
INTRODUCTION 

ancer is a global health issue, Ccausing the deaths of nearly 10 
1million people in 2020.  Among the 

cancers affecting women, breast, 
ovarian, and cervical cancers are 

2prominent.  Ovarian cancer, ranking as 
the seventh most common cancer in 
women, contributes to 4.4% of all 

3cancer-related deaths in females.  In 
2020 alone, it led to the deaths of 
approximately 207,252 individuals, 
representing 2.1% of all cancer-related 

1fatalities.  Alarmingly, estimates suggest 
that the incidence of ovarian cancer is 

rising, with projections indicating a 47% 
1increase by 2040 compared to 2020.  In 

4Pakistan, it is particularly prevalent,  
ranking as the fifth most common 
cancer among women, affecting 4.8% 

5of the female population in the region.  
This underscores the urgent need for 
continued research, awareness, and 
improved healthcare strategies to 
combat this deadly disease effectively.

Primary ovarian tumors encompass 
various types, such as epithelial ovarian 
cancers (EOCs), germ-cell tumors, sex-
cord stromal tumors, and other less 

6common subtypes.  EOCs, which 

originate from the mesothelial lining of 
the ovaries, constitute nearly 90% of all 
ovarian cancer cases. They are further 
categorized into five histopathological 
subtypes: endometrioid, brenner, 
serous, mucinous, and clear cell. Serous 
EOCs account for approximately 80% 
of observed cases, with endometrioid 

7EOCs making up about 10%.  The 
typical age of onset for epithelial ovarian 
cancers is around 63 years.

The overexpression of epidermal 
growth factor receptor (EGFR) is 
prevalent in a substantial number of 
ovarian carcinoma cases, reported 

6,8between 40% and 90%.  This 
dysregulation of EGFR-1 expression 
plays a critical role in the development, 
progression, and resistance to 
treatment in diverse cancers, including 

9ovarian cancer.  Therefore, targeted 
therapeutic strategies such as anti-
EGFR monoclonal antibodies are being 
explored for their potential to mitigate 

9ovarian malignancies.  Recent studies 
demonstrated the promising outcomes 
of EGFR-1 targeted therapies in various 
cancers like colorectal cancer, non-
small cell lung cancer, and head and neck 

10squamous cell carcinoma.  

There is limited specific data regarding 
EGFR expression in ovarian epithelial 
cancer within the population under 
study. This study seeks to investigate 
whether EGFR-1 expression levels in 
ovarian epithelial cancers correlate with 
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ABSTRACT

OBJECTIVE: To investigate the expression of epidermal growth factor receptor 
(EGFR) in surface epithelial ovarian cancers (EOCs) among the local population, 
considering its potential role as a therapeutic target in ovarian cancer treatment.  

METHODS: This cross-sectional study was conducted at Ayub Medical College, 
st Abbottabad, and Khyber Medical University Peshawar, Pakistan, from July 1 to 

stDecember 31 , 2022. Data from 73 patients diagnosed with EOC were collected 
using consecutive sampling. Inclusion criteria required histopathological 
confirmation of EOC and sufficient biopsy specimens for immune-histochemical 
(IHC) analysis. Patients who declined participation or lacked adequate biopsy 
samples for IHC were excluded. Biopsy samples were histologically confirmed 
for EOC, and IHC staining was performed to detect EGFR-1 protein, validated 
with positive and negative controls. 

RESULTS: The mean age of the participants was 53.42±9.99 years, with serous 
type lesions being the most prevalent (n=40, 54.8%). EGFR expression varied, 
with 46.6% showing moderate positivity, 27.4% and 19.2% cases demonstrating 
weak and strong positivity respectively. Significant differences in EGFR positivity 
were noted between lesion types (p=0.002) and among patients with positive vs. 
negative family histories (p=0.001).  No significant associations were found with 
parity or socioeconomic status. ANOVA analysis revealed no significant 
differences in age, age at menarche, or age at menopause based on EGFR 
positivity levels (p > 0.05).  

CONCLUSION: A moderate to high intensity level of EGFR expression in cases 
of serous cyst adenocarcinomas and patients with family history of reproductive 
system malignancy suggest its potential as a therapeutic target for ovarian cancer 
treatment in such patients.
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clinicopathological parameters such as 
tumor histological subtype and patient 
sociodemographics. Identifying such 
associations could potentially establish 
EGFR-1 as both a prognostic biomarker 
and a therapeutic target in ovarian 
cancer. Therefore, our research focuses 
on investigating EGFR expression levels 
specifically in EOCs within our 
community.

METHODS 

This cross-sectional study was 
conducted from July to December 2022 
at the Institute of Pathology and 
Diagnostic Medicine (IPDM), Khyber 
Medical University Peshawar, and the 
Pathology Department of Ayub Medical 
College Abbottabad, Pakistan. The 
sample size comprised 73 patients, 
determined using the WHO sample size 
calculation formula with a confidence 
level of 95%, an estimated prevalence 
of EGFR expression in ovarian cancer at 

670%, and a desired precision of 18%.  
Consecutive sampling was utilized for 
participant selection. Inclusion criteria 
encompassed patients diagnosed with 
EOC based on histopathology, with 
adequate biopsy specimens available for 
subsequent IHC analysis. Biopsy 
specimens of EOCs with complete 
clinical histories and sufficient tissue 
blocks for IHC staining were also 
included. Patients lacking adequate 
biopsy specimens for immune-
histochemical (IHC) analysis were 
excluded from the study.

The study commenced following 
approval from the Advanced Studies & 
Research Board and the Ethical Board of 
Khyber Medical University, Peshawar 
(KMU/IPDM/IEC/2022/15 dated 15-06-
2022).

Data collection involved obtaining 
informed consent from patients and 
gathering demographic information 
using a structured questionnaire 
developed for this purpose. Biopsy 
samples diagnosed as EOC were 
processed and verified at the pathology 
department of Ayub Medical College 
Abbottabad. Sections of 4 µm thickness 
were cut using the Shandon™ Finesse™ 
325 Manual Microtome, a microtome 
manufactured in China, and then 
transported to the IPDM lab for 
immune-histochemical staining to 

detect EGFR-1 protein expression. 
Malignant cells originating from the 
ovarian mesothelium, exhibiting 
characteristics such as nuclear 
s t r a t i f i c a t ion ,  hyperchromat i c  
pleomorphic nuclei, atypical mitotic 
figures, and infiltrative growth into the 
ovarian stroma with stromal reaction, 
were classified as malignant epithelial 

7 ovarian tumors.

The immunohistochemistry (IHC) 
optimization process was meticulously 
planned to ensure both specificity and 
reproducibility. Initially, sections 
underwent a 5-minute treatment with a 
peroxidase blocker to prevent 
nonspecific binding of antibodies. This 
crucial step aimed to minimize 
background staining and improve the 
clarity of the immunohistochemical 
signals. Subsequently, sections were 
extensively rinsed with tris-buffered 
saline (TBS) wash buffer solution to 
eliminate any residual blocker. 

The primary antibody used was a rabbit 
monoclonal IgG anti-human EGFR 
antibody derived from the EP11 clone 
(Dako, catalogue # BSB 6718), chosen 
for its strong specificity and affinity 
towards the EGFR protein. Sections 
were incubated with the primary 
antibody for 30 to 60 minutes at room 
temperature to facilitate optimal 
binding to the target antigen. Following 
incubation, the sections were rinsed 
again with TBS to remove any unbound 
antibodies.

For the detection of the primary 
antibody binding, a two-step detection 
process was utilized. Initially, a labeled 
polymer was applied for 10 minutes to 
bind with the primary antibody. 
Subsequently, the sections were rinsed 
with TBS. In the second detection step, 
a substrate-chromogen solution was 
applied for 10 minutes. This solution 
reacts with the enzyme label, 
generating a colorimetric reaction 
visible under a microscope. After each 
detection step, thorough rinsing with 
TBS was performed to eliminate any 
excess reagents.

After completing the detection steps, 
the substrate or chromogen necessary 
for visual signal generation was applied 
to the sections for 5 to 10 minutes. This 
step was crucial for developing the final 
visible stain indicating EGFR protein 

expression. Following chromogen 
development, sections were briefly 
exposed to hematoxylin for 1 minute as 
a counterstain, which stains cell nuclei 
and enhances contrast for visualizing the 
protein of interest. Subsequently, 
sections underwent another round of 
rinsing with TBS to remove excess 
hematoxylin. Finally, a cover slip was 
carefully placed over the sections to 
prepare them for microscopic 
examination. Throughout the process, 
validation was ensured with negative 
controls (oral mucosa samples omitting 
the primary antibody) and positive 
controls (lung adenocarcinoma samples 
with known EGFR expression levels), 
ensuring the accuracy and reliability of 
the staining procedure.

The intensity of EGFR expression in IHC 
staining was semi-quantitatively scored 
as follows: 0 indicated no staining; 1+ 
indicated faint cytoplasmic staining 
visible in more than 10% of cells; 2+ 
indicated moderate membranous 
staining visible in 10% to 20% of cells; 
and 3+ indicated strong membranous 
staining visible in more than 20% of 
cells. This scoring system, based on 

11,12established protocols,  enables 
comparative analysis and quantitative 
assessment of staining intensity. For 
examination of the slides, the Olympus 
CX 23 microscope, manufactured in 
China, was utilized, providing sufficient 
optical clarity and magnification to 
accurately assess the staining results.

Data analysis was performed using SPSS 
v25 software. Descriptive statistics such 
as mean and standard deviation were 
computed for continuous variables, 
while frequency and percentages were 
calculated for categorical variables to 
assess their distribution among the 
study population. The chi-square and 
ANOVA tests were employed where 
applicable to examine the correlation 
between EGFR-1 protein expression 
strength in EOCs and the variables 
under investigation. A significance level 
of 5% (p ≤ 0.05) was used to determine 
statistically significant relationships. The 
study results were presented using 
tables and graphs to enhance clarity and 
facilitate interpretation.

RESULTS

The patients had a mean age of 53.42 ± 
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9.99 years, ranging from 26 to 74 years. 
The youngest patient, aged 26 years, 
was diagnosed with unilateral mucinous 
carcinoma and exhibited moderate 
EGFR expression. On average, patients 
e x p e r i e n c e d  m e n a r c h e  a t  
11.84±0.7577 years, with the age at 
menarche ranging from 11 to 13 years. 
The mean age at menopause was 
49.27±3.55 years, with menopause 
occurring between 40 and 59 years of 
age. The youngest woman reached 
menopause at 40 years due to 
premature ovarian failure induced by 
hormonal treatments. According to 
laboratory reports, EGFR expression 
was absent in 5 out of 73 specimens 
(6.8%), which were thus categorized as 
negative. Moderate EGFR expression 
was observed in 34 out of 73 specimens 
(46.6%). These findings, along with 
sociodemographic and clinical features, 
are detailed in Table 1.

Table II presents the intensity of EGFR 
positivity in patients with EOC, 
categorized by lesion type, family 
history of female reproductive system 
malignancies, parity, and socioeconomic 
status. Significant differences in EGFR 
positivity intensity were observed 
between lesion types (p =0.002) and 
between patients with positive and 
negative family histories of female 
reproductive system malignancies (p 
=0.001). However, no significant 
differences were found in EGFR 
positivity intensity between patients 
with different parity (p =0.562) or 
different socioeconomic statuses (p 
=0.495). These findings suggest that 
patients with a positive family history or 
serous lesions may exhibit higher levels 
of EGFR expression. Further studies are 
necessary to validate these conclusions.

Table III presents the relationship 
between intensity of EGFR positivity on 
IHC and patient various age variables 
like mean age, age at menarche, and age 
at menopause across four groups 
categorized by intensity levels of EGFR 
positivity on IHC analysis. The ANOVA 
results indicate no statistically significant 
differences in mean age (p=0.275), age 
at menarche (p=0.592), or age at 
menopause (p=0.427) between these 
groups.

Figure 1 presents a grid of images 
showing slides demonstrating various 

intensity levels of EGFR positivity. 
Images A, B, and C illustrate severe, 
moderate, and low uptake of anti-EGFR 
antibody, respectively.

DISCUSSION 

Our study found that 46.6% of patients 
diagnosed with EOC displayed 
moderate to high levels of EGFR 
expression. This elevated expression 
was particularly prominent in serous 
cyst adenocarcinomas and among 
patients with a familial history of female 
reproductive system malignancies, 
suggesting that EGFR could be a 
promising therapeutic target in these 
cases. We also noted significant 
variability in EGFR expression across 
different subtypes of EOC, with serous 
carcinomas showing the highest levels 
of expression (p = 0.002). Interestingly, 
our study revealed no significant 
association between EGFR expression 

and the age, parity, or socioeconomic 
status  of  the pat ients .  These 
observations are critical as they suggest 
that while EGFR is a promising target for 
therapeutic intervention, its expression 
is independent of these demographic 
factors. 

Our findings are consistent with prior 
research indicating variable EGFR 
expression across different subtypes of 
ovarian cancer. For instance, studies by 
Cirstea AE, et al., have shown higher 
EGFR expression in serous carcinomas 
compared to mucinous tumors, aligning 
with our observation of increased 

13positivity in serous lesions.  Brustmann 
H reported EGFR positivity in 64% of 

14serous carcinomas.  Another study 
highlighted significantly elevated EGFR 
cytoplasmic positivity in ovarian 
borderline tumors and carcinomas 
compared to normal ovarian tissue and 

15benign tumors.  However, our results 
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 Parameters Frequency Percentage 

Parity

Nullipara 8 11.0

Para 1-Para 3 16 21.9

Multipara 49 67.1

Family History of 
Reproductive system cancer

Negative 39 53.4 

Positive 34 46.6 

Laterality of lesion
Unilateral 67 91.8 

Bilateral 6 8.2 

Socioeconomic Class

Lower class 33 45.2 

Lower Middle class 32 43.8 

Middle class 7 9.6 

Upper middle class 1 1.4 

Type of lesion on 
Histopthology

Serous 40 54.8 

Mucinous 19 26.0 

Endometrioid 8 11.0 

Clear cell Carcinoma 6 8.2 

EGFR positivity on immuno-
histochemical analysis

Negative 5 6.8 

Weak Positive 34 46.6 

Moderate Positive 20 27.4 

Strong Positive 14 19.2 

Table I: Descriptive statistics of the sociodemographic and clinical 
          characteristics of patients with ovarian epithelial cancer



differ from Fujiwara S, et al., who 
reported lower EGFR positivity 

16(39.3%) in serous carcinomas.  This 
disparity may stem from regional 
genetic variations or differences in 
detection methods, emphasizing the 
necessity for standardized EGFR 
assessment protocols across studies.

Furthermore, our findings build upon 
the work of Skrnisdóttir I, et al., and 
Nielsen JS, et al., who explored the 
correlation of EGFR and Human 
Epidermal Growth Factor Receptor 2 
( H E R 2 ) / n e u  e x p r e s s i o n  w i t h  
clinicopathological factors. Our study 
suggests that while EGFR is frequently 
overexpressed, it does not correlate 
with traditional prognostic markers 

17,18 such as age or parity.

Skrnisdóttir I, et al., investigated EGFR 
and HER2/neu expression in early-stage 
ovarian carcinomas and found no 
correlation between their expression 
and clinicopathological predictive 

17factors.  They concluded that EGFR 
and tumor grade are independent 
variables, noting a higher prevalence of 
EGFR/HER2/neu co-expression in 
serous ovarian carcinoma.

In a comprehensive study involving 783 
ovarian malignant surface tumors, 
N i e l s e n  J S ,  e t  a l . ,  r e p o r t e d  
overexpression of HER2/neu in 35% 

18and EGFR in 62% of cases.  They 
observed no additional association 
between HER2/neu expression and 
clinical stage or prognostic variables 

such as age, tumor size, or FIGO stage. 
However, they did find a correlation 
between HER2/neu expression and 

19, 20 tumor grade.

The strong correlation between EGFR 
expression and certain ovarian cancer 
subtypes as well as family history not 
only supports its potential as a 
prognostic biomarker but also 
emphasizes its role in targeted 
therapeutic approaches. Recognizing 
the expression patterns of EGFR in 
EOC can facilitate the development of 
prec i s ion medic ine  s trateg ies ,  
potentially enhancing treatment 
outcomes for patients exhibiting 
elevated EGFR levels. 
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Parameters
Intensity of EGFR positivity on IHC Chi-Square 

Test P-valueNegative (n=5) Weak (n=20) Moderate(n=34) Strong (n=14)

Type of lesion

Serous 1 4 23 12

p = 0.002
Mucinous 3 11 3 2

Endometriod 1 3 4 0

Clear cell Ca 0 2 4 0

Family History
Negative 3 17 17 2

p = 0.001
Positive 2 3 17 12

Socioeconimic 
Class

Lower class 2 2 1 7

p = 0.495
Lower middle 2 7 0 6

Middle class 1 17 5 1

Upper middle 0 6 1 0

Parity

Nulliparou 0 1 4 3

p = 0.562Parity 1-3 1 6 8 1

Multipara 4 13 22 10

IHC=immunohistochemistry; EGFR= epidermal growth factor receptor 

Table II: Correlation between intensity of EGFR positivity on immune-histochemical
 and clinicopathological parameters

Parameters
Intensity of EGFR positivity on IHC

ANOVA Test
Negative (n=5) Weak (n=20) Moderate(n=34) Strong (n=14)

Age (Years) 51.80 ± 6.06 57.17± 9.06 52.29± 9.95 51.43 ± 11.85 P = 0. 275

Age at Menarche (Years) 12.20 ± 0.84 11.95± 0.83 11.76± 0.74 11.79 ± 0.67 P = 0.592

Age at Menopause (Years) 12.20 ± 0.84 50.12± 3.60 48.48± 3.51 49.89 ± 4.17 P = 0.427

IHC=immunohistochemistry; EGFR= epidermal growth factor receptor

Table III: Relationship between intensity of EGFR positivity on IHC and patient age 



LIMITATIONS OF THE STUDY

While providing valuable insights, our 
study is constrained by its cross-
sectional design and small sample size, 
potentially limiting the applicability of 
our findings to broader populations. 
The lack of significant associations 
between EGFR expression and 
demographic characteristics warrants 
fur ther  exp lorat ion  in  l a rger,  
longitudinal studies to validate our 
findings. Future research endeavors 
should delve deeper into understanding 
the mechanisms underlying EGFR 
expression variability and its impact on 
treatment resistance and disease 
progression.

CONCLUSION 

Our study highlights the moderate to 
high expression of EGFR in serous cyst 
adenocarcinomas and among patients 
with a familial history of reproductive 
cancers, suggesting that EGFR-targeted 
therapies may offer significant benefits 
to these specific groups. These findings 
advocate for the integration of EGFR 
expression profiling into routine 
diagnostic and therapeutic protocols for 
ovarian cancer. 
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