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Abstract 

Breast cancer remains the most diagnosed cancer among women world-wide and a leading cause of cancer-related 
deaths accounting for 15% of deaths in 2018. Worldwide, the incidence increased from 1.4 million in 2011 to over 2 
million in 2018 with a concomitant increase in mortality from 458,400 to 626,679 in the same period. Low- and mid-
dle-income countries, such as Botswana, have a disproportionate burden of breast cancer incidence and mortality 
and there is an urgent need to characterise the unique tumour molecular profiles that may be influencing mortality 
in these populations. Methods A retrospective study of 125 archived mastectomy specimens (from 2006 to 2009) 
from women with breast cancer in Botswana was conducted. We determined molecular characteristics of breast 
cancers by carrying out four immunohistochemistry (IHC)classification (PR, ER, HER2 receptors and Ki 67), cytokeratin 
5/6 and EGFR1.Statistical software STATA and SPSS were used to determine the relationship between histology, IHC 
of biomarkers of interest. Results Out of 125 breast cancer tissues, the distribution of molecular subtypes were as fol-
lows: Luminal A (44/125; 35.2%), Luminal B (and TNBC (23/125; 18,4%), HER2 Enriched (17/125; 13.6%), and Luminal B 
HER2 Enriched (9/125; 7.2%), Basal (9/125; 7.2%), and CK5/6 was expressed by 12.8% (16/125) of tumours. Furthermore 
6% of the tumours were basal positive luminal tumours. Morphological 76% of tumours were IDC-NOS and 24% were 
special type, majority were grade 2 (40%) followed by grade 1(30.4%), grade 3 (23.2%) was and mucinous types were 
6.4%. Clinical staging and tumour involvement data were incomplete. Conclusion The discovery of basal positive 
luminal breast tumours in women from Botswana original not accounted for in the four distinct molecular subtype 
calls for an expanded antibody panel 6-IHC panel) in order to stratify women of African descent patients into good/
poor prognostic groups. Characterising tumour subtypes will better inform optimal therapeutic regimens for women 
with breast cancer in Botswana.
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Introduction
Breast cancer is a manifestation of a diverse group of 
malignancies which present themselves in various clini-
cal and pathological forms, and their clinical outcomes 
emanate from their molecular complexity and biological 
diversity [1, 2] a heterogeneous morphologies observa-
tion noticed by pathologists histologically, which varies 
intra and intertumoral and within a single tumour [3]. 
Globally, female breast cancer is the most diagnosed 
malignancy (11.7%) among women with 2.3 million new 
cases recorded [3]. It is the leading cause of cancer related 
deaths among females, accounting for 685,000 (6.9%) 
of overall cancer deaths [3]. The number of new cases 
recorded during the 2018/2019 reporting was 2,088,849 
(11.6% of all cancer) resulting in 626,679 death (6.6% of 
all cancer) [4] and in the latest data of 2022, new breast 
cancer cases stand at 2,308,897 (11.6 of all cancer cases) 
and mortality rate was 665,684 (6.9% of all cancers) [5]. 
Global, female breast cancer death rate increased from 
12.4 to 15.0 per 100 000 population between the same 
reporting periods [3]. The incidence of breast cancer in 
high-income countries (HIC) and developing nation 
exceeds all other cancer incidences i.e. 55.9/100 00 and 
29.7/100 000 population, respectively [3]. However, 
death from breast cancer is 17% higher in developing 
nations than developed nations (15/100 000 compared 
to 12.8/100 000 in developed nations [3]. This has been 
attributed to developed countries having more resources 
for early detection, treatment and care of breast cancer 
patients than developing countries where there are vary-
ing capacity to initiate and sustain care programs for 
breast cancer [6].

Breast cancer is characterized into four intrinsic 
molecular subtypes [7]. The 4 intrinsic subtypes are oes-
trogen receptor positive groups (Luminal A, Luminal 
B), oestrogen receptor negative group HER2-enriched 
(HER2 positive), basal-like (triple negative group) and 
normal breast-like group. St Gallen consensus of 2013 
recommends that breast tumours be immunohistochem-
ically assayed for Oestrogen (ER), Progesterone (PR), 
Human Epidermal growth factor 2 (HER2) and Ki67 for 
determination of these Molecular Subtypes [8]. Despite 
the successful use of this molecular classification inHICs 
[9], difference in tumour characteristics are still evident 
across different races and ethnicities which prompts a 
quest to identify other biomarkers which could explain 
the disparities in outcomes observed in genetically het-
erogenous populations [10–15]. A meta-analysis of 26 
studies (n = 4737) of IHC receptor-defined subtypes of 
breast cancer in Sub-Saharan Africa found that ER sta-
tus varied from 20–70% across the region. There was 
also variability in PR and HER2 status [16]. Most stud-
ies confirmed a 20% or more prevalence of triple negative 

breast cancer, (TNBC) among women of African descent. 
A recent study revealed that ER prevalence in five eastern 
African countries stood at 55% [17].

In Botswana, breast cancer is the second most fre-
quently diagnosed cancer among women, with an 
age adjusted ratio of 17.5/100,00 and a death rate of 
8.55/100,000 according to the WHO 2022 cancer statis-
tics sheet [18]. Despite this high incidence, the country 
still lacks quality data which could be used to develop 
context-relevant guidelines for early breast cancer diag-
nosis and treatment. Currently, publication on the sub-
ject matter has been drawn from secondary sources like 
the pathology registry where the data was obtained under 
routine conditions and do not account for duplication 
due to different times at which patients were biopsied 
[19]. The Breast Global Health Initiative (BGHI) calls 
for pilot research which can provide a baseline for prior-
ity allocation of resources and development of context-
relevant guidelines of breast cancer care [20]. The lack 
of quality researched data impacts on the development 
of guidelines for treatment modalities and prognostica-
tion of breast cancer patients in developing nations [21] 
(and hence there is a clarion call for research and poli-
cies on cancers at large [22]. The objective of this study 
was to determine the4-IHC molecular subtypes, epider-
mal growth factor 1 and CK5/6 transcript among female 
breast cancer patients in Botswana.

Materials and methods
Study design, site and sample size
This was a retrospective cross-sectional study car-
ried out between June 2015 and December 2016 on 182 
archived formalin-fixed paraffin embedded (FFPE) tissue 
obtained from mastectomy specimens received between 
August 1 st, 2006 and December 31 st, 2009. The study 
samples were collected from two public health pathol-
ogy laboratory: the National Health Laboratory in Gabo-
rone and from Nyangabwe Referrals Hospital Pathology 
Department, in Francistown Botswana. Immunohisto-
chemistry analysis was conducted in the Division of Ana-
tomical Pathology Research Laboratory, University of 
Cape Town, South Africa.

Ethical considerations
Ethical approval was obtained from the University of Bot-
swana Office of Research and Development Institutional 
Review Board (RES/IRB/1380). A research permit was 
obtained from the Botswana Ministry of Health Research 
Division (PPME 13/18/1) and ethical clearance approv-
als were obtained from Princess Marina Hospital (PMH 
5/75 &79) and Nyangabgwe Hospital Research and Ethics 
Committees (NRH/1/2).
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Permission to transport residual FFPE tissue samples 
to South Africa to conduct research was granted by the 
Ministry of Health MH 3/87 III. Further ethical approval 
was also granted by the University of Cape Town, Faculty 
of Health Sciences, Human Research Ethics Commit-
tee (HREC 620/2013). The archived tumour blocks were 
de-identified before enrolment into the study in keeping 
with the provisions of ISO 15189.

Study samples
A total of 182 mastectomy specimen were obtained from 
the two facilities and all 182 FFPE breast cancer tissue 
blocks had adequate tissue for research. The tissue blocks 
were sectioned and stained with H&E along with control 
tissues that has been subjected to standard fixation pro-
tocol and only those which showed good morphological 
preservation were selected for the study. The 182 cases 
were reviewed and classified according to WHO histo-
logical classification by a second pathologist at UCT and 
125 (69%) were confirmed as female breast cancer. Six(6) 
cases were either in-situ carcinomas or had insufficient 
tumour and fifty-one (51) had suboptimal fixation and 
were excluded from further analysis.

Laboratory investigations
Selected breast cancer and positive control FFPE tis-
sue blocks were sectioned at 3  µm, using a Leica 
RM2125 RTS microtome. The sections were floated 
on a water bath and picked up on HistoBond adhe-
sive glass slides (Paul Marienfeld GmbH & Co. KG, 
Germany). The sections were then dewaxed for 2  min 
in three changes of xylene, cleared in absolute alcohol 
and followed by washing under running tap water for 
5  min. Antigen retrieval was performed under differ-
ent conditions depending on the antibody (Table 1) in 
a Russell Hobbs RHPC 6L 4110 pressure cooker. Immu-
nohistochemistry was performed by first blocking for 
endogenous peroxide using  H202, slides were rinsed 
in distilled water, incubated in PBS buffers followed 
by background blocking with 5% goat serum. The sec-
tions were then incubated with respective antibodies 

as shown in Table 1. The slides were washed with PBS 
to remove excess unbound antibody before being incu-
bated with a secondary antibody for 30 min. The slides 
were washed with PBS to remove unbound secondary 
antibody, DAB was applied and incubated for 10 min 
followed by developing under running tap water. Slides 
were then counter stained with mayor haematoxylin, 
dehydrated in ascending grades of alcohol, cleared in 
xylene and mounted in synthetic resin. For detail please 
see appended protocol appendix 1 for ER, PR, HER2, 
Ki67, CK5/6, EGFR.

Scoring of ER and PR immunohistochemistry staining
Staining for nuclear associated hormone receptor mark-
ers ER and PR was evaluated using the Allred scoring 
system [23, 24]. HER2 immunohistochemical status 
(negative or positive) was evaluated according to the 
American Society for Oncologists (ASCO) and College 
of American Pathologists recommended guidelines [25]. 
The LightMix Kit HER2/neu TIB which employs the 
use of a LightCycler Instrument LC 480 software ver-
sion 4.1 (TIB MOLBIOL Synthesealabor GmbH, Berlin, 
Germany) was used on all immunohistochemical HER2 
2 + cases to determine HER2 status. According to the 
fit point module of analysis of the Roche Quantification 
Software and an expression ratio of sample to reference 
gene greater than 2.0 was regarded as positive for HER2/
neu amplification.Ki67 index was determined by count-
ing the number of stained tumour nuclei per 100 tumour 
cells using high power field (× 400) of a light micro-
scope as per Ki67 working group of 2010 [26]. EGFR and 
CK5/6 expression were analysed using the immune reac-
tive scores (IRS),proportion of tumour cells stained were 
assigned values depending on the proportion of staining 
cell, are then multiplied by the tumour staining intensity 
value, giving a stain index ranging from 0–9 [27].

For heterogeneous tumours both proportion and 
intensity of stain were considered for IHC analysis for 
all biomarkers by following established standard proto-
cols applicable to individual biomarkers.

Table 1 Antibodies and immunohistochemical staining conditions

Antibody Clone Control Retrieval Buffer Dilution Incubation 
time at RT

Oestrogen Receptor NCL-L-ER6 F11 Breast cancer EDTA pH 8 1:75 60 min

Progesterone Receptor NCL-L-PGR-312 Breast cancer EDTA pH 8 1:50 60 min

c-erbB-2 Polyclonal Confirmed breast cancer EDTA pH 8 1:200 60 min

Ki67 MIB-1 tonsil EDTA pH 8 1:50 60 min

CK 5/6 D5/16 B4 tonsil Tris–EDTA pH 9 1:50 60 min

EGFR NCL-L-EGFR-384 placenta Tris–EDTA pH 9 1:50 60 min
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Statistical analysis
Stata software, Version 15.1, StataCorp, Texas USA was 
used to conduct statistical analysis. Categorical data was 
summarised using frequencies. Bivariate analysis to test 
for association between clinicopathological variables (age 
at diagnosis, tumour size, lymph node involvement, his-
tological type and grade) and each biomarker (ER, PR, 
HER2, Ki67, CK5/6, EGFR) was conducted using the 
Chi-square test. However, when the assumptions for the 
chi-square test were not met, a Fisher`s exact test was 
used for the analysis. Results were considered statistically 
significant when p-value was < 0.05. The results were pre-
sented in tables.

Results
The mean age at mastectomy was 56.9 years and was 
higher than the reported mean age of other sub-Saharan 
African studies [23, 24]. Clinical staging was available for 
60% of cases of which 75% presented with a clinical stage 
of III or IV at the time of diagnosis. Using the WHO 
histological classification of tumours, the 125 tumour 
specimens were classified into 12 classes, as presented in 
Table 2. Lymph node involvement and type of node was 
observed in 66.4% Most tumours were grade 2 and dis-
tant metastasis was observed in 56% of cases, 39.2% did 
not have metastasis, and 4.8% (6/125) metastasis status 
was unknown (Table 3).

Lymph node involvement was found in 83/125 
tumours. In 31/83 (37%) tumours the cancer had spread 
to less than 3 internal mammary/auxiliary lymph node 
and in 28/83 (34%) of the tumours, the cancer had spread 
to more than 3 axillary lymph nodes. In 19/83 (23%) of 
the tumours, the cancer was observed in matted auxil-
iary nodes and those in other structures (near the collar 

bone, under arm and near breastbone), and in 5/83 (6%) 
tumours it was observed in more than 10 level III lymph 
nodes. The data for lymph node involvement was incom-
plete in 42/125 cases. Statistically analysis looked at over-
all lymph node involvement rather than type of lymph 
node involved (Table 3).

The tumour size was significantly associated with his-
tological grade with a p-value of 0.027. Most of the high-
grade tumours were large as presented in Table 4 below.

Immunohistochemistry results
This table presents a classification of breast tumours 
into molecular subtypes using the 4-IHC panel of ER, 
PR, HER2 and Ki67 (shown in Figs. 1, 2, 3 and 4 respec-
tively) as per the ST Gallen consensus agreement of 2013 
[8] (which is concordant to the Genomic Health Recur-
rence score (GHI-RS) (Oncotype DX) [28, 29].

Discussion
This study presents findings for female breast cancers 
in Botswana in a cohort consisting of125 women who 
underwent a mastectomy after a breast cancer diagno-
sis. The mean age at mastectomy was 56.9 years and was 
higher than reported mean age from other studies done 
in sub-Saharan Africa [30–33]. Clinical staging was avail-
able for 60.0% of cases highlighting gaps in clinical docu-
mentation and 75% of the cases presented with a clinical 
stage of III or IV at time of diagnosis which is consistent 
with findings from other African cohorts [30–34]. In this 
study, 75% (83/111) of tumours were node positive and 
this frequency of lymph node metastases is consistent 
with findings from other African cohorts [31]. The data in 
Table 4, shows that the average tumour size in this study 
was 5.7 cm, and this finding is consistent with other stud-
ies from other SSA regions [30–34]. However, this is in 
sharp contrast to the cohorts from developed countries 
were most women present with tumours less than 2.0 cm 
[35, 36]. The late detection of tumours could be due to 
inadequate imaging facilities and dedicated breast clin-
ics in Botswana and other SSA regions. Larger tumours 
size in women > 50 years have been attributed to inad-
equate knowledge on breast self-examination technique 
and reduced mobility [37] since most of these tumours 
had low proliferation indexes. The most common his-
tological type in this study was the IDC-NOS, (Table 2) 
and is consistent with the findings in other cohorts [30, 
33, 38]. The proportion of mucinous carcinomas in this 
study was higher than the European and other African 
cohorts [30, 31]. However, lobular carcinoma accounted 
for 1.6% (2) of all cases which was lower than other Afri-
can cohorts [30, 33, 39]. There was significant associa-
tion between tumour grade and tumour size as shown in 
Table  5. Larger tumours tended to be grade 2 or 3 and 

Table 2 Morphological types of breast cancers cases and their 
frequencies in the study

Morphologic type (n = 125) N %

Invasive ductal carcinoma-NOS 95 76.0

Invasive mucinous carcinoma 8 6.4

Invasive papillary carcinoma 4 3.2

Micropapillary carcinoma 5 4.0

Oncocytic carcinoma 2 1.6

Signet ring 2 1.6

Cribriform 2 1.6

Invasive lobular carcinoma 2 1.6

Metaplastic carcinoma 1 0.8

Medullary 2 1.6

Neuroendocrine 1 0.8

Tubular 1 0.8

Total 125 100
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these tumours tend to proliferate faster, increase in size 
and metastasize to adjacent organs asobserved in other 
studies [34, 39].

A triple negative breast cancer (TNBC)prevalence 
of 25.6% in this cohort was higher than the global 

estimates of 10–20% [7] but within the range encoun-
tered in women of African descent [31, 33]. Prevalence 
of TNBC in African cohorts has been confounded by 
suboptimal tissue fixation and lack of standardized pro-
tocols [16, 34]. This study identified TNBC basal-like 
(TNBC, CK5/6 + and EFGR ±) TNBC subtype and was 
the first study in Southern Africa to investigate CK5/6 
status in breast carcinoma. CK5/6 has been investi-
gated in several studies in SSA (East Africa and West 
Africa) and its prevalence ranged from 12.2% to 35.7% 
[40–44] and overall expression of CK5/6 in our cohort 
was 12.8% and is lower than in other studies. The 
prevalence of basal-like subtype (TNBC, CK5/6 + and 
EFGR ±) was 8% in the Botswana cohort and was lower 

Table 3 Clinicopathological variables of Female breast cancer from Botswana

*Mucinous carcinoma cases were not allocated grades (8 cases)

*refers to any lymph node positive for metastasis

*pT Stage refers to extent of the main tumour

Variable ≤50 years (n = 45, 36.0%) >50 years (n = 80, 64.0%) Total (n = 125, 100%)

Tumour Grade (n =125) *

 I 15 (33.3%) 23 (28.8%) 38 (30.4%)

 II 23 (51.1%) 27 (33.8%) 50 (40.0%)

 III 7 (15.6%) 22 (27.5%) 29 (23.2%)

*mucinous 8 (10%) *mucinous 8 (6.4%)

Tumour Size, n (%) average 5.7 cm)

 <2 cm 1 (2.2%) 5 (6.2%) 6 (4.8%)

 2–5 cm 22 (48.9%) 35 (43.8%) 57 (45.6%)

 >5 cm 18 (40.0%) 34 (42.5%) 52 (41.6%)

Unknown 4 (8.9%) 6 (7.5%) 10 (8.0%)

pTStage n, (%) 
 I 0 (0.0%) 3 (3.8%) 3 (2.4%)

 II 6 (13.3%) 10 (12.5%) 16 (12.8%)

 III 11 (24.4%) 17 (21.2%) 28 (22.4%)

 IV 8 (17.8%) 20 (25.0%) 28 (22.4%)

 Unknown 20 (44.4%) 30 (37.5%) 50 (40.0%)

Tumour Laterality 
 Bilateral 1 (2.2%) 1 (1.3%) 2 (1.6%)

 Left 15 (33.3%) 37 (46.2%) 52 (41.6%)

 Right 22 (48.9%) 32 (40.0%) 54 (43.2%)

 Not specified 7 (15.6%) 10 (12.5%) 17 (13.6%)

Lymph node involvement* 
 Yes 25 (55.5%) 58 (72.5%) 83 (66.4%)

 No 12 (26.7%) 14 (17.5%) 28 (22.4%)

 Unknown 8 (17.8%) 6 (7.5%) 14 (11.2%)

Histology, n (%) 
 Invasive ductal-NOS 36 (80.0%) 59 (73.8%) 95(76.0%)

 Special type 8(17.8%) 20 (25.0%) 28 (22.4%)

 Invasive lobular 1(2.2%) 1 (1.2%) 2 (1.6%)

Table 4 Tumour grade vs tumour size of samples enrolled in the 
study

 Tumour Size Grade (n) P-value

Grade 1 (35) Grade 2 (46) Grade 3 (26)
≤5 cm (60) 20 31 9 0.027

>5 cm (47) 15 15 17
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than the Sudanese cohort [44]and the Nigerian cohorts 
of Agboola et  al. (2012) [42], and comparable to the 
Nigerian cohort of Titloye et al (2016) [41]. It has been 
discovered that different phenotypes of TNBC could be 
susceptible or resistant to different therapies [45–47].

Classification of ER-PR-and HER2-, CK5/6+ and 
EFGR± as basal-like carcinomas is concordant with 
gene microarray expression [48, 49]. The absence of ER, 
PR, could be attributed elevated EGFR, (Table 6). EGFR 
has been associated with downregulation of ER and PR 
[50]. Nuclear EGFR expression has been associated with 
resistance to cancer therapeutics [51, 52] such as radio-
therapy  resistance [52].  In vivo models have demon-
strated that nuclei EGFR aids resistance to chemotherapy 
e.g. platinum and offers resistance to cisplatin [53, 54]. 
Moreover, nuclear EGFR is associated with breast cancer 
resistance protein or ATP binding cassette subfamily G 
member 2 (ABCG2) which hinders drug transport into 
tumour cells [55, 56]. Nuclear EGFR has been found to 
modulate DNA repair following treatment by cisplatin 
and radiation [57].

The frequency of combined luminal B subtypes was 
25.6% (18.4% luminal B and 7.2% luminal B Her2 posi-
tive). They were characterized by moderate to high 
expression of ER, PR, Ki67, EGFR and occasional CK5/6. 
The average age at diagnosis was lower than in most 
Western cohorts [35, 36], had a high average Ki67 index, 

decreased PR expression (average Allred score 2.6) and 
41% of tumours expressed subcellar EGFR, Table 6. Their 
biology typifies the common observation of rapidly grow-
ing tumours in young women of African descent,  [58–
60]. HER2 induces proliferation, motility and invasion in 
breast cancer through the MAPK pathway in ER positive 
tumour [61].The frequency of HER2 amplification was 
20.8%,prevalence of HER2 enriched molecular subtype 
was 13.6% and prevalence of tumour heterogeneity espe-
cially in equivocal cases [62].HER2 enriched group was 
characterized by high proliferation, overexpression of 
HER2 and EGFR, Table 6. Eighty-eight percent of HER 2 
enriched tumours had metastasis that can be attributed 
to an active EMT program and the Notch signalling path-
ways due to elevation of both EGFR (HER1) and HER2 
[63]. Dimerization of HER2/HER2 or HER1/HER1 and 
HER1/HER2 [61]. EGFR translocation to the nucleus 
(Figs. 1, 2, 3, 4 and 6A), could be attributed to the notch 
signalling which affects transcription of other genes [64, 
65].

HER2 drives breast cancer through the Notch, PI3 K, 
AKT, mTOR pathways [61, 66, 67] and MAPK promot-
ing proliferation and resistance to apoptosis which is 
signalled by the high proliferation index and metastasis 
in this cohort. Co-expression of HER1/HER2 has been 
implicated in resistance to Herceptin and splice variants 
have been reported for both HER2 and HER1 [68, 69]. 

Fig. 1 showing Oestrogen Receptor (ER) expression (Allred score: A = 0 and B = 8)

Fig. 2 showing Progesterone Receptor (PR) expression (Allred scores: A = 0, and B = 8)
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An active EGFR/HER2 notch signalling which was par-
ticularly observed in the luminal B HER2 positive group 
raises the question of medication induced EMT vs natural 
heterogeneity hence the need to employ EGFR antagonist 
in treatment. CK5/6 represents a more aggressive breast 
cancer phenotype and was expressed in 6% of luminal A 
and 4.3% of Luminal B tumours. The discovery of CK5/6 
positive tumours was unexpected but have been identi-
fied in two studies (4% in a West African cohort and 4% 
in a Ugandan Cohort) [13, 27]. These tumours are termed 
basal positive luminaltumours [70] and in our cohort, 
they had low oestrogen expression. These mixed phe-
notypes depict breast cancer as a heterogeneous disease 
that perhaps obey the intrinsic classification to a limited 
point and beyond which they display their own unique 
identity as dictated by internal pressures: such as inher-
ent mutations and clonal selectivity [71] and other exter-
nal pressures such as treatment and epigenetic induced 
EMT [72, 73].

In our study we included Ki67 proliferation index 
which improves stratification. These mixed phenotypes 
could partially account for breast cancer aggression in 
women of African descent [27, 74]. Basal cytokeratin 
state represents an under-differentiated lineage while 

luminal represents a well differentiated lineage [75]. The 
finding of tumour cells with mixed phenotype could be 
due to retention of a subpopulation which express CK5/6 
but has expanded (clonal evolution) after withstand-
ing external pressures such as treatment regimen which 
wipes out luminal and leaving the basal-like to expand 
[72, 76]. Mixed cell population must be evaluated cor-
rectly as studies have shown that they are associated with 
resistance to therapy [77]. Intra tumour heterogeneity 
has been associated with familial history but recently it 
has been associated with race [78], EGFR expression was 
detected in the cell membrane, cytoplasm and nucleus 
singly or in various combinations. Nuclear EGFR staining 
had a strong relationship with tumour grade and molec-
ular subtype. About a third (33.6%) of tumours showed 
membrane expression of EGFR. This result is consistent 
with that observed in the West African cohorts [13, 41]. 
EGFR positivity was associated with aggressive molecular 
subtypes. EGFR positive tumours were most frequent in 
TNBC, followed by luminal B, HER2 enriched, luminal A 
and luminal B HER2 positive. The Botswana cohort had 
a higher frequency of EGFR positive tumours than the 
Ugandan cohort [27].

Fig. 3 showing human Epidermal growth factor 2 (HER2) expression (Allred scores: A = 0, B = 2 + and C = 3 +)

Fig. 4 showing Ki67 expression (Allred scores: A ≤ 14% and B > 14%)
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In the current cohort, nucleic EGFR expression was 
15.2% (19/125). Nuclear EGFR expression is associated 
with the development or acquisition breast cancer resist-
ant protein (BCRP) [64, 79]and poor prognosis [80]. 
BCRP is associated with resistance to; radiotherapy [53], 
chemotherapy [51]and targeted therapy [79].

Nuclear EGFR is involved in repairing DNA damaged 
by chemotherapy, radiation, and activates survival path-
ways such RAS/MAPK, AKT/PI3 and other [57]. Sup-
pression of DNA-PK expression has been found to render 
tumour cell susceptible to radiation therapy [81].

The Nielsen classification employed by most countries 
and the 4 IHC classification may not adequately stratify 
patients for proper treatment and could explain in part 
the high mortality observed in LMIC countries. Some 
countries assay for 3 antibodies [31, 39] due to limited 
or lack of resources. Refined molecular subtyping have 
been suggested to address disparities and to reduce 
numbers of unclassifiable patients [82]such as the Not-
tingham prognostic plus [36, 83], therefore, an expanded 
panel to include EGFR and CK5/6 would enhance patient 
stratification.

Despite African population being genetically het-
erogeneous [84], tumour heterogeneity has not been 

investigated for in African cohorts. A study by [83], 
found 27.4% (500/1852) had a mixed phenotype of 
luminal and basal cytokeratin [85]. Subsequent sev-
eral studies have since confirmed existence of lumi-
nal tumours which express CK5/6 [70, 86]. Studies 
by Blows et  al., (2010) [70, 85] which were based on 
reported studies from different centres did not stratify 
the Luminal B HER2- group according to proliferation 
status. The approach of this study differs from other 
Sub-Saharan African studies since it is one of the few 
studies which carried out a full 4-IHC classification 
panel which yields a more refined patient stratification 
able to guide therapy [8, 9, 36, 87–89]. Furthermore, it 
differentiates between luminal B subtype from luminal 
A (which are biologically distinct tumours) 86 based 
on Ki67 status as opposed to the Nielson classification 
which does include Ki67 in the panel [90]. The propor-
tions of molecular subtypes in this cohort Table 5 are 
comparable to a study carried out in Southern Africa 
[30]. Luminal A were comparable to the average age of 
breast cancer at time of diagnosis in Western cohorts 
[9, 12, 13]. Tumours with large average diameter in this 
cohort could be attributed to delay in seeking medical 

Fig. 5 showing CK5/6 IRS expression (A = 0 and B = 9)

Fig. 6 showing EGFR Subcellular expression IRS (Allred score: A = 0 and B = 6)
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attention [37, 91], or inherent biological factors [10, 
60, 78, 92].

Six percent (6.1%) of Luminal A tumours expressed 
CK5/6 (Figs.  1 and  5B) and EGFR was expressed mem-
branous, cytoplasmic and nucleic (Figs.  1  and  6B&C) 
suggesting a possibility of enhanced Intratumoural het-
erogeneity. Tumour heterogeneity [15, 29] could result in 
aggressive traits especially in the ≤ 50 years old and may 
lead to relapse following treatment of therapy responsive 
phenotypes. IHC determination of this molecular subtype 
in African studies have often been underestimated due to 
suboptimal handling of tissues [12, 16]. In view of the high 
prevalence of EGFR and CK5/6, there is need to expand 
the 4 IHC panel currently in use to the 6 IHC panel by 
adding EGFR and CK5/6 stains to cater for tumour het-
erogeneity. This would help in stratifying patients into 
good/poor prognostic groups and allow clinicians to 
identify patients likely to relapse due to a switch from one 
phenotype to another following therapy (Fig. 6).

Limitations of study
This was retrospective study with a small sample size, com-
prised of samples dating back from 2006, 53/188 sample were 
poorly fixed were excluded. Poor records keeping and lack of 

information on important parameters such as metastasis sta-
tus and clinical staging limited analysis for other factors.

Conclusions
There was high prevalence of TNBC in this study with most 
of the patients presenting with advanced disease at diagno-
sis. Over 60% of tumours of ER positive tumours had an ER 
of Allred score of 5/8 or less, accompanied by low PR expres-
sion and a high Ki67 expression. Tumour heterogeneity 
within the molecular subtypes was also high with Luminal 
subtypes positive for CK5/6 and EGFR which could relapse.

Abbreviations
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LMIC  Low- and middle-income countries 
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Table 6 Immunohistochemistry results for ER, PR, HER2, cCK5/6 and EGFR

IHC Marker ≤50 years (n = 45, 36.0%) >50 years (n = 80, 64.0%) Total (n = 125, 100%)

ER, n (%)
 Positive 23 (51.1%) 49 (61.3%) 72 (57.6%)

 Negative 22 (48.9%) 31 (38.7%) 53 (42.4%)

PR, n (%) 
 Positive 11 (24,4%) 30 (37.5%) 41 (32.8%)

 Negative 34 (75.6%) 50 (62.5%) 84 (67.2%)

HER2, n (%) 
 Positive 11 (24,4%) 15 (18.8%) 26 (20.8%)

 Negative 34 (75.6%) 65 (81.2%) 99 (79.2%)

Ki67, n (%) 
 ≤ 14% 16 (35.6%) 48 (60.0%) 64 (51.2%)

 > 14% 29 (64.4%) 32 (40.0%) 61 (48.8%)

CK5/6, n (%)
 Positive 6 (13.3%) 10 (12.5%) 16 (12.8)

 Negative 39 (86.7%) 70 (87.5%) 109 (87.2%)

EGFR, n (%)
 Positive 16 (35.6%) 26 (32.5%) 42 (33.6%)

 Negative 29 (64.4%) 54 (67.5%) 83 (66.4%)

Molecular classification (n =125), n (%)
 Luminal A 8 (17.8%) 36 (45.0%) 44 (35.2%)

 Luminal B 12 (26.7%) 11 (13.7%) 23 (18.4%)

 Luminal B HER2 Positive 4 (8.8%) 5 (6.3%) 9 (7.2%)

 Triple negative 14 (31.1%) 18 (22.5%) 32 (25.6%)

 HER2 enriched 7 (15.6%) 10 (12.5%) 17 (13.6%)
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