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Abstract

Background: - Breast cancer is the leading cancer among females globally, with high morbidity
and mortality rates. Iron in cells is vital for oxygen transport as part of haemoglobin, stored in
ferritin, and carried by transferrin, have role in numerous biological processes, including DNA
and RNA synthesis. Maintaining iron concentrations in the cells and in the body so crucial, since
both iron deficiency and iron overload can impair cellular function also can raise cancer risk,
including breast cancer.

Objective: To assess serum iron profiles and their associated factors in newly diagnosed female
breast cancer patients attending Tikur Anbessa Specialised Hospital, Addis Ababa, Ethiopia.

Methods: A comparative cross-sectional study was carried out between March and November
2023. In all, 74 breast cancer patients were used as cases, and 74 samples from people who were
apparently healthy were used as a control group at Tikur Anbessa Specialised Hospital. After
collecting socio-demographic and anthropometric data, 5 ml of blood was collected from each
participant. Then serum iron, ferritin, TIBC, and percent transferrin saturation levels were
determined by using the COBAS 6000 machine at EPHI laboratory departments. After cleaning,
checking for completeness, and entering it into MS Excel, the data was analysed using SPSS
version 27.0 software. The data were analysed using descriptive statistics (mean + SD) and
assessed using Chi-square, student t-test, ANOVA, and P-value within a 95% confidence
interval. Binary logistic regressions were employed to determine the association between
dependent and independent variables among breast cancer patients. Finally, the findings were
presented through text, tables, charts, and graphs.

Results: The age of study participants ranged from 25 to 75 years, and the mean ages of breast
cancer patients and the control study group were 44.66 + 11.78 and 46.0 + 12.05 years,
respectively. The mean + SD of serum ferritin levels were significantly increased (p < 0.05), and
significant decreases in serum iron, TIBC, and TS% were observed in the case groups in
comparison to the normal groups (p < 0.05). Factors like age, BMI, alcohol consumption, and a
diet rich in meat were significantly linked with abnormal serum iron profile results. In breast
cancer patients, the ferritin level was higher in postmenopausal (274.01 = 127.72 ng/ml)
compared to premenopausal (107.49 + 83.52 ng/ml) patients and even in their healthy
counterparts. Ferritin levels in advanced-stage disease exhibited a significant rise in comparison
to patients at an earlier stage.

Conclusion: According to the study, women with breast cancer generally have deficient iron
levels, apart from increased ferritin levels. Higher ferritin levels in patients with breast cancer
might serve as an additional parameter for diagnosis and staging. Iron metabolism is strongly
involved in the pathogenesis of breast cancer and can serve to assess the severity of the disease.

Keywords: breast cancer, ferritin, serum iron, TIBC, Transferrin saturation percent



1. Introduction
1.1 Background

Cancer is a hereditary disease primarily resulting from mutations in the genes that regulate our
cells' growth and division. Factors such as errors during cell division, DNA damage from

harmful environmental agents, and inherited genetic changes can lead to cancer [1].

Breast cancer is the most prevalent cancer among women. It is a devastating disease that affects
millions of women worldwide each year. Understanding the serum iron profiles of newly
diagnosed female breast cancer patients is crucial for developing targeted treatment strategies
and improving overall patient outcomes. Iron is an essential micronutrient involved in various
cellular processes, including DNA synthesis and cell proliferation, both of which are critical
factors in cancer development and progression. By assessing serum iron levels, transferrin
saturation, total iron binding capacity, and ferritin levels in these patients, we can learn key

aspects about how iron metabolism contributes to the development of breast cancer [2].

It is clear that there is not a single gene that is mutated in all cases of familial breast cancer. One
of the first abnormalities to be identified was a mutation in the tumour suppressor gene p53 (also
seen in sporadic breast cancer) on the short arm of chromosome 17. Li-Fraumeni syndrome is a
cancer family syndrome with a germ-line mutation in p53 causing breast cancer but also
sarcomas, various childhood malignancies, and gliomas. This autosomal dominant inherited
condition is, however, associated with less than 5% of familial breast cancers. However, breast
cancer-associated gene 1 (BRCA1) and subsequently gene 2 (BRCAZ2) have been cloned [3, 4].

Staging describes the extent of cancer in the body, considering factors such as tumour size,
location, and spread to other areas. In Stage 0, the disease is non-invasive. It has not spread
beyond the breast ducts. In Stage I, cancer cells have extended to the surrounding breast tissue.
Stage Il: The tumour is either under two centimetres in diameter and has spread to underarm
lymph nodes or over five centimetres in diameter but has not spread to underarm lymph nodes.

Stage Ill: The cancer has spread beyond its initial location, commonly referred to as locally



advanced breast cancer. Stage IV: Cancer has metastasized to distant areas like the bones, liver,

lungs, or brain. Stage IV breast cancer is also called metastatic breast cancer [5-7].

Numerous pathways involved in the genesis of cancer depend heavily on iron. However, iron can
also play a crucial role in mediating programmed cell death, known as ferroptosis [8]. Iron
might, therefore, serve as a tumour suppressor. In fact, iron's capacity to switch between its
oxidised and reduced forms helps produce free radicals that accelerate the onset of tumours [9].
The loss of the cell's antioxidant capability and the increase in intracellular iron levels appear to
be the two processes that cause ferroptosis, a cell death pathway [8]. Iron also affects
angiogenesis and metastatic development via iron metalloproteases. Through the destruction of

the iron matrix and cancer spread, iron has the capacity to modify the microenvironment [10-12].

Two possible roles for iron in cancer have been hypothesized. First, iron can act as a tumour
initiator by increasing the generation of oxygen radicals that damage DNA and cause mutations
that can cause cancer. Secondly, iron serves as a vital growth factor; tumours have a high need
for iron, and changes to the pathways by which iron is acquired and used may be among the

major metabolic modifications that characterise cancer [13].

Fe®+0O, iy F €3+ O3 o-

Fe*+ O,e - +2H" et Fe3+ H, 0,
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Lipid Peroxidation

Figure 1: The Fenton/Haber-Weiss reaction: Iron drives the generation of ROS, leading to

cell damage and DNA mutation, ultimately causing aggressive tumor growth [14].



Due to its acute-phase reactant nature, serum ferritin can be raised in various medical diseases,
such as liver disease, infections, inflammation, and cancer. Iron and serum ferritin exhibit acute-
phase reactions to inflammation; therefore, ferritin may increase and iron may decrease without
regard to the amount of iron stored in the marrow. Hyperferritinemia is frequently observed in
neoplasis or chronic inflammatory conditions. However, a number of factors affect ferritin levels
and iron status, which can make data interpretation more difficult. Patients with breast cancer
frequently have anaemia, and high ferritin levels brought on by the malignancy can hide an iron
deficiency [15].

Breast cancer is the leading cancer among females globally, with high morbidity and mortality
rates. Anaemia is a frequently observed condition in cancer patients, impacting their quality of
life and treatment outcomes. Despite advancements in diagnostic and therapeutic strategies, the
connection between breast cancer and serum iron levels is still not fully understood. The
pathophysiology of anaemia in cancer is multifactorial, involving inflammation, chemotherapy-
induced bone marrow suppression, and iron deficiency. Understanding the serum iron status of
newly diagnosed female breast cancer patients is crucial for optimising their treatment plans and
improving clinical outcomes. By evaluating the serum iron profiles and associated factors in this
population, healthcare professionals can tailor interventions to address potential deficiencies and
enhance the overall management of breast cancer patients. Further research is crucial to
understanding the intricate relationship between iron metabolism and the progression of breast
cancer [2, 15].

Levels of plasma iron, TIBC, and ferritin are measured directly by assay. An equation using
transferrin and plasma iron is used to determine the iron (transferrin) percent saturation. The

parameter TIBC can also be computed using the transferrin plasma concentration [16].

This study aims to raise awareness about the significance of considering serum iron levels during
diagnosis and to investigate the potential associations between serum iron profiles and various
clinical and pathological factors in newly diagnosed female breast cancer patients, ultimately
contributing to a better understanding of the disease's aetiology and progression. A balance
should be struck for the patient's best interests, regardless of whether high or low levels were

observed.



1.2 Statement of the problem

In 2022, cancer was responsible for 20 million new cases and approximately 9.7 million deaths
globally, positioning it as the second most common cause of death [17]. Cancer is responsible for
one out of every six fatalities worldwide [18]. In Sub-Saharan Africa, including Ethiopia, due to
population ageing, expansion, and rising rates of westernised diets, physical inactivity, and

smoking, cancer-associated lifestyle choices are becoming a bigger public health burden [19].

The incidence of breast cancer is reported to be 20 times higher in high-income countries than in
low- to middle-income countries. In 2016, around 719,000 cases of breast cancer were reported
in high-income countries, while only 37,000 cases were reported in low- to middle-income

countries [20].

In 2022, globally, there were 2.3 million new cases of breast cancer in women and 670,000
deaths related to the disease. The most prevalent cancer globally by the end of 2022 was breast
cancer, with 7.8 million women alive who had been diagnosed within the last 5 years. More
women globally lose disability-adjusted life years to breast cancer than any other form of
cancer. Among women, breast cancer can occur at any age after puberty and is more prevalent in
later years worldwide [21]. Breast cancer is the most prevalent type of cancer in the UK, with
45,000 instances reported annually. It represents 16.0% of total cancer cases and results in
12,000 deaths [22].

In India, cases of breast cancer are often diagnosed at an advanced stage. The quality of care a
woman receives there is largely determined by her access to an oncologist [23]. In Bangladesh, a
majority of patients are diagnosed with cancer at an advanced stage due to low awareness and
limited access to healthcare facilities. Late-stage presentation raises both morbidity and mortality
rates [24].

In several sub-Saharan African nations, breast cancer is presently the most commonly diagnosed
cancer among women, and its prevalence is expected to rise over the next several decades. Rates
of breast cancer are on the rise in Sudan. In 2003, it occurred 610 times (10.01% of all cancer

cases reported), and in 2010, it occurred 1015 times (16.7% of all cancer cases reported).



Additionally, a large number of individuals in their late twenties to mid-forties (27% of those
aged 41 to 50 and 26% of those aged 31 to 40) were affected by breast cancer [25].

Ethiopia reported 80,334 new cancer cases and 54,698 deaths per 10,000 people in 2022. From
these, breast, cervical, and colorectal cancers account for the first dominating malignancies and
account for 16,133, 7,445, and 6,048 new cases, respectively. 17.1% of all cancer-related deaths
are from breast cancer, which is followed by colorectal cancer (7.15%) and cervical cancer
(10.2%) [26]. Age-standardised mortality in Ethiopia is expected to be 11.8 per 100,000 females,
while age-standardised incidence is predicted to be 19.5 per 100,000 [27].

Breast cancer is the most prevalent cancer in females, and early detection of biomarkers is
critical for this type of tumour [28, 29]. In fact, approximately 30% of individuals diagnosed
with early-stage breast cancer will experience a recurrence, often leading to metastasis and
showing resistance to treatment [30]. So, the quest for early warning signs for diagnosing breast
cancer is an expanding area of study. Research on population-based iron levels and cancer risk
has produced inconsistent findings. Patient outcomes in different malignancies may be affected

by changes in iron homeostasis.

When there is an excess of iron, transferrin's ability to bind it becomes saturated, which leads to
an accumulation of nontransferrin-bound iron (NTBI). Although NTBI has the capacity to
accelerate free-radical reactions, its accumulation may pose serious health risks [31]. Hence, an
excess of iron may increase the risk of oxidant-mediated breast carcinogenesis [32]. Iron-binding
and iron-transporting proteins are frequently dysregulated in breast cancer.

Breast cancer is closely related to anaemia, a condition commonly found in women affected by
the illness. The prognosis for breast cancer may be impacted if these individuals receive
therapeutic iron to treat their anemia. Only a few published studies have shown a connection
between serum iron, TIBC, and transferrin saturation percentage and breast cancer, emphasising

the need for further research. As far as we are aware, Ethiopia has no published studies.



1.3 Significance of the study

Breast cancer is among the most common cancers globally and typically affects individuals in

their prime years. Breast cancer patients experience numerous abnormalities.

It was anticipated that this study would draw attention to the need to take serum iron levels into
account when diagnosing breast cancer. For the patient's best interests, a balance should be
achieved regardless of high or low levels were found. As a result, it will help doctor’s better

monitor patients with breast cancer and predict cancer outcomes.

Assessing the iron status of female patients who initially present with a cancerous breast lump

can provide valuable insights into their diagnosis and prognosis.

In order to enhance the outcomes of the patients, this study concentrated on the iron status of
breast cancer patients by giving information for accurate and fast diagnosis, medication, and
monitoring. The results of this study will be useful to other scholars who are interested in the

topic as a starting point for more research.

Identifying supportive tests can help lower mortality rates due to their predictive or diagnostic

applications.



2. Literature review
2.1 Physiological locations of iron

Iron is distributed all through the body, with a large portion being biologically active and the rest
reserved for future needs. The liver and bone marrow's intracellular compartments hold most of
the body's stored iron. Iron is primarily stored as ferritin, consisting of iron and a protein known

as apo ferritin. Hemosiderin is the iron storage form in the absence of apo ferritin [33].

2.2 Iron metabolism in cancer

Iron metabolism plays a crucial role in the development and progression of breast cancer. The
dysregulation of iron homeostasis can contribute to tumour growth and metastasis. Cancer cells
often exhibit an increased demand for iron due to their rapid proliferation rate. They achieve this
by upregulating the expression of transferrin receptors (TfR1), which facilitate the uptake of
iron-bound transferrin from the bloodstream. Once inside the cell, iron is utilised for essential
processes such as DNA synthesis, cell proliferation, and metabolism. Cancer cells can modulate
ferritin expression to regulate intracellular iron levels based on their metabolic needs. Ferroportin
is the sole known iron exporter in mammalian cells. Its expression can be regulated by various
factors, including hepcidin, a hormone that inhibits ferroportin function. Cancer cells may

downregulate ferroportin expression to retain iron intracellularly [34].
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Figure 2: Iron metabolism in normal cell and cancer cell [35].
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(A) The expression of Tf, TfR1, TfR2, and hepcidin is low, whereas the expression of the iron
exporter gene FPN is high in normal cells, leading to a small pool of labile iron. (B) Cancer cells
exhibit increased expression of TfR1 and hepcidin but low levels of FPN, leading to an increased
labile iron pool [35].

2.3 Genetics of breast cancer

Oncogenes and tumour suppressor genes with anomalies in their structure or function are linked
to the onset of malignancy. Many genes, like those in the tyrosine kinase family of growth
factors such as HER2, c-myc, the tumour suppressor gene p53, and ras family members, have
been identified to show abnormalities in invasive breast cancer. Many of these irregularities are
observed in instances of sporadic breast cancer. While just 5-10% of cases of breast cancer are
hereditary, certain families have a much higher chance of developing this disease compared to
the general population [5].

2.3.1 BRCA1 and BRCAZ2 genetic mutations

Most cases of inherited breast cancer are associated with mutations in the BRCAL and BRCA2
genes, known as breast cancer genes one and two. Everyone possesses both of these genes.
Repairing cell damage and maintaining proper growth of breast, ovarian, and other cells are the
functions of BRCA genes. However, inherited mutations in these genes can result in dysfunction
and increase the chance of breast, ovarian, and other cancers. Approximately 10% of all cases of
breast cancer, or one in every ten instances, could potentially result from mutations in the
BRCAL or BRCA2 genes [5].

2.4 Risk factors of breast carcinoma

Epidemiologic studies have identified the causes of breast cancer. Some etiological and
predisposing factors are associated with the disease, while others are not. These include
geographic and ethnic influences, genetic predisposition, age, reproductive life length, parity, age
at first childbirth, obesity, and dietary factors.



2.5 Previous studies on the level of iron profiles

According to a study conducted in the USA, higher baseline levels of blood iron and TS in both
males and females are linked to an increased risk of cancer-related mortality. In general, women

had a greater tendency to be associated with cancer, serum iron, and TS [36].

The results of various studies indicate a connection between high levels of serum iron and breast
cancer. In an Indian case-control study, metal ion concentrations in the serum of female breast
cancer patients were investigated. 54 female breast cancer patients and 54 female control
subjects took part in the research. The study revealed that breast cancer patients exhibited

statistically significant increases in their serum iron levels compared to the control group [37].

In an Indian study, Dhankhar et al. found that out of 90 women in the research (30 in a healthy
control group and 60 recently diagnosed with untreated, histopathologically confirmed breast
cancer), the iron, ferritin, and TIBC analysis results were compared in 30 early-stage breast
cancer patients and 30 advanced-stage breast cancer patients before therapy with those of 30
healthy controls. Breast cancer patients exhibited notably elevated levels of all three parameters
in comparison to healthy controls, with values being higher in advanced stages than in early-
stage disease. According to their research, serum tests for iron, ferritin, and TIBC could assist in

determining the severity and prognosis of the illness [38].

Furthermore, blood iron levels were assessed at the time of enrollment in cohort research
conducted by Pang et al. on 309,443 Taiwanese people without a history of cancer. Linking
individuals to the National Cancer Registry and the National Death File allowed for associating
initial iron levels with future cancer risk. The connection between serum iron levels and cancer
risk showed a J-shaped pattern, indicating increased risk at levels below 60 mg/dL or above 120
mg/dL. According to these results, elevated blood iron levels are both a frequent condition and a
sign of a higher risk for a number of cancers [39].

A cross-sectional study conducted by Mazdak H1 et al. on 51 patients with solid cancer
(including breast cancer) and 58 healthy volunteers after matching for age, sex, and smoking
habits. Patients' serum iron levels were found to be significantly lower than those of the control
group (P < 0.001) [40].



A retrospective study conducted in Croatia involved 46 patients with solid cancer who were
tested for ferritin levels in their plasma. The patient plasma's ferritin concentration was analysed,
with levels ranging from 5.98 to 850.78 pg/L, averaging at 174.62 pg/L, while the control group
comprised 46 individuals. The ferritin level in the control group ranged from 5.94 to 351.54
Ma/L, with an average of 63.17 pg/L. Between the two groups, there is a statistically significant
difference [41].

A study from the University of Belgrade in Serbia revealed that patients with breast cancer who
had advanced disease or had not undergone surgery had significantly higher ferritin levels (p <
0.05) compared to healthy premenopausal women. There was no difference in ferritin levels
between preoperative patients and healthy postmenopausal women. Patients with the highest
ferritin levels were those with advanced disease (n = 140, range 18-719). The levels were
significantly higher (p < 0.05 in all instances) compared to pre-menopausal and postmenopausal
healthy individuals and early-stage breast cancer patients. In the control group, the median value
identified was 38 (range 9-207). Premenopausal women (me = 18, range 9-41) had significantly

lower ferritin levels than postmenopausal women (p 0.05) [42].

Another study from the Iragi University of Sulaimani reveals that the mean S.D. of serum iron,
ferritin, TIBC, and transferrin in patients with breast cancer was (28.5 9.48 ug/dl), (672.3 570.8
ng/ml), (259.09 54.31 ug/dl), and (153.89 24.26 ug/dl), respectively, while the control group was
(91.84 £ 23.25 ug/dl), (54.007 + 26.15 ng/ml), (441.47 £ 47.45 ug/dl), and (283.4 + 35.35 ug/dl),
respectively, showing a significant variation in iron profiles between breast cancer and control

groups [43].

Nevertheless, another study conducted in Sweden found that in menopausal women, serum iron
is a minor risk factor (hazard ratio of standardised S1 1.09 (95% CI 1.02-1.015). Excessive iron
stores may increase the risk of cancer-related mortality in postmenopausal women, possibly due

to an accumulation of iron after menopause [44].
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Another cross-sectional study by Kayode S. Adedapo et al. was conducted in Nigeria. 63 newly
diagnosed postmenopausal breast cancer patients and age-matched, apparently healthy women
were recruited. Statistically significant differences in mean trace element values were observed
among the participants. The average serum iron levels were significantly lower in patients with
breast cancer (59.99+4.33) compared to the healthy groups (82.94+1.71) [45].

According to the study conducted in Sudan on 120 samples, 50 cases of breast cancer and 70
non-cancer controls were identified. The mean age of the case group was 47 years, compared to
42 years for the control group. The most common age categories were 45-54 years and 35-44
years, respectively. Both groups had a mean parity number of 4. Mean serum iron levels in
stromal sarcoma were 188.00 (ug/dL), non-invasive ductal carcinoma was 254.00 (ug/dL), and
invasive ductal carcinoma was 247.76 (ug/dL). They have identified a statistically significant
disparity between the case and control groups with regards to serum iron (higher in the case

group) and transferrin saturation percentage (lower in the case group) [46].

Several studies have used serum iron and transferrin saturation (TSAT) as indicators of iron
status, but their findings have been conflicting. Some studies pointed out an increased chance of
breast cancer specifically and cancer overall. At greater TSAT and serum iron levels, while

others showed no meaningful correlations [44].
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2.5 Conceptual framework

ocio-demographic risk
actors

nthropometric indices
Age Height
Level of education Weight
Occupation

BMI)
Marital Status

thers

Menopausal status
Food habits

umor characteristics
. Stage of breast cancer
Alcohol consumption

- types of breast cancer
Chewing khat
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Figure 3:- Conceptual frame work developed to show association of dependent and
independent variables.
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3. Objectives
3.1 General objective

To assess serum iron profiles and associated factors among newly diagnosed female breast
cancer patients attending Tikur Anbessa specialised hospital, Addis Ababa, Ethiopia: A

Comparative Cross-Sectional Study
3.2 Specific objective

e To compare serum iron profiles in breast cancer patients and healthy control groups.
e To compare serum iron profile levels at different clinical stages of breast cancer.

e To assess risk factors that affects the serum iron profiles of breast cancer patients.

Hypothesis

Ho: The mean of serum iron, ferritin, TIBC, and transferrin saturation percent between the breast
cancer patient and the control group are the same. And the mean of serum iron, ferritin, and
TIBC and transferrin saturation percent between different stages of breast cancer patients is the

same.
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4. Materials and methods
4.1 Study area

Tikur Anbessa Hospital is located in Addis Ababa, Ethiopia. The opening of Tikur Anbessa
Specialised Hospital (TASH) was in 1972; it is the largest general public hospital in the country.
In 1998, Tikur Anbessa Specialised Hospital, which is also the largest referral hospital in the
country, was given to Addis Ababa University (AAU) by the Ministry of Health (MOH) for the
faculty as the main teaching hospital. The faculty is the oldest and largest among the health
training institutions in the country, staffed with the most senior specialists. The oncology unit of
TASH is the cancer referral hospital in the country and has OPD, which provides service to new

and follow-up patients, and an inpatients department [47].
4.2 Study design and period

A comparative cross-sectional study was conducted during the period from March to November
2023 at Tikur Anbessa Specialised and Teaching Hospital College of Health Science, Addis
Ababa University.

4.3 Populations
4.3.1 Source of population

» The source population was all breast cancer patients at TASH.
» The source population for the control group was all apparently healthy

individuals.
4.3.2 Study population

» All breast cancer patients who volunteered and were admitted during the study period
and met the inclusion criteria.

» All apparently healthy volunteer adult individuals who met the inclusion criteria.
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4.4 Inclusion and Exclusion Criteria
4.4.1 Inclusion criteria

» The test group criteria included females newly diagnosed with breast cancer and
pathologically confirmed, regardless of menopausal status.
» The control group comprised apparently healthy females matched to patients based on

age group and parity.
4.4.2 Exclusion criteria

> Breast cancer patients with a history of hemochromatosis, infection, inflammatory
diseases, like rheumatoid arthritis, viral or alcoholic hepatitis, CVD, pregnancy,
taking iron supplements, or undergoing radiation, hormonal, or chemotherapy for

breast cancer.
4.5 Study Variables
4.5.1 Dependent Variables
» Serum iron, ferritin, TIBC and transferrin saturation percent
4.5.2 Independent Variables

» Socio-demographic factors (age, marital status, education level, occupation, and
BMI)

Histopathological grade (stage of disease)

Type of breast cancer

Menopausal status

Nutritional status

YV V V VYV V

Alcohol consumption, Khat chewing, smoking habits
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4.6 Sample size determination and sampling technique
4.6.1 Sample size determination
The sample size was calculated using the following formula:

2SD?(ZB + Za/2)
n= d2

Where: SD = Standard deviation for the case (ferritin level for breast cancer is 111.25) [48].

d = Expected mean difference between cases and controls, based on previously
published studies, is 53.84 [48].

Z B = the standard normal variate for power is 0.84 for 80% power.

Z al2 = the standard normal variate for significance level

Therefore: n =

25D2(ZB+Za/2) _ 2+(111.25)%(0.84+1.96)2 — 2. (12,376.56)+(7.84) _

a2 (53.84)2 Gaoars) 2 o0 =6

As per the formula, the sample size is 67 samples and was adjusted to 74 by incorporating a 10%
non-response rate. Therefore, 74 samples were taken from each group, giving a total of 148

samples.
4.6.2 Sampling technique/methods

A convenient sampling technique was used for the selection of cases based on inclusion and

exclusion criteria.
4.7 Measurement and Data collection
4.7.1 Method of data collection and tools

Different data collection tools were used to collect relevant information based on the study
objectives. Face-to-face interviews, document reviews, and laboratory measurements were used

to collect data from patients. Data was collected by using a questionnaire that contains the
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following variables: age, marital status, parity, BMI, nutrition, and patient recorded data that was

analyzed for the type of breast cancer, histopathological grade (stages), and menopausal status.
4.7.2 Collection of samples and processing

Laboratory professionals used sterile disposable syringes and adhered to the aseptic standard
non-traumatic vein puncture technique to collect 5 ml of venous blood from both patients and
controls. The collected sample was then placed into the serum separator tube (SST) that had been
appropriately labeled with the participant's 1D code. After a 30-minute wait, the blood in the SST
was centrifuged at 4000 rpm for 10 minutes. The serum is then transferred to a 1.5-mL
Eppendorf tube and stored at the optimal temperature until needed. Chemistry analysis with
COBAS 6000 machine was performed at the Ethiopian Public Health Institute (EPHI), the
National Reference Laboratory for Clinical Chemistry.

4.7.3 Laboratory analysis

Iron profile tests (serum iron, ferritin, and TIBC) were analyzed in the serum. The measurements
of these parameters were carried out by used the electro-chemiluminescence immunoassay
“ECLIA” method on a Cobas E immunoassay analyzer. This method uses different test
principles, such as sandwich for measurement. All biochemical analysis for this study was

according to manufactures protocol.

Spectrophotometry: The Cobas 6000 (c501) uses spectrophotometry to measure the
concentration of various analytes in a given sample. This involves passing a beam of light
through the sample and measuring the amount of light absorbed by the analyte. The degree of

absorption is directly proportional to the concentration of the analyte in the sample.

Immunoassays: The Cobas 6000 (e601) also uses immunoassays to measure the concentration
of certain analytes in the sample. This involves the use of antibodies that specifically bind to the
analyte of interest, resulting in the formation of an antigen-antibody complex. The concentration

of the analyte can then be measured based on the amount of antigen-antibody complex formed.
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4.7.3.1 Test principles of the laboratory analyte

Ingested iron is primarily absorbed in the form of Fe2+ in the small intestine. Dietary iron in the
form of Fe3+ must be reduced by vitamin C in order to be absorbed. Approximately 1 mg of iron
is assimilated daily. In the body, Fe2+ is converted to Fe3+ by ceruloplasmin, and it is bound to
transferrin. Transferrin can bind one or two molecules of iron, and nearly all circulating iron is

carried in this manner.
a) Serum iron
Test principle

The Roche method of iron measurement is a three-step process using FerroZine reagents: Fe3+ is
liberated from transferrin by acid or detergent; Fe3+ is reduced to Fe2+ by ascorbate; and the
reduced iron then reacts with the FerroZine reagent to form a coloured complex. The intensity of
this final product is directly proportional to the iron concentration in the sample.

Transferrin-Fe-complex pH<2.0 _apotransferrin + Fe3+
Fe3+ ascorbate Fe2+
—

FE2+ + FEIMOZING ey COlOTEd COMplEX

The color intensity is directly proportional to the iron concentration and can be measured
photometrically at the Wavelength (sub/main) 700/570 nm.

Reagent

The reagents are standard and ready for use on automated analyzer. Reagents: Citric acid: 200
mmol/L; thiourea: 115 mmol/L; detergent, Sodium ascorbate: 150 mmol/L; FerroZine: 6

mmol/L; preservative
Measuring limits
Lower detection limit of the test: 0.90 pmol/L (5.00 pg/dL, 0.05 mg/L)

Measuring range: 0.90-179 umol/L or 0.33-1.93 mg/I

18



b) Total Iron-Binding Capacity (TIBC)
Test principle

Total iron binding capacity (T.1.B.C.) is determined by the addition of sufficient Fe+3 to saturate
iron binding sites on apotransferrin. The excess Fe+3 is removed by adsorption with basic
magnesium carbonate powder. After centrifugation, the bound iron remaining in the supernatant

is measured with the direct method (Ferene) [49].
c) Ferritin
Test principle
Sandwich principle: Total duration of assay: 18 minutes.

e First incubation: by incubating 10 puL of sample, a monoclonal ferritin-specific antibody
labeled with a ruthenium and biotinylated monoclonal ferritin-specific antibody form a
sandwich complex.

e Second incubation: by adding streptavidin-coated microparticles, sandwich complex
bound to solid phase through biotin and streptavidin interaction.

e The mixture of reaction extracted into measuring cell, where microparticles magnetically
trapped onto electrode surface.

e Substances which unbound to electrode surface are then eliminated by ProCell/ProCell M.

e Then, voltage application on electrode induce chemiluminescent emission and
photomultiplier measure it at 410nm.

e Results are determined with calibration curve, which is generated by 2-point calibration

and master curve provided through reagent barcode.

The analyzer automatically calculates the analyte concentration of each sample either in pg/L or

ng/ml.
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Specimen Type and Requirements: Serum or lithium heparin plasma. The specimen must be
free of visible hemolysis. EDTA, citrate, or oxalate are not acceptable anticoagulants as they will
bind iron and interfere with the assay. All will reduce the apparent iron concentration in the
specimen. The concentration of iron in serum or plasma is dependent upon iron ingestion and is
subject to circadian variations. The NHANES Biochem study uses refrigerated or frozen serum.
This test is analysed using NHANES Vial 018 or Vial 011.

Measuring range: 0.500-2000 ug/L (ng/ml)
Lower detection limit: 0.50 pg/L (ng/ml).

The Lower Detection Limit represents the lowest measurable analyte level that can be

distinguished from zero.
d) Determination of percent transferrin saturation

The transferrin saturation is the ratio of the serum iron concentration and the TIBC expressed as
a percentage. Because the serum iron (SI) represents the number of transferrin sites bound with
iron and the TIBC represents the total number of transferrin sites for iron binding, the degree to
which the available sites are occupied by iron can be calculated. The percent of transferrin

saturated with iron is calculated as:
SI/TIBCx100% = % transferrin saturation ............................. [50].

It is important that both the SI and TIBC be expressed in the same units, but it does not matter

which units are used in the calculation.
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4.8 Data Quality Assurance

After completing each questionnaire, the principal investigator and data collectors cross-checked
to verify the completeness of the information and the data was daily entered into SPSS version
27. Normal control and pathological control were run every morning before the participant’s
blood sample was run according to manufacturer guidelines. Assure all samples for the presence

of interference like hemolysis, lipemia, and icterus.
4.8.1 Pre analytical phases

The collected Blood samples were checked to see if they were labelled properly or not.
Phlebotomists were instructed to collect non-hemolyzed blood. Generally, standard operating

procedures were applied for each sample collection, transportation, preparation, and storage.
4.8.2 Analytical phases

The reagents and methods were assessed with known control materials.

4.8.3 Post analytical phases

The results of each individual were documented in the registration logbook with the participant's
identification number, and the results were checked again before being released for further
analysis.

4.9 Data analysis and interpretation

Statistical Package for Social Science (IBM SPSS version 27.0) computer software was used to
analyze the data collected. Pearson Chi-Square and the Student t test were used. A P value of
0.05 or less is considered statistically significant.

4.10 Ethical consideration

Ethical clearance and approval were obtained from the department of medical laboratory science
in Addis Abeba University College of Health Sciences. The study was classified as human-harm-
free since it is a laboratory-based study, and all collected data was analysed anonymously to

assure patient confidentiality.
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4.11 Dissemination of Result

After the completion of the study, the findings were presented and submitted to the Addis Ababa
University department of medical laboratory science as a partial fulfillment of the Master of
Science in clinical chemistry. A dissertation based on this study was submitted to Addis Ababa
University. The result was sent to different peer-reviewed journals for publication, and it was

also shared with the hospital to be used as a guideline for breast cancer patients at TASH.
4.12 Operational definition

Newly diagnosed: - patients with a confirmed breast cancer who does not initiate treatment
Serum iron profiles: - includes serum iron, ferritin, TIBC and transferrin percent saturation

Cases: - Female breast cancer-positive patients (pathology proven) who were not in any
treatment service at Tikur Anbessa Specialized Hospital.

Controls: - apparently healthy individuals (have no any history of breast cancer)
Pre menopause: - The respondent is currently menstruating.

Post Menopause: - The respondent has no menstruation for the last 12 months during the

interview
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5. Results
5.1 Socio-demographic Characteristics of study participants

The study included 148 women in total. The participants in the study were divided into two
groups: the case and the control groups. Each group contains 74 study participants. The age
range of all breast cancer patients involved in this study was 25-75 years. The average age of
women with breast cancer and apparently healthy women was 44.66 + 11.78 years and 46.0 +
12.05 years, respectively. The majority of study participants in both case and control groups

were under 50 years old, accounting for 67.6% and 64.9%, respectively.

Out of 148 women who took part in the study, 103 (69.6%) were married, 30 (40.5%) had no
formal education, and 55 (74.3%) were private employees as shown below in Table 1.

Table 1:- Socio-demographic Characteristics of breast cancer patients and apparently healthy
controls attending Tikur Anbessa Specialized Hospital, Addis Ababa, Ethiopia, 2023.

Variables Study participants (n= 148) P-value
Breast cancer | Apparently
patients healthy controls
n="74 n="74
Age group <50yrs 50 (67.6) 48 (64.9) 0.496
> 50 yrs 24 (32.4) 26 (35.1)
Mean + SD 44,66 + 11.78 46.00 + 12.05
Marital status Single 11(14.9) 10(13.5) 0.170
Married 56(75.7) 47(63.5)
Divorced 3(4.1) 9(12.2)
Widowed 4(5.4) 8(10.8)
Educational status No formal education 30(40.5) 27(36.5) 0.142
Primary 13(17.6) 20(27)
Secondary 13(17.6) 18(24.3)
diploma and above 18(24.3) 9(12.2)
Occupation House wife 4(5.4) 7(9.5) 0.120
Government employee 13(17.6) 22(29.7)
Private employee 55(74.3) 41(55.4)
unemployed 2(2.7) 4(5.4)
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In terms of lifestyle factors, anthropometrics, and food habits of breast cancer patients, the
majority 17/74 (23%) were consumed alcohol (consumed on average one or more alcoholic
drinks a month for a year), 11/74 (14.9%) were smokers (smoked at least 100 cigarettes in her
lifetime), 69/74 (93.2%) never chewed Khat, 22/74 (29.7%) overweighed, 38/74 (51.4%) were
multiparous (1-3), 34/74 (45.9%) used contraceptives, 19/74 (25.7%) ate meat at least once per
week and from this (27%) had a positive history of breast cancer. Similarly, apparently healthy
participants: the majority of 14/74 (18.9%) consumed alcohol (consumed on average one or more
alcoholic drinks a month for a year); 69/74 (98.6%) were non-smokers; 7/74 (9.5%)
overweighed; 35/74 (47.3%) were multiparous (1-3); 25/74 (33.8%) used contraceptives; and
28/74 (37.8%) ate meat at least once per week (Table 2).

Table 2:- Lifestyle factors, anthropometric, and food habits of breast cancer patients and
apparently healthy controls attending Tikur Anbessa Specialized Hospital, Addis Ababa,
Ethiopia: 2023.

Variables Study participants (n= 148) P-value
Breast cancer | Apparently
patients healthy controls
n= 74 (%) n= 74 (%)
Alcohol consumption | Yes 17(23.0) 14(18.9) 0.545
No 57(77.0) 60(81.1)
Smoking condition Yes 11(14.9) 5(1.4) 0.112
No 63(85.1) 69(98.6)
Khat chewing Yes 5(6.8) 3(4.1) 0.467
No 69(93.2) 71(95.9)
BMI <18.5 (Underweight) 6(8.1) 0(0) 0.085
18.5-24.9 (Normal) 42(56.8) 64(86.5)
25-29.9 (Overweight) 22(29.7) 7(9.5)
>30 (Obesity) 2(2.7) 0(0)
Mean + SD 23.62 + 3.54 22.81+1.85
Parity None 10(13.5) 11(14.9) 0.118
1-3 38(51.4) 35(47.3)
>4 26(35.1) 28(37.8)
Mean + SD 3.08 +2.33 2.99 +1.69
Menopausal status Yes 39(52.7) 39(52.7) NS
No 35(47.3) 35(47.3)
Oral Contraceptive Used 34(45.9) 25(33.8) 0.131
Not used 40(54.1) 49(66.2)
Eating meat At least once per week 19(25.7) 28(37.8) 0.112
Less than once per week | 55(74.3) 46(62.2)
Eating  fruit  and | At least once per day 22(29.7) 35(47.3) 0.058
vegetables Less than once per day 52(70.3) 39(52.7)
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5.2 Comparison of laboratory test parameters among study groups

In breast cancer patients, the determined mean + SD of serum iron, TIBC, and TS% was (0.66 *
0.32, 48.45 £ 11.08, 24.28 + 10.43), respectively, while in healthy control groups, the determined
mean + standard deviation of serum iron, TIBC, and TS% was (0.94 + 0.31, 55.19 + 7.43, 30.88
+ 9.93), respectively. Serum iron, TIBC, and TS% exhibited significantly lower levels in breast
cancer patients compared to the control group, with a P-value of <0.001. The observed difference

was statistically significant (p<0.05) (table 3).

But, in breast cancer patients, the determined mean of serum ferritin was (195.25 + 136.92),
while in healthy control groups, the average serum ferritin level was (115.57 + 74.72),
significantly higher than that of breast cancer patients as reported in Table 3. The observed

difference was statistically significant (p<0.05).

Table 3:- Comparison of iron profile in case group and healthy groups attending Tikur
Anbessa Specialized Hospital, Addis Ababa, Ethiopia: 2023.

Test Study Groups (n=148) t-test for Equality of Means
Parameters
Breast cancer | Apparently p-value | 95% CI.
patients (case) | healthy (controls)
n=74 n="74 Lower Upper
Mean = SD Mean + SD
Serum iron | 0.66 £ 0.32 0.94+0.31 <0.001 |-0.382143 -0.178695
(mg/l)
TIBC 48.45 £ 11.08 55.19+7.43 <0.001 |-9.80308 -3.66881
(umol/l)
Transferrin | 24.28 + 10.43 30.88 £9.93 <0.001 | -9.90983 -3.29206
Saturation
percent (%)
Ferritin 195.25 +136.92 | 115.57 + 74.72 <0.001 |43.758006 | 115.605777
(ng/ml)

Standard deviation (SD) and Student's t-test were used to compare the means.
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5.3 comparisons of iron profile in some independent variables among breast cancer study

participants

The disease-stage-wise division of cases included 14.9%, 36.5%, 29.7%, and 18.9% of cases
found in stages I, 11, 111, and 1V, respectively. The rise in serum ferritin and TS% levels was
noted in all stages of the disease [i.e., I, 11, 1ll, and V] subgroups; an ascending course of means
from stage | to stage IV can be noted. Inversely, TIBC levels decreased in the ascending course

of the means from stage | to stage 1V [Table 4].

Table 4:- Comparing of iron profiles in breast cancer clinical stages attending Tikur
Anbessa Specialized Hospital, Addis Ababa, Ethiopia: 2023.

Parameters | Clinical stage of | N Mean = SD P. value
breast cancer
Serum iron | | 11(14.9) 0.57+£0.29 0.326
(mg/l) I 27(36.5) 0.61+0.28
Il 22(29.7) 0.71+0.36
\Y 14(18.9) 0.76 £ 0.34
TIBC I 11(14.9) 56.55 + 10.88 0.015
(umol/l) I 27(36.5) 48.34 +10.47
11 22(29.7) 48.42 + 8.98
\Y 14(18.9) 42.36 + 12.36
Transferrin I 11(14.9) 18.33 £9.25 0.010
Saturation 1 27(36.5) 22.20£9.10
percent (%) | IlI 22(29.7) 25.45 + 10.69
W 14(18.9) 31.37 +11.26
Ferritin I 11(14.9) 54.72 £ 52.09 <0.001
(ng/ml) 1 27(36.5) 103.01 + 48.28
1T 22(29.7) 277.13 + 100.74
\Y 14(18.9) 354.91 + 94.58

Standard deviation (SD) and one-way ANOVA test were used for comparing the means.

Serum iron profile levels were compared across stages I, Il, I, and 1V of BRCA using a one-
way ANOVA. The results showed significant findings in all three markers, with a p-value of

For TIBC, stage | compared to stage IV, the p-value was 0.007.
For TS%, Stage | compared to stage IV, the p-value was 0.010,
Stage Il compared to stage IV; the p-value was 0.035

For serum ferritin, Stage | with stage 11, the p-value was <0.001,
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Stage | with stage 1V, the p-value was <0.001
Stage Il with stage 11, the p-value was <0.001,

Stage Il with stage IV, the p-value was <0.001

Clustered Bar Mean of total serum iron in micro gram per deci litre(mcgl/dL), Mean of total iron binding capacity

in micro mole per litre(umolil), Mean of percent transferrin saturation(%), Mean of serum ferritin in nano gram
per deci litre(ng/dl)...

» total serum iron in micro gram
per deci litre(mcg/dL)
250 = total iron binding capacity in
micro mole per?itre{;.lmoﬂl)

®percent transferrin saturation(%)

= serum ferritin in nano gram per
200 deci litre(ng/dl)

150

Mean

100

50

Invasive ductal Lobular invasive Noninvasive ductal
carcinoma

types of breast cancer

Figure 4:- Bar plot showing comparison of mean serum iron profile levels (serum iron,

ferritin, TIBC, and %TS) between different types of breast cancer

Various types of breast cancer were represented on a bar chart, with the y-axis indicating the
average levels of various iron profiles, while the x-axis displayed the types of breast cancer using
different colors.

As we observed from the above figure regarding breast cancer types, No significant correlation
with serum iron, TIBC, or TS% has been found., while only serum ferritin shows a significant
association between invasive ductal (233.95 + 138.29) and lobular invasive carcinoma (138.50 +

87.29) among the three types of breast cancer with a significance level of 0.028.
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Table 5:- Comparisons of menopausal status with serum iron profiles in breast cancer
patients and apparently healthy controls attending Tikur Anbessa Specialized Hospital,
Addis Ababa, Ethiopia: 2023.

Parameters | Menopausal | Breast cancer patients Healthy controls

status Mean = SD p-value | Mean + SD p-value
Serum  iron | Yes(39) 0.72+0.35 0.087 0.96 +0.28 0.634
(mg/l) No(35) 0.60 £ 0.27 0.93+0.34
TIBC Yes(39) 47.20 £ 10.39 0.306 54.45 +7.30 0.369
(umol/T) No(35) 49.98 + 11.85 56.01 + 7.58
Transferrin Yes(39) 27.11 +11.96 0.015 31.75+8.83 0.427
Saturation  'No(35) 21.22+8.08 29.90 + 11.09
percent (%)
Ferritin Yes(39) 274.01+127.72 | <0.001 |147.89 +80.47 <0.001
(ng/ml) No(35) 107.49 £ 83.52 79.55 + 47.08

Standard deviation (SD) and Student's t-test were used to compare the means.

The iron levels were compared between pre-menopausal and post-menopausal statuses in both
breast cancer patients and healthy control groups. In all parameters, Compared to premenopausal
women, the levels were higher in postmenopausal women. In this study, serum ferritin levels
were significantly elevated in postmenopausal patients (mean £ SD = 274.01 + 127.72) and
controls (mean = SD = 147.89 + 80.47) as compared to the respective pre-menopausal groups
(mean + SD = 107.49 £ 83.52 and mean = SD = 79.55 + 47.08), and the p-value is considered
highly significant (p<0.05). Beside this, the TS% in postmenopausal patients was significantly

higher compared to premenopausal patients, with a p-value of 0.015.
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5.4 Risk factors associated with iron profile changes among breast cancer patients

Alcohol consumption, BMI, and eating meat had a significant association with the iron levels in

the serum of breast cancer patients.

Ages were significantly associated with serum ferritin. Elderly breast cancer patients were 4.29
times more likely to have hyperferritinemia than younger age groups (COR = 2.72; AOR (95%
Cl) =4.39 (1.24-15.51) with a significance level of 0.02) (Table-6).

BMI was significantly associated with serum iron. Breast cancer patients had normal weights
(0.25) times less likely to have low serum iron levels than overweight patients (COR =1.18;
AOR (95% CI) = 0.25 (0.09-0.72) at P-values of 0.01 (Table-6).

Alcohol consumption and eating meat were significantly associated with serum iron. Breast
cancer patients who consumed alcohol (0.16) and eat meat at least once per week (0.18) times
less likely to have low serum iron levels than non-alcohol consumers and eat meat less than once
per week (COR =0.30; AOR (95% CI) = 0.16 (0.03-0.92); COR = 0.24; AOR (95% CI) = 0.81
(0.04-0.78) with P-values 0.04 and 0.02, respectively. (Table-6)
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Table 6:- Shows binary logistic regression analysis with factors associated with abnormal ferritin, and lower serum iron

among breast cancer patients attending Tikur Anbessa Specialized Hospital, Addis Ababa, Ethiopia: 2023.

Variables Serum Ferritin > 200 ng/ml Serum iron < 0.6 mg/l
COR | AOR (95% CI) P-value COR AOR (95% CI) | P-value
Alcohol Yes 3.392 | 3.658(0.86-15.59) | 0.080 0.303 0.155(0.03-0.92) | 0.040*
drinking No 1 1
Smoking Yes 2.844 | 2.85(0.54-15.07) 0.218 0.487 1.152(0.21-6.24) | 0.870
status No 1 1
Khat chewing | Yes 0.920 | 0.083(0.011-2.20) | 0.169 4118 18.06(0.9-359.1) | 0.058
No 1 1
Age >50 2.718 | 4.388(1.24-15.51) 0.022* 0.721 0.418(0.12-1.52) | 0.185
<50 1 1
BMI <25kg/m2 1.046 | 1.086(0.48-2.46) 0.843 1.177 0.248(0.09-0.72) | 0.010*
>25kg/m2 1 1
Contraceptive | Yes 1.184 | 1.267(0.37-4.32) 0.706 0.467 0.816(0.23-2.86) | 0.751
use No 1 1
Meat At least once per week 1.799 | 1.78(0.49-6.54) 0.385 0.238 0.181(0.04-0.78) | 0.022*
consumption | Less than once per week 1 1
fruit and | At least once per day 2.728 | 2.805(0.78-10.08) 0.114 0.549 0.489(0.14-1.76) | 0.274
vegetables Less than once per day 1 1
consumption

30



There is no significant association between independent variables, total iron binding capacity, and transferrin saturation (%) among

breast cancer patients, as shown in Table 7 below.

Table 7:- Shows binary logistic regression analysis with factors associated with lower TIBC and TS% among breast cancer

patients attending Tikur Anbessa Specialized Hospital, Addis Ababa, Ethiopia: 2023.

Variables TIBC < 42.5 umol/l Transferrin saturation < 15%
COR [ AOR (95% CI) P-value | COR [ AOR (95% CI) P-value

Alcohol drinking Yes 1.280 1.316(0.33-5.30) 0.699 0.725 0.976(0.20-4.76) 0.976
No 1 1

Smoking status Yes 1.102 1.431(0.28-7.34) 0.667 0.320 0.460(0.05-4.46) 0.503
No 1 1

Khat chewing Yes 0.708 0.577(0.04-7.62) 0.676 NA NA
No 1 1

Age >50 1.304 1.161(0.35-3.88) 0.809 0.407 0.462(0.11-1.99) 0.299
<50 1 1

BMI <25kg/m2 0.631 0.642(0.28-1.45) 0.286 0.848 0.896(0.37-2.20) 0.811
>25kg/m2 1 1

Contraceptive use | Yes 0.811 0.892(0.26-3.02) 0.855 0.893 1.197(0.32-4.46) 0.789
No 1 1

Meat consumption | At least once per week 0.711 0.700(0.18-2.75) 0.610 0.606 0.671(0.15-3.10) 0.609
Less than once per week | 1 1

fruit and vegetables | At least once per day 1.103 1.140(0.33-4.00) 0.838 1.575 1.244(0.33-4.74) 0.749

consumption

Less than once per day
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6. Discussion

The current study assessed serum iron, ferritin, total iron binding capacity (TIBC), and percent
transferrin saturation (TS %) among breast cancer patients and apparently healthy participants.
Serum ferritin levels were significantly elevated in breast cancer patients in comparison to the
healthy control group. Serum iron, total iron binding capacity (TIBC), and percent transferrin
saturation (TS %) were significantly lower in breast cancer patients compared to the apparently

healthy study group.

In this study, Serum ferritin levels showed a significant rise in breast cancer patients (195.25 +
136.92) compared to apparently healthy group (115.57 + 74.72) at P<0.001. The data reveals a
significant increase in serum ferritin levels among breast cancer patients. compared to controls,
which is in line with previously published studies by Pavithra et al., Rakesh Dhankhar et al.,
Basima Sadiqg Ahmed et al., Harshal P. Manohar et al., Kher et al., Moore et al., Ulbrich et al.,
Maira Mahmoud et al., and Harshal Narkhede et al. [37, 38, 43, 51-56]. These findings indicated
that elevated serum ferritin levels may suggest the presence of malignant disease. In terms of
cancer mechanisms, a study discovered that increased serum ferritin levels are associated with

inflammation and oxidative stress, rather than iron overload.

This study reveals the significantly decreased serum iron levels of patients with breast cancer
(0.66 £ 0.32 mg/l) compared to the apparently healthy group (0.94 £+ 0.31 mg/l) (P<0.001). The
present finding has similar findings to previous studies by BasimaSadiq et al. and Nigerian
researcher Kayode S. Adedapo, in which the mean of patients with breast cancer was
significantly lower than that of healthy controls (P-value <0.0001) [43, 45]. This finding aligned
with another study conducted by Mawada et al. [57]. and Skrajnowska et al. [58]., an
observation was made that patients with breast cancer showed a significant variation in iron
levels compared to the control group. However, it has a different finding than a study conducted
by Rufaida et al. [46]., who observed that the serum iron level increased across the study groups.
The differences between our results and these results may be because of the differences in

method used for investigation and sample size.
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In the present study, the results revealed that the average serum TIBC among breast cancer
patients was 48.45 = 11.08 umol/l; compared to the control group (mean + SD 55.19 + 7.43
pmol/l), these values were significantly lower (P < 0.001). The results of the current research are
in line with a prior study conducted in Iraq by Basima Sadig A.; significantly (P< 0.0001) lower
serum TIBC levels were observed in breast cancer patients than normal healthy controls [43].
And also in other studies, similar findings were observed in reducing TIBC levels in infection,
inflammation, and neoplasia [59]. Three potential factors may contribute to the reduction in
TIBC: increased iron demands due to heightened erythropoiesis, inadequate iron release from the

body's iron reserves, inadequate iron absorption [60].

According to the present finding, the percentage of transferrin saturation in the serum was found
to be significantly lowered in patients diagnosed with breast cancer (24.28 + 10.43%) compared
to healthy controls (30.88 + 9.93%). This result was consistent with the study conducted by
Basima Sadiq et al. and Mustafa et al., who observed that a significantly lower serum percent
transferrin saturation level was observed in breast cancer patients than normal healthy controls
[43, 46]. This observation may be due to the fact that when the amount of iron in the blood

decreases below the recommended range or due to chronic inflammation of the cancer itself.

According to the study's findings, a significant rise in serum ferritin levels and percent transferrin
saturation was observed with the progression of the disease's clinical stages (p<0.001 and p =
0.015, respectively). These values were significantly elevated in patients with advanced stages of
breast cancer (stage 4 and stage 3) in comparison to early stages (stage 1 and stage 2) (p<0.05).
This study finding aligns with the observations previously mentioned by Rakesh Dhankar and
Coombes RC et al. Elevated ferritin levels were found to be markedly higher in advanced-stage
carcinoma compared to early-stage carcinoma (p<0.001). Moreover, higher levels of ferritin
were linked with more advanced malignant characteristics and were significantly elevated when

compared to less advanced stages (p<0.001) [38, 61].

Furthermore, Maira Mahmoud and co-authors indicated a significant increase in mean serum
ferritin levels among breast cancer patients as opposed to the control group. Additionally, a
substantial variance in mean serum ferritin levels was noted across the various stages of breast

cancer (i.e., stage I, Il, 111, and IV) [55]. This is due to tumor-associated macrophages (TAMS)
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have been suggested as the primary origin of elevated serum ferritin levels in individuals
diagnosed with cancer. TAMs are responsible for the production and secretion of ferritin within
the microenvironment. This process leads to the metabolic reprogramming of cancer cells,
thereby facilitating their proliferation, promoting angiogenesis, and inducing immunosuppression

through paracrine signaling.

This study observed higher serum iron profile levels in post-menopausal women, comparing
them to pre-menopausal women, both in breast cancer patients and healthy groups. But only
serum ferritin and TS% levels were significant, with P-values of <0.001 and 0.015, respectively.
This study finding is supported by Panag et al., Yan Li et al., Cho SH et al., and Cho GJ et al.,
who have observed elevated serum ferritin levels in postmenopausal women. The observed
elevation in iron levels is likely a result of the discontinuation of menstrual bleeding. As a
consequence, the loss of iron through menstruation is no longer occurring, it accumulates in the

body and iron requirement goes down considerably [62-65].

Ferritin synthesis is mostly regulated by the iron level [66]. The premenopausal, healthy women
in this study had the lowest ferritin concentrations. This result is not surprising, as low ferritin
levels are caused by physiological loss that is not adequately compensated by consumption,
which results in a relatively small iron pool in females within the reproductive age range.
Reduced iron loss in postmenopausal women results in an increase in stored iron levels, and rise
in ferritin levels that eventually reach levels comparable to those seen in males. Continuously
building up iron during the postmenopausal period may be connected to an age-related elevated

risk for breast cancer [67].

Logistic regression analysis revealed a significant positive association between alcohol
consumption, age, BMI, and meat consumption with serum iron and ferritin levels. In this study,
patients who were older had a 4.388-fold higher risk of developing hyperferritinemia than
younger patients (AOR (95% CI) = 4.388 (1.24-15.51); P = 0.022). In addition, patients with
breast cancer who consumed alcohol (0.155) and eat meats at least once per week (0.181) times
less likely to have low serum iron levels than non-alcohol consumers and eat meats less than
once per week (AOR (95% CI) = 0.155 (0.03-0.92); AOR (95% CI) = 0.183 (0.04-0.78); P =
0.040 and P = 0.022, respectively. And breast cancer patients had normal weights (0.248) times
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less likely to have low serum iron levels than overweight weight patients (AOR (95% CI) =
0.248 (0.09-0.72), P = 0.010. Further investigations have indicated a favorable association
between age and hyper-ferritinemia [68]., alcohol consumption and high serum iron levels [69].,

and overweight and low serum iron levels [70].

The findings of this study indicate that the neoplastic process causes a significant decrease in
iron levels in the serum, possibly as a result of iron being redirected towards tumor development.
Since iron is essential for proper catalase function, the observed decline in enzyme activity may
be linked to the marked reduction in iron content in the blood [15].

The role of iron in the tumor microenvironment is increasingly evident, with a substantial
amount of supporting evidence. which suggests that iron absorption, efflux, and regulatory
pathways are all disturbed in cancer [71]. Increased angiogenesis has also been associated with
iron deficiency. Haung reported that iron plays a crucial role as a cofactor for the enzyme
hypoxia inducible factor (HIF)-1a prolyl-4-hydroxylase, which is responsible for hydroxylating
HIF-1a. Hence, low iron levels inhibit proline hydroxylation and maintain the stability of the
HIF-1a protein, resulting in a rise in angiogenesis [72]. Breast cancer patients exhibited a notable
reduction in iron levels compared to the control group, potentially leading to an increased
susceptibility to breast cancer onset. The findings align with the Jian et al. findings, which found

that human breast cancer growth and metastasis are facilitated by a Fe deficiency [71].
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7. Strength and limitation of the study

7.1. Strength of the Study

v

v

This study is the first to be conducted in breast cancer patients in our country, serving
as a reference for future research ahead.

Data and sample collection were conducted by experienced nurses and laboratory
technologists in strict adherence to SOPs.

The information was obtained from a demographic sample that was more diverse,
reflecting a wider distribution of ages.

Laboratory tests were analyzed using fully automated clinical chemistry instruments.

7.2 Limitation of the Study

Restricted resource.

Research focusing on the analysis of serum iron profiles in breast cancer patients is
limited, especially in the Ethiopian setting.

This study is restricted by a small sample size and the exclusion of tissue studies.

The cutoff values for serum iron, TIBC, and TS% were not used; only ferritin was used
during risk factor assessments.

Lack of comparison according to treatment received to observe the effect of different

modalities of treatment.

36



8. Conclusion and recommendation
8.1 Conclusions

The objective of this study was to assess the levels of serum iron, ferritin, total iron binding
capacity, and percent transferrin saturation in breast cancer patients and compare them with those
of healthy individuals. According to the findings of the study, it can be inferred that breast cancer
patients consistently exhibit elevated levels of serum ferritin activity. It can be inferred from the
data that individuals suffering from breast cancer experience a marked decline in serum iron,
transferrin saturation percentage, and total iron binding capacity, indicating a substantial

decrease in these iron-related parameters.

The results indicate a strong association between serum ferritin levels and the development of
breast cancer, suggesting that they may serve as useful and affordable biomarkers for the timely
identification and prediction of the disease.

Therefore, it is possible to draw the conclusion that iron metabolism plays a significant role in
the pathophysiology of breast cancer and may be useful in determining the disease's severity and
progress. The assessment of these serum levels of iron may play an essential role in breast cancer

detection and monitoring.

Iron metabolism is strongly involved in the pathogenesis of breast cancer and can serve to assess
the severity of the disease. Exploring the impact of iron dysregulation in breast cancer may pave
the way for novel therapeutic interventions, offering potential advantages to patients through

reduced recurrence rates, lower incidence rates, and improved survival outcomes.
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8.2 Recommendations

e Further studies involving a substantial sample size are necessary to verify and validate
the utility of estimating the iron profile in conjunction with other tumor markers.

e Breast cancer patients should check their iron profile levels in collaboration with RBC
and Hgb counts.

e Combining ferritin with other biomarkers for breast cancer could potentially enhance its
utility.

e Utilizing the iron profile as a regular screening tool is essential for breast cancer patients.

e Serum ferritin might be used with other cancer markers for staging breast cancer.

e Tissue analysis with immunohistochemistry is needed to support the present finding.
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Annexes
Annex I: Information sheet (English)
CODE

This informed consent form is for newly diagnosed breast cancer patients admitted in TASH.

Introduction: Hello! I'm ......... from Addis Abeba University and I'm here with other
colleagues to research on Iron profiles in breast cancer patients. I'm going to inform you and ask
you to participate in this research project. You can decide whether or not to take part in the

study.

Aim of the study: In order to assess serum iron levels and its associated factors among females

breast cancer patients at TASH.

Type of Research Intervention: This research will involve your participation for anthropometry
measurements, giving blood specimen (for this research). We will make 5 minutes interview

with you to collect little clinical information.

Voluntary Participation: This study just asks for your voluntary involvement. Whether or not
you participate is entirely up to you. Nothing will change in your daily life if you decide not to
take part in this study. Any medical care you receive is unaffected by your choice not to

volunteer.

Risks and discomforts: When collecting blood, there may occasionally be minor bleeding and
minor discomforts or pains, which can be managed by trained health professionals collecting the
data.

Benefits: Although there will be no direct benefit to you, your involvement will help us to assess

serum iron level among breast cancer patients.
Incentive: There won't be any additional compensation for your participation in this study.

Confidentiality: The data acquired about your health and the lab results will be kept completely
confidential. Individual information will remain private and findings will only be released in
aggregate form. Right to Refuse or Withdraw: If you want to do so, you are always free to

revoke your consent to the study for any reason.
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Annex Il: Consent Form (English)

Code of study subject

I have been informed about a study plan that is entitled with “Assessment of Iron profiles and its
associated factors among females with Breast Cancer in TASH, Ethiopia” and for this purpose
some information and blood sample will be taken from me. | was informed about the objectives
of this study. The sample would be collected using the standard method for laboratory

investigation; however drawing blood can be painful.

I've also been told that the questionnaire's data will be kept private. In addition, | am fully aware
of my rights to refuse to participate in the study, hold onto information, and withhold my
consent. | have been told that my laboratory results will be shared with me as soon as they are
available, and if they contain any abnormal indicators, | will be sent to the proper facility for

additional evaluation and care.

| freely gave the researcher my informed agreement to utilize the sample | provided for the
investigation since | was fully aware of the circumstances. I've had the chance to inquire about it

as well, and I've gotten answers that satisfy me.

Participant's signature: Investigator's signature:

Witness name: Signature:
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Annex I11: Questionnaire (English Version)
Questionnaire No [_] date.........

Part I: Socio Demographic characteristics

1. Age:
2. Age at menarche:
3. Marital status: (@) Single  (b) Married (c) widowed  (d) divorced
4. Educational Status: (a) illiterate (b) elementary (c) Secondary (d) diploma and above
5. Occupation: (@) Farmer  (b) Government employee (c) Private Sector employee
(e) Unemployed
6. Parity number
7. BMI:
8. Menopausal status: Yes [ ] No []
9. Family history with breast cancer  Yes [ ] No []
10. Consumed on average one or more alcoholic drinks a month for a year
Yes [ ] No []
11. Smoked at least 100 cigarettes in her lifetime yes [ ] No []
12. Chewing chat yes [ ] No []
13. Do you use contraceptive? yes [ ] No []

14. How many times do you eat meat per week?
1. At least once per week 2. Less than once per week
15. How many times do you eat fruit and vegetables per a day?

1. At least once per day 2. Less than once per day

Part I1: Clinical characteristics

1. Stage of breast cancer (a) Stage | (b) Stage Il (c) Stage Il (d) Stage IV
2. Types of breast cancer  (a) Invasive ductal (b) lobular invasive carcinoma

(c) Noninvasive ductal
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Laboratory test result

Iron profile:

Serum iron............coovviniiinnnnn.. mg/1
Ferritin ..., ng/dl
Total iron binding capacity............ pmol/l
Transferrin Saturation percent.......... %
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Annex IV: Information sheet to participants (Amharic version)

AN 17 PHAFLPT o8 B %

AATR MG 2AMAT oA 8I% ANAAL: NASN ANN RLACAtL MT ALFN hAE NhahaA
NN TC TIUCT A& PUEATE 8.91C +a0¢-¢ +a9C AP PHU M5F 40N “Assessment of iron

profiles and associated factors in female breast cancer patients attended at TASH, AA, Ethiopia”

PaRA 1@ ANAP NHU MG AN ACRA+E NADAMEEP N&F $mAM. PI7TMYT UA
NngRT PN 748 PALYT hA EMBd: PACNP NHU MFF AR PALPCPF +ATE ™
Na>k N4 LPLATF AR P+MAL+ AT AGA+E AAPTD AAMRA+& NMNF ATH, NHU
PATHA @AD PP T+ MITMIP ATAVT ARRZMIP: PG+ +AFL NP PTLMNPNPT
NHU DFF ATRA+E L PP NPL AT81E PA COMLSTY ACRMANG NN+ /A AT PAR
@A PhA PLIR GO AMDAMT ADAMRE BMNPNFA= NHU MFT RA+E PaqPATTM,
MmPI° &Y DTF PUIA+TT 81C adR/b P fU-& ATRMUF M7 PIPNLAPT 1THAN NPT
N@.Mt +MPI® 1PF: FPAY LRI PACAP +AFE NACNPT NDTIP L9° N PR PARLTY
amm7 -t NIAC IC PADT +PLPHIF AT NIF AMG NAT>PPF AATPAL AL ACH Pir
FNPFY NATIL6 Y7L RNAD AT8LET PaHA: NHU MG aRA+E Paq PANFAD, 18
MMy PLIR GG NABP NIRMALNT 1H AIN+E PUMRIR NaRt APC BFAA= 11C 17
gaqem, P MALM NNE+E DTSR ATRE NAM NAT>P NAPE YaRa™> bt LePPF MAMD
B+PA:
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P+AFEPTFT PhRC NAPMNSP

U PTAMT FIAANP LE FPAME-PI+ PHMNG 1@ 2UTR aBZ8 NhIPTR+HC NTPAM.C
NHAOHIN N3A  A9PPT  ABMPNIO:  AG9R  N9RIR GRYE e ASDP
ARTFATRENNPTR+HC @AM PAM. dB/89° NIPAML hE FNC LPaPmA: M/P+ERID
NFPAMC L$aPmA: BUT LB PAAMT PATRITR 9183 NA™k 4 PLTTTP j0u: MG+H
N+EaZ N3A NMIF@I° 1H +ATEPY PAIRLM ah (NF LECPFA: NPT+ AL AOA+E
NUNTFA NAPE a97H9F IC +6RT PAQID: NG+ AL AMA+E PARLAT hUy 0L
P+PPHM-Y ODZE NGOGRYF AD4 /9D MEYR Pojqe ADNARARFPYy MmG+Y AGHANANGD. W,
R34 Rifr9® NCAP NTP L& LA

hg=nJq IC

oA §J%
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ANE 2 4P LATHT PO P20 $ R
PG+ +AFL OOAL &L

"NA ARZY MY Mt NIAC IC PAGLY +PPH1F, NATEAL" PALLTY Uid Nt NINAC
Uago+dF AR AGPAPT AATLLEM- PIME 03 +191CFA: AHUI® MeF dolE AT PLIP
qaq 2MABA:: PHU MFF FATY AL +N&ChA:: PTa™G MANAN: PHATRLM-T PIRLADs. Y 2%
£h+Ad: 17C 1% DRI aANAN JC P+ PH UTRIR ASC £FAA:

NaMmed m-NA P+htt AJe ALEPTF NF2 ML ATRTMNE +N&CFATA: NHUT® NAL
pan/s Aoty PADMNS, PADHNNC ABN+tY AT hIPCARL@m AT PAI@-MT aoft
A1RAUMNE +1o1CTFA=@ Mk HAE NPT 9IH PANGSS OMAT ATLMIARAT +191CFA:
NgRCavs.m-9° PyYaRgR goART APY PaFA 11C N+1TNF AtehTd FoCaPe AT ANgRT
R187% @ N, NF ATLMRITH +1ICFANHUT® NAR NA 78R MPRPT PAOMPS AL
AT FAU AT NHAMT aRAN CAFAU

NAHU N&PLATE NA MG+ ap NA™k NADLEF AGRCARLMTR ANEAT ABLE AT PRID Ga-g
ATRONAE NI FAL:: £UTT NTRIRTET ATIZIT NNC N&LTR AL ITMAU:

P+hFd £CM panCas 40T

PIRNAC A &CTM
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Annex V: Questionnaire (Amharic Version)
AN 3T PAPMMLP SR

A&A 17 9AANP Ao/ B P

2.09NF U U . PAIN(F) A PIN(F) A NPT E+APLPT a® N&TF PHALPT
3. PF9RUCT et U AAtTICHh9® AL UA+E 828 . 2TA9RT hH NAL
4.00¢ U U.INZ A PAYONF AdtE  APIA £CEF dD PN ACRNLT W, Al AM

5. PACTHT ®mC

6. BMI (Kg/m2

7. LU N&F NAAN/NN+ HARE aBhhd NIAC PFaRdD hA? U AP A AL

8. AAhA Mh+d Pd-PA (AATE ACRTF NATHINE NMC ATL MLI® NHP NAL PAANA
M MMFY a2 M$gr)? U. AP7 A. ARAMMYD

9. LI AeN@D- ParP (NULDF HARL NPFN 100 AI&PTT Achh TNC? U. AP
A. AAmN -9
10. st £$aHA? U. AP A. RAPTRTP

11. PN+AN AP EmemA U APT A hE

12. NARTF @D ATRY PUA 1H AJ £aRINA?

U. N.27N NAIRTE ARTE 1H A. NAIRTF AL 1H NF-F

13. NeY AP PUA 1H ATHATT &G e £APINA?

U. NP+ NPTN NPT ATE 1H A. NPT DAL 1H NFT
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Annex VI: Test principles of the laboratory analyte

Ingested iron is primarily absorbed in the form of Fe2+ in the small intestine. Dietary iron in the
form of Fe3+ must be reduced by vitamin C in order to be absorbed. Approximately 1 mg of iron
is assimilated daily. In the body Fe2+ is converted to Fe3+by ceruloplasmin, and it is bound to
transferrin. Transferrin can bind one or two molecules of iron, and nearly all circulating iron is

carried in this manner.

Current study used electrochemiluminescence immunoassay “ECLIA” method on cobas e
immunoassay analyzer. This method uses different test principles such as sandwich, competitive

and bridging for measurement.
e) Serumiron
Test principle

The Roche method of iron measurement is a three step process using FerroZine reagent: Fe3+ is
liberated from transferrin by acid/detergent, Fe3+ is reduced to Fe2+ by ascorbate, and the
reduced iron then reacts with the FerroZine reagent to form a colored complex. The intensity of

this final product is directly proportional to the iron concentration in the sample.

Transferrin-Fe-complex pH <2.0 apotransferrin + Fe3+
Fe3+ ascorbate Fe2+
Fe2+ + FerroZine colored complex

The color intensity is directly proportional to the iron concentration and can be measured
photometrically.

Reagent

The reagents are standard and ready for use on automated analyzer. Reagents: Citric acid: 200
mmol/L; thiourea: 115 mmol/L; detergent, Sodium ascorbate: 150 mmol/L; FerroZine: 6

mmol/L; preservative
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Total Iron-Binding Capacity (TIBC)
Test principle

Total iron binding capacity (T.1.B.C) is determined by addition of sufficient Fe+3 to saturate iron
binding sites on apotransferrin. The excess Fe+3 are removed by adsorption with basic
magnesium carbonate powder. After centrifugation, bound iron remaining in supernatant is

measured with direct method (Ferene) [49].
f) Transferrin
Test Principle

The transferring is a quantitative turbidimetric test for the measurement of transferring in human
serum or plasma. Anti-transferrin antibodies when mixed with samples containing transferring,
from insoluble complexes. These complexes cause an absorbance change, dependent upon the
transferring concentration of the patient sample that can be quantified by comparison from a

calibrator of know transferring concentration [50].
g) Ferritin
Test principle
Sandwich principle: Total duration of assay: 18 minutes.

First incubation: by incubating 10 pL of sample, a monoclonal ferritin-specific antibody labeled
with a ruthenium and biotinylated monoclonal ferritin-specific antibody form a sandwich
complex. Second incubation: by adding streptavidin-coated microparticles, sandwich complex
bound to solid phase through biotin and streptavidin interaction. The mixture of reaction
extracted into measuring cell, where microparticles magnetically trapped onto electrode surface.
Substances which unbound to electrode surface are then eliminated by ProCell/ProCell M. Then,
voltage application on electrode induce chemiluminescent emission and photomultiplier measure
it at 410nm. Results are determined with calibration curve, which is generated by 2-point

calibration and master curve provided through reagent barcode.
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Reagents
Reagents for the assay are ready-to-use and predispensed in the sealed reagent strips.
Procedure

All of the assay steps are performed automatically by the instrument. The reaction medium is

cycled in and out of the SPR several times.

Specimen Type and Requirements: Serum, or lithium heparin plasma. The specimen must be
free of visible hemolysis. EDTA, citrate, or oxalate are not acceptable anticoagulants as they will
bind iron and interfere with the assay. All will reduce the apparent iron concentration in the
specimen. The concentration of iron in serum/plasma is dependent upon ingestion of iron and is
subject to circadian variations. The NHANES Biochem study uses refrigerated or frozen serum.
This test is analyzed from NHANES Vial 018 or Vial 011.

Specimen Volume: Optimum/Minimum volume: 100 pL in a sample cup or 2 mL microtube

(8.5 puL serum or plasma; remainder for dead volume).

Acceptable Specimens/Unacceptable Specimens: Serum, or lithium heparin plasma. EDTA,
citrate, or oxalate are not acceptable anticoagulants as they will bind iron and interfere with the
assay. All will reduce the apparent iron concentration in the specimen. Other anticoagulants are

not acceptable. The specimen must be free of hemolysis.

Specimen Stability and Storage: Separated serum or plasma should be removed from the cells
within one hour of collection. Serum or plasma is stable for 3 weeks at 4°8 °C, seven days at 20-
25°C, several years at -20°C, and longer at —70°C. Specimens must be at room temperature prior

to assay. Specimens containing precipitate must be centrifuged prior to analysis.
Quiality Control

Serum controls with known normal and abnormal values should be run routinely to monitor the

validity of the reaction.
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