst. 65: 13-20 (1980).

30. Page, D. L., Zwaag, R. V., Rogers, L. W., Williams, L. T.,
Walker, W. E., and Hartmann, W. H. Relation between
component parts of fibrocystic disease complex and
breast cancer. J. Natl. Cancer Inst. 61: 1055- 1063. (1978).

31. Moolgavkar, S. H., Day, N. E., and Stevens, R. G., Two-
stage model for carcinogenesis: epidemiology of breast
cancer in females. J. Natl. Cancer Inst. 65: 559-569 (1980).

32. Burns, P. E., Lees, A. W., Hurlburt, M. E., May, C. L.,
and Grace, M. Reproductive events and family history as
risk factors for breast cancer in Northern Alberta. Can.
Med. Assoc. J. 124: 1451-1457 (1981).

33. Knudson, A. G., Jr., Hethcote, H. W., and Brown, B. W.
Nutrition and childhood cancer: a probabilistic model for
the incidence of retinoblastoma. Proc. Natl. Acad. Sci.
(U.S.) 72: 5116- 5120 (1975).

34. Moolgavkar, S. H., and Knudson, A. G., Jr. Mutation and
cancer: a model for human carcinogenesis. Natl. Cancer
Inst. 66: 1037- 1052 (1981).

35. Lemon, H. M. Endocrine influences on human mammary
cancer formation. Cancer 23: 781-790 (1969).

36. Cole, P., and MacMahon, B. Oestrogen fractions during
early reproductive life in the aetiology of breast cancer.
Lancet i: 604-606 (1969).

37. Rudali, G., Apiou, F., and Muel, B. Mammary cancer pro-
duced in mice with estriol. Eur. J. Cancer 11: 39-41 (1975).

38. Longcope, C., and Pratt, J. H. Blood production rates of
estrogens in women with differing ratios of urinary estro-
gen conjugates. Steroids 29: 483-492 (1977).

39. Trichopoulos, D., Cole, P., Brown, J. B., Goldman, M. B.,
and MacMahon, B. Estrogen profiles of primiparous and
nulliparous women in Athens, Greece. Natl. Cancer Inst.
65: 43-46 (1980).

40. Pike, M. C., Casagrande, J. T., Brown, J. B. Berkins, V.,
and Henderson, B. E. Comparison of urinary and plasma
hormone levels in daughters of breast cancer patients and
controls. J. Natl. Cancer Inst. 59: 1351-1355 (1977).

41. Fishman, J., Fukushima, D. K., O'Connor, J., and Lynch,
H. T. Urinary estrogen glucuronides in women at risk for
familial breast cancer. Science 204: 1089- 1091 (1979).

42. Trichopoulos, D., Brown, J. B., Garas, J., Papaioannou, A.,
and MacMahon, B. Elevated urine estrogen and pregnane-
diol levels in daughters of breast cancer patients. J. Natl.
Cancer Inst. 67: 603-606 (1981).

43. Wang, D. Y., Bulbrook, R. D., and Hayward, J. L. Urinary
and plasma androgens and their relation to familial risk of
breast cancer. Eur. J. Cancer 11: 873-877 (1975).

44. Sherman, B. M. and Korenman, S. G. Inadequate corpus



218 D. B. THOMAS

luteum function: a pathophysiological interpretation of hu-
man breast canicer epidemiology. Cancer 33: 1306-1312
(1974).

45. Korenman, S. G., Oestrogen window hypothesis of the
aetiology of breast cancer. Lancet i: 700-701 (1980).

46. Bulbrook, R. D., Swain, M. C., Wang, D. Y., Hayward,
J. L., Kumaoka, S., Takatani, O., Abe, 0. and Utsunomiya,
J. Breast cancer in Britain and Japan: plasma oestradiol-
17p, oestrone and progesterone, and their urinary metabo-
lites in normal British and Japanese women. Eur. J. Can-
cer 12: 725-735 (1976).

47. Bullbrook, R. D., Moore, J. W., Clark, G. M. G., Wang,
D. Y., Tong, D., and Hayward, J. L. Plasma oestradiol and
progesterone levels in women with varying degrees of
risk of breast cancer. Eur. J. Cancer 14: 1369-1375 (1978).

48. Cowan, L. D., Gordis, L., Tonassia, J. A., and Jones, G. S.
Breast cancer incidence in women with a history of pro-
gesterone deficiency. Am. J. Epidemiol. 114: 209-217
(1981).

49. Bulbrook, R. D., Hayward, J. L., and Spicer, C. C. Rela-
tion betwen urinary androgen and corticoid excretion and
subsequent breast cancer. Lancet ii: 395-398 (1971).

50. Bulbrook, R. D., Thomas, B. S., and Utsunomiya, J. Uri-
nary 11-deosy-17-oxosteroids in British and Japanese wo-
men with reference to the incidence of breast cancer.
Nature 201: 189-190 (1964).

51. Brennan, M. J., Bullbrook, R. D., Deshpande, N., Wang,
D. Y., and Hayward, J. L. Urinary and plasma androgens
in benign breast disease. Lancet i: 1076-1079 (1973).

52. Miller, W. R., Hamilton, T., Champion, H. R., Wallace, I.
W. J., Forrest, A. P. M., Prescott, R. J., Cameron, E. H.
D. and Griffiths, K. Urinary aetiocholanolone in patients
with early breast cancer from South East Scotland and
South Wales. Brit. J. Cancer 32: 619-627 (1975).

53. Farewell, V. T. The combined effect of breast cancer risk
factors. Cancer 40: 931-936 (1977).

54. Sheth, N. A., Ranadive, K. J., Suraiya, J. N., and Sheth,
A. R. Circulating levels of prolactin in human breast can-
cer. Brit. J. Cancer 32: 160-167 (1975).

55. Wilson, R. G., Buchan, R., Roberts, M. M., Forrest, A. P.
M., Boyns, A. R., Cole, E. N., and Griffiths, K. Plasma pro-
lactin and breast cancer. Cancer 33: 1325- 1327 (1974).

56. Boyns, A. R., Cole, E. N., Grifiths, K., Roberts, M. M.,
Buchan, R., Wilson, R. G., and Forrest, A. P. M. Plasma
prolactin in breast cancer. Eur. J. Cancer 9: 99-102 (1973).

57. Mittra, I. Hayward, J. L., and McNeilly, A. S. Hypotha-
lamic-pituitary-prolactin axis in breast cancer. Lancet i:
889-891 (1974).

58. Kwa, H. G., Engelman, E., Bakker, M. D., and Cleton, F.
J. Plasma-prolactin in human breast cancer. Lancet i:
433-435 (1974).

59. Hill, P., Wynder, E. L., Kumar, H., Helman, P., Rona, G.,
and Kuno, K. Prolactin levels in populations at risk for
breast cancer. Cancer Res. 36: 4102-4106 (1976).

60. Labarthe, D. R. Methodologic variation in case-control
studies of reserpine and breast cancer. J. Chron. Dis. 32:
95- 104 (1979).

61. Goode, D. J., Corbett, W. T., Schey, H. M., Suh, S. H.,
Woodie, B., Morris, D. L., and Morrisey, L. Breast cancer
in hospitalized psychiatric patients. Am. J. Psych. 138:
804-806 (1981).

62. de Waard, F., Kwa, H. G., and Poortman, J. Plasma pro-
lactin levels in women at postmenopausal age with a fam-
ily history of breast cancer or a prescription for antihy-
pertensive Rauwolfia treatment. Oncology 37: 33-36
(1980).

63. Shapiro, S., Slone, D., Kaufman, D. W., Rosenberg,
L., Miettinen, 0. S., Stolley, P. D., Knapp, R. C., Leavitt,
T., Jr., Watring, W. G., Rosenshein, N. B., and Schotten-
feld, D. Use of thyroid supplements in relation to the risk

of breast cancer. J. Am. Med. Assoc. 244: 1685-1687
(1980).

64. Hedley, A. J., Spiegelhalter, D. J., Jones, S. J., Clements,
P., Bewsher, P. D., Simpson, J. G., and Weir, R. D., Breast
cancer in thyroid disease: fact or fallacy? Lancet i:
131-133 (1981).

65. Mustacchi, P., and Greenspan, F. Thyroid supplementa-
tion for hypothyroidism: an iatrogenic cause of breast
cancer? J. Am. Med. Assoc. 237: 1446-1447 (1977).

66. Mackenzie, I. Breast cancer following multiple fluoro-
scopies. Brit. J. Cancer 19: 1-8 (1965).

67. Myrden, J. A. and Hiltz, J. E. Breast cancer following
multiple fluoroscopies during artificial pneumothorax
treatment of pulmonary tuberculosis. Can. Med. Assoc. J.
100: 1032- 1034 (1969).

68. Cook, D. C., Dent, O., and Hewitt, D. Breast cancer follow-
ing multiple chest fluoroscopy: the Ontario experience.
Can. Med. Assoc. J. 111: 406-410 (1974).

69. Delarue, N. C., Gale, G., and Ronald, A. Multiple fluoro-
scopy of the chest: carcinogenicity for the female breast
and implications for breast cancer screening programs.
Can. Med. Assoc. J. 112: 1405- 1411 (1975).

70. Boice, J. D. and Monson, R. R. Breast cancer in women
after repeated fluoroscopic examinations of the chest. J.
Natl. Cancer Inst. 59: 823-832 (1977).

71. Mettler, F. A., Hempelmann, L. H., Dutton, A. M., Pifer,
J. W., Toyooka, E. T., and Ames, W. R. Breast neoplasma
in women treated with X-rays for acute postpartum mas-
titis. A pilot study. J. Natl. Cancer Inst. 43: 803-811
(1969).

72. Shore, R. E., Hempelmann, L. H., Kowaluk, E., Mansur, P.
S., Pasternack, B. S., Albert, R. E., and Haughie, G. E.
Breast neoplasms in women treated with X-rays for acute
postpartum mastitis. J. Natl. Cancer Inst. 59: 813-822
(1977).

73. Baral, E., Larsson, L. -E., and Mattsson, B. Breast cancer
following irradiation of the breast. Cancer 40: 2905-2910
(1977).

74. Simon, N. Breast cancer induced by radiation: relation to
mammography and treatment of acne. J. Am. Med. Assoc.
237: 789-790 (1977).

75. Wanebo, C. K., Johnson, K. G., Sato, K., and Thorslund,
T. W. Breast cancer after exposure to the atomic bomb-
ings of Hiroshma and Nagasaki. N. Engl. J. Med. 279:
667-671 (1968).

76. McGregor, D. H., Land, C. E., Choi, K., Tokuoka, S., Piu,
P. I., Wakabayashi, T., and Beebe, G. W. Breast cancer in-
cidence among atomic bomb survivors, Hiroshima and
Nagasaki, 1950-69. J. Natl. Cancer Inst. 59: 799-811).

77. Baverstock, K. F., Papworth, D., and Vennart, J. Risks of
radiation at low dose rates. Lancet i: 430-433 (1981).

78. Land, C. E. Low-dose radiation-a cause of breast cancer?
Cancer 46: 868-873 (1980).

79. Shore, R. E., Woodard, E. D., Hempelmann, L. H., and
Pasternack, B. S. Synergism between radiation and other
risk factors for breast cancer. Preven. Med. 9: 815-822
(1980).

80. Longcope, C. Metabolic clearance and blood production
rates of estrogens in post-menopausal women. Am. J.
Obst. Gyn. 111: 778-781 (1971).

81. Hill, M. J. Goddard, P., and Williams, R. E. 0. Gut bacter-
ia and aetiology of cancer of the breast. Lancet ii: 472
(1971).

82. Hirayama, T. Epidemiology of breast cancer with special
reference to the role of diet. Prev. Med. 7: 173-195 (1978).

83. Reddy, B. S. Dietary fat and its relationship to large
bowel cancer. Cancer Res. 41: 3700-3705 (1981).

84. Cohen, M., Lippman, M., and Chabner, B. Role of pineal
gland in aetiology and treatment of breast cancer. Lancet
ii: 814-816 (1978).


