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Abstract: Epidemiologic studies strongly support that triple-negative breast cancers (TNBCs)
may be distinct entities as compared with estrogen receptor (ER )+ tumors, suggesting that the etio-
logic factors, clinical characteristics, and therapeutic possibilities may vary by molecular subtypes.
Many investigations propose that reproductive factors and exogenous hormone use differently
or even quite inversely affect the risk of TNBCs and ER+ cancers. Controversies concerning the
exact role of even the same risk factor in TNBC development justify that the biological mecha-
nisms behind the initiation of both TNBCs and non-TNBCs are completely obscure. To arrive
at a comprehensive understanding of the etiology of different breast cancer subtypes, we should
also reconsider our traditional concepts and beliefs regarding cancer risk factors. Malignancies
are multicausal, but the disturbance of proper estrogen signaling seems to be a crucial risk fac-
tor for the development of mammary cancers. The grade of defect in metabolic and hormonal
equilibrium is directly associated with TNBC risk for women during their whole life. Inverse
impact of menopausal status or parity on the development of ER+ and ER— breast cancers may
not be possible; these controversial results derive from the misinterpretation of percentage-based
statistical evaluations. Exogenous or parity-associated excessive estrogen supply is suppressive
against breast cancer, though the lower the ER expression of tumors, the weaker the anticancer
capacity. In women, the most important preventive strategy against breast cancers — included
TNBCs — is the strict control and maintenance of hormonal equilibrium from early adolescence
through the whole lifetime, particularly during the periods of great hormonal changes.
Keywords: cancer prevention, infertility, insulin resistance, menopause, metabolic syndrome,
type 2 diabetes

Introduction
Poorly differentiated triple-negative breast cancers (TNBCs) were first characterized
in the literature in 2005 by the absence of steroid receptors for estrogen (ER) and
progesterone (PR), as well as the lack of tyrosine kinase human epidermal growth
factor receptor 2 (HER2).! TNBC represents approximately 15%-20% of invasive
breast cancers and has been strongly associated with younger age at diagnosis, family
history of breast cancers, carrying type 1 mutation in breast cancer susceptibility gene
(BRCAI), and African-American race of patients.>

Clinically, TNBCs exhibit fairly aggressive local growth and rapid progression and
account for a high rate of early metastases, most commonly to visceral organs and the
central nervous system.> TNBCs are also characterized by diagnosis at a later stage
and the poorest survival of patients as compared with cases of any other breast cancer
types.>” Pathologic features are high grade, infiltrative spread, high rates of mitotic
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figures, and p53 mutations in addition to ER, PR, and HER2
negativity.®

Epidemiologic studies strongly support that TNBCs may
be distinct entities as compared with steroid receptor positive
tumors, suggesting that the etiologic factors, clinical features,
and therapeutic possibilities of breast cancers may vary by
molecular subtypes.’'* Many literary data, however, refer to
apparently common risk factors for TNBCs and non-TNBCs,
such as metabolic syndrome (MS), type 2 diabetes, obesity,
BRCA gene mutations, and the African-American race of
women.*!5 ¥ Moreover, recent observations suggest that the
stronger the risk factor for overall breast cancer, the higher
the risk for development of TNBC type.®!?2

By contrast, further investigations propose that reproduc-
tive factors and exogenous hormone use may differently or
even quite inversely affect the risk of TNBCs and steroid
receptor-positive cancers.''"1323-25 Moreover, a puzzling ques-
tion concerns the low overall breast cancer rates among young
females, as opposed to the relatively high incidence rate, rapid
progression, and poor outcome of TNBC at a young age.>*!°
There are many controversies and inconsistencies concerning
the exact role of even the same hormone-associated factor in
TNBC development, justifying that the biologic mechanisms
behind the initiation of both TNBCs and non-TNBCs are
completely obscure.

The clinical and biologic significance of ER pro-
tein expression in breast cancers has been equivocally
established,”® while the lack of PR protein has no additive
prognostic value either in ER+ or ER— breast cancer cases.?’
The role of HER2 protein expression in the progression of
breast cancer seems to be paradigmatic. Retrospective clini-
cal studies have suggested that patients with ER+ tumors
are less likely to benefit from adjuvant tamoxifen therapy if
their cancers are HER2+ than cases with HER2— tumors.?®
Moreover, patients with ER+, HER2 overexpressing tumors
exhibited higher rates of recurrence and mortality after
tamoxifen therapy as compared with those who did not
receive the agent.”

Conversely, lack of ERs is an equivocally crucial indica-
tor of poor prognosis and fatal outcome in mammary cancer
cases.”!” These observations may raise the presumption
that the available ERs in well-differentiated cancer cells
supply the signaling pathways with tumor-killing capacity
in the case of the sufficient exposure of their own specific
ligands, estrogens. To arrive at a comprehensive understand-
ing of the etiology of different breast cancer subtypes, we
should also reconsider our traditional concepts and beliefs
regarding cancer risk factors.

The purpose of the current study is to analyze in detail
the provoking and defensive factors as players in mammary
carcinogenesis based on the data of epidemiologic, clinical,
experimental, biochemical, immunohistochemical, and
genetic studies. Our aim is to clarify whether the differ-
ent molecular subtypes of breast cancer also stand for
etiological differences, or if there are quite common risk
factors that differ only in intensity, exposure period, and
coexistence while having a strengthening impact on each
other.

Considering the puzzling processes behind TNBC devel-
opment, the following questions are to be answered:

1. What is the explanation for the conspicuous changes in
TNBC incidence rate during the different periods of life
in women?

2. Is TNBC indeed a quite distinct entity, or is it a poorly
differentiated variant of breast cancers induced by the
same cancer risk factors?

3. How can similar breast cancer risk factors modify or
define the development of TNBCs and non-TNBCs?

4. Inwhat way can parity and exogenous hormone use affect
breast cancer risk, and is there any possibility for their
quite inverse impact on the development of TNBCs and
non-TNBCs?

5. What are the proposed new strategies for primary preven-
tion and therapy of TNBC?

Difference in TNBC incidence rates

between young and older women
Literary data support that young age is associated with an
equivocally higher incidence rate of TNBCs as compared
with older female cases.!®!! The defining age border for
distinction of the two age groups of women is not identi-
cal. A population based study determines the age groups
of breast cancer cases on the basis of the same principle,
using mean age at menopause, or age around 50 years.’
Others define the critical threshold at a higher'' or lower
age.”10:123032 T gpite of the various age groupings, hormon-
ally mediated risk factors are regarded as being essential
in the apparently higher TNBC incidence rate (25%—-49%)
among young cases.

In a case control study, breast cancers in women less
than 40 years of age exhibited a significantly higher rate of
ER- tumors (33.8%) as compared with older cases (21.9%),
suggesting a disproportional risk for poorly differentiated
tumors in the young age group.” Nevertheless, graphic
representation of the raw numbers of age-dependent ER+
and ER— breast cancers clearly shows a close to twofold
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Age related increases in overall, ER+ and ER- breast cancer incidences
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Figure | Graphic representation of age-related increases in overall ER+ and ER— BC incidences.
Notes: Raw numbers show a close to twofold increase in ER— tumors and a much higher — almost fourfold — increase in ER+ tumors with aging, while the percentage of

ER- cancers exhibits a decreasing trend. Data derived from Hartley et al.”
Abbreviations: BC, breast cancer; ER, estrogen receptor.

increase in the number of ER— tumors and an almost fourfold
increase in the number of ER+ tumors with aging (Figure 1).
Paradoxically, the percentage of ER— tumors exhibits a
deceivingly inverse trend, decreasing in the older group of
women, which is attributed to the excessive increase in
ER+ cancers among these cases. Since all the statistical risk
indices, such as odds ratios (ORs), hazard ratios (HRs), and
incidence risk ratios are based on the percentage of TNBC
cases, the majority of studies report on higher TNBC risk
among young women, disregarding the low number of overall
breast cancer cases.

Considering all breast cancer cases, the incidence rate
among young women is fairly low (23.9%), being much
higher in older cases (76.1%).” In young females, ER+ and
ER- tumor incidences seem to be disproportionately sup-
pressed by certain common factors as compared with older
women. This suppression may be particularly strong against
ER+ and weaker against ER— breast cancers. The relatively
high percentage of surviving TNBCs among young cases
may be attributed to the low incidence rate of more suc-
cessfully eliminated ER+ cancers rather than to an excessive
initiation of ER— tumors. The latter tumor types are submitted
to only a moderate suppression.

What can the advantageous factor be in young women
suppressing strongly the ER+ and moderately the ER— breast
cancers? In premenopausal cases, healthy or slightly defective
estrogen synthesis supplies the ligands for the available ERs of

tumor cells. In the case of sufficient estrogen exposure, both the
initiation and progression of ER+ breast cancers may be more
effectively suppressed as compared with ER— tumors.**3

Viscerally obese premenopausal women are hormon-
ally challenged, and their increased breast cancer risk may
be attributed to the decreased estrogen exposure.*> Among
premenopausal obese women, hip circumference was found
to be in direct association with moderately increased risk
for ER+ tumor (HR =1.65) and highly increased risk for
ER-— breast cancer (HR =2.85).!® Stronger suppression of
ER+ as compared with ER— breast cancers, even in young
women with defective estrogen synthesis, may provide
insight into the advances of estrogen signaling against more
differentiated breast cancers. Nevertheless, estrogen also has
alternative signaling pathways to overcome the ER— tumors
(see Some aspects of the molecular mechanism of estrogen
surveillance on cell proliferation), but the efficacy of such
possibilities is weaker, reflected in the relatively high percent-
age of ER— tumor survival in young women.

The weakness of the anticancer capacity of estrogen
level against ER— tumors may be justified by the fact that, of
all the examined tumor markers, ER negativity was a crucial
factor in defining biological aggressivity and fatal outcome
in young breast cancer cases.”!’ Histochemical analysis of
breast cancers with the same histologic grade exhibited
lower expression of ERs and higher proliferative indices in
premenopausal cases than in older women. !
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Lack of intratumoral estrogen synthesis is associated with
low differentiation of breast cancers, weak tumor regres-
sion, and poor prognosis.* In young breast cancer cases
(<40 years), locoregional control after breast-conserving
surgery highlighted that the absence of CYP19-aromatase
activity in removed tumor samples carried a highly significant
risk for locoregional tumor recurrence.*

In conclusion, TNBC in young patients is not a distinct
entity with mysteriously unique etiology. Low overall breast
cancer incidence rates may be attributed to the healthy estro-
gen surveillance in the majority of young women. In young
cases, tumor may develop as a consequence of usual, strong,
or multiple risk factors associated with breast cancer. All
cancer risk factors, such as positive family history, MS, type
2 diabetes, and BRCA gene mutation decrease the estrogen
synthesis and/or damage the estrogen signaling in young cases;
however, even the slightly defective estrogen surveillance may
have stronger suppressive effect on ER+ breast cancers result-
ing in a disproportionately better survival of ER— tumors.

Hormonal factors affecting the
changes in TNBC risk during the
different life periods of women

Risk factors for breast cancer are usually evaluated when the
tumors are clinically diagnosed. Nevertheless, cell kinetic
studies of tumors demonstrated that the clinical appearance

of solid breast cancers requires at least a period of 68 years
from their initiation to the development of palpable size.*
Searching for the etiologic factors of breast cancer is difficult,
since harmful effects at the estimated time of first mutation in
the past might be more crucial than the momentary findings
at the time of clinical diagnosis.

Great hormonal changes occurring during a woman’s
life might strongly define the inclination to initiate any type
of breast cancer, including TNBC (Table 1). The stronger
the hormonal imbalance, characterized mainly by hyperin-
sulinism, hyperandrogenism, and low estrogen exposure,
the higher the breast cancer risk, particularly for the poorly
differentiated TNBC type.

Three main phases seem to be particularly dangerous for
breast cancer initiation during the life of women.?* Two of
these are crucial periods inducing hormonal and metabolic
storms, namely, adolescence (14-18 years) and the peri-
menopausal phase (45-55 years). Both periods present risks
for overall breast cancer initiation if the biologic processes
in the background become pathologic. The third, especially
risky phase for breast cancer initiation is older age (over
60 years), when the hormonal and metabolic imbalance
becomes stronger and the defense mechanisms against cancer
initiation are debilitated.

The first challenges for the whole body of girls are pubertal
changes, since the abrupt somatic and sexual development

Table | Lifelong changes in the levels of sex hormones and insulin resistance in women and their correlations with overall and TN

breast cancer risk

Hormonal changes in Estrogen Androgen level Insulin Overall and TN® References
the life periods of women level resistance breast cancer risk
Adolescence
Menstrual disorder \ T 0 ™ 7 33
Anovulatory cycles J T 0 ™ 7 33
Phytoestrogen use 7 N d L d 134
Premenopausal women
Anovulatory infertility d ) T ™ 7 33,145
Nulliparity d T T T 0 155,156
PCOS | T T ™ T 69
Contraceptive use T d 1 Ll 1 50,51
Parity 7 J d A 1 139,144
In vitro fertilization T N d L d 145
High-dose estrogen T I\ l A 2 157
Postmenopausal women
HRT use T N d ) d 55,76
Non-HRT use 1 T T ™ T 33,55
Hysterectomy l T T ™ T 55

Notes: *Changes in overall and TN breast cancer risk exhibit similar trends under hormonal alterations; however, the extent of this change is lower among TN tumors, due
to the lack of estrogen receptors. Reprinted with permission from Bentham Science Publisher. Copyright © 2013. Suba Z. Circulatory estrogen level protects against breast

cancer in obese women. Recent Pat Anticancer Drug Discov. 2013;8(2):154—167.3

Abbreviations: HRT, hormone replacement therapy; PCOS, polycystic ovarian syndrome; TN, triple-negative.
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presents a real danger for the development of insulin
resistance and the associated imbalance of male-to-female
sexual hormone ratio.>”® When a young girl inherits genetic
or acquires somatic anomaly, such as glucose intolerance
or obesity, overproduction of androgens will develop, at the
expense of defective estrogen synthesis.?* This hormonal
disturbance may induce insidiously symptom-free ovula-
tory failure or irregular anovulatory menstrual cycles.* In
severe cases, polycystic ovarian syndrome (PCOS) develops,
which is the most prevalent hormonal alteration in young
women.*

Adolescent hyperandrogenism is usually maintained until
the early 30s and leads to definite or prolonged infertility,
resulting in nulliparity or delayed childbirth.**> Low estrogen
exposure and androgen excess at young age may provoke
anovulatory infertility as well as initiation and even clini-
cal appearance of breast, endometrial, and ovarian cancers
in premenopause.** Thus, reproductive failures and female
cancer development have common sources: long-lasting
hyperandrogenism, defective estrogen synthesis and the
associated insulin resistance.

In healthy premenopausal women, breast cancer devel-
opment is rare, as healthy ovulatory menstrual cycles are
protective, and even a slightly or moderately defective estro-
gen synthesis may counteract cancer initiation.** Increasing
grades of insulin resistance associated with enhanced severity
of sexual hormone imbalance, however, mean high risks for
breast cancer development even in young cases and particu-
larly for the initiation of poorly differentiated TNBC.

In cases of mild hyperinsulinemia and hyperandrogenism,
preserved circulatory female sexual steroid levels and regular
menstrual cycles may usually be enough to protect against
breast tumor initiation. With aggravation of insulin resis-
tance in young women, the associated moderate decrease in
circulating estrogen level may cut off the ovulatory estrogen
peak, resulting in anovulatory infertility. Even this slightly
estrogen-deficient milieu may confer preferential risk for
breast cancer as well as for endometrial and ovarian malig-
nancies in anovulatory women. These female organs have the
highest estrogen demand so as to preserve their structural and
functional integrity.>3+

Among premenopausal cases, MS is associated with
particular increase in the risk for ER—/PR— cancers and
TNBCs® parallel with decreasing estrogen exposure. In
young premenopausal cases with type 2 diabetes, progressive
insulin resistance and blocked aromatase activity inhibit the
conversion of androgens to estrogen in both the ovaries and
peripheral tissues.* Low estrogen exposure is incapable of

defending the cellular functions against strong insulin resis-
tance and hyperandrogenism,***34¢ resulting in early initiation
and rapid clinical appearance of poorly differentiated,
aggressive breast tumors, such as TNBCs.

Artificial cycles created by oral contraceptives (OCs)
improves insulin resistance and provides substantial
protection against endometrial and ovarian cancer in
endangered anovulatory women.**® By contrast, the
effect of OCs on breast cancer risk seems to be highly
controversial. Increased risk was found to be confined to
women who began pill use as teenagers or who had been
pill users for a long time.* Conversely, the relative risk
was slightly decreased (0.9) for those who had previously
used OCs*° and, in cases who had used OCs for at least 10
years, a markedly reduced risk for ER+ breast cancer was
observed.’! Adequate selection of patients and controls
having similar endogenous and familial risk factors should
lead to the real evaluation of beneficial OC effect against
breast cancer risk.*

Correlations between OC use and risk for different breast
cancer subtypes are even much more controversial in young
women. Although OCs may improve the hormonal equilib-
rium in both healthy and anovulatory women, there are fairly
diverse hormonal statuses among OC nonuser control cases,
which may affect the results concerning breast cancer risk.
Considering the controversial findings, a stronger reduction
of ER+ breast cancers® and a weaker reduction, namely an
increased percentage of ER— or triple-negative tumors,'*5
may be an actual result of long-lasting OC use.

The second risky period for breast cancer initiation may
be the perimenopausal phase, when there is a slow or steep
decline in ovarian female sexual steroid synthesis and the
last menstrual cycle approaches. Breast cancer initiation is
relatively frequent in hormonally challenged women between
the ages of 45 and 55 years, and these tumors are predomi-
nantly hormone receptor-positive, which is attributed to the
inequalities of the decreasing estrogen supply.®

In perimenopause, breast and other peripheral tissues
may exhibit rapid compensatory hormone production for
the completion of decreasing ovarian estrogen synthesis
in an amount sufficient to kill or differentiate breast tumor
cells initiated by chance. In this case, menopausal women
are generally complaint-free and do not require medical
help. In cases of defective hormonal adaptation to ovarian
senescence the development of tissular estrogen synthesis in
the breast may be late. This delay may result in tumor initia-
tion, but later, the increasing extraovarian estrogen synthesis
may promote killing or advantageous differentiation of early
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cancers.*® Women with transitorily insufficient estrogen levels
frequently have strong menopausal complaints.

Postmenopausal hormone replacement therapy (HRT)
is typically associated with highly differentiated, ER+
tumors, which are initiated in the late premenopausal or
perimenopausal hormonal failure period, much earlier
than the beginning of hormone treatment.’* Estrogen
administration may help to differentiate the already existing
subclinical tumors; however, the dose of hormone replace-
ment is not always enough to kill them. The clinical diagnosis
is always postmenopausal in case of tumors initiated in the
perimenopausal phase due to the long latency period.

The breast cancer risk of women after hysterectomy may
be high, attributed to the abrupt, shocking estrogen depri-
vation.* A follow-up study on hysterectomized cases and
controls justified the significantly lower risk of breast cancer
in the estrogen-treated group of women.*

Breast cancers diagnosed in elderly women over 65 years
are typically initiated in the postmenopausal period after
60 years of age. These patients are generally non HRT users
and exhibit deepening estrogen deficiency and insulin resis-
tance, even a high prevalence of type 2 diabetes and obesity.
Both obesity and highly elevated fasting blood glucose
level were found to be especially dangerous for mammary
malignancies in elderly cases over 65 years of age.’*>” There
is an increase in the ratio of TNBC among breast cancers in
elderly cases, attributed to the low circulatory and tissular
estrogen levels, hyperandrogenism, and associated insulin
resistance. Since women from the elderly population are
much fewer than middle-aged postmenopausal cases, pooled
examinations of breast tumors diagnosed after menopause
may give a blurred value with a predominance of hormone
receptor-positive cases.

Taken together, the risk for breast cancer, and for TNBC
in particular, is directly associated with the grade of defects
in the metabolic and hormonal equilibrium during the whole
life of women. Although breast cancer is multicausal, with
diverse inherited and acquired etiologic factors, the lack
of sufficient estrogen surveillance seems to be crucial risk
for the development of mammary tumors, particularly for
TNBCs in both young and older cases.

Common risk factors for

ER+ and ER- breast cancers

The majority of breast cancer risk factors seem to be common
for both ER+ and ER— tumors. Moreover, the stronger the
risk factors, the higher the danger of TNBC development.
The well-known risk factors of breast cancer, such as

MS, type 2 diabetes, obesity, African-American race, and
BRCA gene mutation all proved to be particularly strong for
poorly differentiated, steroid receptor-negative tumors, such
as TNBCS.6’18722’58’59

MS and type 2 diabetes as risk
factors for overall breast cancers,
and TNBC:s in particular

It is widely accepted that the higher the grade of insulin resis-
tance with or without obesity in women, the higher the risk for
the development of a more aggressive breast cancer.'”?*% MS
is a phase of insulin-resistant state characterized by a quartet
of elevated fasting glucose, dyslipidemia, hypertension, and
visceral obesity.®® Each of these symptoms alone is a risk
factor for cancer; together, they mean a multiple risk.®!¢?

MS is associated with increased overall breast cancer
risk, higher tumor aggressivity, and poorer prognosis.®¢¢4
Positive correlations were found between MS and breast
cancer incidence, due primarily to positive associations with
serum levels of glucose and triglyceride, as well as diastolic
blood pressure. Elevated fasting glucose level proved to
be a significant risk for breast cancer in both pre- and post-
menopausal women.®® Among breast cancer cases, 26% were
considered obese, 16% hyperglycemic, 54% hypertensive,
and 30% dyslipidemic.

In Ireland, MS was established in 39% of all newly
diagnosed breast cancer cases and was associated with more
aggressive tumor biology. Patients with advanced pathologic
stage (II-1V) at diagnosis had MS in 51% of cases, whereas
among early-stage cases, this rate was only 12%.% A meta-
analysis of 20 studies estimated a 20% increased risk of
breast cancer for women with type 2 diabetes.” A review
of epidemiologic studies on the association between type 2
diabetes and breast cancer risk revealed moderate association,
appearing to be more consistent among postmenopausal than
premenopausal women.*®

In young premenopausal women, a wide range of insulin-
resistant states may occur, from mild hyperinsulinism to
diabetes mellitus, which are associated with different stages
of androgen excess as well as defective estrogen synthesis.*
PCOS in young cases is associated with anovulatory infertil-
ity and insulin resistance,*’ and represents common risk for
the cancers of highly hormone-dependent breast, endome-
trium, and ovary.*

In women with PCOS, OC administration improves
anovulatory disorders, and has favorable impacts on carbo-
hydrate and lipid metabolism as well.” OC therapy creates
a regular artificial cycle, ameliorates hirsutism and acne,
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and is protective against the development of endometrial
carcinoma.*®

In the mildly hyperandrogenic syndromes, only the
ovulatory estrogen peak is missing, which results in occult
anovulatory infertility and preferential cancer risk for the
female organs with high estrogen demand.?*#>53 Nevertheless,
the preserved, but slightly defective, estrogen level may be
enough for the killing or differentiation of randomly initiated
breast cancer cells. Accidental failures of estrogen defense in
these cases yield biologically milder ER+ cancer development.
Taken together, the lower incidence rates of breast cancers in
young cases with low-grade insulin resistance may be attrib-
uted to the relatively preserved estrogen surveillance.*

In young women, another extremity of insulin resistance is
advanced visceral obesity and/or type 2 diabetes conferring high
breast cancer risk attributed to the concomitant hyperinsulinism,
hyperandrogenism, defective aromatase activity, and failure of
estrogen synthesis.* Low estrogen supply cannot counteract the
severe dysmetabolism and hyperandrogenism in premenopausal
women, which explains the relatively increased incidence rate
of poorly differentiated breast cancers, including TNBCs.

Postmenopausal aging in women seems to exhibit close
correlation with an increased prevalence of MS.” The risk of
postmenopausal breast cancer was found to be significantly
increased in cases of women with MS (OR =1.75), with the
risk being much higher in those above the age of 70 years
(OR =3.04).% Breast cancer incidence in women diagnosed at
or after the age of 65 years was strongly associated with highly
elevated fasting blood glucose levels (=7.0 mmol/L).%’

MS and type 2 diabetes seem to be preferential risk
factors for TNBC as compared with the ER+ breast cancer
risk. In a sample of 176 individuals, 58% of TNBC patients
exhibited the comorbid condition of MS as compared with
37% of the non-TNBC cases, using the MS criteria of the
National Cholesterol Education Program.?

Insulin-resistant states, such as both MS and type-2
diabetes, are strong risk factors for breast cancer by several
pathways, particularly for the poorly differentiated ER—
tumors like TNBCs. Severe insulin resistance also disarms
the cellular defense mechanisms by estrogen deprivation, and
the defective estrogen surveillance allows easier escape for
ER- tumors. The more advanced the insulin resistance, the
higher the risk for TNBC development.

Obesity-mediated risk for overall
breast cancer and TNBC

Both clinical and experimental evidence prove that obe-
sity, particularly visceral fatty tissue deposition, leads to

insulin resistance associated with diverse immunologic,
metabolic, and hormonal alterations that mediate breast
cancer risk.”"7

Distribution of fat deposition is thoroughly affected by
male-to-female sexual steroid equilibrium.” In young pre-
menopausal obese women, the overall breast cancer risk is
deceivingly moderate, as in the majority of these females,
adipose tissue deposition is predominantly gluteofemoral,
resulting in mild insulin resistance counteracted by the
preserved hormonal cycle.*® By contrast, male-like central
obesity and severe dysmetabolism in young obese women
are associated with hyperandrogenism and a decrease in
serum estradiol levels, particularly in the follicular phase of
the cycle.™ Increased obesity-related and PCOS-associated
breast cancer risk may be attributed particularly to this hor-
monal imbalance. 473

In postmenopausal, estrogen-deficient obese women, the
regional distribution of fat deposition near uniformly affects
the visceral region in close correlation with severe dysme-
tabolism and high breast cancer risk.’® By contrast, HRT use
in obese postmenopausal women equivocally reduces the
incidence of breast cancer by means of the improvement of
hormonal and metabolic balance.”®”’

Body mass index (BMI) or body weight in kilograms
reflect general adiposity and may not correctly refer to cor-
relations among fat distribution, hormonal disorders, and
overall breast cancer risk in young cases.’”® In certain stud-
ies, BMI-defined obesity was erroneously reported as being
inversely correlated with breast cancer risk in premenopausal
women,>*”8 which is indicative of the fact that general
obesity is not always reliable in the estimation of tumor
risk. By contrast, fat distribution measurements, such as hip
(HC) and waist (WC) circumference and waist-to-hip ratio
(WHR), give better information on abdominal fat accumula-
tion and dysmetabolism-related cancer risk.3! Among obese
young women, visceral obesity-related high WC and WHR
values exhibited direct correlations with increased risk for
premenopausal breast cancer.?'-%

In young women with central obesity, the defects of
estrogen synthesis and anovulatory infertility are strong risk
factors for breast cancer; however, similar hormonal disor-
ders are not rare, even among control cases with normal body
weight.* Strict selection of lean control women with healthy
sex hormone equilibrium may equivocally justify the health
advantage of normal body weight over obesity.

Slight or moderate insulin resistance in obese young
women may be associated with still-sufficient estrogen
signaling capable of killing the majority of developing ER+
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tumors, but the more resistant, aggressive ER— cancers may
survive, leading to a relative increase in their incidence rate.
By contrast, strong insulin resistance in young obese women
may counteract the partially preserved estrogen surveillance,
which is advantageous for the increased prevalence of ER—/
PR— tumors and TNBCs. In the meantime, the number of
ER+ tumors may increase as well, attributed to the poor
suppressive capacity of hormonal forces.

Considering these difficult correlations among obesity
type, grade of insulin resistance, and level of estrogen surveil-
lance with its different killing capacities in relation to ER+
and ER— cancers, one can understand the deceiving, appar-
ently controversial clinical and epidemiologic findings.

BMI-defined general obesity is typically associated with
increased TNBC risk, particularly in premenopausal women.
In young cases, overweight and obesity seem to be in con-
sistent direct correlation with the development of TNBC and
other ER— types of breast tumors.*!>!7# Similarly, obesity and
overweight are much more likely among young cases with
TNBC as compared with cases with ER+/PR+ tumors.!”33

The impact of high BMI on ER+, as well as on non-TNBC
tumors, is not uniform, depending on the hormonal status
of obese women. In cases of a severe defect of hormonal
surveillance, the ER+ cancer risk may show a somewhat
milder increase as compared with ER— cancers.''” By con-
trast, when the estrogen defense is relatively preserved in
obese young cases, ER+ tumor incidence rate may be largely
suppressed. 7887

Each of the three circumference measurements for
abdominal fat (WC, HC, and WHR) has been found to
be statistically significantly associated with increased
incidence of ER— breast cancer in premenopausal cases.?
HRs of ER— breast cancer for the highest versus lowest
quintile of body fat distribution measures were 2.75 for
WC, 2.40 for HC, and 1.95 for WHR. These correlations
demonstrate that central obesity is strongly associated with
increased risk for ER— breast cancers. In a further study,
only HC was directly associated with increased breast
cancer risk.'® After adjustment for BMI, both ER+/PR+
and ER—/PR— breast cancers showed directly but differ-
ently increased risk with central obesity (HR =1.65 and
2.65, respectively). These remarkable results show that, in
premenopausal women, even visceral obesity-associated
defective estrogen synthesis may be more suppressive for
ER+/PR+ tumors than ER—/PR— ones.

In conclusion, obesity is a multifaceted disease associated
with different grades of dangerous dysmetabolism and sexual
hormone imbalance that promote breast cancer development.

Obesity-associated defective estrogen surveillance allows
easier escape for steroid receptor-negative tumors than for
ER+ ones, resulting in conspicuous accumulation of ER—
cancers and TNBCs in obese patients.

Role of light deficiency in disparities
between African-American and
white American women in TNBC

incidence rate

Population-based data have demonstrated that African-Amer-
ican women develop breast cancer at an earlier age, which
is diagnosed in a more advanced stage, and exhibits higher
incidence rates for poorly differentiated ER—and TNBC types
than white American women.”**# TNBC incidence was found
to be significantly higher in black women at all ages as com-
pared with white women.* Black race was strongly associated
with ER—/PR— tumors as well, regardless of HER2 status.’
Tumor recurrence rate, metastatic spread, and mortality are
all greater among black American women as compared with
either Caucasian or Asian groups in North America.$$%2

Epidemiologic results suggest that poor light exposure in
northern regions is a marked cancer risk factor for inhabit-
ants, and for women in particular.”® Among countries leading
in the rank of female overall cancer morbidity in Europe,
northern regions such as Denmark, Iceland, Norway, and
Sweden are conspicuously highly represented.” The risk of
developing breast cancer is significantly high in Northern
America and Europe, but fairly low in Asia and Africa.
Incidence and mortality rates of breast cancer are five times
higher in the United States than in Japan.”

Dark-skinned immigrants were found to have an exces-
sive cancer risk as compared with the natives of northern
adoptive countries, and the age at breast cancer diagnosis
was found to be earlier.”®®” Excess cancer risk, rapid progres-
sion of poorly differentiated cancers, and worse prognosis in
black-skinned American women may be conferred by poor
natural light exposure and increased melatonin synthesis
mediated by their pigmentation.”

Nowadays, melatonin is regarded as an anticancer agent,
presumably being protective against hormone-dependent
tumors due to its antiestrogenic impacts.”®* Results from the
Nurses’ Health Study cohort added substantial support for
an inverse association between melatonin levels and breast
cancer risk.!® Melatonin does indeed suppress the estrogen
signaling pathways, as it interferes with the activation of
nuclear ERs.!”" Melatonin also inhibits the expression and
activity of aromatase enzymes, which are responsible for
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estrogen synthesis and presumably, for the progression of
ER+ breast cancers.'>!% Nevertheless, the well-documented
antiestrogenic effects of melatonin administration do not
justify its protective effect against cancers of the highly
hormone-dependent female organs. By contrast, excessive
melatonin exposure seems to be carcinogenic, as a result of
the associated defective estrogen signaling, insulin resistance,
hypothyroidism, and vitamin D deficiency.’!%

The increased prevalence of anovulatory disorders and
early natural menopause before the age of 40 years in African-
American women are manifest due to ovarian failure and are
associated with a higher rate of all-cause and cancer-specific
mortality.'” Both infertility and ovarian failure are high risk
factors for breast cancer in young women, being congruent with
the health disadvantages of African-American women.”

Melatonin excess in young, tumor-free African-American
women is associated with obesity, hyperinsulinism, and high
free testosterone level, resulting also in an increased breast
cancer risk.'¢!” African-American women with breast
cancer exhibit MS, type 2 diabetes, and central obesity more
frequently than white cases with similar tumors.!%%:1%°

A population-based study revealed wide-spread hypothy-
roidism among African-American women as compared with
white women.!!’ As melatonin administration has been shown
to suppress the thyroid function in animal experiments and
clinical examinations,'!"!'> disproportional hypothyroidism
in black-skinned American women may also be attributed
to low light exposure. In a prospective study, hypothyroid-
ism and low FT4 values exhibited a direct correlation with
increased breast cancer risk.!"?

Correlations between the epidemiology of vitamin D
deficiency, cancer incidence, and mortality were studied in the
United States.!'* The African-American population showed
evidence of particularly widespread vitamin D deficiency. This
observation suggests that adequate vitamin D replacement may
be an important measure for reduction of race-related health
disparities, including breast cancer incidence.!!>!16

In conclusion, the racial disadvantage of black-skinned
American women in the incidence, progression, and outcome
of TNBCs may largely be attributed to their defective estro-
gen signaling and further hormonal disturbances associated
with insufficient light exposure.

BRCA gene mutations induce

particularly high TNBC risk

by defective estrogen signaling

Inherited mutations in BRCA1 or BRCA2 genes predispose
to breast, ovarian, and other cancers. Their ubiquitously

expressed protein products are implicated in processes
fundamental to all cells, including DNA repair and recombi-
nation, checkpoint control of cell cycle, and transcription.'”
BRCA gene mutations lead to a defect of DNA double-strand
break repair through homologous recombination. Disruption
of BRCA proteins in mutation carriers can induce susceptibil-
ity to specific types of cancer.''®

Incidence of hereditary breast and ovarian cancers reveals
close correlation with BRCA mutations.'"” BRCA1/BRCA?2
mutations are responsible for 3%—8% of all breast cancer
cases, but 30%-40% of familial cases. Ten percent of patients
with ovarian cancer have a genetic predisposition. About 80%
of families with a history of ovarian cancer have mutations
in the BRCAI and 15% in the BRCA?2 genes. These correla-
tions suggest strong parallelism between cancer initiations
of the breast and ovaries, as these organs have similarly high
estrogen demand and are fairly vulnerable in cases of defec-
tive estrogen signaling.*

Among women with germline BRCA/ mutation, almost
50% of breast cancers are triple negative, presenting with a
high grade histologically.'?>!! Among women with breast
cancer, TNBC was established in 57.1% of BRCA 1 mutation-
positive and in 23.3% of BRCA2 mutation-positive cases, but
in only 13.8% of BRCA— women.'®

Strong correlation between BRCA mutations and high
TNBC risk proposes certain mediators between germline
mutations and the risk for poorly differentiated breast cancers.
All justified risk factors for TNBC development seem to be in
close correlation with estrogen loss or defective estrogen sig-
naling, as well as further associated hormonal disorders. The
question arises whether BRCA mutations may lead to breast
cancer and particularly, TNBC development by the defect of
estrogen signaling or by quite different pathways.

In BRCAI gene-deficient human ovarian cancer cells,
estradiol-mediated transcriptional activity of ERs has exhib-
ited a relative decrease,'?? while ERo. showed an unexpected
ligand-independent transcriptional activity that was not
observed in BRCA1-proficient cells.'?® Increased estrogen-
independent and defective estrogen-dependent stimulations of
ERs in BRCA1-deficient tumor cells suggest that high cancer
risk may be attributed to the defect of ligand-activated ER
signal. Ligand-independent activation of ERa in tumor cells
seems to be a compensatory mechanism of omnipotent estro-
gen signaling in emergency situations. Excessive estrogen
administration emerges as a breakthrough of the blockage of
ligand-activated ER signaling in BRCA mutation carriers.

Correlations between BRCA I mutation and low response
to fertility treatments have been examined, as both germline
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mutations in BRCA genes and anovulatory infertility
are associated with high susceptibility for breast and ovar-
ian cancers.'?* In BRCA 1 mutation-positive women, the low
response rate of ovaries to fertility treatment was significantly
increased (33.3%) as compared with BRCAI mutation-
negative patients (3.3%). These results support the assumption
that BRCA I mutations are associated with defective estrogen
signaling reflected by increased rate of ovulatory failure.

In women with BRCA1/2 mutation, earlier age at natu-
ral menopause (under the age of 40 years) was observed
significantly more frequently than among unaffected cases
(P<<0.001).125126 The high risk of premature ovarian failure
among BRCA 1/2 carriers reflects the disturbances in estrogen
synthesis or ER signaling pathways. Disorders of estrogen
signaling may at least partially confer the risk of tumors
associated with BRCA 1/2 mutation.**

Hyperestrogenism (71.7 pg/mL) was observed in BRCA2
mutation carrier patients as compared with the estrogen levels
of women with BRCA1 mutations (45.5 pg/mL) and cases
without BRCA mutation (38.5 pg/mL).'*” Estrogen overpro-
duction may be a contraregulatory effect against defective
estrogen signaling in BRCA2 mutation carriers, mediating
their markedly lower cancer risk compared with the high risk
of BRCAI mutation carriers. These observations justify the
possibility of breast cancer prevention by high-dose estrogen
administration in BRCA 1/2 mutation cases.

Compensatory, excessive estrogen synthesis was also
described in a single publication on a male patient presenting
total lack of ERo function.'?® Despite his elevated estrogen
level, the patient exhibited glucose intolerance, hyperinsuline-
mia, obesity, and premature coronary artery disease attributed
to the completely missing ERa. signaling. By contrast, in
BRCA gene mutation carriers, the elevated estrogen levels
associated with high parity, the artificial hormonal cycle cre-
ated by OCs, and estrogen administration may decrease the
high cancer risk. Parity in BRCA 1 mutation carriers has been
shown to significantly reduce the risk for ovarian cancer;'”
moreover, the risk was reduced with each additional full-term
pregnancy in women with germline mutation.'* Furthermore,
parity with highly elevated estrogen level also seemed to be
protective against TNBC, similarly against the predominant
ER+ tumors.?

Use of OCs was found to highly reduce the risk of ovarian
cancers in women with both BRCA 1 (OR =0.56) and BRCA2
mutations (OR =0.39).'?° Ovarian cancer risk decreased with
each year of long-term contraceptive use in women carry-
ing BRCAI or BRCA2 mutations."*! A protective effect of
OC use was established as chemoprevention against ovarian

cancers in young women with BRCA mutations, whereas the
OC-associated risk of breast cancer in BRCA mutation carri-
ers seemed to be heterogeneous, with inconsistent results. '*?
Nevertheless, the use of OCs for at least 12 months has
been associated with strongly decreased breast cancer risk
for BRCA 1 mutation carriers (OR =0.22), but not for cases
with BRCA2 mutation.'?

Consumption of phytoestrogen-rich foods, such as soy,
has been demonstrated as a preventive measure against breast
cancer. Soy consumption may be beneficial in early life,
before puberty or during adolescence.'* In animal experi-
ments, prepubertal administration of 17B-estradiol reduced
the later risk of breast cancer by inducing a persistent upregu-
lation of the BRCA1 gene.'*

Defective estrogen synthesis and/or disorders in ER
signaling play significant roles in the development of
diverse insulin-resistant states.*®!*¢ In BRCA mutation
carrier women, breast cancer development is frequently
associated with high BMI and type 2 diabetes.!3”!3® These
observations support the close correlation between defective
estrogen signaling and insulin resistance in the development
of breast cancer.”

In conclusion, BRCAI and BRCA2 mutations seem to
increase the breast cancer risk, particularly that of TNBC,
by defective estrogen signaling. Upregulation of these
genes by means of increased estradiol or phytoestrogen
exposure may be a promising measure against mammary
carcinogenesis.

Correlation between reproductive
history and the risk of different

breast cancer subtypes

Correlations between reproductive capacity and breast cancer
risk have represented the greatest challenge for epidemiolo-
gists for a long time. Revolutionary molecular characteriza-
tion of breast cancer subtypes has yielded further paradigms
and contradictions.

The apparently controversial correlations between parity
and the development of breast cancer subtypes suggest that
hormonally mediated factors might be differently or quite
inversely related to the development of ER+ and ER— breast
cancers. 342

It has been hypothesized that risk for ER+ breast cancer
is positively associated with a woman’s lifetime exposure
to endogenous ovarian hormones; thus, parity may strongly
reduce the risk by decreasing the number of ovulatory cycles
over a lifetime.'*'*° By contrast, as TNBCs are ER—, risk fac-
tors operating through hormonal mechanisms are presumed to
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be less important in the etiology of these tumors as compared
with ER+ cancers."

Multiparity in women and risk for malignancies at several
sites exhibit a strong inverse correlation.'*"'** High parity
shows a tumor protective effect, even against the cancers of
highly hormone-dependent female organs, including overall
breast cancer and endometrial and ovarian tumors.'**'* In
anovulatory patients, a significantly decreased overall cancer
risk was reported after ovulation induction and in vitro
fertilization-assisted childbirth, mainly due to a lower-than-
expected incidence of breast cancer.'*

In experimental animals, pregnancy-equivalent high
estrogen administration could consequently prevent the
development of transplanted or chemically induced mam-
mary tumors.'*'* In ovariectomized female mice, alcohol
consumption and obesity enhanced the growth of experi-
mental mammary tumors, while estrogen supplementation
triggered the loss of body fat, improved insulin sensitivity,
and suppressed tumor growth, 415

Parity, and particularly multiparity are associated with
a strongly decreased risk of the predominant ER+ breast
cancer type.>!3?*28 Among parous women, even the
number of births was inversely associated with the risk of
ER+ breast cancer (HR =0.88);!*! among women who had
had at least four pregnancies, a fairly decreased risk of ER+
breast cancer (OR =0.55) was observed.? Conversely, TNBC
incidence exhibited an apparently unchanged ratio in parous
women,”'>? whereas in certain studies, an increased risk of
TNBC was reported in multiparous cases.'*!3>153 In a recent
study, the number of births was found to be directly associ-
ated with the risk of TNBC."

Nulliparity is generally in correlation with anovula-
tory disorders, thus these hormone-deficient cases may be
regarded as opposite extremes as compared with multiparous
women.* Delayed first childbirth may also be associated with
prolonged defective estrogen synthesis and ovulatory failures.
Postpubertal sexual hormone imbalances are frequently asso-
ciated with definite or prolonged fertility disorders, resulting
in nulliparity and delayed first childbearing'** and inducing
increased overall breast cancer risk among premenopausal
women.'3>1% High overall breast cancer risk in correlation
with defective estrogen synthesis and anovulatory disorders
demonstrates the role of physiologic estrogen level in pres-
ervation of mammary health.** Administration of pregnancy-
mimicking estrogen and progesterone doses to nulliparous
women seems to be a useful strategy for protection against
breast cancer.'”” Nevertheless, women may remain nulliparous
or may delay childbirth for social or professional reasons as

well; there are, however, no reports on the alterations of breast
cancer risk in these special groups.

It was suggested that nulliparity plays an inverse role in
the risks of ER+ breast cancer and TNBC as compared with
multiparity.** Nulliparous status of women was associated with
a35% higher risk of ER+ breast cancer (HR =1.35), but with a
39% lower risk for TNBC (HR =0.61)."* Delayed first child-
birth was also directly associated with risk for ER+ cancers,
but showed no remarkable effect on the risk of TNBCs. !

Considering the apparently contradictory results, if
women undertake more childbirths, they may be exposed
to a stronger risk of developing TNBC; conversely, if they
remain nulliparous, they are exposed to higher risk for ER+
cancers. So what should they do?

In multiparous women, good fertility-associated estrogen
supply and excessive estrogen levels during pregnancies
strongly and equivocally reduce the development of overall
breast cancers and the predominant ER+ tumors in particular.
A plausible explanation is that estrogen, being the specific
ligand for ERs, may preferentially block the development
and progression of ER+ cancers; however, its killing capac-
ity against ER— cancers is slower and weaker, as the specific
tumor receptors are missing. In estrogen-rich milieu, a fairly
decreased number and percentage of ER+ tumors is associ-
ated with a moderately decreased number and an unchanged
or deceivingly increased percentage of ER— breast cancers.

By contrast, in nulliparous, hormonally challenged
women, the weakness of estrogen surveillance results in
enhanced overall breast cancer risk. The insufficient estrogen
supply has a defective killing capacity, even against the pre-
dominant, hormone-sensitive ER+ breast cancer cells, result-
ing in an increased number and percentage of surviving ER+
tumors. The survival possibility for hormonally weakly con-
trolled ER— cancers, such as TNBCs, may disproportionately
improve and their raw number may be somewhat increased,
while the relative number (percentage) decreases.

For women who are afraid of developing breast cancer,
it is plausible to choose parity either by natural means or
by in vitro fertilization to prevent the development of both
TNBC- and non-TNBC-type tumors.

Some aspects of the molecular
mechanism of estrogen

surveillance on cell proliferation

The classic genomic mechanism of estrogen binding activates
ERs in the nucleus, and they act as transcriptional modula-
tors in the promoter region of target genes. ERs can also
regulate gene expression without direct binding to DNA
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through interaction with transcription factor proteins in the
nucleus.'® Estrogen action also has nongenomic signaling
cascades through cell membrane-associated ERs.!*® Finally,
genomic and nongenomic pathways of ER signaling converge
on the target genes.

Two receptor isoforms, ERo and ERP, which belong
to the steroid-thyroid hormone nuclear receptor supergene
family, have been identified.'*>'®! By means of a thorough
interplay, ERo. and ER regulate the metabolic processes,
growth, and proliferation of mammalian cells. They may
oppose each other’s activities, eliciting sometimes oppo-
site reactions in the presence of estradiol.!> Agonistic and
antagonistic crosstalk of ERs and their thorough interaction
with other hormonal and growth factor signals ensure that
estrogen orchestrates the gene regulation of cell proliferation
with high safety.'’%!>

Physiologic equilibrium of estradiol-induced mitotic
activity and apoptotic cell death was observed in mouse mam-
mary cell line, HC11, the cells of which expressed both ERo
and ERP, and showed no proliferative activity.'®> Embryonic
development demonstrates the importance of the omnipotent
actions of estrogen. High estrogen level in the fetoplacental
unit may ensure the safety of explosion-like cell prolifera-
tion, the silencing of mitotic activity, or even apoptotic cell
death, if it is necessary.**

As estrogen and ER signals are essential in harmonizing
the regulation of all cellular functions, sufficient hormone
exposure and available intact receptors are indispensable for
the health of mammalian.*® Separated activation or blocking
of each ER isoform may produce thorough alterations and
disturbances. It is quite impossible to interfere with or even
improve this highly controlled safeguard of estrogen on cel-
lular mechanisms.

It is a well-known fact that the higher the prolifera-
tive activity of a cell population, the stronger the danger
of mutagenic failures and tumor initiation. Following
conception, 17B-estradiol level increases exponentially
from a 0.1 ng/mL level in the follicular phase of cycle
up to a 30 ng/mL level at term, which means a 300-fold
elevation.'® During pregnancy, an extreme increase in
the estrogen supply of the fetoplacental unit serves as an
exquisite safeguard for the abundant, explosion-like cell
proliferation of embryonic structures. If estrogens would
have even the slightest carcinogenic capacity, tumor birth
would be a typical event instead of childbirth, due to the
overwhelming estrogen supply in pregnancy.

In animal experiments, the administration of high doses
of estradiol before or after carcinogen treatment was equally

protective against mammary carcinogenesis.'®® Different
mechanisms have emerged as explanations for hormone-
induced refractoriness to carcinogenesis. Target cells in the
mammary gland may become non-susceptible to carcinogens
by excessive hormone treatment through DNA protection, '
or chemically initiated tumor cells may undergo differen-
tiation.'*s As a further possibility, the apoptotic tumor cell-
killing capacity of excessive estradiol administration may
also reduce mammary cancer incidence.'®’

There are literary data on the supposed roles of
membrane-associated ER signaling pathways in human
cancer induction,'*® particularly in breast cancer cases.!®!™
Interactions of estrogen and growth factor receptors (GFRs)
in various cancers have been regarded as a revelation of the
cancer-provoking effect of estrogen. Nevertheless, the pre-
sumed synergistic carcinogenic capacity of ERs and GFRs
would mean a constant danger for cancer initiation without
contraregulatory impact. In the epithelial cells of the human
breast, both growth inhibition and growth stimulation by
estradiol were observed depending on the rate and activity
of ERs and GFRs.!"!

In malignancies, a dynamic inverse relationship was
revealed between the expressions of GFRs and membrane-
associated ERs. Excessive epithelial growth factor adminis-
tration on the human breast cancer cell line MCF-7 resulted in
persistent decreases in ERo. protein concentration in estradiol
binding sites and in ER & gene transcription.!” Alternatively,
high estrogen dose could inhibit lung carcinogenesis by
reducing the level of insulin-like growth factor-I, which is a
potent mitogenic agent for several malignant tumors, includ-
ing lung and breast cancers.!*!'”?

The recognition of counteractions between GFRs and ERs
may explain how a successful ER blockage by tamoxifen
treatment may induce overwhelming GFR predominance,
resulting in fatal outcome of the disease. In patients with
ER+4+/HER2+ tumors, higher recurrence and mortality rates
were observed after tamoxifen therapy as compared with
those who did not receive the agent.”

There are plausible possibilities for the anticancer effect
of estrogen, even on ER— cancers. In apparently ER— breast
tumor cells, inhibition of growth factor signaling yielded a
potential restoration of ER expression.!’ Abundant estradiol
administration may also counteract the growth factor signal-
ing, and the concomitant restoration of ER expression yields
the possibility for the apoptotic killing of tumor cells. This
may be one of the possible secrets of the antitumor capacity
of pregnancy-equivalent estrogen levels, even in cases of
ER- breast cancer cells.
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In summary, pregnancy-associated high estrogen level
is protective against the initiation and progression of all
breast cancer subtypes; however, the intensity of this defense
strongly depends on the molecular subtype of the tumors:
the higher the ER expression of the cancer, the stronger the
tumor-suppressive effect of estrogen.

Exogenous estrogen
and antiestrogen treatment

of breast cancer

High-dose estrogen was administered as endocrine therapy
for postmenopausal women with breast cancer prior to
the introduction of tamoxifen, the first antiestrogenic
compound, in the 1970s.!” Clinical trials were conducted
for the comparison of the results of synthetic estrogen,
diethylstilbestrol, and tamoxifen treatment in women with
advanced or recurrent breast cancer.!’%!"” It was established
that tumor responses were similar, but the advantage of
tamoxifen over synthetic estrogen was equivocal, because
of the low incidence rate of toxic side effects. Following
these observations, the use of estrogen therapy was almost
completely abandoned.

Tamoxifen was the first compound designated as an
antiestrogen, or, more exactly, a selective ER modulator that
binds to ERs so as to inhibit their signaling pathways. It is
widely used as adjuvant therapy for ER+ breast cancers; how-
ever, the benefits of antiestrogen are not equivocal in cancer
therapy.'”® Even among women with ER+ breast cancers,
only 40%—50% of patients exhibit primarily successful tumor
regression;!” later, a large proportion of earlier responsive
breast cancers may acquire secondary resistance during
tamoxifen therapy.'® Moreover, tamoxifen may elicit com-
mon side effects that are occasionally life threatening, such
as stroke, pulmonary emboli, and malignancies at certain
sites, attributed to the anomalous estrogen agonist activities
of this compound.'8!

Another group of antiestrogens is known as aromatase
inhibitors. These compounds prevent the activity of P450 aro-
matase, which converts steroid precursors and androgens to
estrogen, causing estrogen deprivation in both healthy tissues
and tumors.'” These also have severe side effects, however,
related to estrogen depletion. Introduction of aromatase
inhibitors successfully avoided the presumed estrogen agonist
activities of selective ER modulators; however, toxicity aside,
their anticancer effects were not reliable.'”®

Failures and controversies of antiestrogen therapy lead
“back to the future”, and the old-fashioned high-dose estrogen
treatment in patients with advanced breast cancer was

demonstrated again to be effective.'®* Moreover, breast cancer
cases with acquired resistance to antiestrogen therapy were
successfully treated, even by lower doses of estradiol. 7183184
The anticancer mechanism of estrogen therapy remains
unknown. A number of authors consider that estrogen may
become an apoptotic trigger instead of a survival signal for
tumor cells after many years of estrogen deprivation.'3+18

Conclusion

The questions posed in this paper can be answered as

follows:

1. The grade of defect in metabolic and hormonal equilib-
rium is directly associated with TNBC risk for women
during the different periods of their lives.

2. TNBC is not a distinct entity with unique etiology, but
rather its development is mediated by usual cancer risk
factors.

3. Common but strong and/or multiple breast cancer risk
factors may provoke the development of poorly differ-
entiated tumors, TNBCs in particular.

4. Exogenous or parity-associated excessive estrogen sup-
ply is defensive against all breast cancer subtypes, but
ER-— tumors and TNBCs are much more resistant. Inverse
impact of parity on ER+ and ER— breast cancers is not
possible; erroneous results derive from the misinterpre-
tation of statistical evaluations based exclusively on the
percentage of cancer subtypes.

5. The most important preventive strategy against breast

cancers in women — including TNBCs — is the strict
control of hormonal equilibrium from early adolescence
throughout the whole life, particularly during the periods
of great hormonal changes. Screening of symptom-free
anovulatory disorders, cycle irregularities, and infertility,
as well as estrogen substitution of these hormonal defects,
may all be important methods in breast cancer preven-
tion. In regard to inherited inclinations for breast cancer,
exogenous hormone treatment and parity are indicated.
In the peri- and postmenopausal periods, menopausal
complaints and tumor risk factors such as hysterectomy,
obesity, MS, and type 2 diabetes, are absolute indications
for estrogen substitution therapy.
Effective breast cancer therapy requires a complete con-
version, as worldwide, administration of antiestrogen
compounds for breast cancer treatment has yielded thor-
ough disappointment. Nevertheless, publications on suc-
cessful, high-dose estradiol treatment of advanced breast
cancer cases are increasing in number, with encouraging
results.
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Widespread estrogen use in the primary prevention and
therapy of breast cancer may help to eradicate this dread-
ful, torturing disease.
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