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ARTICLE INFO ABSTRACT

Keywords: In female mammals, the development and regulation of the reproductive system and non-
Estrogen reproductive system are significantly influenced by estrogens (oestrogens). In addition, lipid
Oestrogen

metabolism is another physiological role of estrogens. Estrogens act through different types of

ngk . receptors to introduce signals to the target cell by affecting many estrogen response elements.
reast cancer . . ) .
ER Breast cancer is considered mostly a hormone-dependent disease. Approximately 70% of breast

cancers express progesterone receptors and/or estrogen receptors, and they are a good marker for
cancer prognosis. This review will discuss estrogen metabolism and the interaction of estrogen
metabolites with breast cancer. The carcinogenic role of estrogen is discussed in light of both
conventional and atypical cancers susceptible to hormones, such as prostate, endometrial, and
lung cancer, as we examine how estrogen contributes to the formation and activation of breast
cancer. In addition, this review will discuss other factors that can be associated with estrogen-
driven breast cancer.

1. Introduction

Estrogens also known as oestrogens, are key hormones responsible for the progression and regulation of mammal females’
reproductive system and have an essential role in the non-reproductive system [1,2]. In addition, they are pleiotropic steroids that play
a regulatory role in a myriad of physiological processes from reproduction to lipid metabolism [3]. Estrogens perform their action

* Corresponding author. Surgical Research Section, Department of Surgery, Hamad Medical Corporation, Doha, Qatar.

E-mail addresses: khyree20000@gmail.com (K. Al-Shami), sajeda.mahmoudalawady.1997 @gmail.com (S. Awadi), almotasem.kh@gmail.com
(A. Khamees), the.ab@yahoo.com (A.M. Alsheikh), sumaiya.alsharif@yahoo.com (S. Al-Sharif), raneembarishil8@gmail.com (R. Ala’ Bereshy),
alitansharaf@gmail.com (S.F. Al-Eitan), s.banikhaled4920@gmail.com (S.H. Banikhaled), aalqudimat@hamad.qa (A.R. Al-Qudimat), ralzoubi@
hamad.qa (R.M. Al-Zoubi), mszoubi@yu.edu.jo (M.S. Al Zoubi).

! Equal contribution to this manuscript.

https://doi.org/10.1016/j.heliyon.2023.e20224

Received 11 March 2023; Received in revised form 13 September 2023; Accepted 14 September 2023

Available online 17 September 2023

2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).


mailto:khyree20000@gmail.com
mailto:sajeda.mahmoudalawady.1997@gmail.com
mailto:almotasem.kh@gmail.com
mailto:the.ab@yahoo.com
mailto:sumaiya.alsharif@yahoo.com
mailto:raneembarishi18@gmail.com
mailto:alitansharaf@gmail.com
mailto:s.banikhaled4920@gmail.com
mailto:aalqudimat@hamad.qa
mailto:ralzoubi@hamad.qa
mailto:ralzoubi@hamad.qa
mailto:mszoubi@yu.edu.jo
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e20224
https://doi.org/10.1016/j.heliyon.2023.e20224
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2023.e20224&domain=pdf
https://doi.org/10.1016/j.heliyon.2023.e20224
http://creativecommons.org/licenses/by/4.0/

K. Al-Shami et al. Heliyon 9 (2023) 20224

through two different types of receptors: First, classical nuclear estrogen receptors (ER) with two various isoforms known as (ERa and
ERp) that are encoded by genes on chromosomes 6 and 14, respectively. Second, novel cell surface membrane receptors (GPR30 and
ER-X). Both kinds of estrogen receptors are expressed in the brain and periphery with cell and tissue-specific circulations [4,5]. Es-
trogen receptors are a component of the superfamily of nuclear transcription factors with a classical pathway of estrogen-dependent
function. The action of estrogen receptors achieves in the cytoplasm by binding lipophilic hormone molecules and transferring the
compound to the nucleus, dimerization, and interaction with suitable response elements in gene promoters region, which initiates
transcription after co-activators binding as demonstrated in Fig. 1 [6,7]. Due to the significant role of ER in signaling transduction, the
current review aimed to summarize the mechanism of action of estrogen in cancer development, particularly in breast cancer.

BioRender (2021). Estrogen Receptor Signaling. Retrieved from https://app.biorender.com/biorender-templates/t-
5db2fd9f9688420082acf5d3-estrogen-receptor-signaling.

2. Estrogen synthesis

In premenopausal women, estrogens are synthesized primarily in theca cells in the ovaries, placenta, and corpus luteum. A
noteworthy quantity of estrogens can also be created by non-gonad organs, like the liver, skin, brain, and heart. The synthesis process
ends with the conversion of androgens to estrogens in granulosa cells by the aromatase enzyme as illustrated in Fig. 2A and B [8]. There
are three main endogenous forms of physiological estrogens in women: estrone (E1), estradiol (E2), and estriol (E3). After menopause,
E1 has an important role as it is formed in adipose tissue from adrenal dehydroepiandrosterone. While E2 which is also called estradiol,
considers the major and most potent product of the estrogen biosynthesis process. E3 form is the least prevalent estrogen and is formed
from the E1 or E2 (Fig. 3). Additionally, it plays a larger role during pregnancy when it is produced in large quantities by the placenta
[9-11].

3. Estrogen metabolism in humans
Estrogens are metabolized via hydroxylation and conjugation. Hydroxylation is achieved by cytochrome P450 enzymes such as

CYP1Al and CYP3A4, while conjugation is performed by estrogen sulfotransferases (sulfation) and UDP-glucuronyltransferases
(glucuronidation). Moreover, estradiol is dehydrogenated by 17f-hydroxysteroid dehydrogenase into the less common estrogen
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Fig. 1. Signaling Pathway of Estrogen Receptor. Estrogen can cross the plasma membrane, where it interacts with intracellular ER and ER to affect
DNA directly. The GPER1 and/or ER and ER can interact with estrogen to cause it, to activate intracellular signaling cascades as an alternative.
Estrogen-mediated signaling events can be classified as genomic and non-genomic due to differences in the cellular and molecular processes
regulating gene expression, in which estrogen-receptor complexes can bind to DNA directly or indirectly. The migration of estrogen-receptor
complexes into the cell nucleus and direct contact with chromatin at particular DNA sequences known as estrogen response elements are two
examples of genomic impacts (EREs). More than one-third of human genes controlled by estrogen receptors are reported to lack ERE sequence
elements, although EREs have been found in multiple gene promoters and regulatory regions. Contrarily, non-genomic impacts entail the indirect
control of gene expression via a range of intracellular signaling occasions. Below is a description of the known ways through which estrogens
regulate both genomic and non-genomic aspects of gene expression.
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Fig. 2. Estrogen synthesis pathway in the ovary and brain. (A) Synthesis of estrogens begins with the production of pregnenolone from cholesterol,
catalyzed by the cytochrome P450 side-chain cleavage enzyme (P450scc). The pregnenolone is transformed into progesterone by 3 b-hydroxysteroid
dehydrogenase (3 b-HSD) in both thecal and granulosa cells. Progesterone is transformed to androgens by cytochrome P450 17a-hydroxylase
(P45017a) and 17 b-hydroxysteroid dehydrogenase (17 b-HSD) in the thecal cells throughout the follicular phase. The transformation of E2 is
enhanced by the aromatase enzyme (P450Arom) in granulosa cells. (B) Neurons express all of the mandatory enzymes for the production of estrogen

to create brain estrogen [12].
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Fig. 3. Estrogen metabolism pathway in humans. The diagram shows the metabolism of estradiol and other natural estrogens such as estrone and
estriol. It demonstrates that conjugation (e.g., sulfation and glucuronidation) occurs in the case of estradiol and metabolites of estradiol that have
one or more available hydroxyl (-OH) groups. Catechol and quinone formation from estrone is shown and how the derivatives are reacting with

DNA to form depurination DNA adducts (adapted from Ref. [16]).
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estrone as shown in Fig. 3. These reactions take place primarily in the liver, but also in other tissues [13-15].
3.1. 2-Hydroxylation pathway

2-hydroxylation is the main hydroxylation pathway. CYP1A1l and CYP1B1; cytochrome P-450 enzymes which are expressed in
breast and liver tissues are major phase I enzymes [17]. C2 hydroxylation for parent estrogens to catechol estrogens is catalyzed by
cytochrome P-450 enzymes including CYP1A2 [18].2-Hydroxylated estrogens have a low binding affinity for the estrogen receptor
[19]. Compared with estradiol these metabolites reduce hormonal potency and are the cause of non-estrogenic and anti-estrogenic
activities. Some studies showed that 2-hydroxyestrone and 2-hydroxyestradiol can inhibit cell growth and proliferation [20]. Also,
they have a role in normal cell differentiation and apoptosis [21]. Therefore, some researchers define 2-hydroxyestrone as a “good
estrogen” [22]. The low potency or non-tumorigenic effect of the 2-hydroxy metabolites can be attributed to the high clearance rate,
O-methylation by the COMT enzyme, which may inhibit tumor cell proliferation and angiogenesis [19]. In addition, it has been
demonstrated that when COMT is blocked or when 2-hydroxyestrogens undergo redox cycling, they can cause DNA damage and
release free radicals [23]. Moreover, some studies showed that methoxyestrogens like 2-methoxyestradiol inhibit carcinogenesis
through microtubule destabilization [24,25].

3.2. 4-Hydroxylation pathway

In liver microsomes, the 4 hydroxylations of estradiol primary start with the CYP3A4/3A5 enzyme [26]. 4-Hydroxylated catechol
estrogens showed a carcinogenic potential because of their ability to damage the DNA by depurination adducts and oxidative damage
that may initiate breast cancer [16,27]. As a biochemical marker, the ratio of 4-/2-hydroxyestradiol is used to differentiate malignant
breast tumors because the production of 4-hydroxyestradiol is four times higher than 2-hydroxyestradiol in adenocarcinoma [28].
Additionally, it has been demonstrated that, as compared to control women, women with breast cancer or at high risk of developing
breast cancer had much greater ratios of quinone-estrogen DNA adducts to their parent or conjugated catechol estrogens [29].
Moreover, some studies showed that the 4-methoxyestrogens prevent the oxidative metabolism of estradiol and oxidative DNA damage
[30]. Although other studies showed that inhibition of the COMT enzyme was linked with higher levels of depurination 4-hydroxyes-
trone linked with higher levels of depurination 4-OH Estrone/Estradiol-DNA adducts [31].

3.3. 16-Hydroxylation pathway

In the 16-hydroxylation pathway, 16a-hydroxyestrone is the main product. 16a-hydroxyestrone showed a potential tumor stim-
ulation by catalyzing unprogrammed DNA synthesis and promoting independent growth in mammary epithelial cells [32,33]. Some
animal studies showed that urinary concentration of 16a-hydroxyestrone is accompanied by an elevated proliferation of mammary
cells and mammary tumor incidence [34,35]. Another study shows that there is a relation between estradiol 16a-hydroxylation and
increasing the risk of developing breast cancer in humans, the levels of 16a-hydroxyestrone were eight times higher in the cancerous
units of mammary terminal duct lobular in comparison with the nearby mammary fat tissue, which suggests a critical role of
16a-hydroxyestrone production in breast cancer induction [36].

4. Biological function of estrogen in the human body

Estrogens are found in both males and females; they are usually present at higher levels in women during reproductive age. They
control the improvement of women’s secondary sexual characteristics, such as breasts, and are elaborated in the thickening of the
endometrium and other features of regulating the menstrual cycle. In men, estrogen regulates specific functions of the reproductive
system essential to sperm maturation [8,37]. Estrogen receptors are responsible for mediating estrogen actions and functions; a
dimeric nuclear protein binds to DNA and has a role in controlling gene expression. Similar to the principle of the other steroid
hormones, estrogen moves in passively into the cell and binds to it then activates the ER [38].

5. Estrogen receptor (positive and negative)

ER-positive tumors overexpress the ER while tumors that contain a small number of receptors and sometimes no receptors are
called ER-negative which is directing the treatment options [39]. Patients with ER-negative have lower survival rates in the first few
years and their tumors are usually more aggressive [40,41]. However, 10 years after the initial diagnosis of the tumor without being
associated with other health problems, the possibility of relapse is more in patients who have ER-positive [42]. In addition, other
factors affect the life of a breast cancer patient, such as the infiltration of lymphocytes, especially for patients who have the disease
before the age of forty, as the presence of a large number of CD8" T lymphocytes contributes to the high survival rates of the patient,
and this shows It is more clearly in patients who have ER-negative compared with patients with ER-positive [43].

6. Estrogen and estrogen receptors role in cancer development

The a and f isoforms of estrogen receptors exhibit similar structural and functional organization [3]. Both receptors interact in the
same way with endogenous estrogens, mostly with 17p-estradiol (E2) [44]. E2 plays an essential role in the development and
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malignant progression of multiple cancers. The oncogenic function of estrogens is considered in both classical and non-classical
hormone-sensitive carcinomas such as prostate, breast, endometrial, lung, colon, and ovarian cancers [45-48]. The molecular basis
of cancer initiation by estrogen has been suggested through the production of aromatic estrogen metabolites (catechol estrogens
quinones) that are derived from normally formed catechol estrogens. Chemically, depurinating DNA-adducts are formed by the re-
action of 4-OHE; / or 2-OHE; /» with Adenine/Guanine bases which leads to DNA mutations (Fig. 3) [16].

6.1. Endometrial cancer

Tumoral ER expression is mentioned in approximately 30 different kinds of cancer, predominately in hormone-sensitive tumors like
ovarian, breast, prostate, and endometrial cancers [49,50]. By utilizing immunohistochemistry (IHC), studies were able to compare ER
protein expression with clinicopathological characteristics in tumor tissue and illustrated differential relations to the prognosis of
disease based on the localization of cells and cancer type [48]. Endometrial cancer which is considered the most popular type of uterine
cancer, using histopathology, can be subdivided into two types [51]. Type I endometrial tumors, also called low-grade endometrioid,
form most of the endometrial cancer cases around 85%, usually express high levels of a estrogen receptor (¢dER), and are supposed to be
hormonally driven [52]. Type II tumors contain high-grade endometrioid tumors, clear-cell, serous tumors, carcinosarcomas, and
tumors with diverse histology. These tumors are expressing ER at low levels, have a worse prognosis, and have combined molecular
features with serous ovarian cancer and triple-negative breast cancer such as a high prevalence of p53 mutations and a high number of
copies of a variation [53-55].

6.2. Ovarian cancer

Extensive research in epidemiology has illustrated that hormonal and reproductive exposures are linked with a high risk of ovarian
cancer. However, how these factors impact ovarian carcinogenesis and lead to tumor development is still not fully understood.
Epithelial ovarian cancers are heterogeneous in their morphology, gene and protein expression [56-58]. These variations are
mandatory to understand the etiology, prognosis, and treatment of ovarian cancer [59].

Studies have demonstrated differential associations between the risk factors of ovarian cancer and o-ER and progesterone receptor
(PR) status, while no previous research has observed associations of ovarian cancer risk factors with p-ER expression [60,61]. Some
reports suggested tumor suppression activity of ERp in ovarian tissues and showed low expression in malignant transformation; with
cell localization pattern [62-65]. A study done by De Stefano and colleagues to distinguish between normal and cancer ovarian cells
found that; ERp staining was more likely to be localized in the nucleus in normal ovarian tissue while it was more likely to be localized
in the cytoplasm in ovarian cancer cells [66]. Additionally, higher levels of expression of the ERf protein have been linked with
enhanced progression-free survival, furthermore, the probability of metastasis of lymph nodes has declined in serous tumors [67,68]. A
recent study showed alterations in expression and localization of ER} noticed to be essential for causing ovarian cancer [59].

6.3. Prostate cancer

It is already known that the estrogen receptor signaling pathway is biologically relevant in prostate cancer but has been relatively
under research as a biomarker in prostate tumors. Estrogen has a significant part in physiological hormone signaling, and circulating
levels can be distinguished in males [69]. Presently, it is not fully known if direct signaling through ER has an impact on prostate
cancer behavior in models or patients. Estrogen-based treatments were one of the first effective therapy choices for advanced prostate
cancer and are still utilized in many countries [70]. Its therapeutic effects were thought to be the effect of chemical castration which
results from negative feedback on the hypothalamic-pituitary-testicular axis [71,72]. By utilizing knockout mice lacking the aromatase
enzyme in previous studies, the absence of the production of estrogen prevented prostate cancer progression despite the raised levels of
testosterone [73].

7. Estrogen and estrogen receptors and risk of breast cancer
7.1. Estrogen role in breast development

Breast cancer is the m ost common female cancer with no decline in the incidence, prevalence, or mortality. In 2023, it has been
estimated that about 300 000 new cases of BC will appear with more than 43 000 deaths in the USA [74]. In 2020, breast cancer
surpassed lung cancer to become the most frequently diagnosed cancer and ranked fifth among the leading causes of cancer-related
fatalities worldwide. During that year, there were approximately 2.3 million reported cases and 685 000 documented deaths attrib-
uted to breast cancer [75]. In combination with growth hormone (GH) and its secretory product insulin-like growth factor 1 (IGF-1),
estrogen is important in mediating breast development during puberty and breast maturation during pregnancy to prepare for
lactation [76,77]. Estrogen is highly involved in breast development and it is primarily responsible for making the ductal component of
the breast as well as for causing growth in fat deposition and connective tissue [78-80]. Moreover, it is indirectly elaborated in the
lobuloalveolar component, via increasing the expression of progesterone receptors in the breasts and by inducing prolactin secretion.
After working with estrogen, progesterone, and prolactin together, they can complete the growth of the lobuloalveolar during
pregnancy [78,81,82].
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7.2. Expression and distribution of ER in the breast

The expression of the individual isoforms of ER is regulated differently in the breast epithelium, compared with other tissues [83].
ERa and ER show some distinct expression patterns; ERa is controlled in the luminal epithelial compartment, while ERp is expressed
in myoepithelial cells and luminal, as well as the endothelium of blood vessels and stromal cells [84]. Interestingly, these
isoform-specific expression manners can differ between species, for instance, in the rat mammary gland, the ERf is expressed
throughout all stages of development, while ERa demonstrates fluctuating expression, it increases during puberty and declines during
pregnancy, as well as increases during lactation, and decreases again in the post-lactating gland [85]. On the other hand, in the rhesus
monkey, neither ERa nor ERf could be noticed in the lactating mammary gland, nor was PR detected, this is a confirmation that
observations that are noticed in animal models, may not always be prolonged into the human breast [86]. Therefore, the expression of
steroid hormone receptors in normal breast tissue is highly dependent on cell type, the stage of progression, and the exposure to cycling
endogenous or exogenous hormone utilization.

7.3. Estrogen and breast cancer

The ovarian hormones of females, estrogen, and progesterone are essential regulators in the development and function of normal
breasts, as well as critical in breast cancer. The breast is developmentally infrequent in the fact that the main part of the improvement
of the breast happens postnatally, during puberty, and at the onset of pregnancy [87]. Both estrogen and progesterone are censoriously
involved in these normal evolving processes, having highly coordinated functions in the development of the ductal structures and
amplification of lobules of the normal epithelium. It looks that these behaviors become undermined in the development of breast
cancer, connecting both steroids in the enhancement and progression of cancer [83].

Breast cancer is considered mostly a hormone-dependent disease [88,89]. Approximately 70-80% of breast cancers express pro-
gesterone receptors and/or estrogen receptors, and if they are found in a tumor, are a good mark as a promising prognostic biomarker
[89,90]. In addition, their expression in malignant cells is mostly associated with other tumor characteristics. The positive association
between PR, ER, and prognosis has been identified with the progress of multi-gene prognostic processes that categorize breast cancers
into clinically relevant groups, with PR and ER segregating into the better distinguished luminal cancer subtypes as demonstrated in
Fig. 4 [91,92]. For managing ER + breast cancer, using agents targeting the signaling pathway of estrogen is still the most effective
treatment [83].

An abundance of clinical and experimental data in various studies has illustrated that estrogen is critical in the progression and
proliferation of breast cancer [93,94]. In different malignant breast cells, the function of an ER signaling pathway is to promote
unequal rates of cell proliferation and apoptosis, with pro-survival and proliferation signals devastating pro-death and quiescence
signals [95]. Dependable on a pro-proliferative role, there is in vitro proof that estrogen can inhibit apoptosis in breast cancer cells by
up-regulation of Bcl-2, an anti-apoptotic proto-oncogene. As a result of its part in the proliferation and growth of tumors in breast

5 Main Intrinsic or Molecular Subtypes of Breast Cancer

Best
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* Most prevalent subtype A
+ Low levels of Ki-67: control cancer cell growth
« Targeted therapy: Tamoxifen

Luminal A (~40%)
HR+ (ER+ and/or PR+), HER2-

+ Low levels of Ki-67: control cancer cell growth
« Slightly worse prognosis than Luminal A
« Targeted therapy: Tamoxifen
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Fig. 4. The five main subtypes of breast cancer; are where the best prognosis is when the ER is positive, while the worst is a triple-negative case
when ER is negative. BioRender (2021). Intrinsic and Molecular Subtypes of Breast Cancer. Retrieved from https://app.biorender.com/biorender-
templates/t-5f872409fb2c3900a82e109e-intrinsic-and-molecular-subtypes-of-breast-cancer.


https://app.biorender.com/biorender-templates/t-5f872409fb2c3900a82e109e-intrinsic-and-molecular-subtypes-of-breast-cancer
https://app.biorender.com/biorender-templates/t-5f872409fb2c3900a82e109e-intrinsic-and-molecular-subtypes-of-breast-cancer

K. Al-Shami et al. Heliyon 9 (2023) 20224

cancer cells, the ER signaling network has been considered an attractive agent for the development of therapeutic targets [96].
8. Factors affecting breast cancer
8.1. Obstetric and gynecological factors

8.1.1. Menstrual cycle

The menstrual cycle is a physiological process that starts in females at ages ranging from 8.5 to 13 years old, and it repeats in a
cycle-like pattern that varies in length from 25 to 34 days until they finally stop experiencing it for one year entering a stage called
menopause at an average age of 51 years old [97]. The cycle alternates between two phases as it happens each time, a follicular phase
that ranges from 10 to 16 days, and a luteal phase that is usually the same in all women that is 14 days. This makes the follicular part of
the cycle the usual reason for its length difference between women, what mainly regulates this process are hormones secreted from the
hypothalamus, the pituitary gland, and the ovaries like estrogen and progesterone [98], which induce different changes in the
reproductive organs leading to the capability of fertility [99]. Accordingly, there is variability in the menstrual cycle’s age of onset,
length, and age of termination between different individuals, but does that have any role in increasing the risk of developing breast
cancer in women? And does estrogen play a role in that risk?

Understanding the relationship between the menstrual cycle and breast cancer could be beneficial in diagnosing and treating breast
cancer since the aggression and poor prognosis characteristics of breast cancer in premenopausal women could be due to the fact of the
influence of menstrual cycles on estrogen receptor-positive subtypes of breast cancer, which are the most common in that age group.

8.1.1.1. Age of menarche and menopause. The age of menarche and time of menopause seem to affect the risk of developing breast
cancer, due to their role in the time and amount of exposure to hormones like estrogen and progesterone. An earlier age of menarche
induces a rise in breast cancer risk since it causes earlier exposure to the hormonal changes that induce the beginning of menstrual
cycles. As well as, a rise in estrogen levels in the first couple of years following early menarche that can remain throughout their fertile
years [100]. This risk is limited to hormone receptor-positive subtypes of breast cancer [101]. Moreover, the same concept of increased
estrogen exposure is related to the increase of breast cancer risk related to a late age of menopause, due to more exposure to menstrual
cycles and their hormones, although the increase in that risk may be not evident up until 10-20 years after menopause [100].

8.1.1.2. Menstrual cycle length and regularity. The regularity and length of the menstrual cycle both have an association with breast
cancer risk, a short length, and a regular cycle are associated with breast cancer occurrence since more menstrual cycles result in a
shorter follicular phase and therefore more dominant exposure to progesterone and an increased division of epithelial cells in the fixed
luteal phase each cycle [102]. Despite some data suggesting no relation between menstrual cycle irregularity and breast cancer with an
exception of a precise group of women aged 30-34 years old with a high level of irregularity [103]. Likewise, no relation between
irregularity and increased length of menstrual cycles and breast cancer risk again with the exception of longer menstrual cycle length
during the age of 18-20 years old decreasing the risk of breast cancer in women younger than 40 years old [104].

8.1.2. Pregnancy

Breast cancer that is diagnosed during pregnancy or after it the post-partum period has a poor degree of prognosis [105,106]. Many
factors related to pregnancy are thought to influence breast cancer risk. The first one is the age of the woman when she had her first
pregnancy, or “age at first pregnancy”. In general, women who first conceive at an older age have a higher risk of developing breast
cancer, while younger women have a decreased risk of developing breast cancer. The mechanism behind that is that older women will
go through more menstrual cycles and therefore be more exposed to substances like estrogen that can promote the carcinogenesis of
breast tissue. Other than that, some changes occur in pregnancy that protective against breast cancer, like the hormonal changes that
happen in early pregnancies that secure a gene called p53, which helps in the cessation of the cell cycle, therefore, stopping cell
growth, another hormone change is the production of human chorionic gonadotropin, a hormone that differentiates breast cells and
makes them less prone to a response by carcinogens [107]. However, age at first pregnancy doesn’t affect all breast cancer subtypes in
the same way, for example, triple negative and human epidermal growth factor receptor 2 (HER2) subtypes of breast cancer are not
affected by it, while the luminal subtype of breast cancer has more prevalence among women who are older than 24 years old when
they have their first birth [108]. The second factor is the number of pregnancies that the woman had regardless of whether it resulted in
an abortion, stillbirth, successful childbirth, or “parity”. Parity has a protective effect against breast cancer, this could be due to the
hormonal changes occurring during multiple pregnancies like decreasing estrogen levels and increasing progesterone levels, as well as
increasing the differentiation of mammary tissue while decreasing the activation of its stem cells [109]. Nevertheless, the effect on
breast cancer varies according to subtype, as it decreases the risk of developing hormone-receptor-positive subtypes of breast cancer
mainly the HR+ and Ki-67 subtypes [110]. The time length between each birth can also play a role in breast cancer risk. Although
shorter intervals between each childbirth (excluding stillbirths and abortions) showed a protective effect against the lobular breast
cancer subtype being effective up to the fifth childbirth, a longer interval between the first and second childbirth provides protection
specifically in premenopausal women against the ductal subtype of breast cancer [111].

The hormone levels during pregnancy, the length of the pregnancy, and the gender of the fetus have been suggested to be related to
the development of BC. The hormone levels that decrease breast cancer risk when elevated are the human chorionic gonadotropin
hormone (beta-HCG) decreasing it by 30% and the Alpha-fetoprotein hormone (AFP) decreasing it by 50%, while the hormone that
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increases breast cancer risk while elevated is the estrone hormone increasing it by 2.5 times [112]. Secondly, full-term pregnancy is
associated with a lower risk of breast cancer in the long term but a higher one immediately following the birth after the full-term
pregnancy is compensated with breastfeeding [113]. Lastly, the sex of the fetus has no relation to the breast cancer risk [114],
however, in certain cases like hypertension induced in pregnancy also called “preeclampsia” a male fetus has an impactful decrease in
the risk of developing breast cancer for the mother [115].

8.1.3. Breastfeeding

Previous studies showed that breastfeeding per se has an overall reduction in breast cancer risk [116] with more impact on young
women [117]. It may have different influences on the development of different subtypes of breast cancer. A systematic review, and
meta-analysis by Lambertini M, Santoro L, Del Mastro L et al., reported a protective effect of breastfeeding against the chance of
developing the luminal and triple-negative subtypes of breast cancer, whereas it does not affect the development of the HER2 subtype
of breast cancer [108]. However, its effect on positive receptor subtypes of breast cancer is still unclear and needs more data to be
determined. Breastfeeding can also have different effects depending on different BRCA gene mutation carriers, having a protective
effect against breast cancer in the BRCA1 gene mutation carriers and no effect on the BRCA2 gene mutation carriers [118].

Studies demonstrated that longer breastfeeding duration and protects against breast cancer [119] [120]. For instance, breast cancer
risk reduction by 26% and 37% if the duration exceeds a year [121]. Although this protection may only be limited only to post-
menopausal women [122]. The mechanism behind this protection that the longer duration of breastfeeding provides is due to the
breast cells differentiating after pregnancy to be able to lactate which decreases its responsiveness to substances like estrogen that can
stimulate breast cells to become cancerous. Another way is the mechanical flushing of carcinogens and exfoliated DNA-damaged cells
and insulin through breast milk, which reduces insulin levels in the blood and prevents the anti-apoptosis effects that insulin can have
by increasing the level of substances like insulin-like growth factor [123]. Nevertheless, a recent review proposed there was still an
unclarity of the definitive relationship between breastfeeding and breast cancer risk [124].

8.1.4. Polycystic ovary syndrome (PCOS)

Polycystic ovarian syndrome (PCOS) is the most common metabolic disease occurring in women at the age of reproduction. Women
with the condition are more prone to cardiovascular manifestations as well as insulin resistance, but it also affects fertility, hormone
balance, and ovulation [125]. PCOS doesn’t have a clear association with an increased breast cancer risk [126-129], despite it causing
changes in the body that can lead to breast cancer like the high androgen levels in the blood that results in the absence of ovulation and
therefore longer exposure to estrogen [130]. The high levels of insulin that it causes in the blood, as well as having an intersection with
a gene that is also present in breast cancer [131]. Also, it produces high levels of anti-Mullerian hormone (AMH) which could suggest
PCOS is the original factor responsible for the increased breast cancer risk occurring in women with high levels of (AMH), not the
increase in the hormone itself [131,132]. There are also some data like a population-based case-control study by Kim J, Mersereau JE,
Khankari N et al., that does suggest it has a positive relationship with an increased risk of breast cancer occurrence specifically in
premenopausal women [133].

8.2. Ethnicity and diet

Breast cancer is the most common malignancy among women regardless of their ethnic groups with a considerable difference in the
incidence between populations [134]. For instance, the breast cancer risk among Asian American women is lower than it is in
Caucasian American women with a small exception related to age and state [135]. This difference could be due to differences in
lifestyles between them, like the diet rich in soybean content [136]. Another diet that has contents of foods lowering breast cancer
incidence is the Mediterranean diet as opposed to a Western diet style, which increases that risk [137]. Other examples of foods
associated with a higher risk of breast cancer are foods like Ultra-processed foods [138], red meats, higher than 450 g of milk intake per
day [139], saturated fats [140], and alcohol [141,142]. However, fruits, vegetables, fatty fish [143], soybean [144], food containing
f-carotenoids [145], mushrooms [146], and olive oil [147] are associated with lowering breast cancer risk. Fruits and vegetables
specifically reduce the risk of postmenopausal breast cancer as well as estrogen, progesterone positive, and negative breast cancers
[148].

8.3. Obesity

Weight and body mass index (BMI) can affect breast cancer by the high amounts of aromatase enzymes due to the high content of
adipose tissue [149]. It has different effects on different breast cancer subtypes, increasing the incidence of triple-negative breast
cancer in premenopausal women and decreasing the incidence of the luminal A subtype of breast cancer [150], but has a weaker effect
on increasing breast cancer in postmenopausal women [151].

8.4. Microbiota and breast cancer

Dysbiosis was found to make an impact on the effectiveness of chemotherapy drugs and prefer the environment of tumor devel-
opment, suggesting an association between gut dysbiosis and the progression of cancers, autoimmune disorders of the gut, or in-
flammatory diseases. Even with the presence of some skeptical concerns about whether breast cancer development is due to this
dysbiosis or the natural selection of microorganisms that can survive in a carcinogenic environment with special nutritional
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requirements [152], a diversity of lipid types suggest lipid signatures for the bacterial growth species in breast cancer compared to
healthy breast tissue [153]. Breast cancer environment was reached in higher numbers of Phylum Proteobacteria, families Micro-
coccaceae, Caulobacteraceae, Rhodobacteraceae, Nocordioidaceae, and Methylobacteriaceae, and genus Propionicimonas compared to
benign healthy breast tissue, even with different types of breast cancer like HER2, Luminal A, Luminal B, ER+ the type of microbiome
was diverse and different [154]. A shifting of microorganism types was estimated from the healthy breast tissue and cancerous
including the presence of microorganisms that will raise the local breast estrogen exposure level by glucuronidation like S. pyogenes
[155]. To support the role of breast microbiota in breast cancer either as an inducer or consequence of the disease, a study has been
done at St. Joseph’s Hospital in London, Ontario, Canada by collecting samples from women, aged between 19 and 90 with healthy
breasts or with breast cancer. These women underwent breast surgery and the researchers found that breast cancer microbiota was
made up of collocation of bacteria that end up with DNA damage and breaks in Vitro including Bacillus, Enterobacteriaceae, Staphy-
lococcus, and Escherichia coli (a member of the Enterobacteriaceae family) and Staphylococcus epidermidis rising [156]. Fernandez et al.
support the relationship between the gut microbiota and breast cancer development in many ways. The gut contains many glucu-
ronidase bacteria, including the Clostridium leptum cluster and the Clostridium coccoides cluster, which are members of the Firmi-
cutes phylum. The first method, which included deconjugation of contacted estrogen, came from an endogenous source or even an
exogenous source of estrogen through the bile pathway. This deconjugation process will be aided by the Proteobacteria phylum’s
Escherichia/Shigella bacterial group, which increases the blood level of estrogen. Additionally, the second method involves the
function of Firmicutes and Bacteroidetes bacteria of the gut, which are in charge of processing the colon. These bacteria discovered that
nutrients were present in much higher ratios among obese women, knowing that obesity is an indirect link between breast cancer and
the gut microbiome [157]. The gut microbiome, which is thought to play a role in the development of breast cancer, should be the first
thing to be targeted during breast cancer treatment or even prevention because there is a clear indication that there is a difference
between microbial patterns in healthy breast tissue and women with breast cancer where many DNA breakers are found. Additionally,
researchers should discover a means of preventing dysbiosis so that the microbiome balance in breast tissue remains constant and does
not change [158,159]. The favorable effects of probiotic therapy on the treatment of breast cancer contradict the idea of the negative
effects of microbiota and its function in breast cancer given that this bacterium also contributes to the metabolism of cytotoxic
medicines [160]. Another study confirmed the beneficial effects of probiotics in preventing the growth and even genesis of breast
cancer. By avoiding dysbiosis, we can improve the balance of the gut’s metabolic activity and lower obesity, which is known to increase
the risk of breast cancer [161]. Many bacteria found in breast cancer patients have an inverse relationship to the prognosis of breast
cancer, a point that should be taken into consideration in the future of breast cancer treatment strategies. These bacteria may affect
body weight, chemotherapy agents, and even the potential of neurological side effects [162].

8.5. Smoking

Breast cancer in active or passive smokers can’t be negligible knowing that this tobacco smoke included a lot of carcinogens of
breast tissue, especially mammary cells. The enzyme N-acetyltransferase 2 (NAT2) was found to play a role in the detoxification and
eradication of tobacco smoke chemicals so genetic polymorphisms of this enzyme gene will play a role to determine whether you are a
fast or slow acetylators. Moreover, being a slow acetylators with a long history of smoking increases the risk for breast cancer
development two times. The onset of smoking was found to increase the risk, like young age or long history of smoking before the first
term of pregnancy [163]. Jones et al. reported in their cohort study that the risk of breast cancer and smoking was potentially sup-
ported, especially if the onset of smoking was even before the menarche in young girls with a family history of breast cancer [164].
Breast cancer at early stages before lymph node metastasis or organ spread was found to begin at higher rates among smokers of
younger age [165]. Another study found that smoking plays a significant role in the prognosis of breast cancer with higher rates of
mortality before or after the diagnosis of breast cancer [166].

8.6. Oral contraceptive

Several reviews support the idea that oral contraceptives increase BC risk especially, in up five years of use or before the first
pregnancy [167,168]. A similar study suggests that from first pregnancy and up the breast becomes well-differentiated and the
carcinogenic effect is negligible of oral contraceptives on breast tissue especially mammary cells of the breast, compared to the
established risk of oral contraceptives and breast cancer at the age before menarche even during the prenatal period [169]. The data is
still not enough to powerfully support the relationship between the oral contraceptive in breast cancer and the variable impact of oral
contraceptives on different breast tissue receptors, which are the main players in breast cancer development like estrogen receptor
(ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2) [170]. A Cohort study found that women with
positive BRCA1 and BRCA2 mutations developed a significant risk of breast cancer but only in the short term, while lifelong combined
oral contraceptives (estrogen and progesterone) reduced the cancer risk, but some drugs like hormonal replacement therapy were
found to interfere with this protective long term positive impact of this combined oral contraceptive [171]. Many mechanisms like the
disruption of endocrine system balance or provoking breast cancerous cells or even promoting metastasis for present cancerous cells in
the tissue of the breast, was found to be strongly related to the onset of the use of oral contraceptive despite the other relations like the
combination with progesterone or long-term effect of oral contraceptive drugs [172]. Ovarian and endometrial cancer in oral con-
traceptive women users was found to protect against them compared with limited risk for breast cancer development [173].
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8.7. Tamoxifen and aromatase inhibitors

Most women with breast cancer are in a premenopausal state and a wide range of patients are hormone receptor-positive.
Therefore, the use of blockers for this hormonal receptor was the way of treatment for a long time like Tamoxifen, but in the last
years with the appearance of aromatase inhibitors, the directions are more toward using aromatase inhibitors, especially with
gonadotropin-releasing hormone (GnRH) agonists showed to have a promising effect on the treatment of hormone receptor-positive
particularly in premenopausal women [174]. The adjuvant and neoadjuvant hormonal therapies with aromatase inhibitors with or
without combination with tamoxifen showed different impacts on the effectiveness of the treatment and management of breast cancer.
In neoadjuvant therapy, trials showed that aromatase inhibitors like (anastrozole, letrozole, and exemestane) are more effective than
tamoxifen. Compared to conflicting outcomes in adjuvant therapy, the main component of which is tamoxifen. However, we can’t
deny the combination with aromatase inhibitors showed a powerful impact on breast cancer treatment despite the different regimens
and duration of treatment in adjuvant therapy of breast cancer. Also, the risk of osteoporosis and thromboembolism should be kept in
mind when dealing with the different toxic effects of each drug [175]. With the documented side effects of some breast cancer therapy
even if they are not that common, we can overcome them with other medications like bisphosphonates for bone fracture with aro-
matase inhibitors. The use of aromatase inhibitors in premenopausal women with early-stage of estrogen receptor-positive (ER+) is not
that effective compared to postmenopausal women to reduce the mortality rate, except if we use ovarian suppression agents by then
the therapy may show the promising result in premenopausal women. So, in premenopausal women, tamoxifen will preserve its
significant impact on mortality as indicated many years ago compared to aromatase inhibitors [176]. The recommendations from the
American Society of Clinical Oncology (ASCO) panel to use an aromatase inhibitor in postmenopausal women especially the third
generation of them including anastrozole, letrozole, and exemestane in estrogen-positive breast cancer with or without tumor
metastasis i.e. as adjuvant therapy was more effective even before the tamoxifen therapy initiated [177]. In the reduction and even
absence of estrogen source from ovaries in postmenopausal women, the adipose tissue represents the core fuel for estrogen
receptor-positive breast cancer in postmenopausal women a process needed aromatase to catalyze the final and rate-limiting step in the
biosynthesis of estrogen. Accordingly, using aromatase inhibitors in hormone receptor-positive breast cancer in postmenopausal
women is still the gold standard treatment. Also, the availability of MEK inhibitors, Raf inhibitors, PI3K inhibitors, mTOR inhibitors,
and Akt inhibitors support the guidelines to continue in the same rhythm of management of cancer in postmenopausal women despite
the resistance issue of aromatase inhibitors by them [178]. Consequently, the resistance issue for estrogen-positive breast cancer that is
treated with the hormonal therapy pathway is the main boundary against hormonal therapy. However, the addition of inhibitors for
many of these resistant pathways along with hormonal therapy may represent the way of overcoming this challenge in
estrogen-positive breast cancer treatment [179]. The treatment is not always the case, the directions even support the prevention and
development of breast cancer by using hormonal agents like tamoxifen, especially in women with a family profile of breast cancer
[180]. With the wide spread of nonsteroidal anti-inflammatory drugs (NSAIDs) finding a relation between using them and the risk or
even prevention of breast cancer represent a matter of interest. A recent study published in 2020 reported that using nonsteroidal
anti-inflammatory drugs (NSAIDs) after using Proton pump inhibitors showed to reduce the risk of breast cancer. This is a promising
result that needs further investigations and studies to generalize the results [181]. Likewise, statins for a long time, used for controlling
elevated cholesterol levels and maintenance of the prognosis of ischemic artery diseases, even approved using them as tumor-killing
medication with an established role of them in decreasing the mortality and the recurrence of breast cancer have been found in the
patients. On the other hand, poor data about using statins for targeted therapy for breast cancer particularly with local or metastasis
conditions or even in the wide diversity of breast cancer types [182].

8.8. Local hormone therapy

One of the postmenopausal complications in women is the complaining of genital changes like vaginal atrophy and symptoms of
hot flashes due to changes in the hormonal balance mainly of estrogen in their body at that period of their life. Accordingly, the
availability of synthetic topical estragon analog to relieve genital symptoms only showed no link to increases in the risk of heart disease
or cancer risk in general [183]. So the effectiveness of topical estrogen for the treatment of genital and even urological symptoms as
well in postmenopausal women can’t be denied, but we should be aware of the risk of recurrence of breast cancer secondary to estrogen
medications for those purposes [184]. In diagnosed breast cancer patients who are on therapies like aromatase inhibitors, it showed its
effect on the genitalia of the women ranging from simple dryness to petechial bleeding and painful intercourse. Therefore, using topical
estrogen may relieve these symptoms, and even though it should be used with caution, the patient must understand that using this
topical estrogen that will relieve the genital symptoms may increase the recurrence rate of breast cancer that she already had [185].
Nevertheless, insufficient statistical evidence was estimated for the risk of breast cancer recurrence for patients who were treated with
aromatase inhibitors and using a topical hormonal treatment for vaginal symptoms like dryness at the same time. However, patients
who were treated with tamoxifen showed no elevated risk of recurrence compared with aromatase inhibitor-treated patients [186].
Another study suggests that the postmenopausal women who were treated with aromatase inhibitors and took topical estrogen
treatment for the vaginal symptoms secondary to aromatase inhibitors showed poor systematic uptake indicating an indirect to
decrease the suspicion of using this topical hormonal therapy and breast cancer recurrence [187]. The alternatives like selective es-
trogen receptor modulators (SERM) e.g. ospemifene and others like promestriene are better compared to the risky treatment by vaginal
estrogen at least for short-term therapy for vaginal symptoms [188].
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8.9. Hormone replacement therapy

Hormonal replacement therapy showed effective outcomes in the treatment of menopausal symptoms in women like hot flashes
[189]. A Nested case-control study concluded that breast cancer risk, especially lobular type, was increased by a long period of using
hormonal replacement therapy [190]. Women with the famous breast cancer mutations BRCA1 and BRCA 2 who did prophylactic
salpingo-oophorectomy (RRSO) followed the use of hormonal replacement therapy showed no effect on the breast cancer risk at least
for estrogen formulation alone of hormonal replacement therapy [191]. Topical forms of hormonal replacement therapy or proges-
terone alone hormonal replacement therapy were reflected in opposite to estrogen or combined estrogen-progesterone hormonal
therapy to not linked with elevating the risk of breast cancer. Other factors like body weight play a role in directing the risk, which
shows slim women with higher risk compared to obese ones who used hormonal replacement therapy [192].

9. Prenatal estrogen exposure and the risk of breast cancer

The variety of estrogen concentrations during pregnancy among pregnant women is explained by the impact of numerous exog-
enous variables on estrogen levels in the intrauterine period. In comparison to estrogen during the intrauterine period, when levels are
ten times higher, the adult lifetime estrogen level is often significantly lower. Furthermore, estrogen is one of the key players in the
development of breast cancer. Trichopoulos put up a theory that claims that the risk of breast cancer starts even before conception, or
in utero [193,194].

To calculate the chance of getting breast cancer later in life, many studies employed indirect indicators of estrogen levels during
pregnancy. Some of these indicated factors, such as greater mother age and having twins, have been linked to an increased risk of
breast cancer after pregnancy, while others, such as maternal smoking, have been linked to a decreased chance of developing breast
cancer in later life [195]. Even the chance of acquiring breast cancer varies amongst twins, according to a study, with dizygotic twins
exposed to more estrogen having a higher risk than monozygotic twins [196]. Diethylstilbestrol (DES), an exogenous estrogen analog,
was used by women to stabilize pregnancies and lower the chance of several pregnancy problems, including abortion [197]. It was
discovered to contribute to the later development of breast cancer in their daughters, which was explained by its influence on DNA
methylation by raising DNA methyltransferases (DNMTs) levels, which in turn affected the genes of the mammary gland in the breast
that are responsive to estrogen [198,199].

However, other research revealed that conditions including pre-preeclampsia and twins will secrete less potent forms of estrogen-
like E3 and E4, and even in rare cases, may lower intrauterine estrogen [200]. For the first three months of pregnancy, when an in-
crease in several hormone levels, including estrogen, may indicate that a protective factor has not been triggered, birth weight and its
relationship to hormonal levels during pregnancy are not a particularly promising indicator for the risk of breast cancer [201]. Given
that most left-handed people are at a lesser risk for breast cancer, an interesting study discovered that early life androgen, specifically
testosterone in comparison to estrogens, is proposed as preventive against the disease [202]. The Digit ratio, which not only predicts
the probability of getting breast cancer but also the onset of it, is another promising study of predicting breast cancer risk using
non-invasive techniques. Which is how it depicts the prenatal testosterone level that may be linked to a lower risk of breast cancer
[203].

10. Fibroadenoma

Fibroadenoma of the breast is common among all ages with a peak incidence during the second and third decades occurring in 25%
of females [189,204]. Histologically, the fibroadenoma is a biphasic tumor consisting of an epithelial and a stromal component. The
epithelial component of it is similar to normal breast epithelium [205]. However, the incidence of carcinoma in situ and invasive
carcinoma originating from fibroadenoma is 0.3% [205]. Moreover, the classification of fibroadenomas is based on their histology and
size. Simple fibroadenomas are the most common type and can occasionally manifest as a smooth movable mass up to 3 c¢cm in
diameter. Giant fibroadenomas are less common but can appear throughout adolescence [206].

The clinical assessment of fibroadenomas involves clinical examination (history, physical examination) imaging, and non-surgical
tissue biopsy (triple test) [207]. It is usually present as an encapsulated, mobile, rubbery, non-tender mass [208]. Ultrasound is used in
younger women while mammography is combined with ultrasound in older women for the diagnosis of fibroadenoma. Notwith-
standing, the most accurate way to confirm the diagnosis is tissue biopsy, which is performed by either fine-needle aspiration or core
biopsy [207]. Fibroadenomas are accounting for <50% of all breast biopsies in Tokyo, New York, and Nigeria [189]. Asymptomatic
fibroadenomas are managed conservatively while symptomatic fibroadenomas are managed by surgical excision [207].

As mentioned earlier, the fibroadenoma is a biphasic breast lesion in which both epithelial and stromal components of the terminal
ductal unit proliferate [205]. The primary event is usually thought to be stromal cell proliferation, followed by epithelial cell pro-
liferation. Furthermore, as women age, the stroma becomes less cellular and more hyalinized [209]. Although these findings occur in
young women and sclerotic involution in the elderly, the fibroadenoma is hormonally dependent [210]. A recent discovery of higher
plasma levels of estradiol in patients with fibroadenoma supports this hypothesis [211].

The estrogen receptor (ER)-a is the traditional mediator of the response to estradiol. Although ER-« is mostly expressed by epithelial
cells in fibroadenoma, its expression by stromal cells remains controversial. According to a recent investigation, only the ER-f} isoforms
were detected in the stromal cells of adult human mammary glands. Recent studies revealed that ER-p activates a heterogeneous
fibroblast population with different lifespans in the stroma of fibroadenomas. In fibroadenomas, ER-B-related myofibroblastic dif-
ferentiation of fibroblasts may influence matrix remodeling and inhibition of the sclerotic involution [211].

11



K. Al-Shami et al. Heliyon 9 (2023) 20224

In young premenopausal women, the incidence and development of fibroadenoma are dependent on their reproductive history and
the presence of ovarian hormones. In addition, environmental factors may affect endogenous estrogen levels and cause hormonal
dysfunction, and menstrual fluctuations, which may increase the risk of fibroadenoma, and some lifestyle factors with antiestrogenic
effects may reduce the risk of fibroadenoma. Also, early pregnancy appears to prepare the breast for lactation, while estrogens and
other circulating hormones stimulate the fast proliferation of epithelial breast tissue, followed by hormonally driven mammary
epithelium differentiation. This early differentiation could prevent epithelial cells from developing fibroadenoma, which is caused by
estrogen-dependent hyperplasic processes. Even while the preventive effects of OCPs containing >50 mcg estrogen (but not for
progestogen-only OCPs) were suggested, the current studies showed that the incidence of fibroadenoma is not higher in women who
use oral contraceptives for longer periods. Likewise, severe stress, which can raise endogenous estrogen levels, was considered another
possibility in this aspect. However, further research is needed to determine the involvement of psychological illnesses in the occurrence
of fibroadenoma [212].

11. Fibrocystic breast disease (FBD)
11.1. Pathophysiology of FBD

Fibrocystic changes refer to several clinical and histological abnormalities in the female mammary gland. Some of these should be
viewed as a disorder of physiological development, maturation, and involution rather than a disease. Moreover, fibrocystic changes are
common in around 50% of all women over the age of 30 2°%. This disease progresses with premenopausal age and is most noticeable in
women in their forties. While fibrocystic changes regress during the postmenopausal period. The pathophysiology of fibrocystic
changes is determined by estrogen dominance and progesterone deficiency, which results in connective tissue hyperproliferation and
fibrosis and is followed by facultative epithelial proliferation. Likewise, the risk of breast cancer is increased two to fourfold in these
patients [213]. Proliferative and non-proliferative fibrocystic changes are classified according to their risk [204].

One of the key pathophysiological issues in fibrocystic breast diseases is the prevalence of elevated estrogen concentration
throughout the menstrual cycle [214]. Likewise, changes in the concentration of steroid receptors and their affinity for estradiol may
cause hormonal imbalance, which leads to the interlobular connective tissue to accumulates mucosal edema under the influence of
estrogen, resulting in swelling and hyalinization. All of these factors could have an impact on the appearance of mastopathy and
sclero-cystic changes. Estrogen stimulates the synthesis of DNA, mitotic activity, differentiation, and proliferation of breast cells and
connective tissue at the cellular level [215].

11.2. Clinical assessment of FBD

The clinical assessment of fibrocystic changes involves clinical examination (history, physical examination) imaging, and fine-
needle aspiration [207]. Benign cysts are rubber-like in texture and move about within the glandular breast tissue, chest wall, and
skin. Except for inflammatory cysts, a patient’s discomfort and tenderness are either absent or mild [216]. Upon additional clinical and
diagnostic investigation, the majority of patients present with multiple cysts. These cysts are seen as well-circumscribed, oval to
circular, anechoic, or hypoechoic foci of varied sizes on ultrasonography. On the other hand, simple cysts must be distinguished on
ultrasonography from complex cysts. Only large lesions that induce persistent symptoms require aspiration. The color and viscosity of
cyst fluid can range from a clear, thin content to a whitish, opaque secretion to a dirty-green, bluish, or gray secretion. Notwith-
standing, the color has no diagnostic value [204].

11.3. Risk factors of FBD

Gallicchio et al. showed weakly relationship between breast cancer and ESR1 variations and one of the four ESR2 variants
investigated in 1438 Caucasian women with benign breast disease [217]. Obesity and excess body fat, according to current knowledge,
are the causes of increased estradiol and estriol production (product of estradiol transformation) suggesting that a higher BMI may
have an indirect effect on the development of FBD (through hyperestrogenemia) [214].

12. Ductal pathology
12.1. Ductal hyperplasia

The terminal duct lobular unit (TDLU) is formed when normal breast ducts come to an end. The duct terminates in lobules made up
of acini, which are tiny glandular structures. Inner luminal epithelial cells and outer luminal myoepithelial cells make up the bilayer
that lines the ductal-lobular systems [218]. The TDLU is where the majority of breast lesions (both benign and malignant) occur.
Atypical ductal hyperplasia (ADH) is clonal epithelial cell proliferation within the duct. The TDLU or the interlobular ducts are
involved in ADH. ADH has small, spherical, monomorphic, non-overlapping cells with homogeneous nuclei, uncommon mitosis, and
inconspicuous nucleoli, as well as other atypical histological characteristics [219].

In breast tissue, atypical ductal hyperplasia is a pathogenic condition. Atypical Ductal Hyperplasia (ADH) is generally discovered
by chance on needle biopsy specimens taken in response to aberrant mammography findings. Because atypical ductal hyperplasia is
associated with an increased risk of breast cancer, it is classified as a "high-risk" lesion rather than a "precursor" lesion. The difference is

12



K. Al-Shami et al. Heliyon 9 (2023) 20224

that breast cancer associated with ADH can occur anywhere in the breasts, not just in the ADH area. The true incidence of ADH is
unknown because most cases are discovered by chance. Once discovered, it is known to raise the risk of breast cancer by about fivefold
[220]. It is critical to address risk reduction techniques if atypical ductal hyperplasia has been diagnosed and breast cancer has been
ruled out. Moreover, the use of tamoxifen as a treatment option for these women is one such measure [221]. If a core needle biopsy
reveals breast cancer, a more comprehensive excisional biopsy is required to rule out the disease. If on excisional biopsy, only ADH is
discovered, the patient is surgically complete. This includes cases with positive margins. There is no need for node sampling or
mastectomy because ADH is not a malignancy [222].

12.1.1. Role of estrogen in ADH

Estrogen is thought to play a role in the pathophysiology of breast cancer by promoting normal growth of the breast epithelium
through the estrogen receptor’s mechanism of absorption into the cell [223]. As mentioned earlier, ER expression is found in both
normal and malignant breast epithelium to a greater extent [224]. In both normal breast epithelium and ductal hyperplasia of the usual
type, ER expression appears to increase with age, considering ER expression is generally low in the normal ductal epithelium and
higher in proliferative breast disease, particularly when linked with atypia and carcinoma in situ [225]. Increased ER expression in
normal ductal hyperplasia has also been linked to breast cancer risk in one case-control study [226]. However, no studies have looked
at the impact of ER expression on breast cancer risk in women with atypical hyperplasia, which is a known higher-risk group [227].
Moreover, long-term follow-up of the NSABP P-1 study, one of the largest prospective breast cancer prevention trials, has revealed a
risk decrease of breast cancer in women with past atypical hyperplasia taking tamoxifen, presumably through the ER [221].

These clinical findings, along with previous research on ER expression in other benign breast epitheliums, suggest that ER
expression in atypical hyperplasia could be a predictor of breast cancer risk in the future. The researchers wanted to look at ER
expression in atypical hyperplasia and see if there were any links to age at biopsy, the reason for biopsy, type of atypia, number of
atypical foci, involution status, and family history, as well as see if there was any link between ER expression in atypia and subsequent
breast cancer risk [221]. A large cohort of women with atypical hyperplasia was studied, and it was discovered that ER expression is
higher in atypical ductal hyperplasia than in atypical lobular hyperplasia. In contrast to previous research, they discovered that ER
expression increased with age at the time of diagnosis of atypical hyperplasia. Despite evidence that estrogen exposure is linked to an
increased risk of breast cancer and that atypical hyperplasia has more ER expression than normal breast epithelium, the degree of ER
expression in atypical hyperplasia does not correlate with the risk of breast cancer [228].

12.2. Carcinoma In Situ (CIS)

Carcinoma In Situ (CIS) of the breast is a heterogeneous collection of lesions that covers a broad range of clinical and histological
changes. Biologically; CIS can range from biologically aggressive lesions with a high chance of progressing to invasive carcinoma to
lesions with very low malignant potential. There are two forms of CIS, ductal carcinoma in situ (DCIS) and lobular carcinoma in situ
(LCIS). CIS is common, and it is expected that roughly 20% to almost a third of all women will get it during their lives [229].

12.2.1. Ductal Carcinoma In Situ (DCIS)

DCIS is an early, localized stage of breast cancer [230]. It accounts for up to 15% of newly diagnosed breast tumors, and micro-
calcifications are usually used to detect them [231]. Moreover, a considerable majority of these tumors will progress to invasive
carcinoma if left untreated. DCIS, on the other hand, has a favorable prognosis when properly treated [230]. In individuals with
non-palpable, mammographically discovered DCIS, mammographically guided wire biopsy remains the gold standard for achieving a
histological diagnosis [232]. The optimal management of DCIS remains controversial. The goal of DCIS treatment is to keep the disease
localized and prevent it from progressing to invasive carcinoma [230]. Mastectomy, local excision with radiation therapy, and local
excision alone are all possible treatment choices [232]. Total mastectomy was the treatment of choice for DCIS for decades, and it
should still be considered the gold standard against which more conservative treatments must be measured. Additionally, mastectomy
is related to a 1% chance of chest wall recurrence, and axillary lymph node dissection is not routinely recommended. On the other
hand, mastectomy is likely overtreatment in a significant number of patients, particularly those with minor, mammographically
diagnosed lesions. Moreover, local excision alone has been recommended in carefully selected individuals, whereas the rest of the
patients undergoing breast-conservation surgery should get breast irradiation. There is evidence that breast-conservation therapy is an
effective alternative in the management of selected DCIS patients. The use of radiotherapy after lumpectomy reduces the risk of
recurrence significantly. The most common predictors of recurrence include nuclear grade, comedo necrosis, and margin involvement.
Adjuvant chemotherapy has no role in the treatment of this disease. Although tamoxifen’s significance in the treatment of DCIS is
unclear, it should only be used in patients who are participating in clinical trials. Approximately half of all tumors relapse as invasive
cancer after breast conservation therapy. The majority of patients with recurrent disease can be properly treated, usually with a salvage
mastectomy, but in certain cases with breast-conservation therapy [231].

12.2.2. Lobular Carcinoma In Situ (LCIS)

This form of breast cancer starts in lobules and terminal ducts and is more common and more frequent than this incident would
seem to suggest. When the tumor invades, it often does so in an odd way that enables one to recognize the likelihood of such an origin
even though it is hard to trace it after some experience. Furthermore, it is frequently possible to find peripheral areas where lobular
carcinomatosis in situ is still clearly visible in the completely infiltrative form. Thus, out of these same 300 examples, 5 had a very
distinct pattern, 2 had one that was only moderately developed, and 5 had one that was certainly there but was insufficient [233].

13



K. Al-Shami et al. Heliyon 9 (2023) 20224

12.3. Invasive ductal carcinoma (IDC)

Invasive ductal carcinoma (IDC) is a highly malignant subtype of breast cancer that belongs to the classification of epithelial tu-
mors. It is the general designation for nonspecific invasive carcinoma that belongs to the epithelial tumors classification group. IDC is
the most frequent kind of breast cancer in women, and it is also the main cause of cancer-related death [234]. The most dramatic
transcriptome alteration occurs at the normal to DCIS transition, while others have found that different stages of breast cancer (ADH,
DCIS, and IDC) are highly similar at the transcriptome level [235].

13. Estrogen-secreting tumors in developing breast cancer

Granulosa cell tumors (GCT) and thecoma are called estrogen-producing tumors. Researchers found that there is a relationship
between these tumors and an increased risk of breast cancer [236]. With the Danish female population as a benchmark, the team of
Hammer Anne discovered evidence of a markedly higher incidence of breast cancer in women with GCT. Only a few papers on the
likelihood of breast cancer in women with GCT were found by them. Ohel et al. discovered a 6.4% incidence of breast cancer in 172
women during a 15-year follow-up study carried out in 1983, which is similar to the data of Hammer Anne et al. study [236-239]. 200
women with GCT or theca cell tumors had a 5.5% incidence of breast cancer, according to Evans et al. study. Three women were
diagnosed with breast cancer before the GCT diagnosis, and eight other women received the diagnosis. In the study by Bjorkholm et al.,
936 women who had been diagnosed with either a GCT or a theca cell tumor had a 2% incidence of breast cancer. Four women received
diagnoses concurrent with GCT diagnoses, while 15 women received diagnoses post-GCT diagnoses. In addition, reports of an
increased incidence of thyroid cancer, endometrial carcinoma, lymphoma, and colon cancer were made [237,238]. In these in-
vestigations, there was no distinction made regarding the incidence of breast cancer between women with GCT and those with theca
cells. Therefore, it is unknown what the actual incidence of breast cancer is among women with GCT. However, Bjorkholm reported a
3.3% incidence of breast cancer among 153 GCT women in different research. Bjorkholm also discovered that GCT women had a
considerably higher risk of cardiovascular disease in this investigation. Although the hormonal balance being disturbed was proposed
as a potential cause, this has not been supported by other research [239].

14. Role of estrogen in breast cancer in males

Male breast cancer is a rare type of cancer that accounts for fewer than 1% of all malignancies in men and 1% of all breast cancers.
However, the incidence of the disease is increasing, reaching 15% in some patient groups throughout their lives [240]. It is most
common in people over the age of 60 24!, There are already identifiable risk factors such as constitutional, environmental, hormonal
(abnormalities in estrogen/androgen balance), and genetic (positive family history, Klinefelter syndrome, mutations in BRCA1 and
especially BRCA2) factors. In 75% of cases, the clinical manifestation is a painless hard and fixed nodule in the subareolar region, with
nipple commitment occurring earlier than in women [242]. The most common type of male breast cancer is infiltrating ductal car-
cinoma which represents around 70-90%. Only 7% of cases of in situ but non-invasive cancer are ductal [241]. Clinical examination,
combined with a confirming biopsy, is still the most important step in evaluating men with breast lesions [242]. The conventional basic
treatment is Patey’s mastectomy, which is a modified radical mastectomy with the removal of certain lymph nodes [241]. Hormone
metabolic abnormalities linked to high estrogen or prolactin levels appear to be the causative mechanism. Progesterone and estrogen
receptors are found in tumors in men more commonly than in women. According to immunohistochemistry and the vast majority of
cases are estrogen receptor alpha (ER) positive. This indicates that this steroid hormone receptor plays a role in tumor formation and
progression [243]. Also, about 75% of all tumors express estrogen and progesterone receptors, which become more positive as the
patient gets older [244].

15. Conclusion

Estrogen homeostasis and tissue-specific exposure to estrogen and its metabolites are influenced by genetic and environmental
variables. Uncertainty exists regarding the relative impact of the changing serum estrogen levels linked to the menstrual cycle in
premenopausal women and the more constant levels in postmenopausal women on the total lifetime exposure to estrogen. When
considered collectively, the body of evidence is consistent with the idea that estrogen and its metabolites are connected to both the
beginning and advancement of breast cancer, albeit these connections are complicated. Recent findings from sizable clinical trials of
selective estrogen receptor modulators provide more proof of the link between estrogen and the risk of breast cancer. Tamoxifen’s
antiestrogenic impact lowered the incidence of breast cancer in healthy premenopausal and postmenopausal women who were at
higher risk for the condition, while raloxifene did the same for postmenopausal women who had osteoporosis. Although a link between
estrogen exposure and the risk of breast cancer has been shown in some populations of women, the risk for a given woman cannot be
precisely predicted. Breast density on mammography, serum estrogen concentrations, and bone mineral density are a few clinical
indicators of estrogen exposure that may help determine a woman'’s risk of breast cancer. Composite risk assessments based on these
and other risk variables, such as family and reproductive histories, may help us better understand the role of estrogen in the patho-
genesis of breast cancer and provide a more accurate evaluation of risk for specific women.

14



K. Al-Shami et al. Heliyon 9 (2023) 20224
Author contribution

Conceptualization: MSA and RMA. Study design, data collection, and data analysis: KA, SA and AK. Writing-Original draft prep-
aration: KA, AK, SA, AMA, SAS, RAB, SFA, AMA, and SHB. Writing- Reviewing and Editing the final manuscript: RMZ and MSA. All
authors reviewed, contributed, and approved the final manuscript version.

Funding
None.
Implications and contribution

Many of the factors highlighted in the review should be considered by researchers studying the impact of estrogens on breast cancer
disease (BCa).

Data availability statement

Data will be made available on request.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgement

The publication of this article was funded by the Qatar National Library.

References

[1] K. Soltysik, P. Czekaj, Membrane estrogen receptors-is it an alternative way of estrogen action, J. Physiol. Pharmacol. 64 (2013) 129-142.
[2] J. Cui, Y. Shen, R. Li, Estrogen synthesis and signaling pathways during aging: from periphery to brain, Trends Mol. Med. 19 (2013) 197-209.
[3] S. Nilsson, J.-A. Gustafsson, Estrogen receptors: their actions and functional roles in health and disease, in: Nuclear Receptors, Springer, 2010, pp. 91-141.
[4] Y. Zhang, X. Xiao, X.-M. Zhang, Z.-Q. Zhao, Y.-Q. Zhang, Estrogen facilitates spinal cord synaptic transmission via membrane-bound estrogen receptors:
implications for pain hypersensitivity, J. Biol. Chem. 287 (2012) 33268-33281.
[5] S. Zarate, G. Jaita, J. Ferraris, G. Eijo, M.L. Magri, D. Pisera, A. Seilicovich, Estrogens induce expression of membrane-associated estrogen receptor o isoforms
in lactotropes, PLoS One 7 (2012), e41299.
[6] R. Kumar, M.N. Zakharov, S.H. Khan, R. Miki, H. Jang, G. Toraldo, R. Singh, S. Bhasin, R. Jasuja, The dynamic structure of the estrogen receptor, J. Amino
Acids (2011) 2011.
[7] J. Jacob, K. Sebastian, S. Devassy, L. Priyadarsini, M.F. Farook, A. Shameem, D. Mathew, S. Sreeja, R.V. Thampan, Membrane estrogen receptors: genomic
actions and post transcriptional regulation, Mol. Cell. Endocrinol. 246 (2006) 34-41.
[8] R.A. Hess, D. Bunick, K.-H. Lee, J. Bahr, J.A. Taylor, K.S. Korach, D.B. Lubahn, A role for oestrogens in the male reproductive system, Nature 390 (1997)
509-512.
[9] M. Birkhauser, Treatment of pain in estrogen deficiency, Arch. Gynecol. Obstet. 259 (1996) S74-S79.
[10] E. Simpson, G. Rubin, C. Clyne, K.O. Donnell L. Robertson, S. Davis, M. Jones, Local estrogen biosyntesis in males and females, Endocr. Relat. Cancer 6 (1999)
131-137.
[11] E.R. Simpson, Sources of estrogen and their importance, J. Steroid Biochem. Mol. Biol. 86 (2003) 225-230.
[12] R. Li, J. Cui, Y. Shen, Brain sex matters: estrogen in cognition and Alzheimer’s disease, Mol. Cell. Endocrinol. 389 (2014) 13-21.
[13] H. Kuhl, Pharmacology of estrogens and progestogens: influence of different routes of administration, Climacteric 8 (2005) 3-63.
[14] R.IL Dorfman, Steroid hormone metabolism, in: Radioactive Isotopes in Physiology Diagnostics and Therapy/Kiinstliche Radioaktive Isotope in Physiologie
Diagnostik und Therapie, Springer, 1961, pp. 1223-1241.
[15] H.J. Buchsbaum, The Menopause, Springer Science & Business Media, 2012.
[16] E.L. Cavalieri, E.G. Rogan, M. Zahid, Critical depurinating DNA adducts: estrogen adducts in the etiology and prevention of cancer and dopamine adducts in
the etiology and prevention of Parkinson’s disease, Int. J. Cancer 141 (2017) 1078-1090.
[17] Z. Huang, M.J. Fasco, H.L. Figge, K. Keyomarsi, L.S. Kaminsky, Expression of cytochromes P450 in human breast tissue and tumors, Drug Metabol. Dispos. 24
(1996) 899-905.
[18] A.E. Cribb, M.J. Knight, D. Dryer, J. Guernsey, K. Hender, M. Tesch, T.M. Saleh, Role of polymorphic human cytochrome P450 enzymes in estrone oxidation,
Cancer Epidemiology and Prevention Biomarkers 15 (2006) 551-558.
[19] B.T. Zhu, A.H. Conney, Functional role of estrogen metabolism in target cells: review and perspectives, Carcinogenesis 19 (1998) 1-27.
[20] J. Schneider, M.M. Huh, H.L. Bradlow, J. Fishman, Antiestrogen action of 2-hydroxyestrone on MCF-7 human breast cancer cells, J. Biol. Chem. 259 (1984)
4840-4845.
[21] N.T. Telang, M. Katdare, H.L. Bradlow, M.P. Osborne, Estradiol metabolism: an endocrine biomarker for modulation of human mammary carcinogenesis,
Environ. Health Perspect. 105 (1997) 559-564.
[22] H. Bradlow, N. Telang, D. Sepkovic, M. Osborne, 2-hydroxyestrone: the’good’estrogen, J. Endocrinol. 150 (1996) S259-5265.
[23] J.G. Liehr, D. Roy, Free radical generation by redox cycling of estrogens, Free Radic. Biol. Med. 8 (1990) 415-423.
[24] N.J. Lakhani, M.A. Sarkar, J. Venitz, W.D. Figg, 2-Methoxyestradiol, a promising anticancer agent, Pharmacotherapy 23 (2003) 165-172.
[25] S. Dawling, N. Roodi, F.F. Parl, Methoxyestrogens exert feedback inhibition on cytochrome P450 1Al and 1B1, Cancer Res. 63 (2003) 3127-3132.
[26] V. Kerlan, Y. Dreano, J. Bercovici, P. Beaune, H. Floch, F. Berthou, Nature of cytochromes P450 involved in the 2-/4-hydroxylations of estradiol in human liver
microsomes, Biochem. Pharmacol. 44 (1992) 1745-1756.

15


http://refhub.elsevier.com/S2405-8440(23)07432-7/sref1
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref2
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref3
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref4
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref4
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref5
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref5
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref6
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref6
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref7
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref7
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref8
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref8
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref9
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref10
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref10
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref11
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref12
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref13
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref14
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref14
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref15
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref16
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref16
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref17
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref17
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref18
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref18
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref19
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref20
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref20
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref21
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref21
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref22
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref23
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref24
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref25
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref26
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref26

K. Al-Shami et al. Heliyon 9 (2023) 20224

[27]

[28]
[29]

[30]
[31]

[32]
[33]

[34]

[35]

[36]

[37]
[38]

[39]
[40]

[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]
[49]

[501]

[51]
[52]

[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]

[63]
[64]

[65]
[66]

[67]

[68]
[69]

[70]

E. Cavalieri, D. Stack, P. Devanesan, R. Todorovic, I. Dwivedy, S. Higginbotham, S. Johansson, K. Patil, M. Gross, J. Gooden, Molecular origin of cancer:
catechol estrogen-3, 4-quinones as endogenous tumor initiators, Proc. Natl. Acad. Sci. USA 94 (1997) 10937-10942.

J.G. Liehr, M.J. Ricci, 4-Hydroxylation of estrogens as marker of human mammary tumors, Proc. Natl. Acad. Sci. USA 93 (1996) 3294-3296.

N.W. Gaikwad, L. Yang, P. Muti, J.L. Meza, S. Pruthi, J.N. Ingle, E.G. Rogan, E.L. Cavalieri, The molecular etiology of breast cancer: evidence from biomarkers
of risk, Int. J. Cancer 122 (2008) 1949-1957.

J.A. Lavigne, J.E. Goodman, T. Fonong, S. Odwin, P. He, D.W. Roberts, J.D. Yager, The effects of catechol-O-methyltransferase inhibition on estrogen
metabolite and oxidative DNA damage levels in estradiol-treated MCF-7 cells, Cancer Res. 61 (2001) 7488-7494.

F. Lu, M. Zahid, M. Saeed, E.L. Cavalieri, E.G. Rogan, Estrogen metabolism and formation of estrogen-DNA adducts in estradiol-treated MCF-10F cells: the
effects of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin induction and catechol-O-methyltransferase inhibition, J. Steroid Biochem. Mol. Biol. 105 (2007) 150-158.
H. Bradlow, R. Hershcopf, J. Fishman, Oestradiol 16 alpha-hydroxylase: a risk marker for breast cancer, Cancer Surv. 5 (1986) 573-583.

A. Suto, H.L. Bradlow, G.Y. Wong, M.P. Osborne, N.T. Telang, Experimental down-regulation of intermediate biomarkers of carcinogenesis in mouse mammary
epithelial cells, Breast Cancer Res. Treat. 27 (1993) 193-202.

N.T. Telang, A. Suto, G.Y. Wong, M.P. Osborne, H.L. Bradlow, Induction by estrogen metabolite 16a;-hydroxyestrone of genotoxic damage and aberrant
proliferation in mouse mammary epithelial cells, JNCI (J. Natl. Cancer Inst.): J. Natl. Cancer Inst. 84 (1992) 634-638.

H.L. Bradlow, R.J. Hershcopf, C.P. Martucci, J. Fishman, Estradiol 16 alpha-hydroxylation in the mouse correlates with mammary tumor incidence and
presence of murine mammary tumor virus: a possible model for the hormonal etiology of breast cancer in humans, Proc. Natl. Acad. Sci. USA 82 (1985)
6295-6299.

M.P. Osborne, H.L. Bradlow, G.Y. Wong, N.T. Telang, Upregulation of estradiol C16a-hydroxylation in human breast tissue: a potential biomarker of breast
cancer risk, JNCI (J. Natl. Cancer Inst.): J. Natl. Cancer Inst. 85 (1993) 1917-1920.

J. Raloff, Estrogen’s emerging manly alter ego, Sci. News 152 (1997), 356-356.

C.-Y. Lin, A. Strém, V.B. Vega, S.L. Kong, A.L. Yeo, J.S. Thomsen, W.C. Chan, B. Doray, D.K. Bangarusamy, A. Ramasamy, Discovery of estrogen receptor o
target genes and response elements in breast tumor cells, Genome Biol. 5 (2004) 1-18.

B.J. Deroo, K.S. Korach, Estrogen receptors and human disease, J. Clin. Invest. 116 (2006) 561-570.

W.F. Anderson, K.C. Chu, N. Chatterjee, O. Brawley, L.A. Brinton, Tumor variants by hormone receptor expression in white patients with node-negative breast
cancer from the surveillance, epidemiology, and end results database, J. Clin. Oncol. 19 (2001) 18-27.

R. Héhnel, K. Spilsbury, Oestrogen receptors revisited: long-term follow up of over five thousand breast cancer patients, ANZ J. Surg. 74 (2004) 957-960.
W.D. Foulkes, L.E. Smith, J.S. Reis-Filho, Triple-negative breast cancer, N. Engl. J. Med. 363 (2010) 1938-1948.

S.M. Mahmoud, E.C. Paish, D.G. Powe, R.D. Macmillan, M.J. Grainge, A.H. Lee, 1.O. Ellis, A.R. Green, Tumor-infiltrating CD8+ lymphocytes predict clinical
outcome in breast cancer, J. Clin. Oncol. 29 (2011) 1949-1955.

B.T. Zhu, G.-Z. Han, J.-Y. Shim, Y. Wen, X.-R. Jiang, Quantitative structure-activity relationship of various endogenous estrogen metabolites for human
estrogen receptor o and p subtypes: insights into the structural determinants favoring a differential subtype binding, Endocrinology 147 (2006) 4132-4150.
E.J. Folkerd, M. Dowsett, Influence of sex hormones on cancer progression, J. Clin. Oncol. 28 (2010) 4038-4044.

J. Frasor, J.M. Danes, B. Komm, K.C. Chang, C.R. Lyttle, B.S. Katzenellenbogen, Profiling of estrogen up-and down-regulated gene expression in human breast
cancer cells: insights into gene networks and pathways underlying estrogenic control of proliferation and cell phenotype, Endocrinology 144 (2003)
4562-4574.

P.A. Hershberger, A.C. Vasquez, B. Kanterewicz, S. Land, J.M. Siegfried, M. Nichols, Regulation of endogenous gene expression in human non—small cell lung
cancer cells by estrogen receptor ligands, Cancer Res. 65 (2005) 1598-1605.

N.J. Rothenberger, A. Somasundaram, L.P. Stabile, The role of the estrogen pathway in the tumor microenvironment, Int. J. Mol. Sci. 19 (2018) 611.

E. Cerami, J. Gao, U. Dogrusoz, B.E. Gross, S.0. Sumer, B.A. Aksoy, A. Jacobsen, C.J. Byrne, M.L. Heuer, E. Larsson, The cBio Cancer Genomics Portal: an Open
Platform for Exploring Multidimensional Cancer Genomics Data, AACR, 2012.

J. Gao, B.A. Aksoy, U. Dogrusoz, G. Dresdner, B. Gross, S.0. Sumer, Y. Sun, A. Jacobsen, R. Sinha, E. Larsson, Integrative analysis of complex cancer genomics
and clinical profiles using the cBioPortal, Sci. Signal. 6 (2013) pl1-pll.

J.V. Bokhman, Two pathogenetic types of endometrial carcinoma, Gynecol. Oncol. 15 (1983) 10-17.

S. Akhter, S. Rutherford, F.A. Kumkum, D. Bromwich, I. Anwar, A. Rahman, C. Chu, Work, gender roles, and health: neglected mental health issues among
female workers in the ready-made garment industry in Bangladesh, Int. J. Wom. Health 9 (2017) 571.

A.C. Berger, A. Korkut, R.S. Kanchi, A.M. Hegde, W. Lenoir, W. Liu, Y. Liu, H. Fan, H. Shen, V. Ravikumar, A comprehensive pan-cancer molecular study of
gynecologic and breast cancers, Cancer Cell 33 (2018) 690-705, e699.

V. Jongen, J. Briét, R. de Jong, K. ten Hoor, M. Boezen, A. van der Zee, H. Nijman, H. Hollema, Expression of estrogen receptor-alpha and-beta and
progesterone receptor-A and-B in a large cohort of patients with endometrioid endometrial cancer, Gynecol. Oncol. 112 (2009) 537-542.

F. Shen, Y. Gao, J. Ding, Q. Chen, Is the positivity of estrogen receptor or progesterone receptor different between type 1 and type 2 endometrial cancer?
Oncotarget 8 (2017) 506.

R.J. Kurman, L.-M. Shih, The dualistic model of ovarian carcinogenesis: revisited, revised, and expanded, Am. J. Pathol. 186 (2016) 733-747.

P.T. Kroeger Jr., R. Drapkin, Pathogenesis and heterogeneity of ovarian cancer, Curr. Opin. Obstet. Gynecol. 29 (2017) 26.

M. Kébel, S.E. Kalloger, N. Boyd, S. McKinney, E. Mehl, C. Palmer, S. Leung, N.J. Bowen, D.N. Ionescu, A. Rajput, Ovarian carcinoma subtypes are different
diseases: implications for biomarker studies, PLoS Med. 5 (2008) e232.

A.L. Shafrir, A. Babic, M.G. Kuliszewski, M.S. Rice, M.K. Townsend, J.L. Hecht, S.S. Tworoger, Estrogen receptor-p expression of ovarian tumors and its
association with ovarian cancer risk factors, Cancer Epidemiology and Prevention Biomarkers 29 (2020) 2211-2219.

A.L. Shafrir, M.S. Rice, M. Gupta, K.L. Terry, B.A. Rosner, R.M. Tamimi, J.L. Hecht, S.S. Tworoger, The association between reproductive and hormonal factors
and ovarian cancer by estrogen-o and progesterone receptor status, Gynecol. Oncol. 143 (2016) 628-635.

J.L. Hecht, J. Kotsopoulos, S.E. Hankinson, S.S. Tworoger, Relationship between epidemiologic risk factors and hormone receptor expression in ovarian cancer:
results from the Nurses” Health Study, Cancer Epidemiology and Prevention Biomarkers 18 (2009) 1624-1630.

C. Bossard, M. Busson, D. Vindrieux, F. Gaudin, V. Machelon, M. Brigitte, C. Jacquard, A. Pillon, P. Balaguer, K. Balabanian, Potential Role of Estrogen
Receptor Beta as a Tumor Suppressor of Epithelial Ovarian Cancer, 2012.

G. Lazennec, Estrogen receptor beta, a possible tumor suppressor involved in ovarian carcinogenesis, Cancer Lett. 231 (2006) 151-157.

T. Rutherford, W.D. Brown, E. Sapi, S. Aschkenazi, A. Munoz, G. Mor, Absence of estrogen receptor-§ expression in metastatic ovarian cancer, Obstet. Gynecol.
96 (2000) 417-421.

K.K. Chan, M.K. Siu, Y.-x. Jiang, J.-j. Wang, Y. Wang, T.H. Leung, S.S. Liu, A.N. Cheung, H.Y. Ngan, Differential expression of estrogen receptor subtypes and
variants in ovarian cancer: effects on cell invasion, proliferation and prognosis, BMIC Cancer 17 (2017) 1-11.

L. De Stefano, G.F. Zannoni, M.G. Prisco, A. Fagotti, L. Tortorella, G. Vizzielli, L. Mencaglia, G. Scambia, D. Gallo, Cytoplasmic expression of estrogen receptor
beta (ERp) predicts poor clinical outcome in advanced serous ovarian cancer, Gynecol. Oncol. 122 (2011) 573-579.

A. Halon, E. Nowak-Markwitz, A. Maciejczyk, M. Pudelko, T. Gansukh, B. Gyoerffy, P. Donizy, D. Murawa, R. Matkowski, M. Spaczynski, Loss of estrogen
receptor beta expression correlates with shorter overall survival and lack of clinical response to chemotherapy in ovarian cancer patients, Anticancer Res. 31
(2011) 711-718.

A. Burges, A. Briining, C. Dannenmann, T. Blankenstein, U. Jeschke, N. Shabani, K. Friese, I. Mylonas, Prognostic significance of estrogen receptor alpha and
beta expression in human serous carcinomas of the ovary, Arch. Gynecol. Obstet. 281 (2010) 511-517.

G. Raven, F.H. de Jong, J.-M. Kaufman, W. de Ronde, In men, peripheral estradiol levels directly reflect the action of estrogens at the hypothalamo-pituitary
level to inhibit gonadotropin secretion, J. Clin. Endocrinol. Metabol. 91 (2006) 3324-3328.

C. Huggins, C.V. Hodges, Studies on prostatic cancer. I. The effect of castration, of estrogen and of androgen injection on serum phosphatases in metastatic
carcinoma of the prostate, Cancer Res. 1 (1941) 293-297.

16


http://refhub.elsevier.com/S2405-8440(23)07432-7/sref27
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref27
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref28
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref29
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref29
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref30
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref30
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref31
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref31
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref32
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref33
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref33
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref34
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref34
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref35
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref35
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref35
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref36
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref36
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref37
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref38
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref38
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref39
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref40
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref40
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref41
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref42
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref43
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref43
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref44
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref44
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref45
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref46
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref46
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref46
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref47
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref47
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref48
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref49
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref49
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref50
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref50
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref51
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref52
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref52
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref53
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref53
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref54
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref54
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref55
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref55
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref56
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref57
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref58
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref58
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref59
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref59
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref60
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref60
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref61
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref61
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref62
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref62
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref63
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref64
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref64
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref65
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref65
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref66
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref66
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref67
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref67
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref67
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref68
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref68
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref69
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref69
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref70
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref70

K. Al-Shami et al. Heliyon 9 (2023) 20224

[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]

[84]
[85]

[86]

[87]
[88]

[89]
[90]
[91]

[92]
[93]

[94]
[95]
[96]

[971
[98]

[991

[100]
[101]

[102]
[103]
[104]

[105]
[106]

[107]
[108]

[109]
[110]

[111]
[112]
[113]
[114]
[115]
[116]

[117]
[118]

[119]

H. Bonkhoff, R. Berges, The evolving role of oestrogens and their receptors in the development and progression of prostate cancer, Eur. Urol. 55 (2009)
533-542.

P.B. Singh, S.S. Matanhelia, F.L. Martin, A potential paradox in prostate adenocarcinoma progression: oestrogen as the initiating driver, EJC (Eur. J. Cancer) 44
(2008) 928-936.

M.C. Bosland, A perspective on the role of estrogen in hormone-induced prostate carcinogenesis, Cancer Lett. 334 (2013) 28-33.

R.L. Siegel, K.D. Miller, N.S. Wagle, A. Jemal, Cancer statistics, 2023, CA A Cancer J. Clin. 73 (2023) 17-48.

S. Lei, R. Zheng, S. Zhang, S. Wang, R. Chen, K. Sun, H. Zeng, J. Zhou, W. Wei, Global patterns of breast cancer incidence and mortality: a population-based
cancer registry data analysis from 2000 to 2020, Cancer Commun. 41 (2021) 1183-1194.

C. Brisken, B. O’ Malley, Hormone action in the mammary gland. Cold Spring Harb. Perspect. Biol 2 (2010), a003178.

D.L. Kleinberg, Role of IGF-I in normal mammary development, Breast Cancer Res. Treat. 47 (1998) 201-208.

L.R. Johnson, Essential Medical Physiology, Elsevier, 2003.

L.A. Usman, Ameliorative Effect of Tamarindus indica (Tamarind) Fruit Pulp on Sodium Fluoride Induced Reproductive Dysfunction in Wistar Rats, Kwara
State University (Nigeria), 2019.

J. Coad, M. Duntsall, Anatomy and Physiology for Midwives: Churchill Livingstone, Elsevier, Edinburgh, 2011.

S. Silbernagl, A. Despopoulos, W.-R. Gay, A. Rothenburger, S.0.N. Wandrey, Color Atlas of Physiology, vol. 5, Thieme Stuttgart, 2009.

B. Fadem, High-Yield Comprehensive USMLE Step 1 Review, Lippincott Williams & Wilkins, 2007.

H.N. Hilton, C.L. Clarke, J.D. Graham, Estrogen and progesterone signalling in the normal breast and its implications for cancer development, Mol. Cell.
Endocrinol. 466 (2018) 2-14.

V. Speirs, G. Skliris, S. Burdall, P. Carder, Distinct expression patterns of ERa and ERp in normal human mammary gland, J. Clin. Pathol. 55 (2002) 371-374.
S. Saji, E.V. Jensen, S. Nilsson, T. Rylander, M. Warner, J. -A. Gustafsson, Estrogen receptors o and f in the rodent mammary gland, Breast Cancer Res. 2 (2000),
1-1.

G. Cheng, Y. Li, Y. Omoto, Y. Wang, T. Berg, M. Nord, P. Vihko, M. Warner, Y.-S. Piao, J.-A. Gustafsson, Differential regulation of estrogen receptor (ER) a and
ERp in primate mammary gland, J. Clin. Endocrinol. Metabol. 90 (2005) 435-444.

J. Russo, L.H. Russo, Development of the human breast, Maturitas 49 (2004) 2-15.

G.T. Beatson, Meeting IX.—may 20, 1896: on the treatment of inoperable cases of carcinoma of the mamma: suggestions for a new method of treatment, with
illustrative cases, Transactions. Medico-Chirurgical Society of Edinburgh 15 (1896) 153.

E.V. Jensen, V.C. Jordan, The estrogen receptor: a model for molecular medicine, Clin. Cancer Res. 9 (2003) 1980-1989.

K. Horwitz, W. McGuire, Specific progesterone receptors in human breast cancer, Steroids 25 (1975) 497-505.

B. Gyérffy, C. Hatzis, T. Sanft, E. Hofstatter, B. Aktas, L. Pusztai, Multigene prognostic tests in breast cancer: past, present, future, Breast Cancer Res. 17 (2015)
1-7.

A. Prat, C.M. Perou, Deconstructing the molecular portraits of breast cancer, Mol. Oncol. 5 (2011) 5-23.

S.E. Hankinson, W.C. Willett, J.E. Manson, G.A. Colditz, D.J. Hunter, D. Spiegelman, R.L. Barbieri, F.E. Speizer, Plasma sex steroid hormone levels and risk of
breast cancer in postmenopausal women, JNCI (J. Natl. Cancer Inst.): J. Natl. Cancer Inst. 90 (1998) 1292-1299.

M.C. Pike, D.V. Spicer, L. Dahmoush, M.F. Press, Estrogens, progestogens, normal breast cell proliferation, and breast cancer risk, Epidemiol. Rev. 15 (1993)
17-35.

J.J. Tyson, W.T. Baumann, C. Chen, A. Verdugo, I. Tavassoly, Y. Wang, L.M. Weiner, R. Clarke, Dynamic modelling of oestrogen signalling and cell fate in
breast cancer cells, Nat. Rev. Cancer 11 (2011) 523-532.

T.T. Wang, J.M. Phang, Effects of estrogen on apoptotic pathways in human breast cancer cell line MCF-7, Cancer Res. 55 (1995) 2487-2489.

M. Mihm, S. Gangooly, S. Muttukrishna, The normal menstrual cycle in women, Anim. Reprod. Sci. 124 (2011) 229-236.

Reed, B. G.; Carr, B. R.: The Normal Menstrual Cycle and the Control of Ovulation, Endotext, K.R. Feingold, B. Anawalt, A. Boyce, G. Chrousos, W.W. de
Herder, K. Dhatariya, K. Dungan, J.M. Hershman, J. Hofland, S. Kalra, G. Kaltsas, C. Koch, P. Kopp, M. Korbonits, C.S. Kovacs, W. Kuohung, B. Laferrere,
M. Levy, E.A. McGee, R. McLachlan, J.E. Morley, M. New, J. Purnell, R. Sahay, F. Singer, M.A. Sperling, C.A. Stratakis, D.L. Trence, in: D.P. Wilson (Ed.),
MDText.com, Inc. Copyright © 2000-2022, MDText.com, Inc., South Dartmouth (MA), 2000.

M. Spaziani, C. Tarantino, N. Tahani, D. Gianfrilli, E. Sbardella, A. Lenzi, A.F. Radicioni, Hypothalamo-Pituitary axis and puberty, Mol. Cell. Endocrinol. 520
(2021), 111094.

J.L. Kelsey, M.D. Gammon, E.M. John, Reproductive factors and breast cancer, Epidemiol. Rev. 15 (1993) 36-47.

M.D. Althuis, J.H. Fergenbaum, M. Garcia-Closas, L.A. Brinton, M.P. Madigan, M.E. Sherman, Etiology of hormone receptor-defined breast cancer: a systematic
review of the literature, Cancer Epidemiology and Prevention Biomarkers 13 (2004) 1558-1568.

H.L. Olsson, M.L. Olsson, The menstrual cycle and risk of breast cancer: a review, Front. Oncol. 10 (2020) 21.

E.A. Whelan, D.P. Sandler, J.L. Root, K.R. Smith, C.R. Weinberg, Menstrual cycle patterns and risk of breast cancer, Am. J. Epidemiol. 140 (1994) 1081-1090.
K.L. Terry, W.C. Willett, J.W. Rich-Edwards, D.J. Hunter, K.B. Michels, Menstrual cycle characteristics and incidence of premenopausal breast cancer, Cancer
Epidemiology and Prevention Biomarkers 14 (2005) 1509-1513.

C. Shao, Z. Yu, J. Xiao, L. Liu, F. Hong, Y. Zhang, H. Jia, Prognosis of pregnancy-associated breast cancer: a meta-analysis, BMC Cancer 20 (2020) 746.

F. Amant, S. Deckers, K. Van Calsteren, S. Loibl, M. Halaska, L. Brepoels, J. Beijnen, F. Cardoso, O. Gentilini, L. Lagae, Breast cancer in pregnancy:
recommendations of an international consensus meeting, Eur. J. Cancer 46 (2010) 3158-3168.

R.M. Merrill, S. Fugal, L.B. Novilla, M.C. Raphael, Cancer risk associated with early and late maternal age at first birth, Gynecol. Oncol. 96 (2005) 583-593.
M. Lambertini, L. Santoro, L. Del Mastro, B. Nguyen, L. Livraghi, D. Ugolini, F.A. Peccatori, H.A. Azim Jr., Reproductive behaviors and risk of developing breast
cancer according to tumor subtype: a systematic review and meta-analysis of epidemiological studies, Cancer Treat Rev. 49 (2016) 65-76.

G. Dall, G. Risbridger, K. Britt, Mammary stem cells and parity-induced breast cancer protection-new insights, J. Steroid Biochem. Mol. Biol. 170 (2017) 54-60.
S.K. Lee, S.W. Kim, S.-A. Han, W.H. Kil, J.E. Lee, S.J. Nam, The protective effect of parity in hormone receptor-positive, Ki-67 expressing breast cancer, World
J. Surg. 38 (2014) 1065-1069.

S. Katuwal, J.S. Tapanainen, E. Pukkala, A. Kauppila, The effect of length of birth interval on the risk of breast cancer by subtype in grand multiparous women,
BMC Cancer 19 (2019) 1-7.

J. Igbal, A. Kahane, A.L. Park, T. Huang, W.S. Meschino, J.G. Ray, Hormone levels in pregnancy and subsequent risk of maternal breast and ovarian cancer: a
systematic review, J. Obstet. Gynaecol. Can. 41 (2019) 217-222.

M.B. Terry, Y. Liao, K. Kast, A.C. Antoniou, J.A. McDonald, T.M. Mooij, C. Engel, C. Nogues, B. Buecher, V. Mari, The influence of number and timing of
pregnancies on breast cancer risk for women with BRCA1 or BRCA2 mutations, JNCI Cancer Spectr. 2 (2018) pky078.

Nechuta, S.; Paneth, N.; Velie, E. Nechuta S, Paneth N, Velie EMPregnancy characteristics and maternal breast cancer risk: a review of the epidemiologic
literature. CCC (Cancer Causes Control) 21(7): 967-989. Cancer causes & control : CCC 2010, 21, 967-989.

M. Sun, Y. Fan, Y. Hou, Y. Fan, Preeclampsia and maternal risk of breast cancer: a meta-analysis of cohort studies, J. Matern. Fetal Neonatal Med. 31 (2018)
2484-2491.

M. Unar-Munguia, G. Torres-Mejia, M.A. Colchero, T. Gonzalez de Cosio, Breastfeeding mode and risk of breast cancer: a dose-response meta-analysis, J. Hum.
Lactation 33 (2017) 422-434.

T.J. Key, P.K. Verkasalo, E. Banks, Epidemiology of breast cancer, Lancet Oncol. 2 (2001) 133-140.

F. Islami, Y. Liu, A. Jemal, J. Zhou, E. Weiderpass, G. Colditz, P. Boffetta, M. Weiss, Breastfeeding and breast cancer risk by receptor status—a systematic
review and meta-analysis, Ann. Oncol. 26 (2015) 2398-2407.

J. Qian, T. Wu, M. Lv, Z. Fang, M. Chen, Z. Zeng, S. Jiang, W. Chen, J. Zhang, The value of mobile health in improving breastfeeding outcomes among perinatal
or postpartum women: systematic review and meta-analysis of randomized controlled trials, JMIR mHealth and uHealth 9 (2021), e26098.

17


http://refhub.elsevier.com/S2405-8440(23)07432-7/sref71
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref71
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref72
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref72
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref73
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref74
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref75
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref75
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref76
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref77
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref78
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref79
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref79
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref80
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref81
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref82
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref83
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref83
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref84
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref85
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref85
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref86
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref86
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref87
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref88
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref88
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref89
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref90
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref91
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref91
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref92
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref93
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref93
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref94
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref94
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref95
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref95
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref96
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref97
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref98
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref98
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref98
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref98
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref99
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref99
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref100
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref101
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref101
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref102
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref103
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref104
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref104
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref105
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref106
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref106
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref107
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref108
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref108
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref109
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref110
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref110
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref111
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref111
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref112
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref112
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref113
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref113
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref115
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref115
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref116
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref116
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref117
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref118
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref118
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref119
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref119

K. Al-Shami et al. Heliyon 9 (2023) 20224

[120] T. Anothaisintawee, C. Wiratkapun, P. Lerdsitthichai, V. Kasamesup, S. Wongwaisayawan, J. Srinakarin, S. Hirunpat, P. Woodtichartpreecha, S. Boonlikit,
Y. Teerawattananon, Risk factors of breast cancer: a systematic review and meta-analysis, Asia Pac. J. Publ. Health 25 (2013) 368-387.

[121] R. Chowdhury, B. Sinha, M.J. Sankar, S. Taneja, N. Bhandari, N. Rollins, R. Bahl, J. Martines, Breastfeeding and maternal health outcomes: a systematic review
and meta-analysis, Acta Paediatr. 104 (2015) 96-113.

[122] E.M. Velie, S. Nechuta, J.R. Osuch, Lifetime reproductive and anthropometric risk factors for breast cancer in postmenopausal women, Breast Dis. 24 (2006)
17-35.

[123] R. Qiu, Y. Zhong, M. Hu, B. Wu, Breastfeeding and reduced risk of breast cancer: a systematic review and meta-analysis, Comput. Math. Methods Med. (2022).

[124] L. Cabrera, I. Trapero, Evaluation of the effectiveness of breastfeeding as a factor in the prevention of breast cancer, Endocr. Metab. Immune Disord. - Drug
Targets 22 (2022) 15-25.

[125] S. Abraham Gnanadass, Y. Divakar Prabhu, A. Valsala Gopalakrishnan, Association of metabolic and inflammatory markers with polycystic ovarian syndrome
(PCOS): an update, Arch. Gynecol. Obstet. 303 (2021) 631-643.

[126] H.R. Harris, K.L. Terry, Polycystic ovary syndrome and risk of endometrial, ovarian, and breast cancer: a systematic review, Fertility Research and Practice 2
(2016) 1-9.

[127] B. Chittenden, G. Fullerton, A. Maheshwari, S. Bhattacharya, Polycystic ovary syndrome and the risk of gynaecological cancer: a systematic review, Reprod.
Biomed. Online 19 (2009) 398-405.

[128] D.A. Dumesic, R.A. Lobo, Cancer risk and PCOS, Steroids 78 (2013) 782-785.

[129] B. Meczekalski, G.R. Pérez-Roncero, M.T. Lopez-Baena, P. Chedraui, F.R. Pérez-Lopez, The polycystic ovary syndrome and gynecological cancer risk, Gynecol.
Endocrinol. 36 (2020) 289-293.

[130] J.A. Barry, M.M. Azizia, P.J. Hardiman, Risk of endometrial, ovarian and breast cancer in women with polycystic ovary syndrome: a systematic review and
meta-analysis, Hum. Reprod. Update 20 (2014) 748-758.

[131] M.J. Carvalho, S. Subtil, A. Rodrigues, J. Oliveira, M. Figueiredo-Dias, Controversial association between polycystic ovary syndrome and breast cancer, Eur. J.
Obstet. Gynecol. Reprod. Biol. 243 (2019) 125-132.

[132] Z. Blumenfeld, Anti-Mullerian hormone and breast cancer risk-is the correlation possibly associated with the PCOS? Int. J. Cancer 144 (2019) 211.

[133] J. Kim, J.E. Mersereau, N. Khankari, P.T. Bradshaw, L.E. McCullough, R. Cleveland, S. Shantakumar, S.L. Teitelbuam, A.I. Neugut, R.T. Senie, Polycystic
ovarian syndrome (PCOS), related symptoms/sequelae, and breast cancer risk in a population-based case-control study, Cancer Causes Control 27 (2016)
403-414.

[134] C.S. Ferreira, J. Rodrigues, S. Moreira, F. Ribeiro, A. Longatto-Filho, Breast cancer screening adherence rates and barriers of implementation in ethnic, cultural
and religious minorities: a systematic review, Molecular and clinical oncology 15 (2021) 1-9.

[135] H. Landrine, I. Corral, J.G. Lee, J.T. Efird, M.B. Hall, J.J. Bess, Residential segregation and racial cancer disparities: a systematic review, Journal of racial and
ethnic health disparities 4 (2017) 1195-1205.

[136] B. Krisanits, J.F. Randise, C.E. Burton, V.J. Findlay, D.P. Turner, Pubertal mammary development as a “susceptibility window” for breast cancer disparity, Adv.
Cancer Res. 146 (2020) 57-82.

[137] M. Dianatinasab, M. Rezaian, E. HaghighatNezad, Z. Bagheri-Hosseinabadi, S. Amanat, S. Rezaeian, A. Masoudi, R. Ghiasvand, Dietary patterns and risk of
invasive ductal and lobular breast carcinomas: a systematic review and meta-analysis, Clin. Breast Cancer 20 (2020) e516-e528.

[138] X. Chen, Z. Zhang, H. Yang, P. Qiu, H. Wang, F. Wang, Q. Zhao, J. Fang, J. Nie, Consumption of ultra-processed foods and health outcomes: a systematic review
of epidemiological studies, Nutr. J. 19 (2020) 1-10.

[139] A. Kazemi, R. Barati-Boldaji, S. Soltani, N. Mohammadipoor, Z. Esmaeilinezhad, C.C. Clark, S. Babajafari, M. Akbarzadeh, Intake of various food groups and
risk of breast cancer: a systematic review and dose-response meta-analysis of prospective studies, Adv. Nutr. 12 (2021) 809-849.

[140] A. Dandamudi, J. Tommie, L. Nommsen-Rivers, S. Couch, Dietary patterns and breast cancer risk: a systematic review, Anticancer Res. 38 (2018) 3209-3222.

[141] R.C. Albuquerque, V.T. Baltar, D.M. Marchioni, Breast cancer and dietary patterns: a systematic review, Nutr. Rev. 72 (2014) 1-17.

[142] A.G. Wiggs, J.K. Chandler, A. Aktas, S.J. Sumner, D.A. Stewart, The effects of diet and exercise on endogenous estrogens and subsequent breast cancer risk in
postmenopausal women, Front. Endocrinol. (2021) 12.

[143] E. Ubago-Guisado, M. Rodriguez-Barranco, A. Ching-Lépez, D. Petrova, E. Molina-Montes, P. Amiano, A. Barricarte-Gurrea, M.-D. Chirlaque, A. Agudo, M.-
J. Sanchez, Evidence update on the relationship between diet and the most common cancers from the European prospective investigation into cancer and
nutrition (epic) study: a systematic review, Nutrients 13 (2021) 3582.

[144] L. Zhang, S. Huang, L. Cao, M. Ge, Y. Li, J. Shao, Vegetable-fruit-soybean dietary pattern and breast cancer: a meta-analysis of observational studies, J. Nutr.
Sci. Vitaminol. 65 (2019) 375-382.

[145] I Peraita-Costa, P. Carrillo Garcia, M. Morales-Suarez-Varela, Is there an association between p-carotene and breast cancer? A systematic review on breast
cancer risk, Nutr. Cancer 74 (2022) 39-54.

[146] D.M. Ba, P. Ssentongo, R.B. Beelman, J. Muscat, X. Gao, J.P. Richie, Higher mushroom consumption is associated with lower risk of cancer: a systematic review
and meta-analysis of observational studies, Adv. Nutr. 12 (2021) 1691-1704.

[147] N. Sealy, S.E. Hankinson, S.C. Houghton, Olive oil and risk of breast cancer: a systematic review and dose-response meta-analysis of observational studies, Br.
J. Nutr. 125 (2021) 1148-1156.

[148] M.S. Farvid, J.B. Barnett, N.D. Spence, Fruit and vegetable consumption and incident breast cancer: a systematic review and meta-analysis of prospective
studies, Br. J. Cancer 125 (2021) 284-298.

[149] M. Shirdarreh, R.C. Pezo, Impact of obesity on clinical outcomes in hormone receptor-positive breast cancer: a systematic review, Breast Cancer 28 (2021)
755-764.

[150] L.A. Torres-de la Roche, I. Steljes, W. Janni, T.W. Friedl, R.L. De Wilde, The association between obesity and premenopausal breast cancer according to
intrinsic subtypes-a systematic review, Geburtshilfe Frauenheilkd 80 (2020) 601-610.

[151] A.G. Renehan, M. Tyson, M. Egger, R.F. Heller, M. Zwahlen, Body-mass index and incidence of cancer: a systematic review and meta-analysis of prospective
observational studies, Lancet 371 (2008) 569-578.

[152] D. Alpuim Costa, J.G. Nobre, M.V. Batista, C. Ribeiro, C. Calle, A. Cortes, M. Marhold, I. Negreiros, P. Borralho, M. Brito, Human microbiota and breast
cancer—is there any relevant link?—a literature review and new horizons toward personalised medicine, Front. Microbiol. 12 (2021) 357.

[153] G. Natasa, U. Camilla, P.-B. Scarlett, P.A. Vorkas, J.R. Swann, G. Reid, Characterizing the breast cancer lipidome and its interaction with the tissue microbiota,
Commun. Biol. (2021) 4.

[154] S. Dieleman, R. Aarnoutse, J. Ziemons, L. Kooreman, A. Boleij, M. Smidt, Exploring the potential of breast microbiota as biomarker for breast cancer and
therapeutic response, Am. J. Pathol. 191 (2021) 968-982.

[155] K.J. Thompson, J.N. Ingle, X. Tang, N. Chia, P.R. Jeraldo, M.R. Walther-Antonio, K.K. Kandimalla, S. Johnson, J.Z. Yao, S.C. Harrington, A comprehensive
analysis of breast cancer microbiota and host gene expression, PLoS One 12 (2017), e0188873.

[156] C. Urbaniak, G.B. Gloor, M. Brackstone, L. Scott, M. Tangney, G. Reid, The microbiota of breast tissue and its association with breast cancer, Appl. Environ.
Microbiol. 82 (2016) 5039-5048.

[157] M.F. Fernandez, I. Reina-Pérez, J.M. Astorga, A. Rodriguez-Carrillo, J. Plaza-Diaz, L. Fontana, Breast cancer and its relationship with the microbiota, Int. J.
Environ. Res. Publ. Health 15 (2018).

[158] J. Plaza-Diaz, A.I Alvarez-Mercado, C.M. Ruiz-Marin, I. Reina-Pérez, A.J. Pérez-Alonso, M.B. Sanchez-Andujar, P. Torné, T. Gallart-Aragén, M.T. Sanchez-
Barron, S.R. Lartategui, Association of breast and gut microbiota dysbiosis and the risk of breast cancer: a case-control clinical study, BMC Cancer 19 (2019)
1-9.

[159] C. Xuan, J.M. Shamonki, A. Chung, M.L. DiNome, M. Chung, P.A. Sieling, D.J. Lee, Microbial dysbiosis is associated with human breast cancer, PLoS One 9
(2014), e83744.

[160] Y. Jiang, X. Chen, S. Fu, Advances in the correlation between intestinal microbiota and breast cancer development, J. Cancer Ther. 11 (2020) 758.

18


http://refhub.elsevier.com/S2405-8440(23)07432-7/sref120
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref120
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref121
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref121
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref122
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref122
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref123
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref124
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref124
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref125
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref125
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref126
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref126
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref127
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref127
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref128
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref129
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref129
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref130
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref130
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref131
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref131
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref132
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref133
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref133
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref133
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref134
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref134
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref135
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref135
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref136
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref136
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref137
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref137
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref138
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref138
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref139
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref139
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref140
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref141
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref142
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref142
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref143
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref143
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref143
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref144
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref144
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref145
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref145
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref146
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref146
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref147
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref147
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref148
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref148
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref149
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref149
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref150
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref150
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref151
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref151
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref152
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref152
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref153
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref153
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref154
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref154
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref155
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref155
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref156
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref156
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref157
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref157
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref158
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref158
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref158
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref159
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref159
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref160

K. Al-Shami et al. Heliyon 9 (2023) 20224

[161] K. Sampsell, D. Hao, R.A. Reimer, The gut microbiota: a potential gateway to improved health outcomes in breast cancer treatment and survivorship, Int. J.
Mol. Sci. 21 (2020) 9239.

[162] S. Terrisse, L. Derosa, V. Iebba, F. Ghiringhelli, I. Vaz-Luis, G. Kroemer, M. Fidelle, S. Christodoulidis, N. Segata, A.M. Thomas, Intestinal microbiota influences
clinical outcome and side effects of early breast cancer treatment, Cell Death Differ. 28 (2021) 2778-2796.

[163] P. Reynolds, Smoking and breast cancer, J. Mammary Gland Biol. Neoplasia 18 (2013) 15-23.

[164] M.E. Jones, M.J. Schoemaker, L.B. Wright, A. Ashworth, A.J. Swerdlow, Smoking and risk of breast cancer in the Generations Study cohort, Breast Cancer Res.
19 (2017) 1-14.

[165] A.S. Reiner, G.P. Watt, E.M. John, C.F. Lynch, J.D. Brooks, L. Mellemkjer, J.D. Boice Jr., J.A. Knight, P. Concannon, S.A. Smith, Smoking, radiation therapy,
and contralateral breast cancer risk in young women, JNCI (J. Natl. Cancer Inst.): J. Natl. Cancer Inst. 114 (2022) 631-634.

[166] M.N. Passarelli, P.A. Newcomb, J.M. Hampton, A. Trentham-Dietz, L.J. Titus, K.M. Egan, J.A. Baron, W.C. Willett, Cigarette smoking before and after breast
cancer diagnosis: mortality from breast cancer and smoking-related diseases, J. Clin. Oncol. 34 (2016) 1315.

[167] W. Kanadys, A. Baraniska, M. Malm, A. Blaszczuk, M. Polz-Dacewicz, M. Janiszewska, M. Jedrych, Use of oral contraceptives as a potential risk factor for breast
cancer: a systematic review and meta-analysis of case-control studies up to 2010, Int. J. Environ. Res. Publ. Health 18 (2021) 4638.

[168] A. Bararska, A. Blaszczuk, W. Kanadys, M. Malm, K. Drop, M. Polz-Dacewicz, Oral contraceptive use and breast cancer risk assessment: a systematic review and
meta-analysis of case-control studies, 2009-2020, Cancers 13 (2021) 5654.

[169] R. Bonfiglio, M. Di Pietro, Tilte, Elsevier, 2021.

[170] A. Baranska, J. Dolar-Szczasny, W. Kanadys, W. Kinik, D. Ceglarska, U. Religioni, R. Rejdak, Oral contraceptive use and breast cancer risk according to
molecular subtypes status: a systematic review and meta-analysis of case-control studies, Cancers 14 (2022) 574.

[171] L.H. Schrijver, T.M. Mooij, A. Pijpe, G.S. Sonke, M.J. Mourits, N. Andrieu, A.C. Antoniou, D.F. Easton, C. Engel, D. Goldgar, Oral Contraceptive Use in BRCA1
and BRCA2 Mutation Carriers: Absolute Cancer Risks and Benefits, JNCI: Journal of the National Cancer Institute, 2022.

[172] L.-W. Ji, C.-X. Jing, S.-L. Zhuang, W.-C. Pan, X.-P. Hu, Effect of age at first use of oral contraceptives on breast cancer risk: an updated meta-analysis, Medicine
98 (2019).

[173] T. Karlsson, T. Johansson, J. Hoglund, W.E. Ek, A. Johansson, Time-dependent effects of oral contraceptive use on breast, ovarian, and endometrial cancers,
Cancer Res. 81 (2021) 1153-1162.

[174] M. Pistelli, A. Della Mora, Z. Ballatore, R. Berardi, Aromatase inhibitors in premenopausal women with breast cancer: the state of the art and future prospects,
Curr. Oncol. 25 (2018) 168-175.

[175] K. Altundag, N.K. Ibrahim, Aromatase inhibitors in breast cancer: an overview, Oncol. 11 (2006) 553-562.

[176] R. Bradley, J. Braybrooke, R. Gray, R.K. Hills, Z. Liu, H. Pan, R. Peto, D. Dodwell, P. McGale, C. Taylor, P.A. Francis, M. Gnant, F. Perrone, M.M. Regan,
R. Berry, C. Boddington, M. Clarke, C. Davies, L. Davies, F. Duane, V. Evans, J. Gay, L. Gettins, J. Godwin, S. James, H. Liu, E. MacKinnon, G. Mannu,

T. McHugh, P. Morris, S. Read, E. Straiton, R. Jakesz, C. Fesl, O. Pagani, R. Gelber, M. De Laurentiis, S. De Placido, C. Gallo, K. Albain, S. Anderson,

R. Arriagada, J. Bartlett, E. Bergsten-Nordstrom, J. Bliss, E. Brain, L. Carey, R. Coleman, J. Cuzick, N. Davidson, L. Del Mastro, A. Di Leo, J. Dignam,

M. Dowsett, B. Ejlertsen, M. Goetz, P. Goodwin, P. Halpin-Murphy, D. Hayes, C. Hill, R. Jagsi, W. Janni, S. Loibl, E.P. Mamounas, M. Martin, H. Mukai,

V. Nekljudova, L. Norton, Y. Ohashi, L. Pierce, P. Poortmans, K.I. Pritchard, V. Raina, D. Rea, J. Robertson, E. Rutgers, T. Spanic, J. Sparano, G. Steger, G. Tang,
M. Toi, A. Tutt, G. Viale, X. Wang, T. Whelan, N. Wilcken, N. Wolmark, D. Cameron, J. Bergh, S.M. Swain, Aromatase inhibitors versus tamoxifen in
premenopausal women with oestrogen receptor-positive early-stage breast cancer treated with ovarian suppression: a patient-level meta-analysis of 7030
women from four randomised trials, Lancet Oncol. 23 (2022) 382-392.

[177] R.W. Brueggemeier, J.C. Hackett, E.S. Diaz-Cruz, Aromatase inhibitors in the treatment of breast cancer, Endocr. Rev. 26 (2005) 331-345.

[178] S. Chumsri, T. Howes, T. Bao, G. Sabnis, A. Brodie, Aromatase, aromatase inhibitors, and breast cancer, J. Steroid Biochem. Mol. Biol. 125 (2011) 13-22.

[179] J.N. Mills, A.C. Rutkovsky, A. Giordano, Mechanisms of resistance in estrogen receptor positive breast cancer: overcoming resistance to tamoxifen/aromatase
inhibitors, Curr. Opin. Pharmacol. 41 (2018) 59-65.

[180] S.G. Nayfield, J.E. Karp, L.G. Ford, F.A. Dorr, B.S. Kramer, Potential role of tamoxifen in prevention of breast cancer, JNCI (J. Natl. Cancer Inst.): J. Natl.
Cancer Inst. 83 (1991) 1450-1459.

[181] M. Cairat, M. Al Rahmoun, M.J. Gunter, G. Severi, L. Dossus, A. Fournier, Use of nonsteroidal anti-inflammatory drugs and breast cancer risk in a prospective
cohort of postmenopausal women, Breast Cancer Res. 22 (2020) 118.

[182] C.H. Beckwitt, A. Brufsky, Z.N. Oltvai, A. Wells, Statin drugs to reduce breast cancer recurrence and mortality, Breast Cancer Res. 20 (2018) 144.

[183] C.J. Crandall, K.M. Hovey, C.A. Andrews, R.T. Chlebowski, M.L. Stefanick, D.S. Lane, J. Shifren, C. Chen, A.M. Kaunitz, J.A. Cauley, J.E. Manson, Breast cancer,
endometrial cancer, and cardiovascular events in participants who used vaginal estrogen in the Women's Health Initiative Observational Study, Menopause 25
(2018) 11-20.

[184] M. Trinkaus, S. Chin, W. Wolfman, C. Simmons, M. Clemons, Should urogenital atrophy in breast cancer survivors be treated with topical estrogens? Oncol. 13
(2008) 222-231.

[185] M. Moegele, S. Buchholz, S. Seitz, C. Lattrich, O. Ortmann, Vaginal estrogen therapy for patients with breast cancer, Geburtshilfe Frauenheilkd 73 (2013)
1017-1022.

[186] I. Le Ray, S. Dell’Aniello, F. Bonnetain, L. Azoulay, S. Suissa, Local estrogen therapy and risk of breast cancer recurrence among hormone-treated patients: a
nested case—control study, Breast Cancer Res. Treat. 135 (2012) 603-609.

[187] R. Pavlovi¢, S. Jankovié, J. Milovanovi¢, S. Stefanovi¢, M. Foli¢, O. Milovanovi¢, C. Mamillapalli, M. Milosavljevi¢, The safety of local hormonal treatment for
vulvovaginal atrophy in women with estrogen receptor-positive breast cancer who are on adjuvant aromatase inhibitor therapy: meta-analysis, Clin. Breast
Cancer 19 (2019) e731-e740.

[188] M.F.G. Oyarztn, C. Castelo-Branco, Local hormone therapy for genitourinary syndrome of menopause in breast cancer patients: is it safe? Gynecol. Endocrinol.
33 (2017) 418-420.

[189] S.J. London, J.L. Connolly, S.J. Schnitt, G.A. Colditz, A prospective study of benign breast disease and the risk of breast cancer, JAMA 267 (1992) 941-944.

[190] C.-L. Chen, N.S. Weiss, P. Newcomb, W. Barlow, E. White, Hormone replacement therapy in relation to breast cancer, JAMA 287 (2002) 734-741.

[191] C. Marchetti, F. De Felice, S. Boccia, C. Sassu, V. Di Donato, G. Perniola, I. Palaia, M. Monti, L. Muzii, V. Tombolini, Hormone replacement therapy after
prophylactic risk-reducing salpingo-oophorectomy and breast cancer risk in BRCA1 and BRCA2 mutation carriers: a meta-analysis, Crit. Rev. Oncol.-Hematol.
132 (2018) 111-115.

[192] Y. Jiang, Q. Xie, R. Chen, Breast cancer incidence and mortality in relation to hormone replacement therapy use among postmenopausal women: results from a
prospective cohort study, Clin. Breast Cancer 22 (2022) e206—e213.

[193] R. Troisi, N. Potischman, R.N. Hoover, Exploring the underlying hormonal mechanisms of prenatal risk factors for breast cancer: a review and commentary,
Cancer Epidemiol. Biomark. Prev. 16 (2007) 1700-1712.

[194] D. Hypothesis Trichopoulos, Does breast cancer originate in utero? Lancet 335 (1990) 939-940.

[195] H.A. Weiss, N.A. Potischman, L.A. Brinton, D. Brogan, R.J. Coates, M.D. Gammon, K.E. Malone, J.B. Schoenberg, Prenatal and perinatal risk factors for breast
cancer in young women, Epidemiology (1997) 181-187.

[196] A. Swerdlow, B. De Stavola, M. Swanwick, N. Maconochie, Risks of breast and testicular cancers in young adult twins in England and Wales: evidence on
prenatal and genetic aetiology, Lancet 350 (1997) 1723-1728.

[197] O. Watkins, Diethylstilbestrol in the prevention and treatment of complications of pregnancy, Am. J. Obstet. Gynecol. 56 (1948) 821-834.

[198] R. Troisi, E.E. Hatch, L. Titus, W. Strohsnitter, M.H. Gail, D. Huo, E. Adam, S.J. Robboy, M. Hyer, R.N. Hoover, Prenatal diethylstilbestrol exposure and cancer
risk in women, Environ. Mol. Mutagen. 60 (2019) 395-403.

[199] L. Hilakivi-Clarke, Maternal exposure to diethylstilbestrol during pregnancy and increased breast cancer risk in daughters, Breast Cancer Res. 16 (2014) 1-10.

[200] M. Hickey, R. Hart, J.A. Keelan, The relationship between umbilical cord estrogens and perinatal characteristics, Cancer Epidemiol. Biomarkers Prev. 23
(2014) 946-952.

19


http://refhub.elsevier.com/S2405-8440(23)07432-7/sref161
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref161
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref162
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref162
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref163
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref164
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref164
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref165
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref165
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref166
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref166
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref167
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref167
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref168
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref168
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref169
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref170
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref170
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref171
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref171
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref172
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref172
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref173
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref173
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref174
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref174
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref175
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref176
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref177
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref178
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref179
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref179
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref180
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref180
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref181
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref181
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref182
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref183
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref183
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref183
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref184
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref184
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref185
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref185
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref186
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref186
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref187
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref187
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref187
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref188
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref188
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref189
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref190
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref191
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref191
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref191
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref192
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref192
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref193
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref193
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref194
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref195
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref195
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref196
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref196
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref197
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref198
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref198
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref199
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref200
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref200

K. Al-Shami et al.

[201]

[202]
[203]
[204]
[205]
[206]
[207]
[208]

[209]
[210]

[211]
[212]

[213]
[214]

[215]
[216]
[217]
[218]

[219]
[220]

[221]

[222]

[223]
[224]
[225]
[226]
[227]
[228]
[229]
[230]
[231]
[232]
[233]
[234]
[235]

[236]
[237]

[238]
[239]
[240]
[241]

[242]

[243]
[244]

Heliyon 9 (2023) 20224

R. Troisi, R. Hoover, R. Thadhani, C. Hsieh, P. Sluss, R. Ballard-Barbash, N. Potischman, Maternal, prenatal and perinatal characteristics and first trimester
maternal serum hormone concentrations, Br. J. Cancer 99 (2008) 1161-1164.

H. Olsson, C. Ingvar, Left handedness is uncommon in breast cancer patients, Eur. J. Cancer Clin. Oncol. 27 (1991) 1694-1695.

D. Muller, L. Baglietto, J. Manning, C. McLean, J.L. Hopper, D.R. English, G. Giles, G. Severi, Second to fourth digit ratio (2D: 4D), breast cancer risk factors,
and breast cancer risk: a prospective cohort study, Br. J. Cancer 107 (2012) 1631-1636.

A. Stachs, J. Stubert, T. Reimer, S. Hartmann, Benign breast disease in women, Deutsches Arzteblatt International 116 (2019) 565.

A. Kuijper, E.C. Mommers, E. van der Wall, P.J. van Diest, Histopathology of fibroadenoma of the breast, Am. J. Clin. Pathol. 115 (2001) 736-742.

Y. Jayasinghe, P.S. Simmons, Fibroadenomas in adolescence, Curr. Opin. Obstet. Gynecol. 21 (2009) 402-406.

N. Houssami, M. Cheung, J.M. Dixon, Fibroadenoma of the breast, Med. J. Aust. 174 (2001) 185-188.

B.S. Song, E.-K. Kim, H. Seol, J.-H. Seo, J.A. Lee, D.H. Kim, J.S. Lim, Giant juvenile fibroadenoma of the breast: a case report and brief literature review, Annals
of Pediatric Endocrinology & Metabolism 19 (2014) 45.

J. Dixon, Cystic disease and fibroadenoma of the breast: natural history and relation to breast cancer risk, Br. Med. Bull. 47 (1991) 258-271.

A. Kuijper, H. Buerger, R. Simon, K.L. Schaefer, A. Croonen, W. Boecker, E. van der Wall, P.J. Van Diest, Analysis of the progression of fibroepithelial tumours
of the breast by PCR-based clonality assay, J. Pathol.: A Journal of the Pathological Society of Great Britain and Ireland 197 (2002) 575-581.

A. Sapino, M. Bosco, P. Cassoni, I. Castellano, R. Arisio, G. Cserni, A.P. Dei Tos, N. Fortunati, M.G. Catalano, G. Bussolati, Estrogen receptor-f is expressed in
stromal cells of fibroadenoma and phyllodes tumors of the breast, Mod. Pathol. 19 (2006) 599-606.

S.A. Bidgoli, T. Eftekhari, Role of exogenous and endogenous sources of estrogen on the incidence of breast fibroadenoma: case-control study in Iran, Asian
Pac. J. Cancer Prev. APJCP 12 (2011) 1289-1293.

H. Vorherr, Fibrocystic breast disease: pathophysiology, pathomorphology, clinical picture, and management, Am. J. Obstet. Gynecol. 154 (1986) 161-179.
M. Brki¢, S. Vujovi¢, M. Ivovi¢, M. Tanci¢ Gaji¢, L. Marina, M. Frani¢ IvaniSevi¢, D. Frani¢, The role of E2/P ratio in the etiology of fibrocystic breast disease,
mastalgia and mastodynia, Acta Clin. Croat. 57 (2018) 756-761.

G. Branchini, L. Schneider, R. Cericatto, E. Capp, 1.S. Brum, Progesterone receptors A and B and estrogen receptor alpha expression in normal breast tissue and
fibroadenomas, Endocrine 35 (2009) 459-466.

K. Malherbe, M. Khan, S. Fatima, Fibrocystic Breast Disease, 2019.

L.C. Sakoda, C.R. Blackston, J.A. Doherty, R.M. Ray, M.G. Lin, D.L. Gao, H. Stalsberg, Z. Feng, D.B. Thomas, C. Chen, Selected estrogen receptor 1 and
androgen receptor gene polymorphisms in relation to risk of breast cancer and fibrocystic breast conditions among Chinese women, Cancer epidemiology 35
(2011) 48-55.

J.D. Figueroa, R.M. Pfeiffer, D.A. Patel, L. Linville, L.A. Brinton, G.L. Gierach, X.R. Yang, D. Papathomas, D. Visscher, C. Mies, Terminal duct lobular unit
involution of the normal breast: implications for breast cancer etiology, JNCI (J. Natl. Cancer Inst.): J. Natl. Cancer Inst. 106 (2014).

A.A. Lewin, C.L. Mercado, Atypical ductal hyperplasia and lobular neoplasia: update and easing of guidelines, Am. J. Roentgenol. 214 (2020) 265-275.

T. Kader, P. Hill, E.A. Rakha, I.G. Campbell, K.L. Gorringe, Atypical ductal hyperplasia: update on diagnosis, management, and molecular landscape, Breast
Cancer Res. 20 (2018) 1-11.

B. Fisher, J.P. Costantino, D.L. Wickerham, R.S. Cecchini, W.M. Cronin, A. Robidoux, T.B. Bevers, M.T. Kavanah, J.N. Atkins, R.G. Margolese, Tamoxifen for
the prevention of breast cancer: current status of the national surgical adjuvant breast and bowel project P-1 study, J. Natl. Cancer Inst. 97 (2005) 1652-1662.
C.J. Rageth, R. Rubenov, C. Bronz, D. Dietrich, C. Tausch, A.-K. Rodewald, Z. Varga, Atypical ductal hyperplasia and the risk of underestimation: tissue
sampling method, multifocality, and associated calcification significantly influence the diagnostic upgrade rate based on subsequent surgical specimens, Breast
Cancer 26 (2019) 452-458.

A. Howell, Clinical evidence for the involvement of oestrogen in the development and progression of breast cancer, Proc. Roy. Soc. Edinb. B Biol. Sci. 95 (1989)
49-57.

D.W. Visscher, N. Padiyar, D. Long, P. Tabaczka, Immunohistologic analysis of estrogen receptor expression in breast carcinoma precursor lesions, Breast J. 4
(1998).

B.S. Shoker, C. Jarvis, D.R. Sibson, C. Walker, J.P. Sloane, Oestrogen receptor expression in the normal and pre-cancerous breast, J. Pathol. 188 (1999)
237-244.

B.S. Shoker, C. Jarvis, R.B. Clarke, E. Anderson, J. Hewlett, M.P. Davies, D.R. Sibson, J.P. Sloane, Estrogen receptor-positive proliferating cells in the normal
and precancerous breast, Am. J. Pathol. 155 (1999) 1811-1815.

A.M. Shaaban, J.P. Sloane, C.R. West, C.S. Foster, Breast cancer risk in usual ductal hyperplasia is defined by estrogen receptor-a and Ki-67 expression, Am. J.
Pathol. 160 (2002) 597-604.

F.E. Barr, A.C. Degnim, L.C. Hartmann, D.C. Radisky, J.C. Boughey, S.S. Anderson, R.A. Vierkant, M.H. Frost, D.W. Visscher, C. Reynolds, Estrogen Receptor
Expression in Atypical Hyperplasia: Lack of Association with Breast Cancer, vol. 4, Cancer prevention research, Philadelphia, Pa, 2011, pp. 435-444.

G.L. Ottesen, Carcinoma in situ of the female breast. A clinico-pathological, immunohistological, and DNA ploidy study, APMIS Suppl. (2003) 1-67.

G. Sakorafas, A. Tsiotou, Ductal carcinoma in situ (DCIS) of the breast: evolving perspectives, Cancer Treat Rev. 26 (2000) 103-125.

B. Cutuli, [Ductal carcinoma in situ in 2019: diagnosis, treatment, prognosis], Presse Med. 48 (2019) 1112-1122.

G.H. Sakorafas, D.R. Farley, Optimal management of ductal carcinoma in situ of the breast, Surgical oncology 12 (2003) 221-240.

F.W. Foote, F.W. Stewart, Lobular carcinoma in situ: a rare form of mammary cancer, Am. J. Pathol. 17 (1941) 491-496, 493.

X. Chen, X. Li, J. Wang, L. Zhao, X. Peng, C. Zhang, K. Liu, G. Huang, Y. Lai, Breast invasive ductal carcinoma diagnosis with a three-miRNA panel in serum,
Biomarkers Med. 15 (2021) 951-963.

A.A. Muggerud, M. Hallett, H. Johnsen, K. Kleivi, W. Zhou, S. Tahmasebpoor, R.-M. Amini, J. Botling, A.-L. Bgrresen-Dale, T. Sgrlie, Molecular diversity in
ductal carcinoma in situ (DCIS) and early invasive breast cancer, Mol. Oncol. 4 (2010) 357-368.

A. Hammer, F.F. Lauszus, A.C. Petersen, Ovarian granulosa cell tumor and increased risk of breast cancer, Acta Obstet. Gynecol. Scand. 92 (2013) 1422-1425.
A. Evans 3rd, T.A. Gaffey, G. Malkasian Jr., J.F. Annegers, Clinicopathologic review of 118 granulosa and 82 theca cell tumors, Obstet. Gynecol. 55 (1980)
231-238.

E. Bjorkholm, C. Silfversward, Granulosa-and Theca-Cell Tumors Incidence and occurrence of second primary tumors, Acta Radiol. Oncol. 19 (1980) 161-167.
E. Bjorkholm, Granulosa cell tumors: a comparison of survival in patients and matched controls, Am. J. Obstet. Gynecol. 138 (1980) 329-331.

A.J. Abdelwahab Yousef, Male breast cancer: epidemiology and risk factors, Semin. Oncol. 44 (2017) 267-272.

M.I Beyrouti, R. Beyrouti, R. Beyrouti, M. Ben Amar, N. Affes, F. Frikha, M. Abid, H. Mnif, L. Ayadi, A. Ghorbel, [Breast cancer in men], Presse Med. 36 (2007)
1919-1924.

L.O. Reis, F.G. Dias, M.A. Castro, U. Ferreira, Male breast cancer, Aging Male : the official journal of the International Society for the Study of the Aging Male
14 (2011) 99-109.

T.M. Severson, W. Zwart, A review of estrogen receptor/androgen receptor genomics in male breast cancer, Endocr. Relat. Cancer 24 (2017) R27-r34.

S. Leinung, L.C. Horn, J. Backe, [Male breast cancer: history, epidemiology, genetic and histopathology], Zentralblatt fur Chirurgie 132 (2007) 379-385.

20


http://refhub.elsevier.com/S2405-8440(23)07432-7/sref201
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref201
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref202
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref203
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref203
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref204
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref205
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref206
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref207
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref208
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref208
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref209
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref210
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref210
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref211
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref211
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref212
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref212
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref213
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref214
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref214
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref215
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref215
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref216
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref217
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref217
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref217
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref218
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref218
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref219
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref220
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref220
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref221
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref221
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref222
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref222
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref222
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref223
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref223
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref224
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref224
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref225
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref225
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref226
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref226
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref227
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref227
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref228
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref228
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref229
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref230
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref231
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref232
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref233
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref234
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref234
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref235
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref235
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref236
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref237
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref237
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref238
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref239
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref240
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref241
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref241
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref242
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref242
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref243
http://refhub.elsevier.com/S2405-8440(23)07432-7/sref244

	Estrogens and the risk of breast cancer: A narrative review of literature
	1 Introduction
	2 Estrogen synthesis
	3 Estrogen metabolism in humans
	3.1 2-Hydroxylation pathway
	3.2 4-Hydroxylation pathway
	3.3 16-Hydroxylation pathway

	4 Biological function of estrogen in the human body
	5 Estrogen receptor (positive and negative)
	6 Estrogen and estrogen receptors role in cancer development
	6.1 Endometrial cancer
	6.2 Ovarian cancer
	6.3 Prostate cancer

	7 Estrogen and estrogen receptors and risk of breast cancer
	7.1 Estrogen role in breast development
	7.2 Expression and distribution of ER in the breast
	7.3 Estrogen and breast cancer

	8 Factors affecting breast cancer
	8.1 Obstetric and gynecological factors
	8.1.1 Menstrual cycle
	8.1.1.1 Age of menarche and menopause
	8.1.1.2 Menstrual cycle length and regularity

	8.1.2 Pregnancy
	8.1.3 Breastfeeding
	8.1.4 Polycystic ovary syndrome (PCOS)

	8.2 Ethnicity and diet
	8.3 Obesity
	8.4 Microbiota and breast cancer
	8.5 Smoking
	8.6 Oral contraceptive
	8.7 Tamoxifen and aromatase inhibitors
	8.8 Local hormone therapy
	8.9 Hormone replacement therapy

	9 Prenatal estrogen exposure and the risk of breast cancer
	10 Fibroadenoma
	11 Fibrocystic breast disease (FBD)
	11.1 Pathophysiology of FBD
	11.2 Clinical assessment of FBD
	11.3 Risk factors of FBD

	12 Ductal pathology
	12.1 Ductal hyperplasia
	12.1.1 Role of estrogen in ADH

	12.2 Carcinoma In Situ (CIS)
	12.2.1 Ductal Carcinoma In Situ (DCIS)
	12.2.2 Lobular Carcinoma In Situ (LCIS)

	12.3 Invasive ductal carcinoma (IDC)

	13 Estrogen-secreting tumors in developing breast cancer
	14 Role of estrogen in breast cancer in males
	15 Conclusion
	Author contribution
	Funding
	Implications and contribution
	Data availability statement
	Declaration of competing interest
	Acknowledgement
	References


