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ABSTRACT 
 

Purpose: Epidermal growth factor receptor (EGFR) is a tyrosine kinase receptor of the ErbB family, which 
is expressed in a variety of solid tumors, including squamous cell carcinoma of the head and neck region 
(SCCHN). During the past few decades, a particular focus has been placed on the investigations of valid 
biomarkers predictive of cancer behavior, metastasis and survival in patients with SCCHN. The present study 
was designed to investigate the immuohistochemical expression of EGFR in these tumors in relation to 
proliferation, Ki-67, apoptosis, p53, and to clincopathological data. Materials and Methods: The study consisted 
of 30 patients with archival tissue biopsy specimens diagnosed as SCCHN. Immunohistochemical evaluation of 
EGFR expression in relation to Ki-67, p53 and to clinicopathological data as age sex, tumor site and 
histopathological grading of the tumor was done. Results: All the 30(100%) cases showed positive EGFR 
cytoplasmic immunostaining, with 33.3% of cases exhibiting severe EGFR expression, and 43.3% of cases 
exhibiting moderate EGFR expression. Twenty nine (96.6%) cases showed positive nuclear Ki-67 
immunostaining, while 26 (86.6%) cases showed positive nuclear P53 immunostaining. There was a   
statistically significant relationship between EGFR expression and tumor grading, (P = 0.001), where severe 
EGFR expression was detected more in grade 3, and mild expression was detected in grade 1 squamous cell 
carcinoma. Also, a statistically significant relationship was found between severe EGFR expression and high 
ki67 scoring. (p=0.0001). P53 did not show any statistical relationship regarding EGPR expression, ki67 
scoring, tumor grading, and the other clinical data. A statistically non-significant relationship regarding age, sex 
and tumor site with all the study markers was found. Conclusion: In squamous cell carcinoma of the head and 
neck, the majority of cases showed moderate to marked EGFR expression which is usually associated with high 
scores of ki-67. P53, although not correlated to any of the study factors, but was expressed in 86.6% of cases in 
average scores. These results indicate the importance of studying the efficacy of anticancer therapy targeting 
these signal factors. 
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Introduction 

 
Proliferation and differentiation of cancers are controlled by growth factors and their receptors on cancer 

cell surfaces. Epidermal growth factor receptor (EGFR) is a tyrosine kinase receptor of the ErbB family, which 
is expressed in a variety of solid tumors, including lung cancer, glioblastoma and squamous cell carcinomas of 
the head and neck region (SCCHN) (Mendelsohn and Baselga, 2003). 

Mutations involving this oncogene, EGFR, lead to its activation which in turn induces activation of several 
downstream intracellular substrates, leading to mitogenic signaling and other tumor-promoting cellular 
activities. In human tumors, high expression of EGFR correlates with a more aggressive clinical course and has 
been reported to be a useful diagnostic and prognostic marker. In recent years, EGFR has been considered a 
promising target for monoclonal antibody therapy (Thariat et al., 2012). 

Tissue growth also depends on both cell proliferation and the rate of cell death. Ki-67 is a nuclear protein 
that is associated with and may be necessary for cellular proliferation. Many studies demonstrated an association 
of high expression rate of Ki-67 with poor prognosis in solid tumors (Rodriguez Tojo et al., 2005). 

Apoptosis is a process of programmed cell death, it is as essential as cell growth for the maintenance of 
homeostasis. P53 is a well-known protein that has many mechanisms of anticancer function: regulates cell cycle, 
apoptosis and is responsible for maintaining the integrity of the genome. As such, P53 has been described as the 
guardian of the genome because of its role stability by preventing gene mutation. Mutations of P53 tumor 
suppressor gene, is one of the best known and by far the most frequent genetic alteration identified in malignant 
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tumors (Calli et al., 2011). Further, these changes also provide targets for the development of novel therapeutic 
approaches to this increasingly common cancer (Smilek et al., 2006). 

The aim of this study was to evaluate immunohistochemically the expression of EGFR in patients with 
squamous cell carcinoma of the head and neck and its relation to proliferation (Ki-67), apoptosis (P53) and to 
clinicopathological data.  
 
Materials and Methods 

 
The study consisted of archival tissue biopsy specimens (formalin-fixed paraffin-embedded) of 30 patients 

diagnosed as SCCHN in the histopathology department of King Khaled Civilian Hospital-Tabuk, KSA during 
the period between January 2006 to December 2012. Clinical data of all patients were collected from the files 
present in the department. Hematoxlin and eosin-stained sections from each case were reviewed under light 
microscopy to confirm the histopathological diagnosis. Histopathologic grading was done according to the 
tumor cell differentiation compared to the normal squamous epithelium into Grade 1, well differentiated, 
squamous cell carcinoma, Grade 2, moderately differentiated, and Grade3, poorly differentiated squamous cell 
carcinoma. 

Immunohistocehmistry was done using a panel of primary monoclonal antibodies: EGFR, Ki-67, and P53, 
(Leica Biosystems Novocastra, United Kingdom). Sections of 3-4 microns thickness from the most 
representative paraffin blocks of each case were deparaffinized and rehydrated according to the standard 
protocols. For antigen retrieval, the sections were immersed in sodium citrate buffer, PH6, boiled for 10 
minutes, and then cooled at room temperature. Endogenous peroxidase activity was blocked by incubating the 
slides in hydrogenperoxide (0.6%) for 10 minutes. The remaining procedure was continued with the Novolink, 
Maxpolymer detection system (Leica Biosystems Novocastra, United kingdom)in accordance with the 
manufacturer’s instructions, including  negative and positive control slides in each run. Immunohistochemically 
stained slides were also evaluated under light microscopy.  
 
Assessment of Immunohistochemistry results: 

 
In each tissue section, the numbers of tumor cells in 5 representative high power fields were counted 

(around 1000 tumor cells). The extent of staining in tumor cells was assessed and scored per high power field as 
follows: 0 point for negative, +1 point for less than 25% of tumor cells, +2 points for 26-50%, +3 points for 51-
75%, and +4 points for 76-100% of tumor cells. 

Regarding EGFR, the intensity of positive staining as a reflection of the brown stain in the cytoplasm per 
tumor cell was evaluated and scored as +1 point for weak staining, +2 points for moderate staining, and +3 
points for strong staining intensity. In addition, EGFR expression was done by adding extent score to intensity 
score for overall evaluation of these positive cases. We considered positive cases with a score of 2-3 as mild 
EGFR expression, score of 4-5 as moderate expression and score 6-7 as severe (marked) EGFR expression. 
 
Statistical analysis: 
 

Data were tabulated and analysis was done using the Chi square test, through the statistical computer 
program Epi info version 7.The level of significance was set at p value <0.05. 
 
Results: 

 
Thirty patients were included in this study, 21males, and 9 females, with about 67% of cases above 50 

years. The primary malignant tumors were located in the pharynx in 9 patients, larynx in 7 patients, oral cavity 
and lip in 8 patients, nasal cavity and paranasal sinuses in 3 patients, 1 skin (cheek) and two patients in the eye 
(conjunctiva).Six patients were diagnosed as Grade 1 squamous cell carcinoma, 3patients as grade 2, and 11 
patients as Grade 3 squamous cell carcinoma. Table (1) lists clinicopathologic characteristics of SCCHN 
patients. 

 
Immunohistochemistry results: 

 
All the 30 (100%) cases showed positive EGFR cytoplasmic immunostaining with variation in their extent, 

intensity and expression scores (Table 2). The extent  of staining in  well  and moderately differentiated  
squamous cell carcinoma, was seen  mainly localized  to the undifferentiated cells at the periphery of the tumor 
nests, (Fig. 1), while in poorly differentiated  squamous cell carcinoma,  nearly all the tumor cells were 
stained.(Fig. 2). The adjacent normal epithelium showed few EGFR positive weakly staining cells localized to 
the basal layer. 
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Twenty nine (96.6%) cases showed positive nuclear Ki-67 immunostaining, (Fig. 3) while 26 (86.6%) cases 
showed positive nuclear P53 immunostaining (Fig. 4), showing variations in their extent score for both 
antibodies (Table 3). 
 
Table 1: Clinicopathologic characteristics of SCCHN patients. 

Study Factor cases % 
Sex: 
• Male 21 70 
• Female 9 30 
Age: 
• 20-29 years 3 10 
• 30-39 years 4 13.3 
• 40-49 years 3 10 
• More than 50 years 20 66.7 
Site: 
• Pharynx 9 30 
• Larynx 7 23.3 
• Lip and  oral cavity 8 26.7 
• Others 6 20 
Grading: 
• Grade 1 6 20 
• Grade 2 13 43.3 
• Grade 3 11 36.7 

SCCHN, Squamous Cell Carcinoma of the Head and Neck. 
 
Statistical analysis results: 

 
Chi square test showed a statistically non significant relationship regarding age, sex and tumor site with all 

the study markers. A statistically significant relationship was found between severe EGFR expression and Grade 
3 squamous cell carcinoma (p=0.0001). Similar results were for Ki-67(p=0.0001). Also, a statistically 
significant relationship was found between severe EGFR expression and high ki67 scoring (p=0.0001) (Table 
4). There were no statistically significant relationship of p53 with respect to EGFR expression and ki67 scoring) 
(Table 4). 

A statistically significant relationship was found between greater extent scores and stronger intensity scores 
of EGFR (p=0.01). 

 
Table 2: EGFR immunoreactivity scoring in SCCHN patients. 

Extent 
score 

Cases  % Intensity 
Score 

Cases % Expression 
(extent+intensity) 

Cases  % 

+1 5 16.6 +1 
weak 

5 16.6 Mild (2-3) 7 23.3 

+2 7 23.3 +2 
 
moderate 

17 56.6 Moderate 
(4-5) 

13 43.3 

+3 13 43.3 +3 
strong 

8 26.6 Severe (6-7) 10 33.3 

+4 5 16.6       
SCCHN: Squamous Cell Carcinoma of the Head and Heck, EGFR: epidermal growth factor receptor. 
 
Table 3: Ki67, P53 immunoreactivity scoring in SCCHN patients. 

Study factor Score  Cases % 
 
 
Ki67 scoring 

Zero 1 3.3 
+1 6 20 
+2 9 30 
+3 7 23.3 
+4 7 23.3 

 
 
P 53 scoring 

Zero 4 13.3 
+1 10 33.3 
+2 11 36.7 
+3 3 10 

SCCHN: Squamous Cell Carcinoma of the Head and Neck. 
 



12 
Res. J. Medicine & Med. Sci., 8(1): 9-15, 2013 
 

 
 
Fig. 1: weak cytoplasmic EGFR immunostaining with localization of positive tumor cells to periphery of tumor  
            nests in well differentiated squamous cell carcinoma of the pharynx (x500). 

 

 
 
Fig. 2: Strong cytoplasmic immunostaining of EGFR in Poorly-differentiated squamous cell all carcinoma of 

the larynx, involving nearly the tumor cells (X500). 
 

 
Fig. 3: Positive Ki-67 nuclear immunostaining with score +3 in moderately differentiated squamous cell  
             carcinoma of the oral cavity(X500). 
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Fig. 4: Positive nuclear p53 immunostaining with score +2 in poorly differentiated squamous cell carcinoma of 

the nasal cavity (X500). 
 

Table 4: Statistical relationship between EGFR expression and clincopathological data in SCCHN patients 

Study Factor EGPR expression 
cases P value 

  
Mild Mod Severe 

  Total  7 13 10 

Sex Male 5 8 8 0.63 Female 2 5 2 

Age 
(Years) 

20-29 1 1 1 

0.67 30-39 0 2 2 
40-49 0 1 2 
>50 6 9 5 

Tumor Site 

Pharynx 1 2 6 

0.15 Larynx 1 4 2 
Oral 3 5 0 
Other 2 2 2 

 Tumor Grading 
Well 6 0 0 

0.0001 Moderate 1 10 1 
Poor 0 3 9 

Ki67scoring 

zero 0 1 0 

0.0001 
+1 1 0 0 
+2 5 5 0 
+3 1 7 2 
+4 0 1 8 

P53 scoring 

zero 1 2 1 

0.13 
+1 5 4 1 
+2 0 6 5 
+3 1 1 1 
+4 0 0 2 

SCCHN, Squamous Cell carcinoma of the Head and Neck; EGFR, epidermal growth factor receptor; mod, moderate. 
 
Discussion: 

 
EGFR expression is frequently observed in squamous cell carcinomas both in cell cultures and in human 

tumor specimens. Differences in immunohistochemical methodologies lead to different positive EGFR staining 
rates. Published reports of positive EGFR staining rates in head and neck squamous cell carcinomas have fallen 
in a range from 55% to 100% (Thariat et al., 2012). Our study, yielded a 100% EGFR staining rate with 33.3% 
of cases exhibiting severe expression, and 43.3% of cases exhibiting moderate expression These values fall 
within the ranges previously reported in other studies which concluded that high EGFR expression in squamous 
cell carcinoma of the head and neck was associated with advanced tumor stage, lymph node metastasis, distant 
metastasis, poor differentiation and invasion (Bergvist et al., 2011 and Sweeny et al., 2012). 

Both the growth and differentiation of squamous epithelial cells appear to be regulated in part by growth 
factors and its cell surface receptors, as EGFR which is dysregulated in a variety of tumor systems, including 
squamous cell carcinoma of the skin, lung, oesophagus and head and neck. EGFR protein expression is 
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increased early in head and neck squamous cell carcinoma. EGFR staining was negligible in normal mucosa 
without cancer and relatively increased in squamous cell carcinoma tissue, where increasing staining intensity 
was correlated with worsening dysplasia and closer proximity of the tumor, suggesting that it is an early sign of 
carcinogenesis (Laimer et al., 2007). 

In one study of head and neck squamous cell carcinoma, a stronger intensity of EGFR staining was 
associated with a greater EGFR extent, with consequently high EGFR expression (Tamas et al., 2011). This 
finding is consistent with the present study where a significant relationship was found between greater extent 
and stronger intensity scores of EGFR staining (p=0.01). In addition, there was  a  statistically significant 
relationship between EGFR expression and tumor grading, (P = 0.001), where severe EGFR expression was 
detected more in grade 3, and mild expression was detected in grade 1 squamous cell carcinoma. EGFR 
expression extent and intensity scores of the studied cases suggest that EGFR expressing carcinomas display 
pathological features of more aggression which may be attributable to the activation of different signaling 
pathways that control diverse biological processes. 

Zhang and co-workers (2012) found an inverse relationship between the extent of EGFR staining and 
cellular differentiation in laryngeal squamous cell carcinoma. 

In our study, the extent of staining in well and moderately differentiated squamous cell carcinoma, was seen 
mainly localized to the undifferentiated cells at the periphery of the tumor nests, while in poorly differentiated 
squamous cell carcinoma, nearly all the tumor cells were stained. This finding confirms the presence of this 
receptor on undifferentiated cells and explains that the staining reaction varies with cellular differentiation. 
Moreover, it may explain that peripheral tumor cells, receive a signal from EGF resulting in the proliferation of 
cancerous tissue. In addition, EGFR staining was localized to the basal cell layer in the adjacent normal 
epithelium to the tumor in our cases, which implies that the squamous epithelium keeps a continuous 
physiological regeneration in normal conditions, so that it is reasonable that the basal cells interpret signals of 
EGF by binding to EGFR, while its expression beyond basal localization in cancerous tissue suggests that a 
correlation between EGFR and tumor progress may exist. 

The present work showed a statistically significant relationship between Ki-67 as proliferative marker and 
tumor grading. The highest Ki-67 expression was found in grade 3 squamous cell carcinoma. Moreover, our 
work  showed a statistically significant relationship between severe EGFR expression and high Ki-67 scoring (P 
= 0.0001). A significant correlation was found also between EGFR expression, Ki-67 scoring and 
histopathological grading of oral squamous cells carcinomas, which can help in prognosis and determining 
survival rates (Bergvist et al., 2011). 

The current study showed a statistically non-significant relationship regarding age, sex and tumor site with 
all the study markers. P53 did not show any statistical relationship regarding EGPR expression, Ki-
67expression, or tumor grading. Similar observations were reported in other studies (Golusinski et al., 2004; 
Smilek et al., 2006 and Grobe et al., 2013). However P53 was expressed in 86.6% of our cases, in average 
scores which can provide targets for the development of novel therapeutic approaches to this increasingly 
common cancer where the cure remains an elusive goal. 

In conclusion, in squamous cell carcinoma of the head and neck, the majority of cases showed moderate to 
marked EGFR expression which is usually associated with high scores of ki-67. P53, although not correlated to 
any of the study factors, but was expressed in 86.6% of cases in average scores. These results indicate the 
importance of studying the efficacy of anticancer therapy targeting these signal factors. 
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