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ABSTRACT 

Backgrounds: A p16 protein is known to be overexpressed in human papillomavirus-

positive head and neck squamous cell carcinoma specimens. p53 is a tumor suppressor 

protein detectable by immunohistochemistry in carcinogen-associated head and neck 

squamous cell carcinoma as a result of gene mutations. Epidermal growth factor receptor 

(EGFR) is a transmembrane tyrosine kinase receptor of the Erb-B family. The purpose of this 

study is to investigate the prognostic impact of p16 and p53 and EGFR expression in 

oropharyngeal squamous cell carcinomas. 

Methods: This was an observational and cross sectional study. We retrospectively examined 

the relationship between prognosis, and p16 and p53 and EGFR expression levels of 

oropharyngeal squamous cell carcinoma specimens in 100 patients using 

immunohistochemistry. 

Results: An increase in the TNM stage and pathological tumor size status correlated with an 

increase in EGFR expression. In the cases with lymphovascular invasion, the expression was 

detected at a higher ratio. Cases in which high levels of pl6 and p53 expression were 

observed did not show any lymphovascular invasions. 

Conclusion: Expressions of p16, p53 and EGFR were considered to be most effective in 

early carcinogenesis stages of oropharyngeal SCC. In comparison with p16, p53 and EGFR 

expression levels were observed to be associated with poor prognostic parameters and were 

higher at later stages of oropharyngeal SCC carcinogenesis development. 



European Journal of Molecular & Clinical Medicine 

                                                                    ISSN 2515-8260           Volume 10, Issue 04, 2023      
 
 

316 
 

Key words: oropharyngeal squamous cell carcinomas, EGFR. p16, p53 

1. INTRODUCTION: 

  Head and neck squamous cell carcinoma (HNSCC) is the sixth most common 

malignancy with almost 6,50,000 new cases and 3,50,000 deaths each year worldwide. It 

represents a heterogeneous cohort of neoplasm’s originating from the oral cavity, 

oropharynx, hypopharynx and larynx. Oropharyngeal squamous cell carcinoma (OPSCC) 

accounts for approximately half of these cancers. Despite numerous advances in diagnosis 

and treatment over the last several decades, mortality and morbidity rates have not changed 

significantly.
1-6

 

  HPV-related OPSCC is characterized by the expression of the E6 and E7 viral 

oncoprotein. The E6 oncoprotein causes substantial loss of p53 activity by degradation of p53 

at protein level. Deregulation of p53 and pRb related cell cycle control mechanisms, leads to 

immortalization. pRB functions as a negative regulator of p16 expression, a tumor suppressor 

gene located on chromosome 9p21. The functional inactivation of pRB results in a reciprocal 

overexpression of p16 protein. 

  Patients with HPV positive tumors are younger and show less association with use of 

tobacco or alcohol. They are associated with improved prognosis in terms of overall survival 

after primary radiotherapy, or primary surgery with or without radiotherapy in spite of higher 

stage at presentation.
1, 7-9

 

  The activation of EGFR leads to the initiation of intracellular signaling pathways 

which regulate the activation of cell proliferation, invasion, angiogenesis, and metastasis. 

High expression of EGFR occurs in most epithelial malignancies including HNSCC and is 

associated with poor prognosis and decreased survival. EGFR protein overexpression has 

been reported in 70–100% of HNSCCs and 46–72% of OPSCCs. The prognostic significance 

of EGFR protein overexpression is very controversial.
4, 10

 

  p53 is a tumor suppressor gene and ‘guardian of genome’, and plays a critical role in 

apoptosis, cell cycle control, DNA damage response, host resistance to carcinogens, and 

cellular anti-cancer mechanisms. Approximately 50% of HNSCC exhibit p53 mutation, 

which is similar to the frequency of p53 mutation reported for all human cancers. p53 

overexpression has been demonstrated in significant number of HNSCC and is associated 

with poor prognosis especially with the risk of development of a SPM and recurrence.
7,10

 

  The present study has been undertaken to evaluate the expression and 

interrelationship of p16, p53 and EGFR (by IHC) in OPSCC along with their 

histomorphological, clinical and prognostic correlation. 

 

2. MATERIAL AND METHODS 
 

  This was an observational and cross sectional study was conducted at the Department 

of Pathology, Rajiv Gandhi Cancer Institute & Research Centre New Delhi during November 

2013 to May 2015. 

 

INCLUSION CRITERIA 

1. Histologically proven cases of squamous cell carcinoma in Oropharynx in adults of 

either sex. 

EXCLUSION CRITERIA 
1. Patients with carcinoma other than squamous cell carcinoma. 
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2. Patients with previous history of HNSCC. 

3. Patients with biopsy sample having less than 20% of the tumor tissue were considered 

insufficient for analysis. 

Methodology- 

Detailed history of the patients was obtained. 

Relevant blocks of tumour tissue were retrieved. 

 Haematoxylin & Eosin (H & E) stained slides prepared using 4 micron thick sections 

stained on autostainer (MEDITE SLIDE STAINER TST44). 

 All the tumour sections were examined and studied thoroughly. 

 Appropriate sections were selected (which included at least 20% of tumour tissue) 

 

Specification of antibodies used 

IHC marker Clone Manufacturer Dilution 

p16 E6H4 Ventana Ready to use 

p53 DO-7 Dako 1:100 

EGFR Ab-10(clone 111.6) Ventana Ready to use 

 

Methodology employed for IHC 

Materials, reagents: 

1. Ultra view- DAB KIT 

2. EZ Prep (10X Concentrate) 950-102 

3. Liquid Cover slip (LCS High Temp) 650-010 

4. Cell Conditioning 1 (CC1) 950-124 and for EGFR proteases 2 is used. 

5. SSC – Sodium Chloride Sodium Citrate 950-110 

6. Reaction Buffer (10X Concentrate) 950-300 

 

Procedure 

 IHC was performed on formalin fixed paraffin embedded (FFPE) freshly cut 4 micron 

thick sections. From a tissue floatation bath of deionised H2O, the cut paraffin section 

of the patient case was retrieved on the poly-L-lysine (50ml poly-Llysine +500 ml 

distilled water) coated micro slide which contains the known positive tissue or multi-

tissue controls on the top of the slide for the requested antibody. 

 Then the section was air dried at 600C for 15 mins. 

 The reagent Carousel Tray(s) containing the dispensers required for protocols being 

performed was removed from the IHC refrigerator. 

 Preparation for operation was done by uncapping, priming, and visually validating the 

satisfactory reagent volume of all dispensers. 

 All primary antibody dispensers that corresponded with the prepared slides were 

installed onto Reagent Carousel Tray(s) and the satisfactory reagent volume of all 

dispensers was validated. 

 The Reagent Carousel Tray(s) was installed onto the Benchmark instrument. 

 Antibodies/reagents/stains were allowed to reach room temperature prior to staining. 

 Slide barcode labels were prepared. 

 VENTANA BENCHMARK XT instrument was turned on. 
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 A predetermined protocol (attached as ANNEXURE A to C) for p16, p53 and EGFR 

respectively were chosen for the respective slides. 

 The operation was started. 

 On completion of staining, an audible alarm was heard, at the time of which the slides 

were removed and counter stained. 

 The slides were washed in running water twice, dehydrated with acetone, cleared with 

xylene and mounted with DPX. 

 

Interpretation of IHC: 

1. p16 

  p16 staining was both nuclear and cytoplasmic. Nuclear positivity with or without 

cytoplasmic positivity in more than 5% of tumor cells was considered as positive result. p16 

expression was defined as strong when more than 50% tumor cells stain with strong intensity. 

Positive control: HPV infected cervix tissue was used as a positive control. 

Negative control: Normal oral mucosa of patients resected for other tumors (non squamous 

cell carcinoma or sarcomas) formed the controls. 

 

2. p53: Nuclear expression in more than 50% of tumor cells with at least moderate intensity 

was considered as over expression (Positive for p53). 

Positive control: serous carcinoma of ovary (p53 positive). 

Negative control: appendix (benign) 

 

3. EGFR expression was membranous. EGFR expression in more than 50 % of tumor cells 

with at least moderate intensity, was considered as positive result (EGFR over expression) 

Positive control: Skin (basal layer) 

Negative control: (superficial layer of skin) 

  Chi Square test was employed to test the association of variables, pathological 

features etc. ANOVA technique was used if PCR detection method was carried out. Test of 

significance was applied and p value less than 0.05 were considered significant. 

 

Results: 

The study population included a total number of 100 cases of OPSCC, selected on the basis 

of inclusion and exclusion criteria as mentioned in materials and methods. 

Demographic Characteristic of patients:  

Mean age of patients was 57.8 years, with an age range of 35 to 89 years. Among males, age 

range was 38 to 89 years (mean age: 58.2 years), while females had an age range of 35 to 63 

years (mean age: 51 years). Among the studied 100 cases, 95 were males and 5 were 

females. History of smoking and tobacco chewing was present in 67 cases, and 33 cases 

were non- smokers.  

 

Clinical characteristic of patients  

The most common site was base of tongue (46%), followed by tonsil (38%), glossotonsillar 

(GT) sulcus (8%), soft palate (5%) and vallecula (3%). The base of tongue and tonsil 

collectively comprised 84% of the cases. Out of 100 cases of OPSCC, 81% were moderately 

differentiated and 19 % were poorly differentiated. None of the tumors was well 

differentiated. Presurgical therapy was given in 49 cases, which included only chemotherapy 

in 5 cases, radiotherapy in 13 cases, and both chemotherapy and radiotherapy in 31 cases. 

No presurgical therapy was given in 51 cases. 
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Table-1 Status of p16, p53 and EFGR positivity in present study 

 Positive Percentage Negative Percentage Total 

p16 25 25% 75 75% 100 

p53 53 53% 47 47% 100 

EGFR 50 50% 50 50% 100 

 

  On IHC, 25% of the cases were p16 positive, while 53% of the cases were p53 

positive and 50% of the cases were EGFR positive. (Table-1) 

 

Table 2: Correlation between smoking status and p16, p53 and EFGR 

Variable p16 p53 EGFR 

Negativ

e  

Positi

ve 

Total Negativ

e  

Positiv

e 

Total Negativ

e  

Positiv

e 

Total 

Non-

smoking 

21 

28.0% 

12 

48.0

% 

33 

33.0

% 

18 

38.3% 

15 

28.3% 

33 

33.0

% 

10 

20.0% 

23 

46.0% 

33 

Smoking 54 

72.0% 

13 

52.0

% 

67 

67.0

% 

29 

61.7% 

38 

71.7% 

67 

67.0

% 

40 

80.0% 

27 

54.0 

67 

Total 75 25 100 47 53 100 50 50 100 

Chi-

aquare 

3.39 1.13 7.64 

pvalue 0.066 Non-significant 0.289 Non-significant 0.006 Significant 

  In p16 positive category, 52% cases were smokers while 48% cases were non smokers. 

In p16 negative category, 72% cases were smokers while 28% cases were non smokers. 

These findings suggested an increased proportion of smokers in p16 negative category and 

increased proportion of non smokers in p16 positive category. In p53 positive category, 

71.7% cases were smokers while 28.3% cases were non smokers. In p53 negative category, 

61.7% cases were smokers while 38.3% cases were non smokers. 54% of EGFR positive 

cases were smokers, while 46% of EGFR positive cases were non smokers. 80% of EGFR 

negative cases were smokers, while 20% of EGFR negative cases were non smokers. (Table-2) 

 

Table 3: Correlation between p16, p53 and EFGR status 

Variable p53 EGFR 

Negative  Positive Negative  Positive 

p16 Negative (75) 33 (44.0%) 42 (56.0%) 41 (54.7%) 34 (45.3%) 

Positive   (25) 14 (56.0%) 11 (44.0%) 9 (36.0%) 16 (64.0%) 

Total                 100 47 (47.0%) 53 (53.0%) 50 (50.0%) 50 (50.0%) 

Chi-aquare 1.08 2.61 

pvalue 0.298 Non-significant 0.106 Significant 

  Among p16 positive cases, 44% were p53 positive and 56% were p53 negative. 

Among p16 negative cases, 56% were p53 positive and 44% were p53 negative. Overall 

there was an increased association of p53 positive cases with p16 negative cases, 

however this was statistically not significant (p value: 0.298). Among p16 positive cases, 

64% were EGFR positive and 36% were EGFR negative. Among p16 negative cases, 45.3% 
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were EGFR positive and 54.7% were EGFR negative. Overall there was an increased 

association of EGFR positive cases with p16 positive cases; however this was statistically not 

significant (p value: 0.106). (Table-3) 

 
Table 4: Correlation between clinical stage and p16 and p53 

Variable p16 p53 

Negative  Positive Total Negative  Positive Total 

I 16 

21.3% 

5 

20.0% 

21 

21.0% 

14 

29.8% 

7 

13.2% 

21 

21.0% 

II 14 

18.7% 

2 

8.0% 

16 

16.0% 

09 

19.1% 

7 

13.2% 

16 

16.0% 

III 18 

24.0% 

7 

28.0% 

25 

25.0% 

11 

23.0% 

14 

26.4% 

25 

25.0% 

IVA 27 

36.0% 

10 

40.0% 

37 

37.0% 

13 

27.7% 

24 

45.3% 

37 

37.0% 

IVB 0 

0.0% 

1 

4.0% 

1 

1.0% 

0 

0.0% 

1 

1.9% 

1 

1.0% 

Total 75 25 100 47 53 100 

Chi-Square 4.07 6.75 

pvalue 0.397 Non-significant 0.120 Non-significant 

 

Nodal Status: 

Nodal dissection was performed in 98 cases, with removal of cervical level I to V lymph 

nodes. Most of the cases had nodal status of N2 as seen in 38 cases, followed by negative 

nodes (N0) in 36 cases, N1 status (single ipsilateral metastatic node <3cm) in 23 cases, and 

N3 status (metastasis in node >6cm) in single case. 

 

Table 5: Comparison between p16, p53 and EGFR status and nodal involvement 

Variabl

e 

p16 p53 EGFR 

Negativ

e  

Positiv

e 

Total Negativ

e  

Positiv

e 

Total Negativ

e  

Positiv

e 

Total 

Negative 28 

37.3% 

8 

32.0% 

36 

36.0

% 

24 

51.1% 

12 

22.6% 

36 

36.0

% 

16 

32.0% 

20 

40.0% 

36 

36.0

% 
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Positive 47 

62.7% 

17 

68.0% 

64 

64.0

% 

23 

48.9% 

41 

77.4% 

64 

64.0

% 

34 

68.0% 

30 

60.0% 

64 

64.0

% 

Total 75 25 100 47 53 100 50 50 100 

Chi-

aquare 

0.23 8.73 0.69 

pvalue 0.630 Non-significant 0.003 Significant 0.405 Significant 

 

In the present study, it was found that p53 expression has shown statistically significant 

correlation with nodal metastasis, (p value: 0.003); however, p16 and EGFR positive 

expression did not statistically correlate with nodal metastasis. (Table-5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. DISCUSSION: 

In this study, 100 cases of OPSCC were analyzed histomorphologically and subsequently 

panel of IHC markers (p16, p53 and EGFR) were applied and different parameters 

pertaining to the stain were assessed. This data was then analyzed statistically and then 

compared with other studies. 

A- Poorly differentiated Squamous Cell Carcinoma (Basaloid morphology) H & E (100X) 

B- Poorly differentiated Squamous Cell Carcinoma (Basaloid morphology) p16 Positive strong intensity (100X) 

C- Poorly differentiated Squamous Cell Carcinoma p16 Positive moderate intensity (100X) 

A B C 

A B C 

D E F 

A- Moderately differentiated squamous cell carcinoma (100 X)   

B- Squamous Cell Carcinoma p53 Positive strong intensity (100X 

C- Squamous Cell Carcinoma p53 Positive moderate intensity (100X) 

D- Moderately differentiated Squamous cell carcinoma (100X) 

E- Squamous Cell Carcinoma EGFR Positive strong intensity (100X) 

F- Squamous Cell Carcinoma, EGFR Positive -moderate intensity 

(100X) 
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Sex Distribution: 

  Majority of tumor occurred in males (95%) and females comprised of only 5%. This 

finding was comparable to many studies which also showed a male predominance. 

Comparison of sex distribution in present study with other studies 

 Weinberger et al 
2
 Geisler et al 

8
 Swiahb et al 

11
 Present study 

MALES 74.8% 78.9% 93.6% 95% 

FEMALES 25.2% 21.1% 6.4% 5% 

 

  The overwhelming male predominance in this study can be attributed to increased 

frequency of smoking in Indian males than females, which is a major risk factor for OPSCC. 

Age: 

  The age range in our study showed a range from 35 to 89 years with a median age 

of 57.8 years. These findings were comparable with other studies. 

Comparison of age distribution in present study with other studies 

 Weinberger et al 
2
 Young et al 

4
 Present study 

No. of cases 123 212 100 

Age range (years) 41-79 23-77 35-89 

Median (years) 62 56 57.8 

 

Smoking history: 

  In the study by Barber et al 
3
, the major addictions associated with OPSCC were 

tobacco followed by alcohol consumption. In the present study, 67% of patients gave 

history of tobacco consumption in the form of   smoking. 

Anatomical Distribution: 

  In the present study, base of tongue and tonsil collectively comprised of 84% 

cases of OPSCC. Our findings were similar to other studies in the literature. In a study done 

by Weinberger et al 
2
, most common sites were base of tongue (52%) followed by tonsil 

(39%). In the study by Rizzo et al 
5
 most common sites were base of tongue followed by 

tonsil. 

Clinical stage: 
  In the present study, majority of the patients presented with stage III/IV (63%). In 

the study done by Young et al
4
 77.9% of the patients presented with stage III/IV. In the 

study done by Swiahb et al
11

 96.1% of the patients presented with stage III/IV. 

p16 status: 
  In the present study, p16 positive and negative cases were 25% and 75% 

respectively. p16 positive percentage in various studies ranged from 16.4% to 81 % (Table 

18). 

Comparison of p16 status in present study with other studies 

 Swiahb 

et al 
11

 

Weinberger 

et al 
2
 

Kawakami 

et al 
12

 

Chandrana 

et al 
13

 

Geisler 

et al 
8
 

Present 

study 

p16 

positive 

 

16.4% 

 

20% 

 

37.5% 

 

57% 

 

81% 

 

25% 
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p16 

negative 

 

83.6% 

 

80% 

 

62.5% 

 

43% 

 

19%. 

 

75% 

  HPV-related OPSCCs account for 40-80% of OPSCCs diagnosed in the United 

States and a growing proportion of these neoplasm’s in Europe ranging from 18% to 90%.
 

p53 status:
 

  
In present study, p53 positive and negative cases were 53% and 47 % respectively. 

p53 positivity percentage in various studies ranged from 19.3-85%.
 

Comparison of p53 status in present study with other studies 

 Abusail et al 
10

 Smith et al 
14

 Geisler et al 
8
 Swiahb et al 

11
 Present 

study 

P53 positive 19.3% 48% 56% 85% 53% 

P53 negative 80.7% 52% 44% 15% 47% 

 

EGFR status: 

  In present study, EGFR positive cases were 50% and EGFR negative cases were 

50%. EGFR protein overexpression has been reported in 70–100% of HNSCCs and 46–

72% of OPSCCs.
15

 Chandarana et al 
13

 found EGFR positivity in 60% cases in OPSCC. 

Abusail et al 
10

 found EGFR positivity in 84% cases of OPSCC. In a study done by Swiahb 

et al 
11

, EGFR positivity was found to be 88.6% cases of OPSCC. 

Correlation between p16 expression and smoking (tobacco usage): 

  In the present study, in p16 positive category, 52% cases were smokers while 

48% cases were non smokers. In p16 negative category, 73.3% cases were smokers while 

26.7% cases were non smokers. Other authors have  found smokers percentage of 48.1% 

to 78% in p16 positive tumors, whereas in p16 negative category, smoker percentage 

ranged from 66.7% to 76.9%.
14,

 
9
 

Correlation between p53 overexpression and smoking (tobacco usage): 

  In the present study, in p53 positive category, 71.7% cases were smokers while 

29.3% cases were non smokers. In p53 negative category, 61.7% cases were smokers while 

38.3% cases were non smokers, however this association was not statistically significant (p 

value: 0.289). Several studies have shown a statistically significant association of p53 

overexpression with smokers.
7,

 
16

 

  In the study by Smith et al 
14

 they found 77.2% of smokers in p53 positive category, 

while 22.8% cases were non smokers. In p53 negative category, 77.8% cases were smokers 

while 22.2% cases were non smokers. 

Correlation between EGFR overexpression and smoking (tobacco usage): 

  In the present study, in EGFR positive category, 54% cases were smokers while 46% 

cases were non smokers. In EGFR negative category, 82% cases were smokers while 18 % 

cases were non smokers and this was statistically significant (p value: 0.006). This is in 

contrast to the published literature. 

  Kumar et al 
17

 observed EGFR overexpression significantly higher in current 

smokers than in past smokers, who in turn had higher EGFR levels than who had never 

smoked. It has been suggested that smoking may contribute to increased EGFR expression, 

possibly through increased hypoxia in tumor tissue of smokers. 
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Nodal status and its association with p16, p53 and EGFR expression 

  In the present study, nodal metastasis was found in 62% of the cases. In comparison, 

Study done by Chandarana et al 
13

, have found nodal metastasis in 86% of cases while in 

study done by Barber et al 
3
 , nodal metastasis was found in 84% of cases. 

  In the present study, p53 expression has shown statistically significant association 

with nodal metastasis (p value: 0.003). However, p16 and EGFR positive expression was not 

statistically correlated with nodal metastasis. 

  In comparison, Barber et al
3
 studied 226 cases of OPSCC and found a statistically 

significant correlation between p16 expression and nodal metastasis; however p53 and 

EGFR expression was not statistically correlated with nodal metastasis. 

  Smith et al
14

 studied 237 cases of OPSCC and found a statistically significant 

correlation between p16 expression and nodal metastasis, however p53 overexpression was 

not statistically correlated with nodal metastasis. 

  In present study, Bilateral (N2c) and bulky nodal metastasis (N3) was strongly 

associated with p16 positive cases (20%) as compared to p16 negative cases (6.7%), which 

was statistically significant (p value: 0.039). 

  In study done by Kim et al 
16

 higher nodal stage (N2-3) was associated with p16 

positive cases (81.5%) whereas (50%) in p16 negative cases. Which was statistically not 

significant (p value: 0.137). 

Correlation between P16 and P53 status: 

  Many studies have shown an inverse relationship between p16 positive cases and 

p53 positive cases in OPSCC.
7,

 
9
 However, few studies have reported increased incidence of 

p53 positive cases in HPV positive category in HNSCC.
3,
 
18

 

  In the present study, among the p16 positive cases, 44% were p53 positive, and in p16 

negative category, 56% of the cases were p53 positive, however this was not statistically 

significant (p value: 0.298). This could be attributed to significant number of smokers in p16 

positive category having more genomic instability. 

  In the study done by Kim et al
9
, they found 18.5% of p53 positive cases among p16 

positive cases. Among p16 negative cases, 50% were p53 positive (p value: 0.137). In the 

study by Smith et al 
14

, in p16 positive category, 36% of the cases were p53 positive (p 

value: 0.03) while in p16 negative category, 55.4% of the cases were p53 positive (p value: 

0.02). 

Correlation between p16 and EGFR status: 

  In the present study, among p16 positive cases, 64% were EGFR positive. Among 

p16 negative cases, 45.3% were EGFR positive; however this was not statistically significant 

(p value: 0.106). In the study done by Kim et al 
9
, they found 25.9% of EGFR positive cases 

among p16 positive cases and 66.7% EGFR positive cases among the p16 negative cases, and 

was not statistically significant (p value: 0.146). 

 

5. CONCLUSION:  

Expressions of p16, p53 and EGFR were considered to be most effective in early 

carcinogenesis stages of oropharyngeal SCC. In comparison with p16, p53 and EGFR 

expression levels were observed to be associated with poor prognostic parameters and were 

higher at later stages of oropharyngeal SCC carcinogenesis development. 
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