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Purpose: Different biological characteristics, therapeutic responses, and disease-
specific outcomes are associated with different molecular subtypes of breast
cancer (BC). Although there have been different studies on BC in the Ethiopian
capital city of Addis Ababa, there have been few studies in other parts of the
nation, and none have evaluated biological characteristics in other locations in
the context of the extensive ethnic and genetic diversity found in Ethiopia. This
study was carried out to evaluate the distribution of immunohistochemistry (IHC)
subtypes of BCs throughout four Ethiopian regions.

Methods: A total of 227 formalin-fixed paraffin-embedded (FFPE) tissue blocks
were collected from tertiary hospitals in four Ethiopian regions between 2015
and 2021. The IHC staining was performed for subtyping, ER, PR, HER2, and Ki-67
proliferation markers.
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Results: The mean age at diagnosis was 43.9 years. The percentage of ER and
PR-negative tumors were 48.3% and 53.2%, respectively. The IHC subtypes
showed the following distribution: 33.1% triple-negative breast cancer (TNBC),
27.6% luminal B, 25.2% luminal A, and 14.1% HER2 enriched. In multiple logistic
regression analysis, grade Ill and HER2 positivity were associated with larger
tumor size, and also originating from Jimma compared to Mekele.

Conclusion: Patients with ER-negative, PR-negative, and TNBC were found in
48.3%, 53.2%, and 33.1% of cases, respectively, showing that half the patients
could potentially benefit from endocrine treatment. A considerably high
prevalence of TNBC was reported in our study, demanding additional research
that includes genetic predisposition factors. Additionally, aggressive tumors were
found in a high percentage of younger age groups, which must be considered

when planning personalized treatment strategies.

KEYWORDS

breast cancer, estrogen receptor, immunohistochemistry, subtype, Ethiopia, Africa

Introduction

In 2020, about 10 million people died due to cancer-related
causes and the worldwide burden of cancer has significantly
increased in recent years. In females, breast cancer (BC) is the
most common malignant tumor, accounting for 11.7% of all cancer
diagnoses, and is anticipated to cause more than 3 million new cases
and 1 million fatalities by 2040 (1, 2). Of note, in Africa, 8.3% of
newly diagnosed global BC cases are assumed and the amount of
BC-related death is significantly higher (12.5%) when compared
with other regions; 7.1% in North America and 6.4% in Western
Europe (2). Additionally, the survival rate for BC patients in the
continent is lower than the global average (3). Breast cancer has also
been shown to occur at a younger age in African countries than in
other regions, with a median age of about 45 years (4). Reports
indicate that African women have a disproportionately high
incidence of BC with poor prognosis, such as hormone receptor-
negative, triple-negative, and basal phenotypic tumors (5).

In the past 20 years, molecular classification based on the
expression of human epidermal growth factor receptor 2 (HER2),
estrogen receptor (ER), progesterone receptor (PR), and Ki-67 has
provided prognostic, predictive, and diagnostic information. The
main subtypes that have been discovered are HER2-enriched (ER-,
PR-, HER2+), luminal A (ER+, PR+, HER2-, and Ki-67< 20%),
luminal B (ER+, PR+, HER2-, and Ki-67 > 20% or ER+, PR+, and
HER2+), and basal-like/triple-negative breast cancer (INBC) (ER-,
PR-, HER2-). These molecular subtypes are linked to distinct
biological features, treatment responses, and disease-specific
outcomes (6, 7), and show significant differences in the prediction
of overall and disease-free survival (8).

In Ethiopia, BC is the most prevalent type of cancer, accounting
for 31.9% of all female cancer cases, with 16,133 new cases and 9,061
fatalities (27.5%) in 2020 (1). In Ethiopia, the disease is diagnosed
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typically at an advanced stage and primarily affects young women in
the country (9). Although different studies have been conducted on
the incidence and molecular types of BC in the Ethiopian capital
city of Addis Ababa, few studies have been done in multiple regions
of the country and none has assessed several regions in the context
of the extensive ethnic and genetic diversity found in Ethiopia (10,
11). Therefore, this study aimed to assess the distribution of
immunohistochemistry-derived BC subtypes in several regions
of Ethiopia.

Methods
Study area and samples

A cross-sectional retrospective study involving 227 formalin-
fixed paraffin-embedded (FFPE) tissue blocks were collected
between 2015-2021 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)
(Figure 1). We selected these areas for our study because each has a
main cancer treatment center, and may have a population with a
diversified genetic makeup.

Data collection

Demographic and histological data from the study hospitals
were collected using a data collection form. The following data were
collected: tumor size, histological grade, lymph node status, patient
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FIGURE 1

The study area and study centers (marked with an H to represent hospitals) location map.

age, sex, and study sites. Information was derived from the
pathology reports.

Histopathological grade and stage

Histopathological grade and stage were determined using the
Nottingham grading and TNM staging system, respectively (12, 13).
Histopathological grade and type were checked and confirmed at
the Armauer Hansen Research Institute and the Tikur Anbessa
Specialized Hospital by three senior pathologists. Histopathology
assessment on FFPE sections stained with hematoxylin and eosin
was performed at AHRI to confirm the diagnosis.

Immunohistochemistry

The THC staining was performed on 227 FFPE tissue blocks
using an optimized IHC protocol. Sections of FFPE tissue were cut
at a thickness of 4 pm 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 HER2. The slides then underwent a 10-minute incubation
with peroxidase-blocking solutions, followed by 30-minute
incubations with specific primary antibodies and the EnVision
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FLEX/HRP. DAB chromogen was then applied for 5 minutes.
The slides were counterstained for 30 seconds with hematoxylin
and mounted with DPX and cover slip. Monoclonal mouse 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 (14). The HER2/neu staining
was performed using the HER2/neu reagent (Polyclonal, Agilent
Technologies, Denmark). The grading expression was based on
recommendations from Fitzgibbons 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 (15). 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 (16). For ER and
Ki-67 proliferation markers, we used DAKO mouse IgGl, Code
X0931 negative control, and for PR and HER2, we used DAKO
rabbit immunoglobulin fraction (solid-phase absorbed), Code
X0936. Both were diluted to the same IgG concentration as the
primary antibody. We used ductal epithelial cells from the breast as
internal controls for ER and PR, and we used the mitotic index as an
internal control for Ki-67 proliferation marker staining.
Additionally, we performed positive controls using normal
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endometrial stroma for PR, cervix epithelial cells for ER, and tonsil
for Ki-67 in each experiment. We optimized our HER2 positive
control using our BC samples. THC tests were conducted in a
centralized AHRI laboratory using archival blocks collected from
each Hospital.

IHC subtyping

Breast cancer subtyping in this study was performed based on
the consensus of St. Gallen international experts that divided BC
into the following four subtypes: luminal A (ER and/or PR-positive,
HER2-negative, and Ki-67 < 20%), luminal B (ER and/or PR-
positive, HER2-positive or ER- and/or PR-positive, HER2-
negative, and Ki67 = 20%), HER2-enriched (ER- and PR-
negative, HER2-positive), and triple-negative (ER-, PR-, and
HER2-negative) (16).

Data analysis

Data collected from the pathology report 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.

Results

Demographic and histopathological
characteristics

In this study, 227 tumor specimens were collected. The mean
age at diagnosis was 43.9 (SD = 13.9) years. The average age of
Hawassa study site’s breast cancer patient was lower than those of
other research sites (38.7 years) (Table 1).

10.3389/fendo.2023.1250189

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). Any tumor size growing into the
chest or skin (T4) was high in Harer (42.3%). Involvement of the
lymph node 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 2). Invasive ductal carcinoma
was the most common histomorphologic type of BC (84.0%),
followed by invasive lobular carcinoma.

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 2). For multiple
logistic regression analysis, 157 cases were included. For these
analyses a binary outcome variable for tumor size was created by
summing T3 and T4 tumors within a large category and T1 and T2
tumors for a small category. 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) were 3.1 and 7.7 times, respectively, more
likely to have T3 or T4 tumors than those from the north
(Mekele) (Table 3).

Estrogen receptor, HER2, 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 2). In this study, 161 BC 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

TABLE 1 Basic demographic information of the study population at four study sites.

Variables Frequency (%) Study sites
Hawassa Mekele

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 452+ 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(22) 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)
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TABLE 2 Distribution of histopathological, and immunohistochemical characteristics of breast cancer at the four study sites.

Variables* Frequency (%) Study sites
Hawassa Mekele Harar
Tumor Size T1 16 (8.0) 2(4.9) 2(43) 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)
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
1l 70 (32.1) 16 (34.8) 16 (30.2) 25 (26.3) 12 (36.4)
11 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)
HER2 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 Ki-67 < 20% 106 (57.0) 22 (56.4) 40 (81.6) 37 (52.9) 7 (25.0) < 0.0001
Ki-67 > 20% 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)
HER2 enriched 23 (14.1) 6 (17.1) 4(8.3) 7 (12.7) 6 (24.0)
TNBC 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 X test.

than that of a grade III tumor (p = 0.005). The chance of having ER-
positive breast cancer appears to be 2.1 higher in older women (>50
years vs. <50 years) (p = 0.039) (Table 4).

Among a total of 191 specimens (36 cases were missed)
included in univariate analysis, 22% of the cases were HER2
positive, with the highest percentage (35.7%) reporting from
eastern Ethiopia (Harar) (Table 2). In the study of 137 BC 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 HER2-
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positive (p = 0.01). Additionally, BC cases in eastern Ethiopia
(Harer) were 3.6 times more likely than cases in northern
Ethiopia (Mekele) to be HER2 positive (Table 4).

In univariate analysis, a total of 186 cases of BC were analyzed
(41 cases were missed), and the Ki-67 scores of > 20% were observed
in 43.0% of BC cases (Table 2). In the multiple logistic regression
analysis of 149 BC patients, eastern Ethiopia (Harer) was 6.4 times
more likely than northern Ethiopia (Mekele) to have Ki-67 >
20% (Table 4).
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TABLE 3 Multiple logistic regression analysis of demographic and histopathological parameters predicting tumor size.

Parameters* AlLN (%) = 157  Large tumor size (T3 and T4) (n = 95) vs small tumor size (T1 and T2)
(n = 62).
OR (95% Cl) 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
I 55 (35.0%)
Lymph node involvement = Yes 102 (65.0%) 1.60 (0.75-3.45) 0.228
No (ref) 46 (35.0%)
HER2 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.

IHC subtypes distribution 27.6% luminal B, 25.2% luminal A, and 14.1% HER2 enriched
(Table 2). Among the 131 BC patients included in multiple logistic

In univariate analysis, 163 samples with all IHC available the  regression analysis, luminal A subtypes were 10.4 times more likely
IHC subtypes showed the following distribution: 33.1% TNBC,  to have histological grade I or II than grade III (p = 0.002). The

TABLE 4 Multiple logistic regression analysis of positive ER and HER2 status, and Ki-67 > 20% with other variables among 161 (ER), 137 (HER2), and
149 (Ki-67) study participants.

Parameters* ER-positive (n = 79) HER2-positive (n = 34) Ki-67 > 20% (n = 59)
ER-negative (n = 82) HER2-negative (n = 103) Ki-67 < 20% (n = 90)
OR (95% CI)  p-value OR (95% Cl) p-value  OR (95% Cl) p-value
Age group (years) <50 (ref)# 2.18 (1.04-4.58) 0.039 0.61 (0.2-1.61) 0317 1.65 (0.70-3.90) 0253
> 50
Grade Torll 2.96 (1.40-6.26) 0.005 1.18 (0.47-2.96) 0.727 0.20 (0.08-0.46) <0.0001
111 (ref)
Tumor Size T1or 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 involvement  Yes 1.60 (0.80-3.20) 0.185 0.99 (0.41-2.41) 0.981 0.67 (0.230-1.51) 0337
No (ref)
Study sites Hawassa 1.18 0.719 0.82 0.760 1.69 0.333
(0.48-2.93) (0.23-2.92) (0.58-4.91)
Jimma 071 0461 1.04 0.947 0.42 0.118
(0.29-1.76) (0.32-3.43) (0.14-1.25)
Harar 1.51 (0.51-4.47) 0456 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, HER2 positivity and Ki-67 > 20% marker as the outcome variables (with marker negativity and Ki-67 < 20% 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.
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luminal A subtype of BC in southern Ethiopia (Hawassa) was 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 5). In univariate analysis, TNBC was found in the highest
number of cases from southwestern Ethiopia (Jimma) (37.5%),
followed by cases from northern Ethiopia (Mekele) (36.4%)
(Table 2). Using a multiple logistic regression model, after
controlling for other variables, TNBC in southwestern Ethiopia
(Jimma) was 2.1 times more likely than in northern Ethiopia
(Mekelle), though this did not reach statistical significance (p =
0.18) (Table 5).

Discussion

Immunohistochemical markers are frequently used to guide
treatment choices, classify BC into biologically distinct subtypes,
and serve as prognostic and predictive markers (17). The THC
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 (11). Our research was conducted in regional
areas of Ethiopia with oncology care only recently initiated. This
study found a high proportion of BCs with advanced clinical and
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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 (18-22). The TNBC
was seen to be more frequent in southwest Ethiopia (Jimma) and
north Ethiopia (Mekele). Study sites showed a different composition
of age groups, tumor size, histological grade, and Ki-67
proliferation index.

In this study, the mean age for BC patients at diagnosis was 43.9
years. Most patients were premenopausal (younger than 50 years
old), with the highest frequency (87.0%) in Hawassa. A relatively
young age at presentation is comparable to other earlier studies
carried out in Ethiopia, which reported patients with mean ages of
43 to 47 years (19-21) and other African studies reported mean ages
less than 50 years of age (23-31). On the other hand, in Europe, the
mean age is significantly higher; 62.7 years in Switzerland (32) and
63.5 in Sweden (33). This distinction was also revealed by a
comparative study, where patients from Sudan were 10 years
younger than those from Germany and Italy (34, 35), and
patients in Nigeria were 21 years younger than those in the UK
(36). This is possibly due to the young population structure in
Ethiopia and Africa, with a predominance of people below the age
of 60 years.

Histological grades II and III were found in the majority of patients
in the current study, with the highest proportion in northern Ethiopia
(Mekele). A considerable percentage of cases (53.8%) had tumors that
were T3 or T4, with southwestern Ethiopia (Jimma) reporting the
largest number of cases (75.6%). In this study, lymph nodes were

TABLE 5 Multiple logistic regression analysis of demographic and histopathological parameters, taken as predictive variables for individual IHC
subtypes compared to others (N = 131).

Parameters AlLN (%) = Luminal A Luminal B HER2-enriched TNBC
131 (n = 30) (n = 37) (n=19) (n = 45)
(0] (0] p- (0] p- OR p-
(95% ClI) (95% CI)  value (95% CI) value (95% Cl) value
Age group <50 90 (68.7%) 0.42 (0.15- 0.105 0.95 (0.39- 0.906 1.48 (0.44- 0.527 148 (0.62- | 0.382
(years) 1.19) 2.328) 5.03) 3.57)
>50 (ref) | 41 (31.3%)
Tumor size T1 or T2 51 (38.9%) 0.52 (0.20- 0.188 1.16 (0.49- 0.742 4.84 (1.23- 0.024 0.61 (025- | 0.267
(ref) 1.38) 2.73) 19.03) 1.47)
T3 or T4 80 (61.1%)
Grade Torll 85 (64.9%) 10.43 (2.36- 0.002 1.64 (0.67- 0.280 0.72 (0.24- 0.554 022 (0.09- | 0.001
55.39) 4.03) 2.14) 0.54)
11 (ref) 46 (35.1%)
Lymph nodes Yes 86 (65.6%) 1.04 (0.39- 0.944 1.34 (0.57- 0.507 1.33 (0.42- 0.628 0.66 (029- | 0336
involved 2.72) 3.14) 4.18) 1.65)
No (ref) 45 (34.4%)
Study sites Hawassa 31 (23.7%) 2,94 (0.79- 0.109 0.76 (0.25- 0642 1.03 (0.24- 0.968 053 (0.17- | 0.290
10.93) 2.38) 4.46) 1.71)
Jimma 42 (32.1%) 1.829 (0.35- 0.702 0.55 (0.17- 0.302 0.49 (0.11- 0.363 213 (0.71- | 0.180
4.80) 1.72) 2.28) 6.41)
Harar 20 (15.3%) 0.37 (0.06— 0.284 1.87 (0.59- 0.290 2.18 (0.49- 0.304 041 (0.10- | 0.205
2.27) 5.99) 9.67) 1.63)
Mekele 38 (29.0%)
(ref)
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involved in 63.7% of BC patients, with northern Ethiopia (Mekele)
having the highest frequency (75.8%). The histological grade is now
taken into account when selecting the therapy strategy (37). This study
agrees with other studies reported in Ethiopia and other African
countries such as Kenya, Ghana, the Republic of Congo, Ivory Coast,
Egypt, Libya, and Malawi (19, 20, 24, 27, 31, 38-42). Compared with
European cohorts, grade I tumors were most common in Switzerland
(32) and Belgium (43). Lack of knowledge and awareness of early
detection, poor perception of BC, 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 BC in Africa (44, 45). 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 (45). In the present study, a high proportion of patients
under the age of 50 years, a high degree of lymph node involvement,
and a high degree of Ki-67 related 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 (NST).
The other forms of BC have slightly better outcomes (46-48). The
most prevalent histomorphologic type of BC in the current study is
NST, accounting for 84% of the cases. A similar finding is reported
in Ethiopia and other countries (19, 25, 27, 38, 41, 49-52).

Molecular subgroups were also significant predictors of BC
mortality (53). Poorer outcomes have been linked to the triple-
negative and HER2 subtypes (54). TNBC has a poor prognosis, high
levels of invasiveness, and metastatic potential. Additionally, they
are resistant to endocrine- and HER2-targeted therapies (55). A
higher percentage of TNBC subtypes (33.1%) was reported in this
study, with the highest percentage in southwest Ethiopia (Jimma)
(37.5%), followed by north Ethiopia (Mekelle) (36.4%), which is
higher than the 23% (21, 56) and 24.8% (18) reported in earlier
Ethiopian studies from the capital city. TNBC 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% (57). The percentage of TNBC is
substantially lower in Europe, the UK (0.3%) (58), and Italy (8.1%)
(59). Comparative research showed Sudan had a TNBC rate of
34.5%, while Germany had a rate of 14.2% (34). Compared to
populations of European heritage, populations of African descent
had the greatest reported prevalence of TNBC (60). One important
factor is the higher prevalence of TNBCs in younger age groups.
Additionally, this could be explained by hereditary factors, such as
the founder BRCA gene mutation (61, 62), not reported yet from
Ethiopia. Another study also reveals the connection between
African ancestry and the immunologic profile of TNBC (63).

Luminal A subtypes have the best prognosis, and the most
effective therapy for this subtype is tamoxifen or aromatase
inhibitors (64). Luminal B subtypes are more severe and have a
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worse prognosis than Luminal A subtypes (64). In the present
study, the percentage of luminal B BC was 27.6%, which is
comparable with a prior study in Ethiopia, where it was 26% (21).
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% (21). The percentage of luminal A breast subtype
is much higher in Europe; 73.2% in Switzerland (32) and 70.3% in
Italy (59). 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 (43). Another study
also reported a higher percentage of luminal A in Germany than in
Sudan with 68.4% and 36.9%, respectively (34). 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 HER2-enriched BC subtype is more aggressive and has a
worse prognosis than luminal subtypes (64), especially before the
availability of modern HER2 neu-directed therapies. The
development of anti-HER2-targeted drugs has significantly
increased patient survival rates for this subtype (65). The current
study found 14.1% of BCs to be HER2-enriched subtypes, which is
greater than the 10% (21) and 9.5% (18) found in an earlier study in
Ethiopia. In comparison to the present, lower percentages of the
HER2-enriched subtype of BC was observed in the UK (9.1%) (58),
Italy (6.0%) (59), and Switzerland (5.6%) (32). A comparative study
revealed that the HER2-enriched subtype is higher in Sudan
(15.7%) than in Germany (6.8%) (34). We had 11% of cases that
were HER2+ 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 BC subtypes. This study provides important data that can
be used to advocate for the appropriate allocation of resources to
support 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 are expected to increase.

Endocrine therapy is a significant part of treatment for BCs that
are ER-positive (66). Tamoxifen and an aromatase inhibitor should
be a regular component of endocrine therapy for the majority of
postmenopausal and premenopausal women with receptor-positive
BC, respectively (67). The 15-year mortality rates of BC were
reduced by around 30% and 40% by tamoxifen and aromatase
inhibitors in adjuvant settings, respectively (68). ER-positivity is
detected in 51.7% of the patients in the current study. A higher
percentage of ER-positivity, with values of 65.5% (19), 73% (20),
65% (21), and 65.3% (22), were observed in prior Ethiopian studies.
In a systematic review from sub-Saharan Africa, 42% of BC cases
were ER-positive, with 35.0% in West Africa (69). Higher rates of
ER-positive BC were reported in other nations than the present
study: 75.7% in Saudi Arabia (70), 87.9% in Sweden (33), 85.3% in
Switzerland (32), 84% in Norway (71), 99.3% in the UK (71), and
76% in the USA (72). 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 (73). Based on our findings, receptor testing availability
should be a priority to offer the best treatment for BC patients.
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Conclusion

A high proportion of BCs with advanced clinical and pathologic
characteristics, such as extensive lymph node involvement, large
tumor size, and high histological grade were found in this study,
pointing to the certain need for chemotherapy for the majority of
patients. 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.

TNBC was reported with higher frequency in southwest Ethiopia
(Jimma) and northern Ethiopia (Mekele) compared to the other
regions. 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 considerably high rates of TNBC
and hormone receptor-negative tumors (still showing half the patients
with endocrine-sensitive disease) in our study need special attention.
Such a variety of features need close collaboration between surgeons,
oncologists, pathologists, radiologists, and radiotherapists, in addition
to linkage to lower-level health facilities. Individual treatment
recommendations should be discussed in interdisciplinary tumor
boards and offered to the patients. Especially utilization of adequate
imaging, neoadjuvant chemotherapy, and specialized surgery is needed.
In this study we have focused primarily on endocrine markers because
of the implication in therapy. A number of other biomarkers (including
Bcl-2, GCDFP-15, TRPSI, Cytokeratins and others) have been studied,
showing diagnostic or prognostic promise. Future studies with these
and other markers as well as genetic mutational analysis are planned”.

Limitations

The small sample size, retrospective nature, and absence of analysis
of HER2 equivocal data using fluorescent in-situ hybridization is the
major limitation of this work. Larger studies in the future studies to
solidify our study findings are warranted. We were not able to perform
FISH on the HER2 equivocal cases (11% of total) for which this
procedure is indicated. There was a lack of ability to ensure that the
pre-analytical variables were optimized or standardized across these
sites. We see strength in performing centralized IHC for all samples of
regions that have not been studied before.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

Ethical approval was obtained from the College of Natural
Science Institutional Ethics Review Board (CNS-IRB) Addis

Frontiers in Endocrinology

10.3389/fendo.2023.1250189

Ababa University (No. IRB/032/2018) and AHRI/ALERT Ethics
Review Committee (AAERC) (No. PO/27/19). Patients' informed
consent was not required because we used archived tissue blocks.

Author contributions

EB contributed to study design, sample and data acquisition,
analysis, interpretation, and writing of the original and final draft.
DD, TG, SA, MY, BF, AlA, AdA, AbA, TD, and SG contributed to
data analysis, data interpretation, sample acquisition and
experimental work. MC, DB, LT, MB, and DS contributed to data
analysis, data interpretation, experimental work and editing of the
manuscript. AD, DM, TS, EK, and RH contributed to the study
design, data acquisition, data analysis, data interpretation, and
editing of the manuscript. All authors contributed to the article
and approved the submitted version.

Funding

This study was funded by Armauer Hansen Research Institute,
Addis Ababa University, 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 by a Grant from Hospital Partnerships Funding
Program through Deutsche Gesellschaft fiir Internationale
Zusammenarbeit (GIZ) commissioned by the German Federal
Ministry for Economic Cooperation and Development (BMZ)
No. 81281915.

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.

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.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1250189
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Belachew et al.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA: Cancer ] Clin (2021) 71:209-49. doi: 10.3322/caac.21660

2. Arnold M, Morgan E, Rumgay H, Mafra A, Singh D, Laversanne M, et al. Current
and future burden of breast cancer: Global statistics for 2020 and 2040. Breast (2022)
66:15-23. doi: 10.1016/j.breast.2022.08.010

3. Jedy-Agba E, McCormack V, Adebamowo C, dos-Santos-Silva I. Stage at
diagnosis of breast cancer in sub-Saharan Africa: a systematic review and meta-
analysis. Lancet Global Health (2016) 4:€923-35. doi: 10.1016/52214-109X(16)30259-5

4. Ginsburg O, Bray F, Coleman MP, Vanderpuye V, Eniu A, Kotha SR, et al. The
global burden of women's cancers: a grand challenge in global health. Lancet (2017)
389:847-60. doi: 10.1016/S0140-6736(16)31392-7

5. Brinton LA, Figueroa JD, Awuah B, Yarney J, Wiafe S, Wood SN, et al. Breast
cancer in Sub-Saharan Africa: opportunities for prevention. Breast Cancer Res Treat
(2014) 144:467-78. doi: 10.1007/s10549-014-2868-z

6. HuZ, Fan C, Oh DS, Marron JS, He X, Qaqish BF, et al. The molecular portraits of
breast tumors are conserved across microarray platforms. BMC Genomics (2006) 7:96.
doi: 10.1186/1471-2164-7-96

7. Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H, et al. Gene expression
patterns of breast carcinomas distinguish tumor subclasses with clinical implications. Proc
Natl Acad Sci US.A. (2001) 98:10869-74. doi: 10.1245/s10434-010-0985-4

8. Malhotra GK, Zhao X, Band H, Band V. Histological, molecular and functional
subtypes of breast cancers. Cancer Biol Ther (2010) 10:955-60. doi: 10.4161/cbt.10.10.13879

9. Gemta E, Bekele A, Mekonen W, Seifu D, Bekurtsion Y, Kantelhardt E. Patterns of
breast Cancer among Ethiopian patients: presentations and histopathological features. J
Cancer Sci Ther (2019) 11:2. doi: 10.4172/1948-5956.1000581

10. Lopez S, Tarekegn A, Band G, van Dorp L, Bird N, Morris S, et al. Evidence of the
interplay of genetics and culture in Ethiopia. Nat Commun (2021) 12:3581. doi:
10.1038/s41467-021-23712-w

11. Pagani L, Kivisild T, Tarekegn A, Ekong R, Plaster C, Gallego Romero I, et al.
Ethiopian genetic diversity reveals linguistic stratification and complex influences on the
Ethiopian gene pool. Am J Hum Genet (2012) 91:83-96. doi: 10.1016/j.ajhg.2012.05.015

12. Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th
edition of the AJCC cancer staging manual and the future of TNM. Ann Surg Oncol
(2010) 17:1471-4. doi: 10.1245/510434-010-0985-4

13. Elston CW, Ellis IO. Pathological prognostic factors in breast cancer. I. The value
of histological grade in breast cancer: experience from a large study with long-term
follow-up. Histopathology (1991) 19:403-10. doi: 10.1111/j.1365-2559.1991.tb00229.x

14. Allison KH, Hammond MEH, Dowsett M, McKernin SE, Carey LA, Fitzgibbons
PL, et al. Estrogen and progesterone receptor testing in breast cancer: ASCO/CAP
guideline update. J Clin Oncol (2020) 38:1346-66.

15. Wolff AC, Hammond MEH, Allison KH, Harvey BE, Mangu PB, Bartlett JM,
et al. Human epidermal growth factor receptor 2 testing in breast cancer: American
Society of Clinical Oncology/College of American Pathologists clinical practice
guideline focused update. Arch Pathol Lab Med (2018) 142:1364-82. doi: 10.5858/
arpa.2018-0902-SA

16. Goldhirsch A, Winer EP, Coates A, Gelber R, Piccart-Gebhart M, Thiirlimann B,
et al. 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. Ann Oncol (2013) 24:2206-23. doi: 10.1093/annonc/mdt303

17. Zaha DC. Significance of immunohistochemistry in breast cancer. World J Clin
Oncol (2014) 5:382-92. doi: 10.5306/wjco.v5.13.382

18. Eber-Schulz P, Tariku W, Reibold C, Addissie A, Wickenhauser C, Fathke C,
et al. Survival of breast cancer patients in rural Ethiopia. Breast Cancer Res Treat (2018)
170:111-8. doi: 10.1007/s10549-018-4724-7

19. Shenkutie B, Mekonnen Y, Seifu D, Abebe E, Ergete W, Damie A, et al. Biological and
clinicopathological characteristics of breast cancer at Tikur Anbessa specialized hospital,
Addis Ababa, Ethiopia. ] Cancer Sci Ther (2017) 2017:12. doi: 10.4172/1948-5956.1000504

20. Reibold CF, Tariku W, Eber-Schulz P, Getachew S, Addisie A, Unverzagt S, et al.
Adherence to newly implemented tamoxifen therapy for breast cancer patients in rural
Western Ethiopia. Breast Care (2021) 16:484-90. doi: 10.1159/000512840

21. Hadgu E, Seifu D, Tigneh W, Bokretsion Y, Bekele A, Abebe M, et al. Breast
cancer in Ethiopia: evidence for geographic difference in the distribution of molecular
subtypes in Africa. BMC Women's Health (2018) 18:1-8. doi: 10.1186/s12905-018-
0531-2

22. Kantelhardt EJ, Mathewos A, Aynalem A, Wondemagegnehu T, Jemal A, Vetter
M, et al. The prevalence of estrogen receptor-negative breast cancer in Ethiopia. BMC
Cancer (2014) 14:1-6. doi: 10.1186/1471-2407-14-895

23. Sengal AT, Haj-Mukhtar NS, Elhaj AM, Bedri S, Kantelhardt EJ, Mohamedani
AA. Immunohistochemistry defined subtypes of breast cancer in 678 Sudanese and
Eritrean women; hospitals based case series. BMC Cancer (2017) 17:1-9. doi: 10.1186/
512885-017-3805-4

Frontiers in Endocrinology

10

10.3389/fendo.2023.1250189

24. Ekpe E, Shaikh AJ, Shah J, Jacobson JS, Sayed S. Metastatic breast cancer in
Kenya: presentation, pathologic characteristics, and patterns-findings from a tertiary
cancer center. ] Glob Oncol (2019) 5:1-11. doi: 10.1200/]JGO.19.00036

25. Uyisenga JP, Butera Y, Debit A, Josse C, Ainhoa CC, Karinganire E, et al. Prevalence
of histological characteristics of breast cancer in Rwanda in relation to age and tumor stages.
Hormones Cancer (2020) 11:240-9. doi: 10.1007/s12672-020-00393-3

26. Rweyemamu LP, Akan G, Adolf IC, Magorosa EP, Mosha IJ, Dharsee N, et al.
The distribution of reproductive risk factors disclosed the heterogeneity of receptor-
defined breast cancer subtypes among Tanzanian women. BMC Womens Health (2021)
21:423. doi: 10.1186/$12905-021-01536-6

27. Atta Manu E, Bedu-Addo K, Titiloye NA, Ameh-Mensah C, Opoku F,
Duduyemi BM. Expression of tumour-associated MUCI is a poor prognostic marker
in breast cancer in Kumasi, Ghana. J Oncol (2020) 2020:9752952. doi: 10.1155/2020/
9752952

28. Aliyu UM, Musa AA. Assessment of breast cancer immunohistochemistry and
tumor characteristics in Nigeria. World J Clin Oncol (2020) 11:935. doi: 10.5306/
wjco.v11.i11.935

29. Adeniji AA, Dawodu OO, Habeebu MY, Oyekan AO, Bashir MA, Martin MG,
et al. Distribution of breast cancer subtypes among Nigerian women and correlation to
the risk factors and clinicopathological characteristics. World ] Oncol (2020) 11:165-72.
doi: 10.14740/wjon1303

30. Menkiti F, Ukah C, Menkiti I, Onyiaorah I, Chigbo C. The changing
immunohistochemical profile of breast carcinomas in nnewi, south-east nigeria: our
experience. Medico Res Chronicles (2021) 8:518-28. doi: 10.26838/ MEDRECH.2021.8.6.566

31. Malanda DMM, Boumba ALM, Malonga GA, Mouamba FG, Mambouene FD,
Moukassa D, et al. Breast cancer in women: epidemiological, histological,
immunohistochemical and molecular sub-types in the Republic of Congo. Int. J.
Health Sci Res (2021) 11:103-16. doi: 10.52403/ijhsr.20210515

32. Spitale A, Mazzola P, Soldini D, Mazzucchelli L, Bordoni A. Breast cancer
classification according to immunohistochemical markers: clinicopathologic features
and short-term survival analysis in a population-based study from the South of
Switzerland. Ann Oncol (2009) 20:628-35. doi: 10.1093/annonc/mdn675

33. Acs B, Fredriksson I, Rénnlund C, Hagerling C, Ehinger A, Kovacs A, et al.
Variability in breast cancer biomarker assessment and the effect on oncological
treatment decisions: A nationwide 5-year population-based study. Cancers (Basel)
(2021) 13(5):1166. doi: 10.3390/cancers13051166

34. Sengal AT, Haj Mukhtar NS, Vetter M, Elhaj AM, Bedri S, Hauptmann S, et al.
Comparison of receptor-defined breast cancer subtypes between German and Sudanese
women: A facility-based cohort study. J Glob Oncol (2018) 4:1-12. doi: 10.1200/
JGO.2017.010082

35. Awadelkarim K, Arizzi C, Elamin E, Hamad H, De Blasio P, Mekki S, et al.
Pathological, clinical and prognostic characteristics of breast cancer in Central Sudan
versus Northern Italy: implications for breast cancer in Africa. Histopathology (2008)
52:445-56. doi: 10.1111/j.1365-2559.2008.02966.x

36. Gukas ID, Jennings BA, Mandong BM, Manasseh AN, Harvey I, Leinster SJ. A
comparison of the pattern of occurrence of breast cancer in Nigerian and British
women. Breast (2006) 15:90-5. doi: 10.1016/j.breast.2005.02.003

37. Weigelt B, Geyer FC, Reis-Filho JS. Histological types of breast cancer: how
special are they? Mol Oncol (2010) 4:192-208. doi: 10.1016/j.molonc.2010.04.004

38. Effi AB, Koui BS, Koffi KD, Traore ZC, Kouyate M. Breast cancer molecular
subtypes defined by ER/PR and HER2 status: association with clinicopathologic
parameters in Ivorian patients. Asian Pacific ] Cancer Prev (2016) 17:1973-8.
doi: 10.7314/apjcp.2016.17.4.1973

39. Elesawy BH, Shawky A-a, Arafa M. Immunohistochemistry-based subtyping of
breast carcinoma in Egyptian women: a clinicopathologic study on 125 patients. Ann
Diagn Pathol (2014) 18:21-6. doi: 10.1016/j.anndiagpath.2013.10.005

40. Salhia B, Tapia C, Ishak EA, Gaber S, Berghuis B, Hussain KH, et al. Molecular
subtype analysis determines the association of advanced breast cancer in Egypt with
favorable biology. BMC Women's Health (2011) 11:1-9. doi: 10.1186/1472-6874-11-44

41. Elamyal R, Elfagich M, Zubia N, Zwawi W. Immunohistochemistry profile of
breast cancer patients from 2010 to 2014 in national cancer institute, Misurata, LIBYA.
Jurnal Penyakit Dalam Indonesia (2019) 6(4):2. doi: 10.18535/jmscr/v8i11.18

42. Youngblood VM, Nyirenda R, Nyasosela R, Zuze T, Yang Y, Kudowa E, et al.
Outcomes and prognostic factors for women with breast cancer in Malawi. Cancer
Causes Control (2020) 31:393-402. doi: 10.1007/s10552-020-01282-4

43. Luyeye Mvila G, Batalansi D, Praet M, Marchal G, Laenen A, Christiaens MR, et al.
Prognostic features of breast cancer differ between women in the Democratic Republic of
Congo and Belgium. Breast (2015) 24:642-8. doi: 10.1016/j.breast.2015.07.031

44. Akuoko CP, Armah E, Sarpong T, Quansah DY, Amankwaa I, Boateng D. Barriers to
early presentation and diagnosis of breast cancer among African women living in sub-
Saharan Africa. PloS One (2017) 12:¢0171024. doi: 10.1371/journal.pone.0171024

45. Getachew S, Tesfaw A, Kaba M, Wienke A, Taylor L, Kantelhardt EJ, et al.
Perceived barriers to early diagnosis of breast Cancer in south and southwestern

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.breast.2022.08.010
https://doi.org/10.1016/S2214-109X(16)30259-5
https://doi.org/10.1016/S0140-6736(16)31392-7
https://doi.org/10.1007/s10549-014-2868-z
https://doi.org/10.1186/1471-2164-7-96
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.4161/cbt.10.10.13879
https://doi.org/10.4172/1948-5956.1000581
https://doi.org/10.1038/s41467-021-23712-w
https://doi.org/10.1016/j.ajhg.2012.05.015
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1111/j.1365-2559.1991.tb00229.x
https://doi.org/10.5858/arpa.2018-0902-SA
https://doi.org/10.5858/arpa.2018-0902-SA
https://doi.org/10.1093/annonc/mdt303
https://doi.org/10.5306/wjco.v5.i3.382
https://doi.org/10.1007/s10549-018-4724-z
https://doi.org/10.4172/1948-5956.1000504
https://doi.org/10.1159/000512840
https://doi.org/10.1186/s12905-018-0531-2
https://doi.org/10.1186/s12905-018-0531-2
https://doi.org/10.1186/1471-2407-14-895
https://doi.org/10.1186/s12885-017-3805-4
https://doi.org/10.1186/s12885-017-3805-4
https://doi.org/10.1200/JGO.19.00036
https://doi.org/10.1007/s12672-020-00393-3
https://doi.org/10.1186/s12905-021-01536-6
https://doi.org/10.1155/2020/9752952
https://doi.org/10.1155/2020/9752952
https://doi.org/10.5306/wjco.v11.i11.935
https://doi.org/10.5306/wjco.v11.i11.935
https://doi.org/10.14740/wjon1303
https://doi.org/10.26838/MEDRECH.2021.8.6.566
https://doi.org/10.52403/ijhsr.20210515
https://doi.org/10.1093/annonc/mdn675
https://doi.org/10.3390/cancers13051166
https://doi.org/10.1200/JGO.2017.010082
https://doi.org/10.1200/JGO.2017.010082
https://doi.org/10.1111/j.1365-2559.2008.02966.x
https://doi.org/10.1016/j.breast.2005.02.003
https://doi.org/10.1016/j.molonc.2010.04.004
https://doi.org/10.7314/apjcp.2016.17.4.1973
https://doi.org/10.1016/j.anndiagpath.2013.10.005
https://doi.org/10.1186/1472-6874-11-44
https://doi.org/10.18535/jmscr/v8i11.18
https://doi.org/10.1007/s10552-020-01282-4
https://doi.org/10.1016/j.breast.2015.07.031
https://doi.org/10.1371/journal.pone.0171024
https://doi.org/10.3389/fendo.2023.1250189
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Belachew et al.

Ethiopia: a qualitative study. BMC Women's Health (2020) 20:38. doi: 10.1186/s12905-
020-00909-7

46. Makki J. Diversity of breast carcinoma: histological subtypes and clinical
relevance. Clin Med Insights Pathol (2015) 8:23-31. doi: 10.4137/CPath.S31563

47. do Nascimento RG, Otoni KM. Histological and molecular classification of
breast cancer: what do we know. Mastology (2020) 30:¢20200024. doi: 10.29289/
25945394202020200024

48. Nagao T, Kinoshita T, Hojo T, Tsuda H, Tamura K, Fujiwara Y. The differences
in the histological types of breast cancer and the response to neoadjuvant
chemotherapy: The relationship between the outcome and the clinicopathological
characteristics. Breast (2012) 21:289-95. doi: 10.1016/j.breast.2011.12.011

49. Traoré B, Koulibaly M, Diallo A, Bah M. Molecular profile of breast cancers in
Guinean oncological settings. Pan Afr Med ] (2019) 33:22. doi: 10.11604/
pamj.2019.33.22.18189

50. Fatima zahra A, Ezohra E, Basselam M, Chadli S, Cadi M, Izaabel H.
Epidemiological and biological profiling of breast cancer in southern Morocco. Int |
Med Surg (2018) 5. doi: 10.15342/ijms.v5ir.240

51. Onitilo AA, Engel JM, Greenlee RT, Mukesh BN. Breast cancer subtypes based
on ER/PR and Her2 expression: comparison of clinicopathologic features and survival.
Clin Med Res (2009) 7:4-13. doi: 10.3121/cmr.2008.825

52. Alsughayer AM, Dabbagh TZ, Abdel-Razeq RH, Al-Jussani GN, Alhassoon S,
Sughayer MA. Changing trends in estrogen receptors/progesterone receptors/human
epidermal growth factor receptor 2 prevalence rates among Jordanian patients with
breast cancer over the years. JCO Global Oncol (2022) 8:¢2100359. doi: 10.1200/
GO.21.00359

53. Haque R, Ahmed SA, Inzhakova G, Shi ], Avila C, Polikoff ], et al. Impact of breast
cancer subtypes and treatment on survival: an analysis spanning two decades. Cancer
Epidemiol Biomarkers Prev (2012) 21:1848-55. doi: 10.1158/1055-9965.EPI-12-0474

54. Su'Y, Zheng Y, Zheng W, Gu K, Chen Z, Li G, et al. Distinct distribution and
prognostic significance of molecular subtypes of breast cancer in Chinese women: a
population-based cohort study. BMC Cancer (2011) 11:292. doi: 10.1186/1471-2407-
11-292

55. Yin L, Duan J-J, Bian X-W, Yu S-c. Triple-negative breast cancer molecular
subtyping and treatment progress. Breast Cancer Res (2020) 22:61. doi: 10.1186/
513058-020-01296-5

56. Desalegn Z, Yohannes M, Porsch M, Stiickrath K, Anberber E, Santos P, et al.
Intrinsic subtypes in Ethiopian breast cancer patient. Breast Cancer Res Treat (2022)
196:495-504. doi: 10.1007/s10549-022-06769-z

57. Hercules SM, Alnajar M, Chen C, Mladjenovic SM, Shipeolu BA, Perkovic O,
et al. Triple-negative breast cancer prevalence in Africa: a systematic review and meta-
analysis. BMJ Open (2022) 12:055735. doi: 10.1136/bmjopen-2021-055735

58. Cardoso F, Bartlett JMS, Slaets L, van Deurzen CHM, van Leeuwen-Stok E,
Porter P, et al. Characterization of male breast cancer: results of the EORTC 10085/
TBCRC/BIG/NABCG International Male Breast Cancer Program. Ann Oncol (2018)
29:405-17. doi: 10.1093/annonc/mdx651

Frontiers in Endocrinology

11

10.3389/fendo.2023.1250189

59. Caldarella A, Crocetti E, Bianchi S, Vezzosi V, Urso C, Biancalani M, et al.
Female breast cancer status according to ER, PR and HER2 expression: A population
based analysis. Pathol Oncol Res (2011) 17:753-8. doi: 10.1007/s12253-011-9381-z

60. Jiagge E, Chitale D, Newman LA. Triple-negative breast cancer, stem cells, and
african ancestry. Am J Pathol (2018) 188:271-9. doi: 10.1016/j.ajpath.2017.06.020

61. Siddharth S, Sharma D. Racial disparity and triple-negative breast cancer in
African-American women: a multifaceted affair between obesity, biology, and
socioeconomic determinants. Cancers (2018) 10:514. doi: 10.3390/cancers10120514

62. Hayat M, Chen WC, Brandenburg J-T, Babb de Villiers C, Ramsay M, Mathew
CG. Genetic susceptibility to breast cancer in sub-saharan african populations. JCO
Global Oncol (2021) 7:1462-71. doi: 10.1200/GO.21.00089

63. Martini R, Delpe P, Chu TR, Arora K, Lord B, Verma A, et al. 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
(2022) 12:2530-51. doi: 10.1158/2159-8290.CD-22-0138

64. Orrantia-Borunda E, Anchondo-Nufez P, Acuna-Aguilar LE, GoOmez-Valles FO,
Ramirez-Valdespino CA. Subtypes of breast cancer. Breast Cancer (2022).
doi: 10.36255/exon-publications-breast-cancer-subtypes

65. Dieci MV, Miglietta F, Griguolo G, Guarneri V. Biomarkers for HER2-positive
metastatic breast cancer: Beyond hormone receptors. Cancer Treat Rev (2020)
88:102064. doi: 10.1016/j.ctrv.2020.102064

66. Nicholson RI, Johnston SR. Endocrine therapy-current benefits and limitations.
Breast Cancer Res Treat (2005) 93 Suppl 1:53-10. doi: 10.1007/s10549-005-9036-4

67. Colleoni M, Giobbie-Hurder A. Benefits and adverse effects of endocrine
therapy. Ann Oncol (2010) 21 Suppl 7:viil07-11. doi: 10.1093/annonc/mdq281

68. Krauss K, Stickeler E. Endocrine therapy in early breast cancer. Breast Care
(2020) 15:337-46. doi: 10.1159/000509362

69. Eng A, McCormack V, dos-Santos-Silva I. Receptor-defined subtypes of breast
cancer in indigenous populations in Africa: a systematic review and meta-analysis. PloS
Med (2014) 11:e1001720. doi: 10.1371/journal.pmed.1001720

70. Khabaz MN. Immunohistochemistry subtypes (ER/PR/HER) of breast cancer:
where do we stand in the West of Saudi Arabia? Asian Pacific ] Cancer Prev (2014)
15:8395-400. doi: 10.7314/APJCP.2014.15.19.8395

71. Johansson ALV, Trewin CB, Fredriksson I, Reinertsen KV, Russnes H, Ursin G.
In modern times, how important are breast cancer stage, grade and receptor subtype for
survival: a population-based cohort study. Breast Cancer Res (2021) 23:17. doi: 10.1186/
$13058-021-01393-z

72. Dunnwald LK, Rossing MA, Li CI. Hormone receptor status, tumor
characteristics, and prognosis: a prospective cohort of breast cancer patients. Breast
Cancer Res (2007) 9:R6. doi: 10.1186/bcr1639

73. Sofi GN, Sofi JN, Nadeem R, Shiekh RY, Khan FA, Sofi AA, et al. Estrogen
receptor and progesterone receptor status in breast cancer in relation to age,
histological grade, size of lesion and lymph node involvement. Asian Pac ] Cancer
Prev (2012) 13:5047-52. doi: 10.7314/APJCP.2012.13.10.5047

frontiersin.org


https://doi.org/10.1186/s12905-020-00909-7
https://doi.org/10.1186/s12905-020-00909-7
https://doi.org/10.4137/CPath.S31563
https://doi.org/10.29289/25945394202020200024
https://doi.org/10.29289/25945394202020200024
https://doi.org/10.1016/j.breast.2011.12.011
https://doi.org/10.11604/pamj.2019.33.22.18189
https://doi.org/10.11604/pamj.2019.33.22.18189
https://doi.org/10.15342/ijms.v5ir.240
https://doi.org/10.3121/cmr.2008.825
https://doi.org/10.1200/GO.21.00359
https://doi.org/10.1200/GO.21.00359
https://doi.org/10.1158/1055-9965.EPI-12-0474
https://doi.org/10.1186/1471-2407-11-292
https://doi.org/10.1186/1471-2407-11-292
https://doi.org/10.1186/s13058-020-01296-5
https://doi.org/10.1186/s13058-020-01296-5
https://doi.org/10.1007/s10549-022-06769-z
https://doi.org/10.1136/bmjopen-2021-055735
https://doi.org/10.1093/annonc/mdx651
https://doi.org/10.1007/s12253-011-9381-z
https://doi.org/10.1016/j.ajpath.2017.06.020
https://doi.org/10.3390/cancers10120514
https://doi.org/10.1200/GO.21.00089
https://doi.org/10.1158/2159-8290.CD-22-0138
https://doi.org/10.36255/exon-publications-breast-cancer-subtypes
https://doi.org/10.1016/j.ctrv.2020.102064
https://doi.org/10.1007/s10549-005-9036-4
https://doi.org/10.1093/annonc/mdq281
https://doi.org/10.1159/000509362
https://doi.org/10.1371/journal.pmed.1001720
https://doi.org/10.7314/APJCP.2014.15.19.8395
https://doi.org/10.1186/s13058-021-01393-z
https://doi.org/10.1186/s13058-021-01393-z
https://doi.org/10.1186/bcr1639
https://doi.org/10.7314/APJCP.2012.13.10.5047
https://doi.org/10.3389/fendo.2023.1250189
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Immunohistochemistry-derived subtypes of breast cancer distribution in four regions of Ethiopia
	Introduction
	Methods
	Study area and samples
	Data collection
	Histopathological grade and stage
	Immunohistochemistry
	IHC subtyping
	Data analysis

	Results
	Demographic and histopathological characteristics
	Tumor size
	Estrogen receptor, HER2, and Ki-67 proliferation
	IHC subtypes distribution

	Discussion
	Conclusion
	Limitations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References


