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Abstract 
Background: Human epidermal growth factors receptors such as EGFR and HER2 play an important role in 
tumorigenesis and are used as therapeutic targets. Their role in aggressive primary ovarian high-grade serous 
carcinoma (HGSC) is controversial. 
Aim: To study the expression of EGFR and HER2 in ovarian HGSC, to correlate their expression with other 
clinicopathological parameters and to study their prognostic value.  
Methods: Imunohistochemical staining of EGFR, HER2 and Ki-67 was done for 54 ovarian HGSC specimens. 
According to the used scoring methods, the expression of EGFR and HER2 was classified as high or low. 
Results: High expression of EGFR and HER2 was found in a minority of specimens; 39% and 15%, respectively. 
None of the studied clinicopathological parameters correlated significantly with the expression of EGFR and HER2, 
except for the carcinoembryonic antigen level which correlated positively with HER2 expression. Disease-free 
survival of patients did not differ significantly according to the level of expression of EGFR and HER2 (p =0.684 and 
0.186, respectively). Similarly, overall survival did not differ significantly (p =0.911 and 0.346, respectively). 
Conclusion: The results of this study suggest that the prognostic value of EGFR and HER2 in ovarian HGSC is 
questionable. 
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Introduction 

 
Ovarian cancer is the seventh most frequent 

cancer and the fifth cause of cancer deaths in 
women worldwide. The most common type is 
surface epithelial tumors. Unfortunately, it is 
mostly diagnosed at late stages 1. Serous carcinoma 
is the most common and the most aggressive type 
of epithelial ovarian cancer 2. Serous carcinomas 
are currently divided into two completely different 
subtypes, low grade serous carcinoma and high-
grade serous carcinoma (HGSC), based on biological 

and histological morphologic features such as 
degree of nuclear atypia and number of mitoses 3. 
Current therapy is based on few traditional 
predictive factors, such as tumor stage and 
postoperative tumor residual mass. Identification 
of new molecular markers could help in significant 
modification of treatment to improve clinical 
prognosis 4. 

The Erythroblastic oncogene B (ErbB) family of 
tyrosine kinase receptors plays an important role 
in development of several solid tumors. The 
abnormal activation of these receptors has been 
involved in different pathological processes such as 
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cellular transformation5. Epidermal growth factor 
receptor (EGFR) is involved in many stages of 
cancer growth and development, such as tumor 
initiation, angiogenesis and also metastasis. In 
addition, it is included in many pathways as a 
proto-oncogene in several cancers like 
gastrointestinal and breast cancers. So, it is an 
attractive target for oncogenic therapy 6. 

Human epidermal growth receptor 2 (HER2) 
proto-oncogene is included in the genesis of many 
types of human cancers and is used as a 
therapeutic target. Although the correlation 
between HER2 expression and ovarian cancer has 
been studied before, the results are still 
controversial 7. Therefore, in the present study we 
analyzed the expression of both EGFR & HER2 in 
HGSC by immunohistochemistry, and results were 
correlated to prognosis. 

 
Methods 
  
Design and patients 

This cross-sectional study was carried out on 54 
specimens (archived paraffin blocks) of primary 
ovarian HGSC from patients who had been treated 
for ovarian cancer at the Oncology Centre, 
Mansoura University, Mansoura, Egypt in the 
period from 2012 to 2019.  The following data were 
retrospectively-collected: age, tumor size (T), loco-
regional lymph node metastases (N), distant 
metastases (M), International Federation of 
Gynecology and Obstetrics (FIGO) staging system, 
ascites, recurrence, residual tumor, 
carcinoembryonic antigen (CEA) level, Cancer 
Antigen 125 (CA125) level, peritoneal deposits and 
clinical outcomes (disease-free survival [DFS] and 
overall survival [OS]).  

All patients received the same combination 
chemotherapy protocol (paclitaxel and carboplatin) 
either as neoadjuvant or adjuvant therapy.  

 
Immunohistochemical staining 

Sections were cut from paraffin-embedded 
tissue blocks at 4 μm, deparaffinized with xylene, 
then rehydrated with graded alcohols. The 1ry 
antibodies included antibodies for EGFR (mouse 
monoclonal, Clone 111.6, Neo Markers, USA), HER2 
(mouse monoclonal, clone CB-11, cell marque, USA) 
and Ki-67 (rabbit PAb, clone MIB-1, Neo Markers, 
USA). We used all of the antibodies according to 
manufacturer instructions.  

We prepared appropriate positive controls (skin 
for EGFR and HER2 enriched tumor for HER2) and 

negative controls simultaneously with test slides. 
We performed antigen retrieval with heat in target 
retrieval solution pH 6.0 for HER2 and Ki-67 and 
enzyme digestion with 0.05% protease K for 30 min 
at 37℃ for EGFR. 
 
Immunohistochemical Analysis 

We evaluated EGFR by a scoring system based 
on both intensity and percentage of stained cells. 
The intensity score ranged from 1 to 3. The 
threshold for positive reactions was 5%. The score 
of the percentage was 1 (5–25% positive cells), 2 
(26–50% positive cells), 3 (51–75% positive cells) 
and 4 (>75% positive cells). Final staining score 
(FSS) was calculated by multiplying both intensity 
and percentage scores, ranging from 1 to 12. For 
the statistical analysis, FSS was considered as low 
expression for scores 1–4, and high expression for 
scores 6–12 5. 

HER2 expression was assessed using Ellis and 
Wolff recommendations. Tumors were considered 
negative (low expression) with a score of 0, and +1. 
Tumors were considered positive (high expression) 
with a score of +3 when strong complete 
membranous staining observed in at least 10% of 
tumor cells 8. Cases with a score of 2+ were 
excluded from our study as they require 
fluorescence in situ hybridization (FISH) assay to 
confirm HER2 amplification.  

For Ki-67, greater than 25% of cells positive was 
considered high expression, and lower than 25% 
was considered low expression 9. 

 
Statistical analysis 

Continuous data was presented in the form of 
mean + standard deviation (SD) or median + range 
(min-max) according to the results of Shapiro-Wilk 
testing for normal distributions of data. Categorical 
data was presented in the form of frequencies and 
percentages.  Statistical significance was tested by 
Welch's t-test, or Mann-Whitney U for continuous 
data (according to the presence or absence of 
normal distribution of data). Chi-square test or 
Fisher's exact test were performed for categorical 
data (according to the minimal expected values in 
the contingencies tables). Correlations of different 
tumor markers were calculated using Spearman's 
rho coefficient. Kaplan-Meier method was used to 
estimate OS and DFS.  Overall survival was 
calculated from the time of diagnosis to death and 
DFS from the end of treatment to the first 
recurrence / metastases or death. Only patients 
who achieved complete remission (n = 38) were 
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included in DFS analysis. Comparison of survival 
was done using Log Rank (Mantel-Cox) test. 
Significance level was set at 0.05.  

Data was analyzed using the Statistical Package 
for the Social Sciences (SPSS) software version 16 
for Windows. 

 
Ethical considerations 

The study was approved by Research Ethics 
Committee of the Faculty of Medicine, Mansoura 
University, Mansoura, Egypt (Approval code 
number: R.20.07.957). 
 
Results 
 
Clinicopathological characteristics 

 Clinicopathological features of 54 cases of HGSC 
are summarized in Table (1).  

Nearly 61% and 85% of patients showed low 
expression of EGFR and HER2, respectively, while 
nearly 60% of cases showed high expression of Ki-
67 (Figure1). 

 
Correlation between the expression of EGFR 
and HER2 and the studied clinicopathological 
variables 

Table 2 summarizes the relation between the 
expression of EGFR and HER2 and the 
clinicopathological characteristics of patients.  

The only variable that associated significantly 
with EGFR expression was the administration of 
neoadjuvant therapy. Expression of EGFR was 
significantly higher among patients who did not 
receive neoadjuvant treatment. Higher expression 
of EGFR was observed in patients who had ascites, 
residuals disease, and recurrence; however, this 
was not significant. There was no significant 
association between EGFR expression and other 
markers. The only variable that correlated 
significantly with HER2 expression was CEA level 
which correlated positively with it. Lower 
expression of HER2 was observed in patients with 
ascites, residual disease, recurrence and peritoneal 
deposits; however, the correlation was not 
significant. 

 
Correlation between the expression of HER2 
and EGFR expression and survival 

The median duration of follow up was 40 
months (range: 3.2-91.4).  

The median OS was not reached in patients with 
low and high EGFR expression and the difference 

between them was not significant (p = 0.911) 
(Figure 2a). The median OS of patients with high 
Her2 expression was 59 months (95%CI was not 
reached) and of those with low expression was not 
reached and the difference was not significant (p = 
0.346) (Figure 2b). 

There was no significant difference in DFS 
between patients with low EGFR expression and 
those with high expression (median in months 
[95%CI] = 26.5 [18.9-34] and 29 [0.5-58.2], 
respectively; p = 0.684) (Figure 2c). The DFS did not 
differ as well between patients with low Her2 
expression and those with high expression (median 
in moths [95%CI] = 29 [17.3-40.7] and 22 [7.9-36.5], 
respectively; p = 0.186) (Figure 2d). 

 
Table 1: Clinicopathological characteristics of 54 
patients with ovarian high-grade serous carcinoma 

Characteristic Mean (SD) Total n 
Age (years) 50 (9.3) 54 
 n (%)  
T T 1-2 10 (25.6) 39 

T 3-4 29 (74.4) 
N N 0 15 (53.6) 28 

N 1 13 (46.4) 
M M 0 31 (86.1) 36 

M 1  5 (13.9) 
FIGO Stage 1/2 8 (21.1) 38 

3/4 30 (78.9) 
Ascites No 17 (39.5) 43 

Yes 26 (60.5) 
Residual tumor No 22 (56.4) 39 

Yes 17 (43.6) 
Recurrence No 17 (44.7) 38 

Yes 21 (55.3) 
Metastases No 17 (43.6) 39 

Yes 22 (56.4) 
Peritoneal 
deposits 

No 9 (20) 45 
Yes 36 (80) 

Neoadjuvant 
therapy 

No 28 (80) 35 
Yes 7 (20) 

Last known 
status 

Alive 42 (82.3) 51 
Dead 9 (17.6) 

EGFR 
expression 

Low 33 (61.1) 54 
High 21 (38.9) 

HER2 
expression 

Low 46 (85.2) 54 
High 8 (14.8) 

Ki-67 Low 21 (39.6) 53 
High 32 (60.4) 

 Median 
(range) 

 

CEA 2.2 (0.1-64) 15 
CA-125 220 (7-1268) 28 

CEA: Carcinoembryonic antigen, FIGO: International Federation 
of Gynecology and Obstetrics, SD: Standard deviation. 
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Figure 1: Immunohistochemical staining of EGFR, HER2& Ki67 in different cases of ovarian high-grade 
serous carcinoma [a) High EGFR expression showing positive cytoplasmic staining, FSS=12, X100; b) High EGFR 
expression showing positive membranous staining, FSS=12, X400;  c) Low EGFR expression showing negative staining, 
FSS=0, X200; d) High HER2 expression showing positive complete membranous staining in >10% of tumor cells, score 
+3, X100; e) High HER2 expression showing positive complete membranous staining in >10% of tumor cells, score +3, 
X200; f) Low HER2 expression showing negative staining, x100); g) High K-i67 proliferative marker, X200, h) Low Ki-67 
proliferative marker, X200], FSS: Final staining score 

 
Discussion 

 
In the present study, both HER2 and EGFR 

expressions were analyzed using 
immunohistochemistry in cases with primary 
ovarian HGSC. EGFR and its family members play a 
variety of roles in the growth of different cell types 
10. Also, EGFR is involved in various stages of cancer 
cells proliferation, being an attractive target for 
cancer therapy 6. It could also affect the tumor 
response to targeted to targeted therapeutic agents 
which bind to the receptor/ligand ErbB system 5.  

Normally, the ovarian epithelium expresses 
EGFR poorly 6. Both the metaplastic ovarian 
epithelium and tubal epithelium variably express 
EGFR 2. 

In ovarian carcinomas, expression of EGFR 
differs greatly among different studies 11,12. Nielsen 
et al 13 found that the EGFR positivity in both 
ovarian borderline tumors and carcinomas was 
significantly higher than in normal ovarian tissue 
and benign tumors. But Brustmann 14 and Fujiwara 
et al 15 found lack of positivity in borderline tumors 
when compared to serous carcinomas. EGFR 
expression is more common in ovarian serous 
carcinomas than borderline tumors and a number 
of studies found that it is significantly higher in 
HGSC 2, 5, 10, 14 ,16. In ovarian carcinoma cells, 
suppression of EGFR may result in regression of 
aneuploidy and genomic imbalances restoring a 
more normal phenotype 2. 

The significance of EGFR expression in HGSC is 
still a matter of controversy 14. So, we studied its 
expression in these cases which respond poorly to 
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the usual combination chemotherapy protocols and 
correlated its expression with different 
clinicopathological parameters and with patient 
prognosis. We found high EGFR expression in 
38.9% of HGSC patients. As regards the 
clinicopathological parameters such as tumor size, 
lymph node metastases, distant metastases, FIGO 
stage, ascites, recurrence, residual tumor, CA125 
level, CEA level, Ki-67 proliferation marker and 
peritoneal deposits; we did not find a significant 
association with EGFR expression. Regarding 
correlation to patients’ age, it differs from Lassus et 
al 2 who found higher expression in patients of 
older age. 

Our results regarding correlation of EGFR 
expression and tumor stage is in agreement with 
Brustmann 14 and Mehner et al 17 who found no 
significant association with tumor stage.  On the 

contrary, Cîrstea et al 5 said that EGFR 
overexpression was more in advanced stage 
carcinomas but their study has limitations. We also 
did not find a significant association between EGFR 
overexpression and residual tumor or high cell 
proliferation index. 

On the contrary, an association between 
increased EGFR expression and large residual 
tumor and high cell proliferation index was 
previously reported 2, 10. These discrepancies may 
be attributed to the different antibody clones used 
and staining methodology. 

In the current study, the expression of EGFR was 
significantly higher among patients who did not 
receive taxol-carboplatin neoadjuvant treatment 
than those who received. This association was not 
explored in previous studies. 

 

Table 2: The relation between EGFR and HER2 expression and patients’ clinicopathological characteristics 

Characteristic EGFR expression p value  HER2 Expression p value 
Low High 

 
 Low High  

 Mean (SD)   Mean (SD)  
Age (years) 52 (8.7) 48 (9.9) 0.270 a  50.5 (9.7) 51.6 (6.1) 0.706 a 
 n (%)   n (%)  
T T 1-2 6 (60) 4 (40) 1 b  7 (70)  3 (30) 0.096 b 

T 3-4 19 (65.5) 10 (34.5)  27 (93.1) 2 (6.9) 
N N0 10 (66.7) 5 (33.3) 1 b  13 (86.7) 2 (13.3) 1 b 

N1 8 (61.5) 5 (8.5)  11 (84.6) 2 (15.4) 

M M0 19 (61.3) 12 (38.7) 1 b  28 (90.3) 3 (9.7) 0.466 b 
M1 3 (60) 2 (40)  4 (80) 1 (20) 

FIGO stage 1-2 4 (50) 4 (50) 0.687 b  6 (75) 2 (25) 0.279 b 
3-4 19 (63.3) 11 (36.7)  27 (90) 3 (10) 

Ascites No 11 (64.7) 6(35.3) 0.834 b  14 (82.4) 3 (17.6) 0.666 b 
Yes 16 (61.5) 10 (38.5)  23 (88.5) 3 (11.5) 

Residual 
tumor 

No 16 (72.7) 6 (27.3) 0.201 b  17(77.3) 5 (22.7) 0.056 b 
Yes 9 (52.9) 8 (47.1)  17 0 

Recurrence No 11 (64.7) 6 (35.3) 0.635 b  14 (82.4) 3 (17.6) 1 b 
Yes 12 (57.1) 9 (42.9)  18 (85.7) 3 (14.3) 

Metastasis No 10 (58.8) 7 (41.2) 0.759 b  16 (94.1) 1 (5.9) 0.206 b 
Yes 14 (63.6) 8 (36.4)  17 (77.3) 5 (22.7) 

Peritoneal 
deposits 

No 6 (66.7) 3 (33.3) 0.721 b  7 (77.8) 2 (22.2) 0.614 b 
Yes 21 (58.3) 15 (41.7)  31 (86.1) 5 (13.9) 

Neoadjuvant 
therapy 

No 4 (14.3) 24 (85.7) 0.001 b  24 (85.7) 4 (14.3) 1b 
Yes 6 (85.7) 1 (14.3)  6 (85.7) 1 (14.3) 

HER2 Low 28 (60.9) 18 (39.1)  1  --- --- --- 
High  5 (62.5) 3 (37.5)  --- ---  

Ki-67 Low 14 (66.7) 7 (33.3) 0.448 b  20 (95.2) 1 (4.8) 0.126 b 
High  18 (56.2) 14 (43.8)  25 (78.1) 7 (21.9) 

 Median (range)   Spearman's rho  
CEA  2.2 (0.3-13) 0.35(0.1-0.6) 0.759 c  0.536 0.039 d 
CA 125 212 (104-

1268) 
324.5 (201-
448) 

0.555 c  0.034 0.865 d 

CEA: Carcinoembryonic antigen, FIGO: International Federation of Gynecology and Obstetrics, SD: Standard deviation. 
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Figure 2: Kaplan-Meier survival curves [a) Overall survival according to EGFR expression, b) Overall survival 
according to HER2 expression, c) Disease-free survival according to EGFR expression and d) Disease-free survival 
according to HER2 expression] 

 
The role of HER2 in ovarian cancer has been 

studied previously in some studies, but the results 
remain controversial 7. Wang et al 18 demonstrated 
the positivity for HER2/neu in benign and 
borderline ovarian tumors. Also, Other studies 
found positivity for HER2/neu in many borderline 
tumors without being a marker of malignancy 5, 16.  

As regards HER2 expression in HGSC, we found 
high expression of HER2 in only 14.8% of patients. 
The percentage of patients with HER2-positive 
ovarian cancer differed considerably in previous 
studies and varied from 8% to 66% 5, 8, 19-21. Nofech-
Mozes et al 22 did not identify any cases of 
malignant serous ovarian tumor with HER2 
overexpression. Other studies reported a small 
number of tumors with immunostaining for HER2 
indicating that few patients with ovarian cancer 
have tumors that would benefit from specific 
targeted therapy 23. 

We did not find a significant association 
between HER2 expression in ovarian HGSC and any 
of the studied clinicopathological variables except 

the level of CEA. Contrary to our results, in the 
study done by Cîrstea et al 5, a significantly higher 
values of HER2 expression was observed in 
advanced stage tumors; but this result was 
statistically unclear. 

The survival analysis showed that OS and DFS 
did not differ significantly according to the 
expression of EGFR in ovarian HGSC. The lack of 
EGFR prognostic impact on the survival of ovarian 
HGSC found in this study is supported by a large 
study conducted by Mehner et al 17 on different 
types of ovarian cancer. Our findings are in general 
accordance with what has been found in previous 
studies dealing with overall populations and EGFR 
staining as a prognostic marker in ovarian cancer. 
They found no significant association with survival 
17, 23. 

Other studies suggested that EGFR is associated 
with poor prognosis 6, 10, 12, 14, 24. Also, Lassus et al 2 
found that EGFR expression was linked to shorter 
DFS. But none of these studies focused on HGSC. 
They studied EGFR expression in ovarian cancers 
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in general. Many studies using smaller patient 
cohorts or limited patient subsets have recorded 
these significant associations. The study done by 
Cîrstea et al 5 focused on EGFR expression in HGSC. 
They reported an association between high EGFR 
expression and poor prognosis and shorter survival 
times. But the numbers used for calculating 
significance were not clear. 

As regards HER2, our survival analysis showed 
that OS and DFS times in patients with high HER2 
expression were less than those in patients with 
low expression. However, these differences were 
not statistically significant. Some previous reports 
suggested that high expression of HER2 is a poor 
prognostic factor in ovarian cancer while others 
showed that HER2 overexpression had no impact 
on survival 7. Luo et al 7 found that the expression 
of HER2 was negatively correlated with OS and DFS 
in ovarian cancer. Researchers of studies in which 
HER2 overexpression was associated with poor 
prognosis recommended it as a valuable target for 
targeted therapy agents 25, 26. However, none of 
these studies focused on HGSC. Luo et al 7 
concluded that the prognostic value of HER2 
expression is noted especially in patients with 
unclassified ovarian cancer and Caucasian origin. 
The study done by Cîrstea et al 5 investigated HER2 
expression in ovarian HGSC. They reported the 
association of high HER2 expression with poor 
prognosis and shorter survival times. 

This study has limitations. It was a single center 
study that included a small number of patients. In 
addition, the survival data was missing in a 
proportion of patients and those with survival data 
were followed up for a relatively short time. 
Consequently, survival analysis results should be 
interpreted cautiously.  

 
Conclusion 

The results of the current study suggest that the 
prognostic value of EGFR and HER2 in ovarian 
HGSC is questionable. Subsequently, targeting these 
agents in the treatment of ovarian HGSC is not 
clearly suitable. Further adequately-powered 
studies with better selection and stratification of 
ovarian HGSC patients are needed to explore the 
benefit from HER2 and EGFR targeted therapy. 
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