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Abstract
Background: HER2 protein over-expression is of great
importance to guide hormone therapy. The present study
aimed to determine the HER2 status of Libyan women with
breast cancer and evaluate the correlation of HER2 expression with some clinicopathological features as well as overall survival (OS).
Patients and methods: Data on 245 women with a diagnosis of breast cancer who were registered at the Misurata Cancer Center (MCC) in Libya from January 2004 to
December 2012 were retrospectively studied. Patients’ demographic and clinicopathological data were collected and
immunohistochemistry testing for HER2 was performed on
the formalin fixed paraffin-embedded blocks of breast tissue
of these patients.
Results: The mean age of women at diagnosis was 46.7 ±
12.4 years [range: 25-86 years] and the majority of the patients were post-menopausal women (57.1%). The majority
of breast cancers were invasive ductal carcinoma (82.4%)
of grade 2-3 (89%), stage 2-3 (81.6%) and lymph node involvement (65.3%). The tumors were large with an average
size of 4.47 ± 2.8 cm. In total, 57.1% of the patients had tumors with negative HER2 expression, whereas 13.1% had
HER2 overexpression. HER2 positivity was correlated with
histological grade (p = 0.05), but not with family history (p
= 0.9), menopausal status (p = 0.2), histological type (p =
0.5), tumor size (p = 0.4), clinical stage (p = 0.9), lymph
node status (p = 0.8), metastatic location (p = 0.71), recurrence (p = 0.4), or status at last follow-up (p = 0.09). OS was
significantly shorter in patients with higher tumor stage (p
< 0.0001), larger tumor size (p = 0.0001) and higher grade
(p = 0.001), as well as those with systemic metastasis (p <
0.0001). Longer survival rate seemed to be more associated with negative HER2 expression, despite data being not
statistically significant.

Conclusions: These results support the systematic use of
HER2 expression as a prognostic and predictive marker to
identify patients who may benefit from chemotherapy or targeted therapy that will improve their survival.
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Introduction
Breast cancer remains the most commonly diagnosed cancer and the leading cause of cancer death
among women worldwide. Breast cancer rates are increasing in nearly every region globally; in Libya, breast
cancer ranks first among female cancer, accounting for
16% of all cancers and is responsible for 17.9 new cases in 100 000 women annually. According to the latest
estimates, 6.2 per 100 000 women die of breast cancer
in Libya each. At an early stage of the disease, breast
cancer can be effectively treated in most women, but,
unlike in Europe and America, more than half of patients (51%) in Libya are diagnosed in advanced stages
(stage 3 and 4), leading to worse prognosis and poor
survival rates [1-7].
Breast cancer is recognized as a heterogeneous disease characterized by a varied spectrum of clinical,
pathological and molecular features with different prognostic and therapeutic implications. The evaluation
of estrogen receptor (ER), progesterone receptor (PR)
and human epidermal receptor protein-2 (HER-2/neu)
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status is routinely performed nowadays to inform the
management and prognosis of breast cancer, as these
hormone receptors were shown to have a great influence on clinical outcomes.
HER2 is transmembrane tyrosine kinase receptor
protein encoded by HER2/neu, a proto-oncogene located on chromosome 17q; the protein mediates the
growth, differentiation, and survival of cells [8,9]. Abnormalities of HER2 were shown to occur in about 1520% of breast cancers [10]. HER2 protein over-expression is also of great importance to guide hormone therapy, predicting approximately 50-75% of response rate
to hormone therapy. HER2 protein is usually used as an
eligibility criterion for anti-HER2 therapy, such as trastuzumab, which has been shown to be an effective treatment for HER2-positive breast cancer, even in advanced
stages [11].
Very few studies have been conducted to date on
breast cancer in Libya and tumor phenotypic alterations
in the Libyan population remain partly unknown, mainly
because of irregular follow-up [12-14]. Since the biological nature of the disease and clinical outcome are
closely inter-linked, assessment of HER2 status is of great importance to optimize therapy decision in patients
with newly diagnosed breast cancer.
In the present study, we examined the HER2 status
of patients with breast cancer by immunohistochemistry and evaluated its correlation with clinicopathological features, and overall survival (OS) rate.

Methods
Patients
This is a retrospective study conducted on tumor
biopsies of 245 women with a diagnosis of breast cancer, who were registered at the Misurata Cancer Center
[MCC] in Libya from January 2004 to December 2012.
The patients’ demographic and clinicopathological data
were collected from medical records using a checklist
including age, family history, tumor size, lymph nodal
status, histological grade, and type of tumor.

Immunohistochemistry (IHC) examination
The immunohistochemical examination was conducted on 5µm breast tissue sections routinely stained on hematoxylin and eosin. Immunohistochemical
(IHC) was performed on a Leica® BOND™ staining platform using the Novocastra Epitope Retrieval Solution
(Leica Biosystems Necastle Ltd.) according to the kit instructions.
Analysis and examination of HER2 expression was
carried out by an expert pathologist and scored using
the HER2 scoring criteria for breast cancer as follows:
0: absence or partial membranous staining in < 10% of
tumor cells, 1+: partial membranous staining in > 10% of
tumor cells, 2+: complete but weak to moderate memJebriel et al. Int J Cancer Clin Res 2021, 8:149
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branous staining in > 10% of tumor cells, 3+: complete
and strongly positive membranous staining in > 10% of
tumor cells. In determining the HER2 status, cases with
HER2 negative expression were defined by scores of 0
or 1+, whereas cases with HER2 overexpression were
defined by scores of 3+. Cases with a weakly positive
score (2+) were considered as HER2 equivocal expression and HER2 gene amplification was analyzed using
fluorescence in situ hybridization (FISH) or chromogenic
in situ hybridization (CISH) techniques.

Statistical analysis
Statistical analyses were performed using SPSS
software packages for Windows, versions 19.0 [SPSS,
Inc., Chicago, USA]. The continuous variables were
summarized using descriptive statistics (e.g., median,
range, frequency, and percentage). For survival analysis, Kaplan-Meier curves were plotted, and differences
between the curves analyzed using the log-rank test.
Pearson and Spearman's correlation tests were used
for comparison between two variables. P-values below
0.05 were regarded as significant. Comparison of numerical variables was done by using chi-square test with
likelihood ratio [LR], or Fischer's exact test to assess the
significance of association between the variables. Student t-tests and ANOVA were also used to test differences between the groups.

Results
The clinicopathological characteristics of the 245
breast cancer patients included in the study are presented in Table 1. The mean age of women at diagnosis was
46.7 ± 12.4 years [range: 25-86 years] and the majority
of the patients were post-menopausal women (57.1%).
The majority of breast cancers were IDC (82.4%) of grade 2-3 (89%), stage 2-3 (81.6%) and lymph node involvement (65.3%). The tumors were large with an average
size of 4.47 ± 2.8 cm. In total, 57.1% of the patients had
tumors with negative HER2 expression, whereas 13.1%
had HER2 overexpression.

Correlation of HER2 expression with clinicopathological features
HER2 status was analyzed in the whole group and in
subgroups defined by histological type, histological grade, clinical stage, TNM stage, and lymph node status, as
shown in Table 2. HER2 positivity was correlated with histological grade (p = 0.05): higher HER2 expression was
observed in tumors with higher histological grades and
all of HER2 overexpressed carcinomas were grade 2 and
grade 3 (Figure 1). No statistically significant correlation
was observed between HER2 expression and family history (p = 0.9), menopausal status (p = 0.2), histological
type (p = 0.5), tumor size (p = 0.4), clinical stage (p =
0.9), lymph node status (p = 0.8), metastatic location (p
= 0.71), recurrence (p = 0.4), or status at last follow-up
(p = 0.09) (Table 2).
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Table 1: Patient’s clinicopathological features (N = 245).
Clinicopathological variables
Family history (breast or ovarian cancer)
Menopausalstatus

HER2
HER2status

Histopathology type

Histopathology grade

Clinical stage

Tumor stage

Nodal stage

Lymphnodestatus

NumberLNs

Metastases at diagnosis

Recurrence at follow-up (local or distant)

Status at last follow-up
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Positive
Negative
Unknown
Premenopausal
Postmenopausal
Unknown
Positive
Negative
Unknown
Negative
Positive
Need FISH/CISH
Unknown
IDC
Lobular
Other types
1
2
3
Unknown
Stage 1
Stage 2
Stage 3
Stage 4
Unknown
T1
T2
T3
T4
Unknown
N0
N1
N2
N3
Unknown
Positive
Negative
Unknown
0
1-3
4-9
>9
Unknown
M0
M1
Unknown
Yes
No
Primary metastasis at
diagnosis
Dead
Alive free of disease
Alive with disease

Number of patients, n (%)
13 (5.3)
112 (45.7)
120 (49.0)
140 (57.1)
104 (42.4)
1 (4)
32 (13.1)
140 (57.1)
73 (29.8)
140 (57.1)
32 (13.1)
14 (5.7)
59 (24.1)
202 (82.4)
24 (9.8)
19 (7.8)
9 (3.7)
119 (48.6)
99 (40.4)
18 (7.3)
13 (5.3)
114 (46.5)
86 (35.1)
30 (12.2)
2 (0.8)
24 (9.8)
141 (57.6)
47 (19.2)
23 (9.4)
10 (4.1)
75 (30.6)
93 (38.0)
56 (22.9)
11 (4.5)
10 (4.1)
160 (65.3)
75 (30.6)
10 (4.1)
75 (30.6)
60 (24.5)
55 (22.4)
37 (15.1)
18 (7.3)
212 (86.5)
30 (12.2)
3 (1.2)
70 (28.6)
150 (61.2)
25 (10.2)
52 (21.2)
154 (62.9)
39 (15.9)
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Table 2: Analysis of HER2 overexpression sub-grouped according to clinicopathological variables (N = 245).
Clinicopathological variables

Family history
Menopausal status

Histological type

Histological grade

Clinical stage

Number of
patients, N

HER2, n (%)

P*

Negative

Positive

No

97

61 (88.4)

8 (11.6)

Yes

10

16 (88.9)

2 (11.1)

Premenopausal

124

79 (56.4)

22 (68.8)

Postmenopausal

85

61 (43.6)

10 (31.3)

IDC

175

119 (85)

23 (71.9)

ILC

19

13 (9.3)

4 (12.5)

Medullary

2

0

0

Papillary

3

2 (1.4)

1 (3.1)

Tubular

0

0

0

Mucinous

4

2 (1.4)

2 (6.3)

Mixed

6

4 (2.9)

2 (6.3)

Grade 1

6

6 (4.4)

0

Grade 2

105

62 (45.9)

20 (66.7)

Grade 3

90

67 (49.6)

10 (33.3)

Stage 1

11

7 (5.1)

2 (6.3)

Stage 2

93

62 (44.9)

15 (46.9)

Stage 3

79

50 (36.2)

11 (34.4)

Stage 4

24

19 (13.8)

4 (12.5)

T1

21

16 (12)

2 (6.5)

T2

122

78 (58.6)

18 (58.1)

T3

40

30 (22.6)

6 (19.4)

T4

18

9 (6.8)

5 (16.1)

N0

61

44 (33.1)

11 (35.5)

N1

74

49 (36.8)

10 (32.3)

N

N2

55

34 (25.6)

7 (22.6)

N3

11

6 (4.5)

3 (9.7)

Number of positive lymph
nodes

Negative

61

44 (33.1)

11 (35.5)

Positive

140

89 (66.9)

20 (64.5)

Metastases

M0

182

118 (86.1)

28 (87.5)

M1

24

19 (13.9)

4 (12.5)

Bone

24

17 (33.3)

4 (28.6)

Liver

4

3 (5.9)

0

Lung

13

7 (13.7)

2 (14.3)

Multi-organ

33

21 (41.2)

6 (42.9)

Local recurrence

4

3 (5.9)

2 (14.3)

Yes

60

89 (63.6)

17 (53.1)

130

36 (25.7)

12 (37.5)

Metastasis at diagnosis 19

15 (10.7)

3 (9.4)

Death

42

27 (19.3)

11 (34.4)

Free

134

90 (64.3)

19 (59.4)

Mets

33

23 (16.4)

2 (6.3)

T

Metastatic location

Recurrence [local or distant] No
Status at last follow-up

*T

0.9

0.2

0.5

0.05

0.9

0.4

0.7

0.8
0.8

0.71

0.4
0.09

he p-values refer to significance of difference between the subgroups.
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Survival analysis

96% and 86%, respectively (Table 1).

The median survival time of the study population
was 40 months. At the average follow-up time of 40 ±
33.69 months, 62.6% of the patients were free from disease, whereas 28.6% had a recurrence and 21.2% died.
The 1-year and 5-year overall survival (OS) rates were

Analysis of OS rates by HER2 status showed a trend
suggesting that patients with low or no HER2 expression
had better survival than those with high expression, but
the results were not statistically significant (Figure 2).
OS was significantly shorter in patients with higher tu-

Figure 1: Correlation of HER2 expression with histological grade.

Figure 2: Kaplan-Meier estimates for overall survival according to HER2 expression.
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Grade 1

T1

c

Grade 2

d

T2

T3
Grade 3
T4
p = 0.001

p < 0.0001

Figure 3: Kaplan Meier overall survival estimates according to: A) Systemic metastasis; B) Clinical stage; C) Histological
grade; D) Tumorextent [T-stage].

mor stage (p < 0.0001), larger tumor size (p = 0.0001)
and higher grade (p = 0.001), as well as those with systemic metastasis (p < 0.0001) (Figure 3). In particular,
better 10-year survival was observed in the subgroup of
patients without metastasis, with stage 1 breast cancer,
with histological grade 2 and grade 3, and with a tumor
size less than 2 cm.

Discussion
Studying the frequency and the outcome of HER2
over-expressed breast cancer is of major importance to
inform treatment strategies and better individualize targeted therapies in specific tumor subgroups with newly
diagnosed breast cancers. Better knowledge of ethnic
molecular features is important as considerable molecular differences were observed in cancers from various
ethnical groups. The present study aimed to determine
the HER2 status of Libyan women with breast cancer
and evaluate the correlation of HER2 expression with
Jebriel et al. Int J Cancer Clin Res 2021, 8:149

some clinicopathological features as well as OS.
Our results show that HER2 is overexpressed in 13.1%
of newly diagnosed breast cancers in Libyan women.
This figure is similar to the results obtained in other studies conducted among Middle Eastern and North African populations, where HER2 positivity was estimated
at 17.5% in Jordan [15], 18.1% in Tunisia [16], and 18.8%
in Saudi Arabia [17]. A more recent study conducted in
Saudi Arabia found a higher estimation of HER2 overexpression, with 29.9% positivity among Saudi women
with newly diagnosed breast cancer from 2007 to 2013.
The findings of this study show that breast cancer
is diagnosed in younger age groups (46 years), in more
advanced stages, with features of aggressive behavior.
Carcinomas with HER2 abnormalities are often associated with more aggressive features, such as high grade
tumours, lymph node involvement, and a higher rate of
disease recurrence and mortality [11,18,19]. In the pre• Page 6 of 8 •
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sent study, we found that tumors with HER2 positivity
were significantly associated with higher tumor grade,
consistently with Krishnaswamy, et al. [20]. Although,
there was no statistically significant correlation between HER2 status and tumor size [p = 0.4], the trend was
similar to what was reported in previous studies where
overexpression of HER2 was slightly more observed in
patients with lower tumor size (< 5 cm) [21,22].
Longer survival rate seemed to be more associated
with negative HER2 expression, despite data being not
statistically significant, consistently with findings from
Hurley, et al. [23], and England, et al. [24].
In the present study, data was retrospectively collected from a single center in Libya, which could limit
representativeness and generalizability of results, but
also may have affected completeness of data. Although
our study was not designed to estimate the prevalence
of HER2 overexpression in the general population, we
believe that the large period of clinical data collection (8
years from 2004 to 2012) provide baseline data of breast cancer features in Misurata region in Libya. Larger
multicenter trials could be further planned to better genetically characterize breast cancer subgroups in Libya
and estimate the actual frequency of HER2 overexpression in the general Libyan population with breast cancer.

Conclusion
In this study, HER2 overexpression was associated
with higher tumor grade and HER2 negativity tended
to correlate with better survival rate, in the absence of
treatment. These results support the systematic use of
HER2 expression as a prognostic and predictive marker
to identify patients who may benefit from chemotherapy or targeted therapy that will improve their survival.
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