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Background: There is wide global variance in survival from breast cancer, both in developed and developing country. However, the
effect of estrogen receptor status has not been widely evaluated in Ethiopia where the incidence of breast cancer is rapidly increasing.
Hence, the current study aimed to determine the effect of estrogen receptor status on the overall survival of breast cancer patients who
were treated at Black Lion Specialized Hospital, Ethiopia.
Methods: In this institution-based retrospective cohort study a total of 368 study participants were included with a one-to-one ratio of
estrogen receptor negative to estrogen receptor positive. The main outcome of interest for this study was death due to breast cancer.
The authors compared the women with estrogen receptor-positive and estrogen receptor-negative breast cancer for overall survival rate
using log rank test. The incidence density rate of mortality was calculated for each exposed and non-exposed variable. The effect of
estrogen receptor status on breast cancer mortality was estimated using the Cox proportional hazards model.
Results: The incidence density rate of mortality among breast cancer patients for estrogen receptor positive were found to be 5.48
(95% CI=3.94–7.64) per 1,000 person years observation; while for estrogen negative receptor status the mortality rate was found to be
10.47 (95% CI=8.19–13.37) per 1,000 person years observation. In the Cox regression analysis after ful adjustments for confounder
variables, the mortality event risk was 32% higher among estrogen receptor negative (HR=1.32; 95% CI=1.08–2.91) as compared to
estrogen receptor positive breast cancer patients.
Conclusion: We have found that the incidence density rate of mortality among breast cancer patients was significantly higher in the
estrogen receptor negative groups. Therefore, clinicians should give careful attention to the impact of estrogen receptor negative status
on the overall outcome of clients.
Keywords: estrogen receptor status, survival, mortality, breast cancer, Ethiopia

Background
Worldwide breast cancer is ranked as the fifth cause of death among all forms of cancers, and the second most common
cancer next to lung cancer.1,2 In addition, globally more than 1.1 million women were newly diagnosed, leading to 1.6%
deaths annually from it.3,4 Now it is an emerging public health danger, as the incidence of breast cancer is rapidly
increasing in Africa.5 Breast cancer is responsible for one in four diagnosed and one in five cancer deaths among women
in Sub-Saharan Africa (SSA).6 Similarly, in Ethiopia breast cancer is the most prevalent cancer in women, and constitutes
a major public health concern.7 Moreover, a study conducted in Ethiopia showed that the incidence rate of recurrence
among breast cancer was 6.5 per 100 person years follow-up.8

Across the globe, there is a huge difference in survival from breast cancer, thus the variation is due to older age, late
stage at diagnosis, and missing stage at diagnosis.9 Despite the enormous evidence regarding the incidence and survival
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rates of breast cancer in the developed nation, data is not widely available from countries in Africa, Asia, and Central
America.10,11

It is well known that the presence of hormone receptors (HR) and human epidermal growth factor receptor (HER)-2
are principal factors determining the clinical management of breast cancer. Besides, improved overall survival rates were
found in several subgroups of patients with estrogen receptor (ER) positive tumors compared to ER negative.12 The
status of ER expression is commonly used to direct the treatment strategies for breast cancer patients because of their
predictive value in prognosis and endocrine therapy (ET) responsiveness. In ER positive early breast cancer, endocrine
treatment reduces the recurrence and mortality rates.13 Similarly, studies show that ER positive breast cancer is
associated with less aggressive clinical features and a better prognosis because of the benefits from endocrine
therapy.14,15 However, positive ER status does not consistently correlate with a favorable prognosis. For instance,
among BRCA2 mutation carriers with breast cancer, positive ER status is an adverse prognostic factor.16,17

Evidence suggests that the molecular profiles in breast tumors are generally fixed at inception;18 exposures that
influence the risk of developing breast cancer might be related to the tumor molecular profiles that later affect the biology
and clinical behavior of the tumors that arise. This has not been widely evaluated in an African population where the
incidence of breast cancer is rapidly increasing. In addition, disparities exist in terms of survival between breast cancers
among Caucasian women in industrialized and African women in developing countries.

Evidence shows that the survival advantage for women with hormone receptor-positive tumors is enhanced by
treatment with adjuvant hormonal and/or chemotherapeutic regimens.19 However, few studies evaluated variations in the
risks of breast cancer specific mortality across ER status by either demographic or clinical characteristics. Although the
clinical significance of ER evaluation has been well established, the roles of ER on the survival outcomes of single
hormone receptor status in breast cancer patients are not well unknown. Therefore, it is clinically significant to assess the
ER status in overall survival rate. Nevertheless, limited information is available on the effect of ER status on long-term
survival, and evidence to determine whether ER status affects clinical outcomes is lacking. Hence, this study aimed to
investigate the difference between the overall survival (OS) of ER positive (ER+) and ER negative (ER-) patients who
were treated at Black Lion Specialized Hospital.

Methods
Study Design, Setting, and Population
An institution-based retrospective cohort study was conducted at Black Lion Specialized Hospital, one of the largest
teaching hospitals in Ethiopia, with more than 1,000 beds, from March 1 to April 28, 2018. The study populations were
all patients who had newly initiated breast cancer treatment at Black Lion Specialized Hospital from January 1, 2012 to
January 1, 2018. Women with a confirmed histological diagnosis of invasive breast cancer, newly-treated and enrolled in
the required time (ie, January 1, 2012 to January 1, 2018) were included. But, patients with recurrent or metastatic
disease at the time of their initial presentation, whose medical charts were not found, had insufficient clinical data
(inconclusive histopathological reports), and incomplete documents were excluded.

Sample Size and Sampling Procedure
A total sample size of 368 was calculated using the power exponential formula for survival analysis using the 15-years
breast cancer specific survival rate of 70% for those with ER-negative (exposed group) and 77% for those with ER-
positive (non-exposed group) breast cancer patients.20 We assumed a 95% confidence level, 80% power, 10% of
withdrawal probability, and the sample was computed using Stata version 14. The sample size allocations for exposed
and non-exposed were one-to-one ratio. Then, subjects in the exposed groups were selected by consecutive sampling
technique, whereas the non-exposed groups were selected using simple random sampling technique. To obtain the
necessary information from both exposed and non-exposed groups, the investigator used the medical registration number
of patients from the registration book.
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Exposure Variable
In the case of our study, study participants were separated into two groups based on their estrogen receptor status at first
treatment initiation. The exposed group was ER negative and the non-exposed group was ER positive. Estrogen receptor
status was diagnosed using immunohistochemistry. Estrogen receptor expression (ER) was classified as positive/negative.
The status of ER was dependent on pathology results in surgery puncture biopsy. Although there were different cut-off
values for designation of tumor as ER positive or negative in several literatures; in the current paper ER status was
classified as positive if at least 1% of tumor cell nuclei staining was positive (the cells tested have estrogen receptors), as
recommended by the different guidelines. Otherwise the test considered the tumor as ER-negative.21

Outcome Measures
In this study the main outcome of interest was death due to breast cancer. Survival time is calculated in months by using
the time from the first date of breast cancer treatment initiation to the date of death, date last known to be alive, the date
of lost to follow-up (censored), or end of the study (until January 1, 2018), whichever came first. The overall survival
(OS) time of patients was defined as the time from treatment initiation until the time of death. Vital status was provided
by the clinician affiliated with the center for the subject after review of hospital medical records.

Confounder Variables
The histological grading using the Bloom-Richardson grading system that combined scores for nuclear grade, tubule
formation, and mitotic rate,22 the tumor size, axillary nodal involvement, treatment types, menopausal status, presence of
comorbidities, body mass index, and staging followed criteria of the American Joint Commission on Cancer (AJCC)
Manual for Staging of Cancer23 were the confounder variables.

Data Collection Tool and Quality
The data were collected from patients medical chart with primary breast cancer diagnosis and newly-initiating treatment
at the Black Lion Specialized Hospital between January 2012 and January 2018. The data collection tool was developed
from previous related literature to assemble necessary information from patients’ medical files. To maintain the quality of
the data, training on data abstraction was given to data collectors and supervisors for 1 day before the actual data
collection. Pre-test was done on registrations that were not included in the final study for consistency of understanding
the review tools and completeness of data items. The collected data were reviewed and checked for completeness
every day and before data entry. All completed data collection forms were examined for completeness and consistency
during data management, storage, cleaning, and analysis. Three oncology nurses, who were working on the oncology
unit, collected the data. The principal investigator of the study controlled the overall activity.

Statistical Analysis
Data were coded, cleaned, entered, and edited using EPI-data Vs 4.2 and exported to STATAVs 14 statistical software for
analysis. The estrogen receptor status (ER) had a certain amount of missing information. For this reason, we used
multiple imputation technique to impute ER status.24 Categorical variables were compared using the chi-square test as
appropriate. Kaplan–Meier curves were plotted. The ER-positive and ER-negative breast cancer for overall survival rate
was compared using log rank test. The incidence density rate of mortality was calculated for each exposed and non-
exposed variables. The effect of estrogen receptor status on breast cancer mortality was estimated using the Cox
proportional hazards model. Adjusted Hazard ratios (AHRs), with 95% CIs were used to determine the independent
effect of ER status on time to death of breast cancer patients. Cox-proportional hazard model assumption was checked
using the Schoenfeld residual test and all variables showed a P-value >0.10, which fulfilled the assumption. Lastly,
a P-value of less than 0.05 was considered as significant.
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Results
Sociodemographic Characteristics of Study Participants
There was no difference under age category of less than 40 years at diagnosis of breast cancer between groups (51.08%
vs 48.9%, P=0.91). In the present study, we did not find a significant difference in terms of menopause status between
groups (P=0.90). There was no difference in place of residence between ER positive and ER negative women; however,
ER positive women were more likely to live in Addis Ababa (58.69% vs 55.97%) (Table 1).

Clinical and Treatment Related Characteristics
Estrogen receptor positive women had higher early stage tumor (39.13% vs 27.17%, P=0.015), moderate differentiation
(55.43% vs 44.56%, P<0.01), negative node status (95.1% vs 29.89%, P<0.001), taken endocrine therapy (70.1%
vs 57.6%, P=0.013), and free deep surgical margin (84.24% vs 63.58%, P<0.001) compared to ER negative women.
There was no difference in baseline comorbidity between ER positive and ER negative women. However, ER positive
women were more likely to not have baseline comorbidity (68.47% vs 63.04%) disease. Estrogen receptor positive
women were found to be more likely to have a tumor size of less than or equal to 2.5 cm (63.04% vs 52.71%) compared
to ER negative women. Estrogen receptor negative women were found to have more histology type of invasive ductal
carcinoma (70.65% vs 66.3%) disease compared to ER positive women (Table 2).

The Effect of Estrogen Receptor Status on Breast Cancer Survival
We found that the incidence density rates of mortality among breast cancer patients were varied due to estrogen receptor
status. The estrogen receptor positive with the total observation of 6,382.93 person time the mortality rate of breast
cancer patients were found to be 5.48 (95% CI=3.94–7.64) per 1,000 person years observation. Whereas the mortality
rate of estrogen receptor negative breast cancer patients was found to be 10.47 (95% CI=8.19–13.37) per 1,000 person
years observation with the total observation of 6,113.73 person time. Besides, the overall survival rate of breast cancer
patients on estrogen positive receptors was 41.51% at 6 years follow-up . However, estrogen negative receptor patients
overall survival rate was found to be 21.01% at 6 years follow-up. Median follow-up time for ER negative women was
52 months and for ER positive women was 61 months. Overall median survival for the entire cohort was 58.7 months
(Figure 1).

Predictors of Breast Cancer Death by Estrogen Receptor Status
In the Cox regression analysis for the incidence of death, estrogen receptor negative women had a higher risk of mortality
with an event risk of 95% (HR=1.95; 95% CI=1.29–2.94) compared with ER positive in the unadjusted model. And after
full adjustments for age, clinical stage, baseline comorbidity, histological grade, surgical margin, node status, type of

Table 1 Comparison of Baseline Sociodemographic Characteristics, According to ER Status

Variables Category ER Positive, n (%) ER Negative, n (%) P-value

Age at diagnosis (years) ≤40 94 (51.08) 90 (48.91)

40–49 52 (28.26) 57 (30.97) 0.916
50–59 27 (14.67) 25 (13.58)

60+ 11 (5.97) 12 (6.52)

Place of residence Addis ababa 108 (58.69) 103 (55.97)
Out of addis ababa 76 (41.31) 81 (44.03) 0.277

Marital status Single 43 (23.37) 54 (29.34)

Married 89 (48.37) 78 (42.39)
Divorced 40 (21.74) 33 (17.93) 0.238

Widowed 12 (6.52) 19 (10.32)

Menopause status Premenopausal 142 (77.17) 141 (76.63)
Postmenopausal 42 (22.83) 43 (23.37) 0.902

Abbreviations: n, number; %, percentage; ER, estrogen receptor.
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surgery, chemotherapy, hormone therapy, tumor size, histology type, and place of residence, the mortality event risk was
32% higher among ER negative women (HR=1.32; 95% CI=1.08–2.91) (Table 3).

Discussion
In this retrospective cohort study, the findings demonstrated that negative estrogen receptor is associated with an
increased risk of incidence of mortality in breast cancer patients. In estrogen receptor negative patients, the 6-year
cumulative survival rate was found to be 21.01%, lower compared to ER positive patients (41.51%), and the difference
was also statistically significant.

The baseline clinical characteristics demonstrated ER positive women had a higher proportion of early stage tumor,
moderate differentiation, negative node status, and free deep surgical margin compared to ER negative women. This finding
compared with other previously published studies that reported results that were similar to ours.20,25 In our study ER negative
tumors had significantly higher grade tumors compared to ER positive tumors. This is consistent with previous literature and
ER negative tumors are more aggressive and carry a poorer prognosis.26 The possible justification is that the ER negative
group would have higher grade tumors. This may be a factor of underlying genetic influence (somatic or germline mutations).
Besides, a lack of significant differences between ER status and socio-demographic risk factors was observed.

In the Cox regression analyses, the risk of mortality was higher in ER negative compared with ER positive patients
after all the adjustments. This is consistent with those of previous studies.27,28 Moreover, a study done on more than
2,450 participants in Tianjin revealed that ER negative women had an approximately 2-fold increased risk of mortality

Table 2 Comparison of Baseline Clinical and Treatment Related Characteristics, According to ER Status

Variables Category ER Positive, n (%) ER Negative, n (%) P-value

Baseline comorbidity No 126 (68.47) 116 (63.04) 0.272
Yes 58 (31.52) 68 (36.96)

Body mass index (kg/m2) 18.5–24.9 143 (77.71) 138 (75)

≥25 41 (22.29) 46 (25) 0.147
Histology type Invasive Ductal 122 (66.30) 130 (70.65)

Others 62 (33.70) 54 (29.35) 0.369

Stage I & II 72 (39.13) 50 (27.17)
III & IV 112 (60.87) 134 (72.83) 0.015

Histology grade Grade I 34 (18.47) 25 (13.59)
Grade II 102 (55.43) 82 (44.56) 0.006

Grade III 48 (26.08) 77 (41.85)

Deep surgical margin Free 155 (84.24) 117 (65)
Involved 26 (14.13) 63 (35) <0.001

Node status Negative 175 (95.1) 55 (31.43)

Positive 9 (4.9) 120 (68.57) <0.001
Tumor size ≤2.5 cm 116 (63.05) 97 (52.73)

2.5–5 cm 61 (33.15) 76 (41.3) 0.137

>5 cm 7 (3.8) 11 (5.97)
Chemotherapy No 29 (15.76) 26 (14.13)

Yes 155 (84.24) 158 (85.87) 0.661

Surgical treatment No 41 (22.28) 42 (22.83)
Yes 143 (77.72) 142 (77.17) 0.901

Type of surgery Partial mastectomy 31 (21.67) 33 (23.24)

Total mastectomy 27 (18.88) 37 (26.05) 0.390
Modified radical mast 77 (53.85) 67 (47.18)

Axillary node dissection 8 (5.59) 5 (3.52)

Hormone therapy No 55 (29.89) 78 (42.39)
Yes 129 (70.11) 106 (55.61) 0.013

Abbreviations: n, number; %, percentage; ER, estrogen receptor.
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compared to ER positive women.27 In addition, a study on 482 study participants at Zhejiang showed that ER negative
patients had nearly 3-fold increased risk of mortality, compared to ER positive patients.28 Furthermore, a cohort study
conducted in the United States showed that ER negative patients had a 2.6-fold to 3.1-fold increased risk of mortality
compared to ER positive patients.15 However, other evidence showed that positive ER-status is a strong adverse
prognostic factor for women diagnosed before age 40 years and women with BRCA2 mutations.16,17,20

The reason for the discrepancy between our and other studies remains unclear. However, this may be attributed to the
fact that estrogen status was probably underreported in women. It was also possible that our study had a smaller sample
size. Many of the other studies included had a larger number of patients and a longer follow-up time.

It is recognized that ER-positive tumors should be treated with adjuvant tamoxifen or aromatase inhibitors, because
anti-hormonal therapy is associated with an important survival benefit. Women with estrogen-positive breast cancer
treated with 5 years of adjuvant tamoxifen have a 29% decreased risk of death from the disease and a 50% decreased risk
for contralateral breast cancer.13

Limitations
The following limitations should be considered for further studies. First, some of the behavioral factors were not
investigated due to incomplete information from the chart. Second, the data were highly liable to selection bias, hence
incomplete charts had excluded. Third, some predictor variables baseline information among the exposed and non-
exposed group has a significant difference and this may leadto informational bias.

Conclusion
In this study, after adjustment for other clinical factors and treatments, women with an estrogen receptor negative breast
cancer had worse short-term survival compared to women with positive estrogen receptor. Therefore, future policy and
clinician programmers should consider the impact of ER status more carefully. Furthermore, additional studies are
required to determine to what extent chemotherapy is effective in ER negative breast cancer.

Figure 1 The effect of estrogen receptor status on overall survival of breast cancer in Ethiopia.
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Abbreviations
AHRs, adjusted hazard ratios; AJCC, American Joint Commission on Cancer; ER+, estrogen receptor positive, ER,
estrogen receptor negative; ET, endocrine therapy; SSA, Sub-Saharan Africa; HR, hormone receptors; HER2, human
epidermal growth factor receptor; OS, overall survival.

Data Sharing Statement
All relevant data are within the paper. There is no separate data set to share.

Ethical Approval and Consent to Participate
The study was approved by Institutional Review Boards (IRB) at Addis Ababa University, College of Health Science
(IRB protocol: aau/chs/ahnsg11/2018) and consent had been waived by ethical board. They are conducted in compliance
with the Ethical Guidelines for Medical and Health Research Involving Human Subjects and the ethical principles of the
Declaration of Helsinki. Then, a permission letter has been obtained from Black Lion Specialized Hospital, adult
oncology unit. The study was conducted without individual informed consent as the study relied on retrospective data
collected as part of routine patient care. In this retrospective study, no patient identifiers were used and data were
anonymized. To keep confidentiality, names and other personal identifiers were not included in the data collection tool.

Table 3 Cox Regression Results for Death According to Estrogen Receptor Status

Variables Category Survival Status cHR (95% CI) aHR (95% CI)

Death Censored

ER status Positive 35 149 1 1

Negative 64 120 1.95 (1.29–2.94)* 1.32 (1.08–2.91)*
Age Mean±SD – – 1.03 (1.01–1.05)* 1.01 (0.99–1.04)

Place of residence AA 51 160 1 1

Out of AA 48 109 1.39 (0.94–2.07) 1.25 (0.75–2.08)
Baseline comorbidity No 44 198 1

Yes 55 71 2.51 (1.68–3.74)* 1.70 (1.01–2.89)*

Histology type Invasive Ductal 78 174 1.92 (1.18–3.125)* 0.88 (0.48–1.60)
Others 21 95 1 1

Stage I & II 15 107 1 1

III & IV 84 162 3.23 (1.86–5.60)* 2.96 (1.52–5.75)*
Histology grade Grade I 5 54 1 1

Grade II 43 141 3.02 (1.19–7.65)* 1.20 (0.40–3.57)

Grade III 51 74 6.27 (2.49–15.79)* 1.92 (0.63–5.85)
Surgical margin Free 46 221 1 1

Involved 53 48 3.21 (2.15–4.79)* 1.82 (1.07–3.11)*

Node status Negative 48 191 1 1
Positive 51 78 2.67 (1.79–4.01)* 1.07 (0.51–2.29)

Tumor size ≤2.5 40 173 1 1

2.5–5 52 85 2.81 (1.83–4.32)* 1.43 (0.88–2.69)
>5 7 11 2.88 (1.27–6.52)* 3.44 (1.33–8.89)*

Type of surgery Partial mastectomy 27 37 1 1

Total mastectomy 17 47 0.61 (0.33–1.13) 0.89 (0.46–1.74)
Modified radical mast 33 111 0.51 (0.31–0.86)* 0.66 (0.35–1.23)

Axillary node dissection 7 6 2.51 (1.08–5.79)* 1.67 (0.64–4.37)
Chemotherapy No 16 39 1 1

Yes 83 230 0.70 (0.41–1.21) 0.54 (0.27–1.18)

Hormone therapy No 50 83 1 1
Yes 49 186 0.37 (0.25–0.56)* 0.35 (0.21–0.58)*

Note: *Variables significantly associated with the outcome at 95% level of significant (P<0.05).
Abbreviations: CI, confidence interval; aHR, adjusted Hazard ratio; cHR, crude hazard ratio.
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