Chapter 1
Introduction

1.1.0verview

Cancer is a group of diseasgharacterized by abnormal and uncontrolled growth and spread of
cells, anyone can develop cancer, as the risk of being diagnosed increases with age, most of
cases occur in adults who are middle age or older, about 78% of all cancers are diagnosed in
patient by the age of 55 years and ol@dhamset al , 2014).

"breast cancer is a complex mudtiforial disease where there is a strong interplay between
gendic and environmental factdréMartin and Weber, 2000).

Cancer is the second leading cause of death after heart disease worldwsdepabtic health
problem in USA and other countri¢seigel et al, 2015).

Cancer accounted for 7.4 million deaths (abdB% of all deaths)the main types of cancer
are:

Lung (1.3 million deaths/year)

Stomach (803,000 deat hs)

Col orect al (639,000 deat hs)

Liver (610,000 deaths)

Breast (519,000 deat hs)
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More than 70% of all cancer deaths occurred in-lewd middé-income countries. It is
expected that deaths from cancer worldwide continue to rise, with an estimated 11.5 million
deaths in 203Q World health organization,2010).

Cancer begins when cells in part of body , start to grow out of control , canseditfell from
normal cells in that cancer cells will not die, they continue to grow and form new abnormal cells
(American cancer society, 2015)

Eleven million cases of cancer now occur annually worldwide, six million of them mndod/
middle- income coatries,five million deaths from cancefAlhamset al, 2014).

Breast cancer is the most common cancer worldwide and second leading cause of cancer deaths
(Abdulkareem, 2013).

1.2 Epidemiology

One million new cases of breast cancer all over the wodd g@ar and compromises 18% of alll
women malignancies , where the age standardized incidence and mortality is the highest in U.K
(McPhersonet al, 2000).

One in nine woman in U.K and USA will develop the disease in their lifethbeulkareem,
2013).



Breast cancer is the most common type of cancer amongwpAn estimated 232,340 new
cases of invasive breast cancer were diagnosed amwongen in the USA during 2013, Deaths
are estimated by 40,038merican cancer society, 2014).

In the UK, the smening program with biplanar digital mammography every three years in
women aged 500 and improvements in multimodality treatment , have improved overall
survival and rates of cufegKumar and Clarkes , 2009).

In mortality (both West Bank and Gaza Sthipast cancer occupies the third place after
colorectal (second) and lung (the first), breast cancer was Known to be the first leading cause of
death among females (21.1¢8) hams et al, 2014)

In Gaza strip breast cancprevakncerate is 149.1/100@D, the number of all breast cancer
cases in female is 1207 which repres&itd % of all female cancer cases, the maximum level
of cases is 317 cases in Age groupi(%8}) (Palestinian Health information centre,2015).



Chapter 2
Literature review

2.1.Breast Anatomy

To understand breast cancer, it is important to understand the normal structure oftdyesast ,
cancer can spread via hematogenous route as well as lymphatic routes. Knowledge of the
lymphatic drainage of breastrequired not only for the performance of surgical procedures but
also in planning therapeutic radiation, predicting sites of locally recurrent di$tassol et al

2013).
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Figure (1) Normal breast tissue

A Female breast consistsf three main parts

- glandular Lobular milk producing (secretorypbules containing between10 and 100 alveoli
that are approximately 0.12 mm in diame&t&eddes2007).

- Spaces around the lobules and ducts are filled with fat , ligaments andtontissues, the
amount of fat in breasts largely determines their &axldes2007).

- Ducts (tiny tubes through which the milk transferred to nippfesinger woman has denser
breast than olderAdipose (fatty) tissuéGeddes2007).

- Stoma (conective tissues and fatty tissues surrounding ducts and lob#leseyican cancer
society, 2013)

- Lymphatic channels within the breast follow centrifugal pathways from the subareolar plexus
along major lactiferous ducts and then along efferent veimsaioing nodal beds. The major
and most important site of drainage is to central axillary n@®asool et al2013).



The drainage of lymph from the breast has been extensively investigated with particular
reference to breast carcinoma, and there areraio pathways by which lymph is drained from

the breast. The first is to the axillary nodes; the second is to the inteemamary nodes
(Geddes 2007)
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Lymph nodes in relation to the breast
Figure (2): Lymph node in relation to breas{American cancer society, 201¢4
A Lymphatic drainage is divided into
Superficial Lymphatics

Drain to the skin except nipple and areola, they pass to axillary, internal mammary, and
supraclavicular nodedrain Parenchyma of the breast plus Nipple and areola, they pass to
axillary , posteior, Intercostal node@Rasool et al2013. Axillary nodes receive more than 75%

of the lymph from the breast They are:

A Pectoral (anterior)
A Subscapular (posterior)
A Central

A Apical (Rasool et al 2013.

2.2.Types of breast cancer
Breast cancer can belassified as invasive and non invasive
91 Ductal carcinoma in situ DCIS ( intraductal carcinoma )

A non invasive or pre invasive differ from other invasive types in that it does not spread through
the wall d the duct to the breast tissues , one from five woman detected at this stage and so can
be curedcollaborative group on hormonal factors in breast cancer, 2012).



1 Invasive (an infiltrating ductal carcinoma) IDC

The majority of breast cancer arise from #y@thelial cells of the milk and reproduce their
histological features in a variety of patterns of which the most common is an infiltrating ductal
carcinomaVVogel et al, 2002).

this is the most common type of breast cancer, at this point it is abletéstasize to lymphatic
system and to blood stream and so to other parts of the body , about 8 from 10 of invasive breast
cancer are infiltrating ductal carcinor(@merican cancer society2014).

The danger in breast cancer comes from spreading of azglcty lymphatic system and then to
blood stream and so metastized to other ordeolaborative group on hormonal factors in
breast cancer, 2012).

Ductal Carcinoma In Situ (DCIS)

Figure(3) Ductal carcinoma in situ (American cancer society, 2014)

1 Lobular cacinoma in situstarts in the milipproducing glands (lobules). Like IDC, it can
spread (metastasize) to other parts of the body. About 1 in 10 invasive breast cancers is
an ILC

Lobular Carcinoma In Situ (LCIS)
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Figure( 4 ):lobular carcinoma in situ(American cancer society, 2014)



2.3. Stages of breast cancer
TNM classification

This classification has been set by Joint Committee on Cancer (AJCC) and International Union
Against Cance(UICC). This staging system uses three variables: diameter of tumor(Thenum
of lymph nodes involved with metastasis (N)

Stage 1A Breast Cancer Stage IB Breast Cancer
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Figure (5) stage 1A, stage DBbreast cancgAmerican cancer society, 2014)
Primary Tumor (T)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carciroma in situ

Tis (DCIS) Ductal carcinoma in situ

Tis (LCIS) Lobular carcinoma in situ

Tis ( Paget 6s) Paget 0 snothssacatadsvéath iovasivet careinonmai apdpdr e
carcinoma in situ (DCIS and/or LCIS) in the underlying breast parenchyman@asas in the

breast parenchyma associated with Pagetods dis
characteristics of the parenchymal di sease, al
be noted The American Joint Committee on Canc@014).

TITumor O 20 mm in greatest dimension

Timi Tumor O 1 mm in greatest di mensi on

TlaTumor > 1 mm but O 5 mm in greatest di mensi o
TlbTumor > 5 mm but O 10 mm in greatest di mensi

TlcTumor > 10 mm but O 20 mm in greatest di mensi



T2Tumor>20mmbu O 50 mm in greatest di mensi on
T3 Tumor > 50 mm in greatest dimension

T4 (includes T4a, T4b, T4c, and T4d):Tumor of any size growing into the chest wall or skin.
This includes inflammatory breast can€Eine American Joint Committee on Cancer,2014

Regianal lymph nodes

NX Regional lymph nodes cannot be assessed (e.g., previously removed)
NO No regional lymph node metastasis

N1 Metastasis to movable ipsilateral axillary lymph node(s)

N2 Metastases in ipsilateral axillary lympilodes fixed or matted, or idlinically apparent
ipsilateral internal mammary nodes in tAbsence of clinically evident axillary lymph node
metastasis(The American Joint Committee on Canc@014)

N2a Metastasis in ipsilateral axillary lymph nodes fixed to one another (matted)obhner
structure

N3 Metastasis only in clinically apparent ipsilateral internal mammary nodes and in the absence
of clinically evident axillary lymph node metastasis; metastasis in ipsilateral infraclavicular
lymph node(s) with or without axillary lymphode involvement, or in clinically apparenta
ipsilateral internal mammary lympfhode(s) and in the presence of clinically evident axillary
lymph node metastasis; or metastasis in ipsilateral supraclavicular lymph node(s) with or
without axillary or interal mammary lymph node involvemeasool et al.2013).

N3a Metastasis in ipsilateral infraclavicular lymph node(s).
N3b Metastasis in ipsilateral internal mammary lymph nodes(s) and axillary lymph node(s)
N3c Metastasis in ipsilateral supraclavicudlanph node(sjRasool et al 2013).

Distant Metastases (M)
MO no clinical or radiographic evidence of distant metastases

MO(i+) :no clinical or radiographic evidence of distant metastases, but deposits of molecularly
or microscopically detected tumecells in circulating blood, bone marrow, or other megional
nodal tissue that are no larger than 0.2 mm in a patient without symptoms or signs of metastases

M1 Distant detectable metastases as determined by classic clinical and radiographic means
andor histologically proven larger than 0.2 nfRasool et al, 2013).



2.3.1. Anatomic staging

A Stage 0 A Tis A NO MO

A stage 1A | A T1 A NO A MO

A stage 1B | A To A Nimi | A MO
A T1 A N1mi

A Stage IIA | A TO A N1** | A MO

A T1 A N1** | A MO

A T2 A NO A MO

A Stage IIB | A T2 A N1 A MO

A T3 A NO A MO

A Stage Il1A TO A N2 A MO

T1 A N2 A MO

T2 A N2 A MO

T3 A N1 A MO

T3 A N2 A MO

Stage 11IB T4 A NO A MO

T4 A N1 A MO

T4 A N2 A MO

Stage IlIC Any T A N3 A MO

A Stage4 A A M1

Table (1): Stages of breast cancer




2.4. Etiology and risk factors of breast cancer

The pecise theory of breast cancer etiology is not fully understood, as other types of.cancers
breast cancer is multifactorial

24.1. Inherited gene mutations
Family history

in western countries , Up t010 percent of breast cancer is due to geneticquiéidispBreast
cancersusceptibilityis generally inherited as an autosomal dominant and can be transmitted
through either sex so some family members may transmit the abnormal gene without developing
cancer themselvgdicPherson et al 2000).

Certain types of cancer are caused by inherited mutation in the tumor suppress@Bigemrel
and BRCA2) or less commonly in other genes such R$EN or TP53 (American cancer
society, 2014).

Breast cancer is a complex, multifactorial disease and there is a gresction between
genetic and environmental factors, Breast cancer related genes have been identified, Also non
genetic factors play major role , 5%9% of breast cancer can be explained by inheritance of
mutations , two major susceptibility genes BRCBRCA2 (Martin and Weber, 2000).

according to the most recent estimates, 55 to 65 percent of women who inherit a harmful
BRCAL1 mutation and around 45 percent of women who inherit a haBR@A2 mutation will
develop breast cancer by age 70 yg€Arsericancancer society, 2014)

BRCA1

It was first isolated in 1994 it was localized on the chromosome 17921, this gene represent 14
45% of hereditary breast cancers , BRCAL has a number of distinguishing clinical features such
as early age onset, high presencassfociated tumors , high prevalence of bilateral breast cancer
(Martin and Weber, 2000).

BRCAL gene is a tumor suppressor gene and malignaoceswhen both functionadllelesof
this gene are lost which is characteristic of tumor suppreégiagin and Weber, 2000).

BRCA2 Was identified in 1995 As with BRCA1 mutation carriers the life time breast cancer
risk of BRCA2 mutation carriers is estimated to be the range85% risk of breast cancer.
(Martin and Weber, 2000).

Both genes play role in DNAasnage response pathway , BRCA2 messenger RNA is expressed
at higher level in G1 and S phase of cell cycle similar to BRCAL suggesting that both are
coordinately regulate(Martin and Weber, 2000).

Breast cancer About 12 percent of women in populationlwdevelop breast cancer sometime
during their lives . By contrast, according to the most recent estimates, 55 to 65 percent of

¢



women who inherit a harmflBRCA1 mutation and around 45 percent of women who inherit a
harmful BRCA2 mutation will develop brest cancer by age 70 yedfmerican cancer society,
2014)

24.2. Acquired gene mutations

Most DNA mutations related to breast cancer occur in one breast cell , this type of mutation in
the tumor suppressor gene is caused by external factors as radmatiachamicalfAmerican
cancer society,2014).

Hormonal

Estrogen therapy is directly related to an increased risk for developing breast cancer whereas
less exposure is thought to be protective, so early menarche and late menopause will give high
risk facta (Martin and Weber, 2000).

The fact that breast cancer pathogenesis involves the steroid hormones is that the adipose tissues
contain aromatase enzymes which convert cholesterol to estradiol where menopause woman has
higher proportion of these fat celso the levels of estradiol is greater in woman after
menopause, this probability accounts for rising incidence of breast cancer with aging and
supports the role of steroid hormones in pathogenesis of breast ¢itanén and Weber,

2000).

Age:

The incidece of breast cancer increases with age and double each 1(Me@ingerson et al

2000).1t's rare before the age of twenty and by age of ninegfifth of women will be affected
(Abdulkareem, 2013).

Age at first menarche and menopause

Menarche andnenopause are markers of onset and cessation of ovarian related endocrine
activity associated with reproduction and they affect the breast, the earlier menarche the higher
risk of developing breast cancer , the later menopause the highécdailsiborative group on
hormonal factors in breast cancer, 2012).

Age at first pregnancy

Nulliparity and late age at first birth increases the incidence of breast cancer, the risk of breast
cancer for women who have their first pregnancy at the age of 30 is twicef thaving first
pregnancy at the age of ZdcPherson et al 2000).

The use of oral contraceptives
There is small increase in the risk of breast cancer in those taking contraceptive pills especially
after 10 years of cessati@Mcpherson et al2000).



Hormone replacement therapy
Among users and those stop fed Years there ianincrease in the relative risk. This is because
of their effectson delaying menopaud@®icpherson et al 2000).

Non hormonal

The non hormonalt®pathological causes bfeast cancer are those risk factors

Gender: Only less than one percent of patients are male, the difference is thought to be
according to the diérence of exposure to estrogen anoigestror{Abdulkareem, 2013).

Geographical variation:

The differences still far about five fold between eastern and western countries however it is
diminishing, studies for migrants from Japan to Hawaii show that the rate of breast cancer
resembles that of host country for two generations indicating the effect obremental factors
(McPherson et al 2000).

Race and ethnicity

Ethnic difference is supposed to be another factor affecting breast cancer pre&tigaties of

U.K and Australian residents have shown that the incidence rate of breast cancer lies between
the rate of their country of birth and that of their country of residence , studies showed an
increase in the incidence among south asian groups compared to nor(Beveis, 2006).

In United States, breast cancer is more common among whites. Mtigsefdifferences arise

from lifestyle factors and social conditions. Furthermore, there are marked variations in breast
cancer incidence and mortality among counii@®men with higher educational, occupational

and economic level are at greater risk lbseaof their reproductive pattern including age of
parity and age of first birtfOstadand Parsg2013).

Previous benign breast disease:

Woman with epithelial hyperplasia has four to five times higher risk of developing breast cancer
than woman who do ndtave any proliferative changes, this effect along with first degree
relative have nine fold higher rigkicPherson et al.2000).

Obesity, life style and physical activity

in recent years, interest has grown in the relationship between obesity aad bareasingly,
obesityis a significant risk factor for manyypes ofcancer and, after tobacco use, may be the
single greatest modifiable cancer risk factbecreasingveight contribute in decreasing risk
factors of canceparticularly in postmengausal womefi Dignam and Mamounas,2004).

generally it is accepted that being overweight or obese is a risk factor for several types of
cancers, including breast, thyroid, colon, pancreatic and liver. In fact, people who are obese have
more fat tissuethat can produce hormones, such as insulin or estrogen, which may cause cancer
cells to grow(Moon , 2016).



Thisisrelatedto nacti vati on of the estrogen receptor
dysfunction in women, Drew et al examad genetic ablation of estreg receptors in adipose

tissue in female mice , an increase in obesity and tissue inflammation take pla¢keatand
adipocytes constitute the largest cellular compartment of breast tissue ,he tested whether
adipocytesecreted factors could influence the behavior of breast cancer cells. he showed that
adi pocytes l acking ERU secr etoe brebsh canaer cell t hat
proliferation and migratio(Drew et al,.2015).

obesity increases risk for athuse and breast cancer mortality and comorbidities in women who
have been diagnosed and treated for breast céiRoek et al,.2015).

Key among the signiag pathways linking obesity and cancer is the PI3K/Akt/mammalian
target of rapamycin (MTOR) cascade, which is a target of many of the edesitgiated factors
and regulates cell proliferation and survigoon, 2016).

it has been along with diet, excesise can interfere with plasnevels of hormones which may

influence breast cancer developmg@kibdulkareem, 2013).

A behavioral weight loss intervention can lead to clinically meaningful weight loss in
overweight/obese survivors of breast car{@arcket al,2015)

Radiation
A doubling of risk of breast cancer was found in teenage girls exposed to radiation in second
war , ionizing radiation increases the risk later in(Mepherson, et al 2000).

Familial breast cance® criteria for identifying women at substantial increased risk

The following categories identify women who have three or more times the
population risk of developing breast cancer

A woman who has:

1 One first degree relative with bilateral breast cancer or breast and ovarianarancer

1 One first degree relative with breast cancer diagnosed under the age of 40 years or one
first degree male relative with breast cancer diagnosed at amy age

1 Two first or second degree relatives with breast cancer diagnosed under the age of 60
years or garian cancer at any age on the same side of the family

1 Three first or second relatives with breast and ovarian cancer on the same side of the
family.

9 First degree relative is mother, sister, or daughter. Second degree female relative is
grandmother, gmddaughter, aunt, or nie@dcPhersa et al., 2000)

9 Families with four or more relatives affected with either breast or ovarian cancer in three
generations and one alive affected rela(MePherson et al,2000).



2.5. Clinical picture of breast caner

25.1. Signs and symptoms

Because of the use of screening mammogyémesnumber of breast cancers found is increased
before they cause any symptoms. Still, some breast cancers are not found by mammogram,
either because the test was not done or becayen under ideal conditions, mammograms do

not find every breast canc@merican cancer society, 2014).

The most common symptom of breast cancer is a new lump or mass. A painless, hard mass that
has irregular edges is more likely to be canceroussboaacers can be tender, soft, or rounded.

They can even be painful. For this reason, it is important to have any new breast mass or lump or
breast change checked by a health care professional experienced in diagnosing breast diseases
(American cancer saety, 2014)

Other possible symptoms of breast cancer include:

- Swelling of all or part of a breast (even if no distinct lump is felt)

- Skin irritation or dimpling

- Breast or nipple pain

- Nipple retraction (turning inward)

- Redness, scaliness,tbickening of the nipple or breast skin

- Nipple discharge (other than breast milk)

Sometimes a breast cancer can spread to lymph nodes under the arm or around the collar bone
and cause a lump or swelling there, even before the original tumor in the ,bssast is large

enough to be felfAmerican cancer society, 2014)

2.6. Diagnosis and investigation of breast cancer

The diagnosis of breast cancer is based on clinical examination in addition to imaging, and
confirmed by pathological assessment, Chhiexamination includes bimanyadlpation of the
breasts andregional lymph nodes and assessment for distant rastases (bones, liver and
lungs), a neurological examination is only required when symptoms are present. Imaging
includes bilateral mammogphy and ultrasound of the breast and regional lymph r(&eedkus

et al, 2015).

2.6.1. Investigation

There are three assessments of any symptomatic breast cancer by palpation, radiology
(mammography, ultrasound and MRI scan) and fine needle aspiratiology is the most
reliable way to differentiate from the most common benign breast mssear and clarkes

2009).



T Mammogram

A mammogram is an-kay exam of the breast that is used to detect and evaluate breast changes.
X-rays were first used to arine breast tissue a century ago, by the German surgeon, Albert
Salomon. Modern mammography has only existed since the late 1960s, when spagial x
machines were designed and used just for breast imaging. Since then, the technology has
advanced,andtedy 6s mammogram i s very different even
ray machines used for mammograms today expose the breast to much less radiation than those
used in the past. Themys do not go through tissue as easily as those used for ronésex

rays or xrays of the arms or legs, which also improves the image qualityerican cancer

society , 2015).

For diagnostic womanwith a breast problem (for instance, a lump or nipple discharge) or an
abnormal area found in a screening mammogrgpicdlly gets a diagnostic mammogram.
Sometimes diagnostic mammograms are done for screening in women without breast problems
who were previously treated for breast car{éenerican cancer society , 2015).

1 Ultrasonography

Ultrasound is an important compientary imaging technique to mammography and physical
examination. Breast ultrasound is used primarily to differentiate between a cyst and solid mass,
several published papers from independent breast imaging facilities have reported that breast
ultrasoundscreening in women with dense breasts and negative mammograms and clinical
examinations yielded an incremental cancer detection rate of 2.8 to 4.6 cancers per 1,000
women, ultrasound also effective for detection not only for those had dense breasts but who
were also at increased risk for breast cafteeet al, 2010 ).

1 Magnetic Resonance image (MRI)

Remarkable advances in MRI technology have allowed sensitive detection and anatomic
definition of cancer, and the introduction of MRI in several aspeclseafst cancer diagnosis

and management and screening women at high risk of breast cancer, is now being extended to
screen the contra lateral, clinically unaffected breast, so is it is preventive, diagnostic, or
therapeutic, that improves care and/or pra@igmm breast canc@¢Houssami and Daneil, 20®).

Studies during the past 10 years showed that MRI increases detection of tumor foci not
identified with conventional imaging. Metmalysis of all observational studies of preoperative
MRI has shown that MRplay a major role in detection of additional foci of cancer within the
affected breagimultifocal, multicentric cancer preoperativelghloussami and Daneil, 209).

2.6.3. breast cancer screening

Eighteen European countries have established natiomalregional populatiofbasd
mammography screening progrg to detect breast cancers at agieical staggSenkuset al.,
2015).



Mammography screening, every 2 years, has shown the greatest mortality reduction benefit in
the age group of 39 years.The evidence for effectiveness of mammography screening in
women aged 4@9years is limited . This was also the conclusion in the recent breast cancer
screening report from the International Agency for Research on C@egtuset al, 2015).

2.63.1Screening mammogram:

Usually takes 2 xay pictures (views) of each breast. Some women, such as those with large
breasts, may need to have more pictures to see as much breast tissue as pos=tlieg
mammograms are-say exams of the breasts that arged for women who have no breast
symptoms or signs of breast cancer (such as a previous abnormal mammogram). The goal of a
screening mammogram is to find breast cancer
doctor. Finding breast cancers earhefore they have grown and spread) greatly improves a
womanos chance f o(Amearican caecersaciety,2015).e at ment

2.6.4Prognosis
There are many significant independent factors controlling the prognostic factors

A Size of primary tumor

A Thehistological subtype ( most are infiltrating ductal carcinoma)

A Histological grade/ differentiation

A Estrogen and progesterone receptor status and menopauseal status
A

Expression of Her2 : there are up to 50 genes identified which are the area of adjuvant
directed therapyKumar and Clark, 2009).

1 Early breast cancer

The prognosis (X0year survival) can be predicted from the combined effect of the
independent prognostic factors , poor prognostic factor are:

Premenopause
Young age
High tumor grade

Estrogen and progesterone receptor negative

o o Po Do Do

Positive node¢Kumar and Clark, 2009).

M p
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2. 7. Treatment

The final decision should also incorporatiee predicted treatment seqeial t he pati en’

biological age, general health status;neorbidities and preference3reatment should start
preferably within 26 weeks after surgeipenkuset al, 2015).

There are two lines for breast cancer therapy
2.7.1.Local treatment( Surgery):

Surgery may vary from local excision or segmental mastectomy and breast conseimatio
masses less than 4 cm in diameter, so simple mastectomy, the choice is taken according to the
location and extent of the breast mass in relation to the breast size and the patient preferences.
Surgery of the axilla is by sentinel lymph node guideddang ( after dye injectionjKumar

and Clark, 2009).

2.7.2Chemotherapy

In advanced cancer , patients who will not respond to hormonal therapy or who fail to respond
endocrine therapy or who require rapid response if at risk as liver or respiratame fail
chemotherapy if chosen carefully will provide good palliation this is the list of chemotherapy
used:

MM - mitoxatrone and methotrexate

AC/ECT doxorucin or epirupcin and cyclophsphamide
DC- docetaxol and capicitabine

PG-paclitaxel and gemicitabine

VC- vinorelbine and cabcitabin&umar and Clark, 2009)

the addition of trazumab to the cytotoxic except anthracyclines has signifacantely improved
survival for those whose tumor over expresses Her2/cerb2 oncogenes

CMF( cyclophosphamide, methotrexate,l&ufouracil) for six months, More effective second
generation regmins with epirubicine plus drugs in first generation.

A third generatiorregimenwith taxane (AGT) cyclophsphamide, adiramycin , taxa@mar
and Clark, 2009) Thisregimenis the one whil is used in Gaza strip as a protocol of therapy
it decreases the relative risk of death by 33% but it also increases the t{iagityar and
Clark, 2009)

Menopauseal status does not affects the relative efficacy of chemotherapy , since the recurrence
is less after menopause , the absolute improvement in survival is lower . toxicity may be higher
so the choice must be individualized to each patientt , the combined chemotherapy and



radiotherapy and tamoxifen or aromatase inhibitors halves the riskraf di/ibreast cancer for
appropriately selected patigitumar and Clark, 2009).

Early Breast Cancer Trialists©6 bé&weken taroxdfenat i ve (
and aromatase inhibitors amdmparedthe aromatase inhibitor versus 5 years of tarfexi

recurrence RRs favoured aromatase inhibitors signifcatlyear breast cancer mortality was

lower with aromatase inhibitors than tamoxiferEar | y Br eas't Cancer Tri al
Group, 2015).

Biphosphonates

bone metastasis are common prabl@ the management of breast cancer, and biophoshonates
have major role in delaying incidence of osteolytic deposits, bone pain and fracture if given
preventively, and in treating pain and hypercalcemia in established metastasis , second
generation biphdmnates pamidronate and oral clondronate are often sufficient , the more potent
third generation such as zoledronate may be more effective emarea less frequent
administraion (once every six month§umar and Clark, 2009).

2.7.3. Endocrine therapy:

This indicated in al/l patients with detectable
cells) irrespective of the use of chemotherapy and/or targeted therapy The choice of agent is
primarily determined by t he ctgrsariclude diffeGeiscesime n o p a u ¢

efficacy and sideffect profiles(Senkuset al, 2015).

One third of breast cancer patient will have estrogen / progesterone receptors positive and will
be given Tamoxifen as adjuvant therapy immediately after surgeryptoecpositive disease
reduces death from breast cancer by about @a%mar and Clark, 2009).

For post menopausal woman who have estrogen and or progesterone receptor positive either
tamoxifen or anastrosole (Als) will be given for 5 years reduces thie fiteat breast cancer by

about 25%,The choice between tamoxifen and Als depends on side effects , Als is preferred
because tamoxifen has risk on uterus and thromo embolismAlbuwtdds risk on arthralgia and
osteoporosis and serum lipisumar and Clak, 2009).

2.7.4. Her2/cerb2 targeted therapy

The human epidermal growth factor receptor 2 (Her2/cerb2/neu) is a member of the human
epidermal growth factor receptors family. Her2 is over expressed-80Z0of breast tumors

and is associated with aggreemess and increased risk of recurrence and dg4dinsen et al,

2014).

The human epidermal growth factor receptoHER2) gene encodes a 1&&l trans membrane
glycoprotein receptor (p1l85Her2) and is amplified in approximately 25% to 30% of human
breast cancers, when amplified, the gene produces high levé#ERR cell surface receptor
expression. Patients whose tumors demonstidER2 @gne amplification and protein



overexpression have an inferior prognosis manifested by shorter dissasand ovexll
survival (Vogelet al.,2002).

There are recent trials on adjuvant IV trazumab with chemotherapy for 25%o0f patient who over
expresse$ER 2 have all shown significant decrease in risk of mortatitgzumab which is
monoclonal antibody has direct toxétfect on myocardiam so left ejection fraction must be
monitored before and during therapy especially if given after or with anthracyclins which has
additional cardiotoxic effeqkumar and Clark, 2009).

Trastuzumab is a recombinant monoclonal antibodty & hyper variable region of murine
origin inserted into a human IgG1 skele{@ubramanyam,2013)

This antibody was humanized to minimize the immunogenicity associated with murine
monoclonal antibodies and maximize the potential for enhance endogemuse effector

cells trials indicate that trastuzumab monotherapy is active agdaiiR2-bverexpressing breast
cancer in women who have been previously treated with chemotherapy for metastate diseas
Additionally, trastuzumab significantly enhances thetivity of firstline chemotherapy and
provides a survival advantage to women WHBR2- over expressing breast cang®ogel et
al.,2002)

Trazumab alone reduce the risk of mortality by about 25% and 33% if used with taxane ,
trazumab has direct toxidfect on the myocardium in addition to the that toxic effect of
anthracyclines prexisted ,so left ventricular ejection fraction has to be monitored before
therapy(Kumar and Clark, 2009).

Estrogens are capable of stimulating breast cancer , so naiGpuwof this fact by removal of

these growth factors may resuiltsapoptosis and regression of the cancer , endocrine therapy

may be curative for those of micrometastatic disease , the presence of detectable cellular
receptors for hormone is stronglyegictive for response, endocrine therapy is usually tried first

to those who are suggested to respond to endo.
life-threatening disease remission lasts on average 2 years and will achieve excellent quality of

life , when relapse occurs, further treatment with alternative agents should H&uwsea and

Clark, 2009).

2.8.Advanced breast cancer

Patient with established metasteitc disease may require endocrine therapy chemotherapy and
radiotherapy . this will not beurative but for great palliative benefit and for good quality of life
especially when start with least toxic most effective treatrfi@ninar and Clark , 2009).

2.9. Apoptosis and Oxidative stress in relation to cancer

2.9.1. Apoptosis definition

Apoptoss (programmed cell deathis genetically regulated form of cell death,it has a role in
biological processes, including embryogenesis, ageing, and many diseases, the molecular

My



mechanisms involved in death signals, genetic regulation, activation of efféwive been
identified'(Renehan, 2001).

"Apoptosis is a morphological phenomenon. As viewed with the assistance of th¢oligh
preferably, the electromicroscopg the characteristics of the apoptotic cell include chromatin
condensation and nuclearagimentation (pyknosis), plasma membrane blebbing, and cell
shrinkage. Eventually, the cells breaks into small membsan®unded fragments (apoptotic
bodies), which are cleared by phagocytosis without inciting an inflammatory
responsg’Reed2000).

Pre-Apoptotic Cell Early Apoptotic Cell Late Apoptotic Cell

blebs

Figure (6): Apoptosis of the cell (the birth and death of cell, 2002).

There are two causes of apoptosis physiological and pathological Physiological as the
differentiation of the cells of embryo and engulfment of leucocyte to the bacteria , pathblo

as exposure to sunlight causing damage to DNA so apoptosis take place when cell can't fix itself
or when cell produces a wrong protein ,it will undergoes apoptekitore, 2001).

2.9.2 pathways of apoptosis

There are two pathway&aspase dependemon caspase dependént

1. Caspas@ (Cysteinyl aspartic acidproteasg dependent

a Intrensic mechanism

The stimuli starting by either growth factor or DNA damage (by radiatioin) or texidgheses
will activate the protein called B¢B-cell lymphoma prtein) which will cause other proteins
called BAX (B-cell lymphoma proteirx) / BAK(BCL2 antagonist killer .to enterthrougha
pore to the mitochondrion which will cause cytochrome ¢ and pro apoptetic ptotéak out
from mitochoderia Cytochromec binds and activates Ap, as well as procaspa®e forming an
Napopt docauseedspase 9,3 activation which is a protolytic prgteimore, 2001).

There are regulators for this process , Bcl2 regulators; which inhibit the BAX and BAK to
borrowto the mitochondria and so inhibit the process of apopfbsestumor suppressor protein
p53has a critical role in regulation of the BZfamily of proteingElmore, 2001).



Bcl2 are group of protesithat control the process of apoptosis and conveiAal is a death
promoter in certain types of colon canB&X is inactivated in cancélow and lin, 2000)

The Bcl2 proto-oncogene, was discovered at humaceB lymphomas. The B& family of

proteins has expanded significantly and includes bothggavell as amtapoptotic molecules.
Indeed, the ratio between these two subsets helps determine, in part, the susceptibility of cells to
a death signalplay an important role in deciding whether a cell will live or @&oss et al.

2015)

Activation of the preapoptotic molecule BAX appears to involve subcellular translocation and
dimerization. In viable cells a substantial portion of BAX is monomeric and found either in the
cytosol or loosely attached to membranes, Following a death stimulus,licygmgbmonomeric

BAX translocates to the mitochondria where it becomes an integral membrane protein and cross
linkable as a homodimer , the membrane environment also induce the dimerization of
monomeric BAX and other family membéfGross et al2015.

b- Extrinsic mechanism

There is a deh receptors on each cell aF-U ( Tumor necr),sandsFasf act or
receptor(Fatty acid synthetase receptavhich is specific for T lymphocyte , when a legend

binds to these receptors , activation of a protein calledl ARpoptotic protease activating

factor) which will also activate caspase 8 then the end of this pathway will be the same as the
previous pathwayElmore,2001).
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Figure (7): mechanism of extrinsic and intrinsic mechanism of apoptosis of cglGross et
al.,2015).
1. Caspaseindependent pathway

This pathway dae not involve BCcIBBAX and caspase activatioin this type of cell death,
apoptosis is often triggered by poly (ABBose) polymerase (PARP). PARP is hyperactivated
in the caspasmdependent pathway. DNA damage by various-de#ith signaling, such as
Ca2+ and reactive oxygen species ROS, induces hyperactivation aagulgtion of PARP and
translocation of apoptosiaducing factor (AlF) into the nucleus and initiates apopt¢€ikoi et
al.,2009).

2.10. Apoptosis and cancer

The genetic basis of aptosis implies that the cell death as any other metabolic process can be
disrupted by mutation, in factefect in apoptotic pathway are now thought to contribute to
number of human diseases ranging from neurodegenerative disease to malfgpvarand lin

,2000)

Over expression of BCL2 family members can promote tumorogenesis and chemoresistance ,
suggesting that functional inhibition of these protein might be lethal to cancer cells , Indeed



adenoviral gene transfer of BAX results in cytotoxicity in aanovarian cancer cell linegow
and lin, 2000)

P53 was the first tumor suppssor gene linked to apoptosig53 mutation occurs in the
majority of human tumors and associated with advanced tumor stage and poor patient prognosis,
however P53 can indaapoptosiglow and lin, 2000)

What triggers apoptosis during tumor development ?

A variety of signals appear important , extracellular triggers induce growth /survival factors /
hypoxia /radiation and loss of cell matrix interaction /internal imbaknoan also triggers
apoptosis involving DNA damage (produced by toxins) causing malfunction and in appropriate
proliferative signals produced by oncogenic mutatidisruption of apoptosis may also
contribute to tumor metastagi®ow and lin 2000).

2.10.1.Apoptosis signaling and cellular redox Environment

Cytochrome c (cyt c¢) is a henapeotein bound to the mitochondrial inner membrane by an
interaction with the anionic phospholipid cardiolipin, which keeps cytochrome c in its suitable
location and preants its release to the cytosohder oxidative stress, the peroxidase activity of
cytochrome c is activated, cardiolipin becomes peroxidized, and loses its affinity for cytochrome
c allowing its release to the cytos@ince in the cytosol, cytochrome anconly induce apoptosis

in its oxidized form The presence of high levels of cytosolic GSH holds the released
cytochrome c inactive in a reduced state, thus preventing the progression of the apoptotic
cascade(Barros et al,2013)

ARel eas e odintathe tytosohfror thieemitochondrion interrupts the
electron transport chain resulting in increased production of superoxide from the
mitochondrion.

ABinding of cytochrome ¢ to f &rdoesthe apoptosol
not appear to depend ahe ability of cytochrome c to transfer or accept
electrons.

AHowever, the reduction state of cytochrome ¢
oxidation cause conformational changes that may be criticalytochrome c binding to Af
and procapased (Barros et al,2013).

2.110Oxidative stress and carcinogenesis
Before talking about the relation between oxidative stress and carcinogenesis , we have to talk
about oxidative stress



2.11.1. oxidative stress definition

"Is a state of wherexidative forces exceeds the antioxidant system due to loss of balance
between them(Yoshikawa, 2002).

Also oxidative stress is defined as

"the imbalances in the equilibrium between-psadants/antioxidants status in cellular systems,
which resultan damaging the cell§ Bin Qasim2012).

There is close relation between oxidative stress and liféstdiated disease , it not only causes
hazardous events such as lipid peroxidation and oxidative DNA damage, but also physiologic
adaptation phenomanand regulation of intracellular signal transduction, if biomarkers of
oxidative stress are available, such markers would be useful to give an insight into pathological
features of various diseases and assesses the efficacy of\dosbgkawa, 2002).

The following are the important key points taken into consideration:

A Mol ecul ar o0 X y gmain anch laase fraebradicalst whichtae unstable; This
unstable radical is highly reactive and causes formation of reactive oxygen speci€BiROS
Qasim,2012)

A Beneficial bi ol ogi cal functions such as
reactive oxygen speci¢klauing et al,2011)

A - These reactive metabolites are sel Bntivel
Qasim,2012)

APrincipal defensive agents are antioxidant enzymes and endogenous antioxidants; Balance is
created between praxidant and antioxidant in a cell, and any impairment in equilibrium causes
deleterious effects on cell's life;

A I ncreased | enayenterfecefwithatimetnormakoxidative fpracess;

Decreased level of antioxidants generates reactive metapbllesce should be exigBin
Qasim,2012)

2.11.2. Oxidants:

ROS is produced from normal cellular metbdm , ROS can be divided invd groups : free
radicles and non radicles. Molecules containing one or more unpaired electrons which give
reactivity for molecules are called free radicles. When tow free radicles share their un paired
electron a non radicle forms are cregt@ulben etal., 2012).

There are endogenous and exogenous sources for ROS

Endogenous source

Enzymatic sources

apo

y



The enzymatic sources of ROS under subcellular levels are xanthine oxidases, cyclo
oxygenases (COX) and lipoxygenases (LOX), NO synthases (nitric oxideasghtland
mitochondrial oxidase@in Qasim,2012).

Generation of ROS in Cells, it takes place in

1-Mitochondria

2-Endoplasmic reticulum

3-Phagocytosis

4-Other sources ; apoptosis , autooxidation of small mole¢Blgsen et al., 2012)

Exogenous source of oxidants

-Cigarette smoking

- Ozone exposure

- Hyperoxia: results from conditions of higher oxygen levels than normal partial pressure of
oxygen in the lungs or other body tissues , it leads to greater prodattamgen and niogen
species

- drugs

-lonizing radiation(Birben et al; 2012).

2.11.3. Antioxidant

They are the body defensive mechanism against free radicles.

"Antioxidants are responsible for the neutralizing action of these reactive species. As definition,
an arioxidant is any substance that, present in low concentrations in relation to the oxidizable
substrate, retards or inhibits the oxidation of such a substrate, including enzymatic and non
enzymatic compoundgRossi et al,. 2009)

Antioxidantsare classifid
1-Primary antioxidants: It is involved in the prevention of oxidants formation.

2. Secondary antioxidantsexhibits scavenger of ROS.

3. Tertiary antioxidants: repairs the oxidized molecules through sources like dietary or
consecutive antioxidantshey are either enzymatic or non enzym@@m Qasim,2012.

Enzymatic they are defense against ROS as catalase, superoxide dismutase, glutathione
peroxidase, glutathione reducta@®in Qasim,2012).

The non enzymatic are scavengeres of ROS , RNSe theslve glutathione, vitamin E and C
(inhibits oxidation of membrane lipid)Bin Qasim,2012).

Antioxidants are broadly divided into two depends on its solulflity Qasim,2012).
Chemically they are classified as



1) Hydrophilic antioxidants
2) Hydrophdic antioxidants

Hydrophilic antioxidants: Antioxidants react with oxidants in the cell cytoplasm and the blood
plasma. For example: Ascorbic acid, glutathione and Uric(@8id Qasim ,2012).

Hydrophobic antioxidants: Protect cell membranes from lipideqoxidation. For example:
Car ot etovepberol abd Ubiquinol. These compounds may be synthesized in the body or
obtained from the di€Bin Qasim ,2012).

Epidemiological studies suggest that a diet that is rich in antioxidants may help to prevent the
development of breast carcinoma; this evidence contributed to recent UK Government advice
that individuals should consume at least five portions of fruit or vegetables ea¢Brdam

and Bicknell, 2001).

2.11.4. Function of ROS in Cells

ROS performs beffieial functions in our body. Redox level should be maintained. as It is the
mediator of phagocytosis, apoptosis, detoxification reactions, executioner of precancerous cells
and infections, etc. It is beneficially involved in signaling pathways to mairdeliular
homeostasis in body. The ROS regulates many metabolic and cellular processes including
proliferation, migration, gene expression, immunity and wound healing, Biochemical reactions
are involved in the synthesis of prostaglandins, hydroxylatiggraiine and lysine, oxidation of
xanthine and other oxidative procesé&n Qasim,2012).

Under an environmental stress, ROS are produced over a long time, and thus significant damage
may occur to cell structure and functions and may induce mutations naaglastic
transformation. Indeed, cancer initiation and progression has been linked to oxidative stress by
increasing DNA mutations or inducing DNA damage, genome instability, and cell proliferation
(Reuter et al,2010)

2.11.5. Pathological effects oROS

Oxidative stress occurs when the balance between antioxidant and ROS is disrupted , either by
depletion of antioxidants or accumulation of ROS. Cells attempts to counteract the oxidative
effects . higher production of ROS may change DNA result in fication of proteins and

lipids (Birben et al, 2012).

the electron transport chains are located in membranes of the mitochondria Under hypoxic
conditions, the mitochondrial respiratory chain also produces nitric oxide (NO), which can
generate other retaee nitrogen species (RNS) . RNS can further generate other reactive species,
e.g., reactive aldehydesalondialdehyde (MDA) and-sydroxynonenal (4dNE), by inducing



excessive lipid peroxidation . Proteins and lipids are also significant targets datiosiattack
and modification of these molecules can increase the risk of mutag@®esisr et al,2010)

2.11.6. Effects of Oxidative Stress on DNA

ROS can lead to DNA mdilations in several ways, which involves degradation of bases,
single or doubk stranded A breaks, purine, pyrimidine or stigaund modications,
mutations, deletions or translocations, and ctiogsng with proteingBirben et al, 2012).

Figure(8): Base modifications introduced by reactive oxygen spexs Birben et; al,2A.2).
2.11.7. Effect of oxidative stress in the process of carcinogenesis

Epidemiological studies indicated that chronic oxidative stresses are strongly associated with
carcinogenesiflaunig et al,.2011).

ROS results from oxidative stregsmn damageritical cellular macromolecules and/or modulate

gene expression pathways. Cancer induction by chemical and physical agents involves a multi
step process. This process includes multiple molecular and cellular events to transform a normal
cell to a malignat neoplastic cell. Oxidative damage resulting from ROS generation can
participate in all stages of the cancer process. An association of ROS generation and human
cancer induction has been shown. It appears that oxidative stress may both cause as well as
modify the cancer process. Recently association between polymorphisms in oxidative DNA
repair genes and antioxidant genes (single nucleotide polymorphisms) and human cancer
susceptibility has been showilaunig et al,.2011).

2.11.8. Effects of Oxidative Sress on Signal Transduction

Transcriptional factors and cell death

ROS can induce expression of several genes involved in signal transduction. A high ratio for
GSH/GSSG is important for the protection of the cell from oxidative damage. Disruptias of th



