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Abstract

Breast cancer is major serious cancer in the women, it can be easily treated with chemotherapy drugs or by breast
conservation surgery if it is diagnosed earlier. However the condition become even worse in those pregnant women,
because chemotherapy is the most common first line prophylaxis treatment for breast cancer. In pregnancy diagnosed
with breast cancer reveals a complicated chemotherapy because it affect the fetus and eventually produce fetal
abnormalities and decreases the survival chances of fetus. The 50% survival chances of breast cancer patient is
increased with the early diagnosis. Hormonal factors like estrogen, inheritance of BRCA1 and BRCA2 are the foremost
responsible for breast cancer, it can get even worsen due to life style adaptations. Multi-drug resistance is eventually
happen due to prolonged chemotherapy.
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1 Introduction

Breast cancer in pregnancy is a very rare condition, occurring in only about 1 out of every 10,000 pregnancies [1].
However, it is important to be aware of the symptoms and risk factors for this condition, as it can be life-threatening if
not detected early. The most common symptoms of breast cancer in pregnancy is a lump or mass in the breast tissue.
Other possible symptoms include nipple discharge, changes in the appearance of the nipple or breast skin, and pain in
the breast. There are several risk factors for developing breast cancer during pregnancy [2]. These include a family
history of the disease, previous history of breast cancer or other cancers, exposure to radiation, and certain genetic
mutations. Having one or more of these risk factors does not mean that you will definitely develop breast cancer, but it
does increase your chances [3]. If you are diagnosed with breast cancer during pregnancy, there are treatment options
available that can help you and your infant. Surgery is often recommended as the first step in treatment, followed by
chemotherapy and/or radiation therapy [4,5]. You will also likely be monitored closely during your pregnancy to ensure
that the cancer does not spread. With proper treatment, many women with this condition go on to have healthy
pregnancies and deliver healthy babies [6].

2 TNM classification

This method is common for all types of cancer. The cancer cells are classified according to the tumour size and its nature
about how it is transferred to other organ tissue (metastatis).

e T - denotes the tumour where it is originated (or) evolved - it is called as primary tumour)
e N- denotes whether the cancer spread or occupied near by lymph node or not.
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e M - It shows the cancer is metastatized -it defined as the cancer cell move from one place (primary origin ) to
another place and proliferation takes place to create secondary cancer [7].

2.1 The primary tumor (T category) [8]

It shows where the primary tumor start in which organ, size and location.The T category can be assigned a letter or a
number:

TX denotes the absence of data or measurement for the main tumour.

TO indicates that there is no sign of a primary tumour (it cannot be found).

This indicates that the cancer cells are not spreading into deeper cell layers, but are instead solely growing in the layer
of cells where they initially appeared.

The size of the tumour and/or the extent of its dissemination into neighbouring structures may be indicated by a
number (such as T1, T2, T3, or T4) following the letter T.

The tumor's size or the extent to which it has encroached on neighbouring tissues is correlated with the tumor's T
number.

2.2 Thelymph nodes (N category) [9]

NX denotes the inability to assess the adjacent lymph nodes.
NO denotes the absence of malignancy in any adjacent lymph nodes.

The size, position, and/or quantity of neighbouring lymph nodes impacted by cancer may be
indicated by the numbers after the letter N (for example, N1, N2, and N3).

The extent of cancer spread to neighbouring lymph nodes increases with increasing N numbers.

2.3 Metastasis (M category)[10]
Metastatis is defined as the cancer cell detach from the primary tumor enter into blood and lymphatic system travels
and produce a malignant secondary cancer on different organ or tissue.

The M category is assigned a number:

e MO means that no distant cancer spread has been found.
e M1 means that the cancer has been found to have spread to distant organs or tissues.

2.4 Stages of breast cancer

There are four stages of breast cancer depending on the size of the tumor, intensity of penetration, invasive or non -
invasive and metastatic nature of an cancer cell.

24.1 Stage0[11]

This is the starting stage of a breast cancer. The cancer cell begins to grow within the territory region does not get
involved or penetrated into near by adjacent cell. For example, DCIS (Ductal Carcinoma In Situ- the cancer cell start to
grow inside the milk duct doesn’t emerge out. It is an very first early stages of cancer where the cancer can be treated
effectively by chemotherapy.

242  Stagel
In this stage , breast cancer is microscopic invasive around tissue .It has two categories 1A and 1B[12].
e Stage 1A - emergence of cancer cell is breast and does not penetrate in adjacent lymph node, size measure upto

2cm.
e Stage 2B - cancer cell found in the lymph node and its size larger than 0.2mm [13].
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243  StageZ2

There are also two categories in Stage 2: 2A and 2B. Stage 2A depicts a tumour that is identified in the sentinel or axillary
lymph nodes but not in the breast. The tumour can range in size from less than 2 cm to more than 5 cm. Stage 2B,
however, states that the tumour may exceed 5 cm in size but cannot reach the axillary lymph nodes [14].

244  Stage 3

Three subcategories—3A, 3B, and 3C—have been established within it. There are two stages of breast cancer: stage 3A
and stage 3B[15]. Stage 3A describes that no tumour is found in the breast, but it may be found in 4-9 axillary lymph
nodes or in sentinel lymph nodes. Stage 3B describes that the tumour may be of any size, but it may have caused swelling
or an ulcer on the breast skin, and it may have spread to up to 9 axillary lymph nodes or to sentinel lymph nodes [16].
Having red, heated, and swollen breast skin is indicative of stage 3B, which is an inflammatory form of breast cancer.
Stage 3C, however, represents a tumour that has progressed to at least 10 axillary lymph nodes and possibly more [17].

245 Stage4

In this stage the cancer is metastasized and spread into several other organs like liver, lung, pancreas etc., The mutated
cancer cell proliferate uncontrollably their tumour size increasing after the stage-1 the blood cell forms around the
tumour cell (Angiogenesis) feeding the nutrition nourishes tumour growth and the metastatic cancer cell hide
themselves from the immune system i.e the cancer cell release an specific type of proteins that prevent them from

immune attack [18,19].

3 Types of breast cancer

Breast cancer types can be determined by determining whether specific cells, such as breast ductal tissue or epithelial
cells, become malignant in the breast region.

3.1 Ductal or lobular carcinoma

The majority of breast cancers are carcinomas, which are tumours that develop from the epithelial cells that line the
body's organs and tissues. Adenocarcinoma, a more specific type of carcinoma that begins in cells in the ducts (the milk
ducts) or the lobules, is typically the type of carcinoma that develops in the breast [20].

3.2 Invasive ductal carcinoma (IDC)

In this type the cancer cell spread in to the ductal region where the milk pass from the lactocytes into alveoli lumen then
into the nipple. This type is termed as Invasive ductal carcinoma [21].

3.3 Lobular carcinoma in situ (LCIS)

A condition known as lobular carcinoma in situ (LCIS) occurs when abnormal cells are discovered in the breast's lobules
[22]. The surrounding breast tissue has not been invaded by the abnormal cells outside of the lobules. LCIS rarely
develops into invasive carcinoma and is very curable [23].

3.4 Invasive Lobular Cancer (ILC)
Invasive breast cancer that spreads to neighbouring healthy tissue after beginning in the lobules (milk glands) of the
breast [24]. The lymphatic and blood systems are other routes by which it might spread to other body parts[25].

3.5 Triple Negative Breast Cancer

Triple-negative breast cancer is characterised by the absence of the HER-2 /neu gene, progesterone, and oestrogen, the
three most prevalent types of receptors known to promote the formation of most breast cancers [26]. This indicates
that tests for the hormone receptors HER-2, ER, and progesterone receptors on breast cancer cells have come back
negative (PR) [27].

3.6 Inflammatory Breast Cancer (IBC)

Breast cancer that has invaded the epidermis and lymphatic vessels of the breast is referred to as inflammatory breast
cancer [28]. It frequently results in no clear tumour or lump that is localised in the breast and can be felt. However,
symptoms start to show up when the breast cancer cells obstruct the lymph veins [29].
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3.7 Metastatic Breast Cancer [30]

The term "metastasis” is often used to describe the spread of a malignant tumour from its initial or main site to another,
secondary site inside the host's body.

4  Factors involved in breast cancer

4.1 Hormonal factors responsible for breast cancer

Estrogen is very much important in the development of secondary sexual characters like enlargement of the breast by
accumulation of fat beneath the breast skin, elongation of the cervical bone which changes in overall body characters
[30]. Estrogen is an natural female hormone produced by the ovaries under the influence of FSH and LH (the
hypothalamus secrete an gonadotrophin-releasing hormone passed through the hypothalamus hypohyseal pathway
stimulates basophils cells gonadotrophs in the anterior pituitary and is inhibited by negative feedback mechanism on
their target gland) [32,33]. After childbirth the estrogen are high in the new born child and it decreases as the ageing,
the amount of FSH and LH are produce negative feedback mechanism at low concentration, after menarche (the very
first menstural phase goes through the women ) [34] ,it usually occurs after the age 12 the estrogen and progesterone
level are high[35]. In menstural cycle there are two phase proliferative phase and secreatory phase, day 1-6 bleeding
phase after the that FSH nourhies the ovaries to produce egg, it has millions of egg of that healthy fully matured egg is
release by the graffian follicle [36]. The LH is more important in the rupture of graffian follicle to release the mature egg
into the fallopian tubes at the day 14 [37]. The graffian follicle has progesterone producing hormone which releases the
progesterone which makes the endometrium (the tremendous supply of blood along the side of endometrium to implant
the fertilized egg ) if the egg gets fertilized it will get implanted into the endometrium and the corpus luteum continues
to secrete progesterone until the labour [38]. If the egg is not fertilized the copus luteum into corpus albicans which
lacks in producing the progesterone the endometrium in the uterus will shed the blood at 22- 28 days and the next cycle
begin [39]. After menopause ( declines of the menstural cycle ) propably occurs at the age between 45-50 the reduces
in the production of oestrogen and progesterone[40], which leads to cause and postmenopausal symptoms like
Irregular periods, Vaginal dryness, Hot flashes, Chills., Night sweats, Sleep problems, Mood changes, Weight gain and
slowed metabolism [41]. In order to reduce symptoms the person has to take synthetic estrogen (synthetic estrogen
steroids like ethinylestradiol, mestranol, Tibolone and non-steroidal synthetic estrogen like Diethylstilbestrol,
hexestrol, dienestrol etc.,). Estrogen alone has increase the incidence risk of the breast cancer and combination like
estrogen plus progesterone has low risk of occurrence of the breast cancer[42]. The occurrence of the breast cancer in
hormonal or estrogen replacement therapy most likely depend on the duration of the HRT (hormonal replacement
therapy). Combined HRT id like estrogen plus progestin need to lower the post-menopausal syndrome but its more
likely to be incidence the risk of breast cancer[43].

Table 1 Daily secretion of FSH in men [44]

Before Puberty | During Puberty Adult
Male | 0to 5.0 mlU/mL | 0.3 to 10.0 mlU/mL | 1.5 to 12.4 mlU/mL

Table 2 Daily secretion of FSH in women [45]

Before Puberty | During Puberty After Menopause
Female | 0to 4.0 mlU/mL | 0.3 to 10.0 mlU/mL | 25.8 to 134.8 mlU/mL

5 Irradiation of the breast region: [46, 47, 48]

During diagnosis for normal health checkup like chest X-ray, and its radiation absorbed by the irradiated tissue may
increase the incidence of genetic alterations like DNA mutation, nucleotide delusion, DNA inversion, and translocation.
The increase in the incidence of breast cancer occur in women who has exposed to X-ray for diagnosis before the age
15. It may alter the mutations in BRCA; and BRCA2 gene which may provoke its altered nature after 30-40 years depends
upon the life style and personal family history.
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5.1 Life style factors: [49, 50, 51]

Diet and nutrition are controversial factors. Dietary fat has received a great deal of attention as a possible risk factor for
breast cancer because of the high correlation between national per capita fat consumption and the incidence of the
disease. In addition, a number of experiments in laboratory animals have suggested a link between the amount and type
of dietary lipids and the growth of mammary tumors..

6 Family history of breast cancer

Breast cancer is one of the most common and deadly forms of cancer, affecting millions around the world. Mutations in
the genes BRCA1 and BRCAZ2 play a role in breast cancer development [52]. BRCA1 and BRCA2 are the genes they are
located on the chromosome 17 mainly present in the breast, uterus, ovaries, pancreas in female and prostate in male.
Most normal function of the gene is tumour suppression, they get actively involved in the DNA repair [53]. BRCA1 and
BRCAZ2 are two human genes that produce proteins that help repair damaged DNA. These genes are important for the
stability of our cells and the prevention of cancer. However, when either of these genes is mutated, it can no longer
perform its function properly. This can lead to an increased risk of breast cancer [54].

There are several different types of genetic mutations that can occur in the BRCA1 and BRCA2 genes. Some of these
mutations are more common than others [55]. For example, the most common mutation in the BRCA1 gene is called the
185delAG mutation. This particular mutation is found in about 1 in 500 people of Ashkenazi Jewish descent . Other
mutations in these genes are much rarer. For example, there is a mutation in the BRCA2 gene called 6174delT which is
found in only 1 in 1,00,000 people. There are also many other rare mutations in these genes that have been identified
[56].

The vast majority of people who carry a mutation in either the BRCA1 or BRCAZ gene will never develop breast
cancer[57]. However, carrying a mutation does increase a person’s risk for developing this disease [58]. The risk is
higher for women who have a mutation in the BRCA1 gene than it is for women who have a mutation in the BRCA2
gene[59]. BRCA1 and BRCA?2 are two of the most well-known genes associated with breast cancer. Mutations in these
genes have been linked to an increased risk of developing breast cancer [60] .

6.1 Mutations in brcal and brca2 gene [62,63]

BRCA1 and BRCAZ are the two most common types of inherited breast cancer. They are responsible for about 20-25%
of all hereditary breast cancers and 5-10% of all breast cancers. Women with a BRCA1 or BRCAZ mutation have a 45-
85% chance of developing breast cancer during their lifetime, compared to 12% in the general population. BRCA1 and
BRCA2 mutations can be passed down from either parent. In most cases, only one parent need to have the mutation for
their child to inherit it. If a woman has a BRCA1 or BRCA2 mutation, her daughter has a 50% chance of inheriting it.
Sons can also inherit the mutation, but they are less likely to develop breast cancer than daughters.

7 Diagnosis of breast cancer

Various types of instruments are available for the diagnosis of breast cancer

7.1 Mammography

A mammogram is an X-ray examination of the breast. It is used to detect and diagnose breast disease in women who
either have breast problems, such as a lump, pain, or nipple discharge, as well as for women who have no breast
complaints. The procedure allows detection of breast cancer, benign tumors, and cysts before they can be detected by
palpation (touch)[64]. Mammography has been used for about 30 years, and in the past 15 years technical
advancements have greatly improved both the technique and results. Today, dedicated equipment, used only for breast
X-rays, produces studies that are high in quality, but low in radiation dose. Radiation risks are considered to be
negligible[65].

In mammography , the two sides of the breast are held in an instruments where the parallel plates are compresses the
breast to reduce reducing the thickness of the breast eventually minimizes the scattering of the low doses of x-rays
which produce better quality of the breast imaging[66]. The breast is photographed from both, a head-to-foot
(craniocaudal, CC) and an angled side-view (mediolateral oblique, MLO) angle. The two different sorts of mammography
investigations are screening mammograms and diagnostic mammograms [67,68]
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7.2  Ultrasound breast imaging

Itis a noninvasive medical procedure, painless and safe. Sound waves are used to create images of the inside of the body.
Sonography is another name for ultrasound imaging. It makes use of skin-contact gel and a tiny probe known as a
transducer. The probe emits high-frequency sound waves that pass through the gel and into the body. The probe gathers
the sounds that are reflected back[69]. To produce an image, a computer uses those sound waves. Radiation-free
ultrasound exams are available (x-rays). Because ultrasound records images in real-time, it may display the inside
organs' shape and motion. Additionally, blood may be seen moving via blood arteries in the photos[70].

7.3  Magnetic resonance imaging (MRI)

A thorough, cross-sectional image of interior organs and structures can be produced by an MRI scan using a powerful
magnet, radio waves, and a computer. It uses electromagnetic radiation to visualize the interactions between organs or
to capture the characteristics of a tissue that contrast with the pre-installed characteristics of the human body, such as
cells, tissues, etc[71]. Because MRI does not use ionising radiation, which is hazardous to the human body and can
damage DNA or inactivate tumour suppressing agent, making it more effective than mammograms and X-rays[72].

The patient should be administered IV drip of gadalonium constrast media- it is a chemical substance utilised in
magnetic resonance imaging (MRI) scans. Gadolinium contrast medium, when administered intravenously, increases
and improves the quality of the MRI images (or pictures)[73-75]

7.4 Biopsy

To make sure the accurate diagnostic result to avoid the false negative report biopsy is untaken by the physician. Biopsy
is an procedure to remove the cancer or abnormal cell from the body assisted by using an MRI, ultrasound imaging and
mammograms.it has several types fine needle biopsy, core biopsy, surgical biopsy [76].

7.4.1  Fine needle biopsy

It is done by fine needle to prickle a lump or abnormalities in the lymph node. Ultrasound is used to guide the prickle
during biopsy [77].

7.4.2  Core biopsy

In this biopsy, a wide needle is used to prickle the breast lumb or abnormalities. It is actually done to obtain some mass
of tissue from the region of abnormal or cancer cell. This is done under the proper anaesthetic agent provided to the
patient [77] .

7.4.3  Surgical biopsy [79]

In this procedure the physician made an incision to affect area and remove an mass of tissue or breast lump for possible
breast cancer diagnosis. Prior to biopsy general anesthetic are given according to patient condition guided by
ultrasound image scanning, MRI or mammograms.

7.5 Computed tomography

The noninvasive medical treatment known as computed tomography (CT), sometimes known as "computerised
tomography” or "computed axial tomography" (CAT), creates cross-sectional images of the body using specialised X-ray
equipment [80]. There are numerous diagnostic and therapeutic uses for these cross-sectional pictures. Every part of
the body can get a CT scan for a variety of purposes (e.g., diagnostic, treatment planning, interventional, or screening).
The majority of CT scans are done as outpatient surgeries[81].

8 Prophylaxis involved in breast cancer

8.1 Surgery for breast cancer

8.1.1  Breast conserving surgery

In this type the cancer affected area alone is surgically removed by using appropriate general anaesthetics. This is done
by well performing physician (surgeon). The segment of the dissection region is depend upon the size and how far the
cancer spreads.it is also known as lumpectomy[82,83].
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8.1.2  Sentinel lymph node biopsy (SLNB) [84, 85]

In this procedure firstly the patient is anaesthetized and isophane blue (In selective sentinel lymph node biopsy, the dye
isosulfan blue is commonly implemented. It possesses two sulfonic groups in its chemical composition since it is a patent
blue isomer, and this allows for some protein binding in lymph and plasma) is injected around the areola (a dark circle
around the nipple) followed by massaging of the breast [85]

8.1.3  Axillary lymph node dissection (ALND)

The lymph nodes in the armpit are removed during a cancer therapy and this procedure known as an axillary lymph
node dissection, also known as an axillary node dissection or an axillary lymphadenectomy[86,87].

8.2 Radiation for breast cancer [88,89]

Radiation therapy is an treatment by using an high intensity x-rays to destroys an cancerous pathetic cell but the most
disadvantage is normal cell or its genetic material gets altered like deletion, insertion, translocation and provoked into
an new cancerous environment.

After mastectomy (or) breast conserving surgery there is an chances of leftovers cancerous cell behind the lymph nodes,
in that situation radiation therapy is used to destroy the oncogenic cell[90,91].

8.3 Chemotherapy for breast cancer:

Generally, chemotherapy are a drug used for the treatment of all type of cancer. Anti-cancer drugs which are
administered intravenously to pass through the blood stream and reach the tumor cells and destroy it[92,93].
Sometimes cancer may spread into the other part of the body like spinal cord, brain tissue in that case the drug is
administered through intrathecal route. Intrathecal is a spinal cord where the cerebrospinal fluid is present. It can travel
through spinal cord and brain. Mostly chemotherapy drug for cancer treatment are combination of 2 or 3 to give
effective treatment[94,95].

8.4 Chemotherapy drugs used for breast cancer

84.1  Cyclophosphamide [96]

Cyclophosphamide is a prodrug belongs to the nitrogen mustard. It is an alkylating agent, has the potential to cross
linkage of DNA (produce highly reactive carbonium ion intermediates that transfer alkyl group to the cellular DNA
produce a cytotoxicity activity. After administration of cyclophosphamide (prodrug) converted into an active metabolite
phosphamide and acrolein has a cytotoxic activity there by kill the cancer cells. It is the prototype drug of nitrogen
mustard group frequently suggested in solid tumor of breast cancers. The most common side effect is alopecia, cytotoxic
to the normal healthy cell, the metabolite of the drug acrolein is bladder toxicity and hemorrhagic cystitis (bleeding of
bladder) but it can be treated with MESNA which can be externally administered to detoxify the acrolein metabolite of
cyclophosphamide.

84.2  5-fluorouracil [97]

Itis an pyrimidine antagonist. Pyrimidine (thiamine and cytosine) is an DNA genetic material make an bond with purine
(adenine, guanine). The primary method of activating 5-FU is the conversion of fluorouridine to fluorouridine
monophosphate (FUMP), either directly by orotate phosphoribosyltransferase (OPRT) with phosphoribosyl
pyrophosphate as a cofactor, or indirectly via fluorouridine (FUR) through the sequential action of uridine
phosphorylase (UrdPase) and uridine kinase (UK). Thymidine phosphorylase (dThdPase), which catalyses the
conversion of 5-FU to fluorodeoxyuridine (FUDR), and FUDR's subsequent phosphorylation by thymidine kinase (TK)
to FAUMP, make up the other 5-FU activation pathway.

84.3  Platinum coordinating complexes [98]

Cisplatin and carboplatin are the platinum coordinating agents. It is a heavy-metal compound with a potent anti-cancer
impact. It is a CCNS medication that affects both resting and dividing cells. Because of its strong plasma protein binding
and hence concentration in the kidney, testicles, liver, and intestine. It fails to enter the BBB well and passes through
the urine slowly. It is administered intravenously. It is an highly reactive paltinium complexes react with DNA by
intrastrand and interstand of DNA and cause a DNA damage, hence cytotoxic activity.
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84.4  Taxanes [99]

Paclitaxel (Taxol), docetaxel (Taxotere), and albumin-bound paclitaxel (Abraxane). Inspite of that paclitaxel is a well-
known prototype therapy of taxanes. It is an complex diterpene obtained from the western yew tree.it is administered
by intraveneous after injecting through IV it immediately binds to the beta tubulins in microtubule of an breast cancer
cell and enhances its polymerization to forms excess abnormal microtubules (it inhibit depolymerization) thereby
inhibiting the proliferation of breast cancer cells producing its cytotoxic activity. It is mostly used in metastatic breast
cancer and metastatic ovarian cancer.

8.4.5  Anticancer Antibiotics

Antibiotics that fight cancer work directly with DNA. By intercalating between adjacent nucleotide pairs on the same
strand of DNA, the drugs doxorubicin, daunorubicin, and dactinomycin bind to DNA and prevent DNA transcription
[100]. These are anthracycline antibiotics having an anti-tumour activity. These drug intercalate between DNA strands
and blocks DNA as well as RNA synthesis[101,102]. These increase their efficiency and synergetic action it combines
with topoisomerase-2 inhibiters like etoposide[103]. Most commonly side effects it that cardiotoxicity causing ECG
changes, arrhythmias and hypotension, which seriously cause chronic heart failure leads to fatal, bone marrow
depression, alopecia, stomatitis and normal cell toxicity[104].

8.5 Hormone Therapy for Breast Cancer

After biopsy of breast cancer cell it is found that those cancer cell have receptors which has affinity to estrogen and
progesterone ultimately made those breast cancer cells to grow[105]. In that situation hormonal therapy is preferred
to block estrogen receptors eventually halt the breast cancer cells. Hormonal therapy is performed after only confirmed
that ER-receptor positive (ER-estrogen receptor) or PR receptor positive[106p. . Most types of hormone therapy either
lower estrogen levels in the body or stop estrogen from helping breast cancer cells grow[107].

8.6  Drugs that block estrogen receptors

8.6.1  Selective estrogen receptor modulators (SERMs)

These medications function by preventing oestrogen from promoting the growth of breast cancer cells

8.6.2  Tamoxifen

Tamoxifen, a selective oestrogen receptor modulator, slows the growth of oestrogen receptor positive cancers and
encourages apoptosis. Given that the active metabolite, N-desmethyltamoxifen, has an approximately 2-week half life,
it has a lengthy duration of activity [108]. It has a limited therapeutic index because greater doses can cause seizures or
difficulties breathing. Administration of tamoxifen is also linked to an increase in uterine cancer incidence. Tamoxifen,
which is essential for oestrogen action in breast cancer cells, competitively inhibits oestrogen binding to its receptor
[109,110,111].

8.6.3  Selective estrogen receptor degraders (SERDs)

This medication binds to oestrogen receptors. However, SERDs bind to the receptors more firmly and lead to their
disintegration [112]. The body as a whole is affected by these medications' anti-estrogen properties. The majority of
women who use SERDs have passed menopause. To switch off the ovaries in premenopausal women, they must be
administered along with a luteinizing-hormone-releasing hormone (LHRH) agonist [113,114].

8.6.4  Fulvestrant (Faslodex)

Many breast cancer have estrogen receptors and growth of these tumours can be stimulated by estrogen [115].
Fulvestrant is an estrogen receptor antagonist thet binds to the estrogen receptor in a competitive manner with affinity
comparable to that of estradiol and downregulation of the ER protein receptor in human breast cancer in a clinical study
fulvestrant 250mg is sued in postmenopausal women with primary breast cancer treated with progression free survival
15-22 days prior to the surgery [116,117].

8.6.5  Aromatase inhibitors (Als)

In women, estrogen is made by the ovaries so after menopausal stage mostover the estrogen is produced by the fat cell
by aromatisation of ‘A’ ring of testosterone and androstenedione is the last stage of production of estrogen[119]. The
aromatase inhibitors are act by inhibition of aromatase enzyme in these cancer cell in breast thereby halt of
aromatisation of testosterone and androstenedione[120].
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8.6.6  Letrozole

Adjuvant treatment for postmenopausal women with early breast cancer that has a hormone receptor positive result,
progressed or locally advanced breast cancer[121]. Letrozole inhibits the cytochrome P450 enzyme that catalyses the
conversion of testosterone to oestrogen by binding to the heme group of aromatase. This results in a considerable drop
in plasma oestrogen levels [122,123].

8.6.7  Anastrozole

By blocking aromatase, anastrozole stops the conversion of androstenedione to estrone and testosterone to oestradiol,
resulting in markedly lower serum oestradiol concentrations [125]. It enters the GI tract quickly and practically entirely
(oral); peak plasma concentrations occur after two hours. may slow down absorption when taken with food[126,127].

8.6.8  Exemestane (aromasin)

Exemestane is a steroidal, irreversible aromatase inhibitor that works as a suicide substrate by covalently attaching to
the aromatase enzyme. It has weak androgenic activity, useful in early breast cancer.it is administered orally, also
replaced by tamoxifen as adjuvant therapy [128]. This drug is most efficient in lowering the estradiol production and
reduce the incidence of breast cancer. Adverse effects is hepatic impairment, hyperlipidaemias, decreasing the bone
density occasionally [129].

9 Targeted therapy for women with BRCA gene mutations

9.1 Parp inhibitors

In normal cell proliferation single strand break (SSB) constantly occur which is repaired by basic excision repair
mechanism (BER) which is sufficient with HR (Homologues Recombination) it is very much important for the cell
repair[130]. In cancerous cell lacks an homologues recombination. PARP (Poly ADP Ribosome Polymerase) is an
enzyme used in repairing of the single stand break (SSB). Basic excision repair (BER) is an PARP dependent[131]
.Olaparib and niraparib are the PARP inhibitors where mainly considered as against BReast CAncer Susceptibility
Protein (BRCA ) associated breast and ovarian cancer.

10 Targated drug therapy for HER-1

Geftinib and Erlotinib binds to the Epidermal Growth Factor receptor-1 and halts the growth of cancer cell. Generally
this type of medication is used in upregulation of ERF-1 receptor or HER-1 receptor positive patient after the biopsy
result. Epidermal growth factor (ERF) attach to ERFf3-1 receptor causing an growth of these breast cancer tumour cells,
so by blocking these receptors may act as antagonist role and inhibit the growth of breast cancer tumour cells[132].

11 Human epidermal growth receptor -2 inhibitor:

It is also similar to the epidermal growth factor / human epidermal growth receptor -1. Tanstuzumab ia an prototype
drug of HER-2 inhibitor. This kind of drug is mostly recommended in patient whose breast tumour has an
overexpression of HER-2 receptor [133]. It has long half life about an six hours, so it would be administered weekly at
single dose. It is also combined with taxanes or given alone with relapse cases [134].

12 Breast cancer during pregnancy

Having a infant is one of the most joyous moments a person can experience. But for some expecting mothers, they might
have to face an even bigger challenge: breast cancer. Breast cancer during pregnancy is rare; however, it can still present
itself in some cases and requires special care [135]. Pregnancy is separated into three trimester they are first trimester
(0-13 weeks), second trimester (14-26 weeks) and third trimester (27-40 weeks). If the cancer is early detected in
pregnancy then the diagnosed whether it is starting (or) metastatic stage [136]. Most of the breast cancer can be
detected by normal physical examination like secretion in the nipple, retracted nipple or inverted nipple, lump evolved
in the breast are noted [137].

12.1 Diagnosis in first trimester

If breast cancer is discovered during the first trimester, two things should be considered: whether the cancer is in an
early or advanced stage. Because a lumpectomy or mastectomy procedure may harm the foetus in the early stages of
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detection, it is performed under the supervision of a general anaesthetic specialist [138]. Chemotherapy is generally not
recommended during the first trimester because it can cross the placenta and cause foetal abnormalities. In the
metastatic stage of detection in pregnant women, the foetus should be aborted, followed by surgery, and adjuvant and
neoadjuvant chemotherapy should be administered[139].

12.2 Diagnosis in second and third trimester

Despite the fact that studies show that drugs do not cross the placenta in the second and third trimesters, chemotherapy
is not advised[140]. Immediate care should be taken to safeguard the pregnant woman, a possible option is to have a C-
section surgical procedure done to deliver the infant [141]. If infant is delivered at 34 weeks, they have the same chances
of being healthy as any other infant who didn't arrive too soon [142].

12.3 Breastfeeding during chemotherapy

Breastfeeding should not be recommended during chemotherapy because the drug or its metabolite may enter the
breast milk, potentially causing an unhealthy situation in the infant. Alternatively, the child may be fed a synthetic
lactose product or may hire a wet nurse. Sometimes, milk is brought from the milk bank [143,144,145].

12.4 Diagnosis of breast cancer in pregnancy

An MRI scan, CT scan, mammography, or biopsy may be undertaken during cancer treatment. While CT scanning and
mammography use x-ray radiation to detect tumours in the breast, Precautions should be taken before the diagnosis so
that the radiation emitted from the instrument does not reach the infant [64, 70, 74]. During an MR], a dye known as
gadalonium contrast medium may cross the placenta and affect the foetal, such as in the case of rheumatological,
inflammatory, or infiltrative skin conditions, as well as stillbirth or neonatal death [146].

13 Conclusion

The study shows breast cancer is a major consecutive life threatening in women , especially it goes severe in pregnancy
patient but it is a rare case. There are tremendous complication in safeguard the foetus during chemotherapy. However
the chemotherapy therapy should not be recommended during first trimester and abortion should be appreciated.
During second and third trimester chemotherapy may be recommended but there is a possibility of foetus abnormalities
is expected.

Compliance with ethical standards

Acknowledgments

I would like to acknowledge the Tamil Nadu Chemists and Druggists Educational Trust (TNCDE) and C L Baid Metha
College of Pharmacy for the extended support.

Disclosure of conflict of interest

There is no conflict of interest.

Author Contribution

Yuvaraj k had principal responsibility for conception and design of the study and drafting of the manuscript. Dr. P.
Muralidaran was responsible for revision of the manuscript for important intellectual content.Francis kevin raj S
Govindhan E, Pavithra ], contributed towards reviewing of the literature. All authors agreed on the final version of the
manuscript.

References

[1] Navrozoglou I, Vrekoussis T, Kontostolis E, Dousias V, Zervoudis S, Stathopoulos EN, Zoras O, Paraskevaidis E.
Breast cancer during pregnancy: a mini-review. European Journal of Surgical Oncology (EJSO). 2008 Aug
1;34(8):837-43.

[2] Du T, Zhu L, Levine KM, Tasdemir N, Lee AV, Vignali DA, Houten BV, Tseng GC, Oesterreich S. Invasive lobular and
ductal breast carcinoma differ in immune response, protein translation efficiency and metabolism. Scientific
reports. 2018 May 8;8(1):7205.

484



[4]

[5]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

International Journal of Science and Research Archive, 2023, 08(02), 475-491

Koo MM, von Wagner C, Abel GA, McPhail S, Rubin GP, Lyratzopoulos G. Typical and atypical presenting symptoms
of breast cancer and their associations with diagnostic intervals: Evidence from a national audit of cancer
diagnosis. Cancer epidemiology. 2017 Jun 1;48:140-6.

Burgess C, Hunter MS, Ramirez AJ]. A qualitative study of delay among women reporting symptoms of breast
cancer. British journal of general practice. 2001 Dec 1;51(473):967-71.

Bower JE. Behavioral symptoms in breast cancer patients and survivors: fatigue, insomnia, depression, and
cognitive disturbance. Journal of clinical oncology: official journal of the American Society of Clinical Oncology.
2008 Feb 2;26(5):768.

Brose MS, Rebbeck TR, Calzone KA, et al. Cancer risk estimates for BRCA1 mutation carriers identified in a risk
evaluation program. Journal of the National Cancer Institute 2002; 94(18):1365-1372

Brierley |D, Gospodarowicz MK, Wittekind C, editors. TNM classification of malignant tumours. John Wiley &
Sons; 2017 Jan 17.

Hermanek P, Sobin LH, editors. TNM classification of malignant tumours. Springer Science & Business Media;
2012 Dec 6.

Shigefuku S, Ito H, Miura ], Kikuchi A, Isaka T, Adachi H, Nakayama H, Ikeda N. Prognostic significance of the
maximum standardized uptake value on the prognosis of clinical stage IA lung adenocarcinoma based on the 8th
edition TNM classification. Annals of Surgical Oncology. 2023 Feb;30(2):830-8.

Sala PL, Etxeberria ML, Iguiiiiz EI, Rodriguez AA, Oteiza MA, Etxaniz MZ. Adenocarcinoma gastrico: revision del
TNM y de las vias de diseminacién. Radiologia. 2023 Jan 1;65(1):66-80.

Sharma GN, Dave R, Sanadya ], Sharma P, Sharma K. Various types and management of breast cancer: an overview.
Journal of advanced pharmaceutical technology & research. 2010 Apr 1;1(2):109.

O’Brien MA, Ellis PM, Whelan TJ, Charles C, Gafni A, Lovrics P, Mukherjee SD, Hodgson N. Physician-related
facilitators and barriers to patient involvement in treatment decision making in early stage breast cancer:
perspectives of physicians and patients. Health Expectations. 2013 Dec;16(4):373-84.

Zheng X, Yao Z, Huang Y, Yu Y, Wang Y, Liu Y, Mao R, Li F, Xiao Y, Wang Y, Hu Y. Deep learning radiomics can
predict axillary lymph node status in early-stage breast cancer. Nature communications. 2020 Mar 6;11(1):1236.

Teo I, Reece GP, Christie IC, Guindani M, Markey MK, Heinberg L], Crosby MA, Fingeret MC. Body image and quality
of life of breast cancer patients: influence of timing and stage of breast reconstruction. Psycho-Oncology. 2016
Sep;25(9):1106-12.

Plevritis SK, Salzman P, Sigal BM, Glynn PW. A natural history model of stage progression applied to breast cancer.
Statistics in medicine. 2007 Feb 10;26(3):581-95.

Damstra R], Voesten HG, Van Schelven WD, Van Der Lei B. Lymphatic venous anastomosis (LVA) for treatment of
secondary arm lymphedema. A prospective study of 11 LVA procedures in 10 patients with breast cancer related
lymphedema and a critical review of the literature. Breast cancer research and treatment. 2009 Jan;113:199-206.

Vicini FA, Cecchini RS, White JR, Arthur DW, Julian TB, Rabinovitch RA, Kuske RR, Ganz PA, Parda DS, Scheier MF,
Winter KA. Long-term primary results of accelerated partial breast irradiation after breast-conserving surgery
for early-stage breast cancer: a randomised, phase 3, equivalence trial. The Lancet. 2019 Dec
14;394(10215):2155-64.

Bertucci F, Ng CK, Patsouris A, Droin N, Piscuoglio S, Carbuccia N, Soria ]JC, Dien AT, Adnani Y, Kamal M, Garnier
S. Genomic characterization of metastatic breast cancers. Nature. 2019 May 23;569(7757):560-4.

Garcia-Murillas I, Chopra N, Comino-Méndez I, Beaney M, Tovey H, Cutts R], Swift C, Kriplani D, Afentakis M,
Hrebien S, Walsh-Crestani G. Assessment of molecular relapse detection in early-stage breast cancer. JAMA
oncology. 2019 Oct 1;5(10):1473-8.

van Seijen M, Lips EH, Thompson AM, Nik-Zainal S, Futreal A, Hwang ES, Verschuur E, Lane ], Jonkers ], Rea DW,
Wesseling J. Ductal carcinoma in situ: to treat or not to treat, that is the question. British journal of cancer. 2019
Aug 13;121(4):285-92.

Bolhasani H, Amjadi E, Tabatabaeian M, Jassbi S]. A histopathological image dataset for grading breast invasive
ductal carcinomas. Informatics in Medicine Unlocked. 2020 Jan 1;19:100341.

Fox SB, Webster F, Chen CJ, Chua B, Collins L, Foschini MP, Bruce Mann G, Millar E, Pinder SE, Rakha E, Shaaban
A. Dataset for pathology reporting of ductal carcinoma in situ, variants of lobular carcinoma in situ and low-grade

485



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

International Journal of Science and Research Archive, 2023, 08(02), 475-491

lesions: recommendations from the International Collaboration on Cancer Reporting (ICCR). Histopathology.
2022 Oct;81(4):467-76.

Sokolova A, Lakhani SR. Lobular carcinoma in situ: diagnostic criteria and molecular correlates. Modern
Pathology. 2021 Jan 1;34:8-14.

Van Baelen K, Geukens T, Maetens M, Tjan-Heijnen V, Lord C], Linn S, Bidard FC, Richard F, Yang WW, Steele RE,
Pettitt S]. Current and future diagnostic and treatment strategies for patients with invasive lobular breast cancer.
Annals of Oncology. 2022 May 21.

Metzger O, Cardoso F, Poncet C, Desmedt C, Linn S, Wesseling ], Hilbers F, Aalders K, Delorenzi M, Delaloge S,
Pierga JY. Clinical utility of MammaPrint testing in invasive lobular carcinoma: results from the MINDACT phase
III trial. European Journal of Cancer. 2020 Oct 1;138:S5-6.

Yin L, Duan J], Bian XW, Yu SC. Triple-negative breast cancer molecular subtyping and treatment progress. Breast
Cancer Research. 2020 Dec;22:1-3.

Yin L, Duan JJ, Bian XW, Yu SC. Triple-negative breast cancer molecular subtyping and treatment progress. Breast
Cancer Research. 2020 Dec;22:1-3.

Van Berckelaer C, Van Geyt M, Linders S, Rypens C, Trinh XB, Tjalma WA, Van Laere S, Colpaert C, Dirix L, Van
Dam PA. A high neutrophil-lymphocyte ratio and platelet-lymphocyte ratio are associated with a worse outcome
in inflammatory breast cancer. The Breast. 2020 Oct 1;53:212-20.

Pan X, Yang W, Chen Y, Tong L, Li C, Li H. Nomogram for predicting the overall survival of patients with
inflammatory breast cancer: A SEER-based study. The Breast. 2019 Oct 1;47:56-61.

Martinez-Sdez O, Prat A. Current and future management of HER2-positive metastatic breast cancer. JCO
oncology practice. 2021 Oct;17(10):594-604.

Shuster BZ, Depireux DA, Mong JA, Hertzano R. Sex differences in hearing: Probing the role of estrogen signaling.
The Journal of the Acoustical Society of America. 2019 Jun 21;145(6):3656-63.

Hammes SR, Levin ER. Impact of estrogens in males and androgens in females. The Journal of clinical
investigation. 2019 May 1;129(5):1818-26.

Fuentes N, Silveyra P. Estrogen receptor signaling mechanisms. Advances in protein chemistry and structural
biology. 2019 Jan 1;116:135-70.

Hajimirzaie SS, Tehranian N, Razavinia F, Khosravi A, Keramat A, Haseli A, Mirzaii M, Mousavi SA. Evaluation of
couple's sexual function after childbirth with the biopsychosocial model: A systematic review of systematic
reviews and meta-analysis. [ranian Journal of Nursing and Midwifery Research. 2021 Nov;26(6):469.

Wang H, DuH, Yang], Jiang H, Karmin O, Xu L, Liu S, Yi], Qian X, Chen Y, Jiang Q. PFOS, PFOA, estrogen homeostasis,
and birth size in Chinese infants. Chemosphere. 2019 Apr 1;221:349-55.

de Lange AM, Barth C, Kaufmann T, Anatiirk M, Suri S, Ebmeier KP, Westlye LT. The maternal brain: Region-
specific patterns of brain aging are traceable decades after childbirth. Human Brain Mapping. 2020
Nov;41(16):4718-29.

He Z, Yuan B. Diagnostic value of combined detection of pelvic ultrasound and serum LH, FSH, and E2 levels in
children with idiopathic central precocious puberty. Evidence-Based Complementary and Alternative Medicine.
2022 Aug 8;2022.

Long H, Yu W, Yu§, Yin M, Wu L, Chen Q, Cai R, Suo L, Lyu Q, Kuang Y. Progesterone affects clinic oocyte yields by
coordinating with follicle stimulating hormone via PI3K/AKT and MAPK pathways. Journal of Advanced
Research. 2021 Nov 1;33:189-99.

Bull JR, Rowland SP, Scherwitzl EB, Scherwitzl R, Danielsson KG, Harper ]. Real-world menstrual cycle
characteristics of more than 600,000 menstrual cycles. NP] digital medicine. 2019 Aug 27;2(1):83.

Talaulikar V. Menopause transition: Physiology and symptoms. Best practice & research Clinical obstetrics &
gynaecology. 2022 Mar 16.

Syed Alwi SA, Brohi IB, Awi I. Perception of menopause among women of Sarawak, Malaysia. BMC women's
health. 2021 Dec;21(1):1-0.

Tanwar AK, Dhiman N, Kumar A, Jaitak V. Engagement of phytoestrogens in breast cancer suppression: Structural
classification and mechanistic approach. European Journal of Medicinal Chemistry. 2021 Mar 5;213:113037.

486



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

International Journal of Science and Research Archive, 2023, 08(02), 475-491

Gersh FL, Lavie CJ. Menopause and hormone replacement therapy in the 21st century. Heart. 2020 Apr
1;106(7):479-81.

Holt R, Yahyavi SK, Kooij I, Andreassen CH, Andersson AM, Juul A, Jgrgensen N, Blomberg Jensen M. Low serum
anti-Miillerian hormone is associated with semen quality in infertile men and not influenced by vitamin D
supplementation. BMC medicine. 2023 Feb 28;21(1):79.

Azem F, Brener A, Malinger G, Reches A, Many A, Yogev Y, Lebenthal Y. Bypassing physiological puberty, a novel
procedure of oocyte cryopreservation at age 7: a case report and review of the literature. Fertility and sterility.
2020 Aug 1;114(2):374-8.

Chen ], Chen L, Wang S, Chen P. A novel multi-scale adversarial networks for precise segmentation of x-ray breast
mass. [EEE Access. 2020 Jun 1;8:103772-81.

Soren DC, Toprani SM, Jain V, Saini D, Das B. Quantitation of genome damage and transcriptional profile of DNA
damage response genes in human peripheral blood mononuclear cells exposed in vitro to low doses of neutron
radiation. International Journal of Radiation Research. 2019;17(1):1-4.

Huang RX, Zhou PK. DNA damage response signaling pathways and targets for radiotherapy sensitization in
cancer. Signal transduction and targeted therapy. 2020 May 1;5(1):60.

Yedjou CG, Sims ]JN, Miele L, Noubissi F, Lowe L, Fonseca DD, Alo RA, Payton M, Tchounwou PB. Health and racial
disparity in breast cancer. Breast cancer metastasis and drug resistance: Challenges and progress. 2019:31-49.

Dafni U, Tsourti Z, Alatsathianos I. Breast cancer statistics in the European Union: incidence and survival across
European countries. Breast Care. 2019;14(6):344-53.

Sanchez-Jiménez F, Pérez-Pérez A, De la Cruz-Merino L, Sdnchez-Margalet V. Obesity and breast cancer: role of
leptin. Frontiers in oncology. 2019 Jul 18;9:596.

Tai YC, Domchek S, Parmigiani G, Chen S. Breast cancer risk among male BRCA1 and BRCA2 mutation carriers.
Journal of the National Cancer Institute 2007; 99(23):1811-1814.

Petrucelli N, Daly MB, Pal T. BRCAl-and BRCA2-associated hereditary breast and ovarian cancer.
GeneReviews®][Internet]. 2022 Feb 3.

Howlader N, Noone AM, Krapcho M, Miller D, Brest A, Yu M, Ruhl ], Tatalovich Z, Mariotto A, Lewis DR, Chen HS.
KA (eds) C SEER Cancer Statistics Review, 1975-2016. National Cancer Institute B ethesda, MD.

Levy-Lahad E, Friedman E. Cancer risks among BRCA1 and BRCA2 mutation carriers. British Journal of Cancer
2007;96(1):11-15.

Omar AS. The role of BRCA1/2 genes mutations and The Epstein-Barr virus (EBV) in the Etiology of Breast cancer
among Yemeni women patients (Doctoral dissertation, Al-Neelain University).

Hatano Y, Tamada M, Matsuo M, Hara A. Molecular trajectory of BRCA1 and BRCA2 mutations. Frontiers in
Oncology. 2020 Mar 25;10:361.

Speit G, Trenz K. Chromosomal mutagen sensitivity associated with mutations in BRCA genes. Cytogenetic and
Genome Research. 2004;104(1-4):325-32.

Evans DG, Howell A. Breast cancer risk-assessment models. Breast cancer research. 2007 Oct;9(5):1-8.

Amir E, Freedman OC, Seruga B, Evans DG. Assessing women at high risk of breast cancer: a review of risk
assessment models. [NCI: Journal of the National Cancer Institute. 2010 May 19;102(10):680-91.

Shapiro SL, Lopez AM, Schwartz GE, Bootzin R, Figueredo AJ], Braden CJ, Kurker SF. Quality of life and breast
cancer: relationship to psychosocial variables. Journal of clinical psychology. 2001 Apr;57(4):501-19.

Mahdavi M, Nassiri M, Kooshyar MM, Vakili-Azghandi M, Avan A, Sandry R, Pillai S, Lam AK, Gopalan V. Hereditary
breast cancer; Genetic penetrance and current status with BRCA. Journal of cellular physiology. 2019
May;234(5):5741-50.

King MC, Marks JH, Mandell ] B. Breast and ovarian cancer risks due to inherited mutations in BRCA1 and BRCAZ2.
Science. 2003 Oct 24;302(5645):643-6.

Bleyer A, Welch HG. Effect of three decades of screening mammography on breast-cancer incidence. New England
Journal of Medicine. 2012 Nov 22;367(21):1998-2005.

Tabar L, Dean PB. Mammography and breast cancer: the new era. International Journal of Gynecology &
Obstetrics. 2003 Sep 1;82(3):319-26.

487



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]
[78]

[79]

[80]
[81]

[82]

[83]

[84]

[85]

[86]

International Journal of Science and Research Archive, 2023, 08(02), 475-491

Gartlehner G, Thaler K, Chapman A, Kaminski-Hartenthaler A, Berzaczy D, Van Noord MG, Helbich TH.
Mammography in combination with breast ultrasonography versus mammography for breast cancer screening
in women at average risk. Cochrane Database of Systematic Reviews. 2013(4).

Bleyer A, Baines C, Miller AB. Impact of screening mammography on breast cancer mortality. International
journal of cancer. 2016 Apr 15;138(8):2003-12.

Mariscotti G, Houssami N, Durando M, Bergamasco L, Campanino PP, Ruggieri C, Regini E, Luparia A, Bussone R,
Sapino A, Fonio P. Accuracy of mammography, digital breast tomosynthesis, ultrasound and MR imaging in
preoperative assessment of breast cancer. Anticancer research. 2014 Mar 1;34(3):1219-25.

Lee CH, Dershaw DD, Kopans D, Evans P, Monsees B, Monticciolo D, Brenner R], Bassett L, Berg W, Feig S, Hendrick
E. Breast cancer screening with imaging: recommendations from the Society of Breast Imaging and the ACR on
the use of mammography, breast MRI, breast ultrasound, and other technologies for the detection of clinically
occult breast cancer. Journal of the American college of radiology. 2010 Jan 1;7(1):18-27.

Evans A, Trimboli RM, Athanasiou A, Balleyguier C, Baltzer PA, Bick U, Camps Herrero ], Clauser P, Colin C,
Cornford E, Fallenberg EM. Breast ultrasound: recommendations for information to women and referring
physicians by the European Society of Breast Imaging. Insights into imaging. 2018 Aug;9:449-61.

Morris EA. Breast cancer imaging with MRI. Radiologic Clinics. 2002 May 1;40(3):443-66.

Morrow M, Waters ], Morris E. MRI for breast cancer screening, diagnosis, and treatment. The Lancet. 2011 Nov
19;378(9805):1804-11.

Lehman CD, DeMartini W, Anderson BO, Edge SB. Indications for breast MRI in the patient with newly diagnosed
breast cancer. Journal of the National Comprehensive Cancer Network. 2009 Feb 1;7(2):193-201.

Bilimoria KY, Cambic A, Hansen NM, Bethke KP. Evaluating the impact of preoperative breast magnetic resonance
imaging on the surgical management of newly diagnosed breast cancers. Archives of Surgery. 2007 May
1;142(5):441-7.

Smith RA. The evolving role of MRI in the detection and evaluation of breast cancer. New England Journal of
Medicine. 2007 Mar 29;356(13):1362-3.

Giunti G, Giunta DH, Guisado-Fernandez E, Bender JL, Fernandez-Luque L. A biopsy of breast cancer mobile
applications: state of the practice review. International journal of medical informatics. 2018 Feb 1;110:1-9.

Frable WJ. Fine-needle aspiration biopsy: a review. Human pathology. 1983 Jan 1;14(1):9-28.

Nassar A. Core needle biopsy versus fine needle aspiration biopsy in breast—a historical perspective and
opportunities in the modern era. Diagnostic cytopathology. 2011 May;39(5):380-8.

Liberman L, Cohen MA, Dershaw DD, Abramson AF, Hann LE, Rosen PP. Atypical ductal hyperplasia diagnosed at
stereotaxic core biopsy of breast lesions: an indication for surgical biopsy. AJR. American journal of
roentgenology. 1995 May;164(5):1111-3.

Hu H. Multi-slice helical CT: scan and reconstruction. Medical physics. 1999 Jan;26(1):5-18.

Hurkmans CW, Borger JH, Pieters BR, Russell NS, Jansen EP, Mijnheer B]. Variability in target volume delineation
on CT scans of the breast. International Journal of Radiation Oncology* Biology™* Physics. 2001 Aug 1;50(5):1366-
72.

Silverstein MJ, Mai T, Savalia N, Vaince F, Guerra L. Oncoplastic breast conservation surgery: the new paradigm.
Journal of surgical oncology. 2014 Jul;110(1):82-9.

Fisher B, Jeong JH, Anderson S, Bryant ], Fisher ER, Wolmark N. Twenty-five-year follow-up of a randomized trial
comparing radical mastectomy, total mastectomy, and total mastectomy followed by irradiation. New England
Journal of Medicine. 2002 Aug 22;347(8):567-75.

McMasters KM, Giuliano AE, Ross MI], Reintgen DS, Hunt KK, Byrd DR, Klimberg VS, Whitworth PW, Tafra LC,
Edwards M]. Sentinel-lymph-node biopsy for breast cancer—not yet the standard of care. New England Journal
of Medicine. 1998 Oct 1;339(14):990-5.

0’Hea B], El-Shirbiny AM, Yeh SD, Rosen PP, Coit DG, Borgen PI, Cody III HS. Sentinel lymph node biopsy in breast
cancer: initial experience at Memorial Sloan-Kettering Cancer Center. Journal of the American College of
Surgeons. 1998 Apr 1;186(4):423-7.

Hack TE, Cohen L, Katz ], Robson LS, Goss P. Physical and psychological morbidity after axillary lymph node
dissection for breast cancer. Journal of Clinical Oncology. 1999 Jan 1;17(1):143-9.

488



[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]
[101]

[102]

[103]

[104]
[105]

[106]

[107]

[108]

[109]

International Journal of Science and Research Archive, 2023, 08(02), 475-491

Sakorafas GH, Peros G, Cataliotti L, Vlastos G. Lymphedema following axillary lymph node dissection for breast
cancer. Surgical oncology. 2006 Nov 1;15(3):153-65.

Poortmans P. Evidence based radiation oncology: breast cancer. Radiotherapy and oncology. 2007 Jul 1;84(1):84-
101.

McDonald SC, Rubin P. Optimization of external beam radiation therapy. International Journal of Radiation
Oncology* Biology* Physics. 1977 Mar 1;2(3-4):307-17.

Kry SF, Bednarz B, Howell RM, Dauer L, Followill D, Klein E, Paganetti H, Wang B, Wuu CS, George Xu X. AAPM TG
158: measurement and calculation of doses outside the treated volume from external-beam radiation therapy.
Medical physics. 2017 Oct;44(10):e391-429.

Deng X, Wu H, Gao F, SuY, Li Q, Liu S, Cai ]. Brachytherapy in the treatment of breast cancer. International journal
of clinical oncology. 2017 Aug;22:641-50.

Hassan MS, Ansari ], Spooner D, Hussain SA. Chemotherapy for breast cancer. Oncology reports. 2010 Nov
1;24(5):1121-31.

Hortobagyi GN. Developments in chemotherapy of breast cancer. Cancer: Interdisciplinary International Journal
of the American Cancer Society. 2000 Jun 15;88(S12):3073-9.

Bonadonna G, Valagussa P. Dose-response effect of adjuvant chemotherapy in breast cancer. New England
Journal of Medicine. 1981 Jan 1;304(1):10-5.

Masood S. Neoadjuvant chemotherapy in breast cancers. Women’s Health. 2016 Sep;12(5):480-91.

Ge Y, Domschke C, Stoiber N, Schott S, Heil ], Rom ], Blumenstein M, Thum ], Sohn C, Schneeweiss A, Beckhove P.
Metronomic cyclophosphamide treatment in metastasized breast cancer patients: immunological effects and
clinical outcome. Cancer immunology, immunotherapy. 2012 Mar;61:353-62.

Jahani M, Azadbakht M, Norooznezhad F, Mansouri K. L-arginine alters the effect of 5-fluorouracil on breast
cancer cells in favor of apoptosis. Blomedicine & Pharmacotherapy. 2017 Apr 1;88:114-23.

Hacker MP, Douple EB, Krakoff IH, editors. Platinum coordination complexes in cancer chemotherapy:
Proceedings of the Fourth International Symposium on Platinum Coordination Complexes in Cancer
Chemotherapy Convened in Burlington, Vermont by the Vermont Regional Cancer Center and the Norris Cotton
Cancer Center, June 22-24, 1983. Springer Science & Business Media; 2012 Dec 6.

Gradishar WJ. Taxanes for the treatment of metastatic breast cancer. Breast cancer: basic and clinical research.
2012 Jan;6:BCBCR-S8205.

Arcamone F. Doxorubicin: anticancer antibiotics. Elsevier; 2012 Dec 2.

Goftar MK, Kor NM, Kor ZM. DNA intercalators and using them as anticancer drugs. Int. ]. Adv. Biol. Biomed. Res.
2014;2(3):811-22.

Preobrazhenskaya MN, Tevyashova AN, Olsufyeva EN, Huang K, Huang H. Second generation drugs-derivatives
of natural antitumor anthracycline antibiotics daunorubicin, doxorubicin and carminomycin. Journal Of Medical
Sciences-Taipei. 2006 Aug 1;26(4):119.

Bhattacharya B, Mukherjee S. Cancer therapy using antibiotics. Journal of Cancer Therapy. 2015;6(10):849.
Saeidnia S, Saeidnia S. Anticancer antibiotics. New Approaches to Natural Anticancer Drugs. 2015:51-66.

Chen CL, Weiss NS, Newcomb P, Barlow W, White E. Hormone replacement therapy in relation to breast cancer.
Jama. 2002 Feb 13;287(6):734-41.

Beral V, Collaborative Group on Hormonal Factors in Breast Cancer. Breast cancer and hormone replacement
therapy (HRT): collaborative reanalysis of data from 51 epidemiological studies of 52,705 women with breast
cancer and 108,411 women without breast cancer. Breast Cancer Research. 2002 Jul 1;4(Suppl 1):3.

Manyonda I, Talaulikar VS, Pirhadi R, Ward ], Banerjee D, Onwude ]. Could Perimenopausal Estrogen Prevent
Breast Cancer? Exploring the Differential Effects of Estrogen-Only Versus Combined Hormone Replacement
Therapy. Journal of Clinical Medicine Research. 2022 Jan;14(1):1.

Osborne CK. Tamoxifen in the treatment of breast cancer. New England Journal of Medicine. 1998 Nov
26;339(22):1609-18.

Dhingra K. Antiestrogens-tamoxifen, SERMs and beyond. Investigational new drugs. 1999 Aug;17:285-311.

489



[110]

[111]

[112]

[113]

[114]

[115]

[116]
[117]
[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

International Journal of Science and Research Archive, 2023, 08(02), 475-491

Vogel CL, Johnston MA, Capers C, Braccia D. Toremifene for breast cancer: a review of 20 years of data. Clinical
breast cancer. 2014 Feb 1;14(1):1-9.

Wiseman LR, Goa KL. Toremifene: a review of its pharmacological properties and clinical efficacy in the
management of advanced breast cancer. Drugs. 1997 Jul;54:141-60.

Patel HK, Bihani T. Selective estrogen receptor modulators (SERMs) and selective estrogen receptor degraders
(SERDs) in cancer treatment. Pharmacology & therapeutics. 2018 Jun 1;186:1-24.

Lu Y, Liu W. Selective estrogen receptor degraders (SERDs): a promising strategy for estrogen receptor positive
endocrine-resistant breast cancer. Journal of Medicinal Chemistry. 2020 Nov 2;63(24):15094-114.

Wardell SE, Nelson ER, Chao CA, Alley HM, McDonnell DP. Evaluation of the pharmacological activities of
RAD1901, a selective estrogen receptor degrader. Endocrine-related cancer. 2015 Oct;22(5):713.

Howell A. Fulvestrant (‘Faslodex’): current and future role in breast cancer management. Critical reviews in
oncology/hematology. 2006 Mar 1;57(3):265-73.

Nathan MR, Schmid P. A review of fulvestrant in breast cancer. Oncology and therapy. 2017 Jun;5:17-29.
Carlson RW. The history and mechanism of action of fulvestrant. Clinical breast cancer. 2005 Apr 1;6:5S5-8.

Lee CI, Goodwin A, Wilcken N. Fulvestrant for hormone-sensitive metastatic breast cancer. Cochrane Database of
Systematic Reviews. 2017(1).

Altundag K, Ibrahim NK. Aromatase inhibitors in breast cancer: an overview. The Oncologist. 2006
Jun;11(6):553-62.

Fabian C]. The what, why and how of aromatase inhibitors: hormonal agents for treatment and prevention of
breast cancer. International journal of clinical practice. 2007 Dec;61(12):2051-63.

Breast International Group (BIG) 1-98 Collaborative Group. A comparison of letrozole and tamoxifen in
postmenopausal women with early breast cancer. New England Journal of Medicine. 2005 Dec 29;353(26):2747-
57.

Mouridsen HT. Letrozole in advanced breast cancer: the PO25 trial. Breast cancer research and treatment. 2007
Oct;105:19-29.

Nabieva N, Fehm T, Haeberle L, de Waal ], Rezai M, Baier B, Baake G, Kolberg HC, Guggenberger M, Warm M,
Harbeck N. Influence of side-effects on early therapy persistence with letrozole in post-menopausal patients with
early breast cancer: Results of the prospective EvAluate-TM study. European journal of cancer. 2018 Jun 1;96:82-
90.

Mehta RS, Barlow WE, Albain KS, Vandenberg TA, Dakhil SR, Tirumali NR, Lew DL, Hayes DF, Gralow ]R,
Livingston RB, Hortobagyi GN. Combination anastrozole and fulvestrant in metastatic breast cancer. New
England Journal of Medicine. 2012 Aug 2;367(5):435-44.

Cuzick ], Sestak I, Baum M, Buzdar A, Howell A, Dowsett M, Forbes JF. Effect of anastrozole and tamoxifen as
adjuvant treatment for early-stage breast cancer: 10-year analysis of the ATAC trial. The lancet oncology. 2010
Dec 1;11(12):1135-41.

Wiseman LR, Adkins JC. Anastrozole: a review of its use in the management of postmenopausal women with
advanced breast cancer. Drugs & aging. 1998 Oct;13:321-32.

Bonneterre ], Thiirlimann B, Robertson JF, Krzakowski M, Mauriac L, Koralewski P, Vergote I, Webster A,
Steinberg M, Von Euler M. Anastrozole versus tamoxifen as first-line therapy for advanced breast cancer in 668
postmenopausal women: results of the Tamoxifen or Arimidex Randomized Group Efficacy and Tolerability
study. Journal of Clinical Oncology. 2000 Nov 15;18(22):3748-57.

Pagani O, Regan MM, Walley BA, Fleming GF, Colleoni M, Lang I, Gomez HL, Tondini C, Burstein HJ, Perez EA,
Ciruelos E. Adjuvant exemestane with ovarian suppression in premenopausal breast cancer. New England
Journal of Medicine. 2014 Jul 10;371(2):107-18.

Coombes RC, Hall E, Gibson L], Paridaens R, Jassem ], Delozier T, Jones SE, Alvarez I, Bertelli G, Ortmann O, Coates
AS. A randomized trial of exemestane after two to three years of tamoxifen therapy in postmenopausal women
with primary breast cancer. New England Journal of Medicine. 2004 Mar 11;350(11):1081-92.

Mirza MR, Coleman RL, Gonzalez-Martin A, Moore KN, Colombo N, Ray-Coquard I, Pignata S. The forefront of
ovarian cancer therapy: update on PARP inhibitors. Annals of Oncology. 2020 Sep 1;31(9):1148-59.

490



[131]
[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

International Journal of Science and Research Archive, 2023, 08(02), 475-491

Guha M. PARP inhibitors stumble in breast cancer. Nature biotechnology. 2011 May 1;29(5):373-5.

Cortesi L, Rugo HS, Jackisch C. An overview of PARP inhibitors for the treatment of breast cancer. Targeted
oncology. 2021 May;16(3):255-82.

Lee CK, Davies L, Wu YL, Mitsudomi T, Inoue A, Rosell R, Zhou C, Nakagawa K, Thongprasert S, Fukuoka M, Lord
S. Gefitinib or erlotinib vs chemotherapy for EGFR mutation-positive lung cancer: individual patient data meta-
analysis of overall survival. JNCI: Journal of the National Cancer Institute. 2017 Jun 1;109(6):djw279.

Mendelsohn ], Baselga J. Status of epidermal growth factor receptor antagonists in the biology and treatment of
cancer. Journal of clinical oncology. 2003 Jul 15;21(14):2787-99.

Vinatier E, Merlot B, Poncelet E, Collinet P, Vinatier D. Breast cancer during pregnancy. European Journal of
Obstetrics & Gynecology and Reproductive Biology. 2009 Nov 1;147(1):9-14.

Gwyn K, Theriault R. Breast cancer during pregnancy. ONCOLOGY-WILLISTON PARK THEN HUNTINGTON-. 2001
Jan 1;15(1):39-45.

Cardonick E, Dougherty R, Grana G, Gilmandyar D, Ghaffar S, Usmani A. Breast cancer during pregnancy: maternal
and fetal outcomes. The Cancer Journal. 2010 Jan 1;16(1):76-82.

Loibl S, Han SN, von Minckwitz G, Bontenbal M, Ring A, Giermek ], Fehm T, Van Calsteren K, Linn SC, Schlehe B,
Gziri MM. Treatment of breast cancer during pregnancy: an observational study. The lancet oncology. 2012 Sep
1;13(9):887-96.

Loibl S, Schmidt A, Gentilini O, Kaufman B, Kuhl C, Denkert C, von Minckwitz G, Parokonnaya A, Stensheim H,
Thomssen C, Van Calsteren K. Breast cancer diagnosed during pregnancy: adapting recent advances in breast
cancer care for pregnant patients. JAMA oncology. 2015 Nov 1;1(8):1145-53.

Pavlidis N, Pentheroudakis G. The pregnant mother with breast cancer: diagnostic and therapeutic management.
Cancer treatment reviews. 2005 Oct 1;31(6):439-47.

Pereg D, Koren G, Lishner M. Cancer in pregnancy: gaps, challenges and solutions. Cancer treatment reviews.
2008 Jun 1;34(4):302-12.

Cardonick E, Iacobucci A. Use of chemotherapy during human pregnancy. The lancet oncology. 2004 May
1;5(5):283-91.

Helewa M, Levesque P, Provencher D, Lea RH, Rosolowich V, Shapiro HM. Breast cancer, pregnancy, and
breastfeeding. Journal of obstetrics and gynaecology Canada: JOGC= Journal d'obstetrique et gynecologie du
Canada: JOGC. 2002 Feb 1;24(2):164-80.

Stopenski S, Aslam A, Zhang X, Cardonick E. After chemotherapy treatment for maternal cancer during pregnancy,
is breastfeeding possible?. Breastfeeding Medicine. 2017 Mar 1;12(2):91-7.

Johnson HM, Mitchell KB. Breastfeeding and breast cancer: managing lactation in survivors and women with a
new diagnosis. Annals of surgical oncology. 2019 Oct;26:3032-9.

Webb JA, Thomsen HS, Morcos SK, Members of Contrast Media Safety Committee of European Society of
Urogenital Radiology (ESUR) www. esur. org. The use of iodinated and gadolinium contrast media during
pregnancy and lactation. European radiology. 2005 Jun;15:1234-40.

Author’s short biography

Dr. P. Muralidharan is currently the Head, Department of Pharmacology at C L Baid Metha College
of Pharmacy, affiliated to The Tamil Nadu Dr. M.G.R. Medical University, Chennai. He has 27 years of
teaching and research experience in Molecular and Developmental Neurosciences. He is the
recipient of many prestigious awards like Best Teacher Award from The Tamil Nadu Dr. M.G.R.
Medical University, Agathiyar Award from Biomedical Scientist association for research in
Indigenous Medical Preparation and SAS Lifetime Achievement Award (Pharmaceutical Sciences)
from Scholars Academic and Scientific Society. He is the Life Member of societies including Indian
Pharmacological Society (IPS) and Laboratory Animals Scientist Association (LASA).

491



