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Leptin and ferritin are important parameters that have an
association with more severe cases of breast cancer in postmenopausal
women especially obese ones. Obese women with breast cancer tend to
have poor prognostic features at the time of presentation compared to
non-obese and were associated with advanced stage and grade of cancer
at diagnosis. This work had aimed to examine the role of elevated levels
of leptin and ferritin in postmenopausal women with breast cancer and its
relationship with increased body mass index and to correlate their levels
on the severity of the disease.

This cross-sectional study was conducted on 240 postmenopausal
women diagnosed with breast cancer who were then divided into two
groups according to the scores of their body mass indexes.

The study extended from the beginning of September 2022 to the
end of March 2023. Participants in this study were collected from
Babylon Oncology Treatment Center in Merjan Medical City in Al-Hillah
City, Babylon Governorate.

Ferritin values were determined by the wuse of the
ElectroChemiLuminescence method with Roche Cobas E411 auto-
analyzer system, while leptin levels were measured by Enzyme-Linked
Immunosorbent Assay technique using human leptin ELISA Kit.

Statistically significant differences were present between the study
groups regarding the levels of leptin and ferritin (for leptin,
p value=0.001 and for ferritin, p value=0.0001).

Random blood sugar and hemoglobin A1C values also showed
significant differences between the patients groups (for random blood
sugar, p value=0.011 and for hemoglobin A1C, p value=0.007).
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Age, stage, grade and immunohistochemistry of breast cancer all of
them showed statistically significant differences between the studied
groups. For age distribution, p value=0.008. P values=0.033 for cancer’s
stage and 0.0001 for cancer’s grade; while for immunohistochemistry,
p value=0.002.

Strongly positive correlations were found between random blood
sugar and hemoglobin A1C (r=0.615, p=0.0001); between random blood
sugar and leptin (r=0.141, p=0.029) and between hemoglobin A1C and
leptin (r=0.168, p=0.009).

Other measured parameters (subtype of breast cancer, history of
hypertension and diabetes, history of medication usage, hemoglobin,
packed cell volume, mean cell volume and mean cell hemoglobin
concentration) all showed no significant differences between the study
groups.

To conclude, increased body mass index is a major risk factor
studied for breast cancer in postmenopausal women and measuring the
levels of leptin and ferritin can predict the severity of this cancer in those

patients.
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Chapter One

Introduction

1.1. Introduction:

Breast cancer is currently one of the most prevalent diagnosed cancers
and the 5™ cause of cancer-related deaths with an estimated number of 2.3
million new cases worldwide according to the GLOBOCAN 2020 data
(Sung et al., 2021).

According to the Iraqi Cancer Registry report of 2021, breast cancer is
the most prevalent malignant tumor, with an incidence rate of about 22.2%
(GLOBOCAN, 2021).

Additionally, breast cancer is regarded as the second-leading cause of
death from malignancy in the entire Iraqi population, and the first leading
cause of death from malignancy in Iragi women (Alrawi, 2022).

The World Health Organization (WHO) defines overweight and
obesity as abnormal or excessive fat accumulation that presents a risk to
health. Body mass index (BMI) is a simple metric used to indicate overall
body fatness was calculated using patient’s height and weight (BMI =
weight in kg/height in meter?). BMI was classified according to the WHO
into underweight (BMI <18.5); normal weight (BMI 18.5-24.9); overweight
(BMI 25.0-29.9) and obese (>30) (WHO, 2015).

Several mechanisms have been proposed for the increased risk of
breast cancer development, including common risk factors (such as obesity),
the specific metabolic abnormalities of diabetes (i.e., hyperglycemia,
hyperinsulinemia, and insulin resistance), and the use of insulin, particularly

insulin analogs (Overbeek et al., 2019).
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The local and systemic alterations induced by obesity may influence
breast cancer through direct effects on neoplastic epithelial cells as well as
indirect effects on tumor microenvironment. All these obesity-related factors
can impact tumor initiation, metabolic reprogramming, angiogenesis,
progression, and/or response to therapy (Kang et al., 2017).

Leptin, an adipokines that’s produced by adipose tissue. Leptin has
several biological effects in addition to its neuroendocrine function,
including the development of breast tumors. The ability of this adipokine to
influence various aspects of breast cancer biology in an endocrine, paracrine,
and autocrine manner has been demonstrated clearly. It is primarily
produced by distant and local adipocytes, but it is also produced by epithelial
tumor cells as well as by other cells within the tumor-stroma (i.e., cancer
associated fibroblasts) (Ando et al., 2014; Giordano et al., 2016).

Ferritin, which is the iron storage form within cells and is also found
in the circulation. Ferritin levels in the body and tissues rise in breast cancer
and are linked to disease development (George et al., 2021).

Systemic ferritin is a marker of inflammation or the body's iron
reserves. Elevated ferritin levels in breast cancer patients' blood and tumor
tissues were associated with a poor prognosis and an advanced histological
grade (Alkhateeb et al., 2013).

1.2. Aim of the study:
This study aims to investigate whether elevated levels of leptin and
ferritin are correlated to a more severe form of breast cancer in those

women.
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Chapter Two

Review of Literature

2.1. Physiology of the breast:

The mammary gland is a highly evolved and specialized organ
present in pairs, one on each side of the anterior chest wall. The organ's
primary function is to secrete milk. Though it is present in both sexes, it
is well developed in females and rudimentary in males. It is also a vital
accessory organ of the female reproductive system. The mammary gland
Is situated in the pectoral region in the superficial fascia. However, a part
of it called the axillary tail pierces the deep fascia and lies in the axilla.
The parenchyma of the glandular tissue of the mammary gland is made
up of branching ducts and terminal secretory lobules. There are 15 to 20
lobes, and a lactiferous duct drains each of them. These ducts enlarge to
form the lactiferous sinus before they open separately into the nipple. The
milk is collected in the lactiferous sinuses and let out on the suckling of
the baby. The lactiferous ducts are arranged radially in the nipple. Hence
the surgeon needs to take radial incisions to avoid cutting through
multiple lactiferous ducts (NIH, 2022).

2.2. Breast cancer:

Cancer is one of the leading causes of death globally
(Momenimovahed and Salehiniya, 2017). Malignant diseases are thought
to have caused 8 million fatalities in 2008, and by 2030, that number is
expected to rise to 11 million (Benson and Jatoi, 2012).

An important global health issue is breast cancer, which is the most
often diagnosed cancer worldwide with an expected 2.26 million cases in

2020 and the main cause of cancer death among women. Over half of
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breast cancer diagnosis and two-third of breast cancer-related fatalities
occur in the less developed countries in 2020, despite previously being

thought of as a disease of mostly developed countries (Sung et al., 2021).

2.2.1. Types:

Various factors such as etiology, clinical presentation, molecular
characteristics, and response to treatment, divide the breast cancer into
different groups (Li et al., 2017).

Breast cancers are classified based on their molecular signature
determined by the absence or presence of receptors, which determines the
type of therapeutic intervention (Rivenbark et al., 2013).

The most generally used categorization of invasive breast cancer is
the estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2), which is used to give
treatment methods and predict clinical outcomes (Momenimovahed and
Salehiniya, 2019).

The presence/ overexpression of either one or a combination of the
hormonal receptors; ER, PR and HER2 render these types of breast
cancers susceptible to hormonal/ HER2 targeted therapy (Mohamed et
al., 2013). The receptor status thus has a major implication on therapy
and prognosis among breast cancer patients.

The prevalence of various hormone receptor-positive breast
cancers varies by different regions. Milne et al. (2017) stated that there is
a link between BRCA1 mutation carriers and the development of triple
negative breast cancer (TNBC).

The heterogeneity in breast cancer with wide variations in gene
expression determines the course of the disease, response to and the
clinical outcome of treatment modalities and patient survival (Rivenbark
et al., 2013).
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2.2.2. Incidence:

Every American woman's lifetime risk of developing breast cancer
IS 12.4%, or one in eight (Desantis et al., 2017).

In the last 25 years, the incidence of breast cancer has been
increased more than 30% in western countries. Although this is due in
part to changes in reproductive patterns and improved detection tools, it
may also be due to the rising incidence of obesity and physical inactivity
in the population (Matthews and Thompson, 2016).

The incidence rate of breast cancer is higher in developed
countries, and it’s varies greatly with race and ethnicity (DeSantis et al.,
2014). It’s also varies among different parts of the world (Ghoncheh et
al., 2016).

In the United States in 2017, around 252,710 new cases of invasive
breast cancer and 6,341 cases of breast cancer in situ were diagnosed
(Desantis et al., 2017).

2.2.3. Mortality:

Breast cancer was the second cause of death in developed countries
after lung cancer, with 197,000 deaths accounting for 15.4% of all deaths
(Ferley et al., 2015).

By 2020, breast cancer death rates are expected to rise in various
regions of Europe (Cleéries et al., 2018). Although the frequency of breast
cancer is higher in developed countries, higher fatality rates are observed
in less developed regions (Ghoncheh et al., 2016).

In 2017, 89% of Dbreast cancer fatalities in the United States
happened in women aged 50 and older (Desantis et al., 2017). Breast
cancer death rates in high-income countries have decreased significantly
as a result of improved treatment and diagnostic procedures and

promotion of breast cancer care (Carioli et al., 2018).



Chapter TWO --=--==-==nsmnmmemmoece oo e ceeceeene Review of Literature

2.2.4. Risk factors:
There are many risk factors for breast cancer, which include both

modifiable and non-modifiable factors.

2.2.4.1. Non-modifiable factors:
2.24.1.1. Sex:

Female sex is one of the key variables linked with an increased risk
of breast cancer, owing to greater hormonal stimulation. WWomen have
breast cells that are extremely sensitive to hormones (estrogen and
progesterone in particular) as well as to any changes in their balance, in
contrast to males who exhibit negligible estrogen levels (HEBCCG,
2013).

Breast cancer in males is an uncommon illness that tends to be
more advanced at the time of diagnosis than in women, about less than
1% of all breast cancers occur in men. However; older age, BRCA1/
BRCA2 mutations, elevated estrogen levels, Klinefelter syndrome,
a family history of breast cancer, and radiation exposure are significant

risk factors for breast cancer in men (Giordano, 2018).

2.2.4.1.2. Age:

Currently, almost 80% of breast cancer patients are over the age of
50 years, while more than 40% are over the age of 65 years (Siegel et al.,
2014; McGuire et al., 2015).

Age is the most important recognized risk factor for breast cancer
(Thakur et al., 2017). Breast cancer incidence increases dramatically with
age, peaks during menopause, and then progressively declines or remains
constant (Kim et al., 2015).

A link was discovered between a certain molecular subtype of
cancer and a patient's age: aggressive resistant triple-negative breast

6
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cancer is most usually identified in groups under 40 years old, whereas
luminal breast cancer is most typically diagnosed in patients over 70
years (McGuire et al., 2015).

2.2.4.1.3. Family history:

One of the major risk factors for breast cancer that has been noted
In many research is a family history of the disease (Bhadoria et al., 2013;
Thakur et al., 2017).

Regardless of age, the incidence of breast cancer is much increased
in all individuals with a family history. This relationship is fueled by
epigenetic modifications as well as environmental variables that function
as potential triggers (Wu et al., 2018).

A higher risk of breast cancer may also result from a family history
of ovarian cancer, especially with BRCAL or BRCA2 mutations (Celik et
al., 2015).

2.2.4.1.4. Genetic mutations:

A number of genetic mutations have been linked to an increased
risk of breast cancer. BRCAL1 and BRCAZ2 (located on chromosome 17
and chromosome 13 respectively), are two key genes with strong
penetrance (Shiovitz and Korde, 2015). Mutations in the BRCA1 and
BRCAZ2 genes inherited through the autosomal dominant method and are
responsible for approximately 40% of hereditary breast cancer cases
(Cobain et al., 2016).

According to a study's findings, between 55% and 65% of BRCALl
mutation carriers and 40% of BRCA2 mutation carriers would acquire
breast cancer by the age of 70 (Godet and Gilkes, 2017).
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Cancer General Mutation Risk
Type Population Risk BRCAA1 BRCA2
Breast 12% 50%-80% 40%-70%

o
Second 3.5% within 5 years ~ 27% within 120 Within 5 yrs
primary breast Upto11% 5 yrs 40%-50% at
20 yrs
Ovarian 1%-2% 24%-40% 11%-18%
Male breast 0.1% 1%-2% 5%-10%
15% (N. European
origin) o o
Prostate 18% (African <30% <39%
Americans)
Pancreatic 0.50% 1%-3% 2%-7%

Figure (2-1) demonstrate the association of multiple cancer types with
BRCAland BRCA2 mutation.

2.2.4.1.5. Race/ ethnicity:

There are still significant racial and ethnic disparities among breast
cancer patients, but the mechanisms associated with this phenomenon are
not clear yet. In general, white non-Hispanic women continue to have the
greatest prevalence of breast cancer (Hill et al., 2019; Yedjou et al.,
2019). In contrast, the death rate from breast cancer is substantially
greater in black women, who also have the lowest survival rates (ACS,
2014).

2.2.4.1.6. Reproductive factors:
The link between reproductive factors and breast cancer is due to
the action of ovarian hormones, which begin during puberty and persist

throughout the monthly cycle. These hormones are also affected by the
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number of pregnancies and ultimately decrease in menopause (Thakur et
al., 2017).

2.2.4.1.7. History of breast cancer and benign breast diseases:

Previous history of breast cancer is associated with an increased
risk of recurrence within the breasts (Schacht et al., 2014). Besides,
a history of any other non-malignant diseases such as atypical
hyperplasia, carcinoma in situ, or many other proliferative or non-
proliferative lesions, also increases the risk of breast cancer significantly
(Dyrstad et al., 2015).

2.2.4.1.8. Blood group:

The results of a review study showed that women with blood group
A and Rhesus positive have a higher risk of developing breast cancer,
while women with blood group AB and Rhesus negative have a lower

risk of developing breast cancer (Meo et al., 2017).

2.2.4.2. Modifiable factors:
2.2.4.2.1. Hormonal factors:
2.2.4.2.1.1. Contraceptive methods:

Several research have looked into the role of contraceptive pills in
the occurrence of breast cancer (Beaber et al., 2014). The use of oral
contraceptive pill is linked to a higher chance of getting breast cancer.
(Bhadoria et al., 2013).

Williams et al. (2018) showed a positive relationship between the
current use of contraceptives and lobular breast cancer. The risk of
developing breast cancer decreases 5-10 years after the use of hormonal

contraception is discontinued (Zolfaroli et al., 2018).
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2.2.4.2.1.2. Ovulation-stimulating drugs:
Using ovulation-stimulating drugs for more than 6 months raises

the chance of getting breast cancer (Taheripanah et al., 2018).

2.2.4.2.1.3. Hormone replacement therapy:
Numerous studies show that females who utilize hormone
replacement therapy (HRT) for more than 5 or 7 years are at an elevated

risk of developing breast cancer (Narod, 2011; Vinogradova et al., 2020).

2.2.4.2.2. Obesity and overweight:

Obese postmenopausal women (BMI 30 kg/m?) had a worse
disease-free survival and overall survival than non-obese women at the
time of breast cancer diagnosis (Scholz et al., 2015).

Increased body fat may exacerbate the inflammatory state and
change the levels of circulating hormones, allowing pro-carcinogenic
processes to occur (James et al., 2015).

Body mass index-related increased breast cancer risk is also
correlated with concurrent family history of breast cancer (Hopper et al.,
2018).

2.2.4.2.3. Physical activity:

Regular physical exercise is thought to be a preventive factor
against the occurrence of breast cancer, even if the mechanism is not yet
understood (Kyu et al., 2016).

2.2.4.2.4. Insufficient vitamin supplementation:

High levels of 25-hydroxy vitamin D are linked to a decreased risk
of breast cancer in both pre and postmenopausal women (Atoum and
Alzoughool, 2017; Estébanez et al., 2018). Also an increased expression

10
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of vitamin D receptors has been linked to decreased breast cancer death
rates (Huss et al., 2019).

2.2.5. Classification of breast cancer:
2.2.5.1. Histological classification:

About 25% of invasive breast tumors have different developmental
patterns and cytological features, hence they are classified as separate
subtypes (e.g., invasive lobular carcinoma, tubular, mucinous A,

mucinous B, neuroendocrine) (Erber and Hartmann, 2020).

2.2.5.2. Luminal breast cancer:

Luminal breast cancers are ER-positive tumors that account for
over 70% of all breast cancer cases in Western countries (Howlader et al.,
2014).

Luminal-like tumors are divided into Luminal A and B subtypes
which has different clinical outcomes. The presence of ER and/ or PR and
the lack of HER2 characterize Luminal A subtype. In this subtype, ER
transcription factors activate genes that are expressed in luminal
epithelium lining the mammary ducts (Prat et al., 2013). They are
clinically low-grade, slow growing, and have the best prognosis.

Luminal B subtype are ER positive and may be PR negative and/or
HER2 positive. In contrast to luminal A, Luminal B tumors are higher
grade and has worse prognosis. (Ades et al., 2014; Raj-Kumar et al.,
2019).
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2.2.5.3. Human epidermal growth factor receptor 2-enriched breast
cancer:
The HER2-enriched group accounts for 10-15% of breast cancers.
It is characterized by strong HER2 expression in the absence of ER and
PR (Roberts et al., 2013; Raj-Kumar et al., 2019)
Prior to the development of HER2-targeted medicines, HER2-
enriched tumors grew faster than luminal tumors and had the worst

prognosis of any subtype (Plasilova et al., 2016).

2.2.5.4. Triple-negative breast cancer:

Triple-negative breast cancer (TNBC) is a diverse group of breast
cancers that are ER-negative, PR-negative, and HER2-negative. They
account for about 20% of all breast cancers. Triple-negative breast cancer
Is more frequent in women under the age of 40 and in African-American
women (Plasilova et al., 2016).

Triple-negative breast cancer account for the vast majority (about
80%) of breast cancers caused by BRCAL germline mutations, whereas
11-16% of all TNBC have BRCAL or BRCA2 germline mutations. It is
an aggressive disease and it’s often associated with a poor prognosis
(Newman et al., 2015).

Triple-negative breast cancers account for 10-30% of all breast
cancers are associated with younger age and higher grade at diagnosis,
and do not benefit from hormonal or HER2 targeted therapies since they
lack ER, PR and HER2 receptors (Hon et al., 2016; Bianchini et al.,
2016).
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.
Molecular Subtypes Luminal A HER2+ TN
(HER2-) (HER2+)
ER- ER-
PR PR

ER+ ER+ ER+
Biomarkers ER: Ao PR/+ L 2
HER2- HER2- HER2+ HER2+ HER2-
Ki67low Ki67high Ki67low/high Ki67high Ki67high
Frequency of Cases (%) 40-50 20-30 15-20 10-20
Well Differentiated Little Differentiated | Little Differentiated

Histological Grade Moderately Differentiated (Grade I1)

(Grade ) (Grade Il1) (Grade I11)
Prognosis Good Intermediate Poor Poor
" Endocrine
Response to Therapies Endocrine Endocrine Chemotherapy Target Therapy Chemthefapy
Chemotherapy Chemotherapy PARP Inhibitors
Target Therapy

ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2.

Figure (2-2) classification of molecular subtypes of breast cancer.

2.2.6. Prognostic biomarkers:
2.2.6.1. Estrogen receptor:

Estrogen receptor (ER) expression is an essential diagnostic factor
since it is found in about 70-75% of invasive breast cancer (Colomer et
al., 2018; Li et al., 2020). The assessment of ER expression in both
primary invasive tumors and recurrent lesions is required in current
practice. This approach is necessary to identify the patients who will get
benefit from the use of endocrine treatment, particularly selective
estrogen receptor modulators, pure estrogen receptor down-regulators, or
third-generation aromatase inhibitors (Duffy et al., 2017).

Patients with high ER expression often have much better clinical
outcomes, therefore even while the diagnosis of altered ER expression is
extremely important for choosing the right medication, ER expression
may also serve as a prognostic factor (Nasrazadani et al., 2018).

A link was discovered between ER expression and a family history
of breast cancer, which expands the value of ER expression as
a diagnostic biomarker of breast cancer, particularly in situations of
familial risk (Tse et al., 2015).
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2.2.6.2. Progesterone receptor:

Progesterone receptor is overexpressed (>50%) in ER-positive
breast cancer patients and rarely in ER-negative breast cancer patients.
Progesterone receptor expression is regulated by ER therefore,
physiological values of PR inform about the functional ER pathway (Obr
and Edwards, 2012).

However, both ER and PR are widely expressed in breast cancer
cells and are used as diagnostic and prognostic indicators (especially ER-
positive subtypes) (Wu et al., 2020).

Over expression of PR is significantly correlated with overall
survival, time to recurrence, and time to treatment failure or
advancement, whereas lower PR levels are often linked with a more
aggressive course of the illness and worse prognosis and recurrence rates
(Patani et al., 2013).

2.2.6.3. Human epidermal growth factor receptor 2:

About 15-25% of breast tumors express HER2, and the presence or
absence of this protein is significant in the selection of appropriate
therapy for breast cancer patients, HER2 overexpression is one of the first
processes in breast cancer development (Kohler et al., 2015).

Furthermore, HER2 raises the detection rate of metastatic or

recurring breast cancer from 50% to over 80% (Kontani et al., 2013).

2.2.7. Tumor staging (TNM classification):

In 1959, the American Joint Committee for Cancer Staging and
End-Results Reporting, now the American Joint Committee on Cancer
(AJCC), standardized the tumor, node, and metastasis (TNM) cancer
staging system. The first edition of the AJCC Staging Manual, published
in 1977, allowed clinicians to standardize treatment and evaluate
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treatment results between different institutions. Since then, the manual
has been periodically updated to reflect clinical and technological
advancements in the field (Amin et al., 2017; Plichta et al., 2018).

Until the implementation of the 8th edition of the AJCC Staging
Manual in 2018, a purely anatomic staging method, which uses primary
tumor (T) size, nodal (N) involvement, and metastasis (M) based on
clinical and pathological evaluations, was employed. Advancements in
tumor biology and prognostic biological markers [estrogen receptor (ER)
and progesterone receptor (PR), HER2/neu, and Ki-67] have allowed
clinicians to understand why similarly staged patients had significantly
different outcomes. The most recent update to the staging system
integrates anatomic staging with prognostic staging, which uses tumor
grade, hormone receptors and oncogene expression, and multigene testing
(Hortobagyi and Connolly, 2016).

Overall Stage T category N category M category
Stage 0 Tis NO MO
Stage | Tl NO MO
Stage IIA TO N1 MO
Tl N1 MO
T2 NO MO
Stage 11B T2 N1 MO
T3 NO MO
Stage I1IA TO N2 MO
Tl N2 MO
T2 N2 MO
T3 N1 MO
T3 N2 MO
Stage I11B T4 Any N MO
Stage I1IC Any T N3 MO
Stage IV Any T Any N Ml

Figure (2-3) American Joint Committee on Cancer’s Staging System for
Breast Cancer, Eighth Edition.
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2.3. Obesity:

According to WHO (2019), epidemiological research conducted in
2016 revealed that around 1.9 billion of people were overweight, with
over 650 million of these being obese. Further, 40% of females aged 18
years and above were overweight and out of these adults females 15%
were obese according to WHO during 2016.

Obesity is linked to an increased risk of several chronic illnesses,
including diabetes, heart disease, and hypertension, as well as an
increased chance of cancer. Abdominal obesity contributes to the
development of an environment that favors cancer growth (Chang and
Eibl, 2019).

The association between obesity and cancer, especially breast,
endometrial, ovarian, thyroid, and prostate cancers, was reported
(Gallagher and LeRoith, 2015).

Obesity has a link to breast cancer due to higher rates of
androgenic precursor conversion to estrogen in adipose tissue via
peripheral aromatization. High levels of insulin and insulin-like
compounds in response to obesity, on the other hand, can promote cancer
cell growth (Chen et al., 2016).

Obese breast cancer patients are more likely to have bigger tumors,
be at a more advanced stage at the time of their initial clinical
examination, have a higher likelihood of metastasis, and develop
resistance to hormonal therapy (Santa-Maria et al., 2015; Gerard and
Brown, 2018).

Clinical data demonstrates that obese breast cancer patients who
receive chemotherapy or aromatase inhibitors have a higher risk of
recurrence and a worse response to treatment in contrast to thin
individuals (Karatas et al., 2017).
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2.3.1. Main mechanisms involved in obesity-associated breast cancer:
2.3.1.1. Chronic inflammation:

Adipocyte hypertrophy and cell death caused on by excessive
adiposity result in persistent, subclinical inflammation of adipose tissue
(lyengar et al., 2015).

Adipose chronic inflammation has been shown to increase cancer
cell survival and proliferation, promote angiogenesis, metastatic spread,
modify antitumor immune responses, and interfere with hormonal or
chemotherapeutic therapies that affect the prognosis of cancer. A pro-
inflammatory microenvironment is created at the tumor site as a result of
the existence of crown-like structures, which are histological focal
inflammatory regions, and the close proximity of adipose stromal cells.
Therefore, infiltrating M1 macrophages, cytokines, and pro-inflammatory
mediators such as cyclooxygenase-2 (COX-2), TNF-a, IL-6, monocyte
chemoattractant protein-1 (MCP-1) and interleukin (IL)-1b are elevated
(lyengar et al., 2016).

2.3.1.2. Sex hormone deregulation:

Increased adiposity promotes the formation and progression of
breast cancer in postmenopausal women Dby increasing estrogen
production, resulting in increased estrogen exposure to breast tissue,
estrogen exposure is the primary cause of breast carcinogenesis (Gerard
and Brown, 2018).

Adipose tissue becomes the primary source of estrogens beyond
menopause due to aromatase, an enzyme produced by stromal cells,
which converts androstenedione to estrone. In obese women, enhanced
estrogen synthesis and relatively high plasma levels are the results of
increased aromatase activity. Therefore the risk of breast cancer and its
poor prognosis increase in this group of population (Rose et al., 2015).
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Factors created during inflammation, as well as the paracrine loop
formed between macrophages and adipose stromal cells, may stimulate
the aromatase enzyme activity, resulting in ER-positive breast cancer
epithelial cell development via locally produced estrogens. Therefore,
a link between obesity, inflammation, and hormone receptor-positive

cancer appears to be quite significant (Crespi et al., 2016).

2.3.1.3. Insulin:

Insulin is another obesity-related factor that stimulates the activity
of adipose aromatase while directly promoting the proliferation and
invasion of breast cancer cells as part of the adipose metabolic changes
(Howe et al., 2013).

Deregulated insulin signaling in obesity has been extensively
documented for decades. Body mass index is directly related to
circulating insulin and insulin-like growth factor-1 (IGF-1). An increased
risk of post-menopausal breast cancer as well as an increased risk of
cancer recurrence and death are also linked to high levels of insulin in
obese women as a result of insulin resistance (Rose et al., 2015).

Elevated insulin levels have been linked to an increased risk of
breast cancer in postmenopausal women even with normal BMI (Gunter
etal., 2015).

2.3.1.4. Adipokines:

Over the past few years, there has been a considerable increase in
knowledge regarding adipose tissue. Even while adipose tissue has
traditionally been thought of as an inactive tissue used to store lipids, it is
now recognized as a functional organ with both metabolic and endocrine

activities that secretes a wide range of substances into the circulation to
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connect with other organs and tissues (Poulos et al., 2010; Gerard and
Brown, 2018).

Those substances, collectively known as adipokines, are required
for a variety of physiological reactions, including glucose and lipid
metabolism, homeostasis, angiogenesis, inflammation, and satiety (Khan
and Joseph, 2014; Gerard and Brown, 2018)

Overweight or obesity is caused by the unregulated expression of
adipokines in adipose tissue and hormonal dysregulation, which together
increase the risk of breast cancer (Lafontan, 2014; Gerard and Brown,
2018).

One of the main characteristics of fat metabolism and the
physiopathology of obesity-related disorders is altered adipokine and
cytokine signaling. Obese people's adipocytes release endocrine,
inflammatory, and angiogenic substances that have an impact on nearby
breast cancer cells. Leptin and adiponectin are the most important
adipokines linked to the development of breast cancer caused by obesity
(Khan et al., 2013).

Adiponectin has a negative regulatory role in the development of
breast cancer linked to obesity. Therefore, low levels of adiponectin,
which are indicative of obesity, are linked to higher proliferative activity,
which raises the risk of development of cancer. Furthermore, decreased
blood adiponectin levels are linked to increased tumor size and a worse

prognosis of breast cancer (Nagaraju et al., 2016).

2.3.1.4.1. Leptin and breast cancer:

Hyperleptinemia is one of the pathophysiological causes of breast
cancer in obesity. Leptin is classified as both a hormone and an
adipokine, and it is primarily generated and released into circulation by
adipose tissue. The placenta also synthesize and secrete it, as do the
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mucosa of the gastric fundus, skeletal muscle, brain, bone marrow,
lymphoid tissues, immunological cells, ovaries, endometrium during
embryo implantation, and both normal and cancerous breast tissue (Ray,
2012).

The primary role of leptin is to maintain energy homeostasis by
engaging in the anorexigenic pathway via a central feedback mechanism
at the hypothalamic level. In this way, it regulates adipose tissue
development via intermediate hormonal pathways that regulate food
intake. In addition to its primary role, it is known that leptin influences
fetal development, reproduction, breastfeeding, bone formation,
hematopoiesis, immunological response, angiogenesis, and the
proliferation of several cell types, including breast tissue cells (Barone et
al., 2016).

Leptin has another regulatory role in the interaction between
energy metabolism and the immune system, which is partially responsible
for the inflammatory conditions associated with obesity (Perez-Pérez et
al., 2017).

According to reports, leptin levels may raise or decrease the risk of
breast cancer depending on menopausal state. Postmenopausal women
with greater plasma leptin levels had a higher chance of getting breast
cancer, whereas premenopausal women with lower leptin levels had
a higher risk of developing breast cancer. Furthermore, a rise in leptin
levels enhances breast tumor survival and development (Harris et al.,
2011; Khan et al., 2013).

According to reports, leptin stimulates intracellular signaling
pathways and aids breast cancer cells in proliferation, migration,

angiogenesis, invasion, and metastasize (Guo et al., 2012).
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2.3.1.4.2. Leptin receptors:

The mechanism of leptin action starts with the activation of its
transmembrane receptor, called Ob-R or LEPR, which has a helical
structure and is related to class | cytokine receptors. LEPR is present in
tissues such as pancreas, placenta, adrenal glands, stomach,
hematopoietic cells, liver, heart, lung as well as breast cells (Sanchez-
Jiménez et al., 2019).

Leptin can influence breast cancer cells not only by endocrine
and/or paracrine actions, but also through autocrine pathways. High
levels of leptin and overexpression of its receptors in obese women can
lead to an increase in signaling, key in the development of breast cancer
(Ray, 2012).

2.3.1.4.3. Leptin and estrogen:

A significant amount of data has indicated that estrogen and its
receptor play a critical role in the genesis and progression of breast
cancer. Estrogens are thought to contribute significantly to breast cancer
by promoting oxidative metabolism and cellular proliferation through a
variety of cytochrome P450 (CYP) enzymes, including CYP1Al and
CYP1BL1. The primary estrogen in breast tissues is 17b-oestradiol (E2),
which binds to the estrogen receptor a (ERa) and feeds the phase |
enzyme cytochrome P450 CYP1B1 (Gérard and Brown, 2018).

Leptin increases the tumorigenicity of estrogen-positive breast
cancer cells particularly (Strong et al., 2015). Furthermore, leptin from
adipose stromal/stem cells promotes a distinct pattern of gene expression
in ERa-positive compared ERa-negative breast cancer cells (Binai et al.,
2013).
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2.3.1.4.4. Leptin and therapeutic targets in breast cancer:

In certain breast cancer follow-up studies, leptin network
interactions have been linked to prognosis as well as pharmacological
responses. Patients with breast cancer, for example, who have high levels
of leptin but negative expression of the estrogen hormone receptor have
a greater survival rate. As a result, people with a positive leptin/negative
hormone receptor status have a better response to chemotherapy and
a better prognosis compared to those with a positive leptin/positive
hormone receptor profile have a poor response (Simone et al., 2016).

Furthermore, it has been proven that leptin interferes with the
activity of tamoxifen in ER-positive breast cancer cells when induced by
betaestradiol (Chen et al., 2013).

2.4. Diabetes and breast cancer:

Type 2 diabetes mellitus is one of the most common chronic
diseases in the world, affecting people at any age, including children,
women, youth, and adults (Hu, 2011).

Diabetes affected roughly 9.3% of the US population in 2012
(CDC, 2014). Diabetes is classified into two types: type | and type II,
with type Il accounting for 95% of all clinical diagnosis (CDC, 2014).

Breast cancer and diabetes mellitus are chronic illnesses that are
becoming more prevalent worldwide (Heleen et al., 2017). Women with
type 2 diabetes mellitus (T2DM) are more likely to develop breast cancer,
the most frequent malignant tumor in females (Torre et al., 2015).

Several mechanisms have been proposed for the increased risk of
breast cancer in women with T2DM, including common risk factors (such
as obesity), specific metabolic derangements of diabetes (i.e.,
hyperglycemia, hyperinsulinemia, and insulin resistance), and the use of
insulin, specifically insulin analogs (Jetty et al., 2019).
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In comparison to women without diabetes, women with diabetes
have a 40% higher risk of death from breast cancer; the comorbidity and
consequences from diabetes may also play a role in the high all-cause of
mortality rate. However, diabetes also raises the chance of mortality
specifically related to breast cancer (Lorraine et al., 2015).

Another factor contributing to the poorer breast cancer survival
rates may be the more aggressive or less responding tumor subtypes that
emerge in women with diabetes. It has been demonstrated that the
development of estrogen receptor (ER)-negative breast cancer subtypes is
correlated with hormone-related breast cancer and diabetes risk factors,
such as obesity (Heleen et al., 2017). There is evidence that insulin may
increase estrogen production, promoting the development of ER-positive
breast cancer (Rose and Vona, 2012).

Compared to those without diabetes, women with diabetes are
notably more likely to present with advanced-stage breast cancer
(Lorraine et al., 2015). Furthermore, women with T2DM are more likely
to be diagnosed with a more aggressive type of breast cancer than women
without T2DM (Jetty et al., 2019).

The incidence of advanced-stage breast cancer was highest in
younger women and those who had diabetes for a longer period of time;
these findings suggest that diabetes may predispose women to more
rapidly advancing breast cancer, resulting in more advanced-stage illness
upon diagnosis (Lorraine et al., 2015).

According to a new comparative risk assessment study, the global
incidence of cancer linked to diabetes and obesity will continue to rise
unless the prevalence of these disorders decreases (Pearson-Stuttard et
al., 2018).
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Also according to evidence, 16% of breast cancer subjects have
diabetes, implying a 10-20% increased risk of developing breast cancer in
diabetic women (Vona-Davis and Rose, 2012).

Moreover, diabetes/ impaired glucose tolerance worsens breast
cancer prognosis (Schrauder et al., 2011; Goodwin et al., 2012) and has
a positive association to breast cancer related mortality in a 10-year

follow-up study (De Bruijn et al., 2013).

2.4.1. Diabetes and breast cancer: The molecular link:

Clinical studies dating back to 1932 revealed a link between
diabetes and cancer. Diabetes and breast cancer have complex
relationships, according to preclinical and clinical research (Renehan et
al., 2010; Tudzarova and Osmanm 2015).

Pre-diabetes is defined by insulin resistance and glucose
intolerance, as well as higher-than-normal blood glucose levels that are
not high enough to be classified as diabetes. During diabetes progression,
insulin resistance-related metabolic re-programming causes three major
metabolic changes in circulation: (1) dyslipidemia/ hyperlipidemia (high
levels of triglycerides, fatty acids, and cholesterol), (2) hyperinsulinemia,
and (3) hyperglycemia, resulting in a low-grade chronic inflammatory
condition (Sun and Kashyap, 2011; Basha et al., 2012).

Insulin and hyperinsulinemia are indicators of obesity, and
hyperinsulinemia is linked to higher IGF-1 levels (Bowers et al., 2015).
IGF plays a multifaceted role in cancer, with research indicating a slight
elevated risk of some malignancies due to enhanced IGF system activity.

In overweight/obese females, there is a bidirectional association
between dysregulated/imbalanced glucose/insulin metabolism and breast

cancer (Luque et al.,, 2017). Hyperinsulinemia is associated with
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increased IGF-1 production, resulting in cancer-promoting effects of
obesity (Bowers et al., 2015).

2.4.2. Insulin and insulin-like growth factor:

In breast cancer models, in vitro and in vivo studies revealed that
the IGF-1 signaling cascade promotes proliferation, migration,
angiogenesis, and survival (Weroha and Haluska, 2012; Christopoulos et
al., 2018).

According to Duggan et al. (2011), elevated insulin and IGF-1
levels were linked to higher mortality. Therefore, lowering IGF-1 levels
and focusing on IGF-1 receptors in various breast cancer subtypes may be
helpful for treating the disease in that subgroup (Christopoulos et al.,
2018).

Obesity, diabetes, and metabolic syndrome all have a significant
Impact on breast cancer risk (Rose et al., 2015; Simone et al., 2016),
however the pathophysiological mechanisms and molecular and cellular
variables underlying these associations are still poorly understood (Klil-
Drori et al.,, 2017). Among the suggested players, IR stands out as
a strong candidate because it plays a significant role in the metabolic
syndrome, diabetes, other metabolic illnesses, as well as various cancer

types, including breast cancer.
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Chapter Three

Materials and Methods

3.1. Materials:
3.1.1. Patients:

This cross-sectional study was conducted on a group of
postmenopausal women (woman hasn't experienced a period for over a year)
diagnosed with breast cancer in Babylon Oncology Treatment Center in
Merjan Medical City in Al-Hillah City, Babylon Governorate; under the
supervision of the Department of Medical Physiology in Babylon Medical
College.

The study extended from the beginning of September 2022 till the end
of March 2023. The cases were selected according to the inclusion and
exclusion criteria listed below in addition to the decision of their attendant

physician.

3.1.2. Sample size calculation:

The study’s sample size was calculated according to the following formula:

N=Z22 P (1-P)/d?

Where:

N: Sample size

Z: Statistic corresponding to level of confidence which equals to 1.96 as the
level of confidence is 95%.

P: Expected prevalence of breast cancer among obese postmenopausal

women which equals to about 20% (Giaquinto et al., 2022).
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d: Precision which equals to 5% as the prevalence of disease is between 10-
90%.

Accordingly, the calculated sample size will be about 245 patients.

3.1.3. Inclusion and exclusion criteria:
3.1.3.1. Inclusion criteria:

Post-menopausal woman presented with histopathologically-
confirmed breast cancer, with or without type Il diabetes mellitus and with

any body weight.

3.1.3.2. Exclusion criteria:
1. Premenopausal women.
2. Women with type | diabetes mellitus.

3. Women with other type of malignancy.

3.1.4. Ethical approval and consent:

All patients involved in this work were informed and the agreement
was obtained verbally from each one before the collection of samples. This
study was approved by the Committee on Publication Ethics at the College
of Medicine, University of Babylon, Irag under the reference number 3-1 in
30/6/2022.

3.1.5. Confirmation of the diagnosis:

The diagnosis of breast cancer and its pathologic subtypes was
determined based on the results of breast tissue biopsy samples (Goldhirsch
et al., 2011); and the diagnosis of diabetes was made according to ADA,
(2014); based on the patient's age, body weight overweight/obesity, fasting
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blood sugar of 126 mg/dL or more, 2-hour postprandial blood sugar of 200

mg/dL or more, random blood sugar of 200 mg/dL or more, glycosylated

hemoglobin of 6.5% or more, normal or elevated serum insulin and

C-peptide levels, and absence of specific antibodies against islet B-cells.

3.1.6. Laboratory apparatuses, instruments and disposable materials:

The laboratory apparatuses, instruments and disposable materials used

in this study are mentioned in tables (3-1 A and B).

Table (3-1-A) Scientific laboratory apparatuses.

No. Item Company Country
1 CBC auto-analyzer Orphée Switzerland
2 Respons 920 Dia Sys Germany
3 Centrifuge Hittech Germany
4 Cobas C111 Roche Japan
5 Cobas C411 Roche Japan
6 Refrigerator Concord Lebanon
7 Deep freeze GFL Germany
8 Microplate reader Biotek USA

Table (3-1-B) Technical instruments and disposable materials.
No. Item Company | Country
1 Glass EDTA tubes Afco Jordan
2 Glass gel tubes 10 ml Afco Jordan
3 Disposable syringes 5 ml Universal China
4 Eppendrof tubes 1.5 ml Universal China
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3.1.7. Kits:
The kits used in this study are mentioned in tables (3-2) and (3-3).

Table (3-2) Biochemical kits used in this study with their companies and

countries of origin.

No. Item Company | Country
1 Elecsys ferritin kit Roche Germany
2 Al1C-3 kit Roche Germany

Table (3-3) Enzyme-linked immunosorbent assay (ELISA) kit used in this

study with its company and country of origin.

No. Item Company Country
1 Human leptin ELISA kit BT lab China
3.2. Methods:
3.2.1. History:

Basic information was recorded as follows: Name, age, height and
weight to record the body mass index as follows: BMI = Weight (kg) /
Height (m?). Marital status, stage and grade of breast cancer at the time of
diagnosis, histologic and luminal subtypes of breast cancer, history of
recurrence of breast cancer, family history of breast cancer and other
cancers, history of diabetes and hypertension, history of medication usage

such as contraceptive pills and hormonal therapy and physical activity. All
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these parameters was assessed and recorded in a special file sheet

questionnaire (Figure 3-1).

Patient’s name :

Age:
Hight: weight:
BMI:
Marital status:
Stage and grade of breast cancer at time of diagnosis: T
Stage grade
N
M
Histologic and luminal subtypes of breast cancer: HPR
ER LUMINAL
PR
HER2

History of recurrence of breast caner:
Family history of breast cancer or other cancers:
History of diabetes or hypertension:

History of medication (cop or hormonal therapy):
Physical activity:

Blood test

Hb PCV. MCV
MCHC

RBS

HbAIC Leptin Ferritin

Figure (3-1) File sheet questionnaire.

3.2.2. Blood collection and serum preparation:

Five milliliters of fresh blood were drawn at 8:30 AM from
participants, two milliliters for hematological and the rest for biochemical
analyses. Two types of labeled tubes were used; the first contain EDTA as
an anti-coagulant to prevent clotting of blood to be used for hematological
studies. The second type of tubes were without anti-coagulant as gel tubes,
for preparing sera by putting blood in the tubes and allowing it to clot for 15-

30 minutes, then separating it by centrifugation for 10 minutes at 3000 round
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per minute to be used in the subsequent biochemical tests (Bishop et al.,
2000). Each sample was labeled and given a serial number together with the
participant's name. The separated sera were divided into two parts; the first
one is used for the measurement of serum ferritin and the second one was
placed in a labeled Eppendorf tube and were kept frozen at -20 C° for

subsequent measurement of serum leptin.

3.2.3. Hematological and biochemical studies:
3.2.3.1. Hematological studies:

Hemoglobin (Hb), packed cell volume (PCV), mean cell volume
(MCV) and mean cell hemoglobin concentration (MCHC) were all done by

the use of an automated auto-analyzer (Orphée, Switzerland).

3.2.3.2. Biochemical studies:
3.2.3.2.1. Random blood sugar:
Random blood sugar was measured by DiaSys respons® 920 through

an enzymatic UV test using hexokinase (Bakker and Miicke, 2007).

3.2.3.2.2. Hemoglobin A1C:

Hemoglobin A1C was measured by the use of A1C-3 kit (Roche,
Germany) and was done according to the Cobas C111 HbAlc Kit insert
(Zander et al., 1984; Wolf et al., 1984 and Little et al., 1992).

3.2.3.2.3. Serum ferritin:
Serum ferritin concentrations were measured using Elecsys ferritin kit
(Roche, Germany) by the ElectroChemiLuminescence method with Roche

Cobas E411 autoanalyser system (Roche-Hitachi Diagnostics, Japan) and
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was done according to Elecsys ferritin kit (Roche, Germany) instructions
(Blackmore et al., 2008).

3.2.3.2.4. Serum leptin:
Serum leptin concentrations were measured using human leptin elisa
kit (Bioassay technology laboratory, China), and was done according to elisa

microplate reader (Biotek, Usa) instructions (Kalmarzi et al., 2017).

3.3. Statistical analysis:

Continuous variables were reported as means + standard deviations
(SD), while the other categorical variables were addressed as percentages
(no. (%)). The comparisons between the study groups were done using
independent-samples t-test for the continuous variables and chi-square test
for the categorical ones. In addition; correlation analyses were done between
all the continuous variables to report the strength of the relationship between
them.

All analyses were done by the use of a statistical package of social
sciences (SPSS) version 18.0 software (SPSS Inc., Chicago, IL, USA).
P value of less than 0.05 was regarded as statistically significant (Daniel,
2009).
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Chapter Four

Results

This study was done on postmenopausal women having breast cancer.
It included a total of 240 patients. They were divided into two groups
according to the scores of their body mass indexes. The first group of
patients (n=138) included those with BMI>30 Kg/m?, while the second
group (n=102) included those with BMI1<30 Kg/m? (figure 4-1).

102 (42.5%)

138 (57.5%) B Group 1

B Group 2

Figure (4-1) Distribution of the study’s patients according to body mass
index (BMI). Group 1 (BMI>30 Kg/m?); Group 2 (BMI<30 Kg/m?).
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4.1. Age distribution:

Table (4-1) demonstrates the age distribution for the two groups of
patients in this study. The ages range between 48-85 years. A statistically
significant difference was present between the two groups of patients

regarding age (p value=0.008).

Table (4-1) Age distribution for the study groups.

Groups Group 1 Group 2
(BMI > 30 Kg/m?) | (BMI < 30 Kg/m?) p value
Age (n=138) (n=102)
Age (years) | 57.266.823 59.68+8.251 | 0.008
Mean + SD
- BMI: Body mass index.
- Kg: Kilogram.

- m2: Square meter.
- SD: Standard deviation.

4.2. Staging and grading of breast cancer:

Tables (4-2), (4-3) and figures (4-2), (4-3) demonstrate the
distribution of breast cancer’s stage and grade among the two groups of the
study, showing that statistically significant differences were present between
the study’s groups regarding them (p values=0.033 for cancer’s stage and

0.0001 for cancer’s grade).
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Table (4-2) Distribution of breast cancer’s stage among the study groups.

Groups Group 1 Group 2 Total
(BMI >30 Kg/m?) | (BMI<30Kg/m?) | No.(%) | pvalue
Stage (n=138) (n=102)
Stage | 14 (10.1) 10 (9.8) 24 (10.0)
No. (%)
Stage 11 64 (46.4) 30 (29.4) 94 (39.2)
No. (%)
Stage 111 36 (26.1) 32 (31.4) 68 (28.3) | 0.033
No. (%)
Stage IV 24 (17.4) 30 (29.4) 54 (22.5)
No. (%)
Total 138 (100) 102 (100) 240 (100)
No. (%)

- BMI: Body mass index.

- Kg: Kilogram.

- m2: Square meter.

- No.: Number.
- 0%: Percent.

70
60

50

Stage |

B Group 1 (BMI more than or equal 30)

Stage Il

Stage lll

40
30
20
10 14
10
0

Stage IV

H Group 2 (BMl less than 30)

Figure (4-2) Frequency of cancer’s stage among the two groups of breast
cancer patients.
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Table (4-3) Distribution of breast cancer’s grade among the study groups.

Groups Group 1 Group 2 Total
(BMI >30 Kg/m?) | (BMI<30Kg/m?) | No.(%) | pvalue
Grade (n=138) (n=102)
Grade | 10 (7.2) 30 (29.4) 40 (16.7)
No. (%)
Grade Il 88 (63.8) 54 (52.9) 142 (59.2)
No. (%) 0.0001
Grade 11 40 (29.0) 18 (17.6) 58 (24.2)
No. (%)
Total 138 (100) 102 (100) 240 (100)
No. (%)

- BMI: Body mass index.

- Kg: Kilogram.

- m2: Square meter.

- No.: Number.
- 0%: Percent.

90
80
70
60
50
40
30
20

10

Grade |

H Group 1 (BMI more than or equal 30)

Gradel ll

Grade lll

B Group 2 (BMl less than 30)

Figure (4-3) Frequency of cancer’s grade among the two groups of breast

cancer patients.
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4.3. Subtype and immunohistochemistry of breast cancer:
Tables (4-4), (4-5) and figures (4-4), (4-5) point out the distribution of

Results

breast cancer’s subtype and immunohistochemistry among the two groups of

the study. Statistically significant difference was present between the study’s

groups regarding immunohistochemistry only (p values=0.436 for cancer’s

subtype and 0.002 for cancer’s immunohistochemistry).

Table (4-4) Distribution of breast cancer’s subtype among the study groups.

Groups Group 1 Group 2 Total
(BMI>30 Kg/m?) | (BMI<30Kg/m? | No.(%) | pvalue
Subtype (n=138) (n=102)
Invasive ductal 126 (91.3) 90 (88.2) 216 (90.0)
No. (%)
Invasive lobular 12 (8.7) 12 (11.8) 24 (10.0) | 0.436
No. (%)
Total 138 (100) 102 (100) 240 (100)
No. (%)
- BMI: Body mass index.
- Kg: Kilogram.
- m2: Square meter.
- No.: Number.

- 9%: Percent.
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Results

Figure (4-4) Frequency of cancer’s subtype among the two groups of breast

cancer patients.

Table (4-5) Distribution of breast cancer’s immunohistochemistry among

the study groups.
Groups Group 1 Group 2 Total
(BMI >30 Kg/m?) | (BMI <30 Kg/m?) | No. (%) | pvalue
Immunohistochemistry (n=138) (n=102)
Luminal A 76 (55.1) 36 (35.3) 112 (46.7)
No. (%)
Luminal B 34 (24.6) 34 (33.3) 68 (28.3)
No. (%)
Triple negative 22 (15.9) 16 (15.7) 38 (15.8) | 0.002
No. (%)
HER2 6 (4.3) 16 (15.7) 22 (9.2)
No. (%)
Total 138 (100) 102 (100) 240 (100)
No. (%)
- BMI: Body mass index.
- Kg: Kilogram.

- m%: Square meter.

- HER2: Human epidermal growth factor receptor 2.

- No.: Number.
- %: Percent.
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Figure (4-5) Frequency of cancer’s immunohistochemistry among the two

groups of breast cancer patients.

4.4. History of diabetes mellitus and hypertension:

The distributions of clinical history parameters (diabetes mellitus and
hypertension) among the patients of the study are shown in table (4-6). No
statistically significant difference was present between the two groups of the
study (p value=0.073).
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Table (4-6) Distribution of clinical history among the study groups.

Groups Group 1 Group 2 Total
(BMI > 30 Kg/m?) | (BMI <30 Kg/m?) No. (%) p value
Clinical history (n=138) (n=102)
Diabetes mellitus 20 (14.5) 10 (9.8) 30 (12.5)
No. (%)
Hypertension 46 (33.3) 24 (23.5) 70 (29.2)
No. (%)
Both of them 22 (15.9) 14 (13.7) 36 (15.0) | 0.073
No. (%)
Negative 50 (36.2) 54 (52.9) 104 (43.3)
No. (%)
Total 138 (100) 102 (100) 240 (100)
No. (%)
- BMI: Body mass index.
- Kg: Kilogram.
- m2: Square meter.
- No.: Number.

- %: Percent.

4.5. History of medication usage:

The distributions of medication usage (oral contraceptives and

hormonal therapy) among the patients of the study are shown in table (4-7).

No statistically significant difference was present between the two groups of
the study (p value=0.895).
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Table (4-7) Distribution of medication usage among the study groups.

Groups Group 1 Group 2 Total
(BMI > 30 Kg/m?) | (BMI <30 Kg/m?) No. (%) p value
Medication usage (n=138) (n=102)
Oral contraceptives 28 (20.3) 18 (17.6) 46 (19.2)
No. (%)
Hormonal therapy 24 (17.4) 16 (15.7) 40 (17.6)
No. (%)
Both of them 4 (2.9) 4 (3.9) 8 (3.3) 0.895
No. (%)
Negative 82 (59.4) 64 (62.7) 146 (60.8)
No. (%)
Total 138 (100) 102 (100) 240 (100)
No. (%)
- BMI: Body mass index.
- Kg: Kilogram.
- m2: Square meter.
- No.: Number.

- %: Percent.

4.6. Hematological parameters:

Values of hemoglobin (Hb), packed cell volume (PCV), mean cell

volume (MCV) and mean cell hemoglobin concentration (MCHC) are

presented in table (4-8). No statistically significant difference was found

between the two groups of patients and controls regarding those parameters
(p values=0.172 for Hb; 0.215 for PCV; 0.086 for MCV and 0.327 for

MCHC).
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Table (4-8) Values of hematological parameters for the study groups.

Groups Group 1 Group 2
(BMI > 30 Kg/m?) | (BMI < 30 Kg/m?) p value
Parameters (n=138) (n=102)

Hb (g/dl) 11.861+1.390 11.610+1.422 0.172
Mean + SD
PCV (%) 36.419+3.998 35.767+4.044 0.215
Mean + SD
MCV (fl) 85.813+5.379 87.137+6.514 0.086
Mean + SD

MCHC (%) 32.536+1.304 32.353+1.585 0.327
Mean + SD

- BMI: Body mass index.

- Kg: Kilogram.

- m2: Square meter.

- Hb: Hemoglobin, g/dl: Gram/deciliter.

- PCV: Packed cell volume, %: Percent.

- MCV: Mean cell volume, fl: Femtoliter.

- MCHC: Mean cell hemoglobin concentration.
- SD: Standard deviation.

4.7. Random blood sugar and hemoglobin A1C:

Table (4-9) demonstrates the value of random blood sugar (RBS) and
hemoglobin A1C (HbALC), both of them exhibit statistically significant
differences between the two groups of the study and were higher in the first
group of patients compared to the second one (p values=0.011 for RBS and
0.007 for HbA1C).
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Table (4-9) Values of random blood sugar and hemoglobin A1C for the

study groups.
Groups Group 1 Group 2
(BMI >30 Kg/m?) | (BMI <30 Kg/m? | pvalue
Parameters (n=138) (n=102)
RBS (mg/dl) | 162.07+68.599 | 141.66+49.099 | 0.011
Mean + SD
HbA1C (%) 6.123+1.384 5.677+1.088 0.007
Mean + SD
- BMI: Body mass index.
- Kg: Kilogram.

- m?: Square meter.

- RBS: Random blood sugar, mg/dl: Milligram/deciliter.
- HbA1C: Hemoglobin A1C, %: Percent.

- SD: Standard deviation.

4.8. Leptin and ferritin:

Values of leptin and ferritin are shown in table (4-10), which reveals
that they were higher in the first group of patients in comparison to the
second group and a statistically significant differences were present between
the two groups regarding those parameters (p values=0.001 for leptin and
0.0001 for ferritin).

Table (4-10) Values of leptin and ferritin for the study groups.

Groups Group 1 Group 2
(BMI > 30 Kg/m?) | (BMI < 30 Kg/m?) p value
Parameters (n=138) (n=102)
Leptin (ng/ml) 1.386+0.658 1.125+0.475 0.001
Mean + SD
Ferritin (ng/ml) | 346.004+451.232 | 177.892+155.019 | 0.0001
Mean + SD
- BMI: Body mass index.

- Kg: Kilogram.
- m%: Square meter.
- ng/ml: Nanogram/milliliter. - SD: Standard deviation.
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4.9. Correlation analyses:
4.9.1. Correlation between RBS and HbA1C:

Figure (4-6) shows the correlation between RBS and HbA1C among
the patients of the study, and it is clear that a significant positive correlation

was present between them (r=0.615, p=0.0001).

R Linear = 0.378

-r=0615
- p =0.0001

4004

3007

RBS

200

100

HbA1C
Figure (4-6) Correlation between random blood sugar (RBS) and
hemoglobin A1C (HbAL1C) for the patients of the study.

4.9.2. Correlation between RBS and leptin:

Figure (4-7) shows the correlation between RBS and leptin among the
patients of the study, and it is clear that a significant positive correlation was
present between them (r=0.141, p=0.029).
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Figure (4-7) Correlation between random blood sugar (RBS) and leptin for

the patients of the study.

4.9.3. Correlation between HbAL1C and leptin:
Figure (4-8) shows the correlation between HbAL1C and leptin among
the patients of the study, and it is clear that a significant positive correlation

was present between them (r=0.168, p=0.009).
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Figure (4-8) Correlation between hemoglobin A1C (HbA1C) and leptin for

the patients of the study.
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Although the tight epidemiological connection between cancer
development and obesity is well documented, the molecular mechanisms
underlying the obesity-breast cancer link are still under investigation due to
the complexity of obesity condition and the different oncogenic alterations
that may sustain all breast cancer subtypes. Obesity is characterized by an
expanded, metabolically active and reprogrammed fat tissue that induces
local inflammation and altered levels of cytokines/adipokines. These local
alterations contribute to and cooperate with systemic physiological changes
regarding the levels of insulin, IGF-1, steroid hormones, adipokines, and
inflammation-related molecules. Furthermore, hypertrophy and hyperplasia
of white adipocytes reduces their vascularization, resulting in a decrease of
the oxygen availability. This hypoxia state induces an increased oxidative
stress, insulin resistance, ischemia, adipocyte necrosis and release of
inflammatory as well as angiogenic proteins (Laudisio et al., 2018).

The local and systemic alterations induced by obesity may influence
breast cancer through direct effects on neoplastic epithelial cells as well as
indirect effects on tumor microenvironment. All these obesity-related factors
can impact tumor initiation, metabolic reprogramming, angiogenesis,

progression, and/or response to therapy (Kang et al., 2017).
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5.1. Age distribution:

As represented in table (4-1), age distribution showed a significant
difference between the two groups of patients in this study, reflecting that
increasing age plays a significant role and acts as a potential factor in the
development of breast cancer.

Aging is one of the most important risk factors of breast cancer,
because the incidence of breast cancer is highly related to the increasing age.
In 2016, approximately 99.3% and 71.2% of all breast cancer-associated
deaths in America were reported in women over the age of 40 and 60,
respectively (Siegel et al., 2017).

Al-Hashimi (2021) stated that in Iraq, according to the cancer registry
office; almost one-third of the registered cancer amongst female is a breast
cancer and a significant increase in the incidence has been noticed among
50-59 year age group.

Another similarity to the study’s results was found with the outcomes
of Wang and his co-workers (2019), who showed that females above 50
years old with greater BMI are at a greater risk of cancer compared to those
with low BMI.

On the other hand, Kyu-Won Jung and lee (2018) showed that breast
cancer incidence rates decrease with age after menopause in Japan, while the
opposite trend is observed in the UK. South Korean women show a trend
very similar to that of the Japanese population. Meanwhile, obesity rates in
adult females are quite low in both Japan and South Korea. This low rate of
obesity might contribute to the low breast cancer incidence in Japan.
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5.2. Staging and grading of breast cancer:

The staging and grading of breast cancer were demonstrated in tables
(4-2), (4-3) and figures (4-2), (4-3), showing that statistically significant
differences were present between the two groups of the study. The results
showed that most of patients were diagnosed at stage 11 and stage 111 breast
cancer because breast lump at this stage is significantly observed by the
patient’s herself leading to seek medical advice also may be related to the
lack of screening program. The results also showed that the grade of breast
cancer was significantly associated with increased BMI, in which most
obese patients were at advanced grade at presentation this related to increase
incidence of breast cancer in obese women. Some discrepancy in the results
may be attributed to environmental and socioeconomic factors of the society
in addition to slightly atypical environment of sample collection.

The American Joint Committee on Cancer (AJCC) Cancer Staging
Manual, Eighth Edition (2018) defined early breast cancer as stage
I-11, and the stage 111 as locally advanced. The staging is the most important
component on the prognosis than the other considerations. The higher the
stage at diagnosis, the poorer the prognosis (Alawadi et al. 2019).

This manual includes 2 staging systems: anatomic stage and
prognostic stage. Although TNM staging remains especially important for
local-regional treatments such as surgery and radiation, endocrine therapy
and other targeted therapies are increasingly recommended on the basis of
tumor phenotype. Thus, the new prognostic stage now incorporates the
historical anatomic TNM factors, and also tumor grade, estrogen receptor
(ER) status, progesterone receptor (PR) status, human epidermal growth
factor receptor 2 (HER?2) status, and tumor multigene panel testing (Plichta

et al., 2020).
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A close finding to the study’s result was stated by Ayoub et al. (2019)
who revealed an association between obesity and more aggressive breast
cancer phenotypes, Advanced presentation of obese breast cancer patients
could be related to low rates of breast cancer screening among obese women
and the possibility that obese patients have more biologically aggressive
tumors as indicated by higher expression of cellular proliferation markers.

Vernaci and his colleagues (2019) also revealed that a higher BMI
was correlated with advanced stage and nodal involvement at diagnosis.

Another similarity was shown by Sun et al. (2018) who observed that
greater BMI is associated with more aggressive biological features of tumor
including a higher percentage of lymph node metastasis and greater size.

Regarding the grade of breast cancer, the results were significantly
associated with the high BMI group. This finding is in agreement with
multiple earlier studies, suggesting an association between obesity and more
aggressive breast cancer phenotypes. Obesity was associated with advanced
stage and grade of breast cancer at diagnosis. Obese breast cancer patients
tend to have poorer prognostic features at disease presentation compared to
non-obese. The impact of obesity on clinic-pathologic characteristics and
prognostic features was largely confined to postmenopausal cases (Ayoub et
al., 2019).

A similar finding was found by Rojas et al. (2019) who presented that
obese women are affected by advanced breast cancer with histologic grade 2
or 3.
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5.3. Subtype and immunohistochemistry of breast cancer:

Tables (4-4), (4-5) and figures (4-4), (4-5) pointed out the distribution
of breast cancer’s subtype and immunohistochemistry among the two groups
of the study. Statistically significant difference was present between the
study’s groups regarding immunohistochemistry only. The results showed
that the luminal A is the most commonly diagnosed breast cancer followed
by luminal B, TNBC and HER2 type, although the luminal type is the
commonest, the TNBC increased in incidence because there was
a significant number of patient diagnosed at younger age most properly due
to hereditary cause in Iraqi patients and due to lack of gene assay. While
breast cancer subtypes, the results show that there is no difference between
the two groups because breast cancer subtype not affected by BMI.

The mechanisms underlying the increased risks of obese women in
developing postmenopausal receptor positive breast cancer are multi-
factorial and mainly linked to hormonal pathways (Agurs-Collins et al.,
2019).

Most of the invasive breast cancers (about 80%) are infiltrating (or
invasive) ductal cancers (IDCs). These tumors start in the duct of the breast,
brake through the wall of the duct and invade the surrounding fat tissue,
from where they can spread through the lymphatic system or bloodstream.
The other main type of invasive breast cancers (about 10-15%) is the
infiltrating (or invasive) lobular cancer (ILC). These cancers begin in the
lobules of the breast and act then similarly to the IDCs (Alsaimary et al.,
2020).

Similar finding to the study’s results shown by Ahmed et al. (2020)
who stated a considerable association between obese postmenopausal breast
cancer patients and HR+/HER- subtype.
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Alawadi and his colleagues (2019) also presented that the IDC
recorded in (81.2%) of women as most common histopathology; Regarding
the molecular status of breast cancer, the HR+/HER- was the prominent one
in this study (50.2%), followed by weak HR+/HER- (29.9%), triple-
negative/basal-like (9.6%), and HER2-enriched (7.9%).

On contrary, Ayoub et al. (2019) showed a lack of association
between obesity and breast cancer molecular subtypes, regardless of

menopausal status.

5.4. History of diabetes mellitus and hypertension:

The distributions of clinical history parameters (diabetes mellitus and
hypertension) among the patients of the study are shown in table (4-6). No
statistically significant difference was present between the two groups of the
study. These finding may all be attributed to the fact that both of them are
risk factor for breast cancer development and this risk is almost even in both
groups of patients.

Dong et al. (2021) show that DM and its related hyperinsulinemia and
insulin resistance are risk factors for breast cancer. However, the correlation
between DM and breast cancer subtypes has inconsistent conclusions among
studies and requires further exploration and research.

A similar finding to the study’s result shown by Verma and Hussain
(2017) who suggested that around 90% of diabetes is related to excessive
body weight and BMI.

Regarding the relation between breast cancer and hypertension, Han
and his colleague (2017) reported a 7% higher risk for total breast risk in
hypertensive individuals especially for postmenopausal women.
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Also Rausch et al. (2017) stated that the suggestive mechanisms to
explain the association between hypertension and breast cancer involve
blocking of apoptosis, adipose tissue related hypoxia and chronic

inflammation promoting reactive oxygen species formation.

5.5. History of medication usage:

The distributions of medication usage (oral contraceptives (OCP) and
hormonal therapy (HT)) among the patients of the study are shown in table
(4-7). No statistically significant difference was present between the two
groups of the study. The results of the study showed that about 40% of
patients used OCP and/or HT in their premenopausal lives, suggesting
a relationship between medication usage and development of breast cancer
regardless of BMI.

The wuse of exogenous estrogen and progesterone/progestin
medications spans the reproductive and post reproductive lives of millions of
women providing control over pregnancy timing, management of
premenopausal and postmenopausal symptoms, and prevention of disease,
including endometrial and ovarian cancer. These same hormones can also
increase the risk of breast cancer in some settings and their use in breast
cancer survivors may increase the risk of breast cancer recurrence. Given
both the benefits and risks of these exogenous hormones (Pearlman, 2022).

A similar result shown by Morch et al. (2017) who explained in his
study that the relative risk of breast cancer was 20% higher among women
who currently or recently used contemporary hormonal contraceptives than
among women who had never used them. There was a suggestion that risk
may persist more than 5 years after discontinuation of HC among women
who had used HC for at least 5 years. The increased risk would not have
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been significant with adjustment for multiple comparisons involving
different categories of duration and time since last use. It’s therefore appears
that the excessive risk will diminish with time and will go back to baseline:
this will happen after 5 years for shorter use of HC and after 10 years for
women using HC for a longer time.

On the other side, Grandi et al. (2017) reviewed data from 2527
women in a retrospective cohort study and concluded that the use of HC was
not associated with an increased risk of breast cancer regardless of the

duration of use.

5.6. Hematological parameters:

Values of Hb, PCV, MCV and MCHC are presented in table (4-8).
The results showed that no statistically significant difference was found
between the two groups of patients regarding those parameters which could
be explained based on that the two groups of patients complained from mild
anemia regardless of their BMI.

Breast cancer cause a condition of oxidative stress. This disorder
results in an increase in free radicals, an imbalance between the production
and elimination of active species in the body, and a decrease in the strength
of antioxidant defense system. Oxidative stress may affect the functions of
blood cells, resulting in acute and chronic infections, anemia, and
hypercoagulability. The complete blood count (CBC) reflects the cellular
Immune response in a cancer patient and any changes in hematological
parameters influence cancer progression (Danesh et al., 2022).

A similarity to the results of the study was showed by Muthanna
et al. (2020) who hypothesized in their study that most of the patients with
breast cancer suffered from mild anemia.
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Also Muthanna and his colleagues (2021) stated that, anemia is

a frequent complication in critically ill and cancer patients. It has been

linked to a reduction in quality of life as well as a poor prognosis.

Moreover, Muthanna and his co-workers (2022) indicated that obesity
increases the risk of anemia in cancer patients. About 57.5% of obese breast
cancer patients develop anemia, whereas only 16.9% of non-obese patients
do. Logistic regression analysis confirmed these findings, revealing that
obese patients were 12.4 times more likely to develop anemia than non-

obese breast cancer patients.

5.7. Random blood sugar and hemoglobin A1C:

Table (4-9) demonstrates the value of RBS and HbA1C, both of them
exhibit statistically significant differences between the two groups of the
study and were higher in the first group of patients compared to the second
one. Since in individuals who are obese, higher amounts of fatty acids,
hormones, and pro-inflammatory cytokines that could participate in the
development of insulin resistance are released by adipose tissue which can
result in the development of T2DM.

Insulin resistance is the key factor in the pathogenesis of type 2
diabetes and the most typical and serious phenomenon. It is defined as
decreased sensitivity to insulin-mediated glucose disposal and inhibition of
hepatic glucose production and presents as dysfunction of insulin
transduction in glucose uptake and utilization in body skeletal muscles,
adipocytes and hepatocytes, which leads to hyperglycemia, hyperinsulinemia
and various disorders (Dong et al., 2021).
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Also Pan et al. (2020) stated that among postmenopausal women,
higher insulin resistance is associated with significantly higher breast cancer
incidence and a significantly higher risk of death after breast cancer. These
findings appear to identify insulin resistance as a potential breast cancer risk
factor.

Momenimovahed and Salehiniya (2019) showed in their study that
diabetes is associated with the risk of breast cancer progress among
postmenopausal women and those with higher BMI. Also showed that
women with diabetes (especially those with type Il diabetes) are at 20%
increased risk of developing breast cancer, and these results could show
some agreement to the results of the study.

Another similarity was showed by Peila and Rohan (2020) who
observed that an increased risk of breast cancer among postmenopausal
women with relatively high levels of HbAlc among those with BMI > 30
kg/m?,

On another hand, Mellergard et al. (2020) found no relationship

between obesity and glycemic control status as measured by HbA1C.
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5.8. Leptin and ferritin:

Values of leptin and ferritin are shown in table (4-10), which reveals
that they were higher in the first group of patients in comparison to the
second group. This could be attributed to the fact that obesity induce a state
of tissue inflammation and adipocyte hypertrophy resulting in the release of
pro-inflammatory factors like leptin and ferritin leading to increase their
levels in obese women.

Serum leptin levels significantly increased independently in breast
cancer cases for BMI > 25 kg/m?. Although the mechanism remains unclear,
the elevated levels of leptin were consistent with the amount of body fat in
overweight/obese groups of patients, which could positively correlate with
hyperleptinemia, insulin-sensitizing, and synthesis and activity of IGF-I and
I1. The IGF-I, 1l and leptin could have substantial effect on tumorigenesis
through various intracellular pathways, which may synergize with other
growth factors to enhance their mitogenic effects in obese hyperinsulinemic
patients (Atoum, 2022).

Nathan and Gustian (2022) stated that leptin enhance aromatase
activity and increases estrogen synthesis in breast cancer patients who are
obese and have estrogen receptor positive (ER+) cells. Estrogen activates|
a variety of processes in breast cancer, including cell division, angiogenesis,
and proliferation. According to the findings of their study, obese females
having ER+ breast cancer are at a high risk to produce leptin, a hormone that
promotes breast cancer growth.

A close observation to the findings of the study was presented by Abd
et al. (2022) who stated that participants with breast cancer and obesity

showed significantly higher serum leptin levels compared to non-obese
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breast cancer. This result may be explained by the high quantity of leptin
expressed at the gene level in adipose tissue in people with obesity.

Also Kopriv€i¢ and his colleague (2022) raveled in their study that
postmenopausal obese women had significantly highest level of leptin in
comparison to other postmenopausal, as well as premenopausal women.

Another similarity to the study’s results was showed by Pan (2018)
who observed that leptin levels are higher in patients with breast cancer
compared to patients who are healthy, particularly in women who are
overweight or obese.

Regarding serum ferritin, the increased levels of ferritin in breast
cancer have been observed, which could be due to excess iron stores, or the
underlying inflammation, or both. Tissue inflammation in obese patients can
disturb iron homeostasis by inhibiting its absorption, and by its retention in
the reticuloendothelial system leading to increase in its storage.

In the pathogenesis of breast cancer, inflammation has an important
impact. Pro-inflammatory state leads to the generation of a tumor-related
inflammatory microenvironment. Studies have reported the usefulness of
inflammatory biomarkers for predicting the prognosis and outcome of breast
cancer. The storage form of iron inside the cells is ferritin and is also found
in the circulation. The origin of serum ferritin in physiological and
pathological conditions could be hepatocytes, macrophages, and cancer
cells. The serum ferritin is elevated in inflammation and cancers, this is
related to its enhanced synthesis in macrophages. The macrophages that
infiltrate breast tumors can release ferritin, which is implicated in
tumorigenesis by triggering inflammation. The tissue and systemic levels of
ferritin increase in breast cancer and are associated with disease progression
(George et al., 2021).
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Some consistency was observed by Raya et al. (2022) who said that
ferritin stimulates the growth of cancer cells through an iron-independent
mechanism. Increased infiltration of ferritin-rich macrophages into breast
tumors may have a direct effect on tumorigenesis through ferritin production
and secretion.

Sukhbaatar and Weichhart (2018) also displayed in their study that in
inflammation, the iron recycling from macrophages is inhibited by increased
hepcidin levels. This increases serum ferritin levels, systemic iron deficiency
and anemia.

While Suarez-Ortegon et al. (2019) said that high circulating ferritin

levels to be related to metabolically unhealthy obesity.

5.9. Correlation analyses:
5.9.1. Correlation between RBS and HbA1C:

Figure (4-6) shows the correlation between RBS and HbA1C among
the patients of the study, and it is clear that a significant positive correlation
was present between them. In general, higher random blood sugar levels
tend to be associated with higher HbA1C levels, but there can be individual
variations depending on factors such as insulin resistance, medication use,
and dietary habits, because HbA1C test measures the amount of hemoglobin
with attached glucose and reflects the average blood glucose levels over the
past 3 months. The ALC test result is reported as a percentage, so the higher
the percentage, the higher the levels of blood glucose.

It is necessary to have a clear understanding of the relationship
between RBS and HbAL1C for both T2DM patients and their health care

providers which may be used in adjusting management interventions based
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on regular RBS monitoring with the expectation of achieving glycemic
control rather than relying solely on HbA1C (Romakin et al., 2021).

Zaidi and his co-workers (2019) raveled that the measurement of
HbA1C has become an integral tool for the diagnosis and treatment of
diabetes mellitus since its widespread introduction into clinical practice
nearly two decades ago. It also serves as a surrogate marker for glycemic
control and is a key indicator of the risk of micro-vascular and
macrovascular complications and diabetes mortality.

A similar finding to the outcome of the study was conducted by
Kazmi et al. (2013) on 106 randomly selected T2DM patients and by
Rasmussen et al. (2014) on 78 T2DM patients where they found
a significant linear positive correlation between RBS and HbA1C level.

Also Nasir and his colleagues (2013) who stated that blood levels of
HbAL1C have a significant correlation with levels of blood sugar and can
give a clear idea about glycemic control in the past three months and hence

can be used as a preferred method to assess glycemic control in diabetics.

5.9.2. Correlation between RBS and leptin:

As was shown in figure (4-7) there was a significant positive
correlation between RBS and leptin among the patients group of the study.
This is may be attributed to the disturbances of adipocytokine secretion
induced by obesity that may contribute to insulin resistance and its
consequences.

Although the relationships between obesity and T2DM have not yet
been fully clarified, adipocytokines may play an important role in this
interaction. Adipocytokines are secreted by adipose tissue and serve

important roles in energy balance and homeostasis. Leptin closely related to
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T2DM, as it influence both insulin sensitivity and inflammation. It is
commonly believed that leptin are pro-inflammatory cytokines. Although
this adipocytokines have been known for many vyears, their roles in the
pathophysiology of T2DM remain controversial (Lee et al., 2019).

Liu and his colleagues (2020) also stated that significant higher serum
concentrations of leptin was present in patients with newly diagnosed T2DM
who were obese than in patients with newly diagnosed T2DM who had
normal BMI.

Opalenyk and Patskun (2020) also detected a possible role of leptin
and leptin resistance in the pathogenesis of type 2 diabetes mellitus and
indicate that the level of leptin can be used as a predictor of the risk of
developing type 2 diabetes mellitus in obese patients.

Also Moonishaa et al. (2017) stated in their study that
hyperleptinemia reflecting leptin resistance plays an important role in the
development of insulin resistance in T2DM patients, making leptin
a possible biomarker for assessing insulin resistance levels in T2DM

patients, especially in the obese.

5.9.3. Correlation between HbA1C and leptin:

Figure (4-8) shows the correlation between HbAL1C and leptin among
the patients of the study, which show a significant positive correlation was
present between them. Leptin is a protein hormone that regulates the balance
of food intake and energy expenditure through communication with the
central nervous system. Leptin levels decrease during fasting or starvation
and increase after eating. Leptin deficiency or resistance can result in severe
obesity followed by insulin resistance, conversely, obesity can also cause

leptin resistance. Leptin resistance occurs because leptin secretion continues
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to increase in obese individuals so that it reaches saturation levels at its
receptors.

Close opinion was shown by Akinjinmi et al. (2023) who indicated
that obese individuals with type 2 diabetes exhibited elevated HbA1C and
leptin levels.

Another similarity was shown by Jatoi et al. (2022) who stated in their
research that there was a positive correlation between obesity and HbA1C
levels in type 2 diabetes mellitus.

Also Sisodia and Chouhan (2019) showed a significant relationship
between BMI and HbA1C values.

On another hand, Limijadi and his colleagues (2023) observed that
leptin was not associated with HbA1C values.

Vinitha et al. (2015) also stated that no significant correlation between

leptin levels and HbA1C values.
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Chapter Six

Conclusions and Recommendations

6.1. Conclusions:

From the present work we can conclude the following:

Obese postmenopausal women are at high risk of developing more severe
form of breast cancer, evidenced by advanced cancer metrics at the time
of presentation.

Higher circulating levels of leptin were found to be involved in breast
cancer development and progression in postmenopausal women.

Ferritin is found to be elevated in postmenopausal women having breast
cancer; in whom this elevation was associated with additional severity

and progression of the disease.

6.2. Recommendations:

1.

Leptin and ferritin are recommended to be used for the prediction of
breast cancer’s severity in obese postmenopausal women. They could
also serve as guidelines to identify high risk patients and to plan
appropriate management approaches.

Taking attention for patients with major risk factors who are susceptible
to develop more advanced form of the disease and giving particular care
if more than one risk factor is present.

Further studies with larger cohorts and including other parameters not

reached in this study, are recommended.

63



Chapter Seven
References



Chapter Seven -----=---ememmmmm oo References

Chapter Seven

References

Abd M, Abbas S and Shareef L (2022). Impact of serum leptin and
adiponectin levels on breast cancer in postmenopausal Iraqi
women: an observational Study. F1000Research; 11 (1572): 1572.

Ades F, Zardavas D, Bozovic-Spasojevic |, Pugliano L, Fumagalli D, De
Azambuja E and Piccart M (2014). Luminal B breast cancer:
molecular characterization, clinical management, and future
perspectives. Journal of clinical oncology; 32 (25): 2794-2803.

Agurs-Collins T, Ross S, Dunn B (2019). The many faces of obesity and
its influence on breast cancer risk. Front Oncol; 9: 765.

Ahmed S, Ali H and Ahmed B (2020). Vitamin D3 Receptor Interaction
and Association with Androgen Receptor in Premenopausal
Women Diagnosed with Localized Breast Cancer in Irag. Pakistan
Journal of Medical and Health Sciences; 14 (2): 1254-1259.

Akinjinmi A, Amballi A, Abdulrahman A, Aderinto N, Adeniyi A,
Akindele A and AbdulBasit M (2023). Relationship between
Serum Leptin, Lipid Metabolism, HbAlc, and Renal Function in
Individuals with Type 2 Diabetes Mellitus and Obesity and in
Individuals with  Type 2 Diabetes Mellitus without
Obesity. medRxiv; 02.

Alawadi A, Al-Nuaimi D, Al-Naggash M and Alshewered A (2019).
Time to Progression of Early Versus Advanced Breast Cancer in
Irag. La Prensa Medica Argentina; 1-5.

Al-Hashimi M (2021). Trends in Breast Cancer Incidence in Iraq during
the Period 2000-2019. Asian Pac J Cancer Prev; 22 (12): 3889-
3896.

64



Chapter Seven -----=---ememmmmm oo References

Alkhateeb A, Han B and Connor J (2013). Ferritin stimulates breast
cancer cells through an iron-independent mechanism and is
localized within tumor-associated macrophages. Breast cancer
research and treatment; 137 (3): 733-744.

Alrawi N (2022). A review on breast cancer in Iraq and future therapies
insights. Baghdad J. Biochem. Appl. Biol. Sci; 3 (01): 4-16.
Alsaimary |, AlDhaheri H and ALMusafer M (2020). Assessment of
Immunomolecular expression and prognostic role of TLR7 among
patients with Prostatitis. Journal of Medical Research and Health

Sciences; 3 (11): 1105-1109.

American Cancer Society (2014). Breast Cancer Facts and Figures 2013-
2014,

American Diabetes Association. (2014). Diagnosis and classification of
diabetes mellitus. Diabetes care; 37 (Supplement-1): 81-90.

Amin M, Greene F, Edge S, Compton C, Gershenwald J, Brookland R
and Winchester D (2017). The eighth edition AJCC cancer staging
manual: continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA: a cancer
journal for clinicians; 67 (2): 93-99.

Ando S, Barone I, Giordano C, Bonofiglio D and Catalano S (2014). The
multifaceted mechanism of leptin signaling within tumor
microenvironment in driving breast cancer growth and progression.
Frontiers in Oncology; 4: 340.

Atoum M (2022). Association of Leptin receptor Q223R gene
polymorphism and breast cancer patients: A Case Control Study.
Asian Pacific Journal of Cancer Prevention. APJCP; 23 (1): 177.

Atoum M and Alzoughool F (2017). Vitamin D and breast cancer: Latest
evidence and future steps. Breast cancer: basic and clinical
research: 11.

65



Chapter Seven -----=--semmmemme oo References

Ayoub N, Yaghan R, Abdo N, Matalka I, Akhu-Zaheya L and Al-
Mohtaseb A (2019). Impact of obesity on clinicopathologic
characteristics and disease prognosis in pre-and postmenopausal
breast cancer patients: a retrospective institutional study. Journal of
obesity.

Bakker A and Micke M (2007). Gammopathy interference in clinical
chemistry assays: mechanisms, detection and prevention. 45 (9).

Barone |, Giordano C, Bonofiglio D, Ando S and Catalano S (2016).
Leptin, obesity and breast cancer: Progress to understanding the
molecular connections. Current Opinion in Pharmacology; 31: 83-
89.

Basha B, Samuel S, Triggle C and Ding H (2012). Endothelial
dysfunction in diabetes mellitus: Possible involvement of
endoplasmic reticulum stress. Experimental diabetes research:
2012.

Beaber E, Buist D, Barlow W, Malone K, Reed S, and Li C (2014).
Recent oral contraceptive use by formulation and breast cancer risk
among women 20 to 49 years of age. Cancer research; 74 (15):
4078-4089.

Benson J and Jatoi | (2012). The global breast cancer burden. Future
oncology; 8 (6): 697-702.

Bhadoria A, Kapil U, Sareen N and Singh P (2013). Reproductive factors
and breast cancer: A case-control study in tertiary care hospital of
North India. Indian Journal of Cancer; 50 (4): 316.

Bianchini G, Balko J, Mayer I, Sanders M and Gianni L (2016). Triple-
negative breast cancer: challenges and opportunities of
a heterogeneous disease. Nature reviews Clinical oncology; 13
(11): 674-690.

66



Chapter Seven -----=---ememmmmm oo References

Binai N, Carra G, Lower J, Lower R and Wessler S (2013). Differential
gene expression in ERa-positive and ERa-negative breast cancer
cells upon leptin stimulation. Endocrine; 44 (2): 496-503.

Bishop M Fody E and Schoeff L (2000). Clinical Chemistry. Principle
and correlation: procedures. 10th ed., Lipincott Williams and
Wilkins. Philadelphia; 180-220.

Blackmore S, Hamilton M, Lee A, Worwood M, Brierley M and Thorpe
S (2008). Automated immunoassay methods for ferritin: recovery
studies to assess traceability to an international standard. Clinical
chemistry and laboratory medicine; 46 (10): 1450-1457.

Bowers L, Rossi E, O’Flanagan C, deGraffenried L and Hursting S
(2015). The role of the insulin/IGF system in cancer: Lessons
learned from clinical trials and the energy balance-cancer link.
Frontiers in endocrinology; 6: 77.

Carioli G, Malvezzi M, Rodriguez T, Bertuccio P, Negri E and La
Vecchia C (2018). Trends and predictions to 2020 in breast cancer
mortality: Americas and Australasia. The Breast; 37: 163-169.

Celik A, Acar M, Erkul M, Gunduz E and Gunduz M (2015).
Relationship of breast cancer with ovarian cancer. Concise Rev.
Mol. Pathol. Breast Cancer; 87-202.

Centers for Disease Control and Prevention (2014). National diabetes
statistics report: Estimates of diabetes and its burden in the United
States, 2014. Atlanta, GA: US Department of Health and Human
Services.

Chang H and Eibl G (2019). Obesity-induced adipose tissue inflammation
as a strong promotional factor for pancreatic ductal
adenocarcinoma. Cells; 8 (7): 673.

Chen M, Wu W, Yen A, Fann J, Chen S, Chiu S and Chiou S (2016).
Body mass index and breast cancer: analysis of a nation-wide

67



Chapter Seven -----=--semmmemme oo References

population-based prospective cohort study on 1 393 985 Taiwanese
women. International Journal of Obesity; 40 (3): 524-530.

Chen X, Zha X, Chen W, Zhu T, Qiu J, Rge O and Yin Y (2013). Leptin
attenuates the anti-estrogen effect of tamoxifen in breast cancer.
Biomedicine and Pharmacotherapy; 67 (1): 22-30.

Christopoulos P, Corthay A and Koutsilieris M (2018). Aiming for the
Insulin-like Growth Factor-1 system in breast cancer therapeutics.
Cancer treatment reviews; 63: 79-95.

Cléries R, Rooney M, Vilardell M, Espinas A, Dyba T and Borras M
(2018). Assessing predicted age-specific breast cancer mortality
rates in 27 European countries by 2020. Clinical and Translational
Oncology; 20 (3): 313-321.

Cobain F, Milliron J and Merajver D (2016). Updates on breast cancer
genetics: Clinical implications of detecting syndromes of inherited
increased susceptibility to breast cancer. In Seminars in oncology;
43 (5): 528-535.

Colomer R, Aranda-Lépez I, Albanell J, Garcia-Caballero T, Ciruelos E,
Lopez-Garcia A and Palacios-Calvo J (2018). Biomarkers in breast
cancer: A consensus statement by the Spanish Society of Medical
Oncology and the Spanish Society of Pathology. Clinical and
Translational Oncology; 20 (7): 815-826.

Crespi E, Bottai G and Santarpia L (2016). Role of inflammation in
obesity-related breast cancer. Current opinion in pharmacology;
31:114-122.

Danesh H, Ziamajidi N, Mesbah-Namin S, Nafisi N and
Abbasalipourkabir R (2022). Association between oxidative stress
parameters and hematological indices in breast cancer patients.

International Journal of Breast Cancer.

68



| Chapter Seven -----=---ememmmmm oo References

Daniel W (2009). Biostatistics: A foundation for analysis in health
science. 7" ed., John Wiley, Philadilphia; p 55.

De Bruijn J, Arends R, Hansen E, Leeflang S, Ruiter R and Van Eijck J
(2013). Systematic review and meta-analysis of the association
between diabetes mellitus and incidence and mortality in breast and
colorectal cancer. Journal of British Surgery; 100 (11): 1421-1429.

DeSantis C, Ma J, Bryan L and Jemal A (2014). Breast cancer statistics,
2013. CA: a cancer journal for clinicians; 64 (1): 52-62.

DeSantis E, Ma J, Goding Sauer A, Newman A, and Jemal A (2017).
Breast cancer statistics, 2017, racial disparity in mortality by state.
CA: a cancer journal for clinicians; 67 (6): 439-448.

Dong S, Wang Z, Shen K and Chen X (2021). Metabolic syndrome and
breast cancer: prevalence, treatment response, and prognosis.
Frontiers in oncology; 11: 629-666.

Duffy J, Harbeck N, Nap M, Molina R, Nicolini A, Senkus E and
Cardoso F (2017). Clinical use of biomarkers in breast cancer:
Updated guidelines from the European Group on Tumor Markers
(EGTM). European journal of cancer; 75: 284-298.

Dyrstad W, Yan Y, Fowler M and Colditz A (2015). Breast cancer risk
associated with benign breast disease: systematic review and meta-
analysis. Breast cancer research and treatment; 149 (3): 569-575.

Erber R and Hartmann A (2020). Histology of luminal breast cancer.
Breast Care; 15 (4): 327-336.

Estébanez N, Gomez-Acebo I, Palazuelos C, Llorca J and Dierssen-Sotos
T (2018). Vitamin D exposure and Risk of Breast Cancer: a meta-
analysis. Scientific reports; 8 (1): 1-13.

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M and

Bray F (2015). Cancer incidence and mortality worldwide: sources,

69



Chapter Seven -----=---ememmmmm oo References

methods and major patterns in GLOBOCAN 2012. International
journal of cancer; 136 (5): 359-386.

Gallagher J and LeRoith D (2015). Obesity and diabetes: the increased
risk of cancer and cancer-related mortality. Physiological reviews;
95 (3): 727-748.

George A, Bobby Z and Dubashi B (2021). Utility of ferritin and
inflammatory biomarkers in the diagnosis of different stages of
breast cancer. Saudi Medical Journal; 42 (8): 825.

Gerard C and Brown A (2018). Obesity and breast cancer-Role of
estrogens and the molecular underpinnings of aromatase regulation
in breast adipose tissue. Molecular and cellular endocrinology;
466: 15-30.

Ghoncheh M, Pournamdar Z and Salehiniya H (2016). Incidence and
mortality and epidemiology of breast cancer in the world. Asian
Pacific journal of cancer prevention; 17 (3): 43-46.

Giaquinto A, Sung H, Miller K, Kramer J, Newman L, Minihan A and
Siegel R (2022). Breast cancer statistics, 2022. CA: A Cancer
Journal for Clinicians; 72 (6): 524-541.

Giordano C, Chemi F, Panza S, Barone |, Bonofiglio D, Lanzino M and
Ando S (2016). Leptin as a mediator of tumor-stromal interactions
promotes breast cancer stem cell activity. Oncotarget; 7 (2): 1262.

Giordano H (2018). Breast cancer in men. New England Journal of
Medicine; 378 (24): 2311-2320.

Godet | and Gilkes M (2017). BRCA1 and BRCA2 mutations and
treatment strategies for breast cancer. Integrative cancer science
and therapeutics; 4 (1).

Goldhirsch A, Wood W, Coates A, Gelber R, Thirlimann B and Senn H
(2011). Strategies for subtypes-dealing with the diversity of breast
cancer: highlights of the St Gallen International Expert Consensus

70



Chapter Seven -----=---ememmmmm oo References

on the Primary Therapy of Early Breast Cancer 2011. Annals of
oncology; 22 (8): 1736-1747.

Goodwin J, Ennis M, Pritchard I, Trudeau E, Koo J, Taylor K and Hood
N (2012). Insulin-and obesity-related variables in early-stage breast
cancer: correlations and time course of prognostic associations.
Journal of clinical oncology; 30 (2): 164-171.

Grandi G, Toss A, Cagnacci A, Marcheselli L, Pavesi S, Facchinetti F,
Cascinu S, Cortesi L (2017). Combined Hormonal Contraceptive
Use and Risk of Breast Cancer in a Population of Women With
a Family History. Clinical Breast Cancer; 18: 15-24.

Gunter J, Xie X, Xue X, Kabat C, Rohan E, Wassertheil-Smoller S and
Strickler H (2015). Breast cancer risk in metabolically healthy but
overweight postmenopausal women. Cancer research; 75 (2): 270-
274.

Guo S, Liu M, Wang G, Torroella-Kouri M and Gonzalez-Perez R
(2012). Oncogenic role and therapeutic target of leptin signaling in
breast cancer and cancer stem cells. Biochimica et Biophysica Acta
(BBA)-Reviews on Cancer; 1825 (2): 207-222.

Han H, Guo W, Shi W, Yu Y, Zhang Y, Ye X and He J (2017).
Hypertension and breast cancer risk: a systematic review and meta-
analysis. Scientific reports; 7 (1): 44877.

Harris H, Tworoger S, Hankinson E, Rosner A and Michels B (2011).
Plasma leptin levels and risk of breast cancer in premenopausal
women. Cancer prevention research; 4 (9): 1449-1456.

Heleen K, Vibeke J, Pernille V, Marie L, Sten C and Joyce S (2017):
Diabetes and breast cancer subtypes. PloS One; 12 (1): 170084.

Hill A, Prossnitz R, Royce M and Nibbe A (2019). Temporal trends in
breast cancer survival by race and ethnicity: A population-based
cohort study. PL0S One; 14 (10): 224064.

71



Chapter Seven -----=---ememmmmm oo References

Hon C, Singh B, Sahin A, Du G, Wang J, Wang V and Lee P (2016).
Breast cancer molecular subtypes: from TNBC to QNBC.
American journal of cancer research, 6 (9): 1864.

Hopper L, Dite S, Maclnnis J, Liao Y, Zeinomar N, Knight A and Terry
B (2018). Age-specific breast cancer risk by body mass index and
familial risk: prospective family study cohort (ProF-SC). Breast
Cancer Research; 20 (1): 1-11.

Hormones Endogenous and Breast Cancer Collaborative Group (2013).
Sex hormones and risk of breast cancer in premenopausal women:
a collaborative reanalysis of individual participant data from seven
prospective studies. The lancet oncology; 14 (10): 1009-1019.

Hortobagyi G and Connolly E (2016). Breast In: Amin M, Edge S and
Greene F. AJCC Cancer Staging Manual. 8th ed New York, NY:
Springer International Publishing.

Howe R, Subbaramaiah K, Hudis A and Dannenberg J (2013). Molecular
Pathways: Adipose Inflammation as a Mediator of Obesity-
Associated Cancer-Obesity, Adipose Inflammation, and Cancer.
Clinical cancer research; 19 (22): 6074-6083.

Howlader N, Altekruse F, Li I, Chen W, Clarke A, Ries A and Cronin A
(2014). US incidence of breast cancer subtypes defined by joint
hormone receptor and HER2 status. JNCI: Journal of the National
Cancer Institute; 106 (5).

Hu B (2011). Globalization of diabetes: the role of diet, lifestyle, and
genes. Diabetes care; 34 (6): 1249-1257.

Huss L, Butt T, Borgquist S, Elebro K, Sandsveden M, Rosendahl A and
Manjer J (2019). Vitamin D receptor expression in invasive breast
tumors and breast cancer survival. Breast Cancer Research; 21 (1):
1-13.

72



Chapter Seven -----=---ememmmmm oo References

lyengar M, Hudis A and Dannenberg J (2015). Obesity and cancer: local
and systemic mechanisms. Annu Rev Med; 66 (1): 297-309.

lyengar M, Zhou K, Gucalp A, Morris G, Howe R, Giri D and
Dannenberg J (2016). Systemic Correlates of White Adipose
Tissue Inflammation in Early-Stage Breast Cancer-White Adipose
Tissue Inflammation and Breast Cancer. Clinical Cancer Research;
22 (9): 2283-2289.

James R, Wootton S, Jackson A, Wiseman M, Copson R and Cutress |
(2015). Obesity in breast cancer-what is the risk factor? European
journal of cancer; 51 (6): 705-720.

Jatoi N, Al-Qassab R, Al-Salem F, Al-Muzayan F and Al-Shammari R
(2022). Prevalence of Obesity and Cardiovascular Risk Factors
Among Type 2 Diabetes Mellitus Patients in Al-Khobar, Saudi
Arabia. Cureus. Oct; 14 (10): 30539.

Jetty A, Myrthe P, Pauline A, Amber A, Heleen K and Ron M (2019).
Type-2 Diabetes, but not insulin (Analog) treatment, is associated
with more advanced stages of breast cancer: A national linkage of
cancer and pharmacy registries. Diabetic Care Published Ahead on
Print, published online January 24; 1-9.

Kalmarzi, R, Ataee P, Mansori M, Moradi G, Ahmadi S, Kaviani, Z and
Kooti W (2017). Serum levels of adiponectin and leptin in
asthmatic patients and its relation with asthma severity, lung
function and BMI. Allergologia et Immunopathologia; 45 (3): 258-
264.

Kang D, Lee J, Suh S, Ligibel J, Courneya K and Jeon J (2017). Effects
of exercise on insulin, IGF axis, adipocytokines, and inflammatory
markers in breast cancer survivors: A systematic review and meta-

analysis. Cancer Epidemiol. Biomark. Prev; 26: 355-365.

73



| Chapter Seven -----=---ememmmmm oo References

Karatas F, Erdem U, Sahin S, Aytekin A, Yuce D, Sever R and Altundag
K (2017). Obesity is an independent prognostic factor of decreased
pathological complete response to neoadjuvant chemotherapy in
breast cancer patients. The Breast; 32: 237-244.

Kazmi N, Gillani S, Afzal S and Hussain S (2013). Correlation between
glycaeted haemoglobin levels and random blood sugar. J Ayub
Med Coll Abbottabad; 25: 1-2.

Khan M and Joseph F (2014). Adipose tissue and adipokines: the
association with and application of adipokines in obesity.
Scientifica, 2014.

Khan S, Shukla S, Sinha S and Meeran S (2013). Role of adipokines and
cytokines in obesity-associated breast cancer: therapeutic targets.
Cytokine and growth factor reviews; 24 (6): 503-513.

Kim Y, Yoo Y and Goodman T (2015). Differences in incidence,
mortality and survival of breast cancer by regions and countries in
Asia and contributing factors. Asian Pacific Journal of Cancer
Prevention; 16 (7): 2857-2870.

Klil-Drori J, Azoulay L and Pollak N (2017). Cancer, obesity, diabetes,
and antidiabetic drugs: is the fog clearing? Nature reviews Clinical
oncology; 14 (2): 85-99.

Kohler A, Sherman L, Howlader N, Jemal A, Ryerson B, Henry A and
Penberthy L (2015). Annual report to the nation on the status of
cancer, 1975-2011, featuring incidence of breast cancer subtypes
by race/ethnicity, poverty, and state. Journal of the National Cancer
Institute; 107 (6): 48.

Kontani K, Kuroda N, Hashimoto I, Murazawa C, Norimura S, Tanaka H
and Yokomise H (2013). Clinical usefulness of human epidermal

growth factor receptor-2 extracellular domain as a biomarker for

74



Chapter Seven -----=--semmmemme oo References

monitoring cancer status and predicting the therapeutic efficacy in
breast cancer. Cancer Biology and Therapy; 14 (1): 20-28.

Kopriv¢i¢ I, Marjanovi¢ K, Mati¢ A, Tolusi¢ M, Lovri¢ 1, Pauzar B and
Wertheimer V (2022). Serum Leptin Level in Breast Cancer. Acta
Clinica Croatica; 61 (1): 79-85.

Kyu H, Bachman F, Alexander T, Mumford E, Afshin A, Estep K and
Forouzanfar H (2016). Physical activity and risk of breast cancer,
colon cancer, diabetes, ischemic heart disease, and ischemic stroke
events: systematic review and dose-response meta-analysis for the
Global Burden of Disease Study 2013. BMJ; 354.

Kyu-Won M and Lee E (2018). Cancer statistics in Korea: Incidence,
mortality, survival, and prevalence in 2015. Cancer Res. Treat; 50:
303-316.

Lafontan M (2014). Adipose tissue and adipocyte dysregulation. Diabetes
and metabolism; 40 (1): 16-28.

Laudisio D, Muscogiuri G, Barrea L, Savastano S and Colao A (2018).
Obesity and breast cancer in premenopausal women: Current
evidence and future perspectives. European Journal of Obstetrics
and Gynecology and Reproductive Biology; 230: 217-221.

Lee M, Lee M and Oh K (2019). Adipose tissue-derived signatures for
obesity and type 2 diabetes: adipokines, batokines and microRNAs.
J Clin Med; 8: 854.

Li L, Zhong Y, Zhang H, Yu H, Huang Y, Li Z and Hua X (2017).
Association between oral contraceptive use as a risk factor and
triple-negative breast cancer: A systematic review and meta-
analysis. Molecular and clinical oncology; 7 (1): 76-80.

Li Y, Yang D, Yin X, Zhang X, Huang J, Wu Y and Ren G (2020).

Clinicopathological characteristics and breast cancer-specific

75



Chapter Seven -----=--semmmemme oo References

survival of patients with single hormone receptor-positive breast
cancer. JAMA Network Open; 3 (1).

Little R, Wiedmeyer H, England, J, Wilke, A, Rohlfing, C, Wians J and
Goldstein D (1992). Interlaboratory standardization of
measurements of glycohemoglobins. Clinical Chemistry; 38 (12):
2472-2478.

Liu W, Zhou X and Li Y (2020). Serum leptin, resistin, and adiponectin
levels in obese and non-obese patients with newly diagnosed type 2
diabetes mellitus: a population-based study. Medicine; 99 (6):
19052.

Lorraine L, Hadas D, Peter C, Longdi R, Ophira G and Paula A (2015).
The association between diabetes and breast cancer stage at
diagnosis: a population-based study. Breast Cancer Res treat; 150:
613-620.

Lugque M, Lopez-Sanchez M, Villa-Osaba A, Luque M, Santos-Romero
L, Yubero-Serrano M and Castafio P (2017). Breast cancer is
associated to impaired glucose/insulin  homeostasis in
premenopausal obese/overweight patients. Oncotarget; 8 (46):
81462.

Matthews B and Thompson J (2016). The obesity-breast cancer
conundrum: an analysis of the issues. International journal of
molecular sciences; 17 (6): 989.

McGuire A, Brown A, Malone C, McLaughlin R and Kerin J (2015).
Effects of age on the detection and management of breast cancer.
Cancers; 7 (2): 908-9209.

Mellergard E, Johnsson P and Eek F (2020). Sociodemographic factors
associated with HbAlc variability in type 2 diabetes: a prospective
exploratory cohort study. BMC Endocr Disord; 20 (1):1-8.

76



| Chapter Seven -----=---ememmmmm oo References

Meo A, Suraya F, Jamil B, Al Rouq F, Meo S, Sattar K and Alasiri A
(2017). Association of ABO and Rh blood groups with breast
cancer. Saudi journal of biological sciences; 24 (7): 1609-1613.

Milne L, Kuchenbaecker B, Michailidou K, Beesley J, Kar S, Lindstrom
S and Friedman E (2017). Identification of ten variants associated
with risk of estrogen-receptor-negative breast cancer. Nature
genetics; 49 (12): 1767-1778.

Mohamed A, Krajewski K, Cakar B and Ma X (2013). Targeted therapy
for breast cancer. The American Journal of Pathology; 183 (4):
1096-1112.

Momenimovahed Z and Salehiniya H (2017). Incidence, mortality and
risk factors of cervical cancer in the world. Biomedical Research
and Therapy; 4 (12): 1795-1811.

Momenimovahed Z and Salehiniya H (2019). Epidemiological
characteristics of and risk factors for breast cancer in the world.
Breast Cancer Targets and Therapy; 151-164.

Moonishaa T, Nanda S, Shamraj M, Sivaa R, Sivakumar P and
Ravichandran K (2017). Evaluation of leptin as a marker of insulin
resistance in type 2 diabetes mellitus. International Journal of
Applied and Basic Medical Research; 7 (3): 176.

Morch L, Skovlund C, Hannaford P, lversen L, Fielding S, Lidegaard @
(2017). Contemporary Hormonal Contraception and the Risk of
Breast Cancer. New England Journal of Medicine; 377: 2228-2239.

Muthanna F, Hassan B, Karuppannan M and Mohammed A (2021).
Evaluation of the impact of anemia on quality of life among breast
cancer patients undergoing chemotherapy in Malaysia. Journal of
Pharmaceutical Health Services Research; 12 (2): 310-312

Muthanna F, Karuppannan M, Abdulrahman E, Uitrakul S, Rasool B and
Mohammed A (2022). Prevalence and associated factors of anemia

77



Chapter Seven -----=---ememmmmm oo References

among breast cancer patients undergoing chemotherapy:
A prospective study. Advances in Pharmacological and
Pharmaceutical Sciences.

Muthanna F, Karuppannan M, Hassan B and Mohammed A (2020).
Assessment of risk factors associated with anaemia severity among
breast cancer patients undergoing chemotherapy in Malaysia.
Systematic Reviews in Pharmacy; 11 (12): 2405-2411.

Nagaraju G, Rajitha B, Aliya S, Kotipatruni R, Madanraj S, Hammond A
and Pattnaik S (2016). The role of adiponectin in obesity-
associated female-specific carcinogenesis. Cytokine and growth
factor reviews; 31 (37-48.).

Narod S (2011). Hormone replacement therapy and the risk of breast
cancer. Nature reviews Clinical oncology; 8 (11): 669-676.

Nasir H, Shah K, Saima G, Saleem A and Saad H (2013). Correlation
between glycated haemoglobin levels and random blood glucose.
JAMC; 25: 1-2.

Nasrazadani A, Thomas R, Oesterreich S and Lee V (2018). Precision
medicine in hormone receptor-positive breast cancer. Frontiers in
oncology; 8 (144).

Nathan D and Gustian H. (2022). Association of Leptin and Breast
Cancer: A Systematic Review and Meta-analysist. Development;
14: 15.

National library of medicine (2022). Accessed on August 2023.

Newman L, Reis-Filho J, Morrow M, Carey L and King T (2015). The
2014 Society of Surgical Oncology Susan G. Komen for the cure
symposium: triple-negative breast cancer. Annals of surgical
oncology; 22 (3): 874-882.

78



Chapter Seven -----=---ememmmmm oo References

Obr A and Edwards D (2012). The biology of progesterone receptor in
the normal mammary gland and in breast cancer. Molecular and
cellular endocrinology; 357 (1-2): 4-17.

Opalenyk S and Patskun S (2020). Leptin Resistance as a Risk Marker of
Type 2 Diabetes Mellitus in Obese Patients.

Overbeek J, van Herk-Sukel M, Vissers P, van der Heijden A, Bronsveld
H, Herings R and Nijpels G (2019). Type 2 diabetes, but not
insulin (analog) treatment, is associated with more advanced stages
of breast cancer: a national linkage of cancer and pharmacy
registries. Diabetes Care; 42 (3): 434-442

Pan H (2018). Association between serum leptin levels and breast cancer
risk: An updated systematic review and meta-analysis. Medicine
(Baltimore); 97 (27): 11345.

Pan K, Chlebowski R, Mortimer J, Gunther M, Rohan T, Vitolins M and
Nelson R (2020). Insulin resistance and breast cancer incidence
and mortality in postmenopausal women in the Women’s Health
Initiative. Cancer; 126 (16): 3638-3647

Patani N, Martin L and Dowsett M (2013). Biomarkers for the clinical
management of Dbreast cancer: international perspective.
International journal of cancer; 133 (1): 1-13.

Pearlman M (2022). Exogenous Hormones and Breast Cancer Risk:
Contraception, Menopausal Hormone Therapy, and Breast Cancer
Survivors. Clinical Obstetrics and Gynecology; 65 (3): 510-523

Pearson-Stuttard J, Zhou B, Kontis V, Bentham J, Gunter M and Ezzati
M (2018). Retracted: Worldwide burden of cancer attributable to
diabetes and high body-mass index: a comparative risk assessment.

Peila R and Rohan T (2020). Diabetes, Glycated Hemoglobin, and Risk
of Cancer in the UK Biobank Study-Diabetes, Glycated

79



Chapter Seven -----=---ememmmmm oo References

Hemoglobin, and Cancer Risk. Cancer Epidemiology, Biomarkers
and Prevention; 29 (6): 1107-1119.

Pérez-Pérez A, Vilarifio-Garcia T, Fernandez-Riejos P, Martin-Gonzélez
J, Segura-Egea J and Sanchez-Margalet V (2017). Role of leptin as
a link between metabolism and the immune system. Cytokine and
growth factor reviews; 35: 71-84.

Plasilova M, Hayse B, Killelea B, Horowitz N, Chagpar A and Lannin D
(2016). Features of triple-negative breast cancer: Analysis of
38,813 cases from the national cancer database. Medicine; 95 (35).

Plichta J, Campbell B, Mittendorf E and Hwang E (2018). Anatomy and
breast cancer staging: is it still relevant? Surgical Oncology
Clinics; 27 (1): 51-67.

Plichta J, Ren Y, Thomas S, Greenup R, Fayanju O, Rosenberger L and
Hwang E (2020). Implications for breast cancer restaging based on
the 8th edition AJCC staging manual. Annals of surgery; 271 (1):
169.

Poulos S, Hausman D and Hausman G (2010). The development and
endocrine functions of adipose tissue. Molecular and cellular
endocrinology; 323 (1): 20-34.

Prat A, Cheang M, Martin M, Parker J, Carrasco E, Caballero R and
Perou C (2013). Prognostic significance of progesterone receptor-
positive tumor cells within immunohistochemically defined
luminal A breast cancer. Journal of clinical oncology; 31 (2): 203.

Prat A, Cheang M, Martin M, Parker J, Carrasco E, Caballero R and
Perou C (2013). Prognostic significance of progesterone receptor-
positive tumor cells within immunohistochemically defined
luminal A breast cancer. Journal of clinical oncology; 31 (2): 203.

Raj-Kumar P, Liu J, Hooke J, Kovatich A, Kvecher L, Shriver C and Hu
H (2019). PCA-PAMS50 improves consistency between breast

80



Chapter Seven -----=--semmmemme oo References

cancer intrinsic and clinical subtyping reclassifying a subset of
luminal A tumors as luminal B. Scientific reports; 9 (1): 1-13.

Rasmussen J, Nordin L, Rasmussen N, Thomsen J, Street L, Bygbjerg |,
Christensen D. (2014). Random blood sugar may be used to assess
long term glycemic control among patients with type 2 diabetes
mellitus in a rural African setting. Tropical Medicine and
International Health; 19 (12): 1515-1519.

Rausch L, Netzer N, Hoegel J and Pramsohler S (2017). The linkage
between breast cancer, hypoxia, and adipose tissue. Frontiers in
Oncology; 7: 211.

Ray A (2012). Adipokine leptin in obesity-related pathology of breast
cancer. Journal of biosciences; 37 (2): 289-294.

Raya A, Hussein F and Kamis A (2022). The Prognostic value of Serum
Ferritin in Breast cancer patients. Research Journal of Pharmacy
and Technology; 15 (9): 3975-3979.

Renehan A, Smith U and Kirkman M (2010). Linking diabetes and
cancer: a consensus on complexity. The lancet; 375 (9733): 2201-
2202.

Rivenbark A, O’Connor S and Coleman W (2013). Molecular and
cellular heterogeneity in breast cancer: challenges for personalized
medicine. The American journal of pathology; 183 (4): 1113-1124.

Roberts S, Lawrence M, Klimczak L, Grimm S, Fargo D, Stojanov P and
Gordenin D (2013). An APOBEC cytidine deaminase mutagenesis
pattern is widespread in human cancers. Nature genetics; 45 (9):
970-976.

Rojas C, Alvarez-Bafiuelos M, Morales-Romero K, Suérez-Diaz H,
Hernandez-Fonseca J and Contreras-Alarcon G (2019). Breast
cancer: metastasis, molecular subtypes, and overweight and obesity
in Veracruz, Mexico. Clinical breast cancer; 19 (1): 166-171.

81



Chapter Seven -----=---ememmmmm oo References

Romakin P, Wilson D, Khan S and Mohaammadnezhad M (2021).
Clinical characteristics and determinants of glycaemic control
among type 2 diabetes mellitus (T2DM) patients in Fiji.

Rose D and Vona-Davis L (2012). The cellular and molecular
mechanisms by which insulin influences breast cancer risk and
progression. Endocrine-related cancer; 19 (6): 225-241.

Rose P, Gracheck P and Vona-Davis L (2015). The interactions of
obesity, inflammation and insulin resistance in breast cancer.
Cancers; 7 (4): 2147-2168.

Sanchez-Jiménez F, Pérez-Pérez A, De la Cruz-Merino L and Sanchez-
Margalet V (2019). Obesity and breast cancer: Role of leptin.
Frontiers in oncology; 9: 596.

Santa-Maria C, Yan J, Xie X and Euhus D (2015). Aggressive estrogen-
receptor-positive breast cancer arising in patients with elevated
body mass index. International journal of clinical oncology; 20 (2):
317-323.

Schacht D, Yamaguchi K, Lai J, Kulkarni K, Sennett C and Abe H
(2014). Importance of a personal history of breast cancer as a risk
factor for the development of subsequent breast cancer: results
from screening breast MRI. American Journal of Roentgenology;
202 (2): 289-292.

Scholz C, Andergassen U, Hepp P, Schindlbeck C, Friedl T, Harbeck N
and Janni W (2015). Obesity as an independent risk factor for
decreased survival in node-positive high-risk breast cancer. Breast
cancer research and treatment; 151 (3): 569-576.

Schrauder M, Fasching P, Haberle L, Lux M, Rauh C, Hein A and
Loehberg C (2011). Diabetes and prognosis in a breast cancer
cohort. Journal of cancer research and clinical oncology; 137 (6):
975-983.

82



Chapter Seven -----=--semmmemme oo References

Shiovitz S and Korde L (2015). Genetics of breast cancer: a topic in
evolution. Annals of Oncology; 26 (7): 1291-1299.

Siegel R, Ma J, Zou Z and Jemal A (2014). Cancer statistics, 2014. CA:
A cancer journal for clinicians; 64 (1): 9-29.

Siegel R, Miller K and Jemal A (2017). Cancer Statistics. CA Cancer J
Clin; 67: 7-30.

Simone V, D’avenia M, Argentiero A, Felici C, Rizzo F, De Pergola G
and Silvestris F (2016). Obesity and breast cancer: molecular
interconnections and potential clinical applications. The
Oncologist; 21 (4): 404-417.

Sisodia R and Chouhan M (2019). The study of correlation between
Body Mass Index and glycemic control-HbA1C in diabetes type 2
patients. Int J Adv Med; 6 (6):1788.

Suarez-Ortegon M, Echeverri I, Prats-Puig A, Bassols J, Carreras-Badosa
G, Lopez-Bermejo A and Fernandez-Real J (2019). Iron status and
metabolically unhealthy obesity in prepubertal children. Obesity;
27 (4): 636-644.

Sukhbaatar N and Weichhart T (2018). Iron Regulation: Macrophages in
Control. Pharmaceuticals (Basel); 11: 137.

Sun G and Kashyap S (2011). Cancer risk in type 2 diabetes mellitus:
metabolic links and therapeutic considerations. Journal of nutrition
and metabolism.

Sun L, Zhu Y, Qian Q and Tang L (2018). Body mass index and
prognosis of breast cancer: An analysis by menstruation status
when breast cancer diagnosis. Medicine; 97 (26).

Sung H, Ferlay J, Siegel R, Laversanne M, Soerjomataram I, Jemal A and
Bray F (2021). Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA: a cancer journal for clinicians; 71 (3): 209-249.

83



Chapter Seven -----=--semmmemme oo References

Taheripanah R, Balash F, Anbiaee R, Mahmoodi M and Sene A (2018).
Breast cancer and ovulation induction treatments. Clinical Breast
Cancer; 18 (5): 395-399.

Thakur P, Seam R, Gupta M, Gupta M, Sharma M and Fotedar V (2017).
Breast cancer risk factor evaluation in a Western Himalayan state:
A case-control study and comparison with the Western World.
South Asian journal of cancer; 6 (03): 106-109.

The Global Cancer Observatory (2021). Accessed on August 2023.

Torre L, Bray F, Siegel R, Ferlay J, Lortet-Tieulent J and Jemal A (2015).
Global cancer statistics, 2012. CA: a cancer journal for clinicians;
65 (2): 87-108.

Tse L, Li M, Chan W, Kwok C, Leung S, Wu C and Yang X (2015).
Familial risks and estrogen receptor-positive breast cancer in Hong
Kong Chinese women. PLoS One; 10 (3): 120741.

Tudzarova S and Osman M (2015). The double trouble of metabolic
diseases: the diabetes—cancer link. Molecular biology of the cell;
26 (18): 3129-3139.

Verma S and Hussain M (2017). Obesity and diabetes: an update.
Diabetes and Metabolic Syndrome: Clinical Research and
Reviews; 11 (1): 73-79.

Vernaci G, Dieci M, Manfrin S, Mantiero M, Falci C, Faggioni G and
Guarneri V (2019). BMI is an independent prognostic factor for
late outcome in patients diagnosed with early breast cancer:
A landmark survival analysis. The Breast; 47: 77-84.

Vinitha R, Ram J, Snehalatha C, Nanditha A, Shetty A and Arun R
(2015). Adiponectin, leptin, interleukin-6 and HbAlc in the
prediction of incident type 2 diabetes: A nested case-control study
in Asian Indian men with impaired glucose tolerance.
Diabetes Res Clin Pract; 109 (2): 340-346.

84



Chapter Seven -----=---ememmmmm oo References

Vinogradova Y, Coupland C and Hippisley-Cox J (2020). Use of
hormone replacement therapy and risk of breast cancer: nested
case-control studies using the QResearch and CPRD databases.
BMJ; 371.

Vona-Davis L and Rose D (2012). Type 2 diabetes and obesity metabolic
interactions: common factors for breast cancer risk and novel
approaches to prevention and therapy. Current diabetes reviews; 8
(2): 116-130.

Wang X, Wang M, Liu H, Li R and Song Z (2019). Body mass index at
diagnosis as a prognostic factor for early-stage invasive breast
cancer after surgical resection. Oncology Research and treatment;
42 (4): 190-196.

Weroha S and Haluska P (2012). The insulin-like growth factor system in
cancer. Endocrinology and Metabolism Clinics; 41 (2): 335-350.

Williams L, Nichols H, Hoadley K, Tse C, Geradts J, Bell M and Troester
M (2018). Reproductive risk factor associations with lobular and
ductal carcinoma in the Carolina Breast Cancer Study. Cancer
Causes and Control; 29 (1): 25-32.

Wolf H, Lang W and Zander R (1984). Alkaline haematin D-575, a new
tool for the determination of haemoglobin as an alternative to the
cyanhaemiglobin method. Il. Standardisation of the method using
pure chlorohaemin. Clinica chimica acta; 136 (1): 95-104.

World Health Organization (2015). Global database on Body Mass Index:
BMI Classification. 2006. World Health Organization: Geneva,
Switzerland.

World Health Organization (2019). World Health Organization obesity
and overweight fact sheet. 2016.

85



Chapter Seven -----=--semmmemme oo References

Wu H, Do C, Andrulis I, John E, Daly M, Buys S and Terry M (2018).
Breast cancer family history and allele-specific DNA methylation
in the legacy girls study. Epigenetics; 13 (3): 240-250.

Wu J, Zhao Y, Zhou X and Qin X (2020). Estrogen receptor 1 and
progesterone receptor are distinct biomarkers and prognostic
factors in estrogen receptor-positive breast cancer: Evidence from a
bioinformatic analysis. Biomedicine and Pharmacotherapy; 121:
109647.

Yedjou C, Sims J, Miele L, Noubissi F, Lowe L, Fonseca D and
Tchounwou P (2019). Health and racial disparity in breast cancer.
Breast cancer metastasis and drug resistance; 31-49.

Zaidi A, Singh S, Raza S and Mahdi F (2019). Role of HBAI1C in the
diagnosis of patients with diabetes mellitus. Era's Journal of
Medical Research; 6 (2): 78-83.

Zander R, Lang W and Wolf H (1984). Alkaline hematin D-575, a new
tool for the determination of hemoglobin as an alternative to the
cyanhaemiglobin method. I. Description of the method. Clinica
chimica acta; 136 (1): 83-93.

Zolfaroli 1, Tarin J and Cano A (2018). Hormonal contraceptives and
breast cancer: Clinical data. European Journal of Obstetrics and

Gynecology and Reproductive Biology; 230: 212-216.

86



-

e phad V) VAL A8 Led Al degal) Jalgal) (e Gaiplly ol ying
Gl elaal) Jas . ogie clin ) Lalig Gl s ey slaall ool (a8l sy
Llie Gk i Gy b ddia e s Clews 0l 05$ of ( @ai) Glayen lilad)
s Ciagy . gana il die U yull Aasiie A0y Asyey IS Glaiipe (K05 i)y
Ol e das elall 8 Ginyally il (e ddipall Ciligianall o3 pand () daal)
cawal) A ydi5e 5aliy 4Bley (Al (U pus Cliladl

Oy g o3 Guldl (s dma 8ed Yoo o dadaial) il s3a cunjal
) AES il yiga il By e sana () Ald 2 Ogandi iy (gl

3 OSLa) pan 3 Y YT AT ALl (Y YY Jebd Al e ddall vl
Lk Aladlaas Alal) dine (8 Al lage Aune (3 ik al 2ole 55e e Al o2

Ui s ElectroChemiluminescence diyh aladial (i yall and auaas o5
i aladiuly ceiall) Gligis (Wl o5 Laiw « Roche Cobas E411 Lkl Jlal
ol sl il bl ELISA sae aladialy a 5L Jai jall e liall jieall dlia

Glgiaas Glat Lad ahall Cile gane oy Liloas] AV ¢l (39,8 Sllia cuilS
(P =0.0001 Zasd «(yiinyuilly p = 0.001 A ¢yl oy (psiall

Cile gana (s dagina Uig i Load ALC Guslasens Adlsdall aall i gl
P = 3ad ALC Guslasagllyp = 0.011 dad ¢ Jlsdiall pall il dacilly) (aiayal
.(0.007

G3b gl o yed daeliall manail) eLiaslly dayally Alsyally yaall (po IS il
P = a8.p = 0.008 das ¢ (granll ajgall .Auhall Cilegana (o Ailaa) ATV @il
e lidl doneatll b€l Aol Wiy ¢ layadl 2521 0.0001 5 s yadl dla,410.033
.p=0.002 4.8

) ALC Guslasaelly (Hlsdiall aall S G a8 dlag] wllalis)) o siall
oms (P =0.029 ¢r = 0.141) ullly Jlsdial) axll e oy ¢(p = 0.0001 ¢= 0.615
.(p =0.009 «r = 0.168) ;illly ALC (husle sasgl)



Jaia g Lyl gls (gatl) Glased el goall) Auliall (aY1 clydiza) ek o

LA ana Jacgie xSl LA ana cusle sangl) Ao alasiiad syl g Kudly al
bl clesana G Ailias) AN b g (gl (RN 8 sl gagll 355 Janugiag

i slal) (gl 2l Gl pes LDl € jlad ga aeeal) ABS ji5e 5ol (Lalia

@ Glayaad) 128 8ysdads cpiydlly il Sligiane Gulid Ly o 0Saal) (rag Gl

sl Vs



golall Sadly gllall oalasill 4415,

Jus daols
=hll dads
dyshall daluaill ¢ 53

S (S| (U gt ikt (el e 1§ el il
ud| ot e Gl b | i

A,
b Anala falal) 48 (udaa ) dadia
dhal) Aaledl) faghal) 8 jicalal) Ao Joi cilllia (e 5 528

J—d (m

(YY) dib daaly cdale dal o g Gl g IS

3991l e Lusoll 3Liaudl 9991l e Lusoll 3Liadl
Ay p)g) 25 dpb dalud o)y guis
Oy inala il iaala

a\'~\"~ A Ve



