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Background. Recently, gene expression profiling and its surrogate immunohistochemistry (IHC) markers classified breast cancer
into four distinct molecular subtypes, which have different prognoses, targeted therapies, and/or clinical outcomes. Objective. To
conduct a preliminary study, to correlate the clinical pathological profiles and taxonomy of molecular subtypes of breast cancer in
Eritrea, in theHorn of Africa.Design. Review of pathology reports from Jan. 1 to Nov. 30, 2009, provided 22 cases ofmicroscopically
confirmed invasive breast carcinoma thatwere evaluable for histology and IHC (ER, PR,HER2, andCytokeratin 5/6).Result. Twenty
patients were female and most of them (68%) were under 50 years at presentation. 90% were invasive invasive carcinoma of no
special type and were histological grade 3. The molecular subtypes were luminal A (55%), luminal B (5%), HER2 (5%), basal-like
(10%), and unclassified (25%). Triple negative carcinoma (basal-like and unclassified combined) was 35%, mostly (71%) in women
under 50 years with grade 3 tumours. Conclusion. Breast carcinoma in Eritrean women presents at a younger age and with a high
histologic grade. The two predominant molecular subtypes are luminal A and triple negative. Determining the molecular subtype
using surrogate IHC markers has important treatment and prognostic implications for Eritrean women with breast cancer.

1. Introduction

Among women, breast cancer is the leading cause of cancer-
related death in the world [1]. The lowest incidence is in
Africa; however, the incidence has recently been increasing
and is accompanied by increased mortality [1, 2]. Breast
cancer in African and African-American women is charac-
terized by late presentation, younger age, advanced stage,
higher grade, more negative hormonal receptor status, and
poorer prognosis, when compared to Caucasian American
and western European women [3–6]. Although the causes
for these disparitiesmay include socioeconomic status, access
to screening, and differences in treatment decisions, the
intrinsic biology of the disease itself may play a role in the
different outcomes [7–9].

Today, breast cancer is considered to be a heterogeneous
disease, consisting of different molecular subtypes which

correlate with disease outcomes independent of other factors.
Gene expression microarrays have identified distinct breast
cancer molecular subtypes, including two types of estrogen
receptor (ER) negative tumors: basal-like and human epider-
mal growth receptor (HER2) enriched, and two types of ER-
positive tumors: luminal A and luminal B [10, 11]. A simpler
method employs immunohistochemistry (IHC) to identify
these molecular subtypes, using antibodies to ER, proges-
terone receptor (PR), HER2, and myoepithelial markers such
as cytokeratin (CK) 5/6. Although gene microarray analysis
is more accurate, it is not routinely used in clinical practice,
as it is more expensive.

Using these surrogate IHC markers, breast cancer is
classified into luminal A (ER+ and/or PR+, HER2−), lumi-
nal B (ER+ and/or PR+, HER2+), HER2 type (ER−, PR−,
and HER2+), basal-like (ER−, PR−, HER2−, and CK 5/6
positive), and unclassified (negative for all markers) [12, 13].
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TheCarolina breast cancer study demonstrated a distribution
of 51%, 16%, 7%, 20%, and 6% for luminal A, luminal B,
HER2 type, basal-like, and unclassified, respectively [12].
By contrast, a study of indigenous West African women
found that the proportions of luminal A, luminal B, HER2
type, basal-like, and unclassified tumors were 27%, 2%, 15%,
27%, and 28%, respectively [14]. Another study from Nigeria
found that 77.6% were luminal type A, 2.6% luminal type
B, 15.8% basal-like, and the remaining 4.0% HER2 type [15]
A study from North Africa (Egypt) reported 44% luminal
A, 26.6% luminal B, 11.8% HER2 type, 11.3% basal-like, and
7.9% unclassified [16], while a study from Sudan found a high
proportion of ER-and PR-positive tumours [17] and lower
basal-like (10%) phenotypes [18].This last study did not assess
the HER2 type of breast carcinoma. The published literature
therefore has not demonstrated a consistent pattern of breast
cancer biology within the continent of Africa.

In general, patients with the luminal A subtype have the
best prognosis, and patients with luminal B have a relatively
poorer prognosis [12, 19]. Both the basal-like and HER2
subtypes have the poorest prognosis. However, more recently,
with HER2 targeting agents, outcomes for the HER2 and
HER2-positive luminal cancers havemarkedly improved.The
basal-like triple negative breast cancer is the most aggressive
and appears to be more common in premenopausal African-
American women as compared to postmenopausal African-
American and non-African women (39%, 14%, and 16%
resp.). In contrast, luminal A tumors with good prognosis are
less common in African-American women [12, 20]. Studies
of breast cancer in African women show they occur at a
younger age, express hormone receptors less frequently and
more often are triple negative [21, 22].

The aforementioned studies suggest that molecular sub-
types differ in geographic distribution, race, age, prognosis,
and the therapeutic targets they express. It may be that breast
cancers in different regions of Africa have distinct biological
behavior. These recent studies with IHC are proxies for the
potentially unique biologies of breast cancer in different
regions of Africa, and more detailed investigations, such
as gene microarray expression profiling and proteomics are
needed to advance our understanding.

In the Horn of Africa, including Eritrea, the prevalence
of the molecular subtypes and their correlation with clinical-
pathological features has not been reported. The objective of
this study was to define these parameters, using surrogate
IHC analysis and, thus, to provide evidence-based data for
future guidelines on breast carcinoma management. This is
the first such case series pilot study in this region of Africa.

2. Materials and Methods

2.1. Study Design and Sample Collection. With the approval
of the Research Ethics Committee of the Orotta School of
Medicine and Dentistry, bound paper copies of all pathol-
ogy reports from January 1, 2009, to November 30, 2009
were screened for histologically diagnosed invasive breast
cancer, and 33 patients were identified. 80 formalin-fixed and
paraffin-embedded (FFPE) blocks from 30 of these cases were

retrieved from the archives of the Pathology Department, the
National Health Laboratory (Asmara), Eritrea. Blocks from
3 cases could not be located. Haematoxylin and Eosin (H +
E) slides were prepared from each block, and invasive breast
carcinoma with adequate tissue for study was identified in 22
cases.The remaining 8 cases were excluded either because the
selected blocks did not contain invasive carcinoma (2 cases
with DCIS only and 4 cases with no evidence of carcinoma)
or because the tissue preservation was considered too poor
for reliable histological or IHC interpretation (2 cases). Age,
gender, tumour size, and lymph node status of each patient
were obtained from the pathology reports. Slideswere cut and
stained at St.Mary’sHospital,Montreal, Quebec, Canada, and
interpreted by one of the authors.

2.2. Immunohistochemistry. The histologic subtype of inva-
sive breast carcinoma and Nottingham histologic grade were
defined using the routine (H + E) morphological evalua-
tion. Immunostaining was done for estrogen receptor (ER),
progesterone receptor (PR), human epidermal growth factor
2 (HER2/neu), and CK5/6, using a Ventana Benchmark
immunostainer (Tucson, Arizona), using the manufacturer’s
antibodies (clones 6F11 for anti-ER, 1A6 for anti-PR, 4B5 for
HER2/neu, andD5/16B4 for CK5/6). ER and PRwere consid-
ered positive if 1% ormore of the nuclei of invasive carcinoma
cells were stained. HER2/neu stains were assessed as 0, 1+, 2+,
and 3+ using the College of American Pathologists guidelines
[23]. Specifically, 3+ represented uniform intense membrane
staining of more than 30% of the tumour cells, and was
considered positive for HER2/neu overexpression. A lesser
degree of staining was considered negative. Fluorescence
in situ hybridization for HER2/neu gene amplification was
not performed. Cytokeratin 5/6 was scored positive if any
(weak or strong) cytoplasmic and/or membranous invasive
carcinoma cell staining was observed [24].

Color development and background staining was visual-
ized using the 3,3-diaminobenzadine chromagen and haema-
toxylin counter stain, respectively. Appropriate negative con-
trols for immunostaining were prepared by eliminating the
primary antibody step.

As previously defined [12], the combination of IHC
markers used to define breast cancer molecular subtypes in
this study was as follows luminal A (ER positive and/or PR
positive, Her2 negative), luminal B (ER positive and/or PR
positive, Her2 positive), Her2 type (ER negative, PR negative,
Her2 positive), basal-like (ER negative, PR negative, Her2
negative, and CK5/6 positive), and unclassified (ER, PR,
Her2, and CK5/6 negative). By this definition, the “triple
negative” (ER, PR, and Her2 negative) tumours incorporate
both the basal-like and the unclassified categories.

2.3. Data Analysis. Data analysis was done using SPSS ver-
sion 17. Tumor behaviors were compared across the breast
cancer subtypes using the Chi-square (𝜒2) test for categorical
variables. One-way analysis of variance was conducted to
compare the difference in age at diagnosis between breast
cancer subtypes. Kruskal-Wallis tests were used to compare
tumor size, histologic grade between subtypes. Fisher’s exact
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Table 1: Summary of the clinical pathological characteristics of molecular subtypes of breast cancer in Eritrea.

Molecular subtypes of breast cancer

Characteristics
All cases
𝑁 = 22 (100)

Luminal A
𝑛 = 13 (59)

Luminal B
𝑛 = 1 (4.5)

HER2 type
𝑛 = 1 (4.5)

Basal-like
𝑛 = 2 (9.1)

Unclassified
𝑛 = 5 (22.7) 𝑃 value

𝑁 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%)
Sex

Male 2 (9.1) 2 (18.2) 0 (0) 0 (0) 0 (0) 0 (0) 0.70
Female 20 (90.9) 11 (84.6) 1 (100) 1 (100) 2 (100) 5 (100)

Age in years
<50 13 (63.6) 7 (63.6) 1 0 2 4 (80) 0.26
>50 (age unknown in one patient) 8 (36.4) 4 (36.4) 0 2 0 2 (20)
Mean (SD) 47.7 (12.9)

Histologic type
IC (NST) 20 (91) 10 (90.1) 1 2 1 6 0.18
Colloid 1 (4.5) 1 (9.9) 0 0 0 0
Metaplastic breast carcinoma (SCC) 1 (4.5) 0 0 0 1 0

Nottingham grade
I 2 (9.1) 2 (18.2) 0 0 0 0 0.031
II 7 (31.8) 6 (54.5) 0 0 0 1 (16.7)
III 13 (59.1) 3 (27.3) 1 2 2 5 (83.3)

LN∗ metastasis
Positive 11 (50) 6 (54.5) 1 1 1 (50) 2 (33.3) 0.44
Negative 8 (36.4) 5 (45.5) 0 0 0 2 (33.3)
NA 3 (13.6) 0 0 0 1 (50) 2 (33.3)

Tumor size
≤2 cm 1 (4.5) 1 (9.1) 0 0 0 0 0.84
2.1–5 cm 12 (54.6) 6 (54.5) 1 1 0 4
>5 cm 7 (31.8) 4 (36.4) 0 1 1 1
NA 2 (9.1) 0 0 0 1 1

LVI∗∗

Positive 3 (13.6) 1 (9.9) 1 0 1 (50) 0 0.04
Negative 19 (86.4) 10 (90.1) 0 2 1 (50) 6

ITN+

Positive 10 (45.4) 4 (36.4) 1 2 0 3 (50) 0.11
Negative 12 (54.6) 7 (63.6) 0 0 2 3 (50)

ITN+: invasive tumour necrosis, LVI∗∗: lymphatic vessel invasion, LN∗: lymph node, IC (NST): invasive carcinoma of no special type, NA: Nonavailable,
𝑃: probability, SD: standard deviation, SCC: squamous cell carcinoma.

tests was used to examine the relationship between categor-
ical pathologic characteristics and subtypes which have less
than 5 categorical cells. All 𝑃 values were based on 2-tailed
tests of significance where 𝑃 < 0.05 is considered statistically
significant.

3. Results

A total of 22 cases were evaluated for biomarkers using
immunohistochemistry in which two-thirds (64%) were ER

positive.The age ranged from 26 to 76 years and themean age
was 47.7 years with standard error of themean 2.7. About 55%
had tumor size between 2.1 to 5 cm and 45% hadmicroscopic
invasive tumour necrosis. Table 1 summarizes the clinical
pathological characteristics of molecular subtypes of breast
cancer in our series of patients. Both male patients were over
50 years of age, one with a grade 1 and the other with a grade
3 tumour, and both had Luminal A breast carcinoma.

With respect to breast carcinoma in females, two-thirds of
the patients, whose agewas known,were under 50 years (68%,
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Figure 1: Distribution ofmolecular subtypes of female breast cancer
according to Nottingham grading score.

13/19). Most (90%) of the invasive carcinomas were invasive
carcinoma of no special type (IC NST). One was a colloid
(mucinous) carcinoma and one was a metaplastic (squamous
cell) carcinoma of the breast (SCC). 60% (12/20 patients) were
Nottingham grade III. 40% (8/20 patients) were ER negative
and 60% (12/20 patients) were ER positive. The molecular
subtypes of breast carcinoma in females were as follows:
luminal A 55% (11/20 patients, one of the cases is illustrated
in Figure 2), luminal B 5% (1/20 patients), Her2 type 5%
(1/20 patients, illustrated in Figure 3), basal-like 10% (2/20
patients as illustrated in Figure 4), and unclassified 25% (5/20
patients). Thus, “triple negative” tumours (basal-like and
unclassified) accounted for 35% of patients (7/20 patients).
Most of these women with “triple negative” tumours were
under 50 years (71%, 5/7 patients) and had grade 3 tumours
(86%, 6/7 patients).

The distribution of molecular subtypes was independent
of tumour size, lymph node metastasis and invasive tumour
necrosis.Therewas significant association betweenmolecular
subtype and grade and lymphatic invasion (𝑃 = 0.03 and
0.04), respectively.

Luminal A tumours were mostly Nottingham grade 1 or
2 (64%, 7/11), whereas most of the other molecular intrinsic
subtypes were grade 3 (8/9, 89%), as shown in Figure 1.

4. Discussion

This case series study indicates that the majority of Eritrean
women presenting with breast cancer are less than 50 years
of age. Invasive carcinoma (NST) is the most common
histologic type, and the majority are Nottingham grade 3.
Similar findings have been reported in native African [15, 17,
21, 25] and African-American women [12].Though our study
is not a large case series, there is an association between high
tumor grade and the aggressive intrinsic molecular subtypes,
which is consistent with the findings in many other studies
[12, 14, 16].

In this study, the overall proportion of ER-positive tumors
in females was 60%. Even though our sample size is small, our
findings are very similar to those from Uganda [25] and in
African-American women [12] but slightly lower than those
from those Egypt [16] and central Sudan [17], althoughmuch
higher than West Africa (Nigeria and Senegal) [14]. In our
case series, about half of the cases were luminal A which has
a good prognosis, a superior response to hormonal therapy,
and a higher survival rate. This finding is consistent with the
population-based Carolina Breast Cancer Study [12] as well
as North Africa and Egypt [16, 24], but quite different from
the study in Nigeria and Senegal [14, 15]. Luminal B (with a
poorer prognosis and less responsive to hormonal therapy as
compared to luminal type A) is less frequent when compared
to the studies from Carolina [12] and Egypt [16] but very
similar to the West African Study [14]. The proportion of
Her2 type in our study was 5%, similar to the findings from
Uganda [25], Egypt, [16] and the population-based Carolina
Breast Cancer study [12], but less than the 19% estimate by the
population based study fromUnited States in premenopausal
women [26]. The percentage of the basal-like subtype in our
series is 10%which is consistentwith the findings fromcentral
Sudan [17, 18] and Egypt [16] but lower than the 27% found
in the Nigerian/Senegalese study [14]. However, in that study,
the basal-like subtype was defined as being either CK5/6 or
EGFRpositive. It is currently accepted that usingCK5/6 alone
may miss about half of the basal-like subtype, and it is likely
that we have underestimated the proportion of this subtype.
Therefore, it is possible that approximately 20% of our cases
may be basal-like, a figure which is much closer to the
Nigerian/Senegalese studies [14, 27]. The broader category of
triple negative breast cancer (TNBC), defined by a negative
ER and PR, and lack of HER2 overexpression represent 35%
of our cases, which is consistent with Ugandan [25] and other
studies [13, 21], but lower than the 49% reported fromNigeria
[27].

We note that the prevalence of the molecular sub-
types of breast carcinoma appears to have variation in
geographical distribution. The reasons for these differences
could be technical, such as the quality of tissue fixation
and processing, varying staining techniques, and different
criteria in scoring and reporting. It is also possible that the
molecular phenotypes of African breast cancer is biologically
diverse, and the result of regional population genetic dif-
ferences, as well as environmental factors. For example, the
prevalence of BRCA1/2 mutations is not significantly higher
in African-American women as compared to Caucasian-
American women, in spite of the finding that both the basal-
like and the “triple negative” subtypes are more frequent [28],
suggesting that there are probably other genetic pathways
for this molecular subtype. The potential contribution of
environmental causes is supported by the finding that for
“triple negative” breast cancer in African-American women,
the risk is increased with parity and younger age at first
term full-term pregnancy, whereas there is a reduced risk
associated with a longer duration of breastfeeding, increasing
number of children breast-fed, and increasing number of
months of breast-feeding. This observation was not seen
among those diagnosed with luminal A breast cancer [29].
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(a) (b)

Figure 2: (a) and (b) the H + E and ER IHC of luminal A breast carcinoma. (a) H + E stain, Nottingham grade 1, 200x magnification. (b)
IHC for ER positive. Moderate to strong nuclear stain in 90% of invasive carcinoma, 200x magnification. PR was positive and both the Her2
and CK5/6 were negative (not illustrated here).

(a) (b)

Figure 3: (a) and (b), H + E and HER 2 IHC of HER2 type of invasive ductal carcinoma. (a) H + E stain. Nottingham grade 3; 200x
magnification. (b) IHC for Her2/neu. Positive for overexpression (uniform intense membrane staining of more than 30% of the tumor cells).
200x magnification. The ER, PR, and CK5/6 were negative (not illustrated here).

(a) (b)

Figure 4: (a) and (b), H + E and CK 5/6 positive basal like invasive breast cancer (a) H + E stain. Nottingham grade 3. Note invasive tumour
necrosis on the right. 200x magnification. (b) IHC for CK5/6 positive. Moderate to strong cytoplasmic staining of invasive carcinoma, 200x
magnification. The ER, PR, and Her2 were negative (not illustrated here).
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Knowledge of regional variation in molecular subtypes may
inform therapy, when biomarker evaluation is not available.
However, if biomarkers are available, clinicians should con-
tinue to manage patients based on that status, since there
is significant individual variation. In Eritrea, determination
of routine hormone receptor status and biomarker analysis
has not yet been established and the only available means
of treatment is surgery [30]. A lot of efforts are waiting for
the young nation to implement the standard guideline of
breast cancer management, which is currently used in most
advanced setting.

There are some limitations to this study. First, it has a
small number of cases. Second, it depends on the accuracy
of archived pathology records. Third, although there were 33
histologically confirmed breast cancer cases identified in the
pathology records for the time period assessed, only 22 were
used in this study, primarily because the FFPE blocks with
invasive carcinoma could not be located. It is possible that this
gap could significantly have impacted our findings.The tissue
processing may not have been uniform and therefore may
have affected the immunostain results (prolonged formalin
fixation is thought to affect antigen preservation). The data
may not apply to all Eritrean women because the study was
carried out in small case series. In addition, the lack of
consistent data regarding tumor size and stage might bias the
results.

5. Conclusion

In summary, this pilot case series suggests that themajority of
breast cancer in Eritrea lies at the two ends of the molecular
spectrum, that is, luminal A (55% of patients), sensitive to
hormonal therapy and with a good prognosis, and “triple
negative” (35% of patients, basal-like, and unclassified com-
bined), not hormonally sensitive and with a poor prognosis,
for which new treatments are needed. These findings suggest
that biomarker analyses in the pathology laboratory are
critical for the effective management of breast cancer in
Eritrean women.
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