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Abstract

Background: Breast cancer is the most common cancer that forms tumors in the tissues of the
breast and is the leading cause of cancer deaths in women. Chemotherapy, the most effective
treatment for breast cancer, targets not only cancer cells but also rapidly dividing healthy cells,
including the bone marrow cells. These bone marrow cell damages can reduce the quality of life
of the patient.

Objective: To determine hematological parameter alteration and associated risk factors in breast
cancer patients undergoing chemotherapy at Worabe Comprehensive Specialized Hospital from
December 2023 to December 2024, Worabe, Central Ethiopia.

Methods: A cohort study design with primary and secondary data was implemented in breast
cancer patients receiving chemotherapy at Worabe Comprehensive Specialized Hospital. After
receiving consent, patients who met the inclusion and exclusion criteria were identified. Socio-
demographic and clinical information were gathered by using a structured questionnaire and from
the patient's file. About 3-4 ml of blood was collected and analyzed by using a Sysmex 550
hematological analyzer throughout four chemotherapy cycles. The data were entered and analyzed
using SPSS version 27. The data were summarized and described by using descriptive statistics.
Non-parametric tests (Friedman, Mann-Whitney U, and Kruskal-Wallis with Bonferroni
correction) were employed for statistical analysis, due to the non-normal distribution of the data.
Result: This study of 43 female breast cancer patients revealed significant decreases in median
values for RBC count (4.70 to 4.27 x10%ul), hemoglobin (13.60 to 12.60 g/dl), hematocrit (39.6
to 36.7%), MCH (29.3 to 28.9 pg), and MCHC (34.3 to 33.3 g/dl), but the RDW and MCV
significantly rose. While the WBC parameters, including total WBC, neutrophil, and lymphocyte
counts, also decreased significantly. The platelet counts rose insignificantly. The socio-
demographic like residence and clinical factors, such as stage of cancer and age, were affect RBC
count, hemoglobin level, MCV, and MCH during chemotherapy. The total WBC and platelet count
during the treatment of chemotherapy were affected by metastasis of the cancer, occupation, and
stage of the cancer, but many findings weren’t significant after Bonferroni correction.
Conclusion: This study demonstrates that breast cancer chemotherapy can significantly impact
most hematological profiles, including RBC count, hemoglobin, hematocrit, total WBC count,
neutrophil count, and lymphocyte count. The platelet count shows an insignificant increment.
Stage and metastasis of the cancer and residence of the patient increase the effect of chemotherapy.
Key words: Hematological parameter, Breast cancer, Chemotherapy
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1 Introduction
1.1 Background

In normal physiological conditions, cells in the body are capable of dividing and multiplying when
the body requires growth and repair. When cells are aged or damaged in different conditions, they
will be destroyed and replaced by new cells(1). Cancer is a mutagenic disease with many
etiological factors that can arise from any cell type and organs. The disease is characterized by
some body cells growing out of control, which can lead to invasion or spread to other body

areas(2).

Tumor cells are transformed into malignant ones through a multistage process influenced by
genetic factors and external factors like chemical carcinogens, air pollution, asbestos, tobacco
smoke, and arsenic(3). Reducing the risk of certain cancers can be achieved through lifestyle
changes like quitting smoking, maintaining a healthy weight, and avoiding processed meat and
sunlight (4). In terms of new cases, the most prevalent cancer kinds according to WHO statistics
in 2020 are lung, breast, colon and rectum, prostate, skin, and stomach; in terms of new deaths,

lung, colon and rectum, liver, stomach, and breast cancers(5).

Breast cancer is the major type and leading cause of cancer deaths among women, especially in
low- and middle-income nations, despite tremendous advancements in the diagnosis and survival
rates of breast cancer. In many African nations, the prevalence of breast cancer is rising, yet there
are still remarkably few programs in place to control it (6, 7, 8).

The breast is composed of three main components: the lobules, which are the milk-producing
glands; milk ducts(tubes) that transport milk to the chest or abdomen; and the connective tissue
that surrounds and holds everything together(9). Breast cancer is a type of cancer that develops in
the cells of the breast and can occur in both men and women, although it is much more common
in women(10). It usually begins in the inner lining of milk ducts or the lobules that supply them
with milk. If the cancer is not treated early, it may disseminate to other areas of the body and
increase the risk of life-threatening conditions. The common varieties of breast cancer encompass
ductal carcinoma in situ, invasive ductal carcinoma, and invasive lobular carcinoma. The risk

factors for developing breast cancer include genetic mutations like breast cancer gene (BRCAL



and BRCA2), family history, age, exposure to radiation, hormonal influences, and lifestyle factors

such as alcohol consumption and obesity(6, 11, 12).

The symptoms of breast cancer can vary, but often include a lump in the breast, alteration in size
or shape of the breast, dimpling of the skin, nipple discharge, or pain in the breast. Diagnosis
typically involves a combination of physical exams, mammograms, ultrasounds, biopsies, and
sometimes magnetic resonance imaging(13). Treatment options for breast cancer depend on the
type and stage of the disease, including surgery, radiation therapy, chemotherapy, hormone
therapy, and targeted therapy, either independently or in combination. Early detection and
treatment are crucial in improving the prognosis and survival rates for those affected by breast
cancer(14, 15).

Chemotherapy is a common treatment for breast cancer, especially in aggressive cases, when the
cancer has spread, or if there's a high risk of recurrence(10). The goal is to destroy cancer cells,
shrink tumors, and prevent their spread or returning. There are different types of chemotherapy:
neoadjuvant before surgery, adjuvant after surgery, and metastatic for cancer that has spread to
other parts of the body. Various types of chemotherapy drugs are used to treat breast cancer, such
as anthracyclines like doxorubicin (Adriamycin), taxanes like paclitaxel (Taxol), alkylating agents
like cyclophosphamide, and antimetabolites like 5-fluorouracil. Chemotherapy can be given orally
or intravenously in cycles to allow the body to recover. The treatment plan depends on the type
and stage of breast cancer, as well as the patient's overall health status. The treatment is given
either single drug or combination of more than one drug. Using a combination of drugs increases
the effectiveness of treatment by targeting different phases of the cell reproduction cycle and

reducing resistance of body to specific drugs (16, 17, 18).

The effectiveness of chemotherapy depends on factors like the type of breast cancer, its stage, and
how the cancer cells respond to the treatment. It can improve survival rates and reduce recurrence
risk, especially in aggressive breast cancers. It is often part of a comprehensive treatment plan that
may include surgery, radiation therapy, hormonal therapy, and targeted therapy depending on the

specific characteristics of the breast cancer(19, 20).

The chemotherapy drugs used in breast cancer can not only destroy cancer cells but also affect
bone marrow, Gl tract, and hair follicles(21). Which leads to undesirable adverse effects such as

fatigue, nausea, hair loss, and an increased risk of infection. Other common side effects include
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mouth sores, loss of appetite, and changes in nails and skin. Depending on the drugs used and their
dosage, it may cause long-term effects like infertility, early menopause, and a higher risk of other
cancers (22, 23, 24).

Various studies show that chemotherapy has significant impacts on hematological parameters due
to its myelosuppressive effects. It affects bone marrow by depleting hematopoietic stem cells,
inhibiting DNA synthesis, and disrupting microtubule function. This causes a decrease in
hemoglobin, platelets, and leukocyte levels. Chemotherapy also causes loss of immunity and

anemia in patients, suppressing immune cells and leading to opportunistic infections(25, 26).

Anemia is the most common side effect of chemotherapy, due to a decrease in RBC production,
which can lead the patient for fatigue, shortness of breath, and weakness. Thrombocytopenia and
Leukopenia, particularly neutropenia, are other common complications of chemotherapy. These

conditions make the patient susceptible to various infections and bleeding problems(24, 27, 28).

Monitoring and managing these conditions are crucial for optimizing treatment outcomes, ensuring
patient safety, and minimizing the risk of morbidity and mortality. Supportive treatments, such as
blood transfusions, growth factor injections (e.g., erythropoietin for anemia, G-CSF for
neutropenia), and platelet transfusions, are often used to mitigate the risks associated with

chemotherapy-induced hematological abnormalities(29, 30).

A Complete Blood Count is a standard laboratory test to assess overall health status and helps in
identifying various medical issues, including anemia and infections. It provides a snapshot of
health status and is valuable in routine checkups and monitoring patients undergoing
chemotherapy. The use of CBC during chemotherapy is crucial for monitoring blood health,
platelet count, and ensuring normal red and white blood cell function. It assists in detecting anemia
and the risk of infection, guiding treatment decisions, and effectively managing side effects. CBC
provides essential information about WBCs, RBCs, and platelets, and assists health professionals

in diagnosing complications of chemotherapy in breast cancer and other diseases.

Hematological parameters like RBC count, hemoglobin, hematocrit, MCV, MCHC, total WBC
count, and neutrophil count significantly declined after being treated by chemotherapy compared

to baseline. The platelet count increases or decreases after treatment(24, 28, 31).



1.2 Statement of the problem

Breast cancer is one of the most prevalent malignancies worldwide, and significant contribution
to morbidity and mortality among women. It is affecting about 1 in 8 females. 2.3 million people
were newly diagnosed with breast cancer, and 685,000 people died by breast cancer in 2020. In
low- and middle-income countries, the burden of breast cancer is rising, facing challenges such as
late-stage diagnosis, limited healthcare access, and high mortality rates. High-income countries
have the highest incidence, with a lower mortality rate due to early detection and better access to

treatment.

Despite having historically lower incidence rates compared to high-income countries, breast
cancer cases in Africa are rising at an alarming rate. Based on WHO data in 2020, about 198,000
people were newly diagnosed in breast cancer, and 91,000 people died by breast cancer in Africa.
The mortality rate is disproportionately high compared to other regions, primarily due to late-stage
diagnosis and limited access to effective healthcare and treatment options. Several factors
contribute to the burden of breast cancer in Africa, including a lack of awareness about symptoms,
shortage of specialized healthcare facilities, trained medical personnel, and resources for cancer

treatment, such as chemotherapy and radiation therapy (32, 33).

Breast cancer has a significant socioeconomic impact in Africa, particularly in countries like
Ethiopia. It leads to financial problems and a decrease in productivity. High treatment costs, lack
of insurance, and limited healthcare infrastructure exacerbate the problem, pushing many families
into poverty. The disease also results in a loss of income as women are unable to work during
treatment, further increasing dependency. Stigma and a lack of awareness surrounding breast
cancer hinder early diagnosis and treatment, contributing to poor outcomes. In Ethiopia, patients,
especially those from low-income backgrounds, struggle to afford treatment and travel to
specialized centers. To address these challenges, there is a need for improved public health
strategies, early detection initiatives, and expanded cancer care infrastructure. Empowering
women with access to healthcare services is crucial in the fight against breast cancer in Africa (34,
35, 36).

Breast cancer has overtaken cervical cancer as the most frequently diagnosed cancer in women in
sub-Saharan African countries. Its burden is expected to rise due to urbanization-related risk

factors. In Ethiopia, the burden of breast cancer has been increasing, with a growing number of
4



patients requiring treatment. In 2020, Ethiopia reported more than 15,000 new cases of breast
cancer, with over 7,000 deaths, according to the WHO. It is about 33% of cancers in women and
23% of both sexes in Ethiopia. Most patients present with advanced disease, with 67% having
locally advanced cancer and 25% having metastatic cancer. All these factors result in

unsatisfactory treatment outcomes(37, 38, 39).

A key factor for increasing the burden of breast cancer in Ethiopia is its late-stage diagnosis. Many
women present with advanced-stage breast cancer due to limited awareness of the disease, cultural
taboos, and insufficient access to health education. This delay in seeking medical care often results
in poor treatment outcomes, as early-stage breast cancer is more treatable. Moreover, Ethiopia’s
healthcare system faces significant challenges, such as a shortage of cancer specialists, inadequate
diagnostic facilities, and limited availability of treatment options like surgery, chemotherapy, and
radiation therapy(40, 41).

Chemotherapy is one of the most common and effective therapeutic approaches used in the
management of breast cancer. However, it is known to cause various adverse effects, including
alterations in hematological parameters. Hematological parameters, such as red blood cells, white
blood cells, hemoglobin, and platelets, play vital roles in the body’s immune response and overall
function. The drugs deplete hematopoietic stem cells in the bone marrow, inhibiting microtubule,
protein, and DNA synthesis. This leads to cell death, resulting in decreased levels of hemoglobin,
platelets, and leukocytes, which can lead to complications such as anemia and leukopenia
thrombocytopenia. Anemia is one of the most common side effects of breast cancer treatment,
which decreases the effectiveness of chemotherapy drugs on malignant cells and complicates
breast cancer management. Neutropenia is a decreased number of neutrophils in the blood, a higher
risk for dangerous infection, and the most serious adverse effect of chemotherapy. These
complications not only affect the patient’s quality of life but can also lead to treatment delays or
discontinuation, further exacerbating the disease prognosis and mortality directly or indirectly(27,
42, 43).

Chemotherapy can also affect RBC parameters like MCV, MCH, and MCHC values in breast
cancer patients, which leads to a decrease in RBC count and hemoglobin levels. Hematological
disorders such as anemia, thrombocytopenia, and leucopenia are associated with chemotherapy-

induced side effects, which affect patients' quality of life. The incidence of bleeding in breast



cancer patients can range from mild to severe. Severe bleeding in the presence of
thrombocytopenia or other clotting disorders, potentially leading to serious morbidity or death.
Thrombocytopenia is a common problem experienced by breast cancer patients, often due to
chemotherapy. The total leukocyte count and the relative count of neutrophils, lymphocytes,
eosinophils, monocytes, and basophils in breast cancer-treated patients show a decrease.
Chemotherapy drugs damage neutrophils in breast cancer patients, potentially leading to
neutropenia. Chemotherapy-induced myelosuppression of hematopoietic cells is a significant
concern, as it is associated with 8.5% of all cancer deaths(27, 44, 45).

Despite the widespread use of chemotherapy in breast cancer treatment in Ethiopia, there is limited
information on its impact on the hematological profile of patients. Moreover, associated risk
factors such as age, stage of cancer, and the type of chemotherapy regimen used may further
contribute to these hematological changes, yet these have not been adequately studied in the local
context. Understanding these alterations and their associated factors is crucial for improving

patient management, minimizing complications, and enhancing treatment outcomes.

Therefore, this study aims to assess the hematological parameters and associated factors among
breast cancer patients receiving chemotherapy at Worabe Comprehensive Specialized Hospital.
This research is critical to filling the knowledge gap, providing evidence-based insights that could
guide clinical practices in managing the adverse effects of chemotherapy, and improving patient

care in Ethiopia



1.3 Significance of the study

Chemotherapy has common adverse effects on hematological parameters like hemoglobin, white
blood cells, and platelets, which are crucial for monitoring breast cancer patients' health. It may
lead to a patient having a more complicated condition or death. Understanding these changes will
allow healthcare providers to better manage these side effects, ultimately improving patient
outcomes. However, there is limited research conducted on the effect of chemotherapy on the
hematological profile of breast cancer patients in the study area. The prospective effect of this
study for patients will improve treatment progression and reduce the adverse effects of the
treatment. It also gives a clue for healthcare providers to assess the hematological status of breast
cancer patients at regular intervals. This research meets with global healthcare standards and serves
as a reference for future studies. Ultimately, contributing to enhanced care and reducing the burden
of chemotherapy-induced hematological profile alterations. It can support the development of
treatment guidelines for more effective disease management. This study will add more evidence
for researchers and will be an additional input for the Ministry of Health, its partners, and

policymakers.



2 Literature review

Chemotherapy is a cancer treatment that uses one or more anticancer drugs to cure the cancer,
prolong life, or reduce symptoms. However, it causes damage in the bone marrow, which is a
source of pluripotent and multipotent hematopoietic stem cells and most hematological parameters
such as RBC, WBC, and platelets. This can lead to complicated cases such as severe anemia,

thrombocytopenia, and neutropenia in patients (46, 47, 48)

Anemia complicates breast cancer treatment. It causes fatigue, which is one of the most common
side effects of cancer treatment. It may also make chemotherapy drugs less effective against
malignant cells. Neutropenia is considered the most serious side effect of chemotherapy and
usually causes doctors to reduce the drug dose or limit drug administration, often leading to
treatment failure. The number of neutrophils in the blood decreases, increasing the risk of
dangerous infections. Thrombocytopenia increases the risk of bleeding and may lead doctors to

reduce the dose of chemotherapy drugs, which in turn affects treatment outcomes (49, 50).

Several studies have proven this statement; for instance, a retrospective observational study
conducted on comparison of hematological parameters along with the effect of radiotherapy and
chemotherapy in different stages of breast cancer in Tamil Nadu, India by Kumutha et al on 2021
shows that the patients who undertook chemotherapy a significant decline in hemoglobin, RBC,
neutrophils, lymphocytes and platelets, the mean values are 9.83, 3.63, 42.20, 26.50 and 1.30
respectively. The study also describes that hematological parameters were expressed to decline
within the stage of the cancer. The hemoglobin values were decline from stage 1(10.05g/dl) to
stage 4(9.25g/dl), total leukocyte counts from Stagel (5.25x10° cell/ul) to Stage 4(4.57x10°
cell/ul), neutrophil counts were decline from Stage 1 (45.20%) to Stage 4(43.20%) and the
lymphocyte counts from Stage 1(24.87%) to Stage 4(21.50%). RBC counts were found to be
higher at Stage 2(3.70x10° cell/ul), and the lowest at Stage 4(3.20x108 cell/pl). But the maximum
platelet count was shown on Stage 3(159x10°% cell/ul) and the lowest count at Stage 2(148x10°
cell/ul). The findings of this study show that hematological parameters were declining with respect
to stages of the breast cancer(51).

A retrospective cohort study conducted by Dorel et al. in 2020 on the comparative hematological

profiles of dose-dense versus regular anthracycline-based neoadjuvant chemotherapy in non-



metastatic breast cancer patients in Bucharest, Romania. The study comprised 168 participants.
Findings revealed a 15% reduction in hemoglobin levels following the completion of three cycles.
Initially, the mean corpuscular volume decreased, but it later increased during the chemotherapy
treatment. In contrast, the red blood cell count showed a persistent decline, while platelet counts
increased. The neutrophil count within the white blood cell analysis remained largely unchanged,

whereas lymphocyte counts showed a notable decrease(52).

A study conducted by Shrivastava et al. in 2016 in Uttar Pradesh, India, employed a comparative
cross-sectional design to evaluate hematological parameters and the effect of chemotherapy and
radiotherapy on different stages of breast cancer. The results demonstrated a significant decrement
in the red blood cell counts, hemoglobin levels, and lymphocyte count after receiving

chemotherapy(53).

A prospective cross-sectional study, conducted by Salako et al., was performed at the Lagos
University Teaching Hospital in Lagos, Nigeria, between July 2017 and July 2019. In this research,
113 female breast cancer patients were involved to investigate the occurrence of chemotherapy-
induced neutropenia and febrile neutropenia within this tertiary healthcare facility. Among the
participants of this study 31.9% showed neutropenia. Neutropenic episodes were observed across
all chemotherapy treatments, with severity categorized into mild, moderate, and severe cases.
Notably, the incidence of neutropenia demonstrated a decreasing trend as chemotherapy cycles
progressed, with a higher frequency recorded after the initial treatment and a lower frequency in
subsequent cycles. Factors associated with the risk of developing neutropenia include increasing
age and presence of bone metastasis(54).

A longitudinal study was conducted by Storph et al. on Ghana in the female surgical ward and
laboratory unit of the Cape Coast Teaching Hospital, from May 2016 to February 2017, to evaluate
the Effect of Chemotherapy on Clinical, Hematological, and Biochemical profiles in Breast Cancer
Patients. The study, involving 51 participants, most of the study participants showed insignificant
mean values of hematological parameters (hemoglobin, platelet, and WBC) before the first dose.
After the second dose, all the hematological parameters of participants remained normal except
for invasive ductal carcinoma patients who had 60% low hemoglobin and WBC. After the 3rd

cycle, most of the participants recorded insignificant normal hematological parameters. Though



manifested insignificantly, the majority of the participants had low WBC, normal platelet levels,

and normal or low hemoglobin levels(43).

A hospital-based comparative cross-sectional study design was conducted by Abiye et al. from
March to November 2022 on the Effects of Adriamycin-Cytoxan chemotherapy on hematological
and electrolyte parameters among breast cancer patients in Black Lion Specialized Teaching
Hospital and Saint Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia. The study
compared treated and untreated patients, finding that untreated patients had higher total WBC and
lymphocyte counts, but lower eosinophil counts. Hemoglobin, hemoglobin, and HCT values were

higher in untreated patients, while PLT and PCT values were lower in treated patients(22).

Another Hospital-based case-control study was done at Tikur Anbessa Specialized Hospital, Addis
Ababa, Ethiopia, by Fatuma Hassen et al. from May 2018 to June 2019 to assess Socio-
demographic and Hematological Determinants of Breast Cancer in a Tertiary Health Care and
Teaching Hospital on 230 cases and 230 controls participant. The study found that the mean and
standard deviation of hemoglobin, red blood cells, and packed cell volume in cases decreased
compared to controls. The mean platelet count was higher in cases, and overall MCV, MCH, and
MCHC values were lower in cases compared to controls. The mean counts of neutrophils,
lymphocytes, monocytes, and eosinophils were significantly higher in cases(31).

A retrospective cohort study was undertaken by Wondimneh et al. to compare hematological
profile changes in pre- and post-chemotherapy treatment of cancer patients who attended Ayder
Comprehensive Specialized Hospital in 2019. The mean differences of hematological profiles
between pre-chemotherapy and post-chemotherapy were WBC 2.44x10% cell/ul, RBC 0.6x10°
cell/pl, hemoglobin 0.63 g/dl, HCT 2.12%, PLT 22.2x10% cell/ul, NUT 2.19%, and LYM 2.88%.
Chemotherapy leads to a reduction in WBC count, causing cancer patients to develop infections
due to the suppression of hematopoietic stem cells, crucial for WBC proliferation. The reduction
of RBC count in patients’ post-chemotherapy may be due to ineffective erythropoiesis, a condition
characterized by decreased renal production of erythropoietin. Chemotherapy may have damaged
megakaryocytic progenitors during the early phases of development, which would explain the
decrease in platelet count after treatment(24).

Another retrospective cohort study was conducted by Aynalem, et al. at the University of Gondar

Comprehensive Specialized Hospital Cancer Treatment Center on hematological abnormalities
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before and after initiation of cancer treatment among breast cancer patients in 2021 hemoglobin
concentration before and after treatment was decreased by 1.56g/dl, the white blood cell (WBC)
count by 0.33x102 cell/ul, the platelet count was 19x10° cell/ul. The study shows that red blood
cell parameters like RBC count, HCT, hemoglobin, and MCV decrease during breast cancer
treatment, while red cell distribution width increases, indicating increased anemia. The high

proportion of microcytic cells suggests cell hemolysis(27).

These results overall confirm that chemotherapy hurts hematological indicators in breast cancer
patients, hence emphasizing the necessity of ongoing monitoring and supportive measures to

control these toxicities and preserve treatment efficacy.

Breast cancer is one of the major public health issues in Ethiopia. In the study area, not enough
research was conducted and published about the consequences of chemotherapy on the
hematological parameters of breast cancer patients. Most of the literature reviews above implied
that chemotherapy affects most of the hematological parameters. Thus, how chemotherapy further

aggravates the situation is a research concern, to which this study tries to contribute.
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3 Hypothesis
3.1 Null Hypothesis

Chemotherapy has no significant effect on hematological parameters alteration among breast

cancer patients.
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4 Objectives
4.1 General objectives
v" To determine hematological parameters alteration and associated factors among breast

cancer patients receiving chemotherapy at Worabe Comprehensive Specialized Hospital
from December 2023 to December 2024

4.2 Specific objectives

v To investigate alteration of hematological parameters in breast cancer patients treated
with chemotherapy at WCSH from December 2023 to December 2024

v To determine the factors associated with hematological alteration during chemotherapy
treatment at WCSH from December 2023 to December 2024
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5 Methods and Materials
5.1 Study area

The study was conducted at Werabe Comprehensive Specialized Hospital, Central Ethiopia
Region, Siltie zone, Werabe town. Werabe town is located 172 km south of Addis Ababa and 60

km north of Hosanna.

The WCSH was established on 29th November 2014. During the study period, there were over
1148 employees. With these around 658 clinical are employees. The oncology department,
established in 2020, employs a multidisciplinary team consisting of one senior oncologist, two

general practitioners, three pharmacists, and six nurses.

The hospital provides services to outpatient, emergency (adult & pediatric), inpatient, ICU,
emergency gynecology, general surgery, obstetrics and gynecology surgery, orthopedics, urology,
oncology, psychiatry, neurosurgery, neurology, dialysis, internal medicine, radiology services
(CT-scan, x-ray, MRI, ultrasound, echocardiography, endoscopy).and laboratory services

including pathology, biopsy and culture(55).
5.2 Study design and study period

5.2.1 Study design

A cohort study design with primary and secondary data was conducted.

5.2.2 Study period
The study was conducted from December 2023 to December 2024.

5.3 Population

5.3.1 Source population
All breast cancer patients who were attending the Oncology unit of Worabe Comprehensive

Specialized Hospital.

5.3.2 Study population
All breast cancer patients who were treated with chemotherapy at the Oncology Unit of WCSH
from December 2023, to December 2024 and fulfilling the eligibility criteria of the study.
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5.4 Inclusion and exclusion criteria

5.4.1 Inclusion criteria

>

% All female breast cancer patients who received chemotherapy for four cycles at the
WCSH oncology unit between December 2023 and December 2024.

X/
°e

Patients who had initiated chemotherapy before the study period but had not completed

four cycles of treatment, if they had complete medical records.

5.4.2 Exclusion criteria

¢+ Patients who finished chemotherapy before the study period.

>

R/
*

Patients who suffered from mental health and hearing problems.

D)

X3

% Patients with comorbid diseases like HIV, TB, DM, and pregnant women.
5.5 Study variables

5.5.1 Dependent variables
v" Hematological parameters like Red blood cells, hematocrit, hemoglobin, white blood

cells, neutrophil, lymphocyte, and platelet

5.5.2 Independent variables
v' Demographic variables: age, marital status, educational level, occupation
v’ Disease-related variable: stage and metastasis of cancer
v Cycle of chemotherapy drugs
v

Baseline hematological parameters

5.6 Sample size determination and Sampling method

5.6.1 Sample size determination

The required data were collected from 43 breast cancer patients attending the oncology unit of
WCSH and receiving chemotherapy from December 2023 to December 2024. The sample was
calculated using G*power statistical software by considering assumptions of 0=0.05(95% CI),
power(1-B) =80%, an effect size (f) of 0.25, a correlation among repeated measurements of 0.3,
and a number of measurements of 5. The result was 37, and the final sample size after adding a
15% dropout rate, 37+6 was 43.
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5.6.2 Sampling method

A convenient non-probability sampling technique was implemented.
5.7 Measurement and Data Collection

5.7.1 Data collection procedure

After receiving consent, identified patients who met the inclusion and exclusion criteria. Socio-
demographic information was gathered using a structured, pretested questionnaire and from the
patient's file. The questionnaires included demography-related questions and clinical-related
questions to be obtained by interviewing the patients and from their history. About 3-4 ml of blood
was collected for complete blood count using an EDTA test tube. Patients were followed until the

end of their four cycles of chemotherapy.

5.8 Laboratory analysis

By using antiseptics to clean the puncture site, 3-4 ml of blood samples were collected in EDTA
anticoagulant tubes and labeled with the patient's name and medical record number to ensure
accurate traceability, then gently mixed to ensure uniform distribution of cells. After inserting
tubes into the Sysmex XN-550 hematology analyzer, the machine takes about 88 microliters of
blood, dilutes it, and prepares it for analysis. The sample is split up into various portions, each one
assigned to a particular parameter or test.

Principles

The Sysmex XN-550 hematology analyzer generates an accurate and precise hematological profile
result by using a highly automated and efficient approach. It utilizes various technologies,
including flow cytometry, fluorescence, and impedance, to ensure comprehensive analysis,

accurate results, and reliable detection of anomalies in blood samples.
Flow cytometry

In a fluorescence flow cytometry analysis, cells are stained with various specific fluorescent dyes
that can identify different components in the cell, such as nucleic acids or other proteins. When
the marked cells are passed through a laser beam and the fluorescence is released, the detector

senses and measures it. Use this for counting and differentiation of WBC, RBC, and Platelets.
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The analyzer detects not only fluorescence, but also forward and side light scatters. The forward
scatter tells about the size of the cell, and the side scatter about internal characteristics or
granularity of cells. These scattered light assists in identifying various white blood cells and
atypical cells.

Impedance Technology

The XN-550 hematology analyzer uses electrical impedance technology in addition to Flow
cytometry for counting cells. When a cell passes through a small opening with an electrical current,
it changes the resistance. Each little change means one cell has gone by. So, this method is mostly
used for counting RBCs and platelets.

Hydrodynamic focusing

The hydrodynamic focusing makes all cells go to the detection area in a single line, like a queue.
A sheath fluid wraps around the blood sample, making it easier for the cells to line up nicely. It
helps to count cells more accurately and lowers the chances of coincidences, which is when many

cells pass by the detector at once.
Optical Fluorescent Platelet Counting

When counting platelets, the analyzer combines optical detection with fluorescence techniques. It
mixes in fluorescent dyes that stain the platelets and measures their fluorescence intensity.
Similarly, the analyzer uses fluorescent staining to find reticulocytes. The intensity of fluorescence
shows how much RNA the cells present. This info helps identify and count reticulocytes
effectively.

For hemoglobin measurement, the XN-550 uses the sodium lauryl sulfate (SLS) method. SLS lyses
red blood cells and binds to hemoglobin to form a stable complex that is measured photometrically,
providing accurate hemoglobin values without lipid interference.

Finally, the analyzer provides information about all types of WBCs: neutrophils, lymphocytes,
monocytes, eosinophils, and basophils. This is accomplished through a combination of impedance,
fluorescence, and scattered light to create a detailed leukocyte profile.
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5.9 Data Quality Assurance

In this study, clinical data were collected directly from patients in the oncology ward. This process
included reviewing their history sheets to gather information. Blood samples were collected and
analyzed according to standard operating procedures to ensure accuracy and reliability. All
materials used in sample collection and analysis were rigorously tested to confirm proper
functionality before use. The completion of the questionnaire was monitored and reviewed daily.

Quality control measures were implemented in three key phases.

In the pre-analytical phase, the right amount of blood sample was collected by following the correct
procedures of venipuncture to avoid hemolysis, clotting, or contamination. Registered the date and
time of sample collection and labeled with a unique identification (medical recording number).
The sample was transported to the laboratory under appropriate conditions by avoiding excessive
shaking and prolonged exposure to extreme temperatures, which can affect the sample's quality.
Before the analysis, blood samples were properly mixed to prevent clot formation or cell settling.

During the analytical phase, a quality control sample was run and verified. The sample was
processed under the standard operating procedure and machine manual, guaranteeing that all safety

procedures were followed.

In the post-analytical phase, cross-checking the results with patient history and interpreting the
results was made based on the patient’s condition and chemotherapy regimen. The data entry was

accurately ensured and verified.

5.10 Data analysis and interpretation

The data were entered into SPSS version 27 for analysis. Descriptive statistics were summarized
using frequencies and percentages. As the data were not normally distributed by the Shapiro-
Wilk test, the median and interquartile range (IQR) were used. Figures and tables were used to
present the results. Statistical significance was determined using the p-value. The Friedman test
was used to assess the effect of chemotherapy across cycles. Distributional differences in
hematological parameters across categories of socio-demographic and clinical factors were
examined using the Mann-Whitney U test for comparisons between two groups and the Kruskal-
Wallis H test for comparisons among multiple groups, followed by Bonferroni correction for

multiple comparisons.
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5.11 Operational definitions

Hematological profiles are quantifiable blood parameters that may be used for monitoring and

identifying certain physiological and pathological conditions.

Breast cancer is disease condition, characterized by an abnormal proliferation of breast ductal
and lobular cells.

Chemotherapy is a treatment of disease by the use of chemical substances, especially the
treatment of cancer by cytotoxic drugs.

Breast cancer chemotherapy is the drugs (Adriamycin (doxorubicin)) used to treat breast cancer

for the first four cycles

Hematological parameters of pre-chemotherapy (baseline) refer to laboratory results of

hematological parameters at the time of cancer diagnosis before starting treatment.

Chemotherapy cycle is the time interval between one round of treatment and until start of the

next round, typically spanning 21 days.

Hematological profile of post-chemotherapy means the quantification result of hematological

parameters after finishing the 4 cycles of chemotherapy treatments.

5.12 Ethical considerations

The Department of Medical Laboratory Science was provided ethical approval. To obtain approval
for conducting the study, a support letter was written for WCSH. Oral informed consent was
obtained from research participants by describing the purpose of the study, risks, benefits,
confidentiality, and their right to refuse participation and withdraw at any time. During data

collection, privacy was respected, and data confidentiality was ensured.

5.13 Dissemination of the result

The thesis will be presented at the Department of Medical Laboratory Sciences. The results will
be communicated to the relevant stakeholders at various conferences, and the final results will be

published in journals.
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6 Result
6.1 Sociodemographic and Clinical Characteristics of Breast Cancer Patients

Undergoing Chemotherapy at WCSH

In this study, a total of 43 female breast cancer patients receiving chemotherapy at the Worabe
Comprehensive Specialized Hospital were included. As shown in Table 1 below, the median age
of the study participants was 39 years, with an interquartile range of 34 to 50 years. Most of the
participants (23, 53.5%) were within the age group of 31-45 years, followed by those aged 46-65
(11, 25.6%). Regarding their residence, 29 (67.4%) participants live in rural areas, 31 (72.1%)

were married, and the majority (22, 51.2%) had a primary level of education.

Regarding WHO group staging, 4 (9.35%) of the study participants were in stage I, 14 (32.6%) in
stage 11, 13 (30.6%) in stage 111, and 12 (27.9%) in stage IV at the time of chemotherapy initiation.
Anatomically, 26 (60.5%) cancer initiation sites were left-sided, while the remaining 39.5% were
right-sided. Metastasis frequencies were as follows: liver (11.6%), lung (11.6%), bone (4.7%), and
lymph nodes (30.2%).

Table 1: Socio-demographic and clinical characteristics of breast cancer patients at WCSH,
Worabe, central Ethiopia, from December 2023 to December 2024, N=43

Variable Category Number Percent

Age (years) < 30 6 14.0
31-45 23 535
46-65 11 25.6
> 65 3 7.0

Residence Urban 14 32.6
Rural 29 67.4

Occupation Employed 10 23.3
Unemployed 20 46.5
Farmer 13 30.2

Educational No formal education 13 30.2

background Primary education 22 51.2
Secondary education 8 18.6
and above

Marital status Married 31 72.1
Divorced 3 7.0
Widowed 9 20.9
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Stage of cancer Stage | 4 9.3
Stage 11 14 32.6
Stage 11 13 30.2
Stage IV 12 27.9
Anatomical site of Left Breast 26 60.5
the cancer Right Breast 17 39.5
Metastasis Not metastasis 18 41.9
Metastasis to Liver 5 11.6
Metastasis to Lung 5 11.6
Metastasis to Bone 2 4.7
Metastasis to Lymph 13 30.2
node
Total 43 100%

6.2 The Effect of Chemotherapy on RBC Parameters in Breast Cancer
Patients Attending WCSH

The results shown in Figures 1 and 2 indicate significant hematological parameter changes in

breast cancer patients after undergoing chemotherapy. A significant decrease (P < 0.05) was

observed in the median (IQR) values of RBC count, hemoglobin concentration, hematocrit, mean

corpuscular hemoglobin, and mean corpuscular hemoglobin concentration after completion of four

chemotherapy cycles compared to baseline. Specifically, the RBC count reduced from 4.70 (4.36—
5.00) x10%ul to 4.27 (3.83—4.71) x10%/ul, hemoglobin concentration decreased from 13.60 (12.8—
14.9) g/dl to 12.60 (11.1-13.2) g/dl, HCT reduced from 39.6 (37.6-42.4)% to 36.7 (33.5-39.5)%,
MCH decreased from 29.3 (28.6-30.5) pg to 28.9 (27.6-30.0) pg, and MCHC declined from 34.3
(33.2-35.0) g/dl to 33.3 (32.6-34.3) g/dl. But a significant increase (P < 0.01) in red cell
distribution width was seen, from 42.2(40.2-47.3) % to 48.6(44.0-55.1) % after completion of the

cycle.
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Figure 1: Change in red blood cell parameters (RBC count, Hemoglobin, and Hematocrit) in

——RBC ——Hgb —A—Hct

40.4 39.4 39
37.8 37.3
13.8 13.3 13.2 12.7 12.6
— —— —— —n u
4.77 4.57 4.5 4.37 4.25
— — . . *
BASELINE 1ST 2ND 3RD 4TH
Chemotherapy Cycles

the different cycles of breast cancer chemotherapy at WCSH, Worabe, central Ethiopia

90

80

70

60

50

40

30

20

10

Figure 2: Change in red blood cell parameters (Mean Cell Volume, Mean Cell Hemoglobin,
Mean Cell Hemoglobin Concentration, and Red Cell Width) in the different cycles of breast
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6.3 The Effect of Chemotherapy on WBC Parameters and Platelet Count in
Breast Cancer Patients Attending WCSH

Most of the WBC parameters showed significant reductions (P < 0.05) in median (IQR), after
completion of four cycles in compared with baseline counting, total WBC counts decreasing from
6.17 (4.75-7.99) x10%/ul to 5.38 (4.29-6.96) x10%/ul, neutrophil counts declining from 3.37 (2.43—
5.11) x10%/ul to 2.90 (2.31-4.29) x10%/ul, and lymphocyte counts falling from 2.06 (1.53-2.70)
x10%/ul to 1.48 (1.24-1.90) x10%/ul, while monocytes, eosinophils, and basophils showed no
significant change. The data is displayed in Figures 3 and 4.

=o-—total WBC =@=Neutrophil count ==e=Lymphocyte count

5 >— ¢
—

Absolute count x10%/ul

BASELINE 1sT 2ND 3RD 4TH
Chemotherapy Cycles

Figure 3 Variation in White blood cell parameters (total White Blood Cell, Neutrophil count,
and Lymphocyte count) in the different cycles of breast cancer chemotherapy at WCSH,
Worabe, central Ethiopia
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Figure 4: Variation in White blood cell parameters (Monocyte, Eosinophil, and Basophil
count) in the different cycles of breast cancer chemotherapy at WCSH, Worabe, central
Ethiopia

The platelet count increased from 293 (238-393) x10%/ul before chemotherapy initiation to 352
(273-434) x10%/ul after completing chemotherapy cycles, but this change was not statistically
significant (P > 0.05) shown in Figure 5.
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Figure 5: Variation in platelet count at different cycles of breast cancer chemotherapy in
WCSH, Worabe, central Ethiopia

In general, most of the hematological parameters decline after completion of chemotherapy in
contrast with baseline, but some parameters, like RDW, show an increment, and others, like mean
cell volume and monocyte count, are not significantly changed.
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6.4 The distributional differences of RBC parameters across the categories of

socio-demographic and clinical factors

The results shown in Table 2 indicate that the distribution of RBC count showed significant
variation (p=0.004) between stages of breast cancer at the baseline phase. This indicates the RBC
count before initiation of chemotherapy varies based on the stage of cancer. However, after
initiation of chemotherapy, no statistically significant variation in RBC distribution was observed
across stages. As we have seen, the difference in pairwise comparisons of cancer stages to identify
the difference is in which group, significant distribution is observed between Stage 1V and Stage
Il (adjusted p = 0.049) and between Stage IV and Stage | (adjusted p = 0.006). but the other
comparison did not show a statistically significant difference. The RBC distribution was
significantly affected at baseline by residence (p=0.03) and anatomical site (p=0.05) during the
second chemotherapy cycle, while other factors, including age, marital status, educational
background, and metastasis to different parts of the body, had no significant effect across different

cycles.

The hemoglobin levels show a significant variation across urban and rural patients after the first
and second chemotherapy cycles (p=0.007, p=0.009, respectively). Clinical factors like anatomical
site of the breast (p=0.024) and metastasis to internal part of the body (p=0.049) were significant
after the second cycle, while stage of the stage of cancer (p=0.016) and metastasis to internal part
of the body (p=0.016) became significant after the completion of 4" chemotherapy. Although in
Kruskal-Wallis H test, significance p-values suggest potential differences in some comparisons,
none of them are statistically significant differences after applying the Bonferroni correction post
hoc test for multiple tests. Hematocrit significantly varied according to stage of cancer at baseline
(p=0.049) and the end of the fourth cycle (p=0.013). Residence and metastasis both are
significantly influence the hematocrit levels, with differences observed based on residence at the
initial stage (p=0.008) and due to metastasis during the second cycle (p=0.014) and after the fourth
cycle (p=0.018). After adjusting for multiple comparisons, there is only a significant difference in
hematocrit levels seen between Stage IV and Stage | (p=0.043, Bonferroni-corrected), indicating
that the majority of variations in hematocrit values across metastatic sites are not statistically

significant.
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In terms of mean cell volume, there were significant differences between cancer stages after the
first cycle of chemotherapy (p=0.037), suggesting that red blood cell size varied according to stage.
Educational background showed a distributional difference at the second and third cycles of
chemotherapy. After pairwise correction with Bonferroni correction, the difference is shown
between non-formal education and secondary education and above in both cycles. Age also had an
impact on MCV, with significant differences after the third cycle of chemotherapy (p=0.042) and
after completion of 4" cycle(p=0.049). While no significant variations in MCV were seen among
different age groups, a significant difference in MCV was shown between Stage | and Stage 1V

cancers after applying the Bonferroni correction for multiple comparisons

Mean cell hemoglobin variation significantly occurs with the stage of cancer at baseline (p=0.020),
suggesting changes in hemoglobin content during disease progression. Mean cell hemoglobin
concentration was also significantly influenced by residence at baseline (p=0.022) and after the
second chemotherapy cycle (p=0.010). Additionally, age-related differences in MCHC became
significant after completion 4" cycle of chemotherapy (p=0.024). Red cell distribution width
(RDW) varied significantly based on the anatomical site of the cancer at baseline (p=0.033) and
after the first cycle of chemotherapy (p=0.011). RDW also differed significantly in relation to
metastasis at baseline (p=0.033), highlighting the systemic impact of advanced disease. The

Bonferroni correction showed no significant differences in metastasis types at adjusted p<0.05.
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Table 2: Significance level of Kruskal-Wallis H and Mann-Whitney U Tests for Red Blood Cell
Parameters by Sociodemographic, Clinical Variables, and Chemotherapy Phases in Breast
Cancer Patients at WCSH, Worabe, Central Ethiopia (December 2023 - December 2024)

Hematological

Socio-demographic and clinical factors

parameter Age Residen | Marital | Educational | Occup | Stage | Anatomi | Metast
ce status background | ation cal site asis
R | Baseline .857 147 413 .303 .966 .004 | .664 .097
B | 1st 226 .058 .359 .050 .361 132 | .308 .258
C | ond .386 .003 713 128 072 059 | .050 .091
3rd 335 .150 .780 236 .589 222 | .164 192
Complete | .350 .064 593 259 480 056 |.061 .108
H | Baseline 969 .058 .349 891 931 086 |.479 132
G| 1st 209 .007 516 .085 126 599 | .237 290
B | 2nd 261 .009 .936 250 107 139 | .024 .049
3rd 118 331 519 165 .836 175 | 126 124
Complete .096 119 287 791 525 016 071 016
H | Baseline .988 .090 435 .808 752 049 | .243 135
C | 1st 115 .008 397 103 137 298 | .184 332
T |2nd 433 041 947 429 195 120 | .014 .067
3rd 091 551 381 302 974 258 | .084 250
Complete | .284 .049 320 676 475 013 | .059 .018
M| Baseline 562 .259 196 .265 775 071 | .559 202
C | 1st .642 551 141 .092 .756 .037 487 137
V| 2nd 113 190 504 .032 927 148 | .269 130
3rd 042 117 .054 .007 .865 329 | .628 194
Complete | .049 .186 .051 .066 .506 337 | .210 .208
M| Baseline 625 .697 .829 157 .906 .020 941 .385
C | 1st 261 697 421 027 871 213 | .980 .566
H | 2nd 445 311 .349 547 .699 199 | 419 277
3rd 559 746 466 .087 172 627 | .990 557
Complete | .307 .603 .367 .340 .942 486 | .690 201
M| Baseline 728 022 .396 392 181 448 | .263 117
C | 1st 640 .856 616 611 .623 134 | .164 130
H | 2nd 102 .010 512 104 299 481 | .681 146
C 3rd 559 123 491 116 921 717 | .463 482
Complete 024 .604 293 274 .969 .636 551 417
R | Baseline .309 .254 .323 263 .556 093 |.033 .033
D | 1st 716 294 227 522 547 381 011 199
Wi 2nd 507 .052 252 434 142 263 | .093 133
3rd 526 .001 .642 112 .091 803 | .980 161
Complete | .943 012 .634 246 .088 737 | .576 342
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6.5 The distributional differences of WBC parameters and Platelet count

across the categories of socio-demographic and clinical factors

The findings summarized in Table 3, based on the Kruskal-Wallis H and Mann-Whitney U tests,
demonstrate differences in white blood cell parameters and platelet counts associated with socio-
demographic and clinical factors throughout various chemotherapy cycles. At baseline, no
significant differences in total WBC counts were found across any of the studied factors. However,
after the second cycle of chemotherapy, significant differences were seen related to residence (p =
0.030) and the stage of cancer (p = 0.036). At the end of the fourth cycle, a slightly significant
difference was shown concerning the stage of cancer (p = 0.048). The analysis of total WBC counts
across different cancer stages, adjusted with the Bonferroni correction, indicated a significant
difference between Stage IV and Stage | (p = 0.035). No significant differences were found in the
comparisons of other stages. This indicates that clinical factors, particularly the stage of cancer,
may play a role in influencing total WBC counts as chemotherapy progresses.

At baseline, neutrophil counts showed significant differences linked to marital status (p = 0.020).
In the second cycle, significant differences were noted for residence (p = 0.023) and cancer stage
(p = 0.044). This pattern continued into the third cycle, where residence displayed highly
significant differences (p = 0.006). A statistically significant difference in neutrophil counts was
observed exclusively between Stage Il and Stage | (Adj. Sig.=0.039) following Bonferroni
correction, indicating a possible correlation between cancer stage and neutrophil levels at these

stages.

The distribution of lymphocytes was showed significant differences in marital status during before
starting chemotherapy (p=0.007), after the second cycle of chemotherapy (p=0.050), after the third
cycle of chemotherapy (p=0.016), and after completion four cycle (p=0.013), while occupation
showed significance before starting chemotherapy (p=0.004) and after the first cycle of
chemotherapy (p=0.006). After implementing the Bonferroni correction, the analysis revealed no
statistically significant differences in lymphocyte counts among marital status groups. However, a
marked variation in lymphocyte counts was observed between individuals older than 65 and those
aged 30 or less, suggesting that extreme age may influence lymphocyte distribution. And between
farmers and employed people on occupation. Monocyte levels displayed significant differences

for marital status (p=0.028) after the second cycle of chemotherapy. However, after applying the
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Bonferroni correction to account for multiple comparisons, the variations in monocyte counts
among different marital groups were no longer statistically significant. For eosinophils, occupation
was significant after the first cycle of chemotherapy (p=0.018), and the anatomical site also
showed significance after the first cycle of chemotherapy (p=0.003). Basophil count showed
significant differences related to age before starting chemotherapy (p=0.045) and after the third
cycle (p=0.052), residence after the fourth cycle (p=0.029), marital status after the third cycle
(p=0.010), and the anatomical site after the fourth cycle (p=0.032). However, the multiple
comparison analysis revealed no statistically significant differences in basophil counts among the

various age categories.

In general, socio-demographic factors like marital status, occupation, and residence frequently
showed significant impacts on hematological parameters, particularly lymphocytes and basophils.
Clinical factors, including stage and anatomical site, also influenced total WBCs and eosinophils

at specific stages.

Finally, metastasis showed a significant difference in platelet counts before starting chemotherapy
(p=0.045), while other factors were not statistically significant. after the third cycle of
chemotherapy, stage (p=0.043), anatomical site (p=0.013), occupation(P=0.041) and metastasis
(p=0.016) exhibited significant differences. After the second cycle of chemotherapy, stage
(p=0.026) and anatomical site (p=0.001) were significant, with metastasis approaching
significance (p=0.058). after the third cycle of chemotherapy, the anatomical site remained
significant (p=0.004). after completion of four cycles, anatomical site (p=0.002) showed
significant differences. The Bonferroni-adjusted pairwise comparisons indicated a significant
difference in platelet counts only between patients with Stage IV and Stage 111 cancer. This finding
implies that variations in platelet counts may be due to disease advancement or the effects of
treatment within these specific stages. No significant differences were detected among the other
stages. In terms of metastatic sites, the only statistically significant difference identified after
Bonferroni correction was between metastasis to bone and metastasis to lymph nodes, with all

other comparisons yielding non-significant results.
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Table 3: Association of white blood cell parameters and platelet counts with socio-demographic
and clinical variables across chemotherapy phases in breast cancer patients at WCSH, Worabe,

Central Ethiopia, from December 2023 to December 2024

Hematologica

Socio-demographic and clinical factors

| parameter Age | Reside | Marital | Educational | Occup | Stage | Anatomic | Metastasis
nce status background | ation al site
W, Baseline 308 | .595 .056 697 225 399 | .352 370
B 1t 792 | 173 .395 595 917 207 | 911 528
C| 2nd 875 |.030 .098 618 .805 .036 | .766 704
3rd .856 | .090 495 314 811 146 | .352 275
Complete |.439 | .414 377 .619 426 048 | 434 403
N | Baseline 325 | .678 .020 711 .325 097 | .568 745
E |1 661 | .136 .398 .349 .763 094 | .297 224
U | 2nd 741 023 173 AT .740 .044 785 .585
T [ 3rd 589 | .006 .359 198 545 202 | .371 231
Complete |.406 |.243 .623 .569 146 090 |.223 196
L | Baseline 303 | .350 .007 .760 .004 565 | .872 .070
Y | 1st 142 | .815 119 .245 .006 812 | .051 792
M| 2nd 100 | .959 .050 446 .369 578 | .471 .790
P 3rd 028 |.213 016 .286 257 312 | .881 571
Complete |.052 |.371 013 402 227 334 | 526 927
M| Baseline 254 | .856 .604 224 .830 480 | .804 251
O] 1st 487 .969 146 739 677 716 .646 481
N 2nd 929 | .294 .028 472 116 455 |.180 .750
O 3rd 646 | .969 .198 333 193 152 | .104 217
Complete |.307 | .460 .055 337 .166 372 | 747 324
E | Baseline 157 | .603 .668 124 743 125 | .058 .069
O] 1st .882 173 124 .616 .018 S77 .003 209
S |2nd 713 | 432 925 430 .354 333 | .120 439
3rd 388 | .567 450 412 871 380 | .592 116
Complete |.265 .706 282 412 .957 157 144 .865
B | Baseline 045 | .491 .795 149 .080 483 | .260 .353
Al 1st 646 | .281 101 .926 781 136 | .346 198
S |2nd 240 | .968 .698 .580 .866 700 | .346 079
3rd 052 | .489 .010 402 .844 689 | .294 538
Complete |.146 .029 101 195 571 450 .032 504
P | Baseline 295 | .276 .286 .990 624 069 | .449 .045
L | 1st 678 | .659 335 662 .210 043 |.013 .016
T|2nd 156 | .650 112 476 469 026 |.001 .058
3rd 142 | .846 .098 .500 041 250 | .004 425
Complete |.185 |.887 163 .280 .059 155 | .002 211
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7 Discussion

Chemotherapy is a fundamental treatment for breast cancer. It is a cytotoxic drug, primarily targets
actively dividing cells. While effective against rapidly proliferating cancer cells, it also affects
healthy cells with high multiplication, such as those in the bone marrow responsible for blood cell
production. This collateral damage can lead to significant hematological abnormalities, including
anemia and an increased risk of infection, which can cause serious health risks for breast cancer

patients undergoing treatment(46, 56).

In this study, 53.5% of the study participants were within the age group of 31-45 years, a finding
comparable with different studies conducted in Ethiopia (18-45 years (55.4%)) (27) but not with a
study conducted in Nigeria 45-65(50.4%))(54), Congo(57), and Iraq(58). which could be attributed
to differences in lifestyle, diet, genetic characteristics, population characteristics, and related

factors.

The current study showed that a most of red blood cell parameters, such as RBC count, hematocrit,
hemoglobin, mean cell hemoglobin and mean cell hemoglobin concentration were significantly
decrease from the initiation to the completion of chemotherapy cycles, while, mean cell volume
remains relatively stable, suggesting erythrocyte size is unaffected and Red Cell Distribution
Width increases, reflecting greater variability in red blood cell size, which can result from the
release of immature red blood cells into the circulation as a compensatory response to anemia.
This indicates that the degree of anemia increased throughout treatment. Anemia is a common side
effect of chemotherapy and can lead to symptoms such as fatigue and a decreased capacity for

oxygen transport in the bloodstream(59).

This decline is primarily due to the myelosuppressive effects of chemotherapy agents, which
impair the bone marrow's ability to produce new blood cells, leading to ineffective erythropoiesis.
It may also be linked to oxidative stress from treatment that disrupts the production of red blood
cells and damages mature ones. It is also by oxidation and blocking the addition of iron to the
hemoglobin molecule that further complicates hemoglobin synthesis. Chemotherapy increases
inflammatory cytokines, which reduce erythropoietin production and hinder erythropoiesis. A

significant drop in red blood cell count after chemotherapy is likely due to higher pro-
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inflammatory cytokines like IL-1, IL-6, TNF-a, and INF-y that cause iron retention, impacting
erythroid precursors(60, 61).

In parallel with this finding, the study conducted in Uttar Pradesh, India(53), Algeria(62), breast
cancer patients receiving chemotherapy showed a significant decrease in RBC count, hemoglobin
level, and hematocrit. Another study conducted in Tikur Anbesa comprehensive specialized
hospital(22), Addis Ababa, and the University of Gondar comprehensive specialized hospital
cancer treatment center(27), Ethiopia, shows a significant decrement of RBC count, hemoglobin,

and hematocrit value.

In line with the current study, the mean cell volume does not significant difference in studies Tikur
Anbesa comprehensive specialized hospital, Ethiopia, by Fikremariam(22). The RDW value is
significantly elevated, similar to the studies conducted in Gondar and Addis Ababa, Ethiopia. (22,
27), and Brazil(63).

In this study, most of the WBC parameters, such as total WBC count, neutrophil count, and
lymphocyte count, were significantly decreased from baseline to after completion of 4 cycles. The
decrease in the white blood cell count may be associated with the effects of breast cancer therapies
on the bone marrow. Concurrently, these medications can adversely affect healthy tissues,
including immune cells such as lymphocytes, leading to reduced immunological efficacy and the
probability of survival. These findings align with previous research conducted in Nigeria (54), as
well as in Gondar(27) and Addis Ababa(22), Ethiopia, which are similarly reported reductions in
WBC parameters throughout treatment. Such consistent observations across different geographical
locations highlight the prevalent impact of chemotherapy on immune cell dynamics and reinforce
the need for ongoing research to better understand the implications of these changes for patient

management and outcomes(64)

Analysis of monocyte, eosinophil, and basophil counts revealed no statistically significant changes
across the different stages of chemotherapy (p-values of 0.383, 0.375, and 0.615, respectively).
While slight fluctuations in median values were observed for monocytes throughout treatment and
a minor initial decline was noted for eosinophils, these changes did not reach statistical
significance. Basophil levels remained relatively stable with minimal variation. The findings of
the current study regarding eosinophil counts diverge from those of a study conducted at Tikur

Anbesa Specialized Hospital(22), where a significant increase in eosinophil count was observed
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after completion of chemotherapy compared to baseline. This increase may be attributed to the
inflammatory effects of chemotherapy, as rapidly developing drug-related eosinophilia is often
associated with allergic reactions, aggressive inflammation, or malignancy(65). Similar to this
study, no significant differences were observed in basophil and monocyte counts.

Platelet counts were found to be significantly increased among breast cancer patients undergoing
chemotherapy. This finding aligns with other studies conducted in Uttar Pradesh, India(53), and
in Mekelle(24) and Addis Ababa(22), Ethiopia, which also reported an increase in platelet counts
after completion of chemotherapy cycles. An earlier study suggested that this increase in platelet
count could be attributed to reactive thrombocytosis, a condition that can arise as a consequence
of chemotherapy-induced anemia. However, elevated platelet counts can also indicate enhanced
platelet activity, organ inflammation, and even contribute to anxiety and depression-like
symptoms. This suggests that breast cancer chemotherapy may exacerbate organ inflammation and
contribute to anxiety disorders. Furthermore, systemic inflammation triggers the release of pro-
inflammatory mediators such as interleukin-1 (IL-1), IL-3, and IL-6. These cytokines stimulate
megakaryocyte proliferation, the cells responsible for platelet production within the bone marrow.
When cells are damaged by anticancer drugs, they release chemicals that activate the immune

system. This inflammatory response further stimulates platelet production(66, 67, 68)

In general, chemotherapy for breast cancer significantly impacts hematological parameters. This
study found a significant decrease in red blood cell counts, hemoglobin, and hematocrit, consistent
with findings from other studies. These changes are likely due to myelosuppression, oxidative
stress, and increased inflammation. White blood cell counts, particularly neutrophils and
lymphocytes, also decreased. Conversely, platelet counts were significantly elevated, potentially
due to reactive thrombocytosis, inflammation, and the release of pro-inflammatory cytokines.
While some parameters like monocytes, eosinophils, and basophils remained relatively stable,

these findings highlight the multifaceted impact of chemotherapy on the hematopoietic system.

This study examined the impact of breast cancer stage on various red blood cell parameters, finding
significant differences in RBC counts before starting chemotherapy, with Stage IV having the
lowest counts. Although these differences reduced after treatment began, significant differences
remained between Stage IV and Stages | and I1. This supports a Spanish study showing the impact

of cancer stage and metastasis on RBC counts(69). Consistent with the study conducted in Tigray,
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Ethiopia(70), hemoglobin levels were lower in rural patients than in urban ones before
chemotherapy. This difference was further influenced by the anatomical site of cancer and the
presence of systemic metastasis. Hematocrit levels were also affected by cancer stage, residence,
and metastasis, while other RBC parameters like MCV, MCH, MCHC, and RDW were influenced
by cancer stage, age, residence, educational background, and metastasis at various treatment
stages(69, 71)

Residence influences RBC parameters due to various interrelated factors, such as environmental
influences and nutrition, which vary between urban and rural areas. The anatomical site of cancer
also affects RBC parameters, as differences in tumor biology and disease progression can lead to
varying hematological outcomes. In advanced cancer stages, increased tumor burden may cause
anemia due to chronic inflammation, blood loss, and impaired bone marrow function. Advanced
age may face more severe effects due to existing health issues and increased sensitivity to
chemotherapy. Additionally, Metastasis can adversely impact RBC parameters by increasing the
tumor burden, thereby affecting organs involved in RBC production, such as the bone marrow,
and potentially compromising their function(72, 73)

This study investigated the impact of different sociodemographic and clinical factors on WBC
parameters. Residence and cancer stage significantly affect total white blood cell count, with a
marked disparity observed in white blood cell counts between patients with Stage IV and Stage |
cancer. However, a study conducted in Nigeria found no statistically significant difference in WBC
count across cancer stages(74). Neutrophil counts were influenced by marital status at the outset
and by residence and cancer stage in subsequent treatment phases. Lymphocyte counts were
significantly impacted by marital status throughout the treatment period, by occupation before and
after the second cycle, and by patient age. Monocyte counts initially showed variations related to
marital status and occupation after the second cycle of chemotherapy, but these differences were
not statistically significant after adjustments. Eosinophil levels were significantly associated with
occupation and the anatomical location of the cancer after the first cycle. Basophil counts were
affected by age, residence, marital status, and the anatomical location of the cancer at various
stages of treatment, although these differences were not statistically significant after adjustments.
In conclusion, both sociodemographic factors such as marital status, occupation, residence and

clinical factors stage of cancer, metastasis and anatomical site of the cancer significantly impact
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hematological parameters during chemotherapy cycles, while most other studies conducted in

different regions have not proved a significant effect of these sociodemographic factors(75, 76).

Variations in platelet counts during chemotherapy are significantly affected by the stage of cancer,
particularly between Stage IV and Stage 11, and the anatomical site of the breast. While the age
of the patient initially affected platelet count before initiation of chemotherapy, the stage of cancer
and anatomical site of the breast remained significant factors of platelet count variations
throughout chemotherapy cycles, especially after the second and third cycles of chemotherapy. In
contrast to the current study, studies conducted in Makassar, Indonesia(77), and China(78) did not

find a statistically significant relationship between increased platelet count and cancer stage.
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8 Strengths and Limitations of the Study
8.1 Strength

+ Data were collected over five time points
+ In Ethiopia, there is no published research; the data were collected at each cycle, so the
study serves as the baseline for other researchers

+ The data collected was a primary source, minimizing potential bias
8.2 Limitation

4+ The sample size for this study was relatively small
+ Due to the non-normal distribution of the data, rank-based tests were used for analysis
+ Many articles lack analysis of certain parameters, such as MCH, MCHC, eosinophil

count, and basophil count, challenging for comparison with other studies.
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9 Conclusion and Recommendation

9.1 Conclusion

This study observed significant decreases in several red blood cell parameters, including RBC
count, hemoglobin, and hematocrit after completion 4" cycle. WBC parameters, particularly total
WBC, neutrophils, and lymphocytes, also declined. In contrast, red cell distribution width
increased, while platelet counts showed a non-significant increase. These findings highlight the
substantial impact of chemotherapy on various hematological parameters. This study explored how
various factors affect hematological parameters in breast cancer patients receiving chemotherapy.
Key findings revealed significant variations in RBC counts across different cancer stages.
Hemoglobin levels were influenced by residence, while hematocrit levels were affected stage of
cancer. Other factors like age, stage of cancer, and the anatomical site of the breast also

significantly affected most of the parameters

9.2 Recommendation

+ Patients on chemotherapy should be closely monitored for their hematological profile

+ Further research is recommended with a large sample size to investigate the impact of
associated factors, such as lifestyle and nutritional status, on the reduction of hematological
parameters.

+ Further research is recommended to investigate long-term (eight-cycle) effects of

chemotherapy on hematological parameters

37



10 Reference

1. Hall JE, Hall ME. Guyton and Hall Textbook of Medical Physiology. 14th ed. philadephia: Elsevier
Health Sciences; 2020.

2. Baskar R, Lee KA, Yeo R, Yeoh K-W. Cancer and radiation therapy: current advances and future
directions. International journal of medical sciences. 2012;9(3):193.

3. Barrett JC. Mechanisms of multistep carcinogenesis and carcinogen risk assessment.
Environmental Health Perspectives. 1993;100:9-20.

4, Clinton SK, Giovannucci EL, Hursting SD. The world cancer research fund/American institute for

cancer research third expert report on diet, nutrition, physical activity, and cancer: impact and future
directions. The Journal of Nutrition. 2020;150(4):663-71.

5. Ferlay J, Colombet M, Soerjomataram |, Parkin DM, Pifieros M, Znaor A, et al. Cancer statistics
for the year 2020: An overview. International Journal of Cancer. 2021;149(4):778-89.
6. World Health Organization. Breast cancer[internet]: Geneva:World Health Organization; 2024

[updated March 26, 2021Cited June 14, 2024]. Available from: https://www.who.int/news-room/fact-
sheets/detail/breast-cancer.

7. Azubuike SO, Muirhead C, Hayes L, McNally R. Rising global burden of breast cancer: the case of
sub-Saharan Africa (with emphasis on Nigeria) and implications for regional development: a review.
World Journal of Surgical Oncology. 2018;16(1):63.

8. Dranitsaris G, Rayson D, Vincent M, Chang J, Gelmon K, Sandor D, et al. Identifying patients at
high risk for neutropenic complications during chemotherapy for metastatic breast cancer with
doxorubicin or pegylated liposomal doxorubicin: the development of a prediction model. American
Journal of Clinical Oncology. 2008;31(4):369-74.

9. Deaver JB, McFarland J. The breast: its anomalies, its diseases, and their treatment.
Philadelphia: P. Blakiston's Son & Company; 1917.
10. Cleveland Clinic. Breast cancer: Symptoms, types, causes & treatment [internet]: Cleveland

Clinic; 2023 [updated July 20, 2023; Cited june 14, 2024]. Available from:
https://my.clevelandclinic.org/health/diseases/3986-breast-cancer.

11. McVeigh UM, Tepper JW, McVeigh TP. A review of breast cancer risk factors in adolescents and
young adults. Cancers. 2021;13(21):5552.

12. Polyak K. Breast cancer: origins and evolution. The Journal of Clinical Investigation.
2007;117(11):3155-63.
13. Bhushan A, Gonsalves A, Menon JU. Current State of Breast Cancer Diagnosis, Treatment, and

Theranostics. Pharmaceutics. 2021;13(5).

14. Ginsburg O, Yip CH, Brooks A, Cabanes A, Caleffi M, Dunstan Yataco JA, et al. Breast cancer early
detection: A phased approach to implementation. Cancer. 2020;126 Suppl 10(Suppl 10):2379-93.

15. Nounou MI, EIAmrawy F, Ahmed N, Abdelraouf K, Goda S, Syed-Sha-Qhattal H. Breast Cancer:
Conventional Diagnosis and Treatment Modalities and Recent Patents and Technologies. Breast Cancer
(Auckl). 2015;9(Suppl 2):17-34.

16. Cleveland Clinic. Chemotherapy for breast cancer: types and side effects [internet]: Cleveland
Clinic; 2023 [updated June 2, 2022; Cited June 15 2024]. Available from:
https://my.clevelandclinic.org/health/treatments/8340-chemotherapy-for-breast-cancer.

17. American Cancer Society. Chemotherapy for breast cancer [internet]: American Cancer Society;
2023 [updated c2024; Cited june 15, 2024]. Available from:
https://www.cancer.org/cancer/types/breast-cancer/treatment/chemotherapy-for-breast-cancer.html.
18. Katzung BG, Masters SB, Trevor AJ. Basic & clinical pharmacology. 9th ed. ed. New York:
McGraw-Hill; 2004.

38


https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://my.clevelandclinic.org/health/diseases/3986-breast-cancer
https://my.clevelandclinic.org/health/treatments/8340-chemotherapy-for-breast-cancer
https://www.cancer.org/cancer/types/breast-cancer/treatment/chemotherapy-for-breast-cancer.html

19. Hassan M, Ansari J, Spooner D, Hussain S. Chemotherapy for breast cancer. Oncology Reports.
2010;24(5):1121-31.

20. Medical News Today. Chemotherapy for breast cancer: what is it? [internet]: Healthline Media;
2023 [updated May 28, 2021; Cited june 15 2024]. Available from:
https://www.medicalnewstoday.com/articles/chemotherapy-for-breast-cancertwhat-is-it.

21. Mayo clinic. chemotherapy for breast cancer [internet]: Mayo clinic; 2024 [updated Jan. 10,
2025; Cited Feb. 16, 2025]. Available from: https://www.mayoclinic.org/tests-
procedures/chemotherapy-for-breast-cancer/about/pac-20384931.

22. Tadesse FA, Leminie AA. Effects of Adriamycin-Cytoxan chemotherapy on hematological and
electrolyte parameters among breast cancer patients. Frontiers in Oncology. 2023;13:1103013.
23. Rugo H, Bianchini G, Cortes J, Henning J-W, Untch M. Optimizing treatment management of

trastuzumab deruxtecan in clinical practice of breast cancer. ESMO Open. 2022;7(4):100553.

24, Wondimneh B, Anekere Dasappa Setty S, Gebregzabher Asfeha G, Belay E, Gebremeskel G, Baye
G. Comparison of hematological and biochemical profile changes in pre-and post-chemotherapy
treatment of cancer patients attended at ayder comprehensive specialized hospital, mekelle, northern
ethiopia 2019: A retrospective cohort study. Cancer Management and Research. 2021:625-32.

25. Crawford J, Herndon D, Gmitter K, Weiss J. The impact of myelosuppression on quality of life of
patients treated with chemotherapy. Future Oncol. 2024;20(21):1515-30.
26. Shilpa MD, Kalyani R, Sreeramulu P. Prognostic value of pre-treatment routine hematological

parameters in breast carcinoma: Advantageous or deleterious? Biomedical Research and Therapy.
2020;7(8):3916-20.

27. Aynalem M, Adem N, Wendesson F, Misganaw B, Mintesnot S, Godo N, et al. Hematological
abnormalities before and after initiation of cancer treatment among breast cancer patients attending at
the University of Gondar comprehensive specialized hospital cancer treatment center. Plos One.
2022;17(8):€0271895.

28. Raza U, Sheikh A, Jamali SN, Turab M, Zaidi SA, Jawaid H. Post-treatment hematological
variations and the role of hemoglobin as a predictor of disease-free survival in stage 2 breast cancer
patients. Cureus. 2020;12(3).

29. Jordan K, Feyer P, Holler U, Link H, Wormann B, Jahn F. Supportive Treatments for Patients with
Cancer. Dtsch Arztebl Int. 2017;114(27-28):481-7.

30. Griffiths EA, Roy V, Alwan L, Bachiashvili K, Baird J, Cool R, et al. NCCN Guidelines® Insights:
Hematopoietic Growth Factors, Version 1.2022. ) Natl Compr Canc Netw. 2022;20(5):436-42.

31. Hassen F, Enquoselassie F, Ali A, Addisse A, Taye G, Assefa M, et al. Socio-demographic and
haematological determinants of breast cancer in a Tertiary Health Care and Teaching Hospital in Addis
Ababa, Ethiopia. Ethiopian Journal of Health Development. 2021;35(2).

32. Jedy-Agba E, McCormack V, Adebamowo C, Dos-Santos-Silva |. Stage at diagnosis of breast
cancer in sub-Saharan Africa: a systematic review and meta-analysis. Lancet Glob Health.
2016;4(12):923-e35.

33. Global Cancer Observatory. Africa fact sheet, [internet]: World Health Organization; 2021
[updated July 2021; Cited june 2024]. Available from:
https://gco.iarc.who.int/media/globocan/factsheets/populations/903-africa-fact-sheet.pdf.

34. Sharma K, Costas A, Shulman LN, Meara JG. A systematic review of barriers to breast cancer care
in developing countries resulting in delayed patient presentation. J Oncol. 2012;2012:121873.

35. Salisu WJ, Mirlashari J, Varaei S, Seylani K. Limited access to care for persons with breast cancer
in Africa: A systematic review. European Journal of Oncology Nursing. 2021;50:101867.

36. Iddrisu M, Aziato L, Ohene LA. Socioeconomic impact of breast cancer on young women in
Ghana: A qualitative study. Nurs Open. 2021;8(1):29-38.

39


https://www.medicalnewstoday.com/articles/chemotherapy-for-breast-cancer#what-is-it
https://www.mayoclinic.org/tests-procedures/chemotherapy-for-breast-cancer/about/pac-20384931
https://www.mayoclinic.org/tests-procedures/chemotherapy-for-breast-cancer/about/pac-20384931
https://gco.iarc.who.int/media/globocan/factsheets/populations/903-africa-fact-sheet.pdf

37. Ayele W, Flhrer A, Braun GA, Formazin F, Wienke A, Taylor L, et al. Breast cancer morbidity and
mortality in rural Ethiopia: data from 788 verbal autopsies. BMC Women's Health. 2022;22(1):89.

38. Anyigba CA, Awandare GA, Paemka L. Breast cancer in sub-Saharan Africa: The current state and
uncertain future. Exp Biol Med (Maywood). 2021;246(12):1377-87.

39. Health FMo. NATIONAL GUIDELINE FOR BREAST HEALTH, EARLY DIAGNOSIS AND TIMELY BREAST
CANCER MANAGEMENT IN ETHIOPIA (2024-2028) 2024

40. Tesfaw A, Tiruneh M, Tamire T, Yosef T. Factors associated with advanced-stage diagnosis of
breast cancer in north-west Ethiopia: a cross-sectional study. Ecancermedicalscience. 2021;15:1214.

41. Getachew S, Tesfaw A, Kaba M, Wienke A, Taylor L, Kantelhardt EJ, et al. Perceived barriers to
early diagnosis of breast Cancer in south and southwestern Ethiopia: a qualitative study. BMC Womens
Health. 2020;20(1):38.

42. Hu-Heimgartner K, Lang N, Ayme A, Ming C, Combes JD, Chappuis VN, et al. Hematologic
toxicities of chemotherapy in breast and ovarian cancer patients carrying BRCA1/BRCA2 germline
pathogenic variants. A single center experience and review of the literature. Familial Cancer.
2023;22(3):283-9.

43, Storph RP, Ghartey FN, Ephraim RK, Mensah E, Mornah M, Ahenkorah-Fondjo L, et al. The Effect
of Chemotherapy on Clinical, Haematological and Biochemical Profile in Breast Cancer Patients
Undergoing Chemotherapy at Cape Coast Teaching Hospital; A Longitudinal Study. Journal of Cancer and
Tumor International. 2019.

44, Kosti¢ M, Jankovi¢ S, Desnica J, Luki¢ S, Mijailovi¢ S, Andelkovi¢ M, et al. Resource Use and Costs
Related to Hematological Complications of Chemotherapy: Cost of Iliness Study Based on Data from
Balkan Country with Recent History of Socioeconomic Transition. Iran J Public Health. 2022;51(11):2573-
81.

45, Blayney DW, Schwartzberg L. Chemotherapy-induced neutropenia and emerging agents for
prevention and treatment: a review. Cancer treatment reviews. 2022;109:102427.

46. Wang Y, Probin V, Zhou D. Cancer therapy-induced residual bone marrow injury: mechanisms of
induction and implication for therapy. Current Cancer Therapy Reviews. 2006;2(3):271-9.

47. Kim ES, Keam SJ. Trilaciclib for the reduction of chemotherapy-induced myelosuppression in the
management of extensive-stage small cell lung cancer: a profile of its use. Drugs & Therapy Perspectives.
2022;38(2):64-71.

48. Khan MI, Yasmeen Bibi BA, Haseeb A, Khan Y, Ullah K, Khan S. Comparison of hematological
profile changes in pre-and post-chemotherapy treatment of cancer patients. Pakistan Journal of Medical
& Health Sciences. 2022;16(10):616-.

49, Saini A, Kumar M, Bhatt S, Saini V, Malik A. Cancer causes and treatments. Int J Pharm Sci Res.
2020;11(7):3121-34.

50. Boccia R, Glaspy J, Crawford J, Aapro M. Chemotherapy-induced neutropenia and febrile
neutropenia in the US: a beast of burden that needs to be tamed? The Oncologist. 2022;27(8):625-36.
51. Kumutha T, Baby R, Parveen NS, Biju S, Sunny A, Velavan K. A retrospective observational study
of comparison of hematological parameters along with the effect of chemotherapy and radiotherapy in
different stages of breast cancer. Journal of Medical, Pharmaceutical and Allied Sciences.
2021;10(6):1234-41.

52. Popovici D, Oprean C, Saftescu S, Negru A, Munteanu M, Stanca HT, et al. Comparative
hematological profiles for dose-dense vs. regular anthracycline-based neoadjuvant chemotherapy in
non-metastatic breast cancer. Experimental and Therapeutic Medicine. 2021;22(1):747.

53. Shrivastava S, Singh N, Nigam AK, Chandel SS, Shrivastava R, Kumar S. Comparative study of
hematological parameters along with effect of chemotherapy and radiotherapy in different stages of
breast cancer. Int J Res Med Sci. 2017;5(1):311-5.

40



54, Salako O, Okunade KS, Adeniji AA, Fagbenro GT, Afolaranmi OJ. Chemotherapy induced
neutropenia and febrile neutropenia among breast cancer patients in a tertiary hospital in Nigeria.
Ecancermedicalscience. 2021;15.

55. institutional data [Internet]. Werabe Comprehensive Specialized Hospital. 2024. Available from:
http://worabecsh.org/index.

56. Valero V, Buzdar AU, McNeese M, Singletary E, Hortobagyi GN. Primary chemotherapy in the
treatment of breast cancer: the University of Texas MD Anderson Cancer Center experience. Clinical
Breast Cancer. 2002;3:563-S8.

57. Ngatali CF LA, Mabiala Y, Moukassa D, Nkoua-Mbon JB. Hematological Toxicity during Breast
Cancer Chemotherapy in Pointe-Noire (Congo Brazzaville). Journal of Cancer Therapy. 2022;13(3):131-
44,

58. Noori SAS, Lanja Ibrahim. Hematological toxicity assessment in breast cancer patients receiving
paclitaxel: Retrospective study and single center experience. Pakistan Journal of Pharmaceutical
Sciences. Nov,2024;13(6).

59. Pourali L, Taghizadeh A, Akhoundi MR, Varshoei F, Zarifian A, Andalibi MSS. Frequency of
chemotherapy induced anemia in breast cancer patients. Iranian Journal of Cancer Prevention.
2017;10(1).

60. Bracci L, Schiavoni G, Sistigu A, Belardelli F. Immune-based mechanisms of cytotoxic
chemotherapy: implications for the design of novel and rationale-based combined treatments against
cancer. Cell Death & Differentiation. 2014;21(1):15-25.

61. Morceau F, Dicato M, Diederich M. Pro-inflammatory cytokine-mediated anemia: regarding
molecular mechanisms of erythropoiesis. Mediators Inflamm. 2009;2009:405016.
62. Samir D, Naouel A, Safa G. Assessment of Hematological Parameters, Enzymes Activities, and

Oxidative Stress Markers in Salivary and Blood of Algerian Breast Cancer Patients Receiving
Chemotherapy. Journal of Biochemical Technology. 2019;10(4-2019):50-8.

63. Simdes R, Ferreira AC, Silva LM, Sabino AP, Carvalho MDG, Gomes KB. Evaluation of the RDW
Index (Red Cell Distribution Width) in Women with Breast Cancer Treated with Doxorubicin in a One-
Year Follow-Up Study. Diagnostics (Basel). 2023;13(9).

64. Solomayer EF, Feuerer M, Bai L, Umansky V, Beckhove P, Meyberg GC, et al. Influence of
adjuvant hormone therapy and chemotherapy on the immune system analysed in the bone marrow of
patients with breast cancer. Clin Cancer Res. 2003;9(1):174-80.

65. Poncin A, Onesti CE, Josse C, Boulet D, Thiry J, Bours V, et al. Immunity and breast cancer: focus
on eosinophils. Biomedicines. 2021;9(9):1087.

66. Utomo F, Romadhon P, Nareswari A. ANALYSIS OF MYELOSUPPRESSION IN POST-
CHEMOTHERAPY BREAST CANCER PATIENTS (A Study at Division of Hematology and Medical Oncology
Airlangga University Hospital). MedRxiv. 2024.

67. Giannakeas V, Kotsopoulos J, Cheung MC, Rosella L, Brooks JD, Lipscombe L, et al. Analysis of
platelet count and new cancer diagnosis over a 10-year period. JAMA Network Open.
2022;5(1):e2141633-e.

68. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and disease. Cold Spring
Harbor Perspectives in Biology. 2014;6(10):a016295.
69. Pereira-Veiga T, Bravo S, Gdmez-Tato A, Yafiez-Godmez C, Abuin C, Varela V, et al. Red blood cells

protein profile is modified in breast cancer patients. Molecular & Cellular Proteomics. 2022;21(12).
70. Woldemariam A-G, Tsehaye A, Mokonen W, Zeru M, Hagos A, Tsegay G, et al. Prevalence and
associated factors of anemia among people with cancer in ACSH, Tigray, Ethiopia. Int J Cancer Res.
2023;8(3):108-15.

41


http://worabecsh.org/index

71. Xiao J, Tan L, PeiY, YangR, LiJ, Feng Y, et al. Association between red cell distribution width and
all-cause mortality in patients with breast cancer: A retrospective analysis using MIMIC-1V 2.0. PLoS One.
2024;19(5):e0302414.

72. Fiseha T, Alemayehu E, Mohammed O, Gedefie A, Adamu A, Tamir Z, et al. Reference Intervals of
Haematological Parameters for Apparently Healthy Adults in Northeast Ethiopia. International Journal of
General Medicine. 2023;16:5309-21.

73. Natalucci V, Virgili E, Calcagnoli F, Valli G, Agostini D, Zeppa SD, et al. Cancer related anemia: an
integrated multitarget approach and lifestyle interventions. Nutrients. 2021;13(2):482.

74. Erhabor O, Mbata E, Retsky M, Erhabor T, Adias T. Some full blood count parameters among
women of African descent with breast cancer in Sokoto. North Western Nigeria J Pregnancy Reprod.
2018;2:1-6.

75. Adams S, Gray RJ, Demaria S, Goldstein L, Perez EA, Shulman LN, et al. Prognostic value of
tumor-infiltrating lymphocytes in triple-negative breast cancers from two phase Ill randomized adjuvant
breast cancer trials: ECOG 2197 and ECOG 1199. Journal of Clinical Oncology. 2014;32(27):2959-66.

76. Onesti CE, Josse C, Boulet D, Thiry J, Beaumecker B, Bours V, et al. Blood eosinophilic relative
count is prognostic for breast cancer and associated with the presence of tumor at diagnosis and at time
of relapse. Oncoimmunology. 2020;9(1):1761176.

77. Fahdrin A, Sampepajung E, Pieter J, Kasim F, Smaradhania N, Prihantono P, et al. Platelet count
and breast cancer stage. Breast Dis. 2022;41(1):489-93.
78. Liu S, Fang J, Jiao D, Liu Z. Elevated Platelet Count Predicts Poor Prognosis in Breast Cancer

Patients with Supraclavicular Lymph Node Metastasis. Cancer Manag Res. 2020;12:6069-75.

42



Annex - |

Participant information sheet (English version)

You have been chosen as a participant in this study, which is an assessment of hematological
parameters alteration and associated risk factors among breast cancer patients receiving
chemotherapy at Worabe Comprehensive Specialized Hospital, Worabe, central Ethiopia. Please
read the following statement and ask any unclear questions before you agree to participate.

The objective of this study is to assess hematological parameters alteration and associated risk
factors among breast cancer patients receiving chemotherapy at Worabe Comprehensive
Specialized Hospital from December 2023, to December 2024, Worabe, central Ethiopia. This
information sheet is prepared by the principal investigator, Abdilaziz Nassir, to clarify the study
which you are asked to take part. If there is any lack of clarity, you decide to participate or not,
you can ask freely.

You will be requested to give a 3-4 ml blood sample collected from your arm using sterile tubes.
If you agree to give a blood sample, then you will also be asked to answer for questionnaire.

Any information that we collect about you during this study will be kept confidential. Your
personal information will be stored securely following the documentation of your file and will be
maintained in a protected location. Only the principal investigator will be able to link your identity
with the code number.

There is no direct benefit you obtain from this study, but indirectly, the result of the study will be
beneficial to put a new strategy for the assessment of hematological parameters alteration and
associated risk factors among breast cancer patients receiving chemotherapy at Worabe
Comprehensive Specialized Hospital, Worabe, central Ethiopia. Hence, you are indirectly
benefiting other breast cancer patients and society in this respect. There is no risk of gain during
the study, except that you may feel a mild pain during sample collection. We are asking you and
others to voluntarily participate in this study. Participation in this study is entirely voluntary. You
can refuse to participate in this research at any time, and your refusal to participate in this study
will not affect any of the benefits you are supposed to get from the hospital. Please contact any
questions or problems you may encounter during this study to the principal investigator.
Abdilaziz Nassir

Phone no +251921727642

Email abdilaziznassir21@gmail.com
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Annex - 11

Participant information sheet (Amharic version)

OHY 1t o0 (assessment of hematological parameters alteration and associated risk factors
among receiving chemotherapy breast cancer patients at Worabe comprehensive specialized
hospital, Worabe, central Ethiopia) +a34 A28 +aeCanPh:: Ageadtq hoeae19tP (44 hah®P
PILNTADT avo)\B, L AG TTTT D19 AKX LA TPE A e

PHY TG 9497 hAvaa 2023 Adh Jvan 2024 (@0 AnPAL OFAALHE: POATIHA b4 T 271004
Pt NIAC Fo191PT AL PRITRNCE, aPANLSPTT WG T ALIPTT APIIPI° 10+ ACOP W19 T4
etmPROT? TGt ATHdT LV P0LE Ot PHHIE® (PTD- aPCo ANLAHLH FAC 10+ QAT
P220@- 11C NADLI® AaPAT§ hOA'r V1R aPmPP S AN

TXVSO: (0P 252G apANANEL £ NaemPd® hASP AL 3-4 TLANNC PRI® §avG A18.Am- mP P
PLI° Gav-¢ Aaoamt hrh(79ov Aan@d aPh AT.AM S P (HY TGT OPF AAACAL 27NN
T OG® avl G (1TLATC SnPh: AN TITTP aPLF 420PT il (1A LbarMA; AG LUTrE (Fm0P
@A LOHA: TTTrEPT he R4 IC TSI PTLTFAD: PG+ avCals AF -

NHY TGF 0PI TTT 1T TPI° PAI° 11C 7 FHPPS PTGk Oyt (@S0, AMPAL NFAALHE: PATIA
O, DIPTLEIA AFAALHE POTHA WPHET 271005 fm-t MIAC 19199 TF AL PLo18,
aANLPTT KG L ALIPTT AaP19P19° hG A0 OAT TINPar T MPaT, LIPGA:

AAHY OTHPPS AT et N7AC F919L.PTF7 AG TWOLANT OHY 218 AT Tu- 10 (TG 0Pt
Gav-GPF NT,A0Q00F LH PmiS vard® AATIPT haeFie (ateC °79° A1 Ph8.D AT PAIP: ACOP AS
Aot OHY TG AT 08.PL7T1F W90 4 A2 PAT: (LY TG OAT avate av-te (100 (4.7
10z (LY TGF OOT (977509 LH APATe AP TINF SFAN AT OHY TGT AL APATE &P
ANPPTIP MPOTHA TITTT PANPTT IR O TPI° ALOPCIP: AONP (HY TG OPT ALOTI Pt
PIUTATT STV DI TELPT MRI° TAACT APTD- A0S £

ANLAALH TOC
adh e1C +251921727642
a9224 abdilaziznassir21@agmail.com
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Annex -111

Consent format

MRN No.

| have read the provided information (or it has been read to me), | have been allowed to ask
questions, which have been answered to my satisfaction, and | voluntarily consent to participate

in this study

I consent to the collection of my blood for this study and am aware that | have the option to

withdraw from the study at any time.
Print the name of the participant, date, and the signature or thumb impression of the participant

/ / (dd-mm-yy)

If illiterate;

Print name of independent literate witness, date, and signature of witness (if possible, this person

should be selected by the participant and should have no connection to the research team)

/ / (dd-mm-yy)

Phone number

Print name of researcher, date and signature of researcher

/ / (dd-mm-yy)
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Annex - IV

English version of the data gathering tool (Questionnaire and checklist)

Part I: Socio-demographic characteristics

S.no Variable Response

1. Sex 1. Male

2. Female

2. | Age (years)

3. | Marital status Single
Married
Divorced

Widowed

4. | Educational background No formal education
Primary education (1-8)
Secondary education (9-12)

Higher education

Urban

Rural

5. Residence

6. | Occupation Government employee
Non-government employee
Farmer

Self-employed

Housewife

Retired

Unemployed

© N o o B DD =D EARE WD PR N

Others (specify)
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Part 11: Clinical Characteristics

1.

Stage of the cancer

Stage |
Stage 11
Stage 11
Stage IV

Anatomical site of the cancer

W NN PR w e

Left Breast
Right Breast
Both

Metastasis

o g &~ w D P

Metastasis to the Liver
Metastasis to the Lung
Metastasis to Bone

Metastasis to the Lymph node
Other part of body, specify

No metastasis
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Annex - V

Amharic version of the data collection Questionnaire

h&d A7L: NP LAV HN ADPPC U237 £91.04L aoLP
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Annex - VI

Patient’s Laboratory Hematological Profile Data Collection Form

MRN no
Hematological Before After 15t cycle |After the 2"  |After the |After
parameters starting of chemo cycle of chemo 3™ cycle of completion
Chemothera chemo of the 4-
py treatment cycle
chemo
1. |RBC (10%/ul)
2. HGB (g/dl)
3. HCT (%)
4. MCV (fl)
5. MCH (pg)
6. [MCHC (g/dI)
7. |RDW (%)
8. WBC (10%/ul)
9. INEU
10. LYMP
11. MON
12. EOS
13. BAS
14. [PLT (103/ul)
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