
  

 

 

ADDIS ABABA UNIVERSITY 

SCHOOL OF GRADUATE STUDIES 

PhD Dissertation 

Breast Cancer Subtypes, Associated Biomarkers, and the Involvement of Human 

Papilloma Virus in Ethiopian Population 

 By: Esmael Besufikad 

College of Natural and Computational Sciences, Department of Microbial, Cellular and 

Molecular Biology 

A Thesis Submitted to the School of Graduate Studies of Addis Ababa University in 

Fulfillment of the Requirement of the Degree of Doctor of Philosophy in Microbial, 

Cellular, and Molecular Biology 

Advisors: 

Adey Feleke (PhD) 

Tesfaye Sisay (DVM, MSc, PhD, Prof) 

Rawleigh Howe (MD, PhD) 

Dinkisira Bekele (MD) 

December 22, 2023 

Addis Ababa, Ethiopia 



i 

 

WORK DECLARATION 

I hereby declare that the content of this dissertation is entirely my work and that all data 

and information used in its preparation have been properly cited. This dissertation was 

submitted to Addis Ababa University's College of Natural and Computational Sciences, 

Department of Microbial, Cellular, and Molecular Biology, to fulfill the requirement for 

the Doctor of Philosophy in Microbial, Cellular, and Molecular Biology. I hereby certify 

that this dissertation will not be submitted to another school to get an academic degree. 

 

Student Name: Esmael Besufikad 

Signature: ____________    Date: _____________ 

 

 

CONFIRMATION 

This dissertation has been submitted for examination with my approval as an advisor.  

Advisor name:    Signature    Date 

Adey Feleke (PhD)      ________________   ___________ 

Tesfaye Sisay (DVM, MSc, PhD, Prof) ________________   ___________ 

Rawleigh Howe (MD, PhD)     _________________  ___________ 

Dinkisira Bekele (MD)     _________________   ___________ 

  



ii 

 

ABSTRACT 

Breast cancer is the most common type of cancer in the world as well as in Ethiopia. 

Although research on breast cancer in Ethiopia has been conducted, none of them have 

evaluated breast cancer in multiple regions of the country, which is important considering 

Ethiopia’s enormous ethnic and genetic diversity. Hence, this study was carried out to 

evaluate the distribution of breast cancer subtypes and associated immune cell biomarkers, 

hormone receptors, matrix metalloproteinases (MMPs), and HPV genotypes in selected 

Ethiopian regions.  

A total of 227, 81, 58, and 120 formalin-fixed paraffin-embedded (FFPE) tissue blocks 

were collected for breast cancer subtyping, immune cell biomarkers analysis, MMP 

expression, and HPV genotyping, respectively. Immunohistochemistry (IHC) staining was 

performed for breast cancer subtyping based on estrogen receptor (ER), progesterone 

receptor (PR), human epidermal growth factor receptor 2 (HER-2), and Ki-67 proliferation 

markers, and for additional immune cell biomarker expression. RNA was extracted and 

quantitative reverse-transcription PCR was performed for MMP expression analysis. DNA 

was extracted from archived FFPE breast tissue specimens and target genes were amplified 

using PCR for HPV genotyping. SPSS Version 25 was used to enter and analyze data. For 

immune cell biomarkers and MMP results, GraphPad Prism version 8.0.0 was used for 

statistical analysis.  

A large percentage of breast cancers were found to have advanced clinical and pathologic 

features, such as substantial lymph node involvement, large tumor size, and high 

histological grade. The percentage of ER and PR-negative tumors were 48.3% and 53.2%, 

respectively. The IHC subtype distribution was 33.1% triple-negative (ER-, PR-, HER-2-) 

breast cancer, 27.6% luminal B ((ER+, PR+, HER-2- and Ki-67 ≥ 20%) or (ER+, PR+, and 

HER-2+)), 25.2% luminal A (ER+, PR+, HER-2- and Ki-67< 20%), and 14.1% HER-2-

enriched (ER-, PR-, HER-2+). In multiple logistic regression analysis, grade III and HER-

2 positivity were associated with larger tumor size, and tumor size was also higher in 

samples from Southwestern Ethiopia (Jimma) as compared to Northern Ethiopia (Mekele). 
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The MMP-11 expression levels were significantly higher in breast cancer cases than in 

benign breast tumors (P=0.012).  

The non-luminal (triple-negative and HER-2-enriched) breast cancer subtype had a higher 

percentage of stromal CD20+, intratumoral CD3+ tumor-infiltrating lymphocytes, and 

CD68+ tumor-associated macrophages than the luminal (Luminal A and Luminal B) 

subtype. The stromal programmed cell death ligand 1 (PD-L1) +, intratumoral CD3+ 

tumor-infiltrating lymphocytes, CD163+ tumor-associated macrophages, and PD-L1+ 

were also more commonly found in grade III breast cancer than in grade I and II breast 

cancer, respectively. Human papillomavirus was found in 20.6% of breast cancer patients 

and 29.6% of non-malignant breast tumors. Human papillomavirus infection was nearly 

10-fold more common in ER-positive than ER-negative breast cancer.  

A considerably high prevalence of triple-negative breast cancer was reported in our study, 

demanding additional research that includes identifying genetic predisposition factors. A 

significant association was found between the breast cancer subtype and stromal CD20+, 

intratumoral CD3+ tumor-infiltrating lymphocytes, and CD68+ tumor-associated 

macrophages. The stromal PD-L1+, intratumoral CD3+ tumor-infiltrating lymphocytes, 

CD163+ tumor-associated macrophages, and PD-L1+ were also associated with tumor 

grade. Our findings suggest an important impact of MMPs in breast cancer 

pathophysiology, particularly MMP-11. This study also showed no proof of a link between 

HPV infection and breast cancer; however, the finding that HPV was more prevalent in 

breast tumors that were ER-positive than ER-negative warrants further attention. 

Keywords: Breast cancer, Estrogen receptor, HER-2, HPV genotype, IHC subtype, 

Immunohistochemistry, MMP, Tumor-associated macrophages, Tumor-infiltrating 

lymphocytes, and Triple-negative 
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1. CHAPTER ONE: INTRODUCTION 

Cancer is characterized by an uncontrolled and invasive growth of cells that spreads to 

other parts of the body through blood circulation and lymphatic vessels (Sudhakar, 2009). 

Sustained proliferation signaling, evasion of growth suppression, resistance to cell death, 

enablement of replicative immortality, stimulation of angiogenesis, and facilitation of 

invasion and metastasis are all main features of cancer (Hanahan and Weinberg, 2011). 

In 2020, there were an estimated 19.3 million new cases and 9.9 million deaths from cancer 

and the worldwide burden of cancer has significantly increased in recent years. Breast 

cancer is the most common cancer type worldwide (11.7% of all cases), followed by lung 

(11.4%), colorectal (10.0 %), prostate (7.3%), and stomach (5.6%) cancers (Sung et al., 

2021). It is one of the leading causes of mortality among women worldwide, with an 

estimated 2.2 million cases and 684,996 deaths in 2020, accounting for 24.5% of cancer 

cases and 15.5% of cancer deaths (Ginsburg et al., 2017, Bray et al., 2018). It is predicted 

to cause more than 3 million cases and 1 million deaths by 2040 (Arnold et al., 2022)  

Breast cancer mortality is high in Africa, with the highest mortality rates being recorded in 

sub-Saharan Africa (Azubuike et al., 2018, Jedy-Agba et al., 2016). In 2020, there were 

85,700 deaths in Africa, and by 2040 it is predicted to be doubled  (Sung et al., 2021). The 

high number of deaths in Africa may be due to inadequate access to early detection, 

diagnosis, and treatment and lack/shortage of public health care facilities and professionals 

for following and managing such cases. However, it may also related to cultural differences 

in lifestyle behaviors, socioeconomic factors, and differences in the biological 

characteristics of breast cancer (Brewster et al., 2014). Breast cancer has also been shown 

to occur at an earlier age in African countries than in others, with a median age of 

approximately 45 years (Ginsburg et al., 2017). Additionally, the survival rate for breast 

cancer patients in the continent is lower than the global average (Jedy-Agba et al., 2016). 

Reports indicate that African women have a disproportionately high incidence of breast 

cancer with poor prognosis, such as estrogen receptor (ER)-negative, progesterone receptor 

(PR)-negative, triple-negative breast cancer (Brinton et al., 2014). 
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In Ethiopia, the number of cancer cases and deaths were estimated to be 77,352 and 51,865, 

respectively, in 2020. Breast cancer is the most common type of cancer in Ethiopia 

accounting for 31.9% of total cancer cases in women; 16,133 new cases and 9,061 deaths 

in 2020 (Sung et al., 2021). Breast cancer was shown to mainly affect young women in the 

Ethiopian population and patients commonly present with advanced stage at diagnosis 

(Gemta et al., 2019). Studies have shown the incidence of breast cancer is also rising in 

Ethiopia (Hailu et al., 2020). 

In the past 20 years, molecular classification based on the expression of ER, PR, human 

epidermal growth factor-2 (HER-2), and Ki-67 proliferation index has provided prognostic, 

predictive, and diagnostic information. The main subtypes that have been discovered are 

HER-2-enriched (ER-, PR-, HER-2+), luminal A (ER+, PR+, HER-2- and Ki-67< 20%), 

luminal B ((ER+, PR+, HER-2- and Ki-67 ≥ 20%) or (ER+, PR+, and HER-2+)) and triple-

negative breast cancer (ER-, PR-, HER-2-). These molecular subtypes are linked to distinct 

biological features, treatment responses, and disease-specific outcomes (Hu et al., 2006, 

Sorlie et al., 2001), and show significant differences in the prediction of overall and 

disease-free survival (Malhotra et al., 2010).  

Tumor-infiltrating lymphocytes, which contribute to the anti-tumor response, are low-cost 

biomarkers with prognostic and predictive potential (Valenza et al., 2023). Understanding 

tumor, microenvironment, and host variables is critical for immunotherapy effectiveness 

in breast cancer (Adams et al., 2019).  The expression of tumor-infiltrating lymphocytes 

has been shown to vary across different breast cancer subtypes, clinical characteristics, and 

pathological features (Duong et al., 2023). A high level of tumor-infiltrating lymphocytes 

is linked to a better prognosis, particularly for patients with HER-2-enriched and triple-

negative breast cancer subtypes (Hong et al., 2021, Gao et al., 2020, Zgura et al., 2018, He 

et al., 2020, Loi et al., 2014, de Jong et al., 2022). A 10% increase in tumor-infiltrating 

lymphocytes was related to a considerably longer overall and disease-free survival of 

HER2-positive and triple-negative breast cancer (Luen et al., 2017, Denkert et al., 2018).  
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Tumor-associated macrophages (CD68 and CD163), which are involved in the 

development of breast cancer via angiogenesis, migration, metastasis, and immune 

evasion, were a potential therapeutic target for breast cancer (Huang et al., 2022, Williams 

et al., 2016, Qiu et al., 2018). A high level of tumor-associated macrophage is associated 

with poor prognosis (Allison et al., 2023). Another study found that a poor prognosis was 

only associated with high CD163-positive tumor-associated macrophage expression 

(Chohan et al., 2023). The distribution of tumor-infiltrating lymphocytes in distinct breast 

cancer subtypes revealed geographical heterogeneity (Bauer et al., 2023).  

Programmed cell death ligand 1 (PD-L1) is an effective immunotherapeutic target for 

patients with metastatic triple-negative breast cancer (Alkaabi et al., 2023, Zhang et al., 

2023). Currently, Pembrolizumab and atezolizumab, PD-L1 inhibitors, have been used in 

combination with chemotherapy to treat PD-L1 positive metastatic triple-negative breast 

cancer, and this has increased overall breast cancer survival (Emens and Loi, 2023). 

Matrix metalloproteinases (MMPs) play essential roles in physiological processes such as 

organogenesis, cell repair, remodeling of tissues,  apoptosis, and motility (Xie et al., 2017). 

The MMPs are also involved in pathological processes like cancer development, tumor 

neovascularization, angiogenesis, invasion, and metastasis (Egeblad and Werb, 2002, 

Quintero-Fabián et al., 2019). The expression and activity of MMPs are increased in 

advanced tumor stages and metastasized disease (Egeblad and Werb, 2002). Several studies 

also investigated the association between clinicopathological features of breast cancer with 

MMP-2, MMP-9, and matrix metallopeptidases -11 (MMP-11) expression. An inverse 

correlation between the expression of MMP-2 and MMP-9 in breast cancer has been 

reported (Benson et al., 2013, Ren et al., 2015, Li et al., 2017b, Egeblad and Werb, 2002, 

Joseph et al., 2020). Further, studies have demonstrated a positive correlation between the 

expression of MMP-2, MMP-9, and MMP-11 and breast cancer prognosis (Cheng et al., 

2010, Zeng et al., 2013, Min et al., 2014, Yang et al., 2018). However, an earlier study by 

Chenard and colleagues revealed that MMP-11 levels showed no correlation with breast 

tumor size, axillary node status, and tumor grade (Chenard et al., 1996).  
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A considerable percentage of the world's burden of cancer may be linked to viruses, which 

are thought to be responsible for 15% of all human cancers globally. It has been 

demonstrated that human cancer can be caused by both DNA and RNA viruses (Liao, 

2006). Viruses such as human papillomavirus (HPV), Epstein Barr virus, mouse mammary 

tumor virus, and bovine leukemia virus show potential roles in breast cancer development, 

but the epidemiological and proposed oncogenic mechanisms have not yet provided strong 

conclusive evidence (Afzal et al., 2022, Naushad et al., 2017).  There is considerable debate 

and skepticism about the notion that HPV infection is the etiological factor contributing to 

the development of breast cancer (Kudela et al., 2019). The presence of HPV in malignant 

breast tumors has been reported, indicating a potential role of HPV in the early stage of 

breast cancer and breast carcinogenesis (Maldonado-Rodríguez et al., 2022, Cavalcante et 

al., 2018, Khodabandehlou et al., 2019, Salman et al., 2017, Ngan et al., 2015). In contrast, 

a lack of etiological linkage between HPV and breast cancer has been documented in 

different countries (Bønløkke et al., 2018, Gannon et al., 2015).  

1.1. Statement of the Problem 

Breast cancer mortality is high in Africa, with the highest incidence rates being recorded 

in sub-Saharan Africa (Azubuike et al., 2018). In Ethiopia, breast cancer is the most 

common type of cancer constitutes 31.9% of all cancer cases in women with 16,133 new 

cases and 9061 deaths in 2020 (Sung et al., 2021). In Ethiopia, breast cancer mainly affects 

young women and shows an advanced stage at diagnosis(Gemta et al., 2019), and the 

incidence is also rising (Hailu et al., 2020), but the exact figure is still not known. The lack 

of appropriate data has hampered an accurate national estimate of the breast cancer burden, 

a condition that is also observed in southern and southwestern Ethiopia; hence, an objective 

of this study was to address the gap in epidemiological data on breast cancer in southern 

and southwestern Ethiopia. 

In recent years, several biomarkers that provide diagnostic, predictive, and prognostic 

information have been identified (Nicolini et al., 2017). The expression of ER, PR, HER-

2, and Ki-67 proliferation biomarkers is critically important for the subtyping of breast 
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cancer and for providing appropriate prognostic, diagnostic, and predictive information. 

Triple-negative breast cancer is high in most sub-Saharan African countries, complicating 

the empiric therapeutic use of ER/PR antagonists. An initial study in Ethiopia reported a 

low number of triple-negative breast cancer subtypes (Hadgu et al., 2018). Although 

different studies have been conducted on the incidence and molecular subtypes of breast 

cancer in Addis Ababa City, few studies have been done in other regions of the country 

and none has assessed several regions in the context of the extensive ethnic and genetic 

diversity due to substantial genetic and cultural diversity found in Ethiopia (López et al., 

2021, Pagani et al., 2012). Therefore, this study aimed to assess the distribution of 

immunohistochemistry-breast cancer subtypes in several regions of Ethiopia. 

The tumor-infiltrating lymphocytes, tumor-associated macrophages, and PD-L1 are 

promising predictive and prognostic biomarkers in breast cancer, notably in triple-negative 

breast cancer and HER-2 positive patients (Gao et al., 2020, Zgura et al., 2018, He et al., 

2020, Loi et al., 2014, Dieci et al., 2020, de Jong et al., 2022, Ochi et al., 2019, Allison et 

al., 2023, Emens and Loi, 2023). A 10% increase in stromal tumor-infiltrating lymphocytes 

was related to the considerably longer overall survival of HER-2-positive and triple-

negative breast cancer patients (Luen et al., 2017, Denkert et al., 2018). The distribution of 

tumor-infiltrating lymphocytes in distinct breast cancer subtypes revealed geographical 

heterogeneity (Bauer et al., 2023). There have been few studies on the immunological 

landscape of breast cancer in Africa. As a result, the purpose of this study is to evaluate the 

distribution of tumor-infiltrating lymphocytes, tumor-associated macrophages, and PD-L1 

within the intratumoral and stromal parts of the tumor, as well as the relationship between 

tumor-infiltrating lymphocytes, tumor-associated macrophages, and PD-L1 among breast 

cancer subtypes and other clinicopathological characteristics. 

The MMPs biomarkers' prognostic and predictive role in breast cancer has been indicated 

in several studies (Ren et al., 2015, Radisky and Radisky, 2015). Studies have reported an 

inverse correlation between the expression of MMP-2, MMP-9, and MMP-11 in breast 

cancer tissues and prognosis (Benson et al., 2013, Ren et al., 2015, Li et al., 2017b, Egeblad 

and Werb, 2002, Joseph et al., 2020, Cheng et al., 2010, Min et al., 2014). Further, studies 
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have demonstrated a positive correlation (Cheng et al., 2010, Zeng et al., 2013, Min et al., 

2014, Yang et al., 2018). Despite these inconsistent results, there is no study conducted on 

the expression levels of MMPs in breast cancer cases from Ethiopia. Therefore, this study 

aims to explore the association between MMP-2, MMP-9, and MMP-11 expression with 

clinicopathologic features among breast cancer patients in Ethiopia. 

Viruses have been linked to several cancer cases, accounting for 15% of all human cancers 

(Liao, 2006). There is considerable disagreement and debate regarding the hypothesis that 

HPV infection plays an etiological role in the development of breast cancer (Kudela et al., 

2019). Human papillomavirus has been found in malignant breast tumors, showing that 

HPV may play a role in the early stages of breast cancer and carcinogenesis (Maldonado-

Rodríguez et al., 2022, Cavalcante et al., 2018, Khodabandehlou et al., 2019, Salman et al., 

2017, Ngan et al., 2015). In contrast, other researchers have found no etiological link 

between HPV and breast cancer, as well as low HPV prevalence in breast cancer (Bønløkke 

et al., 2018, Gannon et al., 2015). 

1.2. Significance of the Study 

The results of this study could provide baseline countrywide data, which assists clinicians 

in making more accurate decisions about therapy regimens and prognosis for breast cancer. 

It also provides information for the responsible stakeholders to revisit the national breast 

cancer policy by considering these therapeutic and prognostic breast cancer markers. This 

could also assist the government and other stakeholders in implementing IHC throughout 

the country. The obtained information may also serve as a wake-up call for researchers, 

pathologists, oncologists, and biochemists to conduct further research on the role of current 

and future promising breast cancer biomarkers in the diagnosis, treatment, and monitoring 

of breast cancer patients.  
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1.3. Objective of the Study 

1.3.1. General objective 

➢ To investigate the distribution of breast cancer subtypes in Ethiopia, and their 

association with immune cell biomarkers, hormone receptors, matrix 

metalloproteinases, and the involvement of HPV using immunohistochemical and 

molecular approaches.  

1.3.2. Specific objectives 

➢ To assess clinicopathological features of invasive breast cancer in eastern, northern, 

southern, and south-western Ethiopia. 

➢ To investigate the distributions of immunohistochemistry-defined subtypes of 

breast cancer distribution in four regions of Ethiopia. 

➢ To investigate the surface marker expression patterns on tumor-infiltrating 

lymphocytes, tumor-associated macrophages, and PD-L1 in breast cancer patients. 

➢ To investigate the expression of matrix metalloproteinases in Ethiopian breast 

cancer patients. 

➢ To examine the frequency and genotypes of intralesional HPV among patients with 

breast cancer and benign breast tumors in Ethiopia. 
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2. CHAPTER TWO: LITERATURE REVIEW 

2.1. Cancer 

Cancer is characterized by uncontrolled and invasive growth of cells (Sudhakar, 2009). 

There were an estimated 19.3 million new cases and 9.9 million deaths reported from 

cancer in 2020. A high percentage of breast cancer cases (11.7%), followed by lung 

(11.4%), colorectal (10.0 %), prostate (7.3%), and stomach (5.6%) cancers were reported. 

Lung cancer remained the leading cause of cancer death, with an estimated 1.8 million 

deaths (18%), followed by colorectal (9.4%), liver (8.3%), stomach (7.7%), and female 

breast (6.9%) cancers, but breast cancer deaths are high among the females (15.5%) (Sung 

et al., 2021) (Figure 1).  

 

Figure 1. Distribution of cases and deaths for the top 10 most common cancers in 2020 for 

(A) both sexes and (B) women (Source: (Sung et al., 2021)). 

2.2. The Hallmark of Cancer 

The eight features of cancer include sustaining proliferative signals, evading growth 

suppressors, resisting cell death, enabling replicative immortality, inducing angiogenesis, 

activating invasion and metastasis (Hanahan and Weinberg, 2011), reprogramming cellular 

metabolism, and avoiding immune destruction. have been identified as "emerging 

hallmarks" in the most current revision of this concept (Figure 2) (Hanahan, 2022). There 

are three common molecular mechanisms for maintaining proliferative signals: 

modification of external growth signals, transcellular transducers of those signals, and 

 ncidence  ortalit  ncidence  ortalit 

   oth se es
   o en
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intracellular circuits that execute those signals (Hanahan and Weinberg, 2000). Tumor 

suppressors inhibit the cell cycle from moving the G1 to the S phase, thereby inhibiting 

cell cycle transitions. Tumor growth factor promotes proteins like p21 and p27 that prevent 

the action of cyclin-dependent kinases, which is necessary for the progression of the cell 

cycle, hence preventing the proliferation of cells. Cell attachment to an extracellular matrix 

can control the activation of many of these tumor suppressor pathways, overcoming this 

growth inhibition mechanism (Pickup et al., 2014). An increase in antiapoptotic molecules, 

a decrease in or a problem with the activity of pro-apoptotic proteins can all contribute to 

cancers evading apoptosis (Fulda, 2009). Tumor angiogenesis is the development of a 

blood vessel network that infiltrates malignant growths and transports nutrition, oxygen, 

and waste products. The angiogenic growth factors and cytokines that lead to 

neovascularization in malignancies include the gene families for vascular endothelial 

growth factor and angiopoietin (Nishida et al., 2006, Saaristo et al., 2000). 

  

Figure 2. The eight hallmarks of cancer (source:(Hanahan, 2022))  



10 

 

2.3. Breast Cancer 

Breast cancer is the leading cause of global cancer incidence in 2020, with an estimated 

2.3 million cases and 685,000 deaths, accounting for 11.7% of cancer cases (Sung et al., 

2021). The highest breast cancer incidence rates are in North America, Australia, New 

Zealand, and North and Western Europe (Torre et al., 2017, Ginsburg et al., 2017). The 

incidence of breast cancer is rising worldwide in the whole female population, but the 

growth rate is higher in young women in comparison to older ones (Palma et al., 2015). It 

is expected that by 2040, there will be 1 million deaths and more than 3 million new cases 

of breast cancer (Arnold et al., 2022) (Figure 3). 

 

Figure 3. Estimated number of breast cancer deaths (A) and cases (B) from 2020 to 2040, 

females, age [0-85+] (Source:(Arnold et al., 2022)). 

The highest age-standardized death rate is reported in Africa, including Ethiopia (Figure 

4). In 2020, 85,787 deaths were reported in Africa (Arnold et al., 2022). The high number 

of deaths in Africa may be due to inadequate access to early detection, diagnosis, and 

treatment. It is also related to cultural differences in lifestyle behaviors, socioeconomic 

factors, and differences in the biological characteristics of breast cancer (Brewster et al., 

2014).  
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Figure 4. Estimated age-standardized mortality rates for breast, females, all ages (A) and 

top cancer per country of both sexes, all ages(B) (World) in 2020  (Source: (Lei et al., 2021, 

WHO, 2019)).  

2.4. Breast Cancer in Ethiopia 

In Ethiopia, the estimated number of cancer cases and deaths was 67, 573 and 47,954, 

respectively in 2018, and 1.42 million disability-adjusted life years of cancer in 2019. 

Breast cancer is the most common cancer constituting 33% of cancers in women, and 

15,244 new cases and 8,159 deaths were reported in 2018 (Memirie et al., 2018, Awedew 

et al., 2022). Over 32,000 new cases of breast cancer and over 18,000 breast cancer deaths 

are predicted in Ethiopia by 2040 (Figure 5) (Arnold et al., 2022). The most common adult 

malignancies were those of the breast and cervix, colon, leukemia, non-Hodgkin 

lymphoma, prostate, thyroid, lung, stomach, and liver. Breast cancer accounted for 23% of 

all cancers found in the Addis Ababa cancer registry and 33% of cancers in women, making 

it by far the most common type of cancer (Memirie et al., 2018).   
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Figure 5. Estimated number of breast cancer deaths (A) and cases (B) in Ethiopia from 

2020 to 2040, females, age [0-85+] (Source: (Arnold et al., 2022)). 

Increasing trends of breast cancer cases are indicated in Ethiopia (Gebretsadik et al., 2021, 

Abate et al., 2018). Most of the patients were found to be advanced in stage at the time of 

diagnosis (Deressa et al., 2019, Gemta et al., 2019, Yoseph et al., 2021). An early diagnosis 

of breast cancer is necessary at all levels of the healthcare delivery system, as evidenced 

by the overall survival rates of 54.24% and 25.8% after two and five years, respectively 

(Tiruneh et al., 2021). According to another study, there were 9.8 deaths for every 100 

people. After six years of observation, the estimated survival rate was 27%. Surgical 

margin involvement, poorly differentiated histological grade, advanced clinical stage, and 

positive lymph node status were all associated with a higher risk of death. On the other 

hand, chemotherapy, modified radical mastectomy, and adjuvant hormone therapy were 

protective (Areri et al., 2019). In south Ethiopia, the overall survival rate for patients is 

greater than two-thirds after two years. Living in a rural area, having advanced cancer, and 

not taking treatment as prescribed were all independent indicators of death. Therefore, 

enhancing breast cancer patient's ability to identify, diagnose, and receive treatment early 

on is crucial to prevent the issue with the right intervention strategies (Shita et al., 2020). 

The use of contraceptives, smoking, advanced stage, large tumor size, and high histological 

grade all significantly raise the chance of breast cancer recurrence (Biru et al., 2022, Bacha 

et al., 2020). Early menarche, living in a rural region, consuming packaged foods and 

beverages, having a family history of the disease, being overweight, and having one or 
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fewer children were additional risk factors for breast cancer (Tolessa et al., 2021, Tiruneh 

et al., 2021). 

Breast cancer incidence can be reduced by practicing breastfeeding, increasing physical 

activity, and maintaining a balanced diet (Duche et al., 2021). According to a study, women 

with breast cancer have poor levels of mammography awareness, understanding, and 

practice. Participants' awareness of breast cancer risk factors was also inadequate (Duguma 

et al., 2022). Additional measures, such as raising awareness and launching advocacy 

campaigns regarding breast cancer self-examination, can be taken to improve early 

detection of the disease, which improves treatment outcomes (Dinegde, 2019).  

Depression and anxiety were common among breast cancer patients, and it was discovered 

that inadequate patient-provider connections and a lack of financial support were important 

predictors (Belay et al., 2022). Treatment for breast cancer can cost up to USD 1,1157, 

which is a significant financial burden (Demeke et al., 2022). 

2.5. Risk Factors for Breast Cancer  

Risk factors for breast cancer can be broadly divided into two categories: extrinsic risk 

factors, which primarily include diets, lifestyle, and long-term medical intervention; 

whereas, inherent risk factors primarily include age, sex, race, and genetic composition. 

The extrinsic factors are essential for breast cancer prevention and treatment strategies that 

reduce breast cancer incidence (Ka ińska et al , 2015). Early and more regular screening 

should be taken into consideration for those with a known genetic mutation or a family 

history of breast cancer. To choose the best screening plan for early diagnosis and 

prevention, people must talk to their healthcare providers about their risk factors (Lee et 

al., 2021). 

2.5.1. Intrinsic factors 

One of the main intrinsic factors of breast cancer risk in women is their age at diagnosis; 

older women are more susceptible (Ka ińska et al , 2015). Most breast cancer diagnoses 
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occur in women 55 years of age and older (Feng et al., 2018). Breast cancer risk factors 

included older age at first parity and early menarche ( arańska et al , 2021). The other 

important intrinsic factor, inherited gene mutations, mostly involving BRCA1 and BRCA2, 

account for 5-10% of all cases of breast cancer (Majeed et al., 2014). The BRCA1 and 

BRCA2 mutations account for only around 20% of family breast cancer occurrences; the 

other 5-10% are caused by mutations in other uncommon susceptibility genes (Aloraifi et 

al., 2015).  The following other gene mutations are also linked to an increased chance of 

developing breast cancer: ATM, BARD1, CDH1, CHEK2, MRE11A, NBN, TP53, PTEN, 

RAD50, RECQL, and RINT1 (Sheikh et al., 2015, Wisesty et al., 2020). Alterations to the 

extracellular matrix and the senescent fibroblast products are hypothesized to trigger the 

development of late-onset breast cancers (Benz, 2008). The breast cancer risk was greatly 

increased by family history, which also altered the patient's cancer characteristics (Brewer 

et al., 2017, Liu et al., 2021). 

2.5.2. Extrinsic factors 

Modern habits such as excessive drinking alcohol and eating too much fat may increase 

the likelihood of breast cancer.  A daily alcohol intake of 35-44 grams is associated with a 

32% increased risk of breast cancer. Smoking also increases the risk of breast cancer, 

especially in youngsters (Sun et al., 2017). Breast cancer risk was higher in women who 

used hormonal contraceptives either currently or previously, and the risk increased with 

longer use durations  (Mørch et al., 2017, Hunter et al., 2010). 

2.6. Molecular Pathogenesis of Breast Cancer 

Normal human breast development is tightly regulated by complex signaling networks, 

many of which are dysregulated by cancer cells. These networks allow cells to interact with 

one another and their surroundings. Estrogen receptor (ER), HER-2, and canonical 

Wingless/Integrated (Wnt) signaling are the main signaling pathways that control normal 

mammary gland development and the activities of breast cancer stem cells (Feng et al., 

2018).  
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2.6.1. Estrogen signaling 

The two main mechanisms of ER-dependent gene transcription are estrogen/ligand-

dependent and estrogen/ligand-independent (Lewis and Jordan, 2005, Sommer and Fuqua, 

2001, Szostakowska et al., 2019).  

2.6.1.1. Ligand-dependent 

In ligand-dependent signaling mechanisms, the binding of estrogen with ER causes a 

conformational change, which allows various coregulators to stimulate the transcription of 

ER-target genes. The ligand/estrogen-dependent mechanism is further classified into direct 

genomic or classical, indirect genomic or non-classical, and non-genomic mechanisms of 

activation (VanHook, 2010, Bai and Gust, 2009, Castoria et al., 2010, Giraldi et al., 2010). 

2.6.1.1.1. Direct genomic/classical 

The direct genomic or classical pathway regulates the expression of ER target genes by the 

direct binding of estrogen-activated ERs to DNA binding at estrogen response elements 

(EREs). During estrogen binding with ER, the heat shock proteins (HSP70 and HSP90) 

dissociate ER from this binding in the cytosol, and change their conformation, then migrate 

as dimers into the nucleus to bind with EREs. This conformational change also allows helix 

12 (H12) to accept coactivators and activate gene transcription (Giraldi et al., 2010, Puglisi 

et al., 2019, Menazza and Murphy, 2016, Bjornstrom and Sjoberg, 2005, Cui et al., 2013, 

Hayashi and Yamaguchi, 2008). 

2.6.1.1.2. Indirect genomic/non-classical 

In indirect genomic/non-classical pathways, estrogen receptors regulate the transcription 

of genes that do not contain EREs through indirect binding to DNA. The indirect ER 

binding is mediated by different co-factors (like SP-1, AP-1, and NF-κ ) that sti ulate 

gene transcription through interaction with DNA (Puglisi et al., 2019, Menazza and 

Murphy, 2016, Bjornstrom and Sjoberg, 2005, Cui et al., 2013, Hayashi and Yamaguchi, 

2008). 
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Specificity protein 1 (Sp-1) is the main transcriptional factor that binds with ER and 

contributes to coactivator recruitment (Marino et al., 2006). Several genes like low-density 

lipoprotein receptor, progesterone receptor B, endothelial nitric oxide synthase, GATA 

binding protein 1, signal transducer and activator of transcription 5, activating transcription 

factor-2, c-jun, c Fos, ATF-1/cAMP response element-binding protein, nuclear 

transcription factor-Y, cyclin D1 and the retinoic acid receptor-1α are induced b  

estrogen via the Sp-1 mechanism (Fuentes and Silveyra, 2019, Marino et al., 2006). 

Activator protein 1 (AP-1) is also another main transcription co-factor that binds with ER 

and regulates target gene transcription. Genes like insulin-like growth factor-1 (IGF1), 

collagenase, IGF1-receptor, ovalbumin, and cyclin D1 are induced by the ER-AP-1 binding 

activation pathway(Fuentes and Silveyra, 2019), but ERβ inhibits the  P-1 dependent 

transcription of cyclin D1 (Cui et al., 2013). 

2.6.1.1.3. Non-genomic/membrane-initiated 

The non-genomic ER pathway can occur very quickly and is initially independent of 

genomic gene transcription. This rapid mechanism of action is mediated by the membrane-

associated ER. Plasma membrane localization of ER is mediated by heat shock protein 27 

(HSP27)(Zilli et al., 2009, Wilkenfeld et al., 2018), and associates with the membrane at 

caveolae lipid rafts through interactions with caveolin-1, Src, and striatin. The binding of 

membrane-localized ER and estrogen interact directly with RTK, the p85 regulatory 

subunit of PI3K, Src, and Shc to activate RAS/RAF/MEK1/2 and ERK1/2, 

PI3K/Akt/mTOR) signaling pathway. These kinase pathways not only induce cell survival 

and cell proliferation but also phosphorylate ER and its coregulators, which result in the 

activation of nuclear genomic transcription. Estrogen activates growth factor 

signaling via non-genomic actions of ER and the growth factor signaling, in turn, activates 

ER, hence forming a vicious cycle (Saxena and Sharma, 2010). Coregulatory proteins such 

as proline-glutamic acid, leucine-rich protein 1, and metastasis-associated proteins are 

important in activating non-genomic activity (Puglisi et al., 2019, Zilli et al., 2009, Arnal 

et al., 2017). G protein-coupled receptor 30 (GPR30) is also a membrane-localized receptor 

that has been observed to respond to estrogen to activate rapid signaling (Wilkenfeld et al., 
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2018), such as PI3K and calcium signaling (Cui et al., 2013). ER-mediated, non-genomic 

signaling can also regulate nitric oxide, PKC, and calcium flux to promote autophagy, 

proliferation, apoptosis, survival, and differentiation. The calcium flux via membrane-

localized ER leads to the activation of kinase pathways (Wilkenfeld et al., 2018). As a 

result, targeting this pathway could be one of the possible treatment strategies to reduce 

endocrine resistance. 

2.6.1.2. Ligand-independent activation of ER 

Growth factors interact with activated receptor tyrosine kinases (RTK) like human 

epidermal growth factor receptors, insulin-like growth factor-1 receptor (IGF-1R), and the 

fibroblast growth factor receptor (FGFR), which leads to activation of the 

phosphatidylinositol 3 kinases (PI3K) signaling pathway (Menazza and Murphy, 2016, 

Marino et al., 2006, Wilkenfeld et al., 2018). Phosphatidylinositol 3 kinase contains a 

catalytic domain (p110) and a regulatory domain (p85), and it phosphorylates 

phosphatidylinositol diphosphate (PIP2) to phosphatidylinositol triphosphate (PIP3), 

which in turn facilitates the phosphorylation of the Akt. Then, Akt activates mTOR via the 

inhibition of tuberous sclerosis 1/2 (TSC1/2). Tuberous sclerosis 1/2 is a tumor suppressor 

and heterodimer of tuberin and hamartin, which acts as a guanosine triphosphatase 

activating protein and negatively regulates Rheb-GTP by converting it into its inactive 

guanosine diphosphate-bound state (Saini et al., 2013, Liu et al., 2017, Paplomata and 

O’Regan, 2014). The tumor suppressor gene phosphatase and tensin homolog deleted on 

chromosome ten (PTEN) have an inhibitory effect on PI3K by dephosphorylating PIP3 to 

PIP2, and inositol polyphosphate 4-phosphatase type II (INPP4B) is also dephosphorylated 

PIP3 to PIP26 (Saini et al., 2013, Liu et al., 2017). Activation of the ER-target gene in the 

PI3K/Akt/mTOR pathway (Figure 6) is mediated by phosphorylation of ER on 

S167(Siersbæk et al., 2018). Taken together, activation of the PI3K/Akt/mTOR pathway 

plays a central role in breast cancer, and blocking of this pathway is an attractive treatment 

target, especially in endocrine-resistant ER-positive breast cancer. 

https://europepmc.org/articles/PMC8030661/figure/f2/
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Growth factors binding with the RTK receptors also lead to activation of the 

Ras/Raf/MEK/ERK signaling pathway (Figure 6) (Menazza and Murphy, 2016, Marino et 

al., 2006, Wilkenfeld et al., 2018). The binding of growth factor with RTK activates RAS. 

Activated RAS can then bind with RAF and activate the downstream signaling pathway 

(Degirmenci et al., 2020). When Raf is activated, its C-terminal catalytic domain can 

interact with MEK, and its catalytic VIII subregion is phosphorylated at the Ser218 and 

Ser222 activation loop, which activates MEK1/2. MEK1/2 is further activating ERK1/2 by 

phosphorylating the Tyr and Thr regulatory sites. Activated ERK1/2 are then translocated 

to the nucleus and promote phosphorylation of Ser 118 in the AF-1 domain of ER and 

activate its ER-target gene transcriptional activity (Guo et al., 2020). This pathway may be 

also a crucial target for the treatment of endocrine resistance ER-positive breast cancer 

 

 

Figure 6. Signaling pathway of estrogen receptor (Source: (Belachew and Sewasew, 

2021)). 

https://europepmc.org/articles/PMC8030661/figure/f2/
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2.6.2. HER-2 signaling 

Membrane tyrosine kinase and the oncogene HER-2 are overexpressed and amplified in 

more than 20% of cases of breast cancer. In the HER-2 subtype of breast cancer, its 

overexpression is the main factor contributing to the growth and development of cancers 

(Gutierrez and Schiff, 2011). HER-2 intracellular domain dimerizes and becomes 

phosphorylated upon ligand attachment to its external domains. This then triggers several 

downstream signaling pathways, including RAS/MAPK and PI3K/Akt pathways (Figure 

7). This pathway controls many genes related to invasion, metastasis, angiogenesis, cell 

division, proliferation, and survival (Feng et al., 2018, Gutierrez and Schiff, 2011, Hart et 

al., 2020).  PTEN is a significant PI3K/Akt pathway inhibitor (Hart et al., 2020).  

 

Figure 7. HER-2 signaling pathway (Source: (Feng et al., 2018)). 
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2.6.3. Wnt/β-catenin signaling 

The mammary gland grows using Wnt signaling during embryogenesis, postnatal 

development, and pregnancy. The malignant progression of breast cancer, including 

metastasis, invasion, proliferation, and drug resistance, is mediated by wnt signaling. 

Triple-negative breast cancer is linked to  nt/β-catenin signaling, which regulates key 

tumor-associated characteristics like migration, stemness, proliferation, and 

chemoresistance in TNBC cells (Pohl et al., 2017, Wen et al., 2020). In addition, Wnt 

signaling plays a critical role in immune microenvironment regulation, phenotypic 

development, treatment resistance, and stemness maintenance in breast cancer(Xu et al., 

2020). The presence of Wnt ligands or antagonists, including DKK1, WIF1, or SFRPs, 

causes the d na ic degradation of β-catenin, which is controlled b  the β-catenin 

destruction complex, keeping the Wnt signaling pathway in the off state. This multiprotein 

complex consists of the scaffolding proteins AXIN1/2 and APC, as well as the kinases 

CK1α and GSK3β  Proteases break down β-catenin after the two kinases phosphorylate it 

sequentially. On the other hand, Wnt ligands that bind with the FZD/LRP co-receptor 

comple  lead to the disintegration of the β-catenin destruction complex. As co-repressors 

connected to TCF/LEF transcription factors are dislodged, β-catenin builds up in the 

cytoplasm and moves to the nucleus to start Wnt-target gene activation. R-spondins block 

the recycling of FZD receptors, which increases cellular sensitivity to Wnt ligands and 

amplifies the Wnt ligand response (Abreu de Oliveira et al., 2022) (Figure 8)  

 



21 

 

 

Figure 8. The classical wnt/β-catenin signaling pathway (Source: (Abreu de Oliveira et al., 

2022)). 

2.6.4. Other signaling pathways  

Several other pathways are also crucial in controlling the development of breast cancer. 

Some of them are cyclin-dependent kinase (CKD), Notch, and others (Feng et al., 2018). 

2.6.4.1. Cyclin-dependent kinases signaling 

The class of serine/threonine kinases known as CDK is crucial for the regulation of cell 

cycle transition and has a significant involvement in the pathophysiology of cancer 

(Ghafouri-Fard et al., 2022). It has been shown that cyclins and CDKs play a critical role 

in the metastasis and proliferation of tumor cells (Sofi et al., 2022). Breast cancer is 

associated with overexpression of CDK 4/6 signaling. Such overexpression contributes to 
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chemoresistance indirectly through a PI3K/Akt/mTOR-dependent pathway and directly to 

cancer cell proliferation by inducing the G1-S transition (Nwabo Kamdje et al., 2014). 

Cyclin-dependent kinase (CDK) 4 and 6 inhibitors are promising cancer therapies for 

hormone receptor-positive and HER-2-negative metastatic breast cancer (Spring et al., 

2020). 

2.6.4.2. Notch signaling 

Notch signaling controls the differentiation of breast epithelial cells through normal 

development. The overexpression or aberrant expression of Notch receptors and ligands is 

linked to the progression of breast cancer since it regulates angiogenesis (Kontomanolis et 

al., 2018). Elevated Notch signaling is present in all forms of breast cancer, however, it is 

most closely linked to triple-negative breast cancer (Edwards and Brennan, 2021). In the 

presence of  D  /T CE and the γ-secretase enzymatic complex, Notch ligand-receptor 

interactions release the Notch intracellular domain. Following its translocation to the cell 

nucleus, the intracellular domain activates the CSL transcription factor. Signaling 

molecules implicated in angiogenesis, growth, survival, proliferation, energy metabolism, 

and chemoresistance of cancer cells are among the target genes (Nwabo Kamdje et al., 

2014).   

2.7. Classification of Breast Cancer 

Historically, breast cancer was perceived as a single disease, but currently, gene expression 

profiling, genome, and exome sequencing have brought the concept that breast cancer is a 

complex, multifaceted disease having different risk factors, clinical presentation, 

histopathological and biological features, survival outcome, and responses to systemic 

therapy. Classification is significantly important for accurate diagnosis, treatment, and 

estimates of risk factors (Taherian-Fard et al., 2015). It is also important for the 

development of prognostic and predictive signatures that potentially allow individualized 

treatment (Vuong et al., 2014). Generally, a suitable classification of any disease must be 
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scientifically sound, clinically useful, easily applicable, and widely reproducible (Viale, 

2012). 

2.7.1. Histopathological classifications 

Histopathologically, breast cancer is broadly classified into in situ carcinoma and invasive 

(infiltrating) carcinoma (Figure 9). In situ carcinoma is further sub-classified into ductal 

and lobular (Malhotra et al., 2010). Ductal in situ carcinoma is more common than lobular 

carcinoma (Burstein et al., 2004). Ductal in situ carcinoma has been further sub-classified 

into comedo, cribriform, micropapillary, papillary, and solid. Invasive carcinoma is also 

classified as invasive carcinoma of no special type, invasive lobular, ductal/lobular, 

mucinous (colloid), tubular, medullary, and papillary carcinomas. Of these, invasive 

carcinoma of no special type is the most common subtype and is further sub-classified as 

well-differentiated (grade I), moderately differentiated (grade II), or poorly differentiated 

(grade III) (Malhotra et al., 2010). 
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Figure 9.  Histological classification of breast cancer subtypes (Source: (Malhotra et al., 

2010). 

2.7.2. Molecular classifications 

Molecular profiling of breast cancer by gene expression studies has provided an important 

tool to classify breast cancer subtypes. Based on four main molecular biomarkers (PR, ER, 

HER-2, and Ki-67), breast cancer is classified as luminal A, luminal B, HER-2 -enriched, 

and triple-negative (Figure 10). These molecular subtypes are associated with distinct 

biological features, treatment response, and disease-specific outcomes (Hu et al., 2006, 

Sorlie et al., 2001), and show significant differences in the prediction of overall and 

disease-free survival (Malhotra et al., 2010). It should be noted that immunohistochemical 

and molecular classes do not overlap completely. For instance, some basal-like breast 
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cancers (according to the molecular classification) will not show the expected triple-

negative immunophenotype and vice versa (Viale, 2012). 

 

Figure 10. Breast cancer subtypes (Source: http://www.pathophys.org/breast-cancer/) 

2.8. Biomarkers for Breast Cancer 

2.8.1. Traditional prognostic biomarkers 

The number of regional lymph nodes with metastasis, tumor size, tumor stage, and tumor 

grade are widely used and anticipated breast recurrence (Fung et al., 2017). Even though 

multiple molecular tests have been available in recent years, these features continue to be 

mandatory for determining prognosis and aiding therapy decisions (Nicolini et al., 2017). 

2.8.1.1. Lymph node metastasis 

http://www.pathophys.org/breast-cancer/
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The presence and number of axillary node metastasis have been the most important 

prognostic factors in breast cancer. Lymph node metastasis is an indicator of local 

recurrence, regional recurrence, and distant metastasis. Tumor survival status is decreased 

when lymph node involvement is increased (Carter et al., 1989, Nicolini et al., 2017). 

Nodal metastasis is also a marker of diagnosis and aggressive phenotype (Jatoi et al., 1999). 

2.8.1.2. Tumor size 

Measurement of tumor size is mandatory in assessing prognosis for breast cancer. Tumor 

size is a significant predictor of disease-free and overall survival. When tumor size is 

increased breast cancer patient survival is decreased (Carter et al., 1989, Crowe et al., 

1992).  

2.8.1.3. Tumor grade 

The grading of breast cancer is based on the microscopic similarity of breast cancer cells 

to normal breast cells. Microscopic features such as nuclear pleomorphism, gland or tubule 

formation, and number of dividing cells are principally used for grading. Each of these 

factors assigned a score from 1 to 3 (with 1 being the closest to normal breast). These scores 

are then added together and, if the combined tumor score is between 3 and 5, it is well 

differentiated or grade I. If the combined score is 6 or 7, the tumor is designated as grade 

II or moderately differentiated, and if the combined score is 8 or 9, it is poorly differentiated 

or grade III (Parham et al., 1992, Giuliano et al., 2017). Tumor grades have prognostic 

significance and are primarily used to make decisions for lymph node-negative patients 

with borderline tumor sizes (Cianfrocca and Goldstein, 2004). However, the 

reproducibility of histologic grade assessment among pathologists is not uniformly 

reported in different series (Metzger Filho et al., 2011). 

2.8.2. Molecular biomarkers 

Molecular biomarkers listed below are the key drivers towards precise treatment, but they 

should be combined with conventional, histopathological, and clinical features such as 



27 

 

tumor size, tumor grade, lymph node status, and patient age (Duffy et al., 2016). In recent 

years, several molecular biomarkers that can provide prognostic information and predict 

response to therapy have been developed and validated (Nicolini et al., 2017). 

2.8.2.1. Estrogen receptor 

The ER is one of the successful tumor biomarkers in breast cancer and is present in about 

70% of breast cancer cases (Gown, 2008). Estrogen receptor has a role in cellular growth, 

proliferation, and differentiation (Kabel, 2017). Clinical experience has shown that the 

expression of ER indicates strong biomarkers of response to tamoxifen treatment (Gown, 

2008). Clinically, ER is useful for endocrine therapy of invasive breast cancer like the 

administration of selective modulators (tamoxifen), third-generation aromatase inhibitors 

(anastrozole, letrozole, or exemestane), luteinizing hormone-releasing hormone (LHRH) 

agonists (leuprolide, goserelin), pure ER down regulators (fulvestrant), oophorectomy and 

other endocrine therapies. Treatment of ER-negative patients with tamoxifen had no 

significant effect on breast cancer recurrence and mortality (Duffy et al., 2017). The 

European School of Oncology- European Society for Medical Oncology Consensus 

Conference for advanced breast cancer group also recommends administering endocrine 

therapy if any biopsy is ER-positive (Cardoso et al., 2014). Patients with ER-low breast 

cancer did have a statistically significantly lower overall survival when compared to 

patients with ER-positive breast cancer (Paakkola et al., 2021). The recent guidelines 

define a special subgroup called "ER low positive" for tumors with 1 to 10% ER expression 

(Allison et al., 2020).  In trials involving adjuvant tamoxifen for five years, the proportional 

decreases in mortality and recurrence during a ten-year follow-up period were 28% and 

50%, respectively (Abe et al., 1998). 

2.8.2.2. Progesterone receptor  

Protein products from PR target genes are involved in a variety of cellular activities, 

including transcription, steroid and lipid metabolism, cell growth, and apoptosis. 

Estrogen receptor-positive breast tumors that lacked PR expression were less responsive 

to endocrine therapy than those that expressed high levels of PR, but some authors 
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believe that PR is most useful as a prognostic indicator in ER+ cancer, not as a predictor 

of benefit from endocrine therapy (Kabel, 2017).   

2.8.2.3. Human epidermal growth factor receptor-2  

Human epidermal growth factor receptor-2 (HER-2) is a transmembrane glycoprotein in 

the epidermal growth factor receptor family with tyrosine kinase activity (Gown, 2008, 

Choi et al., 2009). Human epidermal growth factor receptor-2 (HER-2)  is involved in cell 

proliferation, differentiation, and survival (Kabel, 2017). Human epidermal growth factor 

receptor-2 (HER-2) overexpression has been associated with more aggressive disease 

progression and a poorer prognosis (Eroglu et al., 2014). It is amplified and overexpressed 

in approximately 15% to 20% of primary breast cancers and 20% to 30% of all breast 

cancers (Wolff et al., 2013). Human epidermal growth factor receptor-2 (HER-2) -targeted 

therapy is recommended for patients with HER-2-positive advanced breast cancer. First-

line treatments like trastuzumab, pertuzumab, and taxane, and second-line treatments like 

trastuzumab emtansine are recommended for HER-2-positive breast cancer. Adjuvant 

trastuzumab can reduce the risk of recurrence by one-half and mortality by one-third in 

early-stage breast cancer patients (Gown, 2008). A combination of HER-2 overexpression 

and the St Gallen classification is useful for predicting the risk of relapse in patients with 

lymph node-negative breast cancer (Choi et al., 2009). A high level of HER-2 receptor 

expression was associated with a significantly decreased survival rate in patients with 

breast cancer (Kabel, 2017). 

 

2.8.2.4. Ki-67 proliferation 

Assessment of the Ki-67 proliferation index by immunohistochemical staining has been 

widely used in the pathological evaluation of breast cancer clinical practice (Dowsett et al., 

2011). This proliferation marker is important for distinguishing luminal A and luminal B 

breast cancer subtypes and advised adjuvant chemotherapy for luminal B but not for 

luminal A (Goldhirsch et al., Criscitiello et al., 2014). Although immunohistochemical 
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detection of the Ki-67 antigen has been used for many years to assess cancer proliferation 

(Penault-Llorca and Radosevic-Robin, 2017), the reproducibility and cutoff value of this 

biomarker are variable (Mikami et al., 2013, Polley et al., 2013). The Ki-67 remains one 

of the most promising yet controversial biomarkers in breast cancer (Kos and Dabbs, 2016).  

2.9. Tumor Immune Response 

Tumor clearance and progression are influenced by both innate and adaptive immune 

responses (Melvold and Sticca, 2007).  

2.9.1. Innate immune response  

The innate immune response is made up of immune cells from the myeloid or lymphoid 

lineages that undertake tumor-supportive or tumor-opposing actions. The phenotypes and 

activities of the innate immune response are elastic and vary when their immediate 

surroundings change (Maiorino et al., 2022). 

2.9.1.1. Myeloid cells 

Myeloid cells are a broad set of cells that regulate cancer progression from its inception to 

invasion and metastasis. Macrophages/monocytes, neutrophils, myeloid-derived 

suppressor cells, and dendritic cells are the most well-studied myeloid cells implicated in 

cancer immune response (Maiorino et al., 2022).  Clinical trials are now being conducted 

to assess target therapeutics that harness the anti-tumor functions of myeloid cells (Yang 

et al., 2023). Infiltrating myeloid cell diversity determines oncological inhibition of tumor-

associated macrophage recruitment, modulation of tumor-associated macrophage 

polarization, reduction of tumor-associated macrophage products, elimination of Myeloid-

derived suppressor cells (MDSCs), and reduction of MDSC products (Cha and Koo, 2020).  

2.9.1.1.1. Macrophage 

Breast cancer cells secrete colony-stimulating factor 1 and chemokine (C-C motif) ligand 

2 (CCL2) are contributors to recruiting monocytes from blood vessels. Under the influence 
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of the microenvironmental signals, the recruited monocytes polarize to different types of 

tumor-associated macrophages (Qiu et al., 2018). There are two types of macrophages: M1 

macrophages, which are pro-inflammatory and tumoricidal, and M2 macrophages, which 

are specialized in controlling inflammation and repairing wounded tissues (Williams et al., 

2016). Pro-inflammatory cytokines such as interferon-gamma (IFN-γ), tumor necrosis 

factor (TNF), and granulocyte-macrophage colony-stimulating factors, as well as 

pathogen-associated molecular patterns and endogenous danger signals, stimulate M1 

macrophage polarization. The  1  acrophages e ert tu or‐killing functions b  producing 

supero ide anions, nitrogen free radicals, and the i  unogenic c tokines  FN‐γ, TNF, 

interleukin (IL)-2, IL-6, and IL-12. It also aids in the presentation of tumor antigens to 

induce an adaptive T-cell response (Williams et al., 2016, Huang et al., 2022). Anti-

inflammatory cytokines such as IL-4, IL-10, and IL-13 promote M2 macrophage 

polarization (Qiu et al., 2018). The M2 microphage is involved in tumor cell invasion and 

metastasis, angiogenesis, cancer stemness, and energy metabolism regulation. It also limits 

the invasion and function of anticancer CD8-positive T-cells and contributes to 

immunosuppression, and matrix remodeling, and hence favors tumor growth. High tumor-

associated macrophage cell density in the primary tumor has been associated with a poor 

prognosis in patients (Huang et al., 2022, Qiu et al., 2018, Sousa et al., 2015).  The 

macrophage polarization and its role in cancer are indicated in Figure 11. 

CD68 tumor-associated macrophage was used as a human pan-macrophage marker, and its 

infiltration was linked to poor prognostic breast cancer characteristics like larger tumor 

size, higher tumor grade, lymph node metastasis, vascular invasion, hormone receptor 

negativity, HER-2 expression, and triple-negative breast cancer subtype. Furthermore, 

larger levels of infiltration were linked to poorer disease-free, breast cancer-specific, and 

overall survival (Qiu et al., 2018). 

CD163 tumor-associated macrophage has been established as a marker for protumor M2-

like macrophages, and significant infiltration is related to adverse clinicopathological 

features as well as an independent prognostic factor for worse disease-free and overall 
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survival in patients with both triple-negative and HER-2 positive breast cancers (Qiu et al., 

2018).  

 

Figure 11. The macrophage polarization and its role in cancer (source:(Cha and Koo, 

2020)) 

Tumor-associated macrophages produce proangiogenic factors such as vascular 

endothelial growth factor to create a network of vessels that nourish tumor cells and 

function as transport channels into the extracellular matrix. The tumor-associated 

macrophages also produce substances that suppress the local pro-inflammatory antitumor 

response, allowing tumor cells to evade detection (Obeid et al., 2013). Macrophage-

targeted therapies are now being investigated in breast cancer, to increase macrophage 

tumor-killing activity or limit their recruitment and tumor-promoting function (Figure 12) 

(Qiu et al., 2018). 
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Figure 12. Mechanisms of macrophage-targeted therapies in breast cancer (Source: (Qiu 

et al., 2018)) 

2.9.1.1.2. Neutrophils 

The first immune cells to be recruited to injured tissues are neutrophils. Tumor-associated 

neutrophils have been shown to promote metastasis by enhancing cancer cell proliferation, 

angiogenesis, and immunosuppression in the tumor microenvironment. They can, 

however, become antitumors by TGF-blockade using their plasticity (Maiorino et al., 

2022). A high level of tumor-associated neutrophils is correlated with poor prognosis 

(Uribe-Querol and Rosales, 2015). Cancer cells stimulate neutrophils for a pro-NETotic 

phenotype by releasing pro-NETotic substances such as granulocyte colony-stimulating 
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factor and IL-8. The NETosis has been associated with increased disease progression and 

metastasis in breast cancer (Snoderly et al., 2019) 

2.9.1.1.3. Myeloid-derived suppressor cells 

Myeloid-derived suppressor cells express T-cell suppressor molecules such as l-arginase, 

inducible nitric oxide synthase, TGF-b, IL-10, cyclooxygenase-2, and indoleamine 2,3-

dioxygenase (Maiorino et al., 2022).   The monitoring of MDSC levels before and after 

primary tumor excision can improve the efficacy of immune-based therapies and the 

management of metastatic breast cancer (Bosiljcic et al., 2019). 

2.9.1.1.4. Dendritic cells 

Dendritic cells (DCs) play an important role in mediating the transition from innate to 

adaptive immunity. There are two types of DCs: conventional (or myeloid) DCs (cDCs) 

and plasmacytoid DCs(pDCs). The cDCs are antigen-presenting cells that are further 

subdivided into cDC1s and cDC2s, which stimulate CD8 and CD4 T cells, respectively. 

The cDC1s specialize in shaping anticancer immune responses by cross-presenting tumor-

associated antigens to CD8 T cells, which identify them via MHC-I signaling, whereas 

cDC2s induce Th1, Th2, and Th17 polarization. Despite their limited antigen-presenting 

capacity, pDCs are the principal producers of type I interferons and are largely involved in 

antitumor immune responses (Maiorino et al., 2022, Del Prete et al., 2023).  

2.9.1.2. Innate lymphoid cells 

Innate lymphoid cells (ILCs) are the type of innate immune cells that lack antigen 

specificity and are classed as natural killer (NK) cells, ILC1s, ILC2s, ILC3s, and lymphoid 

tissue inducer (LTi) cells (Yuan et al., 2021). They are implicated in both protumor and 

antitumor responses (Maiorino et al., 2022). The ILC1s and NKs are also known as 

cytotoxic ILCs, whilst ILC2, ILC3, and LTi are known as helper ILCs (Sugimura and 

Wang, 2022) 

2.9.1.2.1. NK cells 
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Even when not activated, NK cells can destroy target cells. Many cancers lose expression 

of MHC-I molecules after malignant transformation while retaining the synthesis of ligands 

that activate NK cells, making them extremely vulnerable to NK cell killing (Melvold and 

Sticca, 2007). The NK cells have the strongest cytotoxic activity because they produce 

granzymes, IFN-γ, and perforin.  They have diverse cytotoxicity mechanisms and the 

ability to control the immune response through cytokine release, which plays an important 

role in antitumor immunity as well as in metastasis (Yuan et al., 2021, Laskowski et al., 

2022, Roberti et al., 2012). 

2.9.2. Adaptive immune response 

2.9.2.1. T- lymphocytes 

T-lymphocytes, which can be classified as helper, cytotoxic, and regulatory, are among the 

most significant cells in the tumor microenvironment (Zareinejad et al., 2023). The signal 

transducers and activators of the transcription pathway and cytokine stimulation lead naive 

CD4-T cells to differentiate into subtypes: T helper (Th)1, Th2, Th17, Regulatory T cell 

(Treg), follicular helper T (Tfh), Th19, Th9, Th22 and Th25. Both Th1 and Th2 cells 

release anti-tumor IFN-γ and  L-4. Th17 cells perform a dual role in immunosuppression, 

either by secreting chemokine ligand (CCL)-2 and CCL20 or by directly acting on the 

surface of tumor cells to promote tumor formation. The CD8-T cells mature into tissue-

resident memory CD8-T cells that are capable of identifying E-cadherin on tumor cell 

surfaces and suppressing tumor development (Li and Cao, 2023). The Th1 cells are usually 

considered to be critical components of anti-tumor immune responses due to their ability 

to produce IFN-γ, activate  acrophages, and increase killer CD8-T-cells; nevertheless, 

Th2 responses can promote cancer growth or metastasis (Zareinejad et al., 2023). The CD8-

T-cells fight cancer by lysing and killing tumor cells. Higher CD8 T-cell levels are linked 

to a better prognosis and overall survival in triple-negative breast cancer (Amens et al., 

2021)  

The Th1 secretes inflammatory mediators such as IFN- γ and TNF, which delay the cell 

cycle in G1/G0 and promote apoptosis and senescence in breast tumor cells. It also 
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enhances CD8-T cell antigen presentation, proliferation, and cytolytic activity, activates 

M1 macrophages, and promotes dendritic cell maturation. The Th2 cells may direct 

carcinogenesis and epithelial-to-mesenchymal transition by secreting cytokines such as IL-

3, IL-5, and granulocyte-macrophage colony-stimulating factor (GM-CSF). The Th17 also 

recruits and stimulates NK and dendritic cells, enhances MHC-I and II expression, 

suppresses MDSC proliferation, promotes apoptosis, and increases cytotoxic T lymphocyte 

activity. Other Th cells, such as Th22 and Th25, limit tumor growth and promote cell cycle 

arrest in tumor cells by decreasing extracellular signal-regulated kinase1/2 and protein 

kinase B phosphorylation and triggering apoptosis, respectively. The GM-CSF-producing 

T helper cells inhibit tumor progression and metastasis by interacting with monocytes and 

secreting soluble vascular endothelial growth factor receptors (VEGFRs)-1, which 

inactivates vascular endothelial growth factor (VEGF) and blocks angiogenesis. The T 

follicular helper is the principal source of chemokine (C-X-C motif) ligand  (CXCL)-13 in 

breast malignancies, directing B-cells and enhancing lymphoid organization (Zareinejad et 

al., 2023). The overall anticancer activity of T-lymphocytes is shown in the figure below 

(Figure 13). 
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Figure 13. Anti-tumor functions of T-cell subsets in breast cancer (Source:(Zareinejad et 

al., 2023)). 

The Th2 promotes tumor survival, growth, and metastasis by increasing the frequency of 

Tregs and triggering M2-macrophage differentiation. The Th17 controls angiogenesis 

generates pro-invasive factors, and promotes cancer cell proliferation, survival, and 

invasion. Th22 increases tumor cell motility by activating the STAT3/MAPK/AKT 

signaling pathway. Th25 suppresses the immune system by recruiting and activating type 

2 immune cells. Th9 increases Treg immunosuppressive function while inhibiting 

immunological memory acquisition. Tfh plays a role in the regulation of epithelial-

mesenchymal transition (EMT) during lymph node metastasis (Zareinejad et al., 

2023)(Figure 14). 
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Figure 14. Pro-tumor functions of T-cell subsets in breast cancer (Source: (Zareinejad et 

al., 2023)). 

Patients with high tumor-infiltrating lymphocytes and pathologic complete response (pCR) 

to neoadjuvant chemotherapy (NAC) have a great prognosis and may not require any more 

treatment beyond standard care. Immunotherapies such as checkpoint inhibitors or immune 

agonists may assist persons with high tumor-infiltrating lymphocytes at diagnosis. Patients 

with limited tumor-infiltrating lymphocyte penetration, either before or after NAC, require 

additional or other therapeutic options, such as adoptive cellular therapy or immunization 

regimens, to elicit an immunological response (Figure 15) (Dushyanthen et al., 2015).  
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Figure 15.  Prognostic and predictive role of TILS  (Dushyanthen et al., 2015)). 

2.9.2.1.1. Programmed cell death 1  

Programmed cell death 1 (PD-1), is a transmembrane protein that is transcriptionally 

induced in activated T cells, B cells, and myeloid cells (Freeman et al., 2000). It plays an 

important role in down-regulating the immune system. One of the PD-1 ligands, 

programmed death-ligand 1 (PD-L1), can be expressed on tumor and immune cells. PD-

L1/PD-1 binding physiologically promotes immune tolerance in peripheral tissues. Drugs 

interrupting immune checkpoints, such as anti-CTLA-4, anti-PD-1, anti-PD-L1, and others 

in early development, can mediate durable cancer regressions. The complex biology of 

immune checkpoint pathways still contains many mysteries, and the full activity spectrum 

of checkpoint-blocking drugs, used alone or in combination, is currently the subject of 

intense study (Topalian et al., 2015). 

https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-015-0431-3/figures/2
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-015-0431-3/figures/2
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2.9.2.2. B-lymphocytes  

B-cells are another type of adaptive immune cells that produce specific antibodies against 

tumor antigens, resulting in antibody-dependent cell-mediated and complement-mediated 

cytotoxicity (Melvold and Sticca, 2007). They may also aid in the growth and spread of 

breast cancer (Amens et al., 2021). A higher B-cell density suggests a better prognosis and 

response to treatment (Lam and Verrill, 2023). 

2.10. MMP and Breast Cancer 

Matrix metalloproteinases are a family of zinc-dependent endopeptidases that degrade 

extracellular matrix proteins. Matrix metalloproteinases play an important role in shaping 

the tumor microenvironment (Radisky and Radisky, 2015). Matrix metalloproteinases are 

produced as inactive zymogens and activated by proteinase cleavage (Egeblad and Werb, 

2002).  Interstitial collagenases, gelatinases, stromelysins, and membrane-type MMPs are 

the four categories of MMPs based on substrate specificity and domain organization. 

Matrix metalloproteinases play a role in breast cancer growth, invasion, and metastasis. 

High levels of MMPs have been linked to poor prognosis in breast cancer patients (Duffy 

et al., 2000). In breast cancer, MMPs can play both cancer-promoting and cancer-inhibiting 

roles. The MMP pathway, which is implicated in cancer promotion and inhibition is 

indicated in Figure 16 (Kwon, 2022, Egeblad and Werb, 2002).  
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Figure 16. Cancer promoting and inhibiting pathway of MMPs (Source:(Egeblad and 

Werb, 2002)). 

2.11. HPV and Breast Cancer 

Human papillomavirus (HPV), a double-stranded circular DNA virus, is the cause of the 

most common sexually transmitted illness. Both men and women have a 50% chance of 

contracting the virus at some point in their lives. The involvement of HPV in cancer 

formation has received a great deal of attention, particularly in cervical cancer but also in 

other forms of neoplasms (Brianti et al., 2017). The oncoproteins E6, E7, and E5, which 

alter the growth regulation system and may interfere with apoptosis, are primarily 

responsible for the carcinogenicity of the HPV strains (Schiffman et al., 2016, Jiang and 

Yue, 2014). There is considerable debate and skepticism about the notion that HPV 

infection is the etiological factor contributing to the development of breast cancer (Kudela 

et al., 2019). The presence of HPV in malignant breast tumors has been reported, indicating 
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a potential role of HPV in the early stage of breast cancer and breast carcinogenesis 

(Maldonado-Rodríguez et al., 2022, Cavalcante et al., 2018, Khodabandehlou et al., 2019, 

Salman et al., 2017, Ngan et al., 2015). Two different ways work for HPV entry: direct 

contact between an infected epithelium and the mammary epithelium, and extracellular 

vesicles (EVs), which are released into the bloodstream by HPV-infected cells and 

can transport viral macromolecules to the breast. The exposure and sensitivity of mammary 

cells to estrogen, in conjunction with the presence of HPV genomes, may create an 

environment that is conducive to the activation of viral gene expression, resulting in 

abnormal overexpression of E6 and E7. On the other hand, HPV may influence ER 

signaling; the oncoproteins of HPV-18 E6 and E7 can directly interact with ER and 

increase the estrogen response element (ERE)-dependent transcriptional activity of ER. 

Consequently, the effective estrogen signaling that most breast cancer patients create from 

ER overexpression may have an impact on the expression of the HPV gene in those HPV-

positive breast cells, promoting the initiation and progression of breast cancer (Figure 17) 

(Blanco et al., 2021). 

 

Figure 17. A suggested model of HPV-mediated breast carcinogenesis (Source: (Blanco 

et al., 2021)). 
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3. CHAPTER THREE: MATERIALS AND METHODS 

3.1. Study Design, Study Area, and Samples 

Retrospective (2015-2019) data were collected from 294 breast cancer patients using 

reports from the pathology departments of Jimma University Specialized Hospital and 

Hawassa University Specialized Referral Hospital for clinicopathological features 

assessment of invasive breast cancer. Only histopathological data of breast cancer from 

2015 to 2019 were included. 

A cross-sectional retrospective study involving 227 formalin-fixed paraffin-embedded 

(FFPE) tissue blocks was collected between 2015 and 2021 from four different regions: 

Hawassa Referral Hospital (Hawassa City, Southern Nations, Nationalities and Peoples 

(SNNP) region (N=46)), Jimma University Specialized Hospital (Jimma city, Oromia 

region (N=53)), Ayder Referral Hospital (Mekelle city, Tigray region (N=95)), and Hiwot 

Fana Specialized University Hospital (Harar city, Harar region (N=33)) to assess breast 

cancer subtyping and other clinicopathological characteristics (Figure 18).  

 For tumor-infiltrating lymphocytes, tumor-associated macrophages, and PD-L1 analysis, 

a total of 81 FFPE tissue blocks were used (32 from Ayder Referral Hospital (Mekelle City, 

Tigray region), 2 from Hiwot Fana Specialized University Hospital (Harer City, Hareri 

Region), 16 from Jimma University Specialized Hospital (Jimma city, Oromia region), 12 

from Hawassa University Specialized Referral Hospital (Hawassa city, SNNP region) and 

19 from ALERT Specialized Hospital (Addis Ababa).  

For the MMPs expression study, a total of 58 FFPE tissue blocks were collected, 42 were 

from malignant breast cancer cases from referral hospitals (24 from Ayder Referral 

Hospital (Mekelle City, Tigray region), 8 from Hiwot Fana Specialized University Hospital 

(Harer city, Hareri Region), 4 from ALERT Specialized Hospital (Addis Ababa city), 3 

from Jimma University Specialized Hospital (Jimma city, Oromia region), and 3 from 

Hawassa University Specialized Referral Hospital (Hawassa city, SNNP region). The 16 

cases with benign tumors were from ALERT Specialized Hospital. 
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For HPV frequency assessment, a total of 120 FFPE tissue blocks were used; 66 from 

breast cancer cases and 54 from cases with non-malignant breast tumors, were collected. 

There were 66 breast cancer cases (23 from Ayder Referral Hospital (Mekelle City, Tigray 

region), 9 from Hiwot Fana Specialized University Hospital (Harer City, Hareri Region), 

9 from ALERT Specialized Hospital (Addis Ababa city), 13 from Jimma University 

Specialized Hospital (Jimma city, Oromia region), and 12 from Hawassa University 

Specialized Referral Hospital (Hawassa city, SNNP region). The 54 cases of benign breast 

tumors were enrolled from ALERT Specialized Hospital. 

 

Figure 18. The study area and study centers (marked with an H to represent the hospitals) 

location map. 
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3.2. Sample Size 

For breast cancer subtyping, the sample size was estimated using the single population 

proportion calculation, considering a 95% confidence level, a 5% margin of error, and a 

prevalence of 50% ER-positivity.   

 N= (z α/2)
2 p (1-p) /d2 

N= (1.96)2 0.5(1-0.5) / (0.05)2 =384 

 here n = sa ple size; Z α/2=Z score of 1 96 at 95% confidence interval (C ); 

p=prevalence ER positivity and d=margin of error.  Subsequently, a 10% non-response rate 

was considered. In the end, 423 participants were planned for the study; however, we were 

only able to collect 227 tissue blocks because there were insufficient tissue block samples, 

mainly from Jimma University Specialized Hospital (Jimma city, Oromia region), Hiwot 

Fana Specialized University Hospital (Harer City, Hareri Region), and Hawassa University 

Specialized Referral Hospital (Hawassa city, SNNP region). Because we do not have 

enough resources, we can only analyze 81 immune cell cases and 58 metalloproteinase 

cases. For HPV detection, the sample size was calculated using Epi-info version 7.2.1.0, a 

statistical software.  The characteristics that were taken into consideration were a 1:1 cases-

to-control ratio, a 95% confidence level, 80% power, a 51.8% HPV prevalence among 

breast cancer cases, and an odds ratio of 3.0 (Delgado-García et al., 2017).  Finally, a 

sample size of 130 was selected, of which 65 included cases and the remaining 65 controls. 

There were insufficient samples to collect the remaining 11 control cases, thus in the end, 

we used 66 cases, 54 controls, and 120 sample sizes together.  

3.3. Data Collection 

De ographic and clinicopathological data fro  biops  reports of the patholog  

depart ent in each hospital were collected using a data collection for  (Annex 1)  

De ographic infor ation, such as age, se , and residence, and clinicopathological data, 

such as histologic t pe, stage, tu or size, grade, l  ph node involve ent, nu ber of 
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involved l  ph nodes, and nature of the speci en, were included  For clinicopathological 

features of invasive breast cancer assess ent, 50 histopatholog  slides were inspected and 

reviewed at rando ; additionall , inclusion and e clusion criteria were set for 

clinicopathological features of invasive breast cancer assess ent   

3.3.1. Inclusion criteria  

Onl  invasive breast cancer was included in this stud     total of 294 patients with invasive 

breast cancer were included  

3.3.2. Exclusion criteria 

 reast cancer patients with pathologies of non-invasive and/or in situ carcino a were 

e cluded   

3.4. Histopathological Grade and Stage  

Histopathological grades were measured using Nottingham grading (Elston and Ellis, 

1991). The evaluation of tubule formation, nuclear pleomorphism, and mitotic counts, each 

of which is scored 1-3, were used to determine the grade for each breast tumor. The scores 

for each category were added together to calculate the overall tumor grade, which has a 

range of 3-9. The following criteria were used to assess tumors: well-differentiated or grade 

I scores of 3-5; moderately differentiating or grade II scores of 6-7; and poorly 

differentiating or grade III scores of 8-9 (Elston and Ellis, 1991). The TNM staging method 

was used to perform histopathological stages. This method provides a “stage grouping” 

based on the size of the primary tumor (T), local lymph nodes (N), and distant metastases 

(M) (Edge et al., 2010) (Table 1). Histopathological grade and type were checked and 

confirmed at Armauer Hanssen Research Institute (AHRI) and Tikur Anbessa Specialized 

Hospital by three senior pathologists under principal investigator supervision. 

Histopathology assessment on FFPE sections stained with hematoxylin and eosin was 

performed at AHRI to confirm the diagnosis.  
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Table 1. The staging methods for breast cancer tumors. 

T1* includes T1 i  **Onl  T0 and T1 tu ors with nodal  icro etastases are e cluded 

fro  stage     and are instead classified as being stage    (Source: (Edge et al , 2010))  

 

3.5. Immunohistochemistry Staining  

The IHC staining for breast cancer subtyping was performed on 227 FFPE tissue blocks 

using an optimized IHC protocol. Sections of FFPE tissue were cut at a thickness of 4 µm 

and rehydrated in water. Heat-induced epitope retrieval was carried out using Dako FLEX, 

a low pH retrieval buffer for Ki-67, and a high pH retrieval buffer for ER, PR, and HER-

2. The slides then underwent a 10-minute incubation with peroxidase-blocking solutions, 

followed by 30-minute incubations with specific primary antibodies and another 30 

minutes with EnVision FLEX/HRP. DAB (3,3′-diaminobenzidine) chromogen was then 

applied for 5 minutes. The slides were counterstained for 30 seconds with hematoxylin and 

Stages Tumor Size (T) Regional 

 Lymph Nodes (N) 

Distant  

Metastases (M) 

0 Tis N0 M0 

IA T1 * N0 M0 

IB T0 N1mi M0 

T1 * N1mi M0 

IIA T0 N1 ** M0 

T1* N1 ** M0 

T2 N0 M0 

IIB T2 N1 M0 

T3 N0 M0 

IIIA T0 N2 M0 

T1 * N2 M0 

T2 N2 M0 

T3 N1 M0 

T3 N2 M0 

IIIB T4 N0 M0 

T4 N1 M0 

T4 N2 M0 

IIIC Any T N3 M0 

IV Any T Any N M1 



47 

 

mounted with DPX and coverslip (Figure 19). The principal investigator performed all 

sectioning and immunohistochemical staining. The detailed IHC procedure is indicated in 

Annex 2. Monoclonal rabbit anti-human ER (DAKO clone Ep1; Agilent Technologies, 

Denmark) and anti-human PR (DAKO clone PgR636, Agilent Technologies, Denmark) 

antibodies were used for the staining. If a tumor exhibited 1% or more of tumor cell nuclear 

staining, it was considered to be ER/PR positive (Allison et al., 2020). The HER-2/neu 

staining was performed using the HER-2/neu reagent (Polyclonal, Agilent Technologies, 

Denmark). The grading expression was based on recommendations from Wolff et al. 

(2018): specimens scored as 0 or 1+ were classified as HER2/neu negative, and specimens 

scored as 3+ were considered positive. Specimens with a score of 2+ were considered 

equivocal (Wolff et al., 2018). In multiple logistic regression analysis, the HER2/neu 2+ 

were excluded. According to the recommendation of the St. Gallen international panel of 

experts, a Ki-67 cut-off point of ≥ 20% was considered high (Goldhirsch et al., 2013). For 

ER and Ki-67 proliferation markers, we used DAKO mouse IgG1, Code X0931 negative 

control, and for PR and HER-2, we used DAKO rabbit immunoglobulin fraction (solid-

phase absorbed), Code X0936. Both were diluted to the same IgG concentration as the 

primary antibody. Ductal epithelial cells from the breast were used as internal controls for 

ER and PR, and the mitotic index was used as an internal control for Ki-67 proliferation 

marker staining. Additionally, positive controls were performed using normal endometrial 

stroma for PR, cervix epithelial cells for ER, and tonsil for Ki-67 in each experiment. The 

HER-2 positive control was optimized using breast cancer samples used in this study.  
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Figure 19. Outline of IHC protocol for FFPE tissue sections visualized by horse radish 

peroxidase (HRP) system. 

The IHC staining for surface marker expression of tumor-infiltrating lymphocytes, tumor-

associated macrophages, and PD-L1 assessment was performed on 81 FFPE tissue blocks 

using an optimized IHC protocol. Heat-induced epitope retrieval was carried out using a 

high PH retrieval buffer for all markers (Table 2). Six selected IHC images were used (two 

from low, two from moderate, and two from high staining percentage tissue) to calculate 

the percentage of positively stained cells for each marker using QuPath 0.4.4 software.  

Tonsil was used as positive controls for all markers except the CD-56 marker, for which 

we used appendices. The peroxidase-blocking, EnVision FLEX/HRP, DAB chromogen, 

and counterstained processes were performed according to the procedure stated in Annex 

2. 

  

Tissue block Sectioning Reh dration

 ntigen retrieval
Pri ar antibod staining Secondar antibod staining

 dding substrate  icroscop   C i age
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Table 2. List and dilutions of tumor-infiltrating lymphocytes primary antibodies used for 

immune cell marker study.  

Antibody clone Item 

Code 

Clone Dilution Manufacturer Ag retrieval  

CD3, Mouse 

anti-Human,  

11324673 F7.2.38 1:40 Fisher Scientific 

(United Kingdom) 

Microwave ⁄ 

EDTA buffer 

CD4, Mouse 

anti-Human 

11364603 4B12 1:40 Fisher Scientific 

(United Kingdom) 

Microwave ⁄ 

EDTA buffer 

CD8 alpha 

Mouse anti-

Human 

11364853 C8/144B 1:40 Fisher Scientific 

(United Kingdom) 

Microwave ⁄ 

EDTA buffer 

CD56 Mouse 

anti-Human 

11520762 123C3 1:40 Fisher Scientific 

(United Kingdom) 

Microwave ⁄ 

EDTA buffer 

CD68 Mouse 

anti-Human 

15217057  KP1 1:1000 Fisher Scientific 

(United Kingdom 

Microwave ⁄ 

EDTA buffer 

CD163 Mouse 

anti-Human 

11334453 10D6 1:40 Fisher Scientific 

(United Kingdom 

Microwave ⁄ 

EDTA buffer 

PD-L1 (CD274), 

Rabbit anti-

human 

ACI3171C CAL10 1:40 Zytomed Systems 

GmbH (United 

Kingdom) 

Microwave ⁄ 

EDTA buffer 

CD20cy Mouse 

Anti-Human 

M075501-

2 

L26 1:200 Agilent Dako, 

Demark 

Microwave ⁄ 

EDTA buffer 

3.6. Breast Cancer Subtyping 

Breast cancer subtyping in this study was performed based on the consensus of St. Gallen 

international experts that divided breast cancer into the following four subtypes 

(Goldhirsch et al., 2013): luminal A (ER and/or PR-positive, HER-2-negative and Ki-67 < 

20%), luminal B (ER and/or PR-positive, HER-2-positive or ER and/or PR-positive, HER-

2-negative and Ki-67 ≥ 20%), HER-2-enriched (ER and PR-negative, HER-2 positive) and 

triple-negative (ER-negative, PR-negative, and HER-2-negative). 

3.7. RNA Extraction and Quantitative One-step RT-PCR  

Total RNA was extracted from stored FFPE tissue specimens using the RNeasy® FFPE 

Kit (QIAGEN, Hilden, Germany) (Cat No 73504) according to the manufacturer's protocol 

for MMPs investigation (Annex 3). Ten tissue sections of 2µm thickness per sample were 
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used for RNA extraction. The quality of extracted RNA was checked using a Nanodrop 

2000 spectrophotometer. All extracted RNA samples were then stored at -80◦C until the 

RT-PCR test was performed.  

Specific primers and fluorogenic probe sequences for MMP-2, MMP-9, and  MMP-11 

were taken from the literature (Decock et al., 2007) and their appropriateness was checked 

using the Primer-Blast tool in NCBI. The sequences for the MMP primers and probes are 

given in Table 3.  PCR reactions were carried out on the CFX96 Deep well Real-time PCR 

instrument (Bio RAD, Singapore). All quantitative reverse-transcription PCRs were 

performed in duplicate using the SuperScript™ III Platinum™ One-Step qRT-PCR Kit 

(Invitrogen/Life Technologies Corporation, Carlsbad, CA 92008 USA) according to the 

 anufacturer’s instructions with an optimized volume of reaction. Each reaction was 

performed in a 25 µl reaction volume, containing 5 µL RNA, 12.5 µL 2x reaction mix, 0.5 

µL SuperScriptTM III RT/PlatinumTM Taq Mix, 0.5 µL forward and reverse primers each 

(10 µM), 0.25 µL probe (10 µM) and 5.75 µL molecular grade water. Conditions for the 

PCR reaction were 15 minutes at 50°C, 2 minutes at 95°C followed by 40 cycles of 15 

seconds at 95°C and 45 minutes at 58°C. The GAPDH gene was used as an endogenous 

control to normalize for differences in the amount of total RNA expression in each sample. 

To determine the relative RNA levels of expression within the samples, standard curves 

for the PCR reactions were performed.  

Table 3. Taqman primers and probes sequence for the human MMPs and GAPDH. 

Gene     Gene bank 

accession 

no. 

Primers and 

Probes (5’-3’) 

Sequence of primers and FAM-

BHQ1 probes 

Amplico

n size 

(bp) 

MMP-2 NM004530 Forward primer  TGGCGATGGATACCCCTTT 83 

Reverse primer  TTCTCCCAAGGTCCATAGCTC

AT 

Probe  FAMCTCCTGGCTCATGCCTTC

GCCCBHQ1 

MMP-9 NM004994 Forward primer  CCTGGGCAGATTCCAAACCT 54 
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3.8. DNA Extraction and Multiplex Real-time PCR  

DNA was extracted from stored (2015-2021) FFPE breast tissue specimens using 

GeneRead DNA FFPE Kit (Campay, QIAGEN GmbH, QIAGEN Str. 1, D-40724 Hilden) 

following the  anufacturer’s protocol (Annex 4). DNA extraction was performed on ten 

tissue sections of 2 µm thickness in each sample. The quality of extracted DNA was 

checked using a Nanodrop 2000 spectrophotometer. All extracted DNA samples were then 

stored at -20◦C until the PCR test was performed.  

The PCR reactions were carried out using the CFX96 Deep well Real-time PCR instrument 

(Bio RAD, Singapore). AnyplexTM II HPV28 Detection Kit (Seegene, Korea) was used 

to perform multiplex real-time PCR for the HPV genotyping as previously described 

(Seyoum et al., 2023). It allows for the simultaneous amplification, detection, and 

separation of target nucleic acids from 19 high-risk HPV types (16, 18, 26, 31, 33, 35, 39, 

45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, 82) and 9 low-risk HPV types (6, 11, 40, 42, 43, 

44, 54, 61, 70) as well as an internal control (IC). Human housekeeping gene (human beta-

globin) as endogenous IC was used to ensure extraction of DNA, verification of PCR 

reaction, and clarification of cell adequacy from each specimen.  

Reverse primer  GCAAGTCTTCCGAGTAGTTTT

GGAT 

Probe  FAMCTCAAGTGGCACCACCAC

AACATCACCBHQ1 

MMP-11 NM005940 Forward primer CCGCCAGATGCCTGTGA 66 

Reverse primer  CGGAGGCGCCACACAA 

Probe  FAMCCTCCTTTGACGCGGTCT

CCACCBHQ1 

GAPDH NM001357

943 

 

Forward primer  GAAGGTGAAGGTCGGAGTC 172 

Reverse primer  GAAGATGGTGATGGGATTTC 

Probe  FAMCAAGCTTCCCGTTCTCAG

CCBHQ1 
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3.9. Ethical Approval  

Ethical approval for this study was obtained from the College of Natural Science 

Institutional Ethics Review Board (CNS-IRB) Addis Ababa University (No. 

IRB/032/2018), AHRI/ALERT Ethics Review Committee (AAERC) (No. PO/27/19) and 

Federal Democratic Republic of Ethiopia Ministry of Education (No.7/2.12/m259/35).  

3.10. Statistical Analysis 

The mean fold change expression for MMPs was calculated using a Microsoft Excel 

spreadsheet (Schmittgen and Livak, 2008). Statistical analysis for MMPs, tumor-

infiltrating lymphocytes, tumor-associated macrophages, and PD-L1 was performed using 

GraphPad Prism version 8.0.0 for Windows (GraphPad Software, San Diego, California 

USA, www.graphpad.com). The assumption of normality was evaluated using the Shapiro 

normality test.  Based on the skewed distribution of the dataset, a non-parametric T-test 

followed by a Mann-Whitney test was used for the comparison of different groups. Data 

collected from the pathology report, HPV PCR, and IHC results were entered and analyzed 

using SPSS Version-25 software. Univariate Chi-square tests were used to assess the 

hypothesis of the association between predictor and outcome variables of interest. Logistic 

regression was performed to determine associations between a given predictor and outcome 

variables after correcting for the effects of all other predictors. Statistical significance was 

defined as a p-value less than 0.05. For categorical measures, frequencies and percentages 

were examined. For continuous measures, mean, standard deviation, and range were 

examined.  
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4. CHAPTER FOUR: RESULTS 

This chapter presented findings of five-year retrospective clinicopathological features, 

immunohistochemistry-defined subtypes, surface marker expression on tumor-infiltrating 

lymphocytes, tumor-associated macrophages and PD-L1, MMP expression, and HPV 

genotyping in Ethiopian breast cancer patients. In summary, this study found that breast 

cancer was more prevalent in young age groups (< 45 years) in Ethiopia, with invasive 

carcinoma of no special type as the most common histologic pattern. At the time of 

diagnosis, there was a high prevalence of lymph node involvement, advanced pathological 

stage, and grade. The proportions of ER-negative and PR-negative tumors were 48.3% and 

53.2%, respectively. Triple-negative breast cancer was more common in southwest 

Ethiopia (Jimma) than in north Ethiopia (Mekele). The age groups, tumor size, histological 

grade, and Ki-67 proliferation index differed between the study sites. The non-luminal 

breast cancer subtype had a higher percentage of stromal CD20+, intratumoral CD3+ 

tumor-infiltrating lymphocytes, and CD68+ tumor-associated macrophages than the 

luminal subtype. The stromal and intratumoral PD-L1+, intratumoral CD3+ tumor-

infiltrating lymphocytes, and CD163+ tumor-associated macrophages were also more 

commonly found in grade III breast cancer than in grade I and II breast cancer. The MMP-

11 mRNA expression was associated with breast cancer. This study found no evidence that 

HPV contributes to the development of breast cancer; however, the level of HPV was 

significantly higher in ER-positive cases than in ER-negative cases of breast cancer. 

4.1. Retrospective Clinicopathological Features  

4.1.1. Demographic characteristics 

  total of 589 patients presented with breast lu ps at  awassa Universit  Co prehensive 

Specialized Referral  ospital and Ji  a Universit  Specialized Teaching  ospital fro  

2015 to 2019  Of these, 294 patients (49 9%) had a histopathological confir ed diagnosis 

of invasive carcino a  Fro  this, the stage of 32 patients, 39 tu or sizes, 161 grades, 8 

l  ph node involve ents, 11 nu bers of involved l  ph nodes, 4 t pes of surger , and 6 

histological-t pe patient data were o itted because the infor ation was not available in 
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their patholog  reports   n addition to being absent on their  edical records, tu or stage, 

tu or size, and l  ph node involve ent were not perfor ed for ever  incisional biops   

 oreover, in so e cases of invasive breast cancer, l  ph node dissection was not alwa s 

perfor ed  The age at diagnosis of breast cancer patients ranged fro  17 to 100  ears with 

a  ean of 42 27(SD = + 13 57)  ears   ost breast cancer patients (61 6%) were under 44 

 ears of age (Table 4)  

Table 4. De ographic characteristics of breast cancer patients at  awassa Universit  

Co prehensive Specialized Referral  ospital and Ji  a Universit  Specialized Teaching 

 ospital fro  2015 to 2019  

4.1.2. Clinicopathological features  

 ost breast cancer patients (64 9%) were at pathological stage    , and 41 2% of the 

patients had a tu or size greater than 5 c  (pT3) at the ti e of diagnosis   t was observed 

that  ost patients (49 6 %) had a  oderatel  differentiated tu or grade (grade   ) followed 

b  poorl  differentiated (grade    ) (28 6%) and well-differentiated (grade  ) (21 8%)  

Variables Number (%) 

Age group 15-29 45(15.3%) 

30-44 136(46.3) 

45-59 77(26.2) 

60-74 28(9.5) 

>=75 8(2.7) 

 Total 294(100.0) 

Mean ± Sd (Minimum, Maximum) 42.27± 13.57(17,100)     

Sex Female 284(96.6) 

Male 10(3.4) 

Total 294(100.0) 

Patient residence Hawassa 113(38.4) 

Jimma 181(61.6) 

Total 294(100.0) 
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L  ph node involve ent was seen in 60 5 % of cases, and  ost of the  (48 8%) had 4-

10 involved l  ph nodes   astecto   was the  ost co  on  ethod of surger , 

accounting for 84 5% of cases (Table 5)   

 

Table 5. Distribution of tumor presentation at the time of diagnosis among breast cancer 

patients at Hawassa University Comprehensive Specialized Referral Hospital and Jimma 

University Specialized Teaching Hospital from 2015 to 2019. 

Variables  Frequency 

Stage I 5(1.9) 

II 87(33.2) 

III 170(64.9) 

Total 262(100.0) 

Tumor Size pT1 8(3.1) 

pT2 71(27.8) 

pT3 105(41.2) 

pT4 71(27.8) 

Total 255(100.0) 

Grade I 29(21.8) 

II 66(49.6) 

III 38(28.6) 

Total 133(100.0) 

Lymph node involvement Positive 173(60.5) 

Negative 113(39.5) 

Total 286(100.0) 

Positive lymph nodes at surgery  1-3 70(43.2) 

4-10 79(48.8) 

>10 13(8.0) 

Total 162(100.0) 

Type of surgery Mastectomy 245(84.5) 
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Lumpectomy 2(0.7) 

Incisional biopsy 43(14.8) 

Total 290(100.0) 

 nvasive carcino a of no special t pe was the  ost co  on histologic t pe of breast 

cancer (77 1%) followed b  invasive lobular carcino a (11 1%) and papillar  carcino a 

(2 8%) (Figure 20). The representative diagra  of each histological t pe is indicated in 

Figure 21. 

 

Figure 20. Distribution of histologic t pes of breast cancer: data pooled fro     awassa 

Universit  Co prehensive Specialized Referral  ospital and Ji  a Universit  

Specialized Teaching  ospital  
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Figure 21.   Histological types of breast cancer. (A) Invasive carcinoma of no special type, 

(B) Invasive lobular carcinoma, (C) Mixed (invasive ductal and lobular) carcinoma, (D) 

Medullary carcinoma, (E) Metaplastic carcinoma (F) Mucinous carcinoma (G) Papillary 

carcinoma (H) Secretory carcinoma. 

4.1.3. Associated factors 

L  ph node involve ent was significantl  associated with tu or size (χ2 = 8 55, P = 

0 033), and t pe of surger  (χ2 = 49 09, p < 0 001), with higher l  ph node involve ent 

observed in patients undergoing  astecto    Patients with l  ph node involve ent had a 

higher proportion of tu ors with a size greater than 5 c  (46 6%), co pared with those 

without l  ph node involve ent  L  ph node involve ent was also higher a ong 

invasive carcino a of no special t pe histologic t pes (Table 6)  

Table 6. L  ph node involve ent with stage, tu or size, and histologic t pe  

Variables N (%) Lymph node involvement χ2 P-

value Yes  No 

Tumor Size, n (%) 

≤ 2 cm(T1) 8(3.1) 3(1.9) 5(5.4) 8.55 0.033* 

> 2 cm and ≤ 5 cm(T2) 70(27.6) 37(23.0) 33(35.5) 

> 5cm (T3) 105(41.3) 75(46.6) 30(32.2) 

https://www.sciencedirect.com/topics/medicine-and-dentistry/apocrine-carcinoma
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Any size extension to the 

chest wall or skin(T4) 

71(28.0) 46(28.6) 25(26.9) 

Total 254(100.0) 161(100.0) 93(100.0) 

Type of surgery, n (%) 

Mastectomy 242(85.5) 165(95.9) 77(69.4) 39.69 < 

0.001* Lumpectomy  2(0.7) 1(0.6) 1(0.9) 

Incisional biopsy 39(13.8) 6(3.5) 33(29.7) 

Total 283(100.0) 172(100.0) 111(100.0) 

Histologic type, n (%) 

Invasive carcinoma of 

no special type 

218(77.3) 135(78.9) 83(74.8)   

Invasive lobular 

carcinoma 

32(11.3) 19(11.1) 13(11.7) 7.4 0.37 

Mixed carcinoma 6(2.1) 4(2.3) 2(1.8) 

Papillary carcinoma 7(2.5) 2(1.2) 5(4.5) 

Mucinous carcinoma 6 (2.1) 2(1.2) 4(3.6) 

Metaplastic carcinoma 7 (2.5) 5(2.9) 2(1.8) 

Medullary carcinoma 5 (1.8) 4(2.3) 1(0.9) 

Secretory carcinoma 1(0.4) 0(0.0) 1(0.9) 

Total  282(100.0) 171(100.0) 111(100.0) 

4.2. Breast Cancer Subtypes 

4.2.1. Demographic and histopathological characteristics 

In this study, 227 tumor specimens were collected. The mean age at diagnosis was 43.9 

(SD = 13.9) years. A high rate of male breast cancer (4.8%) incidence was found in this 

study. The average age of breast cancer patients at the Hawassa study site was lower than 

those of other research sites (38.7 years) (Table 7).  

Table 7. Basic demographic information of the study population at four study sites. 

Variables Study sites 
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Frequency 

(%) 

Hawassa Jimma Mekele Harar 

Age < 50 years 151 (66.5) 40 (87.0) 31 (58.5) 59 (62.1) 21 (63.6) 

≥ 50 years 76 (33.5) 6 (13.0) 22 (41.5) 36 (37.9) 12 (36.4) 

Total 227 (100.0) 46 (100.0) 53 (100.0) 95 (100.0) 33 (100.0) 

Mean age 

± SD 

43.9 ± 13.9 

years 

38.7± 11.7 

years 

44.9± 13.9 

years 

45.2± 14.2 

years 

44.7± 13.6 

years 

Sex Female 216 (95.2) 45 (97.8) 51 (96.2) 89 (93.7) 30 (93.9) 

Male 11 (4.8) 1 (2.2) 2 (3.8) 6 (6.3) 11 (4.8) 

Total 227 (100.0) 46 (100.0) 53 (100.0) 95 (100.0) 33 (100.0) 

Tumor size greater than 5 cm (T3) at the time of diagnosis accounted for 28.9% of the 

cases, with a higher percentage (48.9%) in southwest Ethiopia (Jimma). The 19 and 35 

cases of tumor size and lymph node involvement information were missed in their medical 

record and not included in this study, respectively.  Any tumor size growing into the chest 

or skin (T4) was high in Harer (42.3%). Involvement of the lymph nodes was found in 

63.7% of cases, with a higher percentage in northern Ethiopia (Mekele) (75.8%). 

Histological grades II and III accounted for 66% of the cases. Age, tumor size, and 

histologic grade were all substantially associated with study sites, with younger cases in 

southern Ethiopia (Hawassa), larger tumor size in southwestern Ethiopia (Jimma), and 

higher histological grade in northern Ethiopia (Mekele) (Table 8). Invasive carcinoma of 

no special type was the most common histomorphologic type of breast cancer (84.0%), 

followed by invasive lobular carcinoma. 

Table 8.  Distribution of histopathological, and immunohistochemical characteristics of 

breast cancer at the four study sites.  

Variables* Frequenc

y (%) 

Study sites p-

value Hawassa Jimma Mekele Harar 

Tumor 

Size 

T1 16 (8.0) 2 (4.9) 2 (4.3) 10 (11.5) 2 (7.7) 0.001 

T2 77 (38.3) 14 (34.1) 9 (19.1) 43 (49.4) 11 (42.3) 

T3 58 (28.9) 13 (31.7) 23 (48.9) 20 (23.0) 2 (7.7) 
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T4 50 (24.9) 12 (29.3) 13 (27.7) 14 (16.1) 11 (42.3) 

Total  201 

(100.0) 

41 

(100.0) 

47 (100.0) 87 

(100.0) 

26 (100.0) 

Grade I 74 (33.9) 18 (39.1) 25 (47.2) 25 (26.3) 9 (27.3) 0.033 

II 70 (32.1) 16 (34.8) 16 (30.2) 25 (26.3) 12 (36.4) 

III 74 (33.9) 12 (26.1) 12 (22.6) 45 (47.4) 12 (36.4) 

 Total 218 (95.6) 46 

(100.0) 

53 (100.0) 95 

(100.0) 

33 (100.0) 

Lymph 

node 

status 

Positive 123 (63.7) 26 (56.5) 30 (56.6) 50 (75.8) 16 (59.3) 0.088 

Negative 70 (36.3) 20 (43.5) 23 (43.4) 16 (24.2) 11 (40.7) 

Total 192 

(100.0) 

46 

(100.0) 

53 (100.0) 66 

(100.0) 

27 (100.0) 

ER  Positive 104 (51.7) 22 (48.9) 27 (51.9) 40 (52.6) 15 (53.6) 0.976 

Negative 97 (48.3) 23 (51.1) 25 (48.1) 36 (47.4) 13 (46.4) 

Total 201 

(100.0) 

45 

(100.0) 

52 (100.0) 76 

(100.0) 

28 (100.0) 

PR Positive 94 (46.8) 23 (51.1) 20 (38.5) 41 (53.9) 10 (35.7) 0.193 

Negative 107 (53.2) 22 (48.9) 32 (61.5) 35 (46.1) 18 (64.3) 

Total 201 

(100.0) 

45 

(100.0) 

52 (100.0) 76 

(100.0) 

28 (100.0) 

HER-2 Positive 42 (22.0) 8 (18.2) 11 (21.6) 13 (19.1) 10 (35.7) 0.269 

Negative 128 (67.0) 30 (68.2) 38 (74.5) 45 (66.2) 15 (53.6) 

Equivocal 21 (11.0) 6 (13.6) 2 (3.9) 10 (14.7) 3 (10.7) 

Total 191 

(100.0) 

44 

(100.0) 

51 (100.0) 68 

(100.0) 

28 (100.0) 

Ki-67 Low  106 (57.0) 22 (56.4) 40 (81.6) 37 (52.9) 7 (25.0) < 

0.000

1 

High 80 (43.0) 17 (43.6) 9 (18.4) 33 (47.1) 21 (75.0) 

Total 186 

(100.0) 

39 

(100.0) 

49 (100.0) 70 

(100.0) 

28 (100.0) 

Subtype  Luminal 

A 

41 (25.2) 12 (34.3) 17 (35.4) 9 (16.4) 3 (12.0) 0.114 

Luminal B 45 (27.6) 8 (22.9) 9 (18.8) 19 (18.8) 9 (36.0) 
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HER2 

enriched 

23 (14.1) 6 (17.1) 4 (8.3) 7 (12.7) 6 (24.0) 

triple-

negative 

breast 

cancer 

54 (33.1) 9 (25.7) 18 (37.5) 20 (36.4) 7 (28.0) 

Total 163 

(100.0) 

35 

(100.0) 

48 (100.0) 55 

(100.0) 

25 (100.0) 

* Variables are only shown for cases with known results. Differences of features among 

study sites assessed by X2 test. There were differences in the sample sizes for each marker: 

of the 227 patients, 201 had ER and PR, 191 had HER-2, and 186 had KI-67 analysis. 

Missing data was caused by difficult-to-interpret results (internal control not working), 

falling tissue from IHC slides, and failure to obtain tissue samples for sectioning (for the 

few samples indicated to repeat, we can't get leftover tissue samples).   

4.2.2. Tumor size  

In univariate analysis, tumor size was determined in 201 cases (26 cases were missed), and 

Jimma was the region with the highest percentage of T3 and T4 tumors (76.6%) (Table 8). 

For multiple logistic regression analysis, 157 cases were included. Grade III tumors were 

2.5 times more likely than grade I or II tumors to have a large (T3 or T4) tumor size (P = 

0.025). The HER2-positive tumors were 4.1 times more likely than HER2-negative tumors 

to have a large (T3 or T4) tumor size (P = 0.007). Breast cancer cases from the south 

(Hawassa) and southwest (Jimma) of Ethiopia were 3.1 and 7.7 times, respectively, more 

likely to have T3 or T4 tumors than those from the north (Mekele) (Table 9). 

Table 9. Multiple logistic regression analysis of demographic and histopathological 

parameters predicting tumor size. 
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Parameters* All N (%) = 

157 

Large tumor size (T3 and T4) (n = 

95) vs small tumor size (T1 and T2) 

(n = 62). 

OR (95% CI) p-value 

Age group 

(years) 

< 50 (ref) # 107 (68.2%) 1.40 (0.61–3.19) 0.430 

≥ 50  50 (31.8%) 

Grade I or II (ref) 102 (65.0%) 2.57 (1.13–5.84) 0.025 

III  55 (35.0%) 

Lymph node 

involvement 

Yes 102 (65.0%) 1.60 (0.75–3.45) 0.228 

No (ref) 46 (35.0%) 

HER-2  Negative (ref) 103 (65.6%)  

Positive 34 (21.7%) 4.14 (1.47–

11.67) 

0.007 

Equivocal 20 (12.7%) 2.02 (0.70–5.81) 0.193 

Study sites Hawassa 40 (25.5%) 3.10 (1.13–8.47) 0.028 

Jimma 45 (28.7%) 7.7 (2.65–22.77) < 0.0001 

Harar 22 (14.0%) 1.47 (048–4.57) 0.502 

Mekele (ref) 50 (31.8%)  

* Tumor size was the outcome variable. Binary categories of large (T3 or T4) and small 

(T1 or T2) were created with large tumor size as the reference value. The indicated 

dependent variables or parameters are listed in the left column. # The reference values for 

the predictor variables are indicated within parentheses. 

 

4.2.3. Estrogen receptor, HER-2, and Ki-67 proliferation 

In univariate analysis, 201 cases were analyzed (26 cases were missed), and half of the 

specimens were ER and PR-negative (Table 8). In this study, 161 breast cancer cases were 

included in multiple logistic regression analysis, and the presence of an ER-positive tumor 

with a histological grade I or II was 2.9 times more common than that of a grade III tumor 
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(P = 0.005). The chance of having ER-positive breast cancer appears to be 2.1 times higher 

in older women (>50 years vs. <50 years) (P = 0.039) (Table 10). 

Among a total of 191 specimens (36 cases were missed) included in univariate analysis, 

22% of the cases were HER-2 positive, with the highest percentage (35.7%) reported from 

eastern Ethiopia (Harar) (Table 8). In the study of 137 breast cancer cases that were 

included for multiple logistic regression analysis, T3 or T4 tumors were 3.8 times higher 

than T1 or T2 tumors to be HER-2-positive (P = 0.01). Additionally, breast cancer cases in 

eastern Ethiopia (Harer) were 3.6 times more likely than cases in northern Ethiopia 

(Mekele) to be HER-2 positive (Table 10). 

In univariate analysis, a total of 186 cases of breast cancer were analyzed (41 cases were 

missed), and high Ki-67 proliferation was observed in 43.0% of breast cancer cases (Table 

8). In the multiple logistic regression analysis of 149 breast cancer patients, eastern 

Ethiopia (Harer) was 6.4 times more likely than northern Ethiopia (Mekele) to have high 

Ki-67 proliferation (Table 10). The representative IHC image for ER, PR, HER-2, and Ki-

67 positive is shown in Figure 22. 

 

   c n r l cer ix  i  ue    c n r l en  me rium  i  ue

      i i e       i i e
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Figure 22. Representative IHC picture of ER, PR, HER-2, and Ki-67 positive breast cancer 

and control tissues. 

Table 10.  Multiple logistic regression analysis of positive ER and HER-2 status, and high 

Ki-67 proliferation index with other variables among 161 (ER), 137 (HER-2), and 149 (Ki-

67) study participants. 

Parameters* ER-positive (n = 79) 

ER-negative (n = 82) 

HER-2-positive 

(n = 34) 

HER-2-negative 

(n = 103) 

High Ki-67 

proliferation (n = 

59) 

Low Ki-67 

proliferation (n = 

90) 

OR (95% 

CI) 

p-

value 

OR (95% 

CI) 

p-

value 

OR (95% 

CI) 

p-

value 

Age group 

(years) 

< 50 

(ref)# 

2.18 (1.04–

4.58) 

0.039 0.61 (0.2–

1.61) 

0.317 1.65 

(0.70–

3.90) 

0.253 

≥ 50  

Grade I or II  0.005 0.727 

   6  c n r l   n il i  ue     2   n r l brea   cancer i  ue

   6     i i e     2    i i e
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III (ref) 2.96 (1.40–

6.26) 

1.18 

(0.47–

2.96) 

0.20 

(0.08–

0.46) 

<0.00

01 

Tumor Size T1 or T2 

(ref) 

0.98 (0.49–

1.98) 

0.956 3.85 

(1.39–

10.68) 

0.010 0.82 

(0.79–

4.15) 

0.158 

T3 or T4  

Lymph 

node 

involvemen

t 

Yes 1.60 (0.80–

3.20) 

0.185 0.99 

(0.41–

2.41) 

0.981 0.67 

(0.230–

1.51) 

0.337 

No (ref) 

Study sites Hawassa 1.18 

(0.48-2.93) 

0.719 0.82 

(0.23-

2.92) 

0.760 1.69 

(0.58-

4.91) 

0.333 

Jimma 0.71 

(0.29-1.76) 

0.461 1.04 

(0.32-

3.43) 

0.947 0.42 

(0.14-

1.25) 

0.118 

Harar 1.51 (0.51–

4.47) 

0.456 3.61 

(1.01–

12.87) 

0.048 6.39 

(1.85–

22.09) 

0.003 

Mekele 

(ref) 

 

* Binary logistic regression was performed with ER, HER-2 positivity, and high Ki-67 

proliferation marker as the outcome variables (with marker negativity and low Ki-67 

proliferation as the reference value), and predictor variables listed in the parameter column 

at left.  

# The reference values for the predictor variables are indicated within parentheses. 

4.2.4. IHC subtypes distribution 

In univariate analysis, 163 samples with all IHC available the IHC subtypes showed the 

following distribution: 33.1% triple-negative breast cancer, 27.6% luminal B, 25.2% 
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luminal A, and 14.1% HER-2 enriched (Table 8). Among the 131 breast cancer patients 

included in multiple logistic regression analysis, luminal A subtypes were 10.4 times more 

likely to have histological grade I or II than grade III (P = 0.002). Luminal A subtypes of 

breast cancer in southern Ethiopia (Hawassa) were 3 times more likely than in northern 

Ethiopia (Mekelle) (P = 0.109). We observed cases with tumor size T3 or T4 were 4.8 

times higher to have HER2 enriched subtypes than tumor size T1 or T2 (Table 11). In 

univariate analysis, triple-negative breast cancer was found in the highest number of cases 

from southwestern Ethiopia (Jimma) (37.5%), followed by cases from northern Ethiopia 

(Mekele) (36.4%) (Table 8). Using a multiple logistic regression model, after controlling 

for other variables, triple-negative breast cancer in southwestern Ethiopia (Jimma) was 2.1 

times more likely than in northern Ethiopia (Mekelle), though this did not show statistical 

significance (P = 0.18) (Table 11). 

Table 11. Multiple logistic regression analysis of demographic and histopathological 

parameters, taken as predictive variables for individual IHC subtypes compared to others 

(N = 131). 

Parameters All N 

(%) = 

131 

Luminal A 

(n = 30)  

Luminal B 

(n = 37)  

HER2-

enriched 

(n = 19)  

Triple-

negative 

breast cancer 

(n = 45)  

 OR 

(95% 

CI) 

p-

value 

OR 

(95% 

CI) 

p-

value 

OR 

(95% 

CI) 

p-

value 

OR 

(95% 

CI) 

p-

value 

Age 

group 

(years) 

< 50  90 

(68.7%) 

0.42 

(0.15–

1.19) 

0.105 0.95 

(0.39–

2.328) 

0.906 1.48 

(0.44–

5.03) 

0.527 1.48 

(0.62–

3.57) 

0.382 

≥ 50 

(ref) 

41 

(31.3%) 

Tumor 

size 

T1 or T2 

(ref) 

51 

(38.9%) 

0.52 

(0.20–

1.38) 

0.188 1.16 

(0.49–

2.73) 

0.742 4.84 

(1.23–

19.03) 

0.024 0.61 

(0.25–

1.47) 

0.267 

T3 or T4 80 

(61.1%) 
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Grade I or II 85 

(64.9%) 

10.43 

(2.36–

55.39) 

0.002 1.64 

(0.67–

4.03) 

0.280 0.72 

(0.24–

2.14) 

0.554 0.22 

(0.09–

0.54) 

0.001 

III (ref) 46 

(35.1%) 

Lymph 

nodes 

involve

d 

Yes 86 

(65.6%) 

1.04 

(0.39–

2.72) 

0.944 1.34 

(0.57–

3.14) 

0.507 1.33 

(0.42–

4.18) 

0.628 0.66 

(0.29–

1.65) 

0.336 

No (ref) 45 

(34.4%) 

Study 

sites 

Hawass

a  

31 

(23.7%) 

2.94 

(0.79–

10.93) 

0.109 0.76 

(0.25–

2.38) 

0642 1.03 

(0.24–

4.46) 

0.968 0.53 

(0.17–

1.71) 

0.290 

Jimma 42 

(32.1%) 

1.829 

(0.35–

4.80) 

0.702 0.55 

(0.17–

1.72) 

0.302 0.49 

(0.11–

2.28) 

0.363 2.13 

(0.71–

6.41) 

0.180 

Harar   20 

(15.3%) 

0.37 

(0.06–

2.27) 

0.284 1.87 

(0.59–

5.99) 

0.290 2.18 

(0.49–

9.67) 

0.304 0.41 

(0.10–

1.63) 

0.205 

Mekele 

(ref) 

38 

(29.0%) 

        

4.3. Surface Marker Expression Tumor-infiltrating Lymphocytes, Tumor-

associated Macrophages, and PD-L1  

4.3.1. Demographic, clinicopathological, and IHC characteristics 

Breast cancer was detected at a mean age of 44.7 years. Breast cancer patients had a high 

frequency of grade I & II, tumor size (T3 and T4), lymph node involvement, invasive 

carcinoma of no special type histological type, ER negative, PR negative, HER-2 negative, 

low Ki-67 proliferation index, and luminal subtype (Table 12).  

Table 12. Demographic, clinicopathological, and immunohistochemical characteristics of 

breast cancer patients. 

Characters N (%) 

Age < 50 years 50(61.7) 
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≥ 50 years 31(38.3) 

Mean ± Sd (Minimum, Maximum) = 44.7 ± 13.6(22,75)     

Sex Female 78(96.3) 

Male 3(3.7) 

Tumor size T1 and T2 29(40.8) 

T3 andT4 42(59.2) 

Grade I and II 51(63.0) 

III 30(37.0) 

Lymph node involvement Yes  52(75.4) 

No 17(24.6) 

Histological type Invasive carcinoma of no 

special type 

74(91.4) 

Invasive lobular carcinoma 1(1.2) 

Mucinous carcinoma 2(2.5) 

Mixed carcinoma (Ductal & 

Lobular) 

1(1.2) 

Metaplastic & SCC 

keratinizing 

1(1.2) 

Papillary carcinoma 2(2.5) 

ER Positive 36(44.4) 

Negative 42(51.9) 

PR Positive 39(48.1) 

Negative 42(51.9) 

HER-2 Positive 16(19.8) 

 Negative 59(72.8) 

 Equivocal 6(7.4) 

Ki-67 proliferation index High 31(38.3) 

Low 50(61.7) 

Subtype Luminal  45(60.0) 

Non-luminal  30(40.0) 
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4.3.2. Intratumoral tumor-infiltrating lymphocytes, tumor-associated 

macrophages, PD-L1, and breast cancer subtypes 

A significant association between intratumoral CD3+ tumor-infiltrating lymphocytes (P = 

0.0069) and CD68+ tumor-associated macrophages (P = 0.0223) and breast cancer subtype 

was observed, with a higher percentage in the non-luminal breast cancer subtype. A high 

percentage of intratumoral CD4+ tumor-infiltrating lymphocytes (P = 0.1862) and CD163+ 

tumor-associated macrophages (P = 0.0938) were found in the non-luminal breast cancer 

subtype; however, the difference was not statistically significant (Figure 23). 

Representative microscopic image of IHC staining of CD3+, CD4+, CD8+, CD20+, 

CD56+, PD-L1+, CD68+, and CD163+ breast cancer and control tissues is indicated in 

Figure 31. 

 

Figure 23. Intratumoral tumor-infiltrating lymphocytes, tumor-associated macrophages, 

PD-L1, and subtypes in breast cancer patients. The intratumoral percentage of CD3, CD4, 
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CD8, CD20, CD 56, CD68, CD163, and PD-L1 expression among breast cancer subtypes 

was log-transformed with median values indicated for each group by the horizontal lines.  

4.3.3. Stromal tumor-infiltrating lymphocytes, tumor-associated macrophages, 

PD-L1, and breast cancer subtypes 

A significant association was found between stromal CD20+ tumor-infiltrating 

lymphocytes (P = 0.0224) and the breast cancer subtype, with a greater number in the non-

luminal breast cancer subtype. The non-luminal breast subtypes had a higher percentage of 

stromal CD3+ (P = 0.0893), CD8+ (P = 0.0570), CD56+ (P = 0.1009) tumor-infiltrating 

lymphocytes, and CD163+ tumor-associated macrophages (P = 0.1084), but the difference 

was not statistically significant (Figure 24). 

 

Figure 24. Stromal tumor-infiltrating lymphocytes, tumor-associated macrophages, PD-

L1, and subtypes in breast cancer patients. The stromal percentage of CD3, CD4, CD8, 
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CD20, CD 56, CD68, CD163, and PD-L1 expression among breast cancer subtypes was 

log-transformed with median values indicated for each group by the horizontal lines. 

4.3.4. Intratumoral tumor-infiltrating lymphocytes, tumor-associated 

macrophages, PD-L1, and estrogen receptor 

This study found a significant association between intratumoral CD3+ tumor-infiltrating 

lymphocytes (P = 0.0065) and CD68+ tumor-associated macrophages (P = 0.0184) and 

ER, with a higher percentage of ER-negative breast cancer. A high percentage of 

intratumoral CD4+ tumor-infiltrating lymphocytes (P = 0.0919), CD163+ tumor-

associated macrophages (P = 0.1086), and PD-L1+ (0.0855) were found among ER-

negative breast cancer, although it was not statistically significant (Figure 25). 
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Figure 25. Intratumoral tumor-infiltrating lymphocytes, tumor-associated macrophages, 

PD-L1, and ER in breast cancer patients. The intratumoral percentage of CD3, CD4, CD8, 

CD20, CD 56, CD68, CD163, and PD-L1 expression among ER-positive and ER-negative 

breast cancer was log-transformed with median values indicated for each group by the 

horizontal lines. 

4.3.5. Stromal tumor-infiltrating lymphocytes, tumor-associated macrophages, 

PD-L1, and estrogen receptor 

There was a significant association between stromal CD3+ tumor-infiltrating lymphocytes 

(P = 0.0179), CD8+ tumor-infiltrating lymphocytes (P = 0.0260), CD20+ tumor-infiltrating 

lymphocytes (P = 0.0144), and CD163+ tumor-associated macrophages (P = 0.0292) and 

ER, with a higher percentage of ER-negative breast cancer. Higher percentages of stromal 

CD4+ tumor-infiltrating lymphocytes (P = 0.0795) and other immune cells were 

discovered in ER-negative breast cancer; however, this was not statistically significant 

(Figure 26). 
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Figure 26. Stromal tumor-infiltrating lymphocytes, tumor-associated macrophages, PD-

L1, and ER in breast cancer patients. The stromal percentage of CD3, CD4, CD8, CD20, 

CD 56, CD68, CD163, and PD-L1 expression among ER-positive and ER-negative breast 

cancer was log-transformed with median values indicated for each group by the horizontal 

lines. 

4.3.6. Intratumoral tumor-infiltrating lymphocytes, tumor-associated 

macrophages, PD-L1, and grade 

The was a significant association between intratumoral CD3+ tumor-infiltrating 

lymphocytes (P = 0.0222), CD163+ tumor-associated macrophages (P = 0.0138), PD-L1+ 

(P = 0.0280), and TNM tumor grade, with a high percentage among grade III breast cancer. 

A high percentage of intratumoral CD8+ tumor-infiltrating lymphocytes (P = 0.1375) and 

CD 20+ tumor-infiltrating lymphocytes (P = 0.1060) were also found among grade III 

breast cancer, but not statistically significant (Figure 27). 
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Figure 27. Intratumoral tumor-infiltrating lymphocytes, tumor-associated macrophages, 

PD-L1, and grade in breast cancer patients. The intratumoral percentage of CD3, CD4, 

CD8, CD20, CD 56, CD68, CD163, and PD-L1 expression among different tumor grades 

was log-transformed with median values indicated for each group by the horizontal lines. 

4.3.7. Stromal tumor-infiltrating lymphocytes, tumor-associated macrophages, 

PD-L1, and grade 

There was a significant association between stromal PD-L1+ (P = 0.0232) and TNM tumor 

grade, with a higher percentage among grade III breast cancer. The percentage of CD8+ 

tumor-infiltrating lymphocytes (P = 0.0891) and CD163+ tumor-associated macrophages 

(P = 0.1563) were higher among grade III breast cancer than grade I & II, but not 

statistically significant (Figure 28). 
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Figure 28. Stromal tumor-infiltrating lymphocytes, tumor-associated macrophages, PD-

L1, and grade in breast cancer patients. The stromal percentage of CD3, CD4, CD8, CD20, 

CD 56, CD68, CD163, and PD-L1 expression among different tumor grades was log-

transformed with median values indicated for each group by the horizontal lines.  

4.3.8. Intratumoral tumor-infiltrating lymphocytes, tumor-associated 

macrophages, PD-L1, and Ki-67 

A high percentage of intratumoral CD3+ (P = 0.1773), CD8+ (P = 0.0993), CD20+ (P 

= 0.0778), and CD56+ (P = 0.956) tumor-infiltrating lymphocytes were also found 

among high Ki-67 proliferation index of breast cancer, but not statistically significant 

(Figure 29). 
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Figure 29. Intratumoral tumor-infiltrating lymphocytes, tumor-associated macrophages, 

PD-L1, and Ki-67 proliferation index in breast cancer patients. The intratumoral percentage 

of CD3, CD4, CD8, CD20, CD 56, CD68, CD163, and PD-L1 expression among high and 

low Ki-67 proliferation index was log-transformed with median values indicated for each 

group by the horizontal lines. 

4.3.9. Stromal tumor-infiltrating lymphocytes and Ki-67 

There was a significant association between stromal PD-L1+ (P = 0.0331) and the Ki-67 

proliferation index, with a higher percentage among the high Ki-67 proliferation index of 

breast cancer. The percentage of CD8+ (P = 0.1033) and CD20+ (P = 0.1912) tumor-

infiltrating lymphocytes were higher among high and low Ki-67 proliferation index of 

breast cancer, respectively, but not statistically significant (Figure 30). 
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Figure 30. Stromal tumor-infiltrating lymphocytes, tumor-associated macrophages, PD-

L1, and Ki-67 proliferation index in breast cancer patients. The stromal percentage of CD3, 

CD4, CD8, CD20, CD 56, CD68, CD163, and PD-L1 expression among high and low Ki-

67 proliferation index was log-transformed with median values indicated for each group 

by the horizontal lines. 
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Figure 31. Representative IHC picture of CD3, CD4, CD8, CD20, CD56, PD-L1, CD68 

and CD163 positive breast cancer and control tissues. 
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4.4. MMPs Expression  

4.4.1. Demographic and clinical characteristics  

A total of 58 study participants were involved in this study, of which 42 (72.4%) and 16 

(27.6%) had breast cancer and benign breast tumors, respectively. The mean age at 

diagnosis was 36.6 (SD + 13.5) years (Table 13). Grade III breast cancer accounted for 

42.9% and the size of T3-T4 accounted for 45.2%. Lymph node positivity was seen in 

66.6% of breast cancer cases. The most common histomorphological type was invasive 

carcinoma of no special type (85.7%). The ER and PR positivity was 59.5% and 50.0%, 

respectively. Human epidermal growth factor receptor-2 positivity was 19.0%. The most 

common immunohistochemistry-defined subtype was the luminal subtype (luminal A and 

B) which accounted for 47.6% (Table 14). 

Table 13. Demographic characteristics of study participants with benign breast tumor and 

breast cancer.  

Variables  Frequency Percent (%) 

Age group 15-29 16 28.6% 

30-44 26 46.4% 

45-59 9 16.1% 

≥60 5 8.9% 

Total 56 100.0% 

 Missing  2  

 Mean ± Sd (Minimum, Maximum) = 36.6 ± 13.5(15,70)     

Table 14. Clinical characteristics of study participants with breast cancer.  Differences of 

features among cases assessed by the Mann-Whitney test. 

Variables Frequency (%) 
 

MMP-2 MMP-9 MMP-11 

P-value 

Grade I-II 24(57.1) 0.8112 0.4423 0.4689 

III 18(42.9) 
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Total 42(100.0) 

Tumor 

Size 

T1-T2 14(33.3) 0.4828 0.5773 0.5708 

T3_T4 19(45.2) 

Not assessed 9(21.5) 

Total 42(100.0) 

Lymph 

node  

Positive 28(66.6) 0.5421 0.5656 0.1096 

Negative 9(21.5) 

Not assessed 5(11.9) 

Total 42(100.0) 

Histomo

rphologi

cal type 

Ductal carcinoma 36(85.7) 0.6611 0.1112 0.0221 

Others 6(14.3) 

Total 42(100.0) 

ER Positive 25(59.5) 0.4164 0.1528 0.0514 

 Negative 17(40.5) 

Total 42(100.0) 

PR Positive 21(50.0) 0.8813 0.7088 0.1123 

Negative 21(50.0) 

Total 42(100.0) 

HER2 Positive 8(19.0) 0.5913 0.7935 0.6910 

Negative 26(62.0) 

Equivocal 8(19.0) 

Total  42(100.0) 

HER2 

Score 

IHC0  17(40.5) 0.2523 0.3413 0.2499 

IHC 1+ negative 9(21.5) 

IHC 2+ equivocal 8(19.0) 

IHC 3+ positive 8(19.0) 

Total 42(100.0) 

Ki-67  Low 20(47.6) 0.1162 0.9505 0.6494 

High 22(52.4) 

Total 42(100.0) 

IHC 

defined 

Luminal A 9(21.5) 0.0706 0.7768 0.6292 

Luminal B 11(26.1) 
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breast 

cancer 

subtype

s 

HER2 5(11.9) 

Triple-negative 

breast cancer 

9(21.5) 

Not determine 8(19.0) 

Total 42(100.0) 

4.4.2. Relative mRNA expressions of MMPs in breast cancer and benign breast 

tumor cases 

The mRNA expression of MMP-11 was 5.1 times higher in breast cancer than in benign 

breast tumors cases and the difference was statistically significant (P = 0.012). Higher 

mRNA expression of MMP-9 was also seen in breast cancer (P = 0.105 (Figure 32). To 

confirm the presence of the desired PCR product, a conventional PCR was performed 

(Figure 33). 

 

Figure 32. Expression of MMP-2, MMP-9, and MMP-11 in BREAST CANCER and 

benign breast tumor cases. Fold change in the relative levels of MMP-11 was log-

transformed with median values indicated for each group by the horizontal lines.  
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Figure 33. Representative PCR amplification result for MMP-2, MMP-9, MMP-11, and 

GAPDH.  

4.4.3. Relative expression of MMP-11 mRNA on breast cancer grouped by Ki-67 

expression, grade, and lymph node status 

The expression of MMP-11 was 2.4 times higher in breast cancer cases with lymph node 

positivity than in cases with negative lymph nodes (P = 0.1096). The MMP-11 expression 

showed no statistically significant difference compared with grade I or II breast cancer 

cases (Figure 34).  
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Figure 34. Expression of MMP-11 in cases of breast cancer categorized by Ki-67+ cell 

percentage, grade, and lymph node status. Log transformed values with median are denoted 

by horizontal lines. 

4.4.4. MMP-11 relative mRNA expressions in groups of ER, PR, HER-2 status, 

and subtypes in breast cancer  

The expression of MMP-11 was 5.7 times higher in ER-positive than ER-negative breast 

cancer cases (P = 0.0514). The MMP-11 expression was 2.4 times higher in HER-2-

negative breast cancer cases than in HER-2-positive cases. Luminal A breast cancer 

subtypes had higher MMP-11 expression than benign breast tumors and other subtypes of 

breast cancer (Figure 35).  
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Figure 35. Expression of MMP-11 in cases of breast cancer categorized by ER, PR, HER-

2 status, and IHC-defined breast cancer subtypes. Log transformed values with median are 

denoted by horizontal lines. 

4.4.5. MMP-2 relative mRNA expressions of breast cancer grouped with Ki-67, 

grade, lymph node, ER, PR, HER-2 status, and subtypes 

The breast cancer cases with lymph node-positive had MMP-2 expression levels that were 

1.6 times higher than those with lymph node-negative breast cancer. The MMP-2 

expression was 2 times higher in low Ki-67 proliferation cases than in high Ki-67 

proliferation (Figure 36).  
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Figure 36. Expression of MMP-2 in cases of benign and malignant breast cancer 

categorized by Ki-67+ cell percentage, grade, and lymph node status. Log transformed 

values with median are denoted by horizontal lines 

The MMP-2 expression was 1.3 times higher in HER-2-negative breast cancer patients 

compared to HER-2-positive breast cancer cases, but the difference was not statistically 

significant (Figure 37) 
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Figure 37. Expression of MMP-2 in cases of benign and malignant breast cancer 

categorized by ER, PR, HER-2 status, and IHC-defined breast cancer subtypes. Log 

transformed values with median are denoted by horizontal lines.  

4.4.6. MMP’-9 relative mRNA expressions of breast cancer grouped with Ki-67, 

grade, lymph node, ER, PR, HER-2 status, and subtypes 

The MMP-9 expression was higher in grade III breast cancer cases than in Grade I-II breast 

cancer cases, with a 1.9 times higher difference (Figure 38).  
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Figure 38. Expression of MMP-9 in cases of malignant breast cancer categorized by Ki-

67+ cell percentage, grade, and lymph node status. Log transformed values with median 

are denoted by horizontal lines. 

The ER-positive breast cancer cases had MMP-9 expression that was 2 times higher than 

ER-negative breast cancer cases.  MMP-9 expression was higher in luminal A breast cancer 

subtypes compared to benign breast tumors and other subtypes (Figure 39). 
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Figure 39.  Expression of MMP-9 in cases of malignant breast cancer categorized by ER, 

PR, HER-2 status, and IHC-defined breast cancer subtypes. Log transformed values with 

median are denoted by horizontal lines. 

4.5. HPV Detection and Genotyping 

4.5.1. Magnitude of HPV infection and genotypes 

A total of 120 study participants were enrolled in this study, of which 30 (25.0%) were 

positive for HPV infection. The magnitude of HPV among breast cancer cases and non-

malignant breast lesions were 20.6% and 29.6%, respectively. The high-risk HPV 16 

genotype was dominant with 85.6% and 68.7% accounting for breast cancer cases and 

benign tumors, respectively (Table 15).  
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Table 15. The magnitude of HPV infection and genotypes among breast cancer and non-

malignant breast cases. 

Characteristics  Case Control Total  

HPV infection     

HPV positive 14(20.6%) 16(29.6%) 30(25.0%) 

HPV negative 52(76.4%) 38(70.4%) 90(75.0%) 

Total  66(100%) 54(100%) 120(100%) 

HPV genotype HPV 16  12(85.6%)  11(68.7%) 23(76.6%) 

HPV 44 1(7.2%) 0(0%) 1(3.3%) 

HPV 59 1(7.2% 0(0%) 1(3.3%) 

HPV 6 0(0%) 1(6.3%) 1(3.3%) 

HPV 16 and 42 0(0%) 1(6.3%) 1(3.3%) 

HPV 31 0(0%) 1(6.3%) 1(3.3%) 

HPV 31 and 45 0(0%) 1(6.3%) 1(3.3%) 

HPV 42 0(0%) 1(6.3%) 1(3.3%) 

Total 14(100%) 16(100%) 30(100%)  

4.5.2. Associated factors for HPV infection 

Estrogen receptor-positive breast cancer had a significantly higher proportion of HPV 

infection than estrogen receptor-negative breast cancer (P = 0.022. The luminal (luminal A 

and Luminal B) IHC subtype has also a significantly higher proportion of HPV than other 

subtypes (P = 0.018). The percentage of HPV was also higher among HER-2 grades 0 than 

in other grades; however, this was not statistically significant. The low Ki-67 proliferation 

index has a higher HPV percentage than the high Ki-67 proliferation index, but this only 

reached borderline significance (P = 0.056).  There was no significant association between 

age, tumor size, lymph node involvement, and HPV infection (Table 16). 
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Table 16. Associated factors for HPV infection among breast cancer and non-malignant 

breast cases. 

 HPV infection Total P-

value Positive Negative 

Age < 50 years 27(90.0%) 75(83.3%) 102(85.0%) 0.376 

≥ 50 years 3(10.0%) 15(16.7%) 18(15.0%) 

Total 30(100%) 90(100%) 120(100%) 

Study group Case 14(46.7%) 52(57.8%) 66(55.0%) 0.289 

Control 16(53.3%) 38(42.2%) 54(45.0%) 

Total 30(100%) 90(100%) 120(100%) 

Laterality Right 14(46.7%) 46(51.1%) 60(50.0%) 0.673 

Left 16(53.3%) 44(48.9%) 60(50.0%) 

Total 30(100%) 90(100.0%) 120(100%) 

Tumor Size T1 & T2 3(30.0%) 19(44.2%) 22(41.5%) 0.412 

T3 & T4 5(70.0%) 24(55.8%) 31(58.5%) 

Total 10(100%) 43(100%) 53(100%) 

Lymph node 

involvement 

Yes 7(50.0%) 26(55.3%) 33(54.1%) 0.726 

No 7(50.0%) 21(44.7%) 28(45.9%) 

Total 14(100%) 47(45.9%) 61(100%) 

Grade I 5(35.7%) 22(42.3%) 27(40.9%) 0.824 

II 4(28.6%) 11(21.2%) 15(22.7%) 

III 5(35.7%) 19(36.5%) 24(36.4%) 

 Total  14(100%) 52(100%) 66(100%) 

ER Positive 12(85.7%) 27(51.9%) 39(59.1%) 0.022 

Negative 2(14.3) 25(48.2%) 27(40.9%) 

Total 14(100%) 52(100%) 66(100%) 

PR Positive 7(50.0%) 24(46.2%) 31(47.0%) 0.798 

Negative 7(50.0%) 28(53.8%) 35(53.0%) 

Total 14(100%) 52(100%) 66(100%) 

HER-2 Positive 2(16.7%) 14(30.4%) 16(27.6%) 0.342 
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Negative 10(83.3%) 32(69.6%) 42(72.4%) 

Total 12(100%) 46(100%) 58(100%)  

HER-2 Grade IHC 0 9(64.3%) 23(44.2%) 32(48.5%) 0.400 

IHC1 2(14.3%) 9(17.3%) 11(16.7%) 

IHC 2 2(14.3%) 6(11.5%) 8(12.1%) 

IHC3 1(7.1%) 14(26.9%) 15(22.7%) 

Total  14(100%) 52(100%) 66(100%) 

Ki-67 Low proliferation  11(78.6%) 26(50.0%) 37(56.1%) 0.056 

High proliferation  3(21.4%) 26(50.0%) 29(43.9%) 

Total 14(100%) 52(100%) 66(100%) 

Subtype Luminal  11(91.7%) 25(55.6%) 36(62.1%) 0.018 

Non-luminal 1(8.3%) 21(44.4%) 22(37.9%) 

Total 12(21.2) 45(100%) 58(100%)  

Differences of features among HPV infection assessed by X2 test. 

In multivariate analysis, a total of 58 breast cancer cases were analyzed, and the ER-

positive breast cancer cases were almost 10 times more likely to have HPV than ER-

negative breast cancer cases, and this retained statistical significance (P = 0.043). Cases 

with high Ki-67 proliferation index were not statistically significantly different in the 

adjusted multivariate model (Table 17). 

Table 17. Multivariate logistic regression of ER, Ki-67 proliferation index, and HER-2 

status, taken as predictive variables for HPV positive than HPV negative.  

Parameters HPV 

positive 

HPV 

negative 

Total COR 

(95% 

CI) 

p-

value 

AOR 

(95% 

CI) 

p-

value 

ER Positive 12(85.7%) 27(51.9%) 39(59.1%) 5.56(1.1

3-27.32) 

0.035 9.61(1.0

7–86.32) 

0.043 

Negative  

Ref. 

2(14.3) 25(48.2%) 27(40.9%) 

HER-

2 

Positive  

Ref. 

2(16.7%) 14(30.4%) 16(27.6%) 2.19(0.4

2-11.31) 

0.350 1.01(0.1

6–6.46) 

0.989 
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Negative 10(83.3%) 32(69.6%) 42(72.4%) 

Ki-67 Low 

proliferati

on  

11(78.6%) 26(50.0%) 37(56.1%) 3.67(0.9

2-14.69) 

0.066 2.29(0.4

9–10.69) 

0.291 

High 

proliferati

on  

Ref. 

3(21.4%) 26(50.0%) 29(43.9%) 
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5. CHAPTER FIVE: DISCUSSION 

5.1. Retrospective Clinicopathological Features Study 

This study found that breast cancer is more common in younger age groups, with invasive 

carcinoma of no special type, a high incidence of lymph node involvement, advanced 

pathological stage, and grade. The mean age for breast cancer (42,3 years) in this study 

was comparable with previous studies conducted in Ethiopia, which indicated a mean age 

range of 43-45 years (Kantelhardt et al., 2014a, Ersumo, 2006, Gemta et al., 2019). Reports 

from other African countries indicated a low mean age range of 47 to 52 years in West 

Africa (Menkiti et al., 2021, Ezike et al., 2021, Adani-Ifè et al., 2020), 41 to 53 years in 

East Africa (Gnanamuttupulle et al., 2021, Ntirenganya et al., 2021), 50 to 56 years in 

South Africa (Fourati et al., 2014, Kakudji et al., 2021), and 46-51 years in North Africa 

(Gusbi et al., 2020, Salhia et al., 2011). In contrast to these studies, the mean age of breast 

cancer patients at diagnosis was reported as 57 years in Germany (Arndt et al., 2002) and 

62 years in the United Kingdom (Alwan et al., 2018),  indicating a higher age range than 

the current report. Hereditary predisposition and low life expectancy will probably enhance 

the occurrence of breast cancer at an early age in this study.  

 ost of the breast cancer patients (64 9%) were diagnosed with TN  stage     breast 

cancer in this stud   This finding is si ilar to other studies conducted in Ethiopia, Pakistan, 

and  aiti that reported 56 7%, 57 4%, and 55 5% stage     breast cancer, respectivel  ( adi 

and Ja al, 2016, DeGennaro Jr et al , 2018, Ge ta et al , 2019)   n contrast, earl -stage 

presentation is  ore co  onl  reported in Europe and  ndia ( bdulrah an and Rah an, 

2012, Takalkar et al , 2016)  Previous studies fro  Ethiopia also revealed that onl  a s all 

proportion of the wo en were found to perfor  breast self-e a ination and clinical 

e a ination (Legesse and Gedif, 2014,  lack and Rich ond, 2019), which could be the 

possible reason for having advanced-stage breast cancer in this stud    n addition, lack of 

awareness and screening could be also a plausible reason based on observation during the 

current stud   
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 ost (49 6%) patients had  oderatel  differentiated (grade   ) breast cancer  This finding 

was in line with earlier studies carried out in  frican countries,  where grade    tu ors were 

reported to account for 52 6% of cases in Nigeria ( deniji et al , 2020), 51 3% in the 

Republic of the Congo ( alanda et al , 2021) ), and 53 8% in South  frica (To a et al , 

2021)  Conversel ,  poorl  differentiated (grade    ) breast cancer was co  on in another 

stud  conducted in Ghana (49%) (Titlo e et al , 2016)  Grade     is the  ost co  on grade 

in both  frican and  frican-  erican populations, but European descent has lower grades, 

which  a  be related to racial disparities, lower socioecono ic status, environ ental or 

lifest le factors, and late diagnosis in the  frican population (  end et al , 2006)   

This stud  found that  ost breast cancer patients (60 5%) had l  ph node involve ent at 

the ti e of diagnosis   n contrast to this stud , 41 2% of l  ph node involve ent was seen 

in  e ico ( affuz- ziz et al , 2017), probabl  due to earl  diagnosis in this countr  than 

in Ethiopia   n this stud , l  ph node involve ent showed the highest frequenc  a ong 

invasive carcino a of no special t pe (78 9%)   nvolve ent of l  ph nodes was also 

significantl  associated with tu or size (χ2 = 8 55, P = 0 033), and the highest frequenc  

of l  ph node involve ent was seen in tu ors with size greater than 5 c  (46 6%)  The 

e act esti ation of the size of the tu or is necessar  before surger  to  ake the best 

decision for the  anage ent of patients (Orang et al , 2013)  L  ph node involve ent 

was also significantl  associated with the t pe of surger  (χ2 = 39 69, p < 0 001), with the 

highest frequenc  a ong  astecto   t pes of surger  (95 9%)   

Globall ,  ore than 75 % of breast carcino a is histologicall  invasive carcino a of no 

special t pe (Societ , 2019)  Si ilarl , invasive carcino a of no special t pe was the  ost 

co  on (77 1%) histologic t pe of breast cancer in this stud   

Tu or size greater than 5c  (pT3) was the  ost co  on (41 2%) at the ti e of diagnosis 

in this stud   The five- ear  ortalit  rate a ong breast cancer patients with a tu or size 

greater than 5 c  is a 48% increase co pared to those having a tu or size less than 5 c  

in a stud  in Ghana ( ensah et al , 2016),  indicating the predictive i portance of tu or 

size   
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 astecto   was the  ost perfor ed surger , accounting for 84 5% of breast cancer 

patients in this stud    n contrast, lu pecto   has been the  ost co  on (69%) in Europe  

This could be due to the earl  detection/presentation of patients with s aller tu or sizes, 

the practice of breast-conserving surgeries, and/or better diagnostic techniques  The 

 astecto   rate in  frica is  ore than 85%, co pared to 30% in Europe ( bdulrah an 

and Rah an, 2012)  

5.2. Breast Cancer Subtypes 

Immunohistochemical markers are frequently used to guide treatment choices, classify 

breast cancer into biologically distinct subtypes, and serve as prognostic and predictive 

markers (Zaha, 2014). The IHC staining procedures to determine therapeutic biomarkers 

status have recently been introduced into clinical practice in Ethiopia but are still not 

available in all regions of the country. We chose these study sites because genetic research, 

despite its lack of specificity, has demonstrated that Ethiopian genetic diversity reflects 

linguistic stratification and diverse influences on the Ethiopian gene pool (Pagani et al., 

2012).  Our research was conducted in regional areas of Ethiopia with limited oncology 

care. This study found a high proportion of breast cancers with advanced clinical and 

pathologic characteristics, such as a high prevalence of lymph node involvement, large 

tumor size, and high histological grade. The percentage of ER- and PR-negative results 

reported in this study was higher than in earlier Ethiopian studies  (Hadgu et al., 2018, 

Kantelhardt et al., 2014b, Reibold et al., 2021). The triple-negative breast cancer was seen 

to be more frequent in southwest Ethiopia (Jimma) and north Ethiopia (Mekele). Study 

sites showed the different composition of age groups, tumor size, histological grade, and 

Ki-67 proliferation. 

In this study, the mean age for breast cancer patients at diagnosis was 43.9 years. Most 

patients were premenopausal (younger than 50 years old), with the highest frequency 

(87.0%) in Hawassa. Common young age is comparable to other earlier studies carried out 

in Ethiopia, which reported patients with mean ages of 43 to 47 years (Shenkutie et al., 

2017, Reibold et al., 2021, Hadgu et al., 2018) and other African studies reported mean 
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ages less than 50 years of age (Malanda et al., 2021, Rweyemamu et al., 2021, Reibold et 

al., 2021). According to a comparative study, Sudanese patients were 10 years younger 

than those from Germany and Italy (Sengal et al., 2018, Awadelkarim et al., 2008), and 

patients in Nigeria were 21 years younger than those in the UK (Gukas et al., 2006). This 

could be due to the young population structure in Ethiopia and Africa, with a predominance 

of people below the age of 60 years.   

Although male breast cancer accounts for fewer than 1% of all cases of breast cancer 

(Copur et al., 2021), this study revealed 4.8% of male cases. Over the previous three 

decades, there has been some improvement in male breast cancer survival rates. According 

to research assessing men diagnosed with breast cancer between 1988 and 2017, overall 

survival rose from 64.61% in 1988–1997 to 69.05% in 2008–2017 at five years (Leone et 

al., 2023). Male breast cancer patients have a lower overall survival rate than female 

patients. Finding new therapeutic targets requires a better understanding of the 

transcriptional and epigenetic landscape to address the heterogeneity of tumors 

( iśniewska et al , 2023). 

Histological grades II and III were found in most patients in the current study, with the 

highest proportion in northern Ethiopia (Mekele). A considerable percentage of cases 

(53.8%) had tumor sizes that were T3 or T4, with southwestern Ethiopia (Jimma) reporting 

the largest number of cases (75.6%). In this study, lymph nodes were involved in 63.7% of 

breast cancer patients, with northern Ethiopia (Mekele) having the highest frequency 

(75.8%). The histological grade is now taken into account when selecting the therapy 

strategy (Weigelt et al., 2010). Compared with European cohorts, grade I tumors were most 

common (Spitale et al., 2009, Luyeye Mvila et al., 2015). Lack of knowledge and 

awareness of early detection, a poor perception of breast cancer, lack of financial and social 

support, absence of adequate population screening, poor support system, and sociocultural 

factors including tradition, belief, and fear all contribute to the severity of breast cancer in 

Africa (Akuoko et al., 2017, Getachew et al., 2020). According to a study done in Ethiopia, 

women hide tumors from their families because a mastectomy is related to a perception of 

premature death, infertility, and divorce (Getachew et al., 2020). In the present study, a 
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high proportion of patients under the age of 50 years, a high degree of lymph node 

involvement, and a high degree of Ki-67 proliferation all suggest that appropriate 

chemotherapy should be initiated in these settings with limited resources. These tumor 

features may increase cancer mortality, demanding a comprehensive approach that includes 

raising cancer awareness, upgrading cancer infrastructure, and providing prompt treatment. 

Breast cancer histomorphological characteristics have been well-documented as a 

significant prognostic factor. By far, the most common is invasive carcinoma of no special 

type. The other forms of breast cancer have slightly better outcomes (Makki, 2015, do 

Nascimento and Otoni, 2020, Nagao et al., 2012). The most prevalent histomorphologic 

type of breast cancer in the current study is invasive carcinoma of no special type, 

accounting for 84% of the cases. A similar finding has been reported in other countries 

(Alsughayer et al., 2022, Atta Manu et al., 2020, Elfagieh, 2020). 

Molecular subgroups were also significant predictors of breast cancer mortality (Haque et 

al., 2012). Poorer outcomes have been linked to the triple-negative and HER-2 subtypes 

(Su et al., 2011). Triple-negative breast cancer has a poor prognosis, high levels of 

invasiveness, and metastatic potential. Additionally, they are resistant to endocrine- and 

HER-2-targeted therapies (Yin et al., 2020). A higher percentage of triple-negative breast 

cancer subtypes (33.1%) was reported in this study, which is higher than 23% (Hadgu et 

al., 2018, Desalegn et al., 2022) and 24.8% (Eber-Schulz et al., 2018) reported in earlier 

Ethiopian studies from the capital city. Triple-negative breast cancer subtypes were found 

on average in 26.4% of patients from African countries, with 22.8% in East Africa, 14.9% 

in Middle Africa, 22.6% in North Africa, and 16.6% in South Africa. However, west Africa 

had a substantially higher rate, accounting for 45.7% (Hercules et al., 2022). Comparative 

research showed Sudan had a triple-negative breast cancer rate of 34.5%, while Germany 

had a rate of 14.2% (Sengal et al., 2018). Compared to populations of European heritage, 

populations of African descent had the greatest reported prevalence of triple-negative 

breast cancer (Jiagge et al., 2018). One important factor is the higher prevalence of triple-

negative breast cancers in younger age groups. Additionally, this could be explained by 

hereditary factors, such as the founder's BRCA gene mutation (Siddharth and Sharma, 
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2018, Hayat et al., 2021), not been reported from Ethiopia yet. Another study has also 

revealed the connection between African ancestry and the immunologic profile of triple-

negative breast cancer (Martini et al., 2022).  

Luminal A subtypes have the best prognosis, and the most effective therapy for this subtype 

is tamoxifen or aromatase inhibitors (Orrantia-Borunda et al., 2022). Luminal B subtypes 

are more severe and have a worse prognosis than Luminal A subtypes (Orrantia-Borunda 

et al., 2022). In the present study, the percentage of luminal B breast cancer was 27.6%, 

which is comparable with a prior study in Ethiopia, where it was 26% (Hadgu et al., 2018). 

In this study, the percentage of luminal A subtype was 25.2%. An earlier study conducted 

in Ethiopia found a higher proportion of luminal A at 40% (Hadgu et al., 2018). The 

comparative study conducted between Africa and Europe also showed a higher luminal A 

subtype in Leuven than in Kinshasa with 64.5% and 40.2%, respectively (Luyeye Mvila et 

al., 2015). Another study also reported a higher percentage of luminal A in Germany than 

in Sudan with 68.4% and 36.9%, respectively (Sengal et al., 2018). This is probably due to 

the lack of the older age group who have a high proportion of luminal A subtypes in the 

African setting. 

The HER-2-enriched breast cancer subtype is more aggressive and has a worse prognosis 

than luminal subtypes (Orrantia-Borunda et al., 2022), especially before the availability of 

modern HER-2 neu-directed therapies. The development of anti-HER-2-targeted drugs has 

significantly increased patient survival rates for this subtype (Dieci et al., 2020). The 

current study found 14.1% of breast cancers to be HER-2-enriched subtypes, which is 

greater than the 10% (Hadgu et al., 2018) and 9.5% (Eber-Schulz et al., 2018) found in an 

earlier study in Ethiopia. A comparative study revealed that the HER-2-enriched subtype 

is higher in Sudan (15.7%) than in Germany (6.8%) (Sengal et al., 2018). This study found 

11% of cases that were HER-2 2+ or equivocal, a substantial proportion.  We did not 

perform fluorescent in-situ hybridization (FISH) for equivocal cases; however, we 

recommend that FISH should be performed in a future investigation to determine the 

precise number of HER2-enriched breast cancer subtypes. This study provides important 

data that can be used to advocate for the appropriate allocation of resources to support 
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developing pathology capacity. This is particularly timely, as the patents of the technology 

backbone for HER2-directed therapies have expired and global access to HER2 neu-

directed therapies is expected to increase. 

Endocrine therapy is a significant part of treatment for breast cancers that are ER-positive 

(Nicholson and Johnston, 2005). Tamoxifen and an aromatase inhibitor should be a regular 

component of endocrine therapy for the majority of premenopausal and postmenopausal 

women with receptor-positive breast cancer, respectively (Colleoni and Giobbie-Hurder, 

2010). The 15-year mortality rates of breast cancer were reduced by around 30% and 40% 

by tamoxifen and aromatase inhibitors in adjuvant settings, respectively (Krauss and 

Stickeler, 2020). ER-positivity is found in 51.7% of the patients in the current study. A 

higher percentage of ER-positivity, with values of  65.5% (Shenkutie et al., 2017), 73% 

(Reibold et al., 2021), 65% (Hadgu et al., 2018), and 65.3% (Kantelhardt et al., 2014b), 

were observed in prior Ethiopian studies. In a systematic review from sub-Saharan Africa, 

42% of breast cancer cases were ER-positive, with 35.0% in West Africa (Eng et al., 2014).  

Higher rates of ER-positive breast cancer were reported in other nations 77.8% - 87.9% 

(Acs et al., 2021, Johansson et al., 2021, Khabaz, 2014). There was a significant correlation 

between histological grade and ER status, with a higher histological grade more likely to 

be ER-negative, in this study and confirmed by other studies (Sofi et al., 2012). Based on 

our findings, receptor testing availability should be a priority to offer the best treatment for 

breast cancer patients.  

5.3. Tumor-infiltrating Lymphocytes, Tumor-associated Macrophages, and PD-

L1 Expression  

The presence of a high percentage of tumor-infiltrating lymphocytes in breast cancer 

predicts a better prognosis, particularly in the HER-2-enriched and triple-negative breast 

cancer subtypes (He et al., 2020). The high percentage of tumor-infiltrating lymphocytes 

reduced the chance of recurrence of breast cancer (Rathore et al., 2014, Kuroda et al., 

2021).  Tumor-associated macrophages will be a potential target for breast cancer therapy 

and are involved in angiogenesis, migration, metastasis, and immune evasion in the 
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development of breast cancer (Huang et al., 2022, Williams et al., 2016, Qiu et al., 2018). 

A high level of tumor-associated macrophages is associated with poor prognosis (Allison 

et al., 2023). PD-L1 is an effective immunotherapeutic target for patients with metastatic 

triple-negative breast cancer (Alkaabi et al., 2023, Zhang et al., 2023). Currently, 

Pembrolizumab and atezolizumab, PD-L1 inhibitors, have been used in combination with 

chemotherapy to treat PD-L1-positive metastatic triple-negative breast cancer (Emens and 

Loi, 2023). In this study, the non-luminal breast cancer subtype had a higher percentage of 

stromal CD20+ tumor-infiltrating lymphocytes, intratumoral CD3+ tumor-infiltrating 

lymphocytes, and CD68+ tumor-associated macrophages than the luminal subtype. The 

stromal PD-L1+, intratumoral CD3+ tumor-infiltrating lymphocytes, intratumoral CD163+ 

tumor-associated macrophages, and intratumoral PD-L1 + were also more commonly 

found in grade III breast cancer than in grade I and II breast cancer.  

The current study found a significant association between intratumoral CD3+ tumor-

infiltrating lymphocytes and CD68+ tumor-associated macrophages and the breast cancer 

subtype, with a higher percentage in the non-luminal breast cancer subtype. Other research 

findings supported the predominance of tumor-infiltrating lymphocytes in HER-2-positive 

and triple-negative breast cancer patients (Stanton and Disis, 2016). The intratumoral 

tumor-infiltrating lymphocyte frequencies were also observed to be low in the luminal A 

subtype (Dimitrova et al., 2021). Other studies have found a high frequency of CD3+ 

tumor-infiltrating lymphocytes in HER-2 and triple-negative breast cancer patients 

(Koletsa et al., 2020).  Increased CD68+ tumor-associated macrophage expression in the 

tumor has been associated with a shorter overall and relapse-free survival (Morita et al., 

2017, Eiró et al., 2012). High numbers of stromal and intratumoral CD68+ tumor-

associated macrophages have been inversely associated with the luminal A breast cancer 

subtype (Medrek et al., 2012, Wang et al., 2022, Zhao et al., 2017).  The number of stromal 

and intratumoral CD68+ tumor-associated macrophage cells was higher in the triple-

negative and HER-2-positive groups (Chen et al., 2023). In triple-negative and HER-2 

enriched subtypes, a higher level of positive CD3 and CD68 may suggest a better response 

to targeted immunotherapy. Additional information about the mechanisms behind this 

subtype could guide the development of novel immune-targeted treatments. 
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A significant association was found between stromal CD20+ tumor-infiltrating 

lymphocytes and the breast cancer subtype in this study, with a greater number in the non-

luminal breast cancer subtype. Other research findings suggested a positive correlation 

between a higher percentage of intratumoral and stromal CD20+ tumor-infiltrating 

lymphocytes from triple-negative breast cancer (Mahmoud et al., 2011, Mahmoud et al., 

2012). In HER2-positive and triple-negative breast cancer, the presence of CD20+ tumor-

infiltrating lymphocytes improves disease-free and overall survival (Garaud et al., 2019). 

The triple-negative breast cancer was found to have a large percentage of CD20+ tumor-

infiltrating lymphocytes (Rathore et al., 2014). Even though the tumor microenvironment 

has a high density of tumor-infiltrating lymphocytes, triple-negative breast cancer does not 

react well to immunotherapy. Therefore, decreasing PD-L1 expression in patients may 

enhance their anti-tumor immunity, which in turn may benefit triple-negative breast cancer 

treatment (Li et al., 2017a). 

The presence of high percentages of tumor-infiltrating lymphocytes has been associated 

with ER-negative breast cancer (Mohammed et al., 2012). The current study found a higher 

percentage of intratumoral CD3+ tumor-infiltrating lymphocytes and CD68+ tumor-

associated macrophages in ER-negative breast cancer than in ER-positive. Other research 

also examined the high frequency of CD68+ tumor-associated macrophages in ER and PR-

negative breast cancer (Ni et al., 2019, Zhao et al., 2017). A meta-analysis study found a 

high density of both CD68+ and CD163+ tumor-associated macrophages in breast cancer 

with low ER or PR levels, which could be prognostic indicators in non-metastatic breast 

cancer (Ni et al., 2019). Estrogen plays an essential role in inhibiting NF-κ  signaling and 

reorienting helper T cells to their more repair-oriented Th2 signature (Harding and Heaton, 

2022), which could be responsible for the high level of CD3 and C68 positive in ER-

negative breast cancer. 

 n this stud , there was a significant association between higher percentages of stro al 

CD3+ tumor-infiltrating lymphocytes, CD8+ tumor-infiltrating lymphocytes, CD20+ 

tumor-infiltrating lymphocytes, and CD163+ tu or-associated  acrophages and, ER-

negative (Mutka et al., 2023). A higher number of total CD20+ tumor-infiltrating 
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lymphocytes was associated with better breast cancer-specific survival, a longer disease-

free interval in ER, and PR-negative breast cancer (Rathore et al., 2014, Mahmoud et al., 

2011). A high level of stromal CD163+ tumor-associated macrophages was reportedly 

associated with ER-negativity (Medrek et al., 2012), and it was found to be an independent 

prognostic factor for relapse-free and overall survival (Jamiyan et al., 2020). 

In this study, there was a significant association between intratumoral CD3+ tumor-

infiltrating lymphocytes and CD163+ tumor-associated macrophages and TNM tumor 

grade, with a high percentage in grade III breast cancer. In another study, a higher 

percentage of CD3+ tumor-infiltrating lymphocytes were found in advanced histological-

grade breast cancer (Mutka et al., 2023).  Inflammatory cell infiltrates have been linked to 

high-grade breast cancer (Mohammed et al., 2012), and a meta-analysis and other study 

findings have also revealed significantly higher intratumoral and stromal CD163+ tumor-

infiltrating lymphocytes in advanced histological grade III breast cancer (Ni et al., 2019, 

Medrek et al., 2012, Mutka et al., 2023).  

There was an association between intratumoral and stromal PD-L1+ and TNM tumor grade 

in the current study, with a high percentage of PD-L1+ in grade III breast cancer. PDL-1+ 

is an important inhibitory checkpoint involved in cancer immune modulation (Angelico et 

al., 2023). A high level of tumoral PD-L1 positivity has been associated with longer 

disease-free and disease-specific survival (Oner et al., 2021). In a phase three trial of 

Japanese breast cancer patients who received the anti-PDL1 drug atezolizumab, there was 

a 6-month difference in progression-free survival, among the PD-L1+ subset with 

metastatic triple-negative breast cancer (Iwata et al., 2019). Another study also found a 3.5-

month progression-free survival (Schmid et al., 2018). PD-L1 expression was considerably 

higher in patients with high tumor-grade breast cancer (Li et al., 2019, Lou et al., 2017, 

Punhani and Ahluwalia, 2023). Another study found no statistically significant association 

between tumoral or microenvironmental PD-L1+ expression and breast cancer grade 

(Doğukan et al , 2019). According to this result, PD-L1 may play a role in tumor grade-

based stratification of patients who benefit from therapy that targets the PD-1 pathway.  
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5.4. MMPs Expression  

The MMPs have proteolytic activity and break down the extracellular matrix, promoting 

angiogenesis, and controlling the growth and metastasis of tumor cells (Gialeli et al., 2011, 

Nöel et al., 1996). They are also associated with the initiation, invasion, and metastasis of 

breast cancer (Duffy et al., 2000). In the present study, the MMP-11 expression was shown 

to be significantly higher in breast cancer cases compared to benign breast tumors.  Several 

studies have observed MMP-11 expression at higher levels in breast cancer than in nearby 

normal breast tissues (Benson et al., 2013, Peruzzi et al., 2009). MMP11 hindered SMAD 

family member 2 from being degraded in the tumor growth factor signaling pathway, which 

facilitated the growth of breast cancer (Zhuang et al., 2021). Low levels of CD8+ T cells, 

CD4+ T cells, and B cells are also correlated with high MMP-11 expression (Kim et al., 

2021). The MMPs also increase the availability of growth factors and cytokines (Gialeli et 

al., 2011) that could play a role in cancer initiation and progression. 

In this study, there was a higher mRNA expression of MMP-2 and MMP-9 in breast cancer 

patients compared to benign breast tumors, though the difference was not significant. Other 

studies observed higher levels of MMP-2 expression in breast cancer than in nearby non-

cancerous tissues (Köhrmann et al., 2009, Zhang et al., 2013, Benson et al., 2013, 

Mohammadian et al., 2020). The significant link between increased angiostatin and the 

upregulation of MMP-2 and MMP-9 (Chung et al., 2006) suggests possible involvement 

in cancer initiation, progression, and invasion.  

The current study found that the expression of MMP-11 in breast cancer was about 2.4 

times higher in lymph node-positive than in lymph node-negative. The MMP-11 increased 

cell motility of oral cancer cells through the focal adhesion kinase/SRC kinase pathway 

(Hsin et al., 2017), and it is plausible that this pathway could be involved in breast cancer 

metastasis. The expression of MMP-2 was about 1.6 times higher in breast cancer patients 

with lymph nodes positive than in lymph nodes negative in this study. Increased cell 

migration and invasion are promoted by interactions between the tumor cell surface 
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epidermal growth factor (EGF) receptors and its ligand EGF via upregulating MMP-2 

expression (Majumder et al., 2019).  

The MMP-11 and MMP-9 mRNA expressions were higher in grade III tumors than in 

grade I-II in the current investigation. Similar to this study, grade III breast cancer has been 

associated with increased MMP-11 mRNA expression (Cheng et al., 2010). The MMPs 

may promote tumor spread, invasion, and growth in breast cancer by destroying cytokines 

and cell adhesion molecules and increasing angiogenesis and growth factors (Ren et al., 

2015), which may lead to a worse prognosis.  

The expression level of mRNA of MMP-11 was 5.7 times higher in ER-positive breast 

cancer than in negative ones. This finding is supported by other studies (Zhuang et al., 

2021, Cheng et al., 2010).  Cell survival mediated by MMP-11 depends on the p42/p44 

MAPK and AKT pathway (Fromigué et al., 2003).  According to Marino et al. (2006), the 

primary transcriptional factor that interacts with ER and promotes the recruitment of 

coactivators is specificity protein 1 (Marino et al., 2006), specificity protein 1 is also 

implicated in the basal production of MMP-11 (Barrasa et al., 2012).  

According to this study, HER2-negative breast cancer had higher levels of MMP-2 and 

MMP-11 mRNA expression than HER2-positive breast cancer. In contrast, other studies 

reported HER2-positive breast cancer with increased mRNA expression of MMP-11 

(Zhuang et al., 2021, Sathyanarayanan et al., 2020). The role of MMP-11 in HER2-positive 

breast cancer through interaction with cancer cells, monocytes, and endothelial cells is also 

indicated (Kang et al., 2022).  

The expression of MMP-9 and MMP-11 was higher in luminal A than in other breast cancer 

subtypes. The higher immunohistochemical protein expression of MMP-9 among luminal 

A breast cancer was also reported in another study (Kalavska et al., 2021). In contrast, high 

levels of MMP-9 protein expression were found in triple-negative (Joseph et al., 2020) and 

HER 2 enriched breast cancer (Yang et al., 2018).  
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In general, our result showed that MMP-11, which is a member of the stromelysin 

subgroup, has a stronger association with breast cancer progression than MMP-2 and 

MMP-9. MMP-11 is secreted in its active form (Cui et al., 2017),  suggesting that MMP-

11 may play a unique role in early tissue remodeling processes in breast cancer progression. 

MMP-11 has also a significant role in tumor cell survival rather than in proteolytic action 

(Rio et al., 1996, Nöel et al., 1996), which may be another reason for the high expression 

of MMP-11 in breast cancer progression. The breast cancer stromal cells, particularly 

peritumoral fibroblasts, express significant levels of MMP-11 and may be associated with 

the early stages of aggressiveness of breast cancer (Wolf et al., 1993, Basset et al., 1990).  

 

5.5. HPV Detection and genotyping 

Persistent HPV infection causes the host genome to integrate with the viral genome, 

increasing genomic instability and the inactivation of cell cycle checkpoints, which 

ultimately leads to the development of cancer (McBride and Warburton, 2017).  The 

controversial role of HPV in the development of breast cancer is indicated (Kudela et al., 

2022). This study provides no proof that HPV contributes to the development of breast 

cancer in that both non-malignant HPV presences; however, among breast cancer lesions 

the magnitude of HPV was significantly higher in ER-positive than ER-negative cases 

The overall percentage of HPV infection was 25.0% in this study, and non-malignant breast 

lesions had a greater rate of HPV infection (29.6%) than breast cancer (20.6%), which 

implies that HPV infection and breast cancer are not linked. The existence of a causal link 

between HPV infection and breast cancer is still subject to debate; while some research 

revealed a higher risk and suggested that HPV may have played a role in the development 

of breast cancer (Lin et al., 2023, Sher et al., 2020, Ren et al., 2019), other studies found 

no such connection (Usman et al., 2022, Bakhtiyrizadeh et al., 2017). In a different 

analysis, it was discovered that 2.7% of Ethiopian breast cancer cases had HPV DNA 

(Gebregzabher et al., 2021) which is a far lower level than in the current study. The 

percentage of HPV positivity was higher in the current study than in Sudan (8.6%) and 
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Congo (15%) (Elagali et al., 2021). The difference could be explained by the sensitivity of 

the PCR employed or other HPV-causing risk factors. The common genotype in this study 

was HPV-16, also reported in many other studies (Manzouri et al., 2014, Elagali et al., 

2021). The specific role played by this virus in the pathogenesis of breast cancer needs 

careful consideration and determined by larger epidemiologic studies, as this study does 

not provide evidence to support HPV's involvement in the development and progression of 

breast cancer. 

According to the current study, ER-positive breast cancer has an HPV positivity rate that 

is 9.6 times greater than ER-negative breast cancer. A connection between the HPV virus 

and ER-positive breast cancer was also reported by other investigations (Balci et al., 2019, 

Ilahi et al., 2016). Few studies have shown that ER expression may encourage cervical 

neoplasia by altering the expression of the HPV genes (Blanco et al., 2021, Fernandes et 

al., 2015). This process may involve overexpression and/or mutations in APOBEC3B 

which are associated with breast cancer (Ohba et al., 2017). Estrogen exposure causes DNA 

double-strand breaks that ultimately result in genomic instability and carcinogenesis via G 

protein-coupled receptor 30 for cervical cancer and cervical dysplasia; however, the exact 

mechanism is unknown yet (Riley et al., 2003, Son et al., 2014, Spurgeon et al., 2017, 

Ogawa et al., 2023). These arguments might also apply to breast cancer, but further 

molecular studies are needed to comprehend if and how HPV infections are associated with 

ER-positive breast cancer. 

Previous studies have explored possible mechanisms in which HPV could be associated 

with HER-2 and Ki67 levels. In vitro studies with long-term breast cancer, cell lines 

indicated that transfected HPV  E6 and E7 could enhance HER-2 expression and confer an 

EGF-independent in vitro proliferation, suggesting a possible mechanism for how HPV 

infection might contribute to breast cancer progression (Ignatoski et al., 2005, Yasmeen et 

al., 2007).  Ki67 expression is related to the proliferation index of breast cancer cases. A 

study observed that breast cancer with low proliferation indices had high HPV prevalence 

(Fernandes et al., 2015).  Similarly, a low histopathological grade of vaginal carcinoma is 

associated with high HPV prevalence (Hellman et al., 2014). In our study, we observed 
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differences between HER2 and Ki-67 proliferation index among HPV-positive and 

negative breast cancer cases; however, these differences were not statistically significant, 

particularly after adjustment in a multivariate model.   

5.6. Limitation 

The small sample size, retrospective nature, and absence of analysis of HER-2 equivocal 

data using fluorescent in-situ hybridization are the major limitations of this work. Larger 

studies in the future studies to solidify our study findings are warranted. We were not able 

to perform FISH on 11% of our samples. The pre-analytical factors, in particular tissue 

fixation, may not have been completed in less than one hour of cold ischemic time, and it 

was not possible to guarantee that these variables were optimized or standardized across 

these sites. Furthermore, novel markers that could be unique to the Ethiopian population 

could have been identified using gene expression studies such as microarray or 

transcriptomics. We see strength in performing centralized IHC for all samples of regions 

that have not been studied before. 

5.7. Conclusion  

The difference in breast cancer subtypes found in different Ethiopian regions suggests the 

need for further study. There was a higher percentage of infiltrating immune cells in the 

non-luminal subtype. MMPs were elevated in breast cancer compared with benign tissue, 

and high in grade III and luminal A breast cancer subtypes. There is no proof of linking 

HPV infection to breast cancer, but more investigation is required to examine this 

possibility.   

5.8. Recommendation 

➢ The considerably high rates of triple-negative breast cancer and hormone receptor-

negative tumors (still showing half the patients with endocrine-sensitive disease) in our 

study need special attention and suggest that indiscriminate use of hormone receptor 

therapy should be discouraged without measuring hormone receptor levels.   
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➢ Half the patients were ER-positive in this study, indicating that receptor status testing 

and availability of endocrine treatment need to be prioritized in cancer control 

programs.  

➢ A different pattern of age, tumor size, histological grade, and Ki-67 proliferation index 

was found between the study sites, showing the need for each tertiary center to monitor 

the composition of features among their respective patients 

➢ The higher rate of male breast cancer in this study needs further prospective study to 

see the actual incidence.  

➢ Future research should be conducted prospectively on tumor-infiltrating lymphocytes, 

tumor-associated macrophages, and PD-L1 along with their role in survival and 

immunotherapy. 

➢ The role of MMPs in breast cancer pathophysiology should be investigated further. 

➢ The relatively high fraction of patients with advanced disease reinforces general 

recommendations that a level of awareness of breast cancer self-examination and 

screening are recommended, and improvements in health care and expertise are needed. 

➢ Further research is necessary to examine any potential link between HPV and breast 

cancer, particularly the high frequency of HPV in ER-positive breast cancer warrants 

further attention. 

➢ The general result of the study indicates an advanced disease stage of breast cancer and 

a high number of triple-negative cancers. This information suggests that policymakers 

in Ethiopia should revisit their cancer policy to address the growing prevalence of 

advanced breast cancer and triple-negative breast cancer. 

5.9. Future directions 

Further studies focusing on mutation analysis in young populations are necessary to 

understand the development of breast cancer. Advanced techniques like microarray, 

transcriptomics, and metabolomics can be used by researchers to identify novel 

markers and treatment targets for breast cancer.  



110 

 

5.10. Funding 

This study was funded by Armauer Hansen Research Institute, Addis Ababa University, 

and Mizan Tepi University. Additionally, this study received some funding from Else-

Kroener-Foundation through Martin-Luther-University, Halle-Wittenberg, Germany, 

grant No. 2018_HA31SP and a Grant from Hospital Partnerships Funding Program through 

Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) commissioned by the 

German Federal Ministry for Economic Cooperation and Development (BMZ) No. 

81281915. 

5.11. Acknowledgments 

The authors acknowledged all staff of the pathology department and driver officers (Mr. 

Shambel and Mr. Solomon Gebre) and drivers from Armauer Hansen Research Institute 

for their contributions. 

5.12. Conflict of interest 

The authors declare that the research was conducted in the absence of any commercial or 

financial relationships that could be construed as a potential conflict of interest. 

 

 

 

 

 

 



111 

 

6. REFERENCES 

ABATE, S. M., WONDEMAGEGNEHU, T., ASSEFA, M. & YILMA, Z. 2018. Trends 

of Breast Cancer in Ethiopia. 

ABDULRAHMAN, G. O. & RAHMAN, G. A. 2012. Epidemiology of Breast Cancer in 

Europe and Africa. Journal of Cancer Epidemiology, 2012, 915610. 

ABE, O., ABE, R., ENOMOTO, K. T., KIKUCHI, K., KOYAMA, H., NOMURA, Y., 

SAKAI, K., SUGIMACHI, K., TOMINAGA, T. & UCHINO, J. 1998. Tamoxifen 

for early breast cancer: an overview of the randomised trials. The Lancet, 351, 

1451-1467. 

ABREU DE OLIVEIRA, W. A., EL LAITHY, Y., BRUNA, A., ANNIBALI, D. & LLUIS, 

F. 2022. Wnt Signaling in the Breast: From Development to Disease. Frontiers in 

Cell and Developmental Biology, 10. 

ACS, B., FREDRIKSSON, I., RÖNNLUND, C., HAGERLING, C., EHINGER, A., 

KOVÁCS, A., RØGE, R., BERGH, J. & HARTMAN, J. 2021. Variability in Breast 

Cancer Biomarker Assessment and the Effect on Oncological Treatment Decisions: 

A Nationwide 5-Year Population-Based Study. Cancers (Basel), 13. 

ADAMS, S., GATTI-MAYS, M. E., KALINSKY, K., KORDE, L. A., SHARON, E., 

AMIRI-KORDESTANI, L., BEAR, H., MCARTHUR, H. L., FRANK, E., 

PERLMUTTER, J., PAGE, D. B., VINCENT, B., HAYES, J. F., GULLEY, J. L., 

LITTON, J. K., HORTOBAGYI, G. N., CHIA, S., KROP, I., WHITE, J., 

SPARANO, J., DISIS, M. L. & MITTENDORF, E. A. 2019. Current Landscape of 

Immunotherapy in Breast Cancer: A Review. JAMA Oncol, 5, 1205-1214. 

ADANI-IFÈ, A., AMÉGBOR, K., DOH, K. & DARRÉ, T. 2020. Breast cancer in togolese 

women: immunohistochemistry subtypes. BMC Women's Health, 20, 1-7. 



112 

 

ADENIJI, A. A., DAWODU, O. O., HABEEBU, M. Y., OYEKAN, A. O., BASHIR, M. 

A., MARTIN, M. G., KESHINRO, S. O. & FAGBENRO, G. T. 2020. Distribution 

of Breast Cancer Subtypes Among Nigerian Women and Correlation to the Risk 

Factors and Clinicopathological Characteristics. World J Oncol, 11, 165-172. 

AFZAL, S., FIAZ, K., NOOR, A., SINDHU, A. S., HANIF, A., BIBI, A., ASAD, M., 

NAWAZ, S., ZAFAR, S., AYUB, S., HASNAIN, S. B. & SHAHID, M. 2022. 

Interrelated Oncogenic Viruses and Breast Cancer. Front Mol Biosci, 9, 781111. 

AKUOKO, C. P., ARMAH, E., SARPONG, T., QUANSAH, D. Y., AMANKWAA, I. & 

BOATENG, D. 2017. Barriers to early presentation and diagnosis of breast cancer 

among African women living in sub-Saharan Africa. PLOS ONE, 12, e0171024. 

ALKAABI, D., ARAFAT, K., SULAIMAN, S., AL-AZAWI, A. M. & ATTOUB, S. 2023. 

PD-1 Independent Role of PD-L1 in Triple-Negative Breast Cancer Progression. 

Int J Mol Sci, 24. 

ALLISON, E., EDIRIMANNE, S., MATTHEWS, J. & FULLER, S. J. 2023. Breast Cancer 

Survival Outcomes and Tumor-Associated Macrophage Markers: A Systematic 

Review and Meta-Analysis. Oncol Ther, 11, 27-48. 

ALLISON, K. H., HAMMOND, M. E. H., DOWSETT, M., MCKERNIN, S. E., CAREY, 

L. A., FITZGIBBONS, P. L., HAYES, D. F., LAKHANI, S. R., CHAVEZ-

MACGREGOR, M. & PERLMUTTER, J. 2020. Estrogen and progesterone 

receptor testing in breast cancer: ASCO/CAP guideline update. Journal of Clinical 

Oncology, 38, 1346-1366. 

ALORAIFI, F., BOLAND, M. R., GREEN, A. J. & GERAGHTY, J. G. 2015. Gene 

analysis techniques and susceptibility gene discovery in non-BRCA1/BRCA2 

familial breast cancer. Surg Oncol, 24, 100-9. 

ALSUGHAYER, A. M., DABBAGH, T. Z., ABDEL-RAZEQ, R. H., AL-JUSSANI, G. 

N., ALHASSOON, S. & SUGHAYER, M. A. 2022. Changing Trends in Estrogen 



113 

 

Receptors/Progesterone Receptors/Human Epidermal Growth Factor Receptor 2 

Prevalence Rates Among Jordanian Patients With Breast Cancer Over the Years. 

JCO Global Oncology, e2100359. 

ALWAN, N., KERR, D., AL-OKATI, D., PEZELLA, F. & NIDHAL, F. 2018. 

Comparative Study on the Clinicopathological Profiles of Breast Cancer Among 

Iraqi and British Patients. The Open Public Health Journal, 11, 177-191. 

AMEND, K., HICKS, D. & AMBROSONE, C. B. 2006. Breast cancer in African-

American women: differences in tumor biology from European-American women. 

Cancer research, 66, 8327-8330. 

AMENS, J. N., BAHÇECIOGLU, G. & ZORLUTUNA, P. 2021. Immune System Effects 

on Breast Cancer. Cell Mol Bioeng, 14, 279-292. 

ANGELICO, G., BROGGI, G., TINNIRELLO, G., PUZZO, L., VECCHIO, G. M., 

SALVATORELLI, L., MEMEO, L., SANTORO, A., FARINA, J., MULÉ, A., 

MAGRO, G. & CALTABIANO, R. 2023. Tumor Infiltrating Lymphocytes (TILS) 

and PD-L1 Expression in Breast Cancer: A Review of Current Evidence and 

Prognostic Implications from Pathologist's Perspective. Cancers (Basel), 15. 

ARERI, H. A., SHIBABAW, W., MULUGETA, T., ASMARE, Y. & AKALU, T. Y. 2019. 

Survival status and predictors of mortality among Breast Cancer patients in Adult 

Oncology Unit at Black Lion Specialized Hospital, Addis Ababa, Ethiopia, 2018. 

bioRxiv. 

ARNAL, J.-F., LENFANT, F., METIVIER, R., FLOURIOT, G., HENRION, D., 

ADLANMERINI, M., FONTAINE, C., GOURDY, P., CHAMBON, P. & 

KATZENELLENBOGEN, B. 2017. Membrane and nuclear estrogen receptor 

alpha actions: from tissue specificity to medical implications. Physiological 

reviews, 97, 1045-1087. 



114 

 

ARNDT, V., STÜRMER, T., STEGMAIER, C., ZIEGLER, H., DHOM, G. & BRENNER, 

H. 2002. Patient delay and stage of diagnosis among breast cancer patients in 

Germany – a population based study. British Journal of Cancer, 86, 1034-1040. 

ARNOLD, M., MORGAN, E., RUMGAY, H., MAFRA, A., SINGH, D., LAVERSANNE, 

M., VIGNAT, J., GRALOW, J. R., CARDOSO, F. & SIESLING, S. 2022. Current 

and future burden of breast cancer: Global statistics for 2020 and 2040. The Breast, 

66, 15-23. 

ATTA MANU, E., BEDU-ADDO, K., TITILOYE, N. A., AMEH-MENSAH, C., OPOKU, 

F. & DUDUYEMI, B. M. 2020. Expression of Tumour-Associated MUC1 Is a Poor 

Prognostic Marker in Breast Cancer in Kumasi, Ghana. Journal of Oncology, 2020, 

9752952. 

AWADELKARIM, K., ARIZZI, C., ELAMIN, E., HAMAD, H., DE BLASIO, P., 

 EKK , S , OS  N,   ,   UNNO,   , EL  L , N  &   R  N ‐COST NT N , 

R. 2008. Pathological, clinical and prognostic characteristics of breast cancer in 

Central Sudan versus Northern Italy: implications for breast cancer in Africa. 

Histopathology, 52, 445-456. 

AWEDEW, A. F., ASEFA, Z. & BELAY, W. B. 2022. National Burden and Trend of 

Cancer in Ethiopia, 2010–2019: a systemic analysis for Global burden of disease 

study. Scientific Reports, 12, 12736. 

AZUBUIKE, S. O., MUIRHEAD, C., HAYES, L. & MCNALLY, R. 2018. 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, 16, 63-63. 

BACHA, R. H., JABIR, Y. N., TESFAY, Y. Y. & DAME, K. T. Risk Factors Affecting 

Survival Time to First Recurrence of Breast Cancer Patients: The Case of South 

West Ethiopia. 2020. 



115 

 

BAI, Z. & GUST, R. 2009. Breast cancer, estrogen receptor and ligands. Archiv der 

Pharmazie: An International Journal Pharmaceutical and Medicinal Chemistry, 

342, 133-149. 

BAKHTIYRIZADEH, S., HOSSEINI, S. Y., YAGHOBI, R., SAFAEI, A. & SARVARI, 

J. 2017. Almost Complete Lack of Human Cytomegalovirus and Human 

papillomaviruses Genome in Benign and Malignant Breast Lesions in Shiraz, 

Southwest of Iran. Asian Pac J Cancer Prev, 18, 3319-3324. 

BALCI, F. L., URAS, C. & FELDMAN, S. M. 2019. Is human papillomavirus associated 

with breast cancer or papilloma presenting with pathologic nipple discharge? 

Cancer Treat Res Commun, 19, 100122. 

  R ŃSK ,   ,  Ł SZCZUK,   , K N DYS,   ,   L ,   , DROP, K  & POLZ-

DACEWICZ, M. 2021. Oral contraceptive use and breast cancer risk assessment: 

a systematic review and meta-analysis of case-control studies, 2009–2020. 

Cancers, 13, 5654. 

BARRASA, J. I., OLMO, N., SANTIAGO-GÓMEZ, A., LECONA, E., ANGLARD, P., 

TURNAY, J. & LIZARBE, M. A. 2012. Histone deacetylase inhibitors upregulate 

MMP11 gene expression through Sp1/Smad complexes in human colon 

adenocarcinoma cells. Biochim Biophys Acta, 1823, 570-81. 

BASSET, P., BELLOCQ, J. P., WOLF, C., STOLL, I., HUTIN, P., LIMACHER, J. M., 

PODHAJCER, O. L., CHENARD, M. P., RIO, M. C. & CHAMBON, P. 1990. A 

novel metalloproteinase gene specifically expressed in stromal cells of breast 

carcinomas. Nature, 348, 699-704. 

BAUER, M., VETTER, M., STÜCKRATH, K., NIGUSSIE, M. Y., DESALEGN, Z., 

YALEW, T., BEKURETSION, Y., KENEA, T., JOFFE, M., BERG, E., NIKULU, 

J., BAKAROU, K., MANRAJ, S., OGUNBIYI, O., EKANEM, I.-O., IGBINOBA, 

F., DIOMANDE, M., ADEBAMOWO, C., DZAMALALA, C. & 



116 

 

KANTELHARDT, E. 2023. Regional Variation in the Tumor Microenvironment, 

Immune Escape and Prognostic Factors in Breast Cancer in Sub-Saharan Africa. 

Cancer immunology research, 11. 

BELACHEW, E. B. & SEWASEW, D. T. 2021. Molecular Mechanisms of Endocrine 

Resistance in Estrogen-Receptor-Positive Breast Cancer. Frontiers in 

Endocrinology, 12, 599586. 

BELAY, W., LABISSO, W. L., TIGENEH, W., KABA, M. & HAILESELASSIE, W. 

2022. Magnitude and factors associated with anxiety and depression among 

patients with breast cancer in central Ethiopia: A cross-sectional study. Frontiers 

in Psychiatry, 13. 

BENSON, C. S., BABU, S. D., RADHAKRISHNA, S., SELVAMURUGAN, N. & RAVI 

SANKAR, B. 2013. Expression of matrix metalloproteinases in human breast 

cancer tissues. Dis Markers, 34, 395-405. 

BENZ, C. C. 2008. Impact of aging on the biology of breast cancer. Crit Rev Oncol 

Hematol, 66, 65-74. 

BIRU, T. F., AKESSA, G. M., JABIR, Y. N. & GURMU, S. E. Survival Analysis of 

Recurrent Events on Women Breast Cancer: The case of Tikur Anbessa Specialized 

Hospital, Ethiopia. 2022. 

BJORNSTROM, L. & SJOBERG, M. 2005. Mechanisms of estrogen receptor signaling: 

convergence of genomic and nongenomic actions on target genes. Molecular 

endocrinology, 19, 833-842. 

BLACK, E. & RICHMOND, R. 2019. Improving early detection of breast cancer in sub-

Saharan Africa: why mammography may not be the way forward. Globalization 

and health, 15, 3. 



117 

 

BLANCO, R., CARRILLO-BELTRÁN, D., MUÑOZ, J. P., CORVALÁN, A. H., CALAF, 

G. M. & AGUAYO, F. 2021. Human Papillomavirus in Breast Carcinogenesis: A 

Passenger, a Cofactor, or a Causal Agent? Biology (Basel), 10. 

BØNLØKKE, S., BLAAKÆR, J., STEINICHE, T., HØGDALL, E., JENSEN, S. G., 

HAMMER, A., BALSLEV, E., STRUBE, M. L., KNAKKERGAARD, H. & 

LENZ, S. 2018. Evidence of no association between human papillomavirus and 

breast cancer. Frontiers in oncology, 8, 209. 

BOSILJCIC, M., CEDERBERG, R. A., HAMILTON, M. J., LEPARD, N. E., 

HARBOURNE, B. T., COLLIER, J. L., HALVORSEN, E. C., SHI, R., FRANKS, 

S. E., KIM, A. Y., BANÁTH, J. P., HAMER, M., ROSSI, F. M. & BENNEWITH, 

K. L. 2019. Targeting myeloid-derived suppressor cells in combination with 

primary mammary tumor resection reduces metastatic growth in the lungs. Breast 

Cancer Research, 21, 103. 

BRAY, F., FERLAY, J., SOERJOMATARAM, I., SIEGEL, R. L., TORRE, L. A. & 

JEMAL, A. 2018. Global cancer statistics 2018: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J 

Clin, 68, 394-424. 

BREWER, H. R., JONES, M. E., SCHOEMAKER, M. J., ASHWORTH, A. & 

SWERDLOW, A. J. 2017. Family history and risk of breast cancer: an analysis 

accounting for family structure. Breast Cancer Res Treat, 165, 193-200. 

BREWSTER, A. M., CHAVEZ-MACGREGOR, M. & BROWN, P. 2014. Epidemiology, 

biology, and treatment of triple-negative breast cancer in women of African 

ancestry. Lancet Oncol, 15, 24. 

BRIANTI, P., DE FLAMMINEIS, E. & MERCURI, S. R. 2017. Review of HPV-related 

diseases and cancers. New Microbiol, 40, 80-85. 



118 

 

BRINTON, L. A., FIGUEROA, J. D., AWUAH, B., YARNEY, J., WIAFE, S., WOOD, 

S. N., ANSONG, D., NYARKO, K., WIAFE-ADDAI, B. & CLEGG-LAMPTEY, 

J. N. 2014. Breast cancer in Sub-Saharan Africa: opportunities for prevention. 

Breast Cancer Res Treat, 144, 467-78. 

BURSTEIN, H. J., POLYAK, K., WONG, J. S., LESTER, S. C. & KAELIN, C. M. 2004. 

Ductal carcinoma in situ of the breast. N Engl J Med, 350, 1430-41. 

CARDOSO, F., COSTA, A., NORTON, L., SENKUS, E., AAPRO, M., ANDRE, F., 

BARRIOS, C. H., BERGH, J., BIGANZOLI, L., BLACKWELL, K. L., 

CARDOSO, M. J., CUFER, T., EL SAGHIR, N., FALLOWFIELD, L., FENECH, 

D., FRANCIS, P., GELMON, K., GIORDANO, S. H., GLIGOROV, J., 

GOLDHIRSCH, A., HARBECK, N., HOUSSAMI, N., HUDIS, C., KAUFMAN, 

B., KROP, I., KYRIAKIDES, S., LIN, U. N., MAYER, M., MERJAVER, S. D., 

NORDSTROM, E. B., PAGANI, O., PARTRIDGE, A., PENAULT-LLORCA, F., 

PICCART, M. J., RUGO, H., SLEDGE, G., THOMSSEN, C., VAN'T VEER, L., 

VOROBIOF, D., VRIELING, C., WEST, N., XU, B. & WINER, E. 2014. ESO-

ESMO 2nd international consensus guidelines for advanced breast cancer 

(ABC2)dagger. Ann Oncol, 25, 1871-88. 

CARTER, C. L., ALLEN, C. & HENSON, D. E. 1989. Relation of tumor size, lymph node 

status, and survival in 24,740 breast cancer cases. Cancer, 63, 181-7. 

CASTORIA, G., MIGLIACCIO, A., GIOVANNELLI, P. & AURICCHIO, F. 2010. Cell 

proliferation regulated by estradiol receptor: Therapeutic implications. Steroids, 75, 

524-527. 

CAVALCANTE, J. R., PINHEIRO, L. G. P., ALMEIDA, P. R. C. D., FERREIRA, M. V. 

P., CRUZ, G. A., CAMPELO, T. A., SILVA, C. S., LIMA, L. N. G. C., 

OLIVEIRA, B. M. K. D. & LIMA, L. M. 2018. Association of breast cancer with 

human papillomavirus (HPV) infection in Northeast Brazil: molecular evidence. 

Clinics, 73. 



119 

 

CHA, Y. J. & KOO, J. S. 2020. Role of Tumor-Associated Myeloid Cells in Breast Cancer. 

Cells, 9, 1785. 

CHEN, Y., KLINGEN, T. A., AAS, H., WIK, E. & AKSLEN, L. A. 2023. CD47 and CD68 

expression in breast cancer is associated with tumor-infiltrating lymphocytes, blood 

vessel invasion, detection mode, and prognosis. The Journal of Pathology: Clinical 

Research, 9, 151-164. 

CHENARD, M. P., O'SIORAIN, L., SHERING, S., ROUYER, N., LUTZ, Y., WOLF, C., 

BASSET, P., BELLOCQ, J. P. & DUFFY, M. J. 1996. High levels of stromelysin-

3 correlate with poor prognosis in patients with breast carcinoma. Int J Cancer, 69, 

448-51. 

CHENG, C.-W., YU, J.-C., WANG, H.-W., HUANG, C.-S., SHIEH, J.-C., FU, Y.-P., 

CHANG, C.-W., WU, P.-E. & SHEN, C.-Y. 2010. The clinical implications of 

MMP-11 and CK-20 expression in human breast cancer. Clinica chimica acta, 411, 

234-241. 

CHOHAN, M. H., PERRY, M., LAURANCE-YOUNG, P., SALIH, V. M. & FOEY, A. 

D. 2023. Prognostic Role of CD68+ and CD163+ Tumour-Associated 

Macrophages and PD-L1 Expression in Oral Squamous Cell Carcinoma: A Meta-

Analysis. British Journal of Biomedical Science, 80. 

CHOI, Y. H., AHN, J. H., KIM, S. B., JUNG, K. H., GONG, G. Y., KIM, M. J., SON, B. 

H., AHN, S. H. & KIM, W. K. 2009. Tissue microarray-based study of patients 

with lymph node-negative breast cancer shows that HER2/neu overexpression is an 

important predictive marker of poor prognosis. Ann Oncol, 20, 1337-43. 

CHUNG, A. W. Y., HSIANG, Y. N., MATZKE, L. A., MCMANUS, B. M., BREEMEN, 

C. V. & OKON, E. B. 2006. Reduced Expression of Vascular Endothelial Growth 

Factor Paralleled With the Increased Angiostatin Expression Resulting From the 



120 

 

Upregulated Activities of Matrix Metalloproteinase-2 and -9 in Human Type 2 

Diabetic Arterial Vasculature. Circulation Research, 99, 140-148. 

CIANFROCCA, M. & GOLDSTEIN, L. J. 2004. Prognostic and predictive factors in 

early-stage breast cancer. Oncologist, 9, 606-16. 

COLLEONI, M. & GIOBBIE-HURDER, A. 2010. Benefits and adverse effects of 

endocrine therapy. Ann Oncol, 21 Suppl 7, vii107-11. 

COPUR, M., KELLY, J., LINTEL, N., RILEY, B., HEROLD, D., FARIS, S., WEDEL, 

W. & HORN, A. 2021. A 64-Year-Old Man With Germline BRCA2-Mutated 

Breast Cancer: Known and Unknown Aspects of Male Breast Cancer. Oncology 

(Williston Park), 35, 480-484. 

CRISCITIELLO, C., DISALVATORE, D., DE LAURENTIIS, M., GELAO, L., 

FUMAGALLI, L., LOCATELLI, M., BAGNARDI, V., ROTMENSZ, N., 

ESPOSITO, A., MINCHELLA, I., DE PLACIDO, S., SANTANGELO, M., 

VIALE, G., GOLDHIRSCH, A. & CURIGLIANO, G. 2014. High Ki-67 score is 

indicative of a greater benefit from adjuvant chemotherapy when added to 

endocrine therapy in luminal B HER2 negative and node-positive breast cancer. 

Breast, 23, 69-75. 

CROWE, J. P., JR., GORDON, N. H., SHENK, R. R., ZOLLINGER, R. M., JR., 

BRUMBERG, D. J. & SHUCK, J. M. 1992. Primary tumor size. Relevance to 

breast cancer survival. Arch Surg, 127, 910-5. 

CUI, J., SHEN, Y. & LI, R. 2013. Estrogen synthesis and signaling pathways during aging: 

from periphery to brain. Trends in molecular medicine, 19, 197-209. 

CUI, N., HU, M. & KHALIL, R. A. 2017. Chapter One - Biochemical and Biological 

Attributes of Matrix Metalloproteinases. In: KHALIL, R. A. (ed.) Progress in 

Molecular Biology and Translational Science. Academic Press. 



121 

 

DE JONG, V. M. T., WANG, Y., TER HOEVE, N. D., OPDAM, M., STATHONIKOS, 

N , JÓŹ   K, K ,   UPT  NN,   , CORNEL SSEN, S , VREULS,   , 

ROSENBERG, E. H., KOOP, E. A., VARGA, Z., VAN DEURZEN, C. H. M., 

MOOYAART, A. L., CÓRDOBA, A., GROEN, E. J., BART, J., WILLEMS, S. 

M., ZOLOTA, V., WESSELING, J., SAPINO, A., CHMIELIK, E., RYSKA, A., 

BROEKS, A., VOOGD, A. C., LOI, S., MICHIELS, S., SONKE, G. S., VAN DER 

WALL, E., SIESLING, S., VAN DIEST, P. J., SCHMIDT, M. K., KOK, M., 

DACKUS, G., SALGADO, R. & LINN, S. C. 2022. Prognostic Value of Stromal 

Tumor-Infiltrating Lymphocytes in Young, Node-Negative, Triple-Negative 

Breast Cancer Patients Who Did Not Receive (neo)Adjuvant Systemic Therapy. J 

Clin Oncol, 40, 2361-2374. 

DECOCK, J., HENDRICKX, W., DRIJKONINGEN, M., WILDIERS, H., NEVEN, P., 

SMEETS, A. & PARIDAENS, R. 2007. Matrix metalloproteinase expression 

patterns in luminal A type breast carcinomas. Dis Markers, 23, 189-96. 

DEGENNARO JR, V., JIWANI, F., PATBERG, E., GIBBS, M., LIBBY, R., GABRIEL, 

D., HELDERMON, C. D., DAILY, K. & BERNARD JR, J. 2018. Epidemiological, 

clinical, and histopathological features of breast cancer in Haiti. Journal of global 

oncology, 4, 1-9. 

DEGIRMENCI, U., WANG, M. & HU, J. 2020. Targeting aberrant RAS/RAF/MEK/ERK 

signaling for cancer therapy. Cells, 9, 198. 

DEL PRETE, A., SALVI, V., SORIANI, A., LAFFRANCHI, M., SOZIO, F., BOSISIO, 

D. & SOZZANI, S. 2023. Dendritic cell subsets in cancer immunity and tumor 

antigen sensing. Cellular & Molecular Immunology, 20, 432-447. 

DELGADO-GARCÍA, S., MARTÍNEZ-ESCORIZA, J. C., ALBA, A., MARTÍN-

BAYÓN, T. A., BALLESTER-GALIANA, H., PEIRÓ, G., CABALLERO, P. & 

PONCE-LORENZO, J. 2017. Presence of human papillomavirus DNA in breast 

cancer: a Spanish case-control study. BMC Cancer, 17, 320. 



122 

 

DEMEKE, T., AYELE, W., HAILE MARIAM, D., WIENKE, A., ASSEFA, M., 

ADDISSIE, A., MIKOLAJCZYK, R., UNVERZAGT, S. & KANTELHARDT, E. 

J. 2022. Health system cost of breast cancer treatment in Addis Ababa, Ethiopia. 

PLOS ONE, 17, e0275171. 

DENKERT, C., VON MINCKWITZ, G., DARB-ESFAHANI, S., LEDERER, B., 

HEPPNER, B. I., WEBER, K. E., BUDCZIES, J., HUOBER, J., KLAUSCHEN, 

F., FURLANETTO, J., SCHMITT, W. D., BLOHMER, J.-U., KARN, T., 

PFITZNER, B. M., KÜMMEL, S., ENGELS, K., SCHNEEWEISS, A., 

HARTMANN, A., NOSKE, A., FASCHING, P. A., JACKISCH, C., VAN 

MACKELENBERGH, M., SINN, P., SCHEM, C., HANUSCH, C., UNTCH, M. 

& LOIBL, S. 2018. Tumour-infiltrating lymphocytes and prognosis in different 

subtypes of breast cancer: a pooled analysis of 3771 patients treated with 

neoadjuvant therapy. The Lancet Oncology, 19, 40-50. 

DERESSA, B. T., CIHORIC, N., BADRA, E. V., TSIKKINIS, A. & RAUCH, D. 2019. 

Breast cancer care in northern Ethiopia – cross-sectional analysis. BMC Cancer, 

19. 

DESALEGN, Z., YOHANNES, M., PORSCH, M., STÜCKRATH, K., ANBERBER, E., 

SANTOS, P., BAUER, M., ADDISSIE, A., BEKURETSION, Y., ASSEFA, M., 

WORKU, Y., TAYLOR, L., ABEBE, T., KANTELHARDT, E. J. & VETTER, M. 

2022. Intrinsic subtypes in Ethiopian breast cancer patient. Breast Cancer Res 

Treat, 196, 495-504. 

DIECI, M. V., MIGLIETTA, F., GRIGUOLO, G. & GUARNERI, V. 2020. Biomarkers 

for HER2-positive metastatic breast cancer: Beyond hormone receptors. Cancer 

Treat Rev, 88, 102064. 

DIMITROVA, P. D., POPOVSKA, S. L. & IVANOV, I. N. 2021. A Study on Tumor-

Infiltrating Lymphocytes in Different Subtypes of Breast Cancer. Journal of 

Biomedical and Clinical Research, 14, 70-81. 



123 

 

DINEGDE, N. G. Assessment of knowledge and practice of breast self-examination among 

young women in tertiary education: Addis Ababa, Ethiopia. 2019. 

DO NASCIMENTO, R. G. & OTONI, K. M. 2020. Histological and molecular 

classification of breast cancer: what do we know. Mastology, 30, e20200024. 

DOĞUK N, R , UÇ K, R , DOĞUK N, F    , T NıK, C , Ç TGEZ,    & 

K  UKCUOĞLU, F  2019  Correlation between the E pression of PD-L1 and 

Clinicopathological Parameters in Triple Negative Breast Cancer Patients. Eur J 

Breast Health, 15, 235-241. 

DOWSETT, M., NIELSEN, T. O., A'HERN, R., BARTLETT, J., COOMBES, R. C., 

CUZICK, J., ELLIS, M., HENRY, N. L., HUGH, J. C., LIVELY, T., MCSHANE, 

L., PAIK, S., PENAULT-LLORCA, F., PRUDKIN, L., REGAN, M., SALTER, J., 

SOTIRIOU, C., SMITH, I. E., VIALE, G., ZUJEWSKI, J. A. & HAYES, D. F. 

2011. Assessment of Ki67 in breast cancer: recommendations from the 

International Ki67 in Breast Cancer working group. J Natl Cancer Inst, 103, 1656-

64. 

DUCHE, H., TSEGAY, A. T. & TAMIRAT, K. S. 2021. Identifying Risk Factors of Breast 

Cancer Among Women Attending Selected Hospitals of Addis Ababa City: 

Hospital-Based Unmatched Case-Control Study. Breast Cancer : Targets and 

Therapy, 13, 189 - 197. 

DUFFY, M. J., HARBECK, N., NAP, M., MOLINA, R., NICOLINI, A., SENKUS, E. & 

CARDOSO, F. 2017. Clinical use of biomarkers in breast cancer: Updated 

guidelines from the European Group on Tumor Markers (EGTM). Eur J Cancer, 

75, 284-298. 

DUFFY, M. J., MAGUIRE, T. M., HILL, A., MCDERMOTT, E. & O'HIGGINS, N. 2000. 

Metalloproteinases: role in breast carcinogenesis, invasion and metastasis. Breast 

Cancer Research, 2, 252. 



124 

 

DUFFY, M. J., O'DONOVAN, N., MCDERMOTT, E. & CROWN, J. 2016. Validated 

biomarkers: The key to precision treatment in patients with breast cancer. Breast, 

29, 192-201. 

DUGUMA, A., NGUSE, T. M., DELLIE, S. T. & TADESSE, D. A. 2022. Level of 

Awareness of Mammography among Breast Cancer Patients Attending Follow-up 

at a Tertiary Hospital, Addis Ababa, Ethiopia. Ethiopian Journal of Health 

Sciences, 32, 53 - 60. 

DUONG, T. T., PHAM, D. T. N., DUONG, H. N. T., LY, T. T. & THAI, T. A. 2023. 

Stromal Tumor-Infiltrating Lymphocytes Associated with Immunohistopathology 

and Molecular Subtypes of Breast Cancer in Vietnam. Asian Pacific Journal of 

Cancer Prevention, 24, 2523-2530. 

DUSHYANTHEN, S., BEAVIS, P. A., SAVAS, P., TEO, Z. L., ZHOU, C., MANSOUR, 

M., DARCY, P. K. & LOI, S. 2015. Relevance of tumor-infiltrating lymphocytes 

in breast cancer. BMC Medicine, 13, 202. 

EBER-SCHULZ, P., TARIKU, W., REIBOLD, C., ADDISSIE, A., WICKENHAUSER, 

C., FATHKE, C., HAUPTMANN, S., JEMAL, A., THOMSSEN, C. & 

KANTELHARDT, E. J. 2018. Survival of breast cancer patients in rural Ethiopia. 

Breast Cancer Research and Treatment, 170, 111-118. 

EDGE, S. B., BYRD, D. R., CARDUCCI, M. A., COMPTON, C. C., FRITZ, A. & 

GREENE, F. 2010. AJCC cancer staging manual, Springer. 

EDWARDS, A. & BRENNAN, K. 2021. Notch Signalling in Breast Development and 

Cancer. Front Cell Dev Biol, 9, 692173. 

EGEBLAD, M. & WERB, Z. 2002. New functions for the matrix metalloproteinases in 

cancer progression. Nature Reviews Cancer, 2, 161-174. 



125 

 

EIRÓ, N., PIDAL, I., FERNANDEZ-GARCIA, B., JUNQUERA, S., LAMELAS, M. L., 

DEL CASAR, J. M., GONZÁLEZ, L. O., LÓPEZ-MUÑIZ, A. & VIZOSO, F. J. 

2012. Impact of CD68/(CD3+CD20) ratio at the invasive front of primary tumors 

on distant metastasis development in breast cancer. PLoS One, 7, e52796. 

ELAGALI, A. M., SULIMAN, A. A., ALTAYEB, M., DANNOUN, A. I., PARINE, N. 

R., SAKR, H. I., SULIMAN, H. S. & MOTAWEE, M. E. 2021. Human 

papillomavirus, gene mutation and estrogen and progesterone receptors in breast 

cancer: A cross-sectional study. Pan African Medical Journal, 38. 

ELFAGIEH, M. 2020. Immunohistochemistry Profile of Breast Cancer Patients from 2010 

to 2014 in National Cancer Institute, Misurata, LIBYA. Journal of Medical Science 

And clinical Research, 08. 

ELSTON, C. W. & ELLIS, I. O. 1991. Pathological prognostic factors in breast cancer. I. 

The value of histological grade in breast cancer: experience from a large study with 

long‐ter  follow‐up  Histopathology, 19, 403-410. 

EMENS, L. A. & LOI, S. 2023. Immunotherapy Approaches for Breast Cancer Patients in 

2023. Cold Spring Harbor Perspectives in Medicine, 13. 

ENG, A., MCCORMACK, V. & DOS-SANTOS-SILVA, I. 2014. Receptor-defined 

subtypes of breast cancer in indigenous populations in Africa: a systematic review 

and meta-analysis. PLoS Med, 11, e1001720. 

EROGLU, Z., TAGAWA, T. & SOMLO, G. 2014. Human epidermal growth factor 

receptor family-targeted therapies in the treatment of HER2-overexpressing breast 

cancer. Oncologist, 19, 135-50. 

ERSUMO, T. 2006. Breast cancer in an Ethiopian population, Addis Ababa. East and 

Central African Journal of Surgery, 11, 81-86. 



126 

 

EZ KE, K  N , R P  EL, S , OKONK O, D     & OK UD RE‑ JE ,       2021  

Pattern of molecular phenotypes of breast carcinomas using immunohistochemistry 

in a district hospital in Nigeria. Nigerian Journal of Medicine, 34, 362-367. 

FENG, Y., SPEZIA, M., HUANG, S., YUAN, C., ZENG, Z., ZHANG, L., JI, X., LIU, W., 

HUANG, B., LUO, W., LIU, B., LEI, Y., DU, S., VUPPALAPATI, A., LUU, H. 

H., HAYDON, R. C., HE, T. C. & REN, G. 2018. Breast cancer development and 

progression: Risk factors, cancer stem cells, signaling pathways, genomics, and 

molecular pathogenesis. Genes Dis, 5, 77-106. 

FERNANDES, A., BIANCHI, G., FELTRI, A. P., PÉREZ, M. & CORRENTI, M. 2015. 

Presence of human papillomavirus in breast cancer and its association with 

prognostic factors. Ecancermedicalscience, 9. 

FOURATI, A., BOUSSEN, H., EL MAY, M. V., GOUCHA, A., DABBABI, B., 

GAMOUDI, A., SFAR, R., RAHAL, K., EL MAY, A. & BEN ABDALLAH, M. 

2014. Descriptive analysis of molecular subtypes in T unisian breast cancer. Asia‐

Pacific Journal of Clinical Oncology, 10, e69-e74. 

FREEMAN, G. J., LONG, A. J., IWAI, Y., BOURQUE, K., CHERNOVA, T., 

NISHIMURA, H., FITZ, L. J., MALENKOVICH, N., OKAZAKI, T., BYRNE, M. 

C., HORTON, H. F., FOUSER, L., CARTER, L., LING, V., BOWMAN, M. R., 

CARRENO, B. M., COLLINS, M., WOOD, C. R. & HONJO, T. 2000. 

Engagement of the PD-1 immunoinhibitory receptor by a novel B7 family member 

leads to negative regulation of lymphocyte activation. The Journal of experimental 

medicine, 192, 1027-1034. 

FROMIGUÉ, O., LOUIS, K., WU, E., BELHACÈNE, N., LOUBAT, A., SHIPP, M., 

 U ERGER, P  &   R ,    2003   ctive stro el sin‐3 (  P‐11) increases 

 CF‐7 survival in three‐di ensional  atrigel culture via activation of p42/p44 

  P‐kinase  International journal of cancer, 106, 355-363. 



127 

 

FUENTES, N. & SILVEYRA, P. 2019. Estrogen receptor signaling mechanisms. 

Advances in protein chemistry and structural biology, 116, 135-170. 

FULDA, S. 2009. Tumor resistance to apoptosis. International Journal of Cancer, 124, 

511-515. 

FUNG, F., CORNACCHI, S. D., VANNIYASINGAM, T., DAO, D., THABANE, L., 

SIMUNOVIC, M., HODGSON, N., O'BRIEN, M. A., REID, S., HELLER, B. & 

LOVRICS, P. J. 2017. Predictors of 5-year local, regional, and distant recurrent 

events in a population-based cohort of breast cancer patients. Am J Surg, 213, 418-

425. 

GANNON, O. M., ANTONSSON, A., MILEVSKIY, M., BROWN, M. A., SAUNDERS, 

N. A. & BENNETT, I. C. 2015. No association between HPV positive breast cancer 

and expression of human papilloma viral transcripts. Sci Rep, 5, 18081. 

GAO, Z. H., LI, C. X., LIU, M. & JIANG, J. Y. 2020. Predictive and prognostic role of 

tumour-infiltrating lymphocytes in breast cancer patients with different molecular 

subtypes: a meta-analysis. BMC Cancer, 20, 1150. 

GARAUD, S., BUISSERET, L., SOLINAS, C., GU-TRANTIEN, C., DE WIND, A., VAN 

DEN EYNDEN, G., NAVEAUX, C., LODEWYCKX, J.-N., BOISSON, A. & 

DUVILLIER, H. 2019. Tumor-infiltrating B cells signal functional humoral 

immune responses in breast cancer. JCI insight, 4. 

GEBREGZABHER, E., SEIFU, D., TIGNEH, W., BOKRETSION, Y., BEKELE, A., 

ABEBE, M., LILLSUNDE-LARSSON, G., KARLSSON, C. & KARLSSON, M. 

G. 2021. Detection of High- and Low-Risk HPV DNA in Archived Breast 

Carcinoma Tissues from Ethiopian Women. International Journal of Breast 

Cancer, 2021, 2140151. 



128 

 

GEBRETSADIK, A., BOGALE, N. & NEGERA, D. G. 2021. Epidemiological Trends of 

Breast Cancer in Southern Ethiopia: A Seven-Year Retrospective Review. Cancer 

Control : Journal of the Moffitt Cancer Center, 28. 

GEMTA, E., BEKELE, A., MEKONEN, W., SEIFU, D., BEKURTSION, Y. & 

KANTELHARDT, E. 2019. Patterns of breast Cancer among Ethiopian patients: 

presentations and histopathological features. J Cancer Sci Ther, 11, 2. 

GETACHEW, S., TESFAW, A., KABA, M., WIENKE, A., TAYLOR, L., 

KANTELHARDT, E. J. & ADDISSIE, A. 2020. Perceived barriers to early 

diagnosis of breast Cancer in south and southwestern Ethiopia: a qualitative study. 

BMC Women's Health, 20, 38. 

GHAFOURI-FARD, S., KHOSHBAKHT, T., HUSSEN, B. M., DONG, P., GASSLER, 

N., TAHERI, M., BANIAHMAD, A. & DILMAGHANI, N. A. 2022. A review on 

the role of cyclin dependent kinases in cancers. Cancer Cell International, 22, 325. 

GIALELI, C., THEOCHARIS, A. D. & KARAMANOS, N. K. 2011. Roles of matrix 

metalloproteinases in cancer progression and their pharmacological targeting. Febs 

j, 278, 16-27. 

GINSBURG, O., BRAY, F., COLEMAN, M. P., VANDERPUYE, V., ENIU, A., KOTHA, 

S. R., SARKER, M., HUONG, T. T., ALLEMANI, C., DVALADZE, A., 

GRALOW, J., YEATES, K., TAYLOR, C., OOMMAN, N., KRISHNAN, S., 

SULLIVAN, R., KOMBE, D., BLAS, M. M., PARHAM, G., KASSAMI, N. & 

CONTEH, L. 2017. The global burden of women's cancers: a grand challenge in 

global health. Lancet, 389, 847-860. 

GIRALDI, T., GIOVANNELLI, P., DI DONATO, M., CASTORIA, G., MIGLIACCIO, 

A. & AURICCHIO, F. 2010. Steroid signaling activation and intracellular 

localization of sex steroid receptors. Journal of cell communication and signaling, 

4, 161-172. 



129 

 

GIULIANO, A. E., CONNOLLY, J. L., EDGE, S. B., MITTENDORF, E. A., RUGO, H. 

S., SOLIN, L. J., WEAVER, D. L., WINCHESTER, D. J. & HORTOBAGYI, G. 

N. 2017. Breast Cancer-Major changes in the American Joint Committee on Cancer 

eighth edition cancer staging manual. CA Cancer J Clin, 67, 290-303. 

GNANAMUTTUPULLE, M., HENKE, O., NTUNDU, S. H., SERVENTI, F., 

MWAKIPUNDA, L. E., AMSI, P., MREMI, A., CHILONGA, K., MSUYA, D. & 

CHUGULU, S. G. 2021. Clinicopathological characteristics of breast cancer 

patients from Northern Tanzania: common aspects of late stage presentation and 

triple negative breast cancer. Ecancermedicalscience, 15, 1282. 

GOLDHIRSCH, A., WINER, E. P., COATES, A., GELBER, R., PICCART-GEBHART, 

M., THÜRLIMANN, B., SENN, H.-J., ALBAIN, K. S., ANDRÉ, F. & BERGH, J. 

2013. Personalizing the treatment of women with early breast cancer: highlights of 

the St Gallen International Expert Consensus on the Primary Therapy of Early 

Breast Cancer 2013. Annals of oncology, 24, 2206-2223. 

GOLDHIRSCH, A., WOOD, W. C., COATES, A. S., GELBER, R. D., THURLIMANN, 

B. & SENN, H. J. Strategies for subtypes--dealing with the diversity of breast 

cancer: highlights of the St. Gallen International Expert Consensus on the Primary 

Therapy of Early Breast Cancer 2011, Ann Oncol. 2011 Aug;22(8):1736-47. doi: 

10.1093/annonc/mdr304. Epub 2011 Jun 27. 

GOWN, A. M. 2008. Current issues in ER and HER2 testing by IHC in breast cancer. Mod 

Pathol, 21, S8-S15. 

GUKAS, I. D., JENNINGS, B. A., MANDONG, B. M., MANASSEH, A. N., HARVEY, 

I. & LEINSTER, S. J. 2006. A comparison of the pattern of occurrence of breast 

cancer in Nigerian and British women. The Breast, 15, 90-95. 



130 

 

GUO, Y. J., PAN, W. W., LIU, S. B., SHEN, Z. F., XU, Y. & HU, L. L. 2020. ERK/MAPK 

signalling pathway and tumorigenesis. Experimental and therapeutic medicine, 19, 

1997-2007. 

GUSBI, E., ELGRIW, N., ZALMAT, S., ALEMAM, H., KHALIL, S., GUSBI, M., 

ELHAMADI, M., BENYASAAD, T., ENATTAH, N. & ELZAGHEID, A. 2020. 

Breast cancer in western part of Libya: Pattern and management (2003-2018). 

Libyan Journal of Medical Sciences, 4, 65. 

GUTIERREZ, C. & SCHIFF, R. 2011. HER2: biology, detection, and clinical implications. 

Arch Pathol Lab Med, 135, 55-62. 

HADGU, E., SEIFU, D., TIGNEH, W., BOKRETSION, Y., BEKELE, A., ABEBE, M., 

SOLLIE, T., MERAJVER, S. D., KARLSSON, C. & KARLSSON, M. G. 2018. 

Breast cancer in Ethiopia: evidence for geographic difference in the distribution of 

molecular subtypes in Africa. BMC women's health, 18, 1-8. 

HADI, N. I. & JAMAL, Q. 2016. Comparison of clinicopathological characteristics of 

lymph node positive and lymph node negative breast cancer. Pakistan journal of 

medical sciences, 32, 863. 

HAILU, H. E., MONDUL, A. M., ROZEK, L. S. & GELETA, T. 2020. Descriptive 

Epidemiology of breast and gynecological cancers among patients attending Saint 

Paul’s  ospital  illenniu   edical College, Ethiopia  PloS one, 15, e0230625. 

HANAHAN, D. 2022. Hallmarks of Cancer: New Dimensions. Cancer Discovery, 12, 31-

46. 

HANAHAN, D. & WEINBERG, R. A. 2000. The Hallmarks of Cancer. Cell, 100, 57-70. 

HANAHAN, D. & WEINBERG, R. A. 2011. Hallmarks of cancer: the next generation. 

Cell, 144, 646-74. 



131 

 

HAQUE, R., AHMED, S. A., INZHAKOVA, G., SHI, J., AVILA, C., POLIKOFF, J., 

BERNSTEIN, L., ENGER, S. M. & PRESS, M. F. 2012. Impact of Breast Cancer 

Subtypes and Treatment on Survival: An Analysis Spanning Two Decades. Cancer 

Epidemiology, Biomarkers & Prevention, 21, 1848-1855. 

HARDING, A. T. & HEATON, N. S. 2022. The Impact of Estrogens and Their Receptors 

on Immunity and Inflammation during Infection. Cancers (Basel), 14. 

HART, V., GAUTREY, H., KIRBY, J. & TYSON-CAPPER, A. 2020. HER2 splice 

variants in breast cancer: investigating their impact on diagnosis and treatment 

outcomes. Oncotarget, 11, 4338-4357. 

HAYASHI, S.-I. & YAMAGUCHI, Y. 2008. Estrogen signaling pathway and hormonal 

therapy. Breast cancer, 15, 256-261. 

HAYAT, M., CHEN, W. C., BRANDENBURG, J.-T., BABB DE VILLIERS, C., 

RAMSAY, M. & MATHEW, C. G. 2021. Genetic Susceptibility to Breast Cancer 

in Sub-Saharan African Populations. JCO Global Oncology, 1462-1471. 

HE, L., WANG, Y., WU, Q., SONG, Y., MA, X., ZHANG, B., WANG, H. & HUANG, 

Y. 2020. Association between levels of tumor-infiltrating lymphocytes in different 

subtypes of primary breast tumors and prognostic outcomes: a meta-analysis. BMC 

Women's Health, 20, 194. 

HELLMAN, K., LINDQUIST, D., RANHEM, C., WILANDER, E. & ANDERSSON, S. 

2014. Human papillomavirus, p16(INK4A), and Ki-67 in relation to 

clinicopathological variables and survival in primary carcinoma of the vagina. Br J 

Cancer, 110, 1561-70. 

HERCULES, S. M., ALNAJAR, M., CHEN, C., MLADJENOVIC, S. M., SHIPEOLU, B. 

A., PERKOVIC, O., POND, G. R., MBUAGBAW, L., BLENMAN, K. R. M. & 

DANIEL, J. M. 2022. Triple-negative breast cancer prevalence in Africa: a 

systematic review and meta-analysis. BMJ Open, 12, e055735. 



132 

 

HONG, J., RUI, W., FEI, X., CHEN, X. & SHEN, K. 2021. Association of tumor-

infiltrating lymphocytes before and after neoadjuvant chemotherapy with 

pathological complete response and prognosis in patients with breast cancer. 

Cancer Med, 10, 7921-7933. 

HSIN, C.-H., CHOU, Y.-E., YANG, S.-F., SU, S.-C., CHUANG, Y.-T., LIN, S.-H. & LIN, 

C.-W. 2017. MMP-11 promoted the oral cancer migration and FAK/Src activation. 

Oncotarget, 8. 

HU, Z., FAN, C., OH, D. S., MARRON, J. S., HE, X., QAQISH, B. F., LIVASY, C., 

CAREY, L. A., REYNOLDS, E., DRESSLER, L., NOBEL, A., PARKER, J., 

EWEND, M. G., SAWYER, L. R., WU, J., LIU, Y., NANDA, R., TRETIAKOVA, 

M., RUIZ ORRICO, A., DREHER, D., PALAZZO, J. P., PERREARD, L., 

NELSON, E., MONE, M., HANSEN, H., MULLINS, M., QUACKENBUSH, J. 

F., ELLIS, M. J., OLOPADE, O. I., BERNARD, P. S. & PEROU, C. M. 2006. The 

molecular portraits of breast tumors are conserved across microarray platforms. 

BMC Genomics, 7, 96. 

HUANG, X., CAO, J. & ZU, X. 2022. Tumor-associated macrophages: An important 

player in breast cancer progression. Thorac Cancer, 13, 269-276. 

HUNTER, D. J., COLDITZ, G. A., HANKINSON, S. E., MALSPEIS, S., SPIEGELMAN, 

D., CHEN, W., STAMPFER, M. J. & WILLETT, W. C. 2010. Oral Contraceptive 

Use and Breast Cancer: A Prospective Study of Young Women. Cancer 

Epidemiology, Biomarkers & Prevention, 19, 2496-2502. 

IGNATOSKI, K. M. W., DZIUBINSKI, M. L., AMMERMAN, C. & ETHIER, S. P. 2005. 

Cooperative Interactions of HER-2, HPV-16 Oncoproteins in the Malignant 

Transformation of Human Mammary Epithelial Cells. Neoplasia, 7, 788-798. 

ILAHI, N. E., ANWAR, S., NOREEN, M., HASHMI, S. N. & MURAD, S. 2016. 

Detection of human papillomavirus-16 DNA in archived clinical samples of breast 



133 

 

and lung cancer patients from North Pakistan. J Cancer Res Clin Oncol, 142, 2497-

2502. 

IWATA, H., INOUE, K., KANEKO, K., ITO, Y., TSUGAWA, K., HASEGAWA, A., 

NAKAGAWA, S., KURATOMI, H. & TAMURA, K. 2019. Subgroup analysis of 

Japanese patients in a Phase 3 study of atezolizumab in advanced triple-negative 

breast cancer (IMpassion130). Jpn J Clin Oncol, 49, 1083-1091. 

JAMIYAN, T., KURODA, H., YAMAGUCHI, R., ABE, A. & HAYASHI, M. 2020. 

CD68- and CD163-positive tumor-associated macrophages in triple negative 

cancer of the breast. Virchows Archiv, 477, 767-775. 

JATOI, I., HILSENBECK, S. G., CLARK, G. M. & OSBORNE, C. K. 1999. Significance 

of axillary lymph node metastasis in primary breast cancer. J Clin Oncol, 17, 2334-

40. 

JEDY-AGBA, E., MCCORMACK, V., ADEBAMOWO, C. & DOS-SANTOS-SILVA, I. 

2016. Stage at diagnosis of breast cancer in sub-Saharan Africa: a systematic review 

and meta-analysis. The Lancet Global Health, 4, e923-e935. 

JIAGGE, E., CHITALE, D. & NEWMAN, L. A. 2018. Triple-Negative Breast Cancer, 

Stem Cells, and African Ancestry. The American Journal of Pathology, 188, 271-

279. 

JIANG, P. & YUE, Y. 2014. Human papillomavirus oncoproteins and apoptosis (Review). 

Exp Ther Med, 7, 3-7. 

JOHANSSON, A. L. V., TREWIN, C. B., FREDRIKSSON, I., REINERTSEN, K. V., 

RUSSNES, H. & URSIN, G. 2021. In modern times, how important are breast 

cancer stage, grade and receptor subtype for survival: a population-based cohort 

study. Breast Cancer Research, 23, 17. 



134 

 

JOSEPH, C., ALSALEEM, M., ORAH, N., NARASIMHA, P. L., MILIGY, I. M., 

KUROZUMI, S., ELLIS, I. O., MONGAN, N. P., GREEN, A. R. & RAKHA, E. 

A. 2020. Elevated MMP9 expression in breast cancer is a predictor of shorter 

patient survival. Breast Cancer Research and Treatment, 182, 267-282. 

KABEL, A. M. 2017. Tumor markers of breast cancer: New prospectives. Journal of 

Oncological Sciences, 3, 5-11. 

KAKUDJI, B. K., MWILA, P. K., BURGER, J. R., DU PLESSIS, J. M. & NAIDU, K. 

2021. Breast cancer molecular subtypes and receptor status among women at 

Potchefstroom Hospital: a cross-sectional study. The Pan African Medical Journal, 

38. 

KALAVSKA, K., CIERNA, Z., KARABA, M., MINARIK, G., BENCA, J., 

SEDLACKOVA, T., KOLEKOVA, D., MRVOVA, I., PINDAK, D. & 

MARDIAK, J. 2021. Prognostic role of matrix metalloproteinase 9 in early breast 

cancer. Oncology letters, 21, 1-1. 

K   ŃSK ,   , C SZE SK , T , ŁOP CK -SZ T N, K ,   OTŁ , P  & 

ST ROSŁ  SK , E  2015   reast cancer risk factors  Menopause 

Review/Przegląd Menopauzalny, 14, 196-202. 

KANG, S. U., CHO, S. Y., JEONG, H., HAN, J., CHAE, H. Y., YANG, H., SUNG, C. O., 

CHOI, Y.-L., SHIN, Y. K. & KWON, M. J. 2022. Matrix metalloproteinase 11 

(MMP11) in macrophages promotes the migration of HER2-positive breast cancer 

cells and monocyte recruitment through CCL2–CCR2 signaling. Laboratory 

Investigation, 102, 376-390. 

KANTELHARDT, E., ZERCHE, P., MATHEWOS, A., TROCCHI, P., ADDISSIE, A., 

AYNALEM, A., WONDEMAGEGNEHU, T., ERSUMO, T., REELER, A. & 

YONAS, B. 2014a. Breast cancer survival in Ethiopia: a cohort study of 1,070 

women. International journal of cancer, 135, 702-709. 



135 

 

KANTELHARDT, E. J., MATHEWOS, A., AYNALEM, A., WONDEMAGEGNEHU, 

T., JEMAL, A., VETTER, M., KNAUF, E., REELER, A., BOGALE, S. & 

THOMSSEN, C. 2014b. The prevalence of estrogen receptor-negative breast 

cancer in Ethiopia. BMC cancer, 14, 1-6. 

KHABAZ, M. N. 2014. Immunohistochemistry subtypes (ER/PR/HER) of breast cancer: 

where do we stand in the West of Saudi Arabia? Asian Pacific Journal of Cancer 

Prevention, 15, 8395-8400. 

KHODABANDEHLOU, N., MOSTAFAEI, S., ETEMADI, A., GHASEMI, A., 

PAYANDEH, M., HADIFAR, S., NOROOZNEZHAD, A. H., KAZEMNEJAD, 

A. & MOGHOOFEI, M. 2019. Human papilloma virus and breast cancer: the role 

of inflammation and viral expressed proteins. BMC cancer, 19, 1-11. 

KIM, H. S., KIM, M. G., MIN, K. W., JUNG, U. S. & KIM, D. H. 2021. High MMP-11 

expression associated with low CD8+ T cells decreases the survival rate in patients 

with breast cancer. PLoS One, 16, e0252052. 

KÖHRMANN, A., KAMMERER, U., KAPP, M., DIETL, J. & ANACKER, J. 2009. 

Expression of matrix metalloproteinases (MMPs) in primary human breast cancer 

and breast cancer cell lines: New findings and review of the literature. BMC 

Cancer, 9, 188. 

KOLETSA, T., KOTOULA, V., KOLIOU, G. A., MANOUSOU, K., CHRISAFI, S., 

ZAGOURI, F., SOTIROPOULOU, M., PENTHEROUDAKIS, G., PAPOUDOU-

BAI, A., CHRISTODOULOU, C., XEPAPADAKIS, G., ZOGRAFOS, G., 

PETRAKI, K., PAZARLI, E., KOUTRAS, A., KOUREA, H. P., BAFALOUKOS, 

D., CHATZOPOULOS, K., ILIADIS, A., MARKOPOULOS, C., VENIZELOS, 

V., ARNOGIANNAKI, N., KALOGERAS, K. T., KOSTOPOULOS, I., GOGAS, 

H. & FOUNTZILAS, G. 2020. Prognostic impact of stromal and intratumoral CD3, 

CD8 and FOXP3 in adjuvantly treated breast cancer: do they add information over 



136 

 

stromal tumor-infiltrating lymphocyte density? Cancer Immunol Immunother, 69, 

1549-1564. 

KONTOMANOLIS, E. N., KALAGASIDOU, S., POULILIOU, S., ANTHOULAKI, X., 

GEORGIOU, N., PAPAMANOLIS, V. & FASOULAKIS, Z. N. 2018. The Notch 

Pathway in Breast Cancer Progression. ScientificWorldJournal, 2018, 2415489. 

KOS, Z. & DABBS, D. J. 2016. Biomarker assessment and molecular testing for 

prognostication in breast cancer. Histopathology, 68, 70-85. 

KRAUSS, K. & STICKELER, E. 2020. Endocrine Therapy in Early Breast Cancer. Breast 

Care, 15, 337-346. 

KUDELA, E., KUDELOVA, E., KOZUBÍK, E., ROKOS, T., PRIBULOVA, T., 

HOLUBEKOVA, V. & BIRINGER, K. 2022. HPV-Associated Breast Cancer: 

Myth or Fact? Pathogens, 11. 

KUDELA, E., NACHAJOVA, M. & DANKO, J. 2019. Is the HPV virus responsible for 

the development of breast cancer? Breast J, 25, 1053-1054. 

KURODA, H., JAMIYAN, T., YAMAGUCHI, R., KAKUMOTO, A., ABE, A., 

HARADA, O. & MASUNAGA, A. 2021. Tumor-infiltrating B cells and T cells 

correlate with postoperative prognosis in triple-negative carcinoma of the breast. 

BMC Cancer, 21, 286. 

KWON, M. J. 2022. Matrix metalloproteinases as therapeutic targets in breast cancer. 

Front Oncol, 12, 1108695. 

LAM, B. M. & VERRILL, C. 2023. Clinical Significance of Tumour-Infiltrating B 

Lymphocytes (TIL-Bs) in Breast Cancer: A Systematic Literature Review. Cancers 

(Basel), 15. 



137 

 

LASKOWSKI, T. J., BIEDERSTÄDT, A. & REZVANI, K. 2022. Natural killer cells in 

antitumour adoptive cell immunotherapy. Nature Reviews Cancer, 22, 557-575. 

LEE, Y., LEE, K. & KIM, S. 2021. Factors Affecting Cancer Prevention Behaviors and 

Cancer Screening in First-Degree Relatives of Breast and Colorectal Cancer 

Patients in Korea: A Cross-Sectional Study. Res Theory Nurs Pract. 

LEGESSE, B. & GEDIF, T. 2014. Knowledge on breast cancer and its prevention among 

women household heads in Northern Ethiopia. Open Journal of Preventive 

Medicine, 2014. 

LEI, S., ZHENG, R., ZHANG, S., WANG, S., CHEN, R., SUN, K., ZENG, H., ZHOU, J. 

& WEI, W. 2021. Global patterns of breast cancer incidence and mortality: A 

population‐based cancer registr  data anal sis fro  2000 to 2020  Cancer 

Communications, 41, 1183-1194. 

LEONE, J. P., FREEDMAN, R. A., LEONE, J., TOLANEY, S. M., VALLEJO, C. T., 

LEONE, B. A., WINER, E. P., LIN, N. U. & HASSETT, M. J. 2023. Survival in 

male breast cancer over the past 3 decades. J Natl Cancer Inst, 115, 421-428. 

LEWIS, J. S. & JORDAN, V. C. 2005. Selective estrogen receptor modulators (SERMs): 

mechanisms of anticarcinogenesis and drug resistance. Mutation 

Research/Fundamental and Molecular Mechanisms of Mutagenesis, 591, 247-263. 

LI, C.-W., LIM, S.-O., HSU, J. L. & HUNG, M.-C. 2017a. Rational combination of 

immunotherapy for triple negative breast cancer treatment. Chinese Clinical 

Oncology, 6, 54. 

LI, H., QIU, Z., LI, F. & WANG, C. 2017b. The relationship between MMP-2 and MMP-

9 expression levels with breast cancer incidence and prognosis. Oncology letters, 

14, 5865-5870. 



138 

 

LI, R. & CAO, L. 2023. The role of tumor-infiltrating lymphocytes in triple-negative breast 

cancer and the research progress of adoptive cell therapy. Frontiers in Immunology, 

14. 

LI, S., CHEN, L. & JIANG, J. 2019. Role of programmed cell death ligand-1 expression 

on prognostic and overall survival of breast cancer: A systematic review and meta-

analysis. Medicine, 98, e15201. 

LIAO, J. B. 2006. Viruses and human cancer. Yale J Biol Med, 79, 115-22. 

LIN, C., TSAI, S. C.-S., HUANG, J.-Y. & LIN, F. C.-F. 2023. HPV infection and breast 

cancer risk: insights from a nationwide population study in Taiwan. Frontiers in 

Oncology, 13. 

LIU, J., LI, H.-Q., ZHOU, F.-X., YU, J.-W., SUN, L. & HAN, Z.-H. 2017. Targeting the 

mTOR pathway in breast cancer. Tumor Biology, 39, 1010428317710825. 

LIU, L., HAO, X., SONG, Z., ZHI, X., ZHANG, S. & ZHANG, J. 2021. Correlation 

between family history and characteristics of breast cancer. Scientific Reports, 11, 

6360. 

LOI, S., MICHIELS, S., SALGADO, R., SIRTAINE, N., JOSE, V., FUMAGALLI, D., 

KELLOKUMPU-LEHTINEN, P. L., BONO, P., KATAJA, V., DESMEDT, C., 

PICCART, M. J., LOIBL, S., DENKERT, C., SMYTH, M. J., JOENSUU, H. & 

SOTIRIOU, C. 2014. Tumor infiltrating lymphocytes are prognostic in triple 

negative breast cancer and predictive for trastuzumab benefit in early breast cancer: 

results from the FinHER trial. Ann Oncol, 25, 1544-50. 

LÓPEZ, S., TAREKEGN, A., BAND, G., VAN DORP, L., BIRD, N., MORRIS, S., 

OLJIRA, T., MEKONNEN, E., BEKELE, E., BLENCH, R., THOMAS, M. G., 

BRADMAN, N. & HELLENTHAL, G. 2021. Evidence of the interplay of genetics 

and culture in Ethiopia. Nature Communications, 12, 3581. 



139 

 

LOU, J., ZHOU, Y., HUANG, J. & QIAN, X. 2017. Relationship between PD-L1 

expression and clinical characteristics in patients with breast invasive ductal 

carcinoma. Open Medicine, 12, 288-292. 

LUEN, S. J., SALGADO, R., FOX, S., SAVAS, P., ENG-WONG, J., CLARK, E., 

KIERMAIER, A., SWAIN, S. M., BASELGA, J., MICHIELS, S. & LOI, S. 2017. 

Tumour-infiltrating lymphocytes in advanced HER2-positive breast cancer treated 

with pertuzumab or placebo in addition to trastuzumab and docetaxel: a 

retrospective analysis of the CLEOPATRA study. Lancet Oncol, 18, 52-62. 

LUYEYE MVILA, G., BATALANSI, D., PRAET, M., MARCHAL, G., LAENEN, A., 

CHRISTIAENS, M. R., BROUCKAERT, O., ALI-RISASI, C., NEVEN, P. & 

VAN ONGEVAL, C. 2015. Prognostic features of breast cancer differ between 

women in the Democratic Republic of Congo and Belgium. Breast, 24, 642-8. 

MAFFUZ-AZIZ, A., LABASTIDA-ALMENDARO, S., ESPEJO-FONSECA, A. & 

RODRIGUEZ-CUEVAS, S. 2017. Clinical and pathological features of breast 

cancer in a population of Mexico. Cirugía y Cirujanos (English Edition), 85, 201-

207. 

MAHMOUD, S., LEE, A., PAISH, E., MACMILLAN, R., ELLIS, I. & GREEN, A. 2011. 

The prognostic significance of B lymphocytes in invasive carcinoma of the breast. 

Breast cancer research and treatment, 132, 545-53. 

MAHMOUD, S. M., LEE, A. H., PAISH, E. C., MACMILLAN, R. D., ELLIS, I. O. & 

GREEN, A. R. 2012. The prognostic significance of B lymphocytes in invasive 

carcinoma of the breast. Breast Cancer Res Treat, 132, 545-53. 

MAIORINO, L., DAßLER-PLENKER, J., SUN, L. & EGEBLAD, M. 2022. Innate 

Immunity and Cancer Pathophysiology. Annu Rev Pathol, 17, 425-457. 



140 

 

MAJEED, W., ASLAM, B., JAVED, I., KHALIQ, T., MUHAMMAD, F., ALI, A. & 

RAZA, A. 2014. Breast cancer: major risk factors and recent developments in 

treatment. Asian Pacific Journal of Cancer Prevention, 15, 3353-3358. 

MAJUMDER, A., RAY, S. & BANERJI, A. 2019. Epidermal growth factor receptor-

mediated regulation of matrix metalloproteinase-2 and matrix metalloproteinase-9 

in MCF-7 breast cancer cells. Mol Cell Biochem, 452, 111-121. 

MAKKI, J. 2015. Diversity of Breast Carcinoma: Histological Subtypes and Clinical 

Relevance. Clin Med Insights Pathol, 8, 23-31. 

MALANDA, D. M. M., BOUMBA, A. L. M., MALONGA, G. A., MOUAMBA, F. G., 

MAMBOUENE, F. D., MOUKASSA, D. & PEKO, J. F. 2021. Breast Cancer in 

Women: Epidemiological, Histological, Immunohistochemical and Molecular Sub-

Types in the Republic of Congo. 

MALDONADO-RODRÍGUEZ, E., HERNÁNDEZ-BARRALES, M., REYES-LÓPEZ, 

A., GODINA-GONZÁLEZ, S., GALLEGOS-FLORES, P. I., ESPARZA-

IBARRA, E. L., GONZÁLEZ-CURIEL, I. E., AGUAYO-ROJAS, J., LÓPEZ-

SAUCEDO, A. & MENDOZA-ALMANZA, G. 2022. Presence of Human 

Papillomavirus DNA in Malignant Neoplasia and Non-Malignant Breast Disease. 

Current Issues in Molecular Biology, 44, 3648-3665. 

MALHOTRA, G. K., ZHAO, X., BAND, H. & BAND, V. 2010. Histological, molecular 

and functional subtypes of breast cancers. Cancer Biol Ther, 10, 955-60. 

MANZOURI, L., SALEHI, R., SHARIATPANAHI, S. & REZAIE, P. 2014. Prevalence 

of human papilloma virus among women with breast cancer since 2005-2009 in 

Isfahan. Adv Biomed Res, 3, 75. 

MARINO, M., GALLUZZO, P. & ASCENZI, P. 2006. Estrogen signaling multiple 

pathways to impact gene transcription. Current genomics, 7, 497-508. 



141 

 

MARTINI, R., DELPE, P., CHU, T. R., ARORA, K., LORD, B., VERMA, A., BEDI, D., 

KARANAM, B., ELHUSSIN, I. & CHEN, Y. 2022. African ancestry–associated 

gene expression profiles in triple-negative breast cancer underlie altered tumor 

biology and clinical outcome in women of African descent. Cancer Discovery, 12, 

2530-2551. 

MCBRIDE, A. A. & WARBURTON, A. 2017. The role of integration in oncogenic 

progression of HPV-associated cancers. PLoS Pathog, 13, e1006211. 

MEDREK, C., PONTÉN, F., JIRSTRÖM, K. & LEANDERSSON, K. 2012. The presence 

of tumor associated macrophages in tumor stroma as a prognostic marker for breast 

cancer patients. BMC cancer, 12, 1-9. 

MELVOLD, R. W. & STICCA, R. P. 2007. Basic and tumor immunology: a review. Surg 

Oncol Clin N Am, 16, 711-35, vii. 

MEMIRIE, S. T., HABTEMARIAM, M. K., ASEFA, M., DERESSA, B. T., ABAYNEH, 

G., TSEGAYE, B., ABRAHA, M. W., ABABI, G., JEMAL, A., REBBECK, T. R. 

& VERGUET, S. 2018. Estimates of Cancer Incidence in Ethiopia in 2015 Using 

Population-Based Registry Data. Journal of Global Oncology, 1-11. 

MENAZZA, S. & MURPHY, E. 2016. The expanding complexity of estrogen receptor 

signaling in the cardiovascular system. Circulation research, 118, 994-1007. 

MENKITI, F., UKAH, C., MENKITI, I., ONYIAORAH, I. & CHIGBO, C. 2021. THE 

CHANGING IMMUNOHISTOCHEMICAL PROFILE OF BREAST 

CARCINOMAS IN NNEWI, SOUTH-EAST NIGERIA: OUR EXPERIENCE. 

Medico Research Chronicles, 8, 518-528. 

MENSAH, A. C., YARNEY, J., NOKOE, S. K., OPOKU, S. & CLEGG-LAMPTEY, J. 

2016. Survival outcomes of breast cancer in Ghana: an analysis of 

clinicopathological features. Open Access Library Journal, 3, 1-11. 



142 

 

METZGER FILHO, O., IGNATIADIS, M. & SOTIRIOU, C. 2011. Genomic Grade Index: 

An important tool for assessing breast cancer tumor grade and prognosis. Crit Rev 

Oncol Hematol, 77, 20-9. 

MIKAMI, Y., UENO, T., YOSHIMURA, K., TSUDA, H., KUROSUMI, M., MASUDA, 

S., HORII, R., TOI, M. & SASANO, H. 2013. Interobserver concordance of Ki67 

labeling index in breast cancer: Japan Breast Cancer Research Group Ki67 ring 

study. Cancer Sci, 104, 1539-43. 

MIN, K. W., KIM, D. H., DO, S. I., KIM, K., LEE, H. J., CHAE, S. W., SOHN, J. H., 

PYO, J. S., OH, Y. H., KIM, W. S., LEE, S. Y., OH, S., CHOI, S. H., PARK, Y. L. 

& PARK, C. H. 2014. Expression patterns of stromal MMP-2 and tumoural MMP-

2 and -9 are significant prognostic factors in invasive ductal carcinoma of the 

breast. Apmis, 122, 1196-206. 

MOHAMMADIAN, H., SHARIFI, R., REZANEZHAD AMIRDEHI, S., TAHERI, E. & 

BABAZADEH BEDOUSTANI, A. 2020. Matrix metalloproteinase MMP1 and 

MMP9 genes expression in breast cancer tissue. Gene Reports, 21, 100906. 

MOHAMMED, Z. M., GOING, J. J., EDWARDS, J., ELSBERGER, B., DOUGHTY, J. 

C. & MCMILLAN, D. C. 2012. The relationship between components of tumour 

inflammatory cell infiltrate and clinicopathological factors and survival in patients 

with primary operable invasive ductal breast cancer. Br J Cancer, 107, 864-73. 

MØRCH, L. S., SKOVLUND, C. W., HANNAFORD, P. C., IVERSEN, L., FIELDING, 

S. & LIDEGAARD, Ø. 2017. Contemporary hormonal contraception and the risk 

of breast cancer. New England Journal of Medicine, 377, 2228-2239. 

MORITA, Y., ZHANG, R., LESLIE, M., ADHIKARI, S., HASAN, N., CHERVONEVA, 

I., RUI, H. & TANAKA, T. 2017. Pathologic evaluation of tumor-associated 

macrophage density and vessel inflammation in invasive breast carcinomas. 

Oncology letters, 14, 2111-2118. 



143 

 

MUTKA, M., JOENSUU, K., ERAY, M. & HEIKKILÄ, P. 2023. Quantities of CD3+, 

CD8+ and CD56+ lymphocytes decline in breast cancer recurrences while CD4+ 

remain similar. Diagn Pathol, 18, 3. 

NAGAO, T., KINOSHITA, T., HOJO, T., TSUDA, H., TAMURA, K. & FUJIWARA, Y. 

2012. The differences in the histological types of breast cancer and the response to 

neoadjuvant chemotherapy: The relationship between the outcome and the 

clinicopathological characteristics. The Breast, 21, 289-295. 

NAUSHAD, W., SURRIYA, O. & SADIA, H. 2017. Prevalence of EBV, HPV and MMTV 

in Pakistani breast cancer patients: A possible etiological role of viruses in breast 

cancer. Infect Genet Evol, 54, 230-237. 

NGAN, C., LAWSON, J. S., CLAY, R., DELPRADO, W., WHITAKER, N. J. & GLENN, 

W. K. 2015. Early Human Papilloma Virus (HPV) Oncogenic Influences in Breast 

Cancer. Breast Cancer (Auckl), 9, 93-7. 

NI, C., YANG, L., XU, Q., YUAN, H., WANG, W., XIA, W., GONG, D., ZHANG, W. & 

YU, K. 2019. CD68-and CD163-positive tumor infiltrating macrophages in non-

metastatic breast cancer: a retrospective study and meta-analysis. Journal of 

Cancer, 10, 4463. 

NICHOLSON, R. I. & JOHNSTON, S. R. 2005. Endocrine therapy--current benefits and 

limitations. Breast Cancer Res Treat, 93 Suppl 1, S3-10. 

NICOLINI, A., FERRARI, P. & DUFFY, M. J. 2017. Prognostic and predictive biomarkers 

in breast cancer: Past, present and future. Semin Cancer Biol, 4, 30052-4. 

NISHIDA, N., YANO, H., NISHIDA, T., KAMURA, T. & KOJIRO, M. 2006. 

Angiogenesis in cancer. Vasc Health Risk Manag, 2, 213-9. 

NÖEL, A., LEFEBVRE, O., MAQUOI, E., VANHOORDE, L., CHENARD, M.-P., 

MAREEL, M., FOIDART, J.-M., BASSET, P. & RIO, M.-C. 1996. Stromelysin-3 



144 

 

expression promotes tumor take in nude mice. The Journal of clinical investigation, 

97, 1924-1930. 

NTIRENGANYA, F., TWAGIRUMUKIZA, J. D., BUCYIBARUTA, G., 

RUGWIZANGOGA, B. & RULISA, S. 2021. Premenopausal Breast Cancer Risk 

Factors and Associations with Molecular Subtypes: A Case-Control Study. Int J 

Breast Cancer, 2021, 5560559. 

NWABO KAMDJE, A., SEKE ETET, P., VECCHIO, L., RICHARD, T. S., AMVENE, 

J., MULLER, J.-M., KRAMPERA, M. & LUKONG, K. 2014. New targeted 

therapies for breast cancer: A focus on tumor microenvironmental signals and 

chemoresistant breast cancer. World Journal of Clinical Cases, 2, 798-786. 

OBEID, E., NANDA, R., FU, Y.-X. & OLOPADE, O. I. 2013. The role of tumor-

associated macrophages in breast cancer progression (Review). Int J Oncol, 43, 5-

12. 

OCHI, T., BIANCHINI, G., ANDO, M., NOZAKI, F., KOBAYASHI, D., 

CRISCITIELLO, C., CURIGLIANO, G., IWAMOTO, T., NIIKURA, N., TAKEI, 

H., YOSHIDA, A., TAKEI, J., SUZUKI, K., YAMAUCHI, H. & HAYASHI, N. 

2019. Predictive and prognostic value of stromal tumour-infiltrating lymphocytes 

before and after neoadjuvant therapy in triple negative and HER2-positive breast 

cancer. Eur J Cancer, 118, 41-48. 

OGAWA, M., HASHIMOTO, K., KITANO, S., YAMASHITA, S., TODA, A., 

NAKAMURA, K., KINOSE, Y., KODAMA, M., SAWADA, K. & KIMURA, T. 

2023. Estrogen induces genomic instability in high-risk HPV-infected cervix and 

promotes the carcinogenesis of cervical adenocarcinoma. Biochem Biophys Res 

Commun, 659, 80-90. 



145 

 

OHBA, K., CHONG, P. P. & YAMAMOTO, N. 2017. Role of Human Papillomavirus 

(HPV), Estrogen and Apobec3B Axis in Breast Cancer Initation. Malaysian 

Journal of Medicine & Health Sciences, 13. 

ONER, G., ÖNDER, S., KARATAY, H., AK, N., TÜKENMEZ, M., 

 ÜSLÜ  NOĞLU,   , İĞC ,   , D NCÇ Ğ,   , ÖZ EN, V ,  YD NER,   , 

Y VUZ, E  & C   OĞLU, N  2021  Clinical i pact of PD-L1 expression in 

triple-negative breast cancer patients with residual tumor burden after neoadjuvant 

chemotherapy. World Journal of Surgical Oncology, 19, 264. 

ORANG, E., MARZONY, E. T. & AFSHARFARD, A. 2013. Predictive role of tumor size 

in breast cancer with axillary lymph node involvement-can size of primary tumor 

be used to omit an unnecessary axillary lymph node dissection? Asian Pacific 

Journal of Cancer Prevention, 14, 717-722. 

ORRANTIA-BORUNDA, E., ANCHONDO-NUÑEZ, P., ACUÑA-AGUILAR, L. E., 

GÓMEZ-VALLES, F. O. & RAMÍREZ-VALDESPINO, C. A. 2022. Subtypes of 

Breast Cancer. Breast Cancer [Internet]. 

PAAKKOLA, N. M., KARAKATSANIS, A., MAURI, D., FOUKAKIS, T. & 

VALACHIS, A. 2021. The prognostic and predictive impact of low estrogen 

receptor expression in early breast cancer: a systematic review and meta-analysis. 

ESMO Open, 6. 

PAGANI, L., KIVISILD, T., TAREKEGN, A., EKONG, R., PLASTER, C., GALLEGO 

ROMERO, I., AYUB, Q., MEHDI, S. Q., THOMAS, M. G., LUISELLI, D., 

BEKELE, E., BRADMAN, N., BALDING, D. J. & TYLER-SMITH, C. 2012. 

Ethiopian genetic diversity reveals linguistic stratification and complex influences 

on the Ethiopian gene pool. Am J Hum Genet, 91, 83-96. 

PALMA, G., FRASCI, G., CHIRICO, A., ESPOSITO, E., SIANI, C., SATURNINO, C., 

ARRA, C., CILIBERTO, G., GIORDANO, A. & D'AIUTO, M. 2015. Triple 



146 

 

negative breast cancer: looking for the missing link between biology and 

treatments. Oncotarget, 6, 26560-74. 

P PLO  T , E  & O’REG N, R  2014  The P 3K/ KT/ TOR pathwa  in breast 

cancer: targets, trials and biomarkers. Therapeutic advances in medical oncology, 

6, 154-166. 

PARHAM, D. M., HAGEN, N. & BROWN, R. A. 1992. Simplified method of grading 

primary carcinomas of the breast. J Clin Pathol, 45, 517-20. 

PENAULT-LLORCA, F. & RADOSEVIC-ROBIN, N. 2017. Ki67 assessment in breast 

cancer: an update. Pathology, 49, 166-171. 

PERUZZI, D., MORI, F., CONFORTI, A., LAZZARO, D., DE RINALDIS, E., 

CILIBERTO, G., LA MONICA, N. & AURISICCHIO, L. 2009. MMP11: A Novel 

Target Antigen for Cancer Immunotherapy. Clinical Cancer Research, 15, 4104-

4113. 

PICKUP, M. W., MOUW, J. K. & WEAVER, V. M. 2014. The extracellular matrix 

modulates the hallmarks of cancer. EMBO reports, 15, 1243-1253. 

POHL, S.-G., BROOK, N., AGOSTINO, M., ARFUSO, F., KUMAR, A. P. & 

DHARMARAJAN, A. 2017. Wnt signaling in triple-negative breast cancer. 

Oncogenesis, 6, e310-e310. 

POLLEY, M. Y., LEUNG, S. C., MCSHANE, L. M., GAO, D., HUGH, J. C., 

MASTROPASQUA, M. G., VIALE, G., ZABAGLO, L. A., PENAULT-LLORCA, 

F., BARTLETT, J. M., GOWN, A. M., SYMMANS, W. F., PIPER, T., MEHL, E., 

ENOS, R. A., HAYES, D. F., DOWSETT, M. & NIELSEN, T. O. 2013. An 

international Ki67 reproducibility study. J Natl Cancer Inst, 105, 1897-906. 

PUGLISI, R., MATTIA, G., CARÈ, A., MARANO, G., MALORNI, W. & MATARRESE, 

P. 2019. Non-genomic effects of estrogen on cell homeostasis and remodeling with 



147 

 

special focus on cardiac ischemia/reperfusion injury. Frontiers in Endocrinology, 

10, 733. 

PUNHANI, P. & AHLUWALIA, C. 2023. Expression of Programmed Death Ligand 1 

(PD-L1) in Breast Cancer patients in India and its Correlation with Prognostic 

Parameters. Archives of Breast Cancer, 10. 

QIU, S. Q., WAAIJER, S. J. H., ZWAGER, M. C., DE VRIES, E. G. E., VAN DER VEGT, 

B. & SCHRÖDER, C. P. 2018. Tumor-associated macrophages in breast cancer: 

Innocent bystander or important player? Cancer Treat Rev, 70, 178-189. 

QUINTERO-FABIÁN, S., ARREOLA, R., BECERRIL-VILLANUEVA, E., TORRES-

ROMERO, J. C., ARANA-ARGÁEZ, V., LARA-RIEGOS, J., RAMÍREZ-

CAMACHO, M. A. & ALVAREZ-SÁNCHEZ, M. E. 2019. Role of Matrix 

Metalloproteinases in Angiogenesis and Cancer. Front Oncol, 9, 1370. 

RADISKY, E. S. & RADISKY, D. C. 2015. Matrix metalloproteinases as breast cancer 

drivers and therapeutic targets. Front Biosci (Landmark Ed), 20, 1144-63. 

RATHORE, A. S., KUMAR, S., KONWAR, R., MAKKER, A., NEGI, M. P. & GOEL, 

M. M. 2014. CD3+, CD4+ & CD8+ tumour infiltrating lymphocytes (TILs) are 

predictors of favourable survival outcome in infiltrating ductal carcinoma of breast. 

Indian J Med Res, 140, 361-9. 

REIBOLD, C. F., TARIKU, W., EBER-SCHULZ, P., GETACHEW, S., ADDISIE, A., 

UNVERZAGT, S., WIENKE, A., HAUPTMANN, S., WICKENHAUSER, C. & 

VETTER, M. 2021. Adherence to Newly Implemented Tamoxifen Therapy for 

Breast Cancer Patients in Rural Western Ethiopia. Breast Care, 16, 484-490. 

REN, C., ZENG, K., WU, C., MU, L., HUANG, J. & WANG, M. 2019. Human 

papillomavirus infection increases the risk of breast carcinoma: a large-scale 

systemic review and meta-analysis of case-control studies. Gland Surgery, 8, 486-

500. 



148 

 

REN, F., TANG, R., ZHANG, X., MADUSHI, W. M., LUO, D., DANG, Y., LI, Z., WEI, 

K. & CHEN, G. 2015. Overexpression of MMP Family Members Functions as 

Prognostic Biomarker for Breast Cancer Patients: A Systematic Review and Meta-

Analysis. PLOS ONE, 10, e0135544. 

RILEY, R. R., DUENSING, S., BRAKE, T., MÜNGER, K., LAMBERT, P. F. & ARBEIT, 

J. M. 2003. Dissection of Human Papillomavirus E6 and E7 Function in Transgenic 

Mouse Models of Cervical Carcinogenesis1. Cancer Research, 63, 4862-4871. 

RIO, M. C., LEFEBVRE, O., SANTAVICCA, M., NOËL, A., CHENARD, M. P., 

ANGLARD, P., BYRNE, J. A., OKADA, A., RÉGNIER, C. H., MASSON, R., 

BELLOCQ, J. P. & BASSET, P. 1996. Stromelysin-3 in the biology of the normal 

and neoplastic mammary gland. J Mammary Gland Biol Neoplasia, 1, 231-40. 

ROBERTI, M., MORDOH, J. & LEVY, E. 2012. Biological role of NK cells and 

immunotherapeutic approaches in breast cancer. Frontiers in immunology, 3, 375. 

RWEYEMAMU, L. P., AKAN, G., ADOLF, I. C., MAGOROSA, E. P., MOSHA, I. J., 

DHARSEE, N., NAMKINGA, L. A., LYANTAGAYE, S. L., NATERI, A. S. & 

ATALAR, F. 2021. The distribution of reproductive risk factors disclosed the 

heterogeneity of receptor-defined breast cancer subtypes among Tanzanian women. 

BMC Womens Health, 21, 423. 

SAARISTO, A., KARPANEN, T. & ALITALO, K. 2000. Mechanisms of angiogenesis 

and their use in the inhibition of tumor growth and metastasis. Oncogene, 19, 6122-

6129. 

SAINI, K. S., LOI, S., DE AZAMBUJA, E., METZGER-FILHO, O., SAINI, M. L., 

IGNATIADIS, M., DANCEY, J. E. & PICCART-GEBHART, M. J. 2013. 

Targeting the PI3K/AKT/mTOR and Raf/MEK/ERK pathways in the treatment of 

breast cancer. Cancer treatment reviews, 39, 935-946. 



149 

 

SALHIA, B., TAPIA, C., ISHAK, E. A., GABER, S., BERGHUIS, B., HUSSAIN, K. H., 

DUQUETTE, R. A., RESAU, J. & CARPTEN, J. 2011. Molecular subtype analysis 

determines the association of advanced breast cancer in Egypt with favorable 

biology. BMC women's health, 11, 1-9. 

SALMAN, N. A., DAVIES, G., MAJIDY, F., SHAKIR, F., AKINRINADE, H., 

PERUMAL, D. & ASHRAFI, G. H. 2017. Association of high risk human 

papillomavirus and breast cancer: a UK based study. Scientific reports, 7, 43591. 

SATHYANARAYANAN, A., NATARAJAN, A., PARAMASIVAM, O. R., 

GOPINATH, P. & GOPAL, G. 2020. Comprehensive analysis of genomic 

alterations, clinical outcomes, putative functions and potential therapeutic value of 

MMP11 in human breast cancer. Gene Reports, 21, 100852. 

SAXENA, N. K. & SHARMA, D. 2010. Epigenetic reactivation of estrogen receptor: 

promising tools for restoring response to endocrine therapy. Molecular and cellular 

pharmacology, 2, 191. 

SCHIFFMAN, M., DOORBAR, J., WENTZENSEN, N., DE SANJOSÉ, S., FAKHRY, 

C., MONK, B. J., STANLEY, M. A. & FRANCESCHI, S. 2016. Carcinogenic 

human papillomavirus infection. Nature Reviews Disease Primers, 2, 16086. 

SCHMID, P., ADAMS, S., RUGO, H. S., SCHNEEWEISS, A., BARRIOS, C. H., 

IWATA, H., DIÉRAS, V., HEGG, R., IM, S. A., SHAW WRIGHT, G., 

HENSCHEL, V., MOLINERO, L., CHUI, S. Y., FUNKE, R., HUSAIN, A., 

WINER, E. P., LOI, S. & EMENS, L. A. 2018. Atezolizumab and Nab-Paclitaxel 

in Advanced Triple-Negative Breast Cancer. N Engl J Med, 379, 2108-2121. 

SCHMITTGEN, T. D. & LIVAK, K. J. 2008. Analyzing real-time PCR data by the 

comparative CT method. Nature protocols, 3, 1101-1108. 

SENGAL, A. T., HAJ MUKHTAR, N. S., VETTER, M., ELHAJ, A. M., BEDRI, S., 

HAUPTMANN, S., THOMSSEN, C., MOHAMEDANI, A. A., 



150 

 

WICKENHAUSER, C. & KANTELHARDT, E. J. 2018. Comparison of Receptor-

Defined Breast Cancer Subtypes Between German and Sudanese Women: A 

Facility-Based Cohort Study. J Glob Oncol, 4, 1-12. 

SEYOUM, A., SEYOUM, B., GURE, T., ALEMU, A., BELACHEW, A., ABEJE, D., 

ASEFFA, A., HOWE, R., MULU, A. & MIHRET, A. 2023. Genotype 

heterogeneity of high-risk human papillomavirus infection in Ethiopia. Frontiers 

in Microbiology, 14. 

SHEIKH, A., HUSSAIN, S. A., GHORI, Q., NAEEM, N., FAZIL, A., GIRI, S., 

SATHIAN, B., MAINALI, P. & AL TAMIMI, D. M. 2015. The spectrum of 

genetic mutations in breast cancer. Asian Pac J Cancer Prev, 16, 2177-85. 

SHENKUTIE, B., MEKONNEN, Y., SEIFU, D., ABEBE, E., ERGETE, W., DAMIE, A. 

& LAKO LABISSO, W. 2017. Biological and clinicopathological characteristics 

of breast cancer at Tikur Anbessa specialized hospital, Addis Ababa, Ethiopia. J 

Cancer Sci Ther, 2017, 12. 

SHER, G., SALMAN, N. A., KULINSKI, M., FADEL, R. A., GUPTA, V. K., ANAND, 

A., GEHANI, S., ABAYAZEED, S., AL-YAHRI, O., SHAHID, F., 

ALSHAIBANI, S., HASSAN, S., CHAWDHERY, M. Z., DAVIES, G., 

DERMIME, S., UDDIN, S., ASHRAFI, G. H. & JUNEJO, K. 2020. Prevalence 

and Type Distribution of High-Risk Human Papillomavirus (HPV) in Breast 

Cancer: A Qatar Based Study. Cancers, 12, 1528. 

SHITA, A., YALEW, A. W., TESFAW, A., AFEWORK, T., GUFIE, Z. H. & 

GETACHEW, S. Survival and Predictors of Mortality among Breast Cancer 

Patients Diagnosed at Hawassa Comprehensive Specialized and Teaching Hospital 

and Private Oncology Clinic in Southern Ethiopia: A Retrospective Cohort Study. 

2020. 



151 

 

SIDDHARTH, S. & SHARMA, D. 2018. Racial disparity and triple-negative breast cancer 

in African-American women: a multifaceted affair between obesity, biology, and 

socioeconomic determinants. Cancers, 10, 514. 

SIERSBÆK, R., KUMAR, S. & CARROLL, J. S. 2018. Signaling pathways and steroid 

receptors  odulating estrogen receptor α function in breast cancer  Genes & 

development, 32, 1141-1154. 

SNODERLY, H. T., BOONE, B. A. & BENNEWITZ, M. F. 2019. Neutrophil extracellular 

traps in breast cancer and beyond: current perspectives on NET stimuli, thrombosis 

and metastasis, and clinical utility for diagnosis and treatment. Breast Cancer Res, 

21, 145. 

SOCIETY, A. C. 2019. Breast cancer facts & figures 2019–2020. Am. Cancer Soc, 1-44. 

SOFI, G. N., SOFI, J. N., NADEEM, R., SHIEKH, R. Y., KHAN, F. A., SOFI, A. A., 

BHAT, H. A. & BHAT, R. A. 2012. Estrogen receptor and progesterone receptor 

status in breast cancer in relation to age, histological grade, size of lesion and lymph 

node involvement. Asian Pac J Cancer Prev, 13, 5047-52. 

SOFI, S., MEHRAJ, U., QAYOOM, H., AISHA, S., ASDAQ, S. M. B., ALMILAIBARY, 

A. & MIR, M. A. 2022. Cyclin-dependent kinases in breast cancer: expression 

pattern and therapeutic implications. Med Oncol, 39, 106. 

SOMMER, S. & FUQUA, S. 2001. Seminars in cancer biology. 

SON, J., PARK, J. W., LAMBERT, P. F. & CHUNG, S. H. 2014. Requirement of estrogen 

receptor alpha DNA-binding domain for HPV oncogene-induced cervical 

carcinogenesis in mice. Carcinogenesis, 35, 489-96. 

SORLIE, T., PEROU, C. M., TIBSHIRANI, R., AAS, T., GEISLER, S., JOHNSEN, H., 

HASTIE, T., EISEN, M. B., VAN DE RIJN, M., JEFFREY, S. S., THORSEN, T., 

QUIST, H., MATESE, J. C., BROWN, P. O., BOTSTEIN, D., LONNING, P. E. & 



152 

 

BORRESEN-DALE, A. L. 2001. Gene expression patterns of breast carcinomas 

distinguish tumor subclasses with clinical implications. Proc Natl Acad Sci U S A, 

98, 10869-74. 

SOUSA, S., BRION, R., LINTUNEN, M., KRONQVIST, P., SANDHOLM, J., 

MÖNKKÖNEN, J., KELLOKUMPU-LEHTINEN, P.-L., LAUTTIA, S., 

TYNNINEN, O., JOENSUU, H., HEYMANN, D. & MÄÄTTÄ, J. A. 2015. 

Human breast cancer cells educate macrophages toward the M2 activation status. 

Breast Cancer Research, 17, 101. 

SPITALE, A., MAZZOLA, P., SOLDINI, D., MAZZUCCHELLI, L. & BORDONI, A. 

2009. Breast cancer classification according to immunohistochemical markers: 

clinicopathologic features and short-term survival analysis in a population-based 

study from the South of Switzerland. Annals of Oncology, 20, 628-635. 

SPRING, L. M., WANDER, S. A., ANDRE, F., MOY, B., TURNER, N. C. & BARDIA, 

A. 2020. Cyclin-dependent kinase 4 and 6 inhibitors for hormone receptor-positive 

breast cancer: past, present, and future. The Lancet, 395, 817-827. 

SPURGEON, M. E., DEN BOON, J. A., HORSWILL, M., BARTHAKUR, S., 

FOROUZAN, O., RADER, J. S., BEEBE, D. J., ROOPRA, A., AHLQUIST, P. & 

LAMBERT, P. F. 2017. Human papillomavirus oncogenes reprogram the cervical 

cancer microenvironment independently of and synergistically with estrogen. 

Proceedings of the National Academy of Sciences, 114, E9076-E9085. 

STANTON, S. E. & DISIS, M. L. 2016. Clinical significance of tumor-infiltrating 

lymphocytes in breast cancer. J Immunother Cancer, 4, 59. 

SU, Y., ZHENG, Y., ZHENG, W., GU, K., CHEN, Z., LI, G., CAI, Q., LU, W. & SHU, 

X. O. 2011. Distinct distribution and prognostic significance of molecular subtypes 

of breast cancer in Chinese women: a population-based cohort study. BMC Cancer, 

11, 292. 



153 

 

SUDHAKAR, A. 2009. History of Cancer, Ancient and Modern Treatment Methods. J 

Cancer Sci Ther, 1, 1-4. 

SUGIMURA, R. & WANG, C. Y. 2022. The Role of Innate Lymphoid Cells in Cancer 

Development and Immunotherapy. Frontiers in Cell and Developmental Biology, 

10. 

SUN, Y. S., ZHAO, Z., YANG, Z. N., XU, F., LU, H. J., ZHU, Z. Y., SHI, W., JIANG, J., 

YAO, P. P. & ZHU, H. P. 2017. Risk Factors and Preventions of Breast Cancer. Int 

J Biol Sci, 13, 1387-1397. 

SUNG, H., FERLAY, J., SIEGEL, R. L., LAVERSANNE, M., SOERJOMATARAM, I., 

JEMAL, A. & BRAY, F. 2021. Global cancer statistics 2020: GLOBOCAN 

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. 

CA: a cancer journal for clinicians, 71, 209-249. 

SZOST KO SK ,   , TRĘ  ŃSK -STRYJEWSKA, A., GRZYBOWSKA, E. A. & 

FABISIEWICZ, A. 2019. Resistance to endocrine therapy in breast cancer: 

molecular mechanisms and future goals. Breast Cancer Research and Treatment, 

173, 489-497. 

TAHERIAN-FARD, A., SRIHARI, S. & RAGAN, M. A. 2015. Breast cancer 

classification: linking molecular mechanisms to disease prognosis. Brief Bioinform, 

16, 461-74. 

TAKALKAR, U. V., ASEGAONKAR, S. B., KULKARNI, U., SARAF, M. & ADVANI, 

S. 2016. Clinicopathological profile of breast cancer patients at a tertiary care 

hospital in marathwada region of Westen India. Asian Pacific Journal of Cancer 

Prevention, 17, 2195-2198. 

TIRUNEH, M., TESFAW, A. & TESFA, D. 2021. Survival and Predictors of Mortality 

among Breast Cancer Patients in Northwest Ethiopia: A Retrospective Cohort 

Study. Cancer Management and Research, 13, 9225 - 9234. 



154 

 

TITLOYE, N., FOSTER, A., OMONIYI-ESAN, G., KOMOLAFE, A., DARAMOLA, A., 

ADEOYE, O., ADISA, A., MANOHARAN, A., PATHAK, D. & ALIZADEH, Y. 

2016. Histological features and tissue microarray taxonomy of Nigerian breast 

cancer reveal predominance of the high-grade triple-negative phenotype. 

Pathobiology, 83, 24-32. 

TOLESSA, L., SENDO, E. G., DINEGDE, N. G. & DESALEW, A. 2021. Risk Factors 

Associated with Breast Cancer among Women in Addis Ababa, Ethiopia: 

Unmatched Case–Control Study. International Journal of Women's Health, 13, 101 

- 110. 

TO  ,   , O’NE L, D , JOFFE,   ,  YEN , O , NEL, C , V N DEN  ERG, E , 

NAYLER, S., CUBASCH, H., PHAKATHI, B. & BUCCIMAZZA, I. 2021. 

Quality of histopathological reporting in breast cancer: results from four South 

African breast units. JCO Global Oncology, 7, 72-80. 

TOPALIAN, S. L., DRAKE, C. G. & PARDOLL, D. M. 2015. Immune checkpoint 

blockade: a common denominator approach to cancer therapy. Cancer Cell, 27, 

450-61. 

TORRE, L. A., ISLAMI, F., SIEGEL, R. L., WARD, E. M. & JEMAL, A. 2017. Global 

Cancer in Women: Burden and Trends. Cancer Epidemiol Biomarkers Prev, 26, 

444-457. 

URIBE-QUEROL, E. & ROSALES, C. 2015. Neutrophils in Cancer: Two Sides of the 

Same Coin. Journal of Immunology Research, 2015, 983698. 

USMAN, M., HAMEED, Y., AHMAD, M., JALIL UR, R., AHMED, H., HUSSAIN, M. 

S., ASIF, R., MURTAZA, M. G., JAWAD, M. T. & IQBAL, M. J. 2022. Breast 

Cancer Risk and Human Papillomavirus Infection: A Bradford Hill Criteria Based 

Evaluation. Infect Disord Drug Targets, 22, e200122200389. 



155 

 

VALENZA, C., TAURELLI SALIMBENI, B., SANTORO, C., TRAPANI, D., 

ANTONARELLI, G. & CURIGLIANO, G. 2023. Tumor Infiltrating Lymphocytes 

across Breast Cancer Subtypes: Current Issues for Biomarker Assessment. Cancers 

(Basel), 15. 

VANHOOK, A. M. 2010. Ligand-independent ER activation. Science Signaling, 3, ec112-

ec112. 

VUONG, D., SIMPSON, P. T., GREEN, B., CUMMINGS, M. C. & LAKHANI, S. R. 

2014. Molecular classification of breast cancer. Virchows Arch, 465, 1-14. 

WANG, C., LIN, Y., ZHU, H., ZHOU, Y., MAO, F., HUANG, X., SUN, Q. & LI, C. 2022. 

The Prognostic and Clinical Value of Tumor-Associated Macrophages in Patients 

With Breast Cancer: A Systematic Review and Meta-Analysis. Front Oncol, 12, 

905846. 

WEIGELT, B., GEYER, F. C. & REIS-FILHO, J. S. 2010. Histological types of breast 

cancer: how special are they? Molecular oncology, 4, 192-208. 

WEN, X., WU, Y., AWADASSEID, A., TANAKA, Y. & ZHANG, W. 2020. New 

 dvances in Canonical  nt/β-Catenin Signaling in Cancer. Cancer Manag Res, 

12, 6987-6998. 

WHO 2019. Top cancer per country, estimated age-standardized mortality rates (World) in 

2018, females, all ages. 2018. 

WILKENFELD, S. R., LIN, C. & FRIGO, D. E. 2018. Communication between genomic 

and non-genomic signaling events coordinate steroid hormone actions. Steroids, 

133, 2-7. 

WILLIAMS, C. B., YEH, E. S. & SOLOFF, A. C. 2016. Tumor-associated macrophages: 

unwitting accomplices in breast cancer malignancy. npj Breast Cancer, 2, 15025. 



156 

 

WISESTY, U. N., MENGKO, T. & PURWARIANTI, A. 2020. Gene mutation detection 

for breast cancer disease: A review. IOP Conference Series: Materials Science and 

Engineering, 830, 032051. 

  ŚN E SK , K , K  ,   , REGNER,    J , SP N E  ER, P     & FR NCO,    L  

2023. Abstract P2-18-01: Matched Single-Cell RNA-seq and Single-Cell ATAC-

seq of Male Breast Cancers Nominate Salient Cancer-Specific Enhancers. Cancer 

Research. 

WOLF, C., ROUYER, N., LUTZ, Y., ADIDA, C., LORIOT, M., BELLOCQ, J. P., 

CHAMBON, P. & BASSET, P. 1993. Stromelysin 3 belongs to a subgroup of 

proteinases expressed in breast carcinoma fibroblastic cells and possibly implicated 

in tumor progression. Proceedings of the National Academy of Sciences, 90, 1843-

1847. 

WOLFF, A. C., HAMMOND, M. E. H., ALLISON, K. H., HARVEY, B. E., MANGU, P. 

B., BARTLETT, J. M., BILOUS, M., ELLIS, I. O., FITZGIBBONS, P. & 

HANNA, W. 2018. Human epidermal growth factor receptor 2 testing in breast 

cancer: American Society of Clinical Oncology/College of American Pathologists 

clinical practice guideline focused update. Archives of pathology & laboratory 

medicine, 142, 1364-1382. 

WOLFF, A. C., HAMMOND, M. E. H., HICKS, D. G., DOWSETT, M., MCSHANE, L. 

M., ALLISON, K. H., ALLRED, D. C., BARTLETT, J. M. S., BILOUS, M., 

FITZGIBBONS, P., HANNA, W., JENKINS, R. B., MANGU, P. B., PAIK, S., 

PEREZ, E. A., PRESS, M. F., SPEARS, P. A., VANCE, G. H., VIALE, G. & 

HAYES, D. F. 2013. Recommendations for Human Epidermal Growth Factor 

Receptor 2 Testing in Breast Cancer: American Society of Clinical 

Oncology/College of American Pathologists Clinical Practice Guideline Update. 

Journal of Clinical Oncology, 31, 3997-4013. 



157 

 

XIE, Y., MUSTAFA, A., YERZHAN, A., MERZHAKUPOVA, D., YERLAN, P., N 

ORAKOV, A., WANG, X., HUANG, Y. & MIAO, L. 2017. Nuclear matrix 

metalloproteinases: functions resemble the evolution from the intracellular to the 

extracellular compartment. Cell Death Discovery, 3, 17036. 

XU, X., ZHANG, M., XU, F. & JIANG, S. 2020. Wnt signaling in breast cancer: biological 

mechanisms, challenges and opportunities. Molecular Cancer, 19, 165. 

YANG, C., LIU, J., ZHAO, S., SHANG, Q., REN, F., FENG, K., ZHANG, R., KANG, 

X., WANG, X. & WANG, X. 2023. Infiltrating myeloid cell diversity determines 

oncological characteristics and clinical outcomes in breast cancer. Breast Cancer 

Research, 25, 63. 

YANG, J., MIN, K. W., KIM, D. H., SON, B. K., MOON, K. M., WI, Y. C., BANG, S. S., 

OH, Y. H., DO, S. I., CHAE, S. W., OH, S., KIM, Y. H. & KWON, M. J. 2018. 

High TNFRSF12A level associated with MMP-9 overexpression is linked to poor 

prognosis in breast cancer: Gene set enrichment analysis and validation in large-

scale cohorts. PLoS One, 13, e0202113. 

YASMEEN, A., BISMAR, T. A., DEKHIL, H., RICCIARDI, R., KASSAB, A., 

GAMBACORTI-PASSERINI, C. & AL MOUSTAFA, A.-E. 2007. ErbB-2 

receptor cooperates with E6/E7 oncoproteins of HPV type 16 in breast 

tumorigenesis. Cell Cycle, 6, 2939-2943. 

YIN, L., DUAN, J.-J., BIAN, X.-W. & YU, S.-C. 2020. Triple-negative breast cancer 

molecular subtyping and treatment progress. Breast Cancer Research, 22, 61. 

YOSEPH, M., GEBRESADIK, A. & ALEMAYEHU, A. Late Diagnosis of Breast Cancer 

and Associated Factors Among Women Attending Hawassa University 

Comprehensive and Specialized Hospital Southern Ethiopia. 2021. 

YUAN, X., RASUL, F., NASHAN, B. & SUN, C. 2021. Innate lymphoid cells and cancer: 

Role in tumor progression and inhibition. Eur J Immunol, 51, 2188-2205. 



158 

 

ZAHA, D. C. 2014. Significance of immunohistochemistry in breast cancer. World J Clin 

Oncol, 5, 382-92. 

ZAREINEJAD, M., MEHDIPOUR, F., ROSHAN-ZAMIR, M., FAGHIH, Z. & 

GHADERI, A. 2023. Dual Functions of T Lymphocytes in Breast Carcinoma: From 

Immune Protection to Orchestrating Tumor Progression and Metastasis. Cancers 

(Basel), 15. 

ZENG, Y., LIU, C., DONG, B., LI, Y., JIANG, B., XU, Y., MENG, L., WU, J., QU, L. & 

SHOU, C. 2013. Inverse correlation between Naa10p and MMP-9 expression and 

the combined prognostic value in breast cancer patients. Med Oncol, 30, 562. 

ZGURA, A., GALESA, L., BRATILA, E. & ANGHEL, R. 2018. Relationship between 

tumor infiltrating lymphocytes and progression in breast cancer. Maedica, 13, 317. 

ZHANG, M., TENG, X.-D., GUO, X.-X., LI, Z.-G., HAN, J.-G. & YAO, L. 2013. 

Expression of tissue levels of matrix metalloproteinases and their inhibitors in 

breast cancer. The Breast, 22, 330-334. 

ZHANG, W., HE, Y., TANG, Y., DAI, W., SI, Y., MAO, F., XU, J., YU, C. & SUN, X. 

2023. A meta-analysis of application of PD-1/PD-L1 inhibitor-based 

immunotherapy in unresectable locally advanced triple-negative breast cancer. 

Immunotherapy, 15, 1073-1088. 

ZHAO, X., QU, J., SUN, Y., WANG, J., LIU, X., WANG, F., ZHANG, H., WANG, W. 

J., MA, X., GAO, X. & ZHANG, S. 2017. Prognostic significance of tumor-

associated macrophages in breast cancer: a meta-analysis of the literature. 

Oncotarget, 8, 30576 - 30586. 

ZHUANG, Y., LI, X., ZHAN, P., PI, G. & WEN, G. 2021. MMP11 promotes the 

proliferation and progression of breast cancer through stabilizing Smad2 protein. 

Oncol Rep, 45. 



159 

 

ZILLI, M., GRASSADONIA, A., TINARI, N., DI GIACOBBE, A., GILDETTI, S., 

GIAMPIETRO, J., NATOLI, C. & IACOBELLI, S. 2009. Molecular mechanisms 

of endocrine resistance and their implication in the therapy of breast cancer. 

Biochimica et Biophysica Acta (BBA)-Reviews on Cancer, 1795, 62-81. 

 

  



160 

 

APPENDIXES 

APPENDIX 1 

Data collection form for breast cancer subtype study 

Title of the study: Immunohistochemistry-derived subtypes of breast cancer distribution 

in four regions of Ethiopia 

Part 1: Socio-demographic characteristics 

1.1. Code no_____________ biopsy number: _______________ 

1.2. Phone number____________ 

1.3. Age_________ Sex__________ 

1.4. Region _____________ Residence area: Rural________Urban__________ 

1.5. Education level: Illiterate __High school or less____College or above_____ 

1.6. Socioeconomic status: High____ Middle________ Low_______ 

1.7. Marital status: Single_____ Married_____Widowed________ 

1.8. Height__________ Weight__________ BMI__________ 

Part 2: Clinico-pathological characteristics recording sheet 

2.1. Duration of symptom in month __________ 

2.2. Duration of illness _______________ 

2.3. Nature of specimen: Lumpectomy___Mastectomy____Others       

(Specified)_____ 

2.4. Family history of breast cancer: Yes____ No ____ if yes, 

Mother______Grandmother______Sister_____Aunt______Others______ 

2.5. Family history of other type of cancer: Yes___ No ____ if yes, please 

specify: __ 

2.6. How was the lump found? 

✓ Self accidentally______________ 

✓ Self as part of regular physical examination 



161 

 

✓ Routine physical examination_________ 

✓ Mammographic screening_____________ 

✓ Unknown________________ 

2.7. Physical findings at the presentation 

✓ Nipple retraction__________Bloody discharge__________ 

✓ Palpable axillary lump_______Fixation to overlying skin________ 

✓ Fixation to the underlying muscle_______ Erythema of 

skin__________ 

✓ Peaud’ orange__________ Satellite nodules__________ 

2.8.History of benign breast disease _______ Prior mammographic screening 

______ 

2.9.Alcohol consumption___________ Smoking Status ________________ 

2.10. Age at menarche__________________ Age at 

menopause________________ 

2.11. Menstrual status: Pre_____Post_______ 

2.12. Childbirth:  Never ______ Have _____ (Number_____) 

2.13. Age at first full-term pregnancy_________________ 

2.14. Ever been breastfeeding any child: Yes_________ No______________ 

2.15. Oral contraceptive used:      Yes_________ No______________ 

2.16. Procedure_________ 

2.17. Focality_________ 

2.18. Size of largest tumor_________   

2.19. Histology of breast cancer: 

✓ Infiltrating ductal________ 

✓ Intraductal__________ 

✓ Lobular_____________ 

✓ Others______________ 

2.20. Degree of differentiation: 

✓ Well differentiated________ 

✓ Moderately differentiated_______ 
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✓ Poorly differentiated_________ 

✓  Lymph node involvement-Yes___ No___ if Yes:-Number of lymph 

nodes positive__ 

2.21. Presence of in-situ lesion_________ 

2.22. Lymphovascular invasion_________   

2.23. Site  

✓ Upper Outer quadrant___________ 

✓ Upper inner quadrant____________ 

✓ Lower outer quadrant____________ 

✓ Lower inner quadrant____________ 

✓ Central______________ 

2.24. Surgical Margin Status 

2.25. Pathological stage of disease at diagnosis: I___II______III_____IV______ 

2.26. Laterality: Right __________ Left__________ 
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APPENDIX 2 

The SOP for immunohistochemistry staining on breast cancer Biomarkers 

1. Section preparations  

✓ Cut the sections at 4 microns & mount them on poly-L-lysine coated slides. 

✓ Dry the slides overnight at 37°C.   

✓ Store slides at room temperature until the next use. Note: Do not store more 

than 6 weeks for HER-2 and 2 months for another staining is recommended. 

2. Staining procedure 

1. Heat the slides at 60°C for 30 minutes  

2. Deparaffinize slides in xylene for 2 changes, 10 min each 

3. Transfer slides to 100% alcohol, for 2 changes, 5 min each  

4. Transfer once through 95%, 80%, and 70% alcohols respectively for 5 

min each  

5. Transfer the slides to distilled water for 5 minutes 

6. Place the slides in a microwave slide dish and cover them with 

EnVision™ FLEX Target Retrieval Solution, High pH or Low PH as 

described.  

7. Microwave on high power (800W) until boiling, 10 minutes for ER, PR, 

and Ki67, and 20 minutes for HER-2. 

8. Reduce the effect to 200 W and run for 12 minutes for ER, PR, and Ki67 

and 24 minutes for HER-2. 

9. Cool for a minimum of 20 minutes. The cooling step is critical! 

10. Remove the slides and rinse in tap water for 5 minutes 

11. Place in wash buffer for 5 minutes 

12. Drain excess wash buffer from slides. Take proper care not to dry the 

tissue!  

13. Block the sections with 100ul endogenous peroxidase blocking buffer 

for 10 minutes   
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14. Rinse with wash buffer for 2 changes. 

15. Drain excess wash buffer from slides. Take proper care not to dry the 

tissue!  

16. Apply 100 μl appropriately diluted primary antibody and negative 

control solution to the sections on the slides and incubate in a humidified 

chamber at room temperature for 30 minutes 

Dilution: ER, PR and Ki-67(1:200) and HER2(1:600) 

17. Wash the slides with wash buffer for 2 changes 

18. Drain excess wash buffer from slides. Take proper care not to dry the 

tissue!  

19. Apply 100 μl EnVision™ FLEX /HRP to the sections on the slides and 

incubate in a humidified chamber at room temperature for 30 min (keep 

protected from light). 

20. Wash slides with wash buffer for 2 changes 

21. Drain excess wash buffer from slides. Take proper care not to dry the 

tissue!  

22. Apply 100 μl EnVision™ FLEX DAB+ Chromogen- Substrate Buffer 

solution for 10 minutes at room temperature  

Caution: DAB is a suspect carcinogen. Handle with care! 

23. Wash slides with DW 2 changes. 

24. Drain excess wash buffer from slides. Take proper care not to dry the 

tissue!  

25. Counterstain slides with 300ul hematoxylin for 30 second  

26. Rinse the slides in tap water 3 changes 

27. Dehydrate the tissue slides with alcohol (95%, 95%, 100%, and 100%), 

for 5 min each. 

28. Clear the tissue slides in 2 changes of xylene for 5 minutes each 

29. Coverslip using a mounting solution 
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APPENDIX 3 

SOP for RNA extraction 

1. Using a scalpel, trim excess paraffin off the sample block. 

2. Cut sections 5-20 µm thick, discard the first 2–3 sections. 

3. Immediately place the sections in a 2 ml microcentrifuge tube, & close the lid. 

4. Add 1 ml xylene. Vortex vigorously for 10 s and centrifuge at full speed for 2 min. 

5. Carefully remove the supernatant by pipetting without disturbing the pellet. 

6. Add 1 ml ethanol (100%) to the pellet, mix by vertexing, & centrifuge at full speed for 

2 min. 

7. Carefully remove the supernatant by pipetting without disturbing the pellet.  

8. Keep the lid open, and incubate at room temperature (15-25°C) or at up to 37°C. 

Incubate for 10 min or until all residual ethanol has evaporated. 

9. Add 240 µl Buffer PKD, and mix by vertexing. 

10. Add 10 µl Proteinase K. Mix gently by pipetting up and down. 

11. Incubate at 56°C for 15 min, then at 80°C for 15 min. If using only one heating block, 

leave the sample at room temperature after the 56°C incubation until the heating block 

has reached 80°C.  

Note: Complete digestion of tissue by Proteinase K is not required for maximum RNA 

yield; however, the 80°C incubation step is crucial. 

Important: Ensure that the heating block has reached 80°C before starting the 15 min 

incubation. The 15-minute incubation at 80°C is critical for the reversal of crosslinks and 

optimal RNA performance in downstream applications, such as real-time RT-PCR. The 

incubation at 80°C in Buffer PKD partially reverses the formaldehyde modification of 

nucleic acids. Longer incubation times or higher incubation temperatures may result in 

more fragmented RNA but may also result in slightly lower CT values in downstream 

applications, such as real-time RT-PCR. 

12. Incubate on ice for 3 min. Then, centrifuge for 15 min at 20,000 x g (13,500 rpm). 
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13. Transfer the supernatant to a new microcentrifuge tube, taking care not to 

disturb the pellet. The pellet contains insoluble tissue debris, including crosslinked 

DNA. If processing more than 2 sections, a larger tube may be necessary. 

14. Add DNase Booster Buffer equivalent to a tenth of the total sample volume (25 µl) and 

10 µl DNase I stock solution. Mix by inverting the tube. Centrifuge briefly to collect 

residual liquid from the sides of the tube. 

Note: DNase I is supplied lyophilized and should be reconstituted as described in 

Note: DNase I is especially sensitive to physical denaturation. Mixing should only 

be 

carried out by gently inverting the tube. Do not vortex. 

15. Incubate at room temperature for 15 min. 

16. Add 500 µl Buffer RBC to adjust binding conditions, and mix the lysate thoroughly. 

17. Add 1200 µl ethanol (100%) to the sample, and mix well by pipetting. Do not 

centrifuge. Proceed immediately to step 18. Precipitates may be visible after the 

addition of ethanol. This does not affect the procedure. 

18. Transfer 700 µl of the sample, including any precipitate that may have formed, to an 

RNeasy MinElute spin column placed in a 2 ml collection tube. Close the lid gently, & 

centrifuge for 15 s at ≥8000 x g (≥10,000 rpm). Discard flow-through. * Reuse the 

collection tube in step 19. 

19. Repeat step 18 until the entire sample has passed through the RNeasy MinElute spin 

column. Reuse the collection tube in step 20. 

20. Add 500 µl Buffer RPE to the RNeasy MinElute spin column. Close the lid gently, and 

centrifuge for 15 s at ≥8000 x g (≥10,000 rpm). Discard the flow-through. 

Ensure that Buffer RPE is at room temperature (15–25°C). 

Note: Buffer RPE is supplied as a concentrate. Reuse the collection tube in step 21. 

21. Add 500 µl Buffer RPE to the RNeasy MinElute spin column. Close the lid gently, and 

centrifuge for 2 min at ≥8000 x g (≥10,000 rpm) to wash the spin column membrane. 

Discard the collection tube with the flow-through.  
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Note: After centrifugation, carefully remove the RNeasy MinElute spin column from the 

collection tube so that the column does not contact the flow-through. Otherwise, carryover 

of ethanol occurs. 

22. Place the RNeasy MinElute spin column in a new 2 ml collection tube. Open 

the lid of the spin column, and centrifuge at full speed for 5 min. Discard the collection 

tube with the flow-through. 

To avoid damage to their lids, place the spin columns into the centrifuge with at least one 

empty position between columns. Orient the lids so that they point in a direction opposite 

to the rotation of the rotor (e.g., if the rotor rotates clockwise, orient the lids 

counterclockwise). 

It is important to dry the spin column membrane because residual ethanol may interfere 

with downstream reactions. Centrifugation with the lids open ensures that no ethanol is 

carried over during RNA elution. 

23. Place the RNeasy MinElute spin column in a new 1.5 ml collection tube. Add 14–30 

µl RNase-free water directly to the spin column membrane. Close the lid gently, and 

centrifuge for 1 min at full speed to elute the RNA. Elution with smaller volumes of 

RNase-free water leads to higher total RNA concentrations, but lower RNA yields. The 

dead volume of the RNeasy MinElute spin column is 2 µl: elution with 14 µl RNase-

free water results in a 12 µl eluate. 
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APPENDIX 4 

SOP for DNA extraction 

1. Using a scalpel, trim excess paraffin off the sample block and cut up one section, 

up to 10 μ  thick. If the sample surface has been exposed to air, discard the first 

2–3 sections. Immediately place the section in a 1.5 ml or 2 ml microcentrifuge 

tube (not supplied). 

2. Add 160 μl Deparaffinization Solution, vortex vigorously for 10 s, and centrifuge 

briefly to bring the sample to the bottom of the tube. 2. Incubate at 56°C for 3 min, 

then allow to cool to room temperature. If too little Deparaffinization Solution is 

used or if too much paraffin is carried over with the sample, the deparaffinization 

Solution may become waxy or solid after cooling. If this occurs, add additional 

Deparaffinization Solution, and repeat the 56°C incubation. 

3. Add 55 μl RNase-free water, 25 μl Buffer FTB, and 20 μl proteinase K (a master 

mix comprising these components may be prepared in advance). Vortex and briefly 

centrifuge the sample. Deparaffinization Solution will form a layer above Buffer 

FTB with the addition of proteinase K. 

4. Incubate at 56°C for 1 hour.  

5. Incubate at 90°C for 1 hour. If using only one thermomixer, leave the sample at 

room temperature (15–25°C) after the 56°C incubation in step 4, until the heating 

block has reached 90°C for step 5. 

6. Briefly centrifuge the tube to remove drops from inside the lid and transfer the 

lower, clear phase into a new microcentrifuge tube (not provided).  

7. Add 115 µl RNase-free water and mix.  

8. Add 35 µl UNG to the sample, vortex, and incubate at 50°C for 1 hour in a 

thermomixer. If using only one thermomixer, leave the sample at room temperature 

(15–25°C) after the 90°C incubation in step 5, until the thermomixer has reached 

50°C for step 8. 

9. Briefly centrifuge the tube to remove drops from inside the lid.  

10. Add 2 μl RNase A (100 mg/ml), mix, and incubate for 2 min at room temperature. 

Continue with step 11 in part 2 of the protocol. 
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11. Add 250 μl Buffer AL to the sample and mix thoroughly by vortexing. Then add 

250 μl ethanol (96–100%) to each sample and mix thoroughly by vortexing. 

Centrifuge briefly to remove drops from inside the lid.  

12. Transfer 700 µl lysate to the QIAamp MinElute column (in a 2 ml collection tube), 

close the lid, and centrifuge. Discard the flow-through and reuse the collection tube 

13. Repeat step 12 until the complete lysate is used up.  

14. Add 500 μl Buffer AW1 to each spin column and centrifuge. Discard the flow-

through and reuse the collection tube.  

15. Add 500 μl Buffer AW2 to each spin column and centrifuge. Discard the flow-

through and reuse the collection tube.  

16. Add 250 μl ethanol (96–100%) to the spin column and centrifuge.  

17. Discard the flow-through and collection tube.  

18. Place the spin column into a new 2 ml collection tube (supplied) and centrifuge to 

remove any residual liquid.  

19. Place the QIAamp MinElute column into a clean 1.5 ml microcentrifuge tube (not 

provided) and discard the collection tube containing the flow-through. 

20. Open the lid of the QIAamp MinElute column and apply 20–40 μl Buffer ATE to 

the center of the membrane. IMPORTANT: Ensure that Buffer ATE is equilibrated 

to room temperature. Dispense Buffer ATE onto the center of the membrane to 

ensure complete elution of bound DNA. The volume of eluate will be up to 5 μl 

less than the volume of Buffer ATE that was applied to the column.  

21. Close the lid and incubate at room temperature (15–25°C) for 1 min, then 

centrifuge. Incubating the QIAamp MinElute column loaded with Buffer ATE for 

5 min at room temperature before centrifugation generally increases DNA yield. 
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APPENDIX 5 

The first page of articles that have been published.  
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