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Abstract 

 

Breast cancer ranks among the most prevalent cancers affecting women. Mastectomy and 

chemotherapy are crucial elements of its treatment, markedly affecting patients' 

haematological parameters and often resulting in anaemia, leukopenia, and 

thrombocytopenia. This study aims to examine the alterations in haematological parameters 

before and after these treatment methods in breast cancer patients in Mostaganem, Algeria. 

The study included 72 patients from 2019 to 2024, with 70 receiving chemotherapy and 28 

undergoing mastectomy. 

Medical records from the Mostaganem University Hospital oncology centre were utilised, 

focusing on patients who had undergone six cycles of chemotherapy and those who had only 

undergone mastectomy. Data on erythrocytes and their indices, leukocytes, platelets, 

haemoglobin, and haematocrit levels before and after chemotherapy and mastectomy were 

analysed. 

All patients exhibited anaemia following chemotherapy, evidenced by low erythrocyte 

counts (3.99 µL uniquely in the 40-49 age group), haematocrit (mean value 34.84%), and 

haemoglobin (mean value 11.52 g/dL). Neutrophil, leukocyte, and thrombocyte levels varied 

depending on age and chemotherapy cycles. Similarly, all patients were anaemic both before 

and after surgical resection, with consistently low erythrocyte counts (mean value 4 µL), 

haematocrit (mean value 35.40%), and haemoglobin levels. Neutrophil levels remained 

within the normal range, while thrombocyte and leukocyte levels showed age-related 

variations. 

Chemotherapy and mastectomy for breast cancer can lead to decreased haematological 

parameters and anaemia in patients. However, subsequent clinical monitoring, the use of 

haematopoiesis boosters, and maintaining a well-balanced nutrition regimen can mitigate 

these adverse effects. 

Keywords: Breast cancer, mastectomy, chemotherapy, haematological parameters 
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Résumé 

Le cancer du sein est l'un des cancers les plus fréquents chez les femmes. La mastectomie et 

la chimiothérapie sont des éléments cruciaux de son traitement, impactant fortement les 

paramètres hématologiques des patientes et entraînant souvent une anémie, une leucopénie 

et une thrombocytopénie. Cette étude vise à examiner les modifications des paramètres 

hématologiques avant et après la mise en œuvre de ces méthodes de traitement chez les 

patientes atteintes de cancer du sein à Mostaganem, Algérie. L'étude a inclus 72 patientes de 

2019 à 2024, dont 70 ont reçu une chimiothérapie et 28 ont subi une mastectomie. 

Les dossiers médicaux des patientes du centre d'oncologie de l'hôpital universitaire de 

Mostaganem ont été utilisés, en se concentrant sur les patientes ayant subi six cycles de 

chimiothérapie et celles ayant uniquement subi une mastectomie. Les données sur les 

érythrocytes et leurs indices, les leucocytes, les plaquettes, l'hémoglobine et les niveaux 

d'hématocrite avant et après la chimiothérapie et la mastectomie ont été analysées. 

Toutes les patientes ont présenté une anémie après la chimiothérapie, comme en témoignent 

les faibles niveaux d'érythrocytes (3,99 µL uniquement dans le groupe d'âge 40-49 ans), 

d'hématocrite (valeur moyenne de 34,84 %) et d'hémoglobine (valeur moyenne de 11,52 

g/dL). Les niveaux de neutrophiles, leucocytes et thrombocytes variaient en fonction de l'âge 

et des cycles de chimiothérapie. De même, toutes les patientes étaient anémiques avant et 

après la résection chirurgicale, avec des niveaux d'érythrocytes constamment bas (valeur 

moyenne de 4 µL), d'hématocrite (valeur moyenne de 35,40 %) et d'hémoglobine. Les 

niveaux de neutrophiles restaient dans la plage normale, tandis que les niveaux de 

thrombocytes et de leucocytes montraient des variations liées à l'âge. 

La chimiothérapie et la mastectomie pour le cancer du sein peuvent entraîner une diminution 

des paramètres hématologiques et une anémie chez les patientes. Cependant, une 

surveillance clinique ultérieure, l'utilisation de stimulants de l'hématopoïèse et le maintien 

d'un régime alimentaire équilibré peuvent atténuer ces effets indésirables. 

 

Mots clés : Cancer du sein, mastectomie, chimiothérapie, paramètres hématologiques 
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 الملخص

يعد سرطان الثدي من أكثر أنواع السرطانات شيوعًا التي تصيب النساء. تعتبر استئصال الثدي والعلاج الكيميائي عناصر 

حاسمة في علاجه، حيث تؤثر بشكل كبير على المعايير الدموية للمرضى وغالباً ما تؤدي إلى فقر الدم، انخفاض عدد 

وية. تهدف هذه الدراسة إلى فحص التغيرات في المعايير الدموية قبل وبعد تنفيذ كريات الدم البيضاء ونقص الصفائح الدم

إلى  2019مريضًا من عام  72هذه الأساليب العلاجية لدى مرضى سرطان الثدي في مستغانم، الجزائر. شملت الدراسة 

 .خضعوا لاستئصال الثدي 28تلقوا العلاج الكيميائي و 70، منهم 2024عام 

دورات من العلاج الكيميائي وأولئك الذين خضعوا  6لسجلات الطبية لمرضى سرطان الثدي الذين خضعوا لـ تم استخدام ا

لاستئصال الثدي فقط في مركز الأورام بمستشفى جامعة مستغانم. تم تحليل بيانات كريات الدم الحمراء ومؤشراتها، 

والهيماتوكريت قبل وبعد العلاج الكيميائي واستئصال كريات الدم البيضاء، الصفائح الدموية، مستويات الهيموجلوبين 

 .الثدي

 3.99أظهرت جميع المريضات فقر دم بعد العلاج الكيميائي، كما يتضح من انخفاض مستويات كريات الدم الحمراء )

ة %( والهيموجلوبين )متوسط القيم34.84سنة(، الهيماتوكريت )متوسط القيمة  49-40ميكرولتر في الفئة العمرية 

جم/ديسيلتر(. تنوعت مستويات العدلات، كريات الدم البيضاء والصفائح الدموية اعتماداً على العمر ودورات  11.52

العلاج الكيميائي. وبالمثل، كانت جميع المريضات يعانين من فقر دم قبل وبعد الاستئصال الجراحي، مع مستويات 

%( 35.40ميكرولتر(، الهيماتوكريت )متوسط القيمة  4يمة منخفضة باستمرار من كريات الدم الحمراء )متوسط الق

والهيموجلوبين. بينما بقيت مستويات العدلات ضمن النطاق الطبيعي، أظهرت مستويات الصفائح الدموية وكريات الدم 

 .البيضاء تباينات مرتبطة بالعمر

خفاض المعايير الدموية وفقر الدم لدى يمكن أن يؤدي العلاج الكيميائي واستئصال الثدي لعلاج سرطان الثدي إلى ان

المرضى. ومع ذلك، يمكن أن يخفف المراقبة السريرية اللاحقة، واستخدام محفزات تكون الدم والحفاظ على نظام غذائي 

 .متوازن من هذه التأثيرات السلبية

 سرطان الثدي، استئصال الثدي، العلاج الكيميائي، المعايير الدموية :الكلمات المفتاحية
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Introduction 

Cancer encompasses a group of malignant diseases characterized by abnormal cell 

growth with the potential to invade other parts of the body. It is the second leading cause of 

death globally, following heart disease. The rising incidence of cancer worldwide results in 

millions of casualties annually, underscoring the urgent need to develop effective 

pharmaceuticals for various cancers. 

Breast cancer (BC) arises in the tissues of the breast, typically the ducts and lobules. 

It is a prevalent malignancy affecting millions globally, with mastectomy and chemotherapy 

as fundamental components of its treatment. While these interventions are crucial for 

managing the disease and improving survival rates, they can profoundly affect 

hematological parameters, including erythrocytes, leukocytes, and thrombocytes. 

Understanding the relationship between breast cancer treatments and hematological 

parameters is essential for optimizing patient care and minimizing treatment-related 

complications. 

Chemotherapy, a cornerstone of systemic breast cancer treatment, uses cytotoxic 

agents to target rapidly dividing cancer cells. However, these agents also impact 

hematopoietic progenitor cells in the bone marrow, leading to myelosuppression and 

alterations in haematological parameters. Common chemotherapeutic agents, such as 

anthracyclines and taxanes, can induce dose-dependent cytopenias, including anaemia, 

leukopenia, and thrombocytopenia, compromising patients' overall well-being and quality 

of life. The timing, duration, and intensity of chemotherapy regimens significantly influence 

the severity and duration of haematological toxicity. Cumulative doses of cytotoxic agents 

and the interval between treatment cycles play crucial roles in determining the extent of bone 

marrow suppression and subsequent haematological recovery. Therefore, meticulous 

monitoring of haematological parameters during chemotherapy cycles is imperative to guide 

supportive interventions, such as blood transfusions, hematopoietic growth factors, and dose 

modifications, to mitigate treatment-related complications and maintain optimal 

haematological function. 

Mastectomy, a surgical procedure involving the removal of breast tissue, can elicit 

systemic physiological responses and alter haematological indices. Surgical trauma and 

associated inflammatory processes may lead to transient decreases in haemoglobin levels 

and erythrocyte count, often necessitating perioperative interventions to manage potential 
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blood loss and maintain hemostasis. Additionally, the extent of surgical resection and the 

surgical approach (e.g., lumpectomy vs. mastectomy) can influence the magnitude of 

haematological changes. Individual patient characteristics, including age, comorbidities, 

genetic polymorphisms, and baseline haematological status, can modulate susceptibility to 

treatment-induced haematological toxicity. Personalized risk assessment and tailored 

interventions are essential to optimize treatment outcomes while minimizing adverse effects 

on haematological parameters. 

A complete blood count (CBC) is a prerequisite for evaluating haematological 

parameters before initiating and following chemotherapy or mastectomy. Regular 

monitoring of changes in haematological parameters during treatment is crucial since 

abnormal parameters can negatively influence cancer outcomes. Blood cells, being among 

the most rapidly dividing cells in the body, are particularly sensitive to chemotherapy. Given 

the diverse effects of these treatment methods on the body's organ systems, this study aims 

to evaluate the impact of chemotherapy and mastectomy on haematological parameters in 

breast cancer patients across different age categories and to analyse the variations in these 

parameters among different age groups. 

This work is structured into two main sections. The first section addresses the 

theoretical framework of our study, divided into four chapters: chapter one introduces the 

general concept of cancer, chapter two focuses on breast cancer, chapter three provides an 

overview of immunity and hematopoiesis, and chapter four explores chemotherapy and 

mastectomy. The second section outlines the materials and methodology used in this study, 

culminating in a general discussion and conclusion. 
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1.1 Generalities and epidemiology 

The term "cancer" finds its roots in the work of the Greek physician Hippocrates 

(460-370 BC), often hailed as the "Father of Medicine." He used the terms "carcinos" and 

"carcinoma" to distinguish between non-ulcer forming and ulcer-forming tumors. The 

history of cancer traces back to 1761 when Giovanni Morgagni conducted the first autopsies, 

linking post-mortem pathological findings to patients' illnesses and laying the groundwork 

for the scientific study of cancer, known as oncology. Since then, cancer has remained a 

leading cause of death worldwide, with over 19.9 million new cases diagnosed and reported, 

resulting in approximately 9.9 million deaths in 2022, according to the Global Cancer 

Observatory GLOBOCAN 2022 (Ferlay et al., 2024). The African continent had 1.2 million 

cases resulting in 763,843 deaths. Algeria accounted for 64,713 cases and 35,778 fatalities, 

while Kenya reported 44,726 cases, with 29,317 resulting in death. Additionally, Zimbabwe 

recorded 17,725 cases, with 11,739 resulting in mortality (Ferlay et al., 2024).  

The constant emerging incidences of cancer worldwide have caused millions of 

casualties annually bringing about the need and demand for developing potent 

pharmaceuticals for treating different cancers. 

Numerous factors such as environmental influences, internal stress, or heredity are 

responsible for cancer. They vary from one patient to another depending on the type of 

cancer and geographical location, appropriate therapies have to be determined to meet the 

needs of each case. 

Climate change as a result of industrialisation alongside with lifestyles and the food 

being consumed is considered as the major reason for increasing numbers of cancer 

incidences although a more convincing relation is yet to be established. The socio-economic 

status of a specific region impacts the availability of medical facilities and more effective 

expensive drugs. Recently according to (Siegel et al., 2023) the corona virus disease 2019 

(COVID‐19) pandemic caused delays in the diagnosis and treatment of cancer due to 

closures of health care settings, disruptions in employment and health insurance, and 

paranoia of COVID‐19 exposure. Although the impact was largest during the COVID‐19 

peak in mid‐2020, the provision of health care has not fully recovered. 

Additionally, the improper use of pesticides, industrial waste disposal practices, and 

pollution control policies indirectly contribute to the quality of healthy living. Increased 

prevalence in different genders and populace has been observed with the occurrence of a 
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particular kind of cancer. For example, breast cancer is majorly reported among women 

while prostate cancer among men at a global level (Chhikara and Parang, 2020). 

1.2 Cancer development phases 

Cancer is characterised by unregulated cell division and multiplication. Through the 

bloodstream and lymphatic circulation, neoplastic cells can migrate and infiltrate other 

organs of the body. Cancer typically progresses through three phases at the cellular level: 

Initiation, promotion and progression. 

The first phase begins when the deoxyribonucleic acid (DNA) molecule is damaged 

by either metabolic, genetic or cancerous factors such as chemicals, radiation and viruses. 

Carcinogens disrupt the DNA, leading to abnormalities through a process called 

carcinogenesis. This involves the activation of oncogenes and the inactivation of tumour 

suppressors, resulting in cell-cycle disruption and inhibition of cell death (Sarkar et al., 

2013).  

The promotion phase marks the subsequent stage in cancer development, 

commencing with the proliferation of abnormal cells from the initiation phase and 

culminating in the progression phase, characterized by the dissemination of cancerous cells 

that have proliferated (Fig 1). However, it is believed that a single genetic alteration is 

insufficient to cause cancer hence various hypotheses state that cancer is caused by a build-

up of genetic abnormalities in a cell’s DNA (Alzahrani et al., 2021). 

 

Figure 1: Stages of cancer development: From initiation to metastasis 

(Anndleeb et al., 2021) 
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1.3 Hallmark of cancer cells 

Cancerous cells exhibit several differences from normal cells due to their less 

stringent regulation and uncontrolled proliferation resulting from defects in cellular 

regulatory processes. Cancer is characterized by numerous molecular and genetic changes, 

with common characteristics identified by Hanahan and Weinberg (Fig 2) which includes; 

lack of responsiveness to growth-suppressive signals, avoidance of cell death (apoptosis) 

processes, unlimited replicated capacity, prolonged angiogenesis, tissue infiltration, 

metastases, cellular metabolic reprogramming and immune system evasion (Hanahan and 

Weinberg, 2000; Fimognari et al., 2011).  

Tumour growth affects multiple signal transduction pathways at the same time, 

including apoptosis, cell cycle, DNA repair, and redox balance. There are over 100 different 

forms of cancer arising from the unregulated proliferation of any of the body’s cell types; 

each with its specific behaviour and therapeutic responses (Cooper and Hausman, 2000).  

 

1.4 Tumours 

The term 'tumor,' which denotes abnormal cell proliferation, can manifest as either 

benign or malignant. In cancer biology, various markers are utilized to differentiate between 

benign and malignant tumors, including rapid growth, increased cell turnover, aggressive 

expansion, metastasis, and infiltration of lymphatic and vascular channels. Benign tumors 

typically exhibit slow growth, lack invasiveness, are encapsulated within fibrous tissue, and 

Figure 2: The fundamental traits of cancer (Hanahan, 2022) 
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retain morphological resemblance to their cellular precursors. Timely diagnosis and 

treatment often result in a cure for benign tumors, provided they are not in close proximity 

to critical vascular or neural tissues. 

On the other hand, malignant tumours rarely encapsulate (Fig 3), grow 

 rapidly, invade regional tissues (metastases), and display morphological 

abnormalities, making their tissue of origin difficult to detect (Talmadge and Fidler, 2010). 

Only malignant tumours are considered as cancers and their tendency to spread is what 

renders them deadly. Malignant tumours that spread to other parts of the body are typically 

resistant to treatments. 

1.5 Forms of cancer  

There are three forms of cancers that account for the majority of occurrences, namely 

sarcomas, carcinomas and leukaemia or lymphomas. The carcinomas are cancerous tumours 

that develop from epithelium tissues and account for 90% of all malignancies in humans. 

The sarcomas are infrequent solid tumours that develop from the bone and connective tissues 

(Hoang et al., 2018). Cancers that arise from bone marrow stem cells (Tab 1) and cells of 

the immune system are known as leukaemia and lymphomas (Davis et al., 2014). 

Figure 3: Benign and malignant tumour (Whelan, 2022) 
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Tumours are categorised depending on the kind of cells involved and the tissues of 

origin. Breast, bladder, colon/rectum, lungs, liver and uterine cancers, and also leukaemia 

and lymphomas account for more than 75% of all cancers. There are many different types 

of cancers but, very few are common. The breast, prostate, lung and colorectal cancer are 

the four most frequent kinds of cancers responsible for more than half of all cases of cancer. 

 

1.6 Tissue homoeostasis and cancer progression. 

Tissue homeostasis is governed by the regulation of cell longevity. Various 

mechanisms of cell cycle regulation coordinate the proliferation, growth, repair, or apoptosis 

of different cell types. The interplay among proliferating, quiescent, and senescent cells, 

poised for elimination, ensures the maintenance of tissue mass at a steady state. However, 

this balance between cell duplication and apoptosis is disrupted in cancer, leading to 

unrestrained tissue expansion due to uncontrolled cell growth. Consequently, the body loses 

nutrients and oxygen, resulting in physical exhaustion and ultimately death (Diori karidio 

and Sanlier, 2021). 

Cells undergo daily genetic damages due to the environmental exposures such as 

ultra violet light as well as normal “wear and tear”, faults during  DNA synthesis and mitosis. 

These are regularly recognised and successfully corrected in cell-cycle checkpoints but if 

the damages are not corrected during sequence patching and nucleotide splicing, genetic 

alterations occur (Loeb and Loeb, 2000) Point mutations such as nucleotide deletions, 

Table 1:Cancer classification based on tissue types (Alavi and Hamidi, 2019) 
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insertions, duplication and rearrangement as well as amplifications of segments that result 

in multiple gene copies and chromosomal rearrangements (gene transfer to some other 

promoter that results in an unregulated expression) that happen during cell division are 

examples of chromosomal abnormalities. The number, location, and severity of mutations 

impact the cell's ability to overcome selection boundaries and the likelihood of these 

mutations being inherited by daughter cells if a cell evades these boundaries. This results in 

genomic instability at the nucleotide sequences and at the chromosomal level, leading to the 

accumulation of numerous abnormalities (mutational set) and ultimately a changed 

genotype. When these abnormalities confer benefits for cellular development, 

differentiation, and lifespan, problems arise (Loeb and Loeb, 2000). 

1.7 Cell cycle and cancer 

 Several critical events enable tumour cells and their progeny to multiply aberrantly 

and invade body organs. Among these, uncontrolled cell proliferation, coupled with 

suppressed apoptosis, paves the way for further neoplastic progression. A typical cell cycle 

comprises three key events which include growth, DNA synthesis and division. The duration 

of each event is meticulously controlled by the chemical signals provided or intrinsic to the 

cells. The transition between each phase is requisite of the exact chemical signals and timely 

responses and any slight adjustment to aforementioned can give rise to cancerous cells 

(Malumbres and barbacid, 2009; Collins et al., 1997). 

The main phases of the cell cycle include G1 phase, S phase, G2 phase, and mitosis, 

each regulated by distinct checkpoints that halt cell division if specific requirements, such 

as DNA integrity and proper cell size, are not met. Progression to the division process only 

occurs when all checkpoints are satisfied. Cyclins and cyclin-dependent kinases (CDKs) 

play crucial roles during the cell cycle. CDKs, as catalytically active components, regulate 

the activity of other proteins by transferring phosphate groups (Malumbres and barbacid, 

2009). However, their activity majorly depends on their interaction with cyclins forming 

cyclin/CDK complexes leading to CDK activation. Normal cell cycle requires cyclic 

patterns in the formation and degradation of cyclin/CDK complexes (Chuphal, 2022). 

The G1 phase has a vital checkpoint START which decides appropriate time for 

the progression of a cell to phase S where it commences DNA replication. There are 

inhibitory proteins in phase G1 which after sensing abnormalities such as DNA damage 

can halt the cyclin/CDK complex thereby preventing the cell the S phase (Chuphal, 2022). 

In tumour cells, these checkpoints are deregulated usually as a result of abnormalities in 
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genetic machinery such as mutations in genes encoding cyclin or CDKs or by modified 

proteins during the cell cycle disruption. Normal cells are usually programmed to stop at 

START and confirm if all machinery is in a proper condition before proceeding for DNA 

replication. On the other hand, cells whose checkpoint is faulty move to the S phase without 

repairing the DNA damage (Fig 4). Over a period of time, these accumulated mutations 

cause further cell cycle deregulation, thus leading to the formation of aggressive cancerous 

cells (Chuphal, 2022). 

 

1.8 Regulatory genes 

There are two classes of genes that regulate cell proliferation and apoptosis which 

are; 

1.8.1 Tumour suppressor genes 

These genes encode proteins that help in slowing cell development process and 

promote apoptosis. The loss-of-function mutation either through insertion, deletion, 

epigenetic silencing and nonsense mutation leads to different cancer incidences. The tumour 

suppressor genes include tumour protein(p53), Phosphatase and Tensin genes(PTEN), 

Breast Cancer gene 1 & 2 (BRAC1 &BRAC2), Adenomatous polyposis coli (APC), 

neurofibromatosis type 1 (NF1) and cyclin dependant kinase inhibitor (p27Kip1),  Mutation 

Figure 4: Cell cycle regulation in response to DNA damage(Andleeb et al., 

2021) 
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in any of these genes results to cancer development but a loss of function requires the 

alteration of both genes since the allele pairing is recessive (Diori karidio and Sanlier; 

2021; Chuphal, 2022). 

1.8.2 Proto-oncogenes 

These genes code for proteins involved in cell proliferation and differentiation. A 

gain of function through either gene amplification or chromosomal translocation can alter 

these genes and lead to the activation of oncogenes (which are mutated proto-oncogenes). 

There are many types of proto-oncogenes which include growth factors(GF), GF receptors, 

GF response transducers, and transcription factors. The oncogenes cause cancer 

development when present and they can be introduced either through viruses that cause 

cancer into the host cells or some genes in the host genome can undergo mutations to form 

oncogenes. These genes can code for proteins which result in stimulation of excessive 

proliferation of cells and can lead to enhanced cell survival (Chuphal, 2022). The oncogenes 

are vulnerable to changes in expression since their allele pairs have genetic dominance and 

a mutation in one of them provides greater expression in the other (Fig 5). 

 

Figure 5: Mutations in proto-oncogenes and tumour suppressor 

genes.(Wijnhoven et al., 2005) 
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2.1 Preamble 

Breast cancer is an uncontrolled hyper proliferation of the epithelial cells, incepting 

from the ducts or breast lobules. The pathology includes early noninvasive breast cancer 

such as ductal carcinoma in situ (DCIS) or lobular carcinoma in situ (LCIS) and the late 

invasive BC that invades the surrounding breast stroma (Primary Invasive Breast Cancer) 

and is disseminated to the draining lymph nodes or distant organs like the liver, bone, brain 

and lungs (advanced or metastatic breast cancer (Reilly, 2007). 

Breast cancer is majorly diagnosed in women and it is considered as one of the 

leading causes of fatalities among the gender compared to men where it is infrequent and 

accounts for approximately less than 1% of the diagnosed cases (Łukasiewicz et al., 2021). 

2.2 Epidemiology 

            Global data from 2000 to 2018 reveals a rapid increase in the incidence of breast 

cancer in women, rising from 1.05 million cases in 2000 to 2.09 million in 2018. However, 

mortality cases fluctuated over this period. In 2000, global female breast cancer mortality 

cases were recorded at 370,000, peaking at around 520,000 in 2012, and then decreasing to 

310,000 in 2018.In 2022, approximately 2.3 million cases were diagnosed globally, resulting 

in around 669,846 deaths. Within Africa, an estimated 198,831 new cases and 91,252 

mortalities occurred. Specifically, Algeria reported 14,601 new incidence cases with 4,893 

deaths, while Kenya had 7,243 new cases and 3,398 mortality cases. Zimbabwe reported 

1,807 incidence cases and 915 deaths, according to GLOBOCAN 2022 (Ferlay et al., 2024).  

While the incidence rate was prominently reported in developed countries, Asia and 

Africa accounted for 63% of the total deaths in 2020. Recent projections indicate that by 

2030, worldwide annual incidence cases may reach 2.7 million, with mortality cases totaling 

around 0.87 million. It's believed that women in high-income countries who develop breast 

neoplasms have higher survival chances compared to those in low- or middle-income 

countries. Furthermore, breast cancer incidence and mortality rates vary regionally across 

the globe due to lifestyle changes and disparities in access to diagnosis and treatment 

measures (Łukasiewicz et al., 2021). 

  

   

2.3 Risk factors associated breast cancer occurrence  

The aetiology of BC includes both non-modifiable and modifiable factors. 
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2.3.1 Non-modifiable factors  

a) Female sex 

It is non-negotiably one of the major factors linked with elevated BC cases simply 

because of the increased hormonal stimulation compared to the male sex, who have low 

oestrogen levels. Women possess breast cells that are highly sensitive to oestrogen and 

progesterone hormones as well as to any slight variation on their levels. (Endogenous 

Hormones and Breast Cancer Collaborative Group et al., 2013). 

b) Senility 

The accumulation of a vast number of cellular alterations and exposition to potential 

carcinogens results in an increase of carcinogenesis with time in aged women (Łukasiewicz 

et al., 2021). Approximately 80% of patients with breast cancer are aged >50 of which more 

than 40% are those more than 65 years old. A relationship between certain breast cancer 

molecular subtypes and a patient’s age have been observed as well showing that aggressive 

resistant triple-negative breast cancer subtype is most commonly examined in groups under 

40 age, while luminal A subtype is examined in patients >70 (McGuire et al., 2015). The 

breast cancer risk in relation to age increases as follows: 1.5% risk at age 40, 3% at age 50, 

and more than 4% at age 70 (Łukasiewicz et al., 2021). 

c) Reproductive history 

A relationship between exposure to endogenous hormones (oestrogen and 

progesterone) and heightened prevalence to breast cancer incidence has been confirmed 

through several studies showing that specific events such as pregnancy, first menstruation, 

breastfeeding and menopause along with their time frame and hormonal imbalances can 

hugely contribute to carcinogenic formations in breast microenvironment (Łukasiewicz et 

al., 2021). 

The first full-term pregnancy at an early age (particularly in the early twenties) along 

with subsequent increasing number of births have been affiliated with a decreased risk of 

breast cancer occurrence (Albrektsen et al., 2005). Moreover, pregnancy provides 

protection against breast cancer occurrence (Husby et al., 2018). 

An increased duration of the breastfeeding period also reduces the risk of both the 

estrogen receptor (ER)/ progesterone receptor(PR)-positive and -negative neoplasms (Ursin 

et al., 2005) and early menopause whether naturally or surgically induced confers protection 

against breast cancer development (Titus-Ernstoff et al., 1998).  

 



Chapter 2: Breast cancer 

13 

 

d) Genetic mutations 

Genetic mutations have been shown to be particularly correlated with a high risk of 

BC incidences. Two major genes BRCA1(located on chromosome 17) and BRCA2(located 

on chromosome 13) are mostly affiliated with the high incidence and high penetrance. The 

mutations within BRCA1 and BRCA2 are inherent in an autosomal dominant manner 

although sporadic mutations are also commonly reported. Other examples of high penetrant 

breast cancer genes include P53, cadherin 1 (CDH1), PTEN (Shiovitz and Korde, 2015; 

Kechagioglou, 2014), and (STK11) serine /threonine kinase 11 (Chen and Lindblom, 

2000). Besides the increased risk of breast cancer, carriers of such mutations are more 

prevalent to ovarian cancer as well (Łukasiewicz et al., 2021). 

e) Breast tissue density 

A greater breast tissue density has been associated with a greater risk of breast cancer 

among premenopausal and postmenopausal women. Given that the breast tissue remains 

inconsistent or evolves through lifetime 3 categories have been established; Low and high-

density and fatty breasts (Łukasiewicz et al., 2021). 

f) Racial disparities 

Although there is emerging evidence supporting disparities in racial BC occurrences, 

there is a paucity of adequate molecular studies to offer responses related to confounding 

factors underlying interracial differences and comparison. Many research studies have been 

conducted in the United States with limited comparison between non-Hispanic white and 

black or African American women with major incidence rate being observed to be high 

among white non-Hispanic women and high mortality and low survival rates among black 

women (Yedjou et al., 2019; Hill et al., 2019; Yap, 2023). 

2.3.2 Modifiable factors 

a) Physical activity 

Women under active physical activities have reduced susceptibility of developing 

BC compared to those who seldomly engage into physical activities. Although the insight 

into the mechanisms underpinning this phenomenon has not been clearly delineated, 

inflammation, sex steroid hormones and insulin/insulin growth factor system signalling, are 

among the major proposed causal pathways  

 Inflammation is associated with cancer growth and progression through various 

ways: stimulation of cell proliferation and influences the tumour microenvironment via the 

recruitment, proliferation, and function of pro tumorigenic auxiliary cells. Frequent physical 
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activity confers the potential of reducing inflammation via the production and release of 

myokines from skeletal muscle tissue, decreases the levels of body fat, slow age-related 

weight gain and reduces the production of pro-inflammatory cytokines by the immune 

system (Łukasiewicz et al., 2021; Swain et al., 2023). 

 

Studies have also shown that vigorous physical recreational activities have the 

potential to not only alter the regular menstruation cycle but also delay the onset of menarche. 

These are associated with reduced circulating oestrogen and androgen levels thereby 

diminishing exposure to sex steroid hormones and thus combating the risk of aberrant breast-

cell proliferation. 

Skeletal muscle insulin sensitivity in the uptake of glucose has a direct relation with 

increased physical activity thereby reducing insulin growth factors that engenders cell 

differentiation, proliferation and apoptosis (McTiernan, 2008; Lynch et al., 2022). 

b) Pharmaceutical prescriptions 

Certain drugs have been observed/correlated with high risk of Breast Cancer 

emergence such as hormone replacement therapy especially used in higher duration of 5-7 

years is associated with the risk of BC (Narod, 2011) studies have also shown that the intake 

of chosen antidepressants, mainly paroxetine, tricyclic antidepressants, and selective 

serotonin reuptake inhibitors might be associated with a risk of breast cancer (Wernli et al., 

2009). 

c) Smoking 

The uptake of carcinogens found in the tobacco either through active or passive 

smoking can invoke pro carcinogenic events such as the mutations of tumour suppressor 

genes or proto-oncogenes. A family history of breast cancer is majorly associated with a 

longer smoking duration and also smoking before the first full-term pregnancy among 

females (Catsburg et al., 2015). 

d) Alcohol consumption 

The alcohol intake has been closely associated with elevated levels of oestrogen 

hormones (particularly linked with oestrogen-positive breast cancers) resulting in the 

hormonal imbalances thus affecting the risk of carcinogenesis within the female organs 

(Łukasiewicz et al., 2021). 

Alcohol also results in higher risks of corpulence with increased BMI (Body mass 

Index) levels which in turn increases the risk of BC. Likewise, the metabolism of alcohol 
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produces acetaldehyde and other reactive oxygen species (ROS) which are considered to 

induce DNA modifications, by generating protein adducts, chromosomal aberrations, and 

DNA point mutations (Kotepui, 2016). 

e) Inadequate vitamin supplementation 

Vitamins have anticancer properties that protect women against the emergence of the 

Breast neoplasms especially Vit D. High serum 25-hydroxyvitamin D levels are associated 

with a lower incidence rate of breast cancer in premenopausal and postmenopausal women 

(Estébanez et al., 2018). Intensified expression of vitamin D receptors was shown to be 

associated with lower mortality rates due to breast cancer. With the few findings, it is not 

yet confirmed to be highly effective. 

f) Exposure to certain chemical compounds 

Chronic exposure to chemicals has presented the plausibility of mutations on the 

breast microenvironment leading to breast tumours. Chemicals such as 

dichlorodiphenyltrichloroethane (DDT) and polychlorinated biphenyl (PCB) are mostly 

investigated in terms of breast cancer since early exposure to those chemicals disrupts the 

development of mammary glands (Łukasiewicz et al.,2021).  

g) Highly processed foods ingestion 

According to the World Health Organization (WHO), highly processed meat was 

categorised as a Group 1 carcinogen that might increase the risk of not only gastrointestinal 

malignancies but also breast cancer. Same observations were made in terms of an excessive 

intake of saturated fats (Dandamudi et al., 2018). It was observed that a 10% increase of 

ultra-processed food in the diet is associated with an 11% greater risk of breast cancer (Fiolet 

et al., 2018). Contrarily, a diet high in vegetables, fruits, legumes, whole grains, and lean 

protein is associated with a lowered risk of breast cancer (Dandamudi et al., 2018). 

Generally, a diet that includes food containing high amounts of n-3 PUFA (polyunsaturated 

fatty acids), vitamin D, fibre, folate, and phytoestrogen might be beneficial as a prevention 

of breast cancer (Kotepui, 2016). Green tea and turmeric have been observed to contain 

compounds that are anti-carcinogenic. 
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2.4 Breast anatomy and physiology 

2.4.1 Breast anatomy 

The breasts are milk-producing organs situated on the anterior part of the thorax. 

Their base extends superiorly to the second rib, inferiorly to the sixth coastal rib, medially 

to the sternum and laterally to the mid-axillary line where the axillary tail of Spence is 

located. They are anchored on the pectoralis major fascia by the Cooper ligaments also called 

suspensory ligaments (Fig 6). 

The breast has two main tissues which are; 

 Glandular tissue which has approximately 15-20 lobes that radially surround the 

nipple. Each lobe consists of lobules that enclose the alveolar clusters responsible 

for milk production via the mammary secretory epithelial cells. Alveolar clusters are 

connected to small ducts that drains into larger ducts, eventually leading to the main 

duct of the lobe. Ducts widen at the lactiferous sinuses and narrows down at the 

nipple, centrally located above the inframammary crease. Surrounding the nipple is 

the areola, a hyper-pigmented area of the skin, forming the nipple areola complex 

(NAC) (Bistoni and Farhadi, 2015). 

 The stromal tissue which is composed of fatty and fibrous connective tissues of the 

breast which cushions and supports the glandular tissue. The breast is as well 

Figure 6: Breast structure.(Jabbar, 2016) 
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endowed with the immune system and the lymphatic system which evacuates cellular 

wastes and fluids.  

The lymphatic channels gather under the areola to form Sappey's plexus and the 

lymph from the breast tissue drain into these lymphatic nodes. There are three types of lymph 

nodes: •Axillary nodes (lymph drains here 75% of the time (Fig 7). 

 •Supraclavicular nodes (20%) 

• Internal mammary nodes (5%) (Rinaldi et al., 2023). 

Figure 7: Breast's lymphatic system anatomy.(McGuire, 2019) 

Axillary lymph nodes are classified into: 

 Level I – nodes situated lateral to the side margin of the pectoralis minor muscle        

(Fig 8). 

 Level II – nodes situated below the pectoralis minor muscle. 

 Level III – nodes situated medial and superior to the pectoralis minor muscle up to 

the clavicle (Kantharia, 2023). 
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The shape and the size of the breast are influenced by the age, racial factors, genetics, 

dietary factors and menopause state of the individual. They can be conical, hemispherical, 

slightly pendulous, thin and flattened. 

2.4.2 Breast physiology  

Functionally, breasts are essential for lactation, the process that involves production, 

storage and secretion of milk by the mammary glands for infant consumption and 

nourishment. Breasts although present in both sexes are functional in female gender only. 

The function of the mammary glands is regulated by various hormones: 

 Estrogen, secreted by the ovaries, plays a crucial role in stimulating the development 

of glandular tissue in the female breast during puberty. Additionally, it promotes 

breast enlargement by accumulating adipose tissue. 

 Progesterone, released by the ovaries, stimulates the development of ducts in the 

breast. 

 Prolactin stimulates the production of milk by the glandular tissue and is secreted by 

the acidophilic cells of the anterior pituitary gland. 

 Oxytocin is synthesised in the hypothalamus and released by the posterior pituitary 

gland and stimulates milk ejection from the glands (SEER Training Modules, 2024; 

Bistoni and Farhadi, 2015). 

Figure 8: Axillary nodal anatomy (Zhang et al., 2020) 
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2.5 Breast cancer tumour microenvironment (TME) 

A tumour doesn't only consist of neoplastic cells rather it is a combined collection of 

infiltrating and resident host cells, secreted factors and extracellular matrix (ECM) which 

over a period of time evolves to form an ecosystem that supports proliferation, progression, 

metastasis and immune suppression. This ecosystem which is termed as the tumour 

microenvironment can be categorised into cellular components, soluble factors and physical 

properties ( potential of hydrogen (pH ) and oxygen levels of the microenvironment). 

2.5.1 Cellular components 

They can be grouped into local (intratumoral), regional (in the breast) and metastatic 

chambers. The local compartment is further grouped into the biological features of 

neoplastic cells and the tumour infiltrating inflammatory cells such as lymphocytes, plasma 

cells, dendritic cells, macrophages and neutrophils. The regional consists of the interaction 

between the tumour cells and the surrounding cells in the stroma normally, at the infiltrating 

edge, involving stromal fibroblasts, myoepithelial cells, adipocytes and endothelial and 

vascular/lymphatic endothelial cells (Soysal et al., 2015). Finally, metastatic compartment 

is comprised of host cells at lymph nodes(lymphocytes) and distant organs which can be the 

metastatic targets (lungs). 

2.5.2 Soluble factors 

These are comprised of all factors that interact in the TME through communication 

between cells to allow for different processes in the TME like angiogenesis, proliferation, 

immunosuppression, recruitment of adaptive immune response, etc. And these include 

cytokines, enzymes and growth factors. 

2.6 Types of breast cancer 

The types of breast cancer are categorised into histological types and molecular 

subtypes. 

2.6.1 Histological types 

Breast cancer histological types are categorised based on the site of origin, with 

affected cells originating from the ducts, lobules (glandular), or surrounding tissue (stromal). 

These cancers are classified as either carcinomas or sarcomas depending on the cell of origin. 

Carcinomas, originating from the cells lining the ducts and lobules, are more prevalent than 

sarcomas. Sarcomas arise from the stroma, including myofibroblasts and blood vessels. 

Within carcinomas, various types of breast cancer are categorized based on their 
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invasiveness from their site of origin. There are three major groups of breast cancer 

histological types: noninvasive (in situ), invasive, or metastatic breast cancers. Noninvasive 

Breast Cancer: Neoplasms are confined to the ducts or lobules and do not invade surrounding 

fatty and connective tissues of the breast. The frequently occurring types include: 

 The ductal carcinoma in situ (DCIS): DCIS is the most frequently occurring type of 

noninvasive breast cancer (90%). Ductal comedo carcinoma for example, is a DCIS 

(Sharma et al., 2010).  

 The lobular carcinoma in situ (LCIS): LCIS is a high augmentation in the number of 

cells within the lobules of the breast. It is taken as a marker for augmented risk for 

breast cancer and it is less frequently occurring. 

Invasive Breast cancer: The neoplasms spread to other parts of the body and they include: 

 Infiltrating ductal carcinoma (IDC): IDC also called invasive ductal carcinoma starts 

from the milk ducts of the breast infiltrating the wall of the duct and the fatty tissue 

of the breast. It can also infiltrate other body parts. IDC accounts for 80% of breast 

cancer diagnoses therefore it is the most frequently occurring type of breast cancer. 

 Infiltrating lobular carcinoma: ILC also called invasive lobular carcinoma starts from 

the lobules of the breast and usually spreads to other body parts. Ten percent to 

fifteen percent of breast cancers are attributed to ILC. 

 

Less frequently occurring Breast cancers 

Medullary carcinoma (5%), Mutinous carcinoma (colloid carcinoma), Tubular 

carcinoma (2%), Inflammatory breast cancer, Paget’s disease of the nipple, phylloides 

tumour (Sharma et al., 2010) 

 

2.6.2 Molecular subtypes of breast cancer 

Molecular subtypes are categorised according to the degree of the presence of 

hormone receptors (oestrogen and progesterone receptors) and the human epidermal growth 

factor receptor. The molecular subtypes are important in breast cancer prognosis and 

treatment plans. 

Luminal A breast cancer:  

This subtype is marked by the presence of ER, PR, the absence of human epidermal 

growth factor receptor 2 (HER 2) and low expression of cell replication marker Ki-67. 
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Additionally, they amount for 40% of all breast cancer occurrences. They have the best 

prognosis, less incidence of relapse and high survival rate (Orrantia-Burunda, 2022). 

Luminal B breast cancer 

Almost 20% of all breast cancers fall under this subtype, consisting of ER, PR, high 

levels of Ki-67 and sometimes HER2 (Sharma et al., 2010). Luminal B breast cancers grow 

marginally faster than luminal A cancer with a marginally worse prognosis (Miricescu et 

al., 2020). 

HER2-enriched breast cancer 

This subtype is ER and PR negative and shows high levels of HER2 making up 10% 

to 15% of breast cancers. HER2- enriched cancers grow more rapidly than luminal cancers 

and normally have a worse prognosis. They can still be treated effectively with targeted 

therapies focused on the HER2 protein, like Herceptin. It is to be noted that the HER2-

enriched subtype is not the same as clinically HER2-positive breast cancer although almost 

50% of clinical HER2-positive breast cancers are HER2-enriched. 

Triple-negative breast cancer (TNBC, basal like) 

This subtype is characterised by the absence of ER, PR and HER2. It makes up 20% 

of all breast cancers and has the worst prognosis. TNBC is more common in younger black 

women specially those who are less than 40 years old. It is considered a high-grade breast 

cancer as it is more destructive than other types of breast cancer. 

Normal-like breast cancer 

This subtype is rare, marked by the presence of ER, absence of HER2 and PR can be 

either present or absent. Although it resembles the luminal A cancer, its prognosis is 

marginally worse. 

2.7 Mechanisms of breast cancer development 

There are 3 major signalling pathways by which breast cancer develops which are 

ER signalling, HER2 signalling and PR signalling. 
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2.7.1 ER signaling 

Oestrogen receptors (ERs) are membrane receptors (usually G protein-coupled 

receptors) and nuclear oestrogen receptors (ERa, ERb). The latter are transcriptional factors; 

they activate or repress the expression of target genes immediately after binding to the 

ligand. ERa and ERb have similar structural and functional features for example the DNA-

binding domain (DBD) and some slight differences. They both have the ability to form 

heterodimers. The DBD on the ER dimers is responsible for their interaction with the 

oestrogen response elements(EREs) which are specific DNA sequences of target genes. ERs 

can also regulate transcription without interacting with EREs. This process involves 

numerous co-activators and co-repressors having essential roles such as BRAC1, a tumour 

suppressor which inhibits ERa signalling partially. About 75% of breast cancers are ERa 

positive showing that it plays an important role in breast cancer development (Ciruelos-Gil, 

2014). The interaction of ERa with cyclin D1 contributing to the growth of breast tumour 

cells is one of its typical mechanisms. Cyclin D1 activates cyclin-dependent kinases (CDKs) 

4 and 6, which causes the cell cycle to change from G1 to S phase in numerous cancer cells 

(Fig 9). This interaction between ERa and cycin D1 could elucidate the mechanism of 

antiestrogen therapy resistance, the use of selective CDK4/6 inhibitors and hormonal therapy 

agents in patients who are ERb positive. 

Figure 9: ER signalling pathway (Feng et al., 2018) 
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Many isoforms of ERa like ERa36 (Wang and Yin, 2015) also influence breast 

cancers and their therapy contingent on their structural domains. The regulation of ERa 

signalling is affected by the presence of these isoforms. High levels of ERa36 were 

discovered to be linked with metastatic phenotype and poor prognosis in breast cancer 

patients (Feng et al., 2018). 

2.7.2 HER2 signalling 

Human epidermal growth factor receptors (EGFRs, or HERs) are tyrosine kinase 

receptors found in cell membranes in normal tissues and in several types of cancers. HERs 

are grouped from 1 to 4. Human epidermal growth factor receptor-2 (HER2) is part of the 

EGFRs (Kavarthapu et al., 2021). As aforementioned HER2 is a receptor tyrosine kinase, 

made up of an extracellular ligand-binding domain, a transmembrane domain, and an 

intracellular domain. The active form of HER2 forms dimers with other molecules thus 

making HER2 capable of affecting many functions of cells through different pathways. The 

phosphorylation of tyrosine residues in the intracellular domain of HER2 is initiated by 

ligand binding and dimerisation. These are preceding processes to the activation of several 

downstream signalling pathways such as the mitogen-activated protein kinase (MAPK) and 

the phosphatidylinositol 4,5-bisphosphate 3-kinase (PI3K) pathways which are closely 

linked to breast tumorigenesis. HER2 is highly expressed in different human breast cancer 

cell lines (Fig 10).  

The amplification of HER2 signalling leads to HER2 protein overexpression which 

is associated with the tumour cell proliferation and cancer progression. 

 The precancerous effect of HER2 was discovered to be associated with 

inflammation and the proliferation of cancer stem-like cells (CSCs) in breast cancer. 
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Breast cancer cells that are HER2 positive are liable to progress to metastasis. 

Therefore, HER2 testing is used to choose patients appropriate for what is possibly resistant  

and costly therapy. In order to have more specific and effective treatment, HER2 

molecular analysis has become an essential part of the diagnostic breast cancer patient 

workup (Feng et al., 2018). 

Figure 10: HER2 signalling pathway (Feng et al., 2018) 
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2.7.3 PR pathway 

Progesterone is a steroid hormone consisting of 21 carbon atoms which binds to PRs 

hence playing an important role in processes like the menstrual cycle, pregnancy and 

embryogenesis in humans. A breast mouse model and normal human breast culture were 

used for studies. Together with clinical studies the aforementioned showed that oestrogen 

and progesterone are the main hormones for proliferation in the mammary epithelium, 

signalling the mammary gland development (Zhuo et al., 2022). PR signalling by 

progesterone are involved in differentiation of the alveoli in the last stages of pregnancy then 

ceases at term to prevent terminal differentiation and to allow lactation to take place. Cells 

with steroid receptors can produce both PR and ER. (Fig 11) 

The synthesis of PR in both normal and cancer cells is regulated by oestrogen and 

ERs. PR is not only a gene target induced by ER but also a protein that regulates ER 

behaviour (Mohammed et al.,2015). From the studies on the mice models, it was shown 

that ER is essential at an earlier stage to initiate ductal elongation and PR is necessary for 

development of the lobules. PR is found on a few luminal epithelial cells in the mammary 

gland of an adult mouse and the basal epithelium does not have PR at all. Progesterone acts 

on some mammary epithelial cells causing growth of the alveoli by a paracrine mechanism. 

Progesterone, by binding to its receptor in breast luminal cells that has PR, it increases the 

expression of receptor activator of NF-Kb ligands (RANKL). RANKL then binds to the 

Figure 11: PR signaling pathway (Zhuo et al., 2022) 
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receptor activator of NK-Kb (RANK) found on the cell membrane of the surrounding 

luminal or basal cells which do not have PR, initiating downstream pathways of the 

proliferation and survival of cells (Zhuo et al., 2022). 

2.8 Breast cancer staging  

Breast cancer staging is determined by tumour size(T), nodal involvement (N), the 

presence of distant metastases (M), (Tab 2) and specific biomarkers such as ER, PR, and 

the HER2 (Trayes and Cokenakes, 2021). The stages include: 

Stage 0: It is comprised of noninvasive breast cancers. 

Stage I:  It is made up of two categories which are IA and IB stage. 1A describes the 

tumour which measures up to 2 cm and there is no involvement of the lymph nodes whereas 

stage 1B describes the tumour larger than 0.2 mm and it involves lymph nodes. These are 

early invasive breast cancers. 

Stage II: It is comprised of two categories IIA and IIB. In Stage IIA the tumour is 

found in axillary lymph nodes. The tumour can be smaller or larger than 2 cm but not more 

than 5 cm while in stage IIB the tumour may be larger than 5 cm but doesn't get to the 

axillary lymph nodes 

Stage III: This stage is comprised of three categories IIIa, IIIb, IIIc and it consists 

of   locally advanced breast cancers.  

Stage IV: metastatic breast cancer (Akram et al., 2017). 
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Table 2 : Description of breast cancer staging (Simos et al., 2015) 

Stage Description 

Noninvasive 

0  There is no evidence of cancer cells or invasion of the basement membrane 

of the duct or adjacent normal tissue; includes ductal carcinoma in situ. 

Invasive 

IA  Tumour ≤ 2 cm AND 

 There is no metastasis beyond the breast; no lymph nodes involved 

IB  No tumour in the breast, but microscopic metastases (> 0.2 mm but ≤ 2 mm) 

present in axillary lymph nodes OR 

 Tumour present in the breast, ≤ 2 cm, with  lymph nodes involvement. 

IIA  No tumour in the breast, but macroscopic cancer (> 2 mm) in 1–3 axillary 

lymph nodes OR 

 Tumour ≤ 2 cm, with spread to axillary lymph nodes OR 

 Tumour > 2 cm but ≤ 5 cm, with no spread to axillary lymph nodes 

IIB  Tumour > 2 cm but ≤ 5 cm, with spread to 1–3 axillary lymph nodes OR 

 Tumour > 5 cm, with no spread to axillary lymph nodes 

IIIA  No tumour in the breast or presence of a breast tumour of any size associated 

with metastases in 4–9 axillary lymph nodes or in internal mammary nodes OR 

 Tumour > 5 cm, with spread to axillary and/or internal mammary nodes 

IIIB  Tumour of any size, with spread to the chest wall and/or skin of the breast; 

may also have spread to axillary or internal mammary nodes. 

IIIC  Tumour of any size, with a spread to ≥ 10 axillary lymph nodes OR 

 Spread to lymph nodes above or below the collarbone (supraclavicular nodes) 

OR 

 Spread to both axillary lymph nodes and internal mammary nodes. 

Metastatic 

IV  Spread of cancer to other parts of the body such as liver, lungs or bone 
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3.1 Elementary knowledge about immune system 

The immune system is a biological body system composed of organs, cells, and 

bioactive molecules responsible for defending the body against exogenous, endogenous, and 

neo-antigens. It is classified into innate immunity, which is nonspecific and initiates 

immediate responses, and adaptive immunity, which is highly specific to the antigen and 

long-lasting (Goff and Danforth, 2020). 

The innate immune response serves as the body's first line of defense, capable of 

distinguishing between self and non-self, using the toll-like receptors (TLRs), which detect 

specific pathogens or danger-associated molecular patterns (PAMPs or DAMPs). 

Additionally, the innate immune system exerts its effects through cytokines and proteins of 

the complement system. 

The major cellular components of the innate immune system include phagocytes and 

natural killer (NK) cells. Phagocytes, such as monocytes, neutrophils, and macrophages, are 

capable of engulfing cells expressing foreign or abnormal self-antigens, killing them via 

phagocytosis. NK cells secrete perforins and granzymes, inducing cell apoptosis in cases 

where cells exhibit abnormal major histocompatibility complex class 1 (MHC1) expression 

due to oncogenic mutations or pathogens.  

On the other hand, mast cells, basophils and eosinophils induce their function by 

producing and secreting pro-inflammatory mediators that induce immune cell infiltration to 

the inflammation or wounded sites (Goff and Danforth, 2021). 

The adaptive immune system, highly specific and capable of developing 

immunological memory, is not immediate, as naïve T and B cells require ample time to 

differentiate into T effector cells and plasma cells upon encountering an antigen (Fig 12). T 

cells are categorized according to the type of receptors: αβ T cells and γδ T cells. αβ Tcells 
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require MHC-mediated antigen presentation, while γδ T cells recognize antigens based on 

patterns (Edechi et al., 2019; Goff & Danforth, 2021). 

The immune cells are present within the epithelium of the breast lobules and they 

comprise both the innate and adaptive immune cells (Fig 13). The progression from normal 

breast tissue to breast cancer via the carcinogenic pathway is followed by qualitative and 

Figure 12: Main processes of the anti-tumour cellular adaptive 

immune response system(Avila et al., 2023) 

Figure 13: Characterisation and localisation of immune cells in healthy 

breast tissue (Goff and Danforth, 2020) 
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quantitative changes on the nature and location of the immune cells population which are all 

brought about by inflammation and the need to eradicate tampered cells 

(immunosurveillance) i.e. increase in immune cells population in the parenchymal and 

stromal compartments (Goff & Danforth, 2020). 

During the early stages of cancer growth, neoplasms are detected and eradicated by 

the innate immune system through a process called immunosurveillance. The atypical 

growth of cancer cells can stimulate the secretion of tissue damage signals such as interferon 

gamma (IFN-γ), by  adjacent cells, triggering and recruiting the NK cells, which are key 

components of immunosurveillance.Through this mechanism cancerous cells can be 

eliminated even before the tumour develops but in frequent times, it is believed that the 

pressure exerted by the host's immune system can cause tumour growth through certain 

mutations thus creating an immune-evasive cancer (Edechi et al., 2019). 

3.2 Haematopoiesis 

The blood is composed of various cells that need replacement when their lifespan 

ends or when there is increased demand. This replacement process, known as hematopoiesis, 

predominantly occurs in the bone marrow but can also take place in the spleen and other 

organs depending on the developmental stage. Hematopoiesis is driven by hematopoietic 

stem cells (HSCs), which divide and either self-renew or differentiate into lineage-

committed progenitors. These progenitors continue to differentiate into mature blood cells 

in response to signals from cytokines and other bioactive molecules. 

The HSCs differentiate into myeloid and lymphoid progenitor cells (Fig 14) and 

afterwards myeloid progenitor cells differentiate into erythrocytes and platelets (through 

fragmentation of megakaryocytes), neutrophils, monocytes, basophils, and eosinophils 

while lymphoid progenitor cells differentiate into B lymphocytes, T lymphocytes, NK cells, 

and a population of dendritic cells (Raza et al., 2021). 

The immune cells both from Myeloid and Lymphoid progenitor cells carry out 

different functions as shown on the (Tab 3). 
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3.3 Immunoediting 

The immune system's mechanism of eradicating neoplasms occurs in three phases: 

 Elimination Phase: Complete eradication of tumor cells. 

 Equilibrium Phase: The immune system controls tumor 

growth without completely eliminating the cells. 

Figure 14: Deciphering hematopoietic differentiation: From stem cells 

to specialised blood cells (Raza et al., 2021) 

Table 3: Blood cells and functions (Devine et al., 2010) 
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 Escape Phase: Cancerous cells resist the immune system due to selection 

pressure, leading to a failure in immune-mediated cancer control (Fig 15). 

Additionally, cancers develop resistance by expressing decreased levels of MHC 1 

molecules and costimulatory molecules (Edechi et al., 2019). This explains the need of 

exogenous treatment methods that can help suppress the cancerous cells. 

 

Figure 15: The three phases of cancer immunoediting (Borroni and Grizzi, 2021) 
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4.1 Evolution of breast cancer and therapy 

The history of breast cancer dates back to 3500 BCE, as documented in ancient 

Egyptian papyri, notably the Edwin Smith Surgical Papyrus, named after an American 

antiquarian in Cairo. The papyrus describes 48 cases of breast tumors, detailing their 

physical characteristics and noting the lack of effective treatments, although cauterization 

with a fire stick had been attempted in one case. In the following centuries, between 400 

BCE and 200 BCE, physicians Hippocrates and Galen hypothesized that breast cancer was 

associated with humors, specifically black bile. They recommended treatments such as 

opium, castor oil, lycorine, and sulfur. Galen also suggested a surgical approach, 

lumpectomy, which involved the incision and removal of the tumor (Lukong, 2017). 

The advent of modern therapeutic measures brought promising developments in 

1882, when William Halsted introduced the radical mastectomy for breast cancer. This 

procedure involved the removal of the entire breast, underlying chest muscles (pectoralis 

major and minor), axillary components, and later extended to the removal of lymph nodes 

in the supraclavicular region. Although it did not guarantee overall survival, it remained the 

standard operation throughout the 19th and 20th centuries. The introduction of novel 

anesthetics (ether) and aseptic measures (introduced and commended in 1846) made the 

procedure more bearable for patients. 

Extensive studies and numerous hypotheses led to the invention of novel therapeutic 

measures for breast cancer (Fig 16). These include radiotherapy in 1896, hormone therapy 

in 1980 using tamoxifen (a partial antiestrogen), chemotherapy (5-fluorouracil) in 1957, 

targeted therapy (Trastuzumab also named Herceptin which targets HER2) in 1998 and 

immunotherapy (Lukong, 2017). 
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4.2 Surgery 

It's a branch of medicine that deals with treatment of bruises, maladies and disorders 

through manually conducted procedures rather than administration of drugs. It involves the 

utilisation of specialised apparatuses such as scalpels to lacerate tissue, forceps to maintain 

blood vessels closed or hold and manipulate structures, clamps to secure tissues in place or 

instruments, gauze sponges to soak up fluids and keep an area dry, retractors to hold incisions 

open and curved needles to stitch them closed. Surgeries are conducted by professional 

personnel known as surgeons (Britannica, 2024). 

There are 4 types of surgery that are conducted in the modern world: 

 Wound treatment: It is performed to ensure proper wound healing and 

to prevent infections. 

 Extirpative surgery: It is carried out with a purpose of removing 

defected or diseased body tissues and organs and it is majorly conducted on cancer 

patients i.e. mastectomy (removal of the breast), hysterectomy (removal of the 

uterus), cholecystectomy (removal of gall bladder). 

 Reconstructive surgery: It is principally effectuated to replace 

defected organs or tissues due to burns, etc. 

Figure 16: Evolution of breast cancer (Falzone et al., 2018) 
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 Transplantation Surgery: Involves replacement of diseased organ 

with organs derived from another individual i.e. kidney transplant (Britannica, 

2024). 

4.2.1 Mastectomy 

It's a type of breast cancer treatment measure aimed at removal of either the whole 

breast or some breast tissues to facilitate recovery and hinder the spread of cancerous cells 

to other critical body organs (Goethals and Rose, 2024). 

Types of mastectomy and techniques  

 Halsted’s radical Mastectomy 

It's the type of mastectomy which entails the removal of the breast tissue, pectoralis 

major, minor muscles and all axillary tissues. It is frequently opted for if the cancer cells 

have spread rampantly on the chest wall muscles (Plesca et al., 2016) 

 Patey’s mastectomy (modified radical mastectomy) 

This type of mastectomy involves the removal of breast tissue, pectoralis minor and 

axillary nodes. It is mostly performed on patients with the invasive type of breast tumours 

associated with the spread to the axillary nodes (Goethals and Rose, 2024). 

 Total or simple mastectomy 

This is the most common type of procedure performed on breast cancer patients who 

cannot undertake the breast-conserving surgery (lumpectomy) and it involves extirpation of 

the breast tissue and the associated skin with or without axillary surgery while conserving 

the pectoralis fascia.  However, axillary tail is eliminated leaving the patient with two drains 

in situ (Lazaraviciute and Chaturvedi, 2017). 

 Skin sparing mastectomy or nipple sparing mastectomy 

Skin sparing mastectomy involves the removal of the breast tissue while preserving 

the skin overlying the breast. Furthermore, nipple sparing mastectomy allows for 

conservation of the skin envelope and the nipple-areola complex giving way into breast 

reconstruction (Tokin et al., 2012). 

 Bilateral prophylactic mastectomy 

Mostly performed on women with germline (BRCA1 and BRCA2) mutations to 

reduce the risk of breast cancer occurrence. It involves the removal of both breasts prescribed 

with any technique depending on the patient’s preferences (Lazaraviciute and Chaturvedi, 

2017). 
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4.2.2 Effects of surgery on hematological parameters 

Leucocytes 

The leucocytes refer  to the total immune cell population that defend the body against 

foreign substances. 

Implications incurred to the population of the leucocytes following surgical 

procedures can either be associated with post-operative acute infections or a normal response 

to surgical trauma. Leukocytosis (term that describes white blood cells count beyond normal 

levels) is mostly observed in patients during the early post-operative period (Jung et al., 

2019) ranging from the operation day to the 3rd day after the surgery when the levels begin 

to normalise following a normal response to trauma, this also happens when there is an 

outbreak of an infection (Elbromboly et al., 2023). 

Neutrophils 

Neutrophils are the immune cells recruited as the first line of defence against antigens 

during intraoperative and post-operative period. Neutrophils are produced in bone marrow 

in response to granulocyte colony-stimulating factor (G-CSF), interleukin (IL)-6 and IL-8. 

The total number of circulating neutrophils is regulated by an equilibrium of various factors 

such as granulopoiesis, bone marrow storage and release, intravascular margination, 

clearance, apoptosis and destruction (Inagi et al., 2016). 

Neutrophil count increases after the surgical incision up to the third day after the 

operation and begins to gradually decrease to pre-operative levels. The increase of the 

neutrophil levels is correlated to surgical trauma following the pro-inflammatory factors 

released in the injury site that causes neutrophil chemotaxis, demargination and production 

in the bone marrow (Tabuchi et al., 1989). 

Thrombocytes 

Platelets play a crucial role in wound healing through the process of blood clotting 

which helps to defend the patient from infections. 

Following surgical intervention, platelet count fluctuates in the peripheral blood due 

to hemodilution, increased platelets consumption caused by surgical haemostasis. 

Thrombocytopenia is observed minutes to hours after the surgical resection and continues 

for 4 days after which thrombopoietin responds by increasing platelet production through 

the bone marrow megakaryocytes. The platelets count increases three times more than the 

pre-operative count on the 14th day past the surgery and standardises to the patient’s normal 



Chapter 4: Breast cancer therapies 

37 

 

range. This phenomenon is well elucidated by the delay between an elevation of 

thrombopoietin release and the release of new platelets from the bone marrow (Skeith et al., 

2020). 

 

Erythrocytes and their indices 

The erythrocytes and their indices (MCV (mean corpuscular volume), MCH (mean 

corpuscular hemoglobin), MCHC(mean corpuscular hemoglobin concentration), hematocrit 

and hemoglobin largely fluctuate after surgery procedures leading to anaemia. 

These fluctuations are implicated in pre-operative anaemia, intra-operative and 

perioperative blood loss (phlebotomy) and post-operative decreased erythropoiesis due to 

surgery-associated inflammation. The inflammatory cytokines released after surgery induce 

a cascade of events where hepcidin binds to the iron transporter ferroportin causing its 

degradation and sequestration of iron in macrophages. Inflammation diminishes iron uptake 

from the gastrointestinal tract and a decreased erythroid response to erythropoietin. This 

culminates to delayed recovery of haemoglobin postoperatively. 

Cancer patients undergoing surgery are particularly at a higher risk of anaemia due 

to the activation of antifibrinolytic pathways and pro-coagulants, anaemia associated with 

chemotherapy, thrombocytopenia and endothelial dysfunction, the excursion of hyper 

vascularised tumours and hemodilution emerging from the administration of excess fluids 

during the perioperative period (Kalra et al., 2021). 

4.2.3 Effects of mastectomy on haematological parameters 

Haemoglobin (Hb), haematocrit(Ht) and erythrocytes count fluctuates after the 

surgical procedure according to the study conducted by (Ufelle et al., 2012) and neutrophils, 

platelets and leucocytes increases for the first 3 days after mastectomy and later decreases 

according to the study conducted on canine mammary cancer (Karayannopoulou et al., 

2022). 

These effects arise due to surgical trauma, excessive bleeding and neo-adjuvant 

chemotherapy that may kill the immune cells and affect their peripheral blood levels (Ufelle 

et al., 2012). General anaesthesia is also thought to negatively alter the immune cell 

population by immunosuppressive process. 
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4.2.4 Mechanisms through which surgical operations suppress the immunity. 

Surgical excision is the efficient measure of eliminating primary tumours and 

metastatic lymph nodes. However, it doesn't achieve complete extirpation of tumour cells 

and micro metastases which can be detrimental to the patient in the case when their immune 

system is compromised. 

The surgical procedure comprises perioperative period which includes pre-operative, 

intra-operation and post-operative periods. During this perioperative period the patient might 

undergo surgical trauma, receive anaesthesia and analgaesic induction which can thereby 

negatively affect the immune function (Kim, 2018). 

The incision of the damaged tissue generates corresponding local and systemic 

trauma responses which evoke mechanisms such as local inflammation, activation of the 

hypothalamic–pituitary–adrenal (HPA) axis and sympathetic nervous system (SNS) to 

restore the tissue and cellular homoeostasis due to tissue damage. The activation of these 

systems engenders the secretion of catecholamines and glucocorticoids which trigger 

prostaglandins (PGE2) and other soluble factors (Fig 17). These immunomodulatory factors 

can induce immune system suppression thus resulting in fluctuations of natural killer cell 

activity which plays a pivotal role in preventing cancer cells metastasis and affect the 

expression of HLA-DR which is located on the monocytes and thereby rendering them 

ineffective in defending the body against infections (Kim, 2018; Pinheiro et al., 2023). 

Figure 17: Surgical trauma and the cellular immunity 

dysfunction.(Tang et al., 2023) 
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4.3 Chemotherapy  

 Chemotherapy is a treatment method that uses drugs to halt the growth of neoplastic 

cells by either disrupting their division cycle or killing them. Chemotherapy is systemic since 

it is administered intravenously or orally and this type of drug administration helps to 

eliminate all cancerous cells in the body. It is administered synergistically with other 

treatment strategies like surgery, radiotherapy and hormone therapy depending on the 

various patient’s pathological factors to enhance chances of survival and prevent tumour 

recurrence (Amjad et al., 2023). 

4.3.1 Categories of chemotherapy drugs 

 Alkylating Agents 

Nitrogen mustard - Cyclophosphamide. 

Platinum analogues - Carboplatin. 

Alkyl sulphonate, Ethylenediamine and Triazenes. 

Mechanism of action 

They inhibit DNA replication and transcription by yielding an unstable alkyl group 

(R-CH2+) which combines with nucleic acids and nucleophilic centres (Colvin, 2003). 

 Antimetabolites 

Pyrimidine analogues (fluorouracil (5-FU) 

The cytidine analogues (gemcitabine). 

Purine analogues 

Folate antagonists. 

Mechanism of action 

They inhibit DNA replication. They act as false metabolites similar to those essential 

for cell growth and upon their uptake by the cells their division cycle is disrupted. They are 

classified according to the metabolites they mimic (Amjad et al., 2023). 

 Topoisomerase inhibitors 

These are chemotherapeutic agents that interfere with Topoisomerase enzymes (I and 

II) activity. They block the ligation step of the cell cycle which produces DNA double and 

single strand causing apoptotic cell death. 

Topoisomerase I inhibitors include irinotecan, topotecan, and camptothecin. 

Topoisomerase II inhibitors include etoposide, doxorubicin and epirubicin (Kuroda 

et al., 2014).  

 Plant alkaloids (antimicrotubule agents) 
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Plant alkaloids are derived from plants and inhibit the mitotic phase of cell division 

by either disrupting the polymerisation or depolymerisation of the spindle fibres. 

Taxanes (paclitaxel and docetaxel) exert their action by binding to the microtubules 

and impede their depolymerisation while Vinca alkaloids bind to tubulin dimers and impede 

their polymerisation (Bharti et al., 2018). 

4.3.2 Chemotherapy regimens 

Administration of chemotherapy to patients largely depends on the stage of the 

disease, tumour size and age. Chemotherapy can be categorised into: 

Neo-adjuvant  

It is administered to shrink the tumour that cannot be operated for the first time of 

diagnosis especially when cancer has infitrated many lymph nodes or if it is inflammatory 

breast cancer. 

It is also given to avoid extensive surgery (Larissa et al., 2021). 

The standard neo adjuvant regimen is adriamycin (doxorubicin) and 

cyclophosphamide (AC) followed by a taxane (Shien and Iwata, 2020). 

Adjuvant  

This regimen is administered to the patient to impede cancer recurrence by 

destroying neoplastic cells that could have remained or any cancerous cells that have spread 

that are undetectable (Tab 4). 

Table 4: Chemotherapy drugs regimen and toxic effects (Hernandez-Aya and Ma, 2016; 

Hanna and Mayden, 2021) 

 

Chemotherapy Agent/regimen Toxic effects 

Doxorubicin Cardiotoxicity, myelosuppression, hypersensitivity, extravasation 

Paclitaxel neuropathy, myelosuppression, hypersensitivity, extravasation 

Capecitabine Oedema, fatigue, diarrhoea, hypersensitivity, cardiotoxicity 

Doxorubicin plus cyclophosphamide Myelotoxicity, cardiotoxicity, hepatic or renal dysfunction 

Sequential fluorouracil, epirubicin, 

and cyclophosphamide (FEC) 

followed by weekly paclitaxel 

Myelotoxicity, gastrointestinal toxicity, neurotoxicity, cardiotoxicity 

Gemcitabine plus paclitaxel Neutropenia, fatigue, neuropathy 

Atezolizumab plus nanoparticle 

albumin-bound paclitaxel 

Myelotoxicity, peripheral neuropathy, hepatotoxicity, immune-related 

adverse events. 
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Patients receive anthracycline (A) containing regimen or docetaxel(Taxotere) plus 

cyclophosphamide (TC) regimen or AC followed by taxane (docetaxel or paclitaxel) 

regimen as adjuvant chemotherapy (Shien and Iwata, 2020). 

4.3.3 Adjuvant and neoadjuvant chemotherapy drugs 

Anthracyclines, such as doxorubicin (Adriamycin) and epirubicin (ellence) 

Taxanes, such as paclitaxel (Taxol) and docetaxel (Taxotere) 

5-fluorouracil (5-FU) or capecitabine (Xeloda) 

Cyclophosphamide (Cytoxan) 

Carboplatin (Paraplatin) (Shien and Iwata, 2020) 

Chemotherapy drugs are administered in cycles after every 2-3 week interval for a 

total of 3 months for neo-adjuvant and 6 months for adjuvant. Metastatic drug’s duration 

depends on its effectiveness and tolerance. Despite its effectiveness in killing cancer cells, 

this treatment presents numerous side effects that can be detrimental to the host's cells that 

are actively dividing like hair follicles, bone marrow, etc. affecting the patient's blood cells 

count (Colleoni et al., 2002; Asaoka et al., 2020). 

4.3.4 Effects of breast chemotherapy on haematological parameters  

Chemotherapy is the most effective treatment strategy in eradicating cancerous cells 

and has been proven to increase life expectancy. Chemotherapy functions by killing cancer 

cells that are actively dividing and can also damage other rapidly dividing healthy cells e.g 

hair follicles and blood cells in the bone marrow causing neutropenia, anaemia and even 

leukopenia. This arises due to extreme depletion and acute myelosuppression of 

haematopoietic progenitor cells in the bone marrow. Once haematopoiesis is altered, the 

self-renewal capacity of hemopoiesis stem cells is impaired (Fathoni et al., 2021). 

Leucocytes, neutrophils, platelets, red blood cells (and their indices) and 

haemoglobin decrease after administration of breast chemotherapy. According to 

Rhamaniar, haematological parameters fluctuated after every cycle of chemotherapy with a 

great difference from the pretreatment values (Rahmaniar et al., 2024). The test results 

were lower in middle aged patients than the elderly due to the administration of stronger and  

higher doses of chemotherapy because of their strong physical capacity, fewer comorbidities 

and faster drug metabolism. Studies have also shown that cancer in middle aged group is 

more aggressive than in older patients thereby requiring high doses of chemotherapy to 

achieve better results. 



 

 

 

CHAPTER 5 

MATERIALS AND METHODS 
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5.1 Research problematic question. 

Mastectomy and chemotherapy, common treatments for breast cancer, present significant 

challenges. The removal of one or both breasts can lead to physical changes and emotional distress, 

including body image issues, loss of self-esteem, and anxiety. Additionally, mastectomy carries 

surgical risks such as infection, bleeding, and anesthesia complications, while breast 

reconstruction can result in further complications and multiple surgeries.  

Chemotherapy further complicates recovery by weakening the immune system, making 

patients more vulnerable to infections and delaying recovery. This increased susceptibility to 

opportunistic infections can prolong the overall recovery process for mastectomized patients. 

Addressing these issues requires a multidisciplinary approach, including improved surgical 

techniques, effective side effect management, immune system support, psychological support, and 

exploration of less invasive treatments. Ongoing research and patient-centered care strategies are 

essential to enhance outcomes and quality of life for breast cancer patients 

5.2 Background 

Chemotherapy is a systemic treatment method full of cytotoxic compounds capable of not 

only destroying cancerous cells but also healthy cells and have been associated with many 

complications on the patients such as decrease in the immune cells and red blood cells which 

further lead to anaemia and infections. 

Similarly, mastectomy, though effective in removing the tumour and surrounding lymph 

nodes that are invaded by cancerous cells, is also linked to complications like anaemia and 

infections due to immune suppression. Our study aims to understand the implications incurred by 

these two methods of treatment on BC patient's haematological parameters using complete blood 

count automatic analyzer. 

5.3 Objective 

The objective of this project was to assess the variation and the levels of haematological 

parameters in BC patients undergoing chemotherapy treatment and those who had undergone 

mastectomy. 
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5.4 Place of study and the population 

This work was realized at the Mostaganem University Hospital oncology center from 28 

February to 31st May 2024. 

The sample comprised of 70 patients who had received chemotherapy and 28 patients who 

had undergone mastectomy and had all their CBC test results before and after undergoing the 

treatment. 

The age of the patients ranged from the age of 27 to 84 years old. 

This study constituted the utilisation of the patient's files dating from the year 2019 to 2024. 

a) Criteria of inclusion 

Our study included all patients who had received either adjuvant or neo-adjuvant 

chemotherapy whose files had haematological test results for both before and after treatment. It 

also included patients who had undergone mastectomy whose files had haematological test results 

for both before and after surgery. 

 

b) Criteria of exclusion 

Any file that didn't have either personal or family history and didn't include test results 

taken before treatment and had not received up to four cycles of chemotherapy treatment were 

excluded. 

5.5 Materials 

Sysmex xn 350 automatic CBC analyzer, ethylene diamine tetra acetic (EDTA) coated 

tubes, CBC reagents, sterile gloves and gowns, antiseptic, needles, No. 15 scalpel, forceps, sterile 

sponges, suction system, sterile irrigation solution (water and normal saline), standard mastectomy 

tray, skin hooks, retractors, sutures and ties. 

5.6 Principle of Sysmex XN-350 CBC  

Hematological analyzers can use either volumetric impedance or light-scatter technique to 

analyze the cells (size, number, internal components and etc.). 

The Sysmex XN-350 uses the light scattering method with fluorescence flow cytometry, 

examining cells as they flow through a sheath of fluid. 
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The aspirated blood sample is divided into aliquots then diluted to a desired ratio and 

labelled with fluorescence marker which binds specifically to nucleic acids. The sample is then 

translocated to the flow cell where it is illuminated by semiconductor laser beam, which separate 

the cells using three different signals: 

 Forward-scattered light-indicates the cell size. 

 Side-scattered light -examines the internal cell structure and its 

content, such as nucleus. 

 Side-fluorescence light -gives information about the amount of 

nucleic acids present in the cell. 

Cells which have similar chemical and physical characteristics form a cluster in a graph 

and show the distribution of different blood cells. 

a) Complete blood count procedure 

•Phlebotomist draws 4-5 micro liters of blood from the patient using a test tube coated with 

EDTA. 

•Mix the blood well with the anticoagulant while avoiding vigorous shaking. 

•Program the analyzer and key in the patient's code on the screen and then aspirate the 

blood sample directly from the test tube into the analyzer. 

•Note down or print the results shown on the screen and repeat the steps for all the patients. 

5.7 Chemotherapy administration methods 

The CBC test and biochemical parameters test is done in at least 48h before the patients 

receives the chemotherapy. (If the results are normal the chemotherapy treatment will be done on 

the planned date. 

On the contrary if the results are not within the normal healthy range, the patients are 

assigned another date for treatment). 

The patients are obligated to come on the day assigned for them and eat well before they 

come for the treatment. 

a) Preparation of the solution 

We injected the medications into the salt and glucose serum with a precise dose prescribed 

by the doctor. 
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b) Injection 

c) Pre medication 

Before the chemotherapy session, the patient must be pre medicated for a minimum of 30 

minutes to avoid secondary effects like nausea and vomiting. 

 250 ccs of salt and glucose serum 15% + 8mg ONDANSTRON for 15 

minutes. 

 120mg of SOLUMEDROL through direct intravenous injection (DIV). 

 01 AMP of AZANTAC in IVD. 

 100 mg of hydrocortisone (HHC) through DVI 

c) Chemotherapy session 

•The session commences by disinfecting the patient's arm with alcohol (antiseptic) then 

pricking the vein using the catheter to administer the medication. 

• The duration of the session depends with the dose, the type of the medication and the age 

of the patient varying from 1h to 4h. 

•The next session will be after 15-21 days.  

5.8 Mastectomy protocol 

Pre requisites 

•Diagnosis of histological type of cancer using needle biopsy. 

•Breast imaging to know the extent of the lesion. 

•The patient should give a complete medical  

history and have proper physical examination. 

•An informed discussion with the patient must be done concerning all types of mastectomy 

including the risks and benefits of each type. 

a) The procedure 

•The patient first receives general / local anaesthesia and then held in supine position with 

arms abducted at 90 degrees depending on the operation plan. Prophylactic antibiotics are given 

prior to induction. 

•The surgery procedure is done according to the type of mastectomy the patient is 

undergoing. 
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Modified radical (Patey's) mastectomy procedure 

•Measure the elliptical incisions, horizontal and oblique. 

• Dissect the superior skin flap with the scalpel while retracting the breast with the left hand 

inferiorly and the assistant surgeon retracting the skin upward for an easy and blood free dissection. 

• Dissect the breast tissue off the pectoralis major muscle. 

• Dissect the inferior skin flap following the traction and counter traction technique. 

•Hold the pectoralis major muscle upward with the forceps to clear the way easily access 

the pectoralis minor and the axillary lymph nodes. 

•Dissect the pectoralis minor and the lymph nodes where cancer has spread and remove 

them together with the breast tissue. 

• Irrigate the wound, perform haemostasis and close the wound (Fig 18). 

 

5.9 Statistical analysis 

Obtained data were rigorously analysed using a completely randomized design framework, 

employing Analysis of Variance (ANOVA) to identify significant differences across the studied 

population groups and haematological parameters. Specifically, this approach will facilitate the 

examination of the impacts of mastectomy and chemotherapy on blood parameters of breast cancer 

patients. Further analysis will involve Duncan's multiple range test for post-hoc comparisons, 

enabling detailed evaluation of significant differences highlighted by ANOVA (single degree of 

freedom contrasts was utilised to explore the specific effects). A p-value of less than 0.05 will 

denote statistical significance throughout the analysis, ensuring the reliability of our findings 

(SAS, 2008). 
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Figure 18: Modified radical mastectomy's sequential protocol (Perrins et al., 2020) 

 

 



 

 

 

CHAPTER 6 

RESULTS AND DISCUSSION 
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6.1 General characterization of patients under chemotherapy treatment. 

Our study sample comprised of 70 patients under chemotherapy treatment who adhered to 

inclusion criteria from the year 2019 to 2024 partitioned based on their age and their menopause 

status at the time of cancer diagnosis (Tab 5). Majority of the patients aged 50 years and above 

and 60% of the patients were still in their menses. 

Table 5: Patient's general characteristics 

Age categories 

 

 20-29:5 (7%) 

 30-39:13 (19%) 

 40-49:25 (36%) 

 50 and above:27 (38%) 

Menopause status  Menopause:28 (40%) 

 Non-menopaused :42 (60%) 

Cancer stage  I-1(2%) 

 II-45(%) 

 III-24(%) 

Positive receptors  ER-55 

 PR-50 

 ER/PR-50 

 HER2-24 

 

6.1.1 Repartition of patients on the bases of the types and the stages. 

Majority of the patients in our sample had been diagnosed with stage II invasive carcinoma 

NST(no special type) (22) (Fig 20) and luminal A (19) (Fig 19) molecular subtype. TNBC cases 

were 17 both in stage II and III and only one patient was diagnosed with stage I BC. 
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          Figure 20:Histological types vs BC stages 
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Figure 19:Distribution of patients in relation to molecular subtypes and BC 
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6.1.2 Chemotherapy regimen and type of treatment 

A high percentage of the patients were under adjuvant chemotherapy treatment, 16 of them 

were administered with FEC/T regimen and a small number of patients had received AC/TC 

regimen. Only 4 patients had received both neo-adjuvant and adjuvant treatment (Fig 21). 

 Figure 21: Types of chemotherapy regimen and mode of treatment 

6.2 Levels and variations of haematological parameters before and after chemotherapy 

treatment 

Leucocytes  

The results and the variations of the leukocytes values are illustrated on the (Fig 22). 
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Figure 22: Leukocytes variation before and after chemotherapy in relation to age group 

According to the study no changes were observed before the onset of the chemotherapy in 

all age groups but after the commencement the levels for the age group 30 – 39 and also 50 and 

above slightly reduced to 5.32±1.76 and 5.26±2.28 respectively and recovered in subsequent 

cycles. Leukocytes levels for the age group 40 –49 significantly increased with a SD of ±14.41 in 

the 3rd cycle while the age group 20-29 exhibited standard levels with slight variations in their 

mean values. The normal mean value is 7.75±3.25. All the mean and SD values are presented on 

the (Appx A).  

 

Erythrocytes  

The study findings and the variations of the erythrocytes are illustrated on the (Fig 23) and the 

average values with their SD values on the (Appx B). 
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Figure 23:Variations in erythrocyte levels across different age groups 

Erythrocytes normal mean value is 4.75 ±0.25 mm6. 

A slight decrease in erythrocyte values was observed in all age groups compared to the 

values before the chemotherapy session commenced. The age groups between 20- 29 and 40- 49 

had low values before they started the treatment and the latter had a significant decrease from the 

normal interval to 3.99±0.45 in the 6th cycle. 

. 

Thrombocytes  

The analysed data of the thrombocytes values is depicted on the (Fig 24). The mean and SD values 

are on the (Appx C) 

Healthy values vary between 150-450mm3. (300±150) . 
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 Healthy values vary between 150-450mm3. (300±150) 

A healthy range of values prior to chemotherapy treatment was observed in all age 

categories with a slight increase throughout the cycles. The values in the 6th cycle closely 

resembled the pretreatment values with a small difference. However, the second cohort had 

significant SD values in the 1st,3rd and 4th cycles that later stabilized after the 6th cycle and the 1st 

age group (20- 29) had a slight increase after the 2nd and 3rd cycles which later stabilized after the 

6th cycle. A notable decrease in the 4th age group is depicted in the graph with slightly fluctuating 

values from the 4th cycle to the 6th cycle although within a healthy range. Healthy values vary 

between 150-450mm3. (300±150) . 

Haemoglobin  

The study findings of the hemoglobin are shown in the (Fig 25) and the mean and SD values are 

in the (Appx D). 

The standard interval varies from 12-15 g/dl. 
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Figure 24: Illustration of pre and post chemotherapy thrombocyte levels 
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Figure 25: Hemoglobin levels pre and post chemotherapy analysis 

The study showed a notable decrease in the haemoglobin mean values after the 

administration of chemotherapy in each age group i.e all the curves tend towards the lowest values. 

A sample cohort between age 30-39 had the lowest pre and post chemotherapy haemoglobin levels   

along with age group 20-29 that had low mean values after the 5th and 6th cycles of 10.42±1.36 and 

10.98±1.58 accordingly.A low mean value of 10.88±1.02 in the age group of 50 and above after 

the 4th cycle was also observed. 

 

Neutrophils 

The statistically analysed data is demonstrated in (Fig 26) and the values in (Appx E). 

The control values for neutrophils vary from 40%-60%. 
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Figure 26: Neutrophils dynamics following chemotherapy treatment 

Slight variations were observed from the pretreatment values although they were still 

within the healthy range with the exception of a cohort group (20-29) where they had decreased to 

33.86±17.18 after the 5th cycle and (30-39) where the value increased significantly to 71.66±14.6 

after the 6th cycle. Moreover, the values in the age group of 50 and above had a marginal increase 

after the 2nd and 5th cycles of 61.49±12.96 and 62.1±14 respectively. 

Haematocrit  

The variations of the hematocrit values are shown in (Fig 27) and the average/SD values in 

(Appx F) 

The normal values range from 36%-45%. 
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The haematocrit mean values before the commencement of chemotherapy were all within 

the healthy range for all age groups but a marginal decrease was observed after the 1st cycle in all 

age groups except a sample cohort of 20- 29. The mean values remained below the normal interval 

across the age groups after the chemotherapy cycles.  

 

Mean corpuscular volume 

The results of the are represented in (Fig 28) and (Appx G). 

Normal values range from 80 – 100 femtoliter (fL) 
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Figure 27: A linear representation of haematocrit levels: before and 

after chemotherapy 



Chapter 6: Results and discussion 

 

57 

 

The MCV mean level for the first age group (20-29) 78.88±10.8 was slightly lower before 

the 1st chemotherapy session compared to other age groups and there was a subsequent notable 

fluctuations of the mean values in this age group which stabilized after the 5th cycle and the 1st 

cycle stood out in all age groups with the lowest value of 67.71±24.2. The 2nd 3rd and 4th age group 

exhibited positive mean values falling within the normal interval.  

 

Mean corpuscular hemoglobin 

The findings are demonstrated in (Fig 29) and in (Appx H). 

The MCH standard values vary from 27–31 picograms/cell (pg). 
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Figure 29: MCH levels: comparison before and after chemotherapy 

According to the study, all groups with the exception of the 4th cohort had low MCH mean 

values before the onset of the chemotherapy. The MHC values of the first group exhibited a 

decreasing trend, reaching the lowest mean value of 24.28 with a standard deviation of ±4.17. 

Conversely, other age groups maintained standard values within the healthy range, with 

approximate standard deviation values.  

 

Mean corpuscular haemoglobin concentration 

The findings of this study are depicted in (Fig 30) and in (Appx I). 

Normal values range from 32-36 grams/deciliter (g/dl). 
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Basing on the findings, the MCHC levels in the first age group formed a sharp zigzag curve 

with the lowest value of 30.4±3.01. Majority of the mean levels were slightly below or within the 

lowest normal value of 32. The first age group was significantly affected than the other age groups.  

 

6.3 Mastectomy 

The study population consisted of 28 patients, with 26 receiving neo-adjuvant 

chemotherapy and 2 receiving neo-adjuvant hormone therapy. Patient ages ranged from 35 to 84, 

with the majority diagnosed with stage II breast cancer. A high percentage of patients underwent 

modified radical mastectomy, while a few remained undetermined. Prior to the surgical resection 

procedure, patients received intravenous injection of general anesthesia, and hemostasis was 

achieved after the operation (Fig 31). 
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Figure 30: Visualising the impact of chemotherapy on MCHC mean 

values prior and after chemotherapy 
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Figure 31: The partitioning of patients according to their age groups and BC stage 

6.3.1 Hematological parameters variations pre and post mastectomy 

Leucocytes 

The erythrocytes test results of our patients distributed according to age group before and after 

mastectomy are illustrated in (Fig. 32). 

Figure 32: Mean leukocyte values before and after mastectomy 
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The statistical study of shows sufficient leucocytes (4-11µL normal range of values) in age 

group 30-44 with mean values of 6,77µL and 7,003µL showing just a marginal difference before 

and after mastectomy respectively. The 45-60 age group have normal values, 7,32 µL and 7,29µL 

with almost no difference before and after mastectomy accordingly. The 60 and above age group 

had sufficient leucocytes ,4,37µL before and 5,317µL after mastectomy. A relatively significant 

increase is observed though after mastectomy. 

Erythrocytes 

The erythrocytes test results of our patients distributed according to age group before and after 

mastectomy are illustrated in (Fig 33). 

Figure 33: Erythrocyte variations before and after surgical intervention 
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Note: Normal erythrocyte values are 4.0-5.0µL 

The statistical study of indicates sufficient erythrocytes in the 30-45 age group with mean 

values of 4.353µL and 4.126µL before and after mastectomy respectively although there was a 

slight decrease after mastectomy. The age groups 45-59 and 60 and above had insufficient 

erythrocytes before mastectomy with mean values of 3.923µL and 3.739µL. Their erythrocyte 

mean values both increase to the range of normal values 4.5µL and 4.057µL respectively after 

mastectomy. 

 

Thrombocytes 

The variations of the thrombocytes values are illustrated in (Fig 34). 

 

Figure 34: Thrombocyte count before and after mastectomy 

Note: The acceptable values for platelets are 150 -450 µL 

The statistical study of reveals sufficient levels of platelets in age groups 30-44 and 45-59 

with mean values 263.571µL and 302.586µL before mastectomy and; 334.429µL and 362.486µL 

after mastectomy signifying an increase in the platelet count. The age group 60 and above hand 

sufficient platelet count before and after mastectomy with mean values of 289.714µL before 

mastectomy and 229.286µL after mastectomy signifying a decrease. 
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Haemoglobin 

The hemoglobin results of our patients before and after mastectomy according to age group are 

shown in (Fig 35). 

 

Figure 35: Mean hemoglobin values before and after mastectomy for each age 

group 

. 

Note: Normal Hb values are 12-15g/mL 

The statistical analysis presented on shows normal values of Hb for the 30-44 age group 

before mastectomy with a mean value of 12.029g/mL, there is a decrease post mastectomy with a 

mean value of 11.086g/mL. The 45-59 age group had elevated Hb levels showing a slight increase 

with mean values of 18.743g/mL and 19g/mL pre and post mastectomy respectively. Low Hb 

levels are shown in the 60 and above age group before mastectomy with a mean value of 11.3gmL, 

the Hb level increased after mastectomy with mean value of 12.357g/mL. 

Neutrophils 

The results of the neutrophil count of our patients grouped according to age are illustrated in (Fig 

36). 
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Figure 36: Neutrophil count: pre and post mastectomy comparison 

Note: Normal neutrophil count values are 40-60% 

The statistical study presented in (Fig  36) shows normal neutrophil levels in the age group 

30-44 with mean values of 51.143% and 50.3% before and after mastectomy indicating a small 

decline. The age group 45-59 has sufficient neutrophil levels before and after mastectomy with 

mean values of 61.6% and 56.157% respectively stipulating a slight diminish after mastectomy. 

Normal neutrophil levels are shown in the 60 and above age group with mean values of 55.757% 

and 55.557 before and after mastectomy accordingly showing no significant change. 

 

Hematocrit 

The hematocrit (Ht) results of our patients distributed according to age group before and after 

mastectomy are shown in (Fig 37). 
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Figure 37: Changes in hematocrit levels following mastectomy 

Note: Standard Ht values are 36-45%  

The statistical analysis depicted on (Fig 37) reveals a decrease in Ht level below normal 

range following mastectomy in the 30-44 and 45-59 age groups with mean values of 36.4% and 

35.7% before mastectomy and 33.886% and 32.533% post mastectomy accordingly. The 45-59 

age group had low Ht levels pre mastectomy with mean value of 34.129%, an increase into normal 

range value is shown after mastectomy with mean value of 37.3%. 

 

Mean corpuscular volume 

The patients’ MCV test results before and after mastectomy for each age group are shown in (Fig 

38).  
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Note: Normal MCV values are 80-100fL 

The statistical analysis presented in (Fig 38) illustrates normal mean corpuscular volume 

levels in the 30-44 age group, with mean values of 83.671fL and 82.714fL before and after 

mastectomy, respectively, indicating no significant difference. In the 45-59 age group, acceptable 

MCV levels were observed, with mean values of 89.157fL and 87.171fL before and after 

mastectomy, respectively, indicating a slight decrease. Similarly, sufficient MCV levels were 

noted in the 60 and above age group, with mean values of 91.314fL and 91.441fL before and after 

mastectomy, respectively, showing no notable difference 

 

Mean corpuscular haemoglobin  

The MCH test results of our patients distributed according to age group before and after 

mastectomy are illustrated in (Fig 39). 
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Figure 38: MCV mean values before and after mastectomy 
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Note: Normal MCH values are 27-31pg 

Analysis of (Fig 39) reveals that in the 30-44 age group, mean corpuscular volume  

levels remained within the normal range,with mean values of 27.643pg and 27.3pg before and 

after mastectomy, respectively, showing no significant difference. For the 45-59 age group, MCV 

levels were initially sufficient, with mean values of 28.829pg before mastectomy, decreasing 

slightly to 28.071pg after the procedure. Similarly, in the 60 and above age group, MCV levels 

remained normal, with average values of 30.2pg and 30.554pg before and after mastectomy, 

respectively, indicating no significant change. 

Mean corpuscular haemoglobin concentration 

The MCHC results for our patients’ age groups before and after mastectomy are displayed in (Fig 

40) 
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Figure 39: MCH values prior and after mastectomy 
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Figure 40: Before and after mastectomy MCHC variations 

Note: Normal MCHC values are 32-36 g/dL 

Fig 40 presents the statistical analysis of mean corpuscular haemoglobin concentration 

levels across different age groups before and after mastectomy. The findings indicate normal 

MCHC levels in all age groups, with mean values of 33.086 and 33.014 in the 30-44 age group, 

32.186 and 32.229 in the 45-60 age group, and 33.114 and 33.221 in the 60 and above age group, 

before and after mastectomy, respectively. Notably, the mean values for the 45-59 age group were 

slightly lower than those of the other age groups, although the differences were not statistically 

significant. 

6.4 General discussion  

Breast cancer is a major global concern associated with a high mortality rate due to 

complications in many organ systems, including haematological abnormalities observed both 

before and after treatment. While not exclusively age-related, breast cancer is more prevalent in 

women aged 50 and above, likely due to age-related comorbidities, accumulated mutations, and 

prolonged exposure to oestrogen and progesterone, known contributors to breast cancer 

development. In our study, 60% of participants were in their menstrual cycle and 40% had attained 

menopause, reflecting the impact of hormonal exposure on breast cancer susceptibility. The 
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majority of patients were diagnosed with stage II invasive carcinoma NST, predominantly ductal 

carcinoma. Nineteen patients were diagnosed with the luminal A molecular subtype, while 12 had 

TNBC. This indicates that most patients tested positive for ER and PR receptors (50 patients), with 

fewer testing positive for HER2 receptor (24 patients). 

Breast chemotherapy drugs contain cytotoxic compounds capable of destroying both 

cancerous and rapidly dividing cells, making treatment challenging for patients under both 

neoadjuvant and adjuvant regimens. Haematological abnormalities such as neutropenia, anaemia, 

leucopenia, and thrombopenia often arise due to chemotherapeutic drugs. A high percentage of 

our patients were on taxane-containing drugs, which are associated with myelosuppression, thus 

slowing down haematopoiesis in the bone marrow. In our study, post-chemotherapy anaemia was 

observed across all age cohorts, with slight decreases in erythrocytes and their indices, 

haematocrit, and haemoglobin. Exceptionally low values of MCV, haemoglobin, MCH and 

MCHC were observed in the 20-29 age group, indicating anaemia related with microcytosis, iron 

metabolism disruption due to inflammation and low iron uptake. The outcome of our study 

resembled with the study conducted by (Aynalem et al., 2022; Rahmaniar et al., 2024).  

There was no significant deviation from the normal range in leukocyte levels across all age 

groups, except for the 40-49 group after the third cycle of chemotherapy. We also observed 

increased neutrophil levels, which varied according to age and chemotherapy cycle. For instance, 

the 20-29 age group showed decreased levels from cycles 2 to 5, which stabilized in cycle 6, while 

other cohorts exhibited varied fluctuations. Most groups showed slight variations, likely due to the 

2-3 weeks interval that allowed proper cell count recovery after treatment. 

The unique values for the 20-29 and 40-49 age groups may be due to dense-dose 

chemotherapy extending its effects to the next cycle or other minimal factors. Our observations 

differed from those of (Aynalem et al., 2022), who reported decreased leukocyte and neutrophil 

levels after treatment. Thrombocytosis was particularly noted in the 30-39 age group, with SD 

values of 119.33 and 115.24, while other age cohorts showed slight fluctuations after the cycle, 

consistent with the findings of (Rahmaniar et al., 2024) in Indonesia, where thrombocytopenia 

was observed in the 40-59 age cohort. 

Mastectomy patients had most of their axillary nodes removed due to the nature of their 

surgery and received general anaesthesia, which can cause immunosuppression through the 
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sympathetic nervous system. Most patients had anaemia with low levels of erythrocytes, 

haemoglobin, haematocrit, and MCV both before and after mastectomy. MCH and MCHC levels 

were normal before and after surgery. The only group with high haemoglobin levels was the 45-

59 age group, both before and after mastectomy. Leukocyte levels were low before surgery in the 

30-39 and 60+ age groups but remained within the normal range. Neutrophil levels were within 

healthy limits for the 20-29 and 60+ age groups and showed no changes before and after 

mastectomy, but the 45-59 group exhibited increased levels that decreased after surgery, which is 

unique considering that most patients were under chemotherapy. However, since most patients 

were receiving haematopoiesis boosters this could be the core reason behind the elevated levels 

beside the infections that are related with increased neutrophils levels. Perioperative blood loss 

and surgical trauma likely triggered the HPA axis and SNS to restore tissue homeostasis. Post-

surgery, thrombocyte numbers increased in the 20-29 and 45-59 age groups and decreased in the 

60+ age group. The increase in platelet count may be due to a transient overshoot caused by 

delayed thrombopoietin release related to surgical haemostasis, while the low levels in the 60+ 

group could be attributed to age-related reduced haematopoiesis and increased platelet demand for 

coagulation. 

Studies by (Ufelle et al., 2012) in Enugu, Nigeria, showed significant decreases in 

haematological parameters pre- and post-surgery, similar to our findings. However, most patients 

in our study showed increased thrombocyte levels, contrary to their study. (Skeith et al., 2020) 

observed thrombopenia in cardiac patients post-surgery, followed by a significant increase, 

aligning with our observations. Our study noted increased anaemia due to chemotherapy drugs and 

mastectomy. Leucopenia, neutropenia, and thrombopenia were age-group-related and fluctuated 

more than erythrocytes and their indices. Medications administered to patients with 

haematological parameter fluctuations post-chemotherapy could have stimulated production to 

restore peripheral blood levels, and the interval between chemotherapy cycles likely aided in blood 

cell recovery. 

This study had limited provisions of immediate tests after short chemotherapy sessions and 

mastectomy due to its retrospective design. However, chemotherapy and mastectomy negatively 

affect haematological parameters to levels detrimental to patient well-being, necessitating 

immune-boosting supplements alongside the regimen. 



Chapter 6: Results and discussion 

 

71 

 

6.5 Conclusion 

In conclusion, breast cancer chemotherapy and mastectomy significantly impact 

haematological parameters, often resulting in anaemia, neutropenia, leucopenia, and 

thrombocytopenia. These haematological changes can adversely affect patient well-being and 

complicate recovery. Our study highlights the need for vigilant clinical monitoring and timely 

interventions to manage these side effects. The use of haematopoiesis boosters and maintaining a 

well-balanced nutritional regimen are critical strategies for mitigating the adverse effects of 

treatment. 

Furthermore, our findings underscore the importance of personalized treatment plans that 

consider patient-specific factors such as age, hormonal status, and baseline haematological 

parameters. Tailoring interventions to individual patient needs can improve treatment outcomes 

and enhance quality of life during and after breast cancer therapy. 

Future prospective studies should focus on identifying the primary causes of 

chemotherapy-associated anemia, whether stemming from myelosuppression or hemolysis. 

Understanding these mechanisms will aid in developing more targeted and effective treatment 

methods. Additionally, investigating the role of different chemotherapy regimens and surgical 

techniques on haematological health can provide insights into optimizing breast cancer treatment 

protocols. 

Overall, a comprehensive approach that includes early detection, personalized treatment, 

supportive care, and ongoing research is essential for improving patient outcomes and managing 

the haematological side effects associated with breast cancer treatment.  
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Appendices 

Appendix A: Leukocytes' mean and SD values for each age group: before and after 

chemotherapy cycles 

 

Appendix B: Erythrocyte metrics pre and post chemotherapy treatment 

 

Chemotherapy 

 

                                         Age groups 

 20 - 29  30 - 39  40 - 50  50 and above 

Before 6.75±2.21 6.29±1.81 7.55±3.78 6.5±1.87 

C1 7.43±3.1 5.32±1.76 7.01±2.65 5.26±2.28 

C2 5.81±1.35 4.55±1.19 6.19±2.54 7.56±4.36 

C3 7.81±1.97 5.11±1.86 14.3±14.41 5.77±3.37 

C4 6.82±2.32 5.25±2.81 7.72±2.04 4.6±0.86 

C5 5.22±2.75 5.05±2.13 7.24±2.37 6.24±2.65 

C6 7.78±2.4 9.86±6.04 7.12±1.95 4.45±2.05 

Chemotherapy                                                  Age groups 

20 - 29  30 - 39  40 - 49  50 and above 

Before 4.82±0.81 4.41±0.37 4.25±0.67 4.81±0.61 

C1 4.67±0.49 4.23±0.42 4.12±0.71 4.3±0.53 

C 2 4.57±0.67 4.23±0.29 4.24±0.59 4.27±0.71 

C 3 4.81±0.5 4.2±0.57 4.32±0.5 4.27±0.66 

C 4 4.48±0.37 4.14±0.46 4.14±0.38 4.08±0.69 

C 5 4.14±0.56 4.22±0.53 4.06±0.36 4.21±0.6 

C 6 4.24±0.4 4.13±0.32 3.99±0.45 4.21±0.45 
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Appendix C: Thrombocytes mean and SD levels for each group (before and after chemotherapy 

sessions) 

 

 

Appendix D: Pre and post mean and SD hemoglobin values for patients under chemotherapy 

Chemotherapy                                     Age groups    

 20 -29  30 - 39  40 - 49  50 and above 

Before 336.11±49.54 296.89±95.86 293.67±88.22 275.22±106.25 

C 1 312.44±61.88 368.22±119.33 316.44±113.77 331.56±61.43 

C 2 364.78±33.81 336.89±87.06 296±69.88 306.44±98.87 

C 3 379.44±81.01 339.11±115.24 336.22±112.99 320.78±42.85 

C 4 343.22±56.84 346.44±102.73 306.56±73.53 253.78±49.86 

C 5 336.33±74.76 319.33±87.56 324.67±96.94 261.44±73.64 

C 6 277.67±80.38 333±125.66 272±79.55 238.64±104.04 

Chemotherapy                                    Age groups 

 20 - 29  30 - 39  40 - 49  50 and above 

Before 12.31±0.94 11.82±0.96 12.13±1.71 12.49±1.28 

C 1 12.18±1.63 11.06±1.35 11.66±1.07 11.76±0.85 

C 2 11.66±1.23 11.13±1.54 11.7±1.18 11.39±1.07 

C 3 11.54±1.38 11.17±1.19 11.6±1.03 11.54±0.68 

C 4 11.66±1.58 11.46±1.32 11.9±1.11 10.88±1.02 

C 5 10.42±1.36 11.19±0.94 12.19±0.98 11.03±1.02 

C 6 10.98±1.58 10.91±0.97 11.41±1.91 11.29±1.22 
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Appendix E: Pre and post chemotherapy neutrophils values 

 

Appendix F: Haematocrit values for each age cohort prior to and after every chemotherapy 

cycle 

 

 

Chemotherapy                                       Age groups 

 20 - 29  30 - 39  40 - 49  50 and above 

Before 54.71±11.99 56.99±9.22 58.31±9.12 49.19±19.52 

C 1 55.66±16.68 52.44±9.85 59.25±16.31 47.82±19.22 

C 2 46.02±6.96 51.63±12.26 55.28±16.34 61.49±12.96 

C 3 41.76±21.93 53.37±17.77 57.45±11.43 50.69±16.65 

C 4 43.16±22.07 59.99±17.6 59.94±17.97 56.77±11.51 

C 5 33.86±17.18 59.96±21.41 55.23±16.01 62.1±14 

C 6 54.33±27.44 71.66±14.6 48.42±29.16 53.69±15.91 

Chemotherapy 

 

                                   Age groups 

 20 - 29  30 - 39  40 - 49  50 and above 

Before 37,24±2,72 35.83±3.59 36.55±5.06 37.96±3.55 

C 1 36,62±3,33 33.87±4.24 33.97±4.54 34.82±1.74 

C 2 34.92±3.77 34.26±2.83 34.92±3.97 34.4±2.03 

C 3 34.9±3.94 34.58±4.17 33.98±4.27 34.45±1.46 

C 4 35.24±4.59 34.04±3.67 34.37±4.14 33.05±1.73 

C 5 34.58±6.11 34.77±2.68 35.43±4.26 34.05±3.14 

C 6 34.36±5.38 33.14±1.77 34.92±5.79 34.17±2.47 
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Appendix G: MCV values pre and  post chemotherapy 

 

Appendix H: MCH values: pre and post chemotherapy analysis 

 

 

Chemotherapy                                                   Age groups 

 20 - 29  30 - 39  40 - 49  50 and above 

Before 78.88±10.86 80.94±7.08 84.5±8.84 80.81±9.03 

C 1 67.71±24.2 80.11±8.52 83.49±9.09 82.59±9.71 

C 2 77.86±12.81 81.01±7.12 84.28±9.95 83.86±10.29 

C 3 78.83±12.99 81.52±7.29 80.3±12.54 81.97±10.27 

C 4 79.11±11.83 82.72±7.36 84.27±9.51 82.68±10.18 

C 5 83.98±13.39 83.34±7.65 88.6±3.13 83.1±10.79 

C 6 81.12±11.35 80.86±7.18 85.2±5.92 82.49±10.43 

Chemotherapy                                                    Age groups 

 20 to 29 30 to 39 40 to 49 50 and above 

Before 26.22±4.75 26.94±3.26 27.78±3.12 26.99±3.11 

C 1 26.39±4.77 26.31±2.98 28.9±4.25 28.5±4.82 

C 2 25.99±4.4 26.32±3.34 28.42±4 27.73±3.72 

C 3 24.28±4.17 27.61±3.95 27.84±3.7 27.49±4.51 

C 4 25.92±3.58 28.03±4.21 28.23±2.7 27.4±4.42 

C 5 25.1±2.79 27.11±4.3 28.65±0.96 27.71±4.28 

C 6 25.88±3.12 26.67±3.8 29.88±0.84 27.97±4.67 
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 Appendix I: Pre and post chemotherapy MCHC mean and SD values 

 

 

  

Chemotherapy                         Age groups 

 20 - 29  30 - 39  40 - 49  50 and above 

Before 33.09±2 33.92±2.72 33.24±1.62 32.69±1.92 

C 1 33.18±2.34 32.69±1.02 34.63±3.4 33.14±2.28 

C 2 33.37±0.31 32.52±3.06 33.28±1.82 32.67±2.39 

C 3 31.08±4.25 33.39±3.52 33.54±3.93 33.14±2.35 

C 4 32.88±0.77 34.18±2.37 33.76±1.2 32.82±2.45 

C 5 30.4±3.01 32.38±2.55 32.99±1.27 32.22±2.93 

C 6 31.99±1.01 32.87±2.23 32.44±3.29 32.31±3.26 
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Appendix J: Patients' information form 

  

10) Types of treatment received :  Chemotherapy (the precise regime): 

 Mastectomy: 

11) Treatment duration : 

12) First day of treatment. 

/         /     

 Last day of treatment. 

         /       / 

Post-treatment follow-up 

Haematological parameters 
Before and after treatment : 

o Leukocytes 
o Erythrocytes 
o Thrombocytes 
o Haemoglobine 
o Neutrophils 
o Haematocrit 

 

 
o Erythrocyte indices : 

MCV, MCH, MCHC 

 

 AGE 
 

 SEX: MALE   
                  FEMALE            

3) Date of cancer diagnosis.                                          4) ORIGINE  

5) Family history 

6) Histological type of breast cancer: 

 

 

7)  cancer stage diagnosed 

  I          II.               III.                IV.   

8) Hormonal receptors (-ve\+ve) 

 

 

o  Œstrogen receptors 
o  Progesterone receptors 
o HER2 
o TNBC 

9) Probable risk factors 

 

NUMBER: 

 

 

 


