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Background: Breast cancer (BC) is the most frequent malignancy among Libyan women. 
Immunohistochemistry (IHC) markers for estrogen receptor (ER), progesterone receptor (PR), and human 
epidermal growth factor receptor 2 (HER2) are used to classify BC into molecular subtypes. This work aims 
to document the clinicopathological features and molecular subtypes of BC cases from Libya. In addition to 
examine the association between clinicopathological features and molecular BC subtypes.
Methods: A total of 319 BC cases with clinicopathological and therapeutic characteristics 
were retrospectively examined. Molecular subtypes were identified and their relationships to the 
clinicopathological characteristics.
Results: Luminal B composed 63.66% of cases, triple-negative breast cancer (TNBC) was 20.04%, and 
HER2+ and luminal A were 11.6% and 4.7%, respectively. The mean age was 47.3 (±10.7) years, and most 
patients were premenopausal (59.2%). A proportion of 66.1% of the samples were lymph node-positive. 
Most patients were in grade II and grade III proportions in our study population. Regarding the stage 
distribution, the results showed 47.0% of cases were at stage II and about 39.5% of cases were at stage III.
Conclusions: This study found that BC in Libya has an earlier age of onset. The diagnosis is made at an 
advanced stage of the disease with a larger tumor size and a high histological grade. Luminal B tumors are 
the most common molecular subtype and higher prevalence compared to TNBC. The findings suggest an 
aggressive phenotype compared to North African counterparts.
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Introduction

Breast cancer (BC) is one of the most common cancers 
and the fifth leading cause of cancer death. It is predicted 
to have surpassed lung cancer as the most frequent cancer 
among women worldwide. According to GLOBOCAN 
2020 data, BC affects 2.3 million people worldwide each 
year, resulting in 684,996 deaths (1). Despite having similar 
histological characteristics, BC is a widely heterogeneous 
malignancy in terms of clinical presentation, morphology, 
molecular markers, prognosis, and treatment response, 
with ethnicity playing a substantial part in this diversity (2).  
Histological grade, tumor size, lymph node status, and 
receptor status are all known to impact disease prognosis 
and treatment response and are thus powerful prognostic 
and predictive indicators.

Immunohistochemistry (IHC), or the more precise 
technique of microarray-based gene expression profiling 
(GEP), is used to classify BC subtypes. In resource-limited 
environments, IHC staining is an excellent substitute for 
GEP. Perou et al. (3) identified four molecular subtypes 
based on microarray gene expression in 2000: luminal, 
human epidermal growth factor receptor 2 (HER2)-
enriched, basal-like, and normal basal-like (3). Further 
research enabled the luminal group to be divided into two 
subgroups (luminal A and B) (4,5).

Studies show that molecular subtypes are distinctly 
variable in terms of race and geographic distribution (6,7). 

This molecular diversity is etiologically and therapeutically 
significant since it maps disparities in therapy efficiency 
and prognosis (8,9). Moreover, ethnic disparities in BC 
outcomes, particularly among younger women, may be 
partly explained by the unequal distribution of molecular 
subtypes (10,11).

Understanding the regional distribution of BC subtypes 
is relevant for several reasons. If the distribution of 
receptor status is different from other neighboring parts, 
factors contributing to this variation would need to be 
investigated thoroughly, and if one subtype predominates, 
the introduction of IHC subtypes in areas where it is not 
available would need to be ascertained.

In Africa, the distribution of BC subtypes is debatable. 
Some studies demonstrate that the majority of cases 
have low hormone receptor expression (12), but a recent 
comprehensive review and meta-analysis results indicate 
that the majority of cases have high hormone receptor 
expression (13). In Libya, cancer epidemiology studies are 
very limited and are generally considered insufficient to 
accurately reflect the disease status. However, several local 
studies consistently reported BC as the most common 
cancer with a frequency of around 20% (14,15). Zarmouh  
et al. (15) reported that Libyan females when diagnosed with 
BC, despite presenting at a relatively younger age, usually 
present at an advanced stage. Gusbi et al. (16) estimated 
that more than half of Libyan females with BC are present 
in stages III/IV. Additionally, the local distribution of BC 
molecular subtypes has not been thoroughly investigated 
and, as such, constitutes a knowledge gap in understanding 
the nature of BC cases in Libya.

This work aims to document the clinicopathological 
features and molecular subtypes of invasive BC cases from 
Libya. In addition to examine the association between 
clinicopathological features and molecular BC subtypes.

Methods

This is a retrospective observational descriptive study. 
All Libyan female BC patients treated and monitored 
at the radiotherapy department in Tripoli University 
Hospital from January 2009 to December 2012 with 
pathology proven BC were retrospectively included. Data 
were retrieved directly from patient records through the 
Tripoli University Hospital registry and archive following 
attainment of the ethics board approval.

Variables of interest include demographic characteristics, 
medical history, clinical staging, complete histopathological 
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reporting, and treatment received. Tumor-node-metastasis 
(TNM) staging was to be used according to the American 
Joint Committee on Cancer. The tumor grade was classified 
according to the Scarff Bloom and Richardson histological 
system.

For the immunoperoxidase experiment, paraffin blocks 
of breast mass were typically stained with IHC instrument. 
The sections were stained using the Ventana Benchmark® 
GX in automatic mode (Ventana Medical Systems Inc., 
Tucson, AZ, USA). The tissue tumors which were 4-µm 
thick, underwent xylene cleaning, ethanol rehydration, and 
distilled water rinsing. After that, the slides were treated 
with primary antibodies for 30 min at room temperature, 
followed by a 10-min incubation with hydrogen peroxide, 
a chromogen (diaminobenzidine), and hematoxylin as 
a counterstain. After then, the slides were dehydrated. 
The antibody clones were monoclonal, developed in rats, 
consisted of SP1 for the estrogen receptor (ER) and 1E2 
for the progesterone receptor (PR), and HER2/neu (4B5) 
manufactured by Ventana Medical Systems, Inc. In less than 
5% of the neoplastic cells, the presence or lack of hormone 
receptors was determined solely by nuclear reactivity. Weak 
incomplete membrane staining was used to determine the 
HER2 status of tumors scoring 0 or 1+ whereas strong 
complete membrane staining was used to determine the 
HER2 status of tumors scoring 3+. Colorimetric in situ 
hybridization (CISH) was used to reevaluate cases of 
borderline HER2 with a score of 2+.

Tumor receptor status was documented and subsequently 
divided into subtypes as follows: luminal A (ER+, PR+/PR−, 
HER2− score 0), luminal B (ER+, PR+/PR−, HER2+), HER2-
enriched (ER−, PR−, HER2+), and triple-negative breast 
cancer (TNBC) (ER−, PR−, HER2−). HER2+ cases include 
HER2 score 1+, and equivocal score 2 cases with negative 
CISH. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by Bioethics Committee at Biotechnology 
Research Center (BEC-BTRC), Tripoli, Libya (Ref. No. 
NBC:001.H.23.11) and informed consent was taken from 
all the patients.

Statistical analysis

Using the statistical package for the social sciences (SPSS) 
version 24 (IBM Corp, Armonk, NY, USA), baseline 
demographic characteristics, and tumor-related variables 
were analyzed. The Chi-square test was used to assess the 
distribution of these clinicopathological features among 

BC subtypes.

Results

A total of 319 cases were examined. The mean age was  
47.3 (±10.7) years. Invasive ductal carcinoma (IDC) was the 
most prevalent histological type (80.3%), and the majority 
of patients were premenopausal (59.2%) as shown in Table 1.

At the time of diagnosis, the average tumor size was 3.9 
(±2.2) cm, and the distribution of stages II and III was 47.0% 
and 39.5%, respectively (Figure 1A). More than 60% of the 
samples were lymph node-positive. Regarding molecular 
subtype distribution, luminal B constituted 63.66% of all cases, 
whereas TNBC was 20.04%. HER2+ and luminal A were 
11.6% and 4.7%, respectively (Figure 1B). ER+ rate was 63.0%, 
PR+ rate was 61.8%, and HER2+ rate was 25.4% (Figure 1C).

The molecular subtypes differed significantly by 
lymph node (P=0.017). According to histological grade, 
the molecular subtypes have also demonstrated a very 
significant difference (P=0.008). The distribution of distinct 
clinical and pathological traits among various molecular 
subtypes. The majority of luminal B cancers have tumor 
sizes of between 2 and 5 cm. These results, however, were 
not statistically significant (P=0.088). Luminal B, on the 
other hand, was 72% related to the metastatic lymph node 
(Table 2). Around 67.4% had modified radical mastectomy 
and 29.2% had breast-conserving therapy.

Discussion

Management of BC relies on the availability of robust 
clinical and pathological prognostic and predictive factors 
to guide patient decision-making and the selection of 
treatment options (17).

The present study performed a molecular classification 
of BC cases in the Libyan population to understand tumor 
behavior and to compare it to other ethnic populations. 
In North Africa, little is known about the molecular 
distribution of BC. To this date, no studies have reported the 
distribution of BC molecular subtypes in Libyan women (16).

Age at diagnosis and risk factors for BC

Age at diagnosis is an important prognostic factor. Tumors 
diagnosed at a younger age are generally more aggressive 
and/or less responsive to treatment (18). Compared to 
women aged 40–60 years, women younger than 40 have 
higher BC mortality (19). Study’s mean age at diagnosis 
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Table 1 Clinical and pathological characteristics of patients

Variables Subcategories Frequency Percentage (%)

Age (years) ≤35 47 14.7

36–45 106 33.2

46–55 101 31.7

56–65 45 14.1

≥66 20 6.3

Size (cm) <2 48 15.0

2–5 191 59.9

>5 75 23.5

Unknown 5 1.6

Menopausal 
status

Premenopausal 189 59.2

Perimenopausal 10 3.1

Postmenopausal 117 36.7

Unknown 3 0.9

Family history Yes 63 19.7

No 233 73.0

Unknown 23 7.2

Histological type Ductal 256 80.3

Lobular 22 6.9

Others 12 3.8

Unknown 29 9.1

Lymph node 
status

Positive 211 66.1

Negative 95 29.8

Unknown 13 4.1

Histological 
grade

Grade 1 21 6.6

Grade 2 118 37.0

Grade 3 123 38.6

Unknown 57 17.9

Surgery Yes 307 96.2

No 12 3.8

Chemotherapy Yes 307 96.2

No 8 2.5

Unknown 4 1.3

was 47.3 (±10.7) years. This is similar to a report in 2020 
in Libya (16) and other North African and Sub-Saharan 
countries (20-23). The results are also consistent with the 
mean age reported in various Arab populations and South 
Asian populations (24-26). But it is early compared to 
global figures where results from western countries and 
Europe report a mean age at diagnosis a decade older than 
Arab nations (14,27). This early age at diagnosis may be a 
result of the large percentage of women in Libya between 
the ages of 25 and 50 years, according to the distribution of 
the population in the census. Further research is required 
to identify any underlying genetic or environmental factors 
that may render Libyan females more prone to developing 
the disease at a younger age.

Data from GLOBOCAN 2018 estimated that 5–10% of 
new cases have a family history (FH) of breast or ovarian 
cancers (28). However, this is only partly explained by 
inherited mutations and many critical factors affecting BC 
risks, such as breast density and body mass index (BMI), 
show familial clustering, confounding the impact of FH on 
BC incidence rates (29). Therefore, genetic counseling and 
testing should be offered to patients in high-risk groups as 
defined by the National Comprehensive Cancer Network 
(NCCN) guidelines. Positive FH was reported in 19.7% 
of samples. Those rates are lower compared to the 28.8% 
reported from western Libya in 2018 (16).

About 60% of patients were premenopausal (Table 1). 
This pattern follows that of developing countries, with 
60.78% reported from Algeria (30) and 67% in the Sub-
Saharan region (31), but contradicts that of developed 
countries (32). BC epidemiology shows distinct distribution 
patterns when stratified by menopausal status. The 
proportion of premenopausal cases and deaths in 2018 was 
greatest in low-income countries, whereas in higher-income 
countries, there was a greater burden of postmenopausal 
cases (33). This global diversity of disease incidence is 
mostly due to the variation in exposure to reproductive 
and lifestyle risk factors. Population aging, together with 
the westernization of lifestyle, will soon result in a higher 
prevalence of postmenopausal cases (34).

Clinicopathological features of BC in Libya

TNM staging plays a central role in predicting disease 
prognosis, with higher stages carrying a worse prognosis. 
The current results showed 47% of cases were at stage II 
and about 39.5% of cases were at stage III (Figure 1A). This 
stage distribution is consistent with Gusbi et al. with 50.4% 
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Figure 1 Distribution of breast cancer stage (A), molecular subtype (B), and receptors (C). TNBC, triple-negative breast cancer; HER2, 
human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor.  
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of cases at stage II and 32.7% at stage III (16). This stage 
distribution is comparable to the AJCC system estimation, 
which highlighted stages II and III as the most common 
(50.4% and 23.7%, respectively) but varies significantly 
when compared to the Sub-Saharan region distribution, 
where (73–88%) of women presented at advanced stages 
namely III and IV (31).

Tumor size is directly related to the increased number 
of axillary lymph nodes involved and the risk of regional 
metastasis, thereby, it is considered an important prognostic 
factor. The mean tumor size in the present study was  
3.9 (±2.1) cm. The study found no statistically significant 
difference between the size of tumor and the molecular 
subtypes. Only 15% of patients presented with tumor sizes 
less than 2 cm (Table 1), which raises questions regarding 
the cause of delayed recognition of cases in our community. 
These figures are similar to studies in Tunisia and Morocco 
(20,21) and other Arab countries (24,35) but are slightly 
higher when compared to Algeria’s (23).

Lymph node status continues to be one of the most 
powerful markers of long-term prognosis in primary BC. 
Following surgery, axillary lymph node dissection (ALND) 
is linked with a greater incidence of lymphoedema affecting 
the upper limbs in up to 25% of women, constituting a 
significant contribution to disease-related morbidity (36). 
And even small tumors (<2 cm) have a worse prognosis in 
the presence of pathologic node involvement. Lymph node-
positive tumors were observed in 66% of the population. Such 
a high prevalence is also observed in Tripoli/Libya (37) and 
the majority of the developing world. This includes Arabs, 
central Africans, and Iran (35). However, in developed 
countries, the majority of lymph nodes were negative (38).

Histology type and histology tumor grade: most patients 

were in grade II and grade III proportions in our study 
population. Or regarding tumor grade, 118 patients (37.0%) 
were in grade II and 123 patients (38.6%) were in grade 
III as shown in Table 2. This is consistent with the data 
reported from western Libya between 2003 and 2018 (16). 
Similar results are also reported by Kakarala et al. (39) when 
Asian Indian and Pakistani women in the US were studied. 
However, several studies on Arab and Asian ethnicities 
showed a predominance of grade II tumors over grade III, 
with the former constituting more than 50% of cases (20,23). 
IDC was the predominant histological type in our study. 
This matches the results from the western Libya report and 
is in concordance with global results. Lobular carcinoma 
represents the second most common histological type.

Hormonal receptor and distribution of molecular subtypes 
in Libya

In this study, the rate of ER+ and PR+ was much higher 
than that of HER2. Around 63.0% of the patients were 
ER+ whereas 61.8% were PR+. HER2+ rate was 25.4%  
(Figure 1C). Positive receptor status is a recognized 
prognostic determinant and is estimated to reduce BC 
mortality by around one-third (40). A meta-analysis 
demonstrated that in patients with ER+ disease, tamoxifen 
significantly reduced the risk of recurrence by 39% and 
death by 30% throughout 15 years of follow-up (41). 
Therefore, the introduction of IHC subtypes in areas 
where it is not available needs to be ascertained, as they 
allow improved patient stratification and permit designing 
aggressive treatment strategies while increasing active 
surveillance in patients with a high risk of tumor recurrence.

Molecular subtypes: studies confirmed that molecular 
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Table 2 Characteristics of breast cancer molecular subtype

Variables Subcategories Luminal A Luminal B TNBC HER2 positive Total P value

Age groups (years) ≤35 4 26 10 7 47 0.517

36–45 2 70 24 10 106

46–55 4 65 21 11 101

56–65 2 30 7 6 45

≥66 3 10 4 3 20

Menopausal status Premenopausal 8 122 38 21 189 0.234

Perimenopausal 0 5 3 2 10

Postmenopausal 7 73 25 12 117

Unknown 0 1 0 2 3

Family history of 
breast cancer

Yes 2 34 14 13 63 0.206

No 11 151 49 22 233

Unknown 2 16 3 2 23

Histological type of 
breast cancer

Ductal 14 155 56 31 256 0.201

Lobular 0 19 1 2 22

Others 0 7 5 0 12

Unknown 1 20 4 4 29

Histological grade of 
the tumor

Grade 1 0 15 4 2 21 0.008

Grade 2 8 87 14 9 118

Grade 3 6 61 37 19 123

Unknown 1 38 11 7 57

Lymph node status Positive 12 145 32 22 211 0.017

Negative 3 49 29 14 95

Unknown 0 7 5 1 13

T T1 3 19 8 1 31 0.242

T2 7 104 45 26 182

T3 4 57 8 8 77

T4 1 18 4 2 25

Unknown 0 3 1 0 4

N N0 3 54 29 15 101 0.014

N1 6 72 16 11 105

N2 6 44 15 2 67

N3 0 27 4 9 40

Unknown 0 4 2 0 6

M M0 14 190 61 34 299 0.957

M1 1 11 5 3 20

Table 2 (continued)
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Table 2 (continued)

Variables Subcategories Luminal A Luminal B TNBC HER2 positive Total P value

Staging 0 0 7 3 0 10 0.619

I 1 8 5 0 14

II 7 89 33 21 150

III 6 87 20 13 126

IV 1 10 5 3 19

Size (cm) <2 3 30 14 1 48 0.088

2–5 9 113 42 27 191

>5 3 54 9 9 75

Unknown 0 3 1 1 5

Primary surgery done 
to the patient

Mastectomy 9 138 39 28 214 0.517

Conserving surgery 5 57 23 8 93

Missing 1 6 4 1 12

TNBC, triple-negative breast cancer; HER2, human epidermal growth factor receptor 2; T, primary tumor; N, regional lymph nodes; M, 
distant metastasis.

subtypes are distinctly variable in terms of race, geographic 
distribution, survival, and response to treatment, and those 
treatment selections are dictated by the specific molecular 
profile (6,7,42). Hormonal therapy, for example, is only 
helpful for patients with cancers that express ER and/or 
PR. Moreover, ethnic disparities in BC outcomes, held 
particularly among younger women, may be partly explained 
by the unequal distribution of molecular subtypes (10,11). 
Luminal A and B are prevalent in elderly white women and 
have a promising prospect (7,43). TNBCs are frequently 
poorly differentiated, resistant to hormone therapy, and 
have a poor prognosis. Hence they are typically treated 
with radiochemotherapy. HER2-enriched forms have a 
bad prognosis as well, as they are not sensitive to hormonal 
therapy and should be treated with HER2-targeted therapy 
instead (44,45).

In this study, luminal B was the most prevalent 
(63.66%) followed by the triple-negative type (20.04%), 
HER2-expressing tumors (11.6%), and luminal A (4.7%)  
(Figure 1B). Luminal predominance is similar to Iraq, 
Morocco, Brazil, and China (46-48) but differs from the 
reports from Egypt, Tunisia, Morocco, Algeria, and Sub-
Saharan Africa where luminal A was the most common. 
Compared to luminal A, luminal B is much more aggressive 
and is characterized by poor differentiation, a high bone 
metastasis rate, and a worse prognosis (49). Surprisingly, 

luminal A was the least common in our population (4.7%) 
(Figure 1B). This distribution is uncommon as the majority 
of the world reports luminal A as the most common 
molecular subtype (20-22,26,27,35,49,50). TNBS was the 
second most common subtype among Libyan females (20%) 
as shown by previous studies on Africans (21,25). However, 
this prevalence is higher than reported in Morocco, Saudi 
Arabia, and Iraq (20,47).

The HER2/neu subtype in this study accounted for 
11.6% of all BC cases (Figure 1B), while the HER2 receptor 
positivity rate was 25.4% (Figure 1C). It is higher than 
western and Asian proportions. Earlier studies in Arab and 
African countries revealed similar figures (21,47,48,51).

There are some limitations to this study that should 
be noted. First, its retrospective, descriptive nature, and 
second, the incomplete medical records lacking important 
demographic and risk factor-related variables. Third, the 
portion of BC patients included in the study are those 
referred to the radiotherapy department, which may explain 
the high proportion of advanced disease. Our classification 
of molecular subtypes is based on IHC profiling. Most 
studies have found comparable results between gene 
expression and IHC profiling. No data was available about 
Ki67 status, at that time which was not used as a routine. 
We also did not differentiate between triple-negative and 
basal-like tumors. However, it has been confirmed that 
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the triple-negative phenotype of ER−, PR−, and HER2− is a 
reasonable proxy (80–90%) for basal-like BC.

Conclusions

BC has a distinct epidemiology in Libya; younger age 
of onset, advanced stage at diagnosis. There is a higher 
proportion of aggressive tumors, a larger tumor size, and 
a higher histopathological grade. These characteristics 
arise from risk factor profiles that differ from those seen 
in developing countries, resulting in a substantially lower 
incidence of this disease in postmenopausal women. The 
findings show luminal B tumors are the most common 
in Libya and also have a high prevalence of TNBC. This 
implies BC in Libya has an aggressive phenotype in 
comparison to other North African countries. Luminal 
A was the least common in our population compared to 
females from neighboring countries these features are 
alarming and suggest that Libyan females tend to have 
worse prognosis subtypes. The prevalence of BC at a 
younger age in Libya prioritizes the demand for a screening 
program to be implemented at a younger age.

Given the reported disease burden in the region and the 
absence of accurate figures reflecting the disease status in 
Libya, we highly recommend including data from other 
local cancer centers to study the distribution of BC subtypes. 
Emphasis on the need for the wider introduction of IHC 
staining, formal national cancer registries, and organized 
epidemiological surveys directed towards investigating the 
molecular subtypes trends over time and among varying 
ethnicities are crucial. More efforts should be directed 
toward the introduction of a national screening program 
for high-risk groups. Additional prospective studies 
documenting survival rates of the different molecular 
subtypes are needed to correlate with the clinical course.
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