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Abstract
BACKGROUND
Female breast cancer is the leading type of cancer worldwide with an incidence of approximately 2.1 million in 2018. Hormone receptor status plays a vital role in its management.

AIM
To determine the molecular expression pattern of biomarkers in breast cancer and their correlation with tumor variables.

METHODS
This prospective study was designed to analyze expression patterns of estrogen receptor(ER), progesterone receptor (PR) and human epidermal growth factor receptor(HER2/neu) in breast cancer patients. The dataset has been taken from the Department of Radiotherapy and Oncology of Usmanu Danfodiyo University Teaching Hospital Sokoto, Nigeria from 1 January 2015 to 2 December 2019. The dataset had 259 records and 7 attributes. SPSS version 23.0 for statistical analysis was used. The data analyzed demographic and other clinicopathological characteristics as categorical variables. The mean and standard deviation were determined for the quantitative variable.

RESULTS
A total of 259 breast cancer cases were included in the study. The mean age was 48.3 ± 11.0, with an age range of 26-80 years and a median age of 46 years. The morphological categories were invasive ductal carcinoma 258 (99.6%) and invasive lobular carcinoma 1 (0.4%). ER, positivity increased in 73 patients (50%) under the age of 50 years, as well as PR positivity increased in 34 patients (23.6%) under the age of 50 years. HER/2neupositivity decreased in 8 patients (5.6%) under the age of 50 years. Hormonal receptors were statistically significant with clinicopathological characteristics (P < 0.05).

CONCLUSION
Our study showed that ER, PR and HER2/neuexpression had a strong correlation with age, tumor grade, tumor size and lymph node status. Hence, hormone receptor assessment is highly recommended because of its significance in clinical management and prognostication.
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Core Tip: Breast cancer is the most common malignancy in Nigeria as it is in the whole world. Assessment of immunohistochemical profile and its tumor characteristic is paramount to the management of this disease entity. The paucity of literature on breast cancer biomarkers in sub-Saharan Africa (e.g., Nigeria) has contributed to the increase in morbidity and mortality recorded in the region.



INTRODUCTION
Female breast cancer is the most common malignancy worldwide, with over two million cases diagnosed in 2018[1]. Prognostic indicators are features that are unrelated to adjuvant therapy that determines the outcome of disease, while predictive indicators are related to response to therapy[2]. The treatment and outcome of this disease entity vary depending on the biological characteristics. Hence, modalities for treatment employ those features to individualized breast cancer therapy[3]. These characteristics can also determine the prognosis and outcome[2]. In the last three decades, tremendous progress has been made in the biological characterization of breast cancers with the advent of immunohistochemistry and immunophenotyping. Various biomarkers such as hormone receptors, vascular endothelial growth factors, epithermal growth factor, tumor suppressor genes, multidrug resistant genes and adhesion molecules have been identified[2,4].
Currently, determination of estrogen receptor (ER), progesterone receptor (PR) and human epidermal receptor growth factor 2 (HER2/neu) receptor is routine in the diagnosis of breast cancer[5,6]. The International Breast Cancer Study Group classified breast cancer into three[6,7] categories based on the proportion of cells that are receptor positive [responsive (10%), response uncertain (1%-9%) and nonresponsive (0%)]. At least 1% positivity is necessary for commencement of hormone therapy. Molecular assays give an insight into the current status of the tumor, which often differs from the primary when it metastasizes. A comparative study involving 658 and 418 of ER/PR samples showed a dissonant rate of 29% and 27%, respectively, for primary and metastatic tumors[3,8].
ER is a biomarker found in over 65% of invasive breast cancer and contributes significantly to its pathobiology. ER positivity makes it responsive to hormonal therapy, resulting in a more favorable outcome. PR, like ER, is also a transcription factor, which is largely controlled by ER and to a lesser extent by growth factors. About 55% to 65% of invasive breast cancers show PR positivity. PR commonly coexists with ER. Both receptors require at least 1% nuclear staining to be considered positive according to the American Society of Clinical Oncology/College of American Pathologists guidelines[11,12]. Allred scoring and H-scoring are two other commonly used systems for ER and PR evaluations[9-11].
HER2/neu has the potential of enhancing proliferation and survival of tumor cells. Hence its overexpression, which occurs in about 12%-20% of inflammatory breast cancer, results in a more aggressive growth and poor response to treatment. According to the American Society of Clinical Oncology/College of American Pathologists guidelines, membrane staining of 10% or more is considered positive and an indication of a favorable response to anti-HER2/neu therapy[11,13]. HER2/neu can be evaluated either by immunohistochemistry or fluorescence in situ hybridization. Although there are many ways to test for this receptor, the above two are the only approved methods[14-16].
This study aimed to determine the molecular expression of biomarkers in breast cancer in Sokoto, Nigeria and their correlation with tumor variables.

MATERIALS AND METHODS
This prospective study was designed to analyze expression patterns of ER, PR and HER2/neu in breast cancer patients. The dataset was taken from the Department of Radiotherapy and Oncology of Usmanu Danfodiyo University Teaching Hospital Sokoto, Nigeria from 1 January 2015 to 2 December 2019. The dataset had 259 records and 7 attributes. The data analyzed demographic and other clinicopathological characteristics as categorical variables. The mean and standard deviation were determined for the quantitative variable. All variables were coded as binary dummy variables. For example tumor site (right breast = 1, left breast = 2). Patients were grouped according to age < 50 years and ≥ 50 years. Histological grading stratification of tumor size was performed in three groups (< 2 cm, 2-5 cm and > 5 cm), and lymph nodes were grouped as 1-3 and ≥ 4 based on tumor node metastasis staging for breast carcinoma.
Data were presented as charts, and frequency distribution was generated for all categorical variables. Descriptive and inferential statistics [chi-squared, Fisher exact test, bi-variate correlation (Kendall’s test) and multivariate logistic regression analysis] were used to explore association, the strength of the association and odds ratio (OR) or relative risk between clinicopathological variables and biomarkers expressed (ER, PR and HER2/neu). P ≤ 0.05 was considered statistically significant. SPSS version 23.0 (Chicago, IL, United States) was used.

RESULTS
Two hundred and fifty-nine subjects that fulfilled the inclusion criteria were recruited into the study. The mean age was 48.3 ± 11.0. The ages ranged between 26 and 80 years, and the median age was 46 years. Most of the patients 144 (55.6%) were less than 50 years at diagnosis. The left side was the predominant site of breast cancer 151 (58.3%). The morphological categories were invasive ductal carcinoma (258 patients, 99.6%) and invasive lobular carcinoma (1 patient, 0.4%). Sixty-two (23.9%) cases were grade I, 131 (50.6%) were grade II and 66 (25.5%) were grade III. Tumor sizes were stratified into three categories: 62 patients (23.9%) were < 2.0 cm, 131 patients (50.6%) were 2-5 cm and 66 patients (25.5%) were > 5.0 cm (Table 1).
ER positivity increased in 73 patients (50%) under the age of 50 years, and PR positivity increased in 34 patients (23.6%) under the age of 50 years. HER2/neu positivity decreased in 8 patients (5.6%) under the age of 50 years (P < 0.01). ER positivity was found in 35 patients (56.5%), 55 patients (42.0%) and 23 patients (34.8%) with grade I, II and III carcinomas, respectively. PR positivity was found in 3 patients (3.2%), 29 patients (22.1%) and 10 patients (15.2%) with grade I, II and III carcinomas, respectively. HER2/neu positivity was found 3 patients (4.8%), 13 patients (9.9%) and 7 patients(10.6%) with grade I, II and III carcinomas, respectively. ER and PR positivity were much less in high-grade tumors than in those with intermediate grade (ER 34.8% vs 42%; PR 15.2% vs 22.1%).
The patients were categorized into three groups based on tumor size: group 1 (tumor size ≤ 2 cm); group 2 (2-5 cm); and group 3 (≥ 5 cm). The total number of group 1 tumors was 62 [35 ER positive (56.5%); 3 PR positive (4.8%); and 3 HER2/neu positive (4.8%)]. The total number of group 2 tumors was 131 [55 ER positive (42.0%); 29 PR positive (22.1%); and 13 HER2/neu positive (9.9%)]. The total number of group 3 tumors was 66 [23 ER positive (34.8%); 10 PR positive (15.2%); and 7 HER2/neu positive (10.6%)]. ER expression in the HER2/neu positive, large-sized tumors was significantly decreased compared with smaller tumors (P < 0.05). Metastasis in axillary lymph nodes was seen in 237 (91.5%) patients. Among the ER positive cases, 86 (43.9%) had axillary lymph node involvement ranging from 1-3. Among the PR positive cases, 37 (17.3%) had positive axillary lymph nodes positive for metastasis. Nineteen (9.7%) participants with HER2/neu positive disease were positive for axillary lymph nodes metastasis. Tumors with axillary lymph node metastasis showed significant association with ER, PR and HER2/neu (P < 0.03) (Table 2).
Age was significantly correlated with ER, PR and HER2/neu (P < 0.05). However, there was no significant correlation in PR negative disease (P > 0.05). We found that ER and HER2/neu expression compared to tumor grade was statistically significant (P < 0.05) while PR expression was not significant (P > 0.05) (Table 3).
This study also found that women younger than 50 years are likely to present with ER positive disease (P = 0.01, OR = 8.517, 95% confidence interval: 2.309-31.413) and PR negative disease (P = 0.04, OR = 14.00, 95% confidence interval: 2.300-85.218). Similarly, most of the tumors that presented with grade I disease were 15 times more likely to be ER positive than those in grade II or III (P = 0.01, OR 15.2, 95% confidence interval 1.296-12.252) (Tables 4 and 5).

DISCUSSION
This study revealed that most of the patients (56%) were less than 50 years at diagnosis, and the mean age of the study participants was 48 years. This corresponds to what was reported by Sengal et al[17] and Errahhali et al[18] where the mean ages of the participants were 48 years. On the contrary, a similar study by Chand et al[19] reported a mean age of 55 years. In this study, the most predominant histologic type was invasive ductal carcinoma. A similar study in Sudan also reported invasive ductal carcinoma as the most common histological type[17]. The majority of the ER (50%) and PR (23.6%) positive cases were seen in an age less than 50 years. This report agreed with other similar investigations in Sudan and the northern region of India[17,20]. HER2/neu positivity was observed in patients > 50 years. Our report was not in line with Alzaman et al[21] in Bahrain. There was a significant correlation between the age and ER, PR and HER2/neu positivity (P < 0.05). This was consistent with a similar study conducted by Ramic et al[22].
The majority of ER positive cases (57.0%) were observed in grade I carcinomas. Most PR positive cases (22.0%) were seen in grade II, and most HER2/neu positive cases (10.6%) were seen in grade III. This finding did not correspond to Siadati et al[23] where most of the ER positive cases were grade II[23]. A significant association was established between tumor grade, ER positivity and HER2/neu negativity (P < 0.05). A study conducted by Dodiya et al[24] in the western region of India showed that ER and PR correlated with the grade but not HER2/neu.
One hundred and thirty-one cases had a tumor size ranging from 2-5 cm. We observed that 42.0% were ER positive, 22.1% were PR positive and 9.9% were HER2/neu positive. Our finding indicated that there was a negative correlation in ER positivity status and a positive correlation in HER2/neu positivity status with the tumor size (r = -0.144, P = 0.02). This agreed with a study by Almasri et al[25] that reported a significant correlation between tumor size and hormone receptors.
Metastasis in axillary lymph nodes was observed to be higher in ER positive cases (49.3%), while metastasis to axillary lymph nodes was present in 17.3% of the PR positive cases and 9.7% of HER2/neu positive cases. Tumors with axillary lymph node metastasis showed significant association with ER, PR and HER2/neu (P < 0.03). These findings agreed with other similar studies that showed a significant association between axillary lymph node and hormone receptors[19,26,27].
This study also found that women younger than 50 years were more likely to be present with ER positive and PR negative breast cancer. Similarly, most of the tumors that presented with grade I disease were 15 times more likely to be ER positive than those in grade II or III. On the contrary, Sengal et al[17] reported that younger women are 2 times more likely to develop ER negative disease, and grade III tumors are 2 times more likely to be ER negative compared with grade I or II tumors.

CONCLUSION
Our study showed that ER, PR and HER2/neu expression had a strong correlation with age, tumor grade, tumor size and lymph node status. Hence, hormone receptor assessment is highly recommended because of its significance in clinical management and prognostication.

ARTICLE HIGHLIGHTS
Research background
Female breast cancer is the leading type of cancer worldwide with an incidence of approximately 2.1 million in 2018. Hormone receptor status plays a vital role in its management.

Research motivation
Expression of biomarkers to treat breast cancer play a significant role in its management.

Research objectives
To determine the molecular expression pattern of biomarkers in breast cancer and their correlation with tumor variables.

Research methods
This prospective study was designed to analyze expression patterns of estrogen receptor(ER), progesterone receptor (PR) and HER2/neu in breast cancer patients. The dataset was taken from the Department of Radiotherapy and Oncology of Usmanu Danfodiyo University Teaching Hospital Sokoto, Nigeria from 1 January 2015 to 2 December 2019. The dataset had 259 records and 7 attributes. SPSS version 23.0 was used for statistical analysis. The data analyzed demographic and other clinicopathological characteristics as categorical variables. The mean and standard deviation were determined for the quantitative variable.

Research results
A total of 259 breast cancer cases were included in the study. The mean age was 48.3 ± 11.0, with an age range of 26-80 years and a median age of 46 years. The morphological categories were invasive ductal carcinoma (99.6%) and invasive lobular carcinoma (0.4%). Estrogen receptor positivity increased in 73 patients (50.0%) under the age of 50 years. Progesterone receptor positivity increase in 34 patients (23.6%) under the age of 50 years. Human epidermal receptor growth factor 2 positivity decreased in 8 patients (5.6%) under the age of 50 years. Hormone receptors were statistically significant with clinicopathological characteristics (P < 0.05).

Research conclusions
Our study showed that ER, PR and HER2/neu expression had a strong correlation with age, tumor grade, tumor size and lymph node status. Therefore, assessment of hormone receptors for clinical management of a breast cancer patient is strongly recommended to provide prognostic information and therapeutic measurement.

Research perspectives
In low-resource countries, there are paucities in the evaluation of the molecular expression of biomarkers in breast cancer. Therefore, there is a need for further studies to improve prevention and early detection of breast carcinoma in developing countries.
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Figure Legends

Figure 1 Age distribution of the study participants.

Figure 2 Frequency distribution of breast cancer site among the study participants.
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