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Abstract 

 

Background:  Apoptosis, or programmed cell death, plays a crucial role in cancer development and progression. Biomarkers like EGFR and 
BCL-2 are known to regulate apoptosis and have been studied in various cancers, including oral squamous cell carcinoma (OSCC). The 
expression patterns and prognostic implications of these biomarkers could help in predicting patient outcomes. To address this research 
question, we conducted a systematic review and meta-analysis of studies examining the prognostic significance of two apoptotic biomarkers, 
EGFR (Epidermal Growth Factor Receptor) and BCL-2 (B-cell lymphoma 2), in OSCC.  
 

Objective: By elucidating the prognostic value of EGFR and BCL-2 immunoexpression in OSCC, this systematic review aimed to contribute 
to predicting the immunoexpression value of EGFR and BCL-2. 
 

Methods: This systematic review and meta-analysis investigated the prognostic significance of immunostaining of EGFR and BCL-2 in 
patients with OSCC. The PICO criteria were applied to OSCC patients, defining the population, intervention (immunoexpression of EGFR 
and BCL-2), and outcome (prognostic significance). This systematic review was registered with PROSPERO to ensure transparency and 
avoid duplication. A comprehensive search strategy was developed using relevant keywords and Medical Subject Headings (MeSH) terms 
related to OSCC, EGFR, BCL-2, immunohistochemistry, and prognosis. Electronic databases such as PubMed and SCOPUS were searched, 
along with reference lists from relevant articles. Data extraction included author, publication year, patient characteristics (sample size, age, 
gender), and outcomes related to overall survival. 
 

Results: EGFR is frequently overexpressed in OSCC, and its expression has been associated with aggressive tumour behaviour and poor 
prognosis. High EGFR expression is often correlated with reduced survival rates in OSCC patients. High BCL-2 expression has been 
associated with tumour progression and poor prognosis in OSCC patients. 

Conclusion: Overall, the immunohistochemical expression of EGFR in Oral Squamous Cell Carcinoma (OSCC) appears to hold significant 
prognostic value. However, further research is needed to validate these findings and to optimise the clinical utility of EGFR as a prognostic 
biomarker in OSCC management. Likewise, evidence suggests a prognostic role for BCL-2 immunohistochemical expression in OSCC. 
Additional studies are required to fully elucidate its significance and potential implications for patient management and treatment decision-
making. 
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INTRODUCTION 

quamous Cell Carcinoma (OSCC) is a malignant 

tumour of the oral cavity. OSCC is commonly 

associated with tobacco use, low socioeconomic status, and 

a lack of awareness about risk factors and early detection. 

Despite being classified at similar stages, OSCC tumours 

exhibit diverse clinical behaviours due to their inherent 

heterogeneity in invasion and metastatic potential. Tumour 

morphology, keratinisation, and immunohistochemistry 

(IHC) analysis help assess tumour behaviour [1]. 
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Immunohistochemistry (IHC) uses antibodies to detect 

tissue antigens, aiding in cancer diagnosis and prognosis. 

OSCC develops through genetic alterations affecting 

apoptosis [2]. EGFR and BCL-2 are key IHC apoptotic 

biomarkers. EGFR, a transmembrane receptor, promotes 

malignant transformation and is often overexpressed in 

head and neck squamous cell carcinomas. Its strong 

expression correlates with advanced stages and shorter 

relapse-free periods by influencing invasion, angiogenesis, 

and lymphangiogenesis [3].  

EGFR, a tyrosine kinase receptor in the ErbB family, is 

crucial for the growth and progression of solid tumours. Its 

structure includes ligand-binding, transmembrane, and 

cytoplasmic domains, making it a key therapeutic target in 

carcinomas. EGFR gene amplification is observed in 15.4% 

– 31.2% of OSCC cases [4]. BCL-2 is a 25-kDa apoptosis 

regulatory protein in the membranes of mitochondria, 

endoplasmic reticulum, and nuclear envelope. It promotes 

cell survival, proliferation, and tissue development by 

inhibiting apoptosis. Overexpression of BCL-2, observed in 

precancerous lesions, can be counteracted by pro-apoptotic 

proteins like Bax. EGFR overexpression is also commonly 

documented in epithelial tumours, including OSCC [5]. 

Apoptosis, a regulated process that controls tissue size and 

eliminates damaged cells, is influenced by genes such as the 

BCL-2 family, which can either promote or inhibit 

apoptosis. BCL-2, an anti-apoptotic protein, plays a key 

role in regulating this process. Biomarkers such as EGFR 

and BCL-2 are studied to predict OSCC prognosis, with 

existing publications analysing their impact on overall 

survival [6,7,8,9,10]. 

MATERIALS AND METHODS 

This systematic review has been conducted with respect to 

the Preferred Reporting for Systematic Review and Meta-

Analysis checklist [PRISMA]. This systematic review was 

registered in the PROSPERO database and received the 

registration number CRD42023396316. 

Study design 

This systematic review focused on observational and cohort 

studies involving human subjects to examine the prognostic 

implications of EGFR and BCL-2 immunohistochemical 

expression in OSCC. The selected studies specifically 

examined the relationship between these biomarkers and 

overall survival outcomes in patients diagnosed with 

OSCC. 

Inclusion criteria 

1. Sample - Human cohort studies that have observed 

prognostic significance of the immunoexpression of EGFR 

and BCL-2 in Oral squamous cell carcinoma in terms of 

overall survival. 

2. Clinical data - The basic clinical data, such as age, 

gender, sample size and sample population, were provided. 

3. Immunohistochemistry- Original Immunohistochemistry 

studies.  

4. Prognostication - Overall Survival In terms of Hazard’s 

ratio (multivariate COX proportional Hazard regression 

analysis) 

Exclusion criteria 

1. Studies in which clinical details of included cases were 

missing. 

2. Articles published in a language other than English. 

3. Studies where no prognostic outcome was mentioned 

related to EGFR and BCL-2 immunoexpression. 

4. Studies on cancers other than OSCC. 

5. Studies whose full texts were not available. 

6. Review articles of EGFR and BCL-2 biomarkers. 

Data extraction 

For each article included in this review, we systematically 

collected detailed information to facilitate comprehensive 

analysis and comparison. The data extracted comprised the 

following elements: the name of the first author, year of 

publication, the population studied, and the sample size. 

Additionally, we recorded the male-to-female ratio and the 

age of participants. Information regarding apoptotic 

biomarkers and their immunoexpression was also 

documented. Where available, we extracted statistical data 

relevant to overall survival, specifically the hazard ratio and 

its corresponding 95% confidence interval, as reported in 

each study. 

Data analysis 

We considered only EGFR and BCL-2 immunoexpression 

in OSCC cases where overall survival statistical data were 

mentioned. The guidelines from the Strengthening the 

Reporting of Observational Studies in Epidemiology 

[STROBE] were used to evaluate the quality of included 

studies. The meta-analysis was conducted in RevMan 

(version 5.4.1). Forest plots were constructed for each 

reported outcome, showing risk ratios and 95% confidence 

intervals, which were extracted from the original values 

reported in selected articles. 

Study selection 

In the first step, 4,997 articles were selected from PubMed 

and SCOPUS databases. There were 501 articles after 

removing the duplicate studies and other reasons. A further 

comprehensive evaluation of titles and abstracts was 

conducted, which excluded 436 articles, leaving 65 for 

screening in this review. Of these articles, 16 were excluded 

because they were not published in English. Forty-nine 

articles were assessed for eligibility, and 33 articles were 

excluded for various reasons. A total of 16 articles were 

retrieved for this systematic review (Figure 1).  

RESULTS 

Of the 16 articles included in this systematic review, 12 

investigated the immunoexpression of EGFR in oral 

squamous cell carcinoma (OSCC) (Table 1), while the 

remaining 4 examined the immunoexpression of BCL-2 in 

OSCC in relation to overall survival (Table 2). In our 
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systematic review, we found a hazard ratio (HR) greater 

than 1 in all selected original research articles for the EGFR 

biomarker and the BCL-2 biomarker. Only one research 

article for the BCL-2 marker showed a value of less than 1, 

specifically 0.970. Altogether, these findings suggest that 

both biomarkers play a significant role in the expression of 

oral squamous cell carcinoma cases compared to the control 

group. The risk of bias and quality assessment of the 

selected studies were performed using the Newcastle-

Ottawa scale, with higher scores indicating lower risk of 

bias (Table 3). Our meta-analysis favours this systematic 

review result with improved precision, 95% CI for EGFR 

(Figure 2 &  3) and BCL-2 (Figure 4 & 5) were respectively 

1.31 and 1.75. These provide a powerful tool for 

synthesising research evidence, leading to more reliable 

conclusions than individual studies alone can offer. Thus, 

we suggest that the prognostic value of immunostaining for 

the biomarkers EGFR and BCL-2 is important in oral 

squamous cell carcinoma.  

 

 

Figure 2. Prizma flow 

Table 1. Articles and demographic data for studies on EGFR biomarker in OSCC 

Sl 
NO. 

Author Name Year Population Sample size Male: 
Female 

Average Age Hazards Ratio  
(95% CI) 

1. Kappler et al. 2020 Germany 45 31:14 57 1.31 (0.47, 3.60) 

2. Yokokawa et al. 2020 Japan 208 129:79 59.1 2.75 (1.26, 6.01) 
3. Rajan et al. 2019  United State 141 82:59 58(M) 

66(F) 

1.28(0.90,1.90) 

4. V. Costa et al. 2018 Brazil Target Group- 21 
Control group- 39 

TG 2:1 
CG 30:9 

TG≤ 40     
CG≥ 50   

3.8 (1.17,12.48) 

5. Christensen et al. 2017 Denmark 191 126:65 59 1.02 (0.65,1.60) 

6. Perisanidis et al. 2013 Austria 97 NA NA 0.99 (0.96,1.00) 
7. Monteiro et al. 2012 Portugal 74 55:19 62.3 2.44(0.66,8.96) 

8. Nakata et al. 2011 Japan 89 62:27 60 4.21(0.52,34.34 

9. Shah et al. 2009 India 135 101:34 45 1.92 (0.95, 3.86) 

10. Smid et al. 2006 Netherlands  165 108:57 58 1.15(0.70, 1.90) 

11. Shiraki et al. 2005 Japan 140 98:42 59 1.65 (0.83, 3,29) 
12. Smith et al. 2001 United State 32 NA NA 0.74(0.38,1.43) 
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Study or Subgroup Log 

[Hazard 

Ratio] 

SE Weight Hazard Ratio 

[95% CI] 

 

Smith et al. 2001 -0.3011 0.34 7.8% 0.74 [0.38, 1.44] 

Shiraki et al. 2005 0.508 0.3566 7.5% 1.65 [0.83, 3.28] 

Smid et al. 2006 0.1938 0.3533 7.6% 1.21 [0.57, 2.59] 

Shah et al. 2009 0.6523 0.3699 7.3% 1.92 [0.95, 3.89] 

Nakata et al. 2011 1.4375 1.0671 2.0% 4.22 [0.52, 34.01] 

Monteiro et al. 2012 0.892 0.6671 2.7% 2.44 [0.66, 8.97] 

Perisanidis et al. 2013 -0.0111 0.1577 22.9% 0.99 [0.72, 1.37] 

Christensen et al. 2017 -0.0197 0.1651 22.0% 0.98 [0.71, 1.35] 

V Costa et al. 2018 1.335 0.6827 3.8% 3.80 [1.17, 12.34] 

Rajan et al. 2019 0.248 0.2953 6.1% 1.28 [0.72, 2.30] 

Yokokawa et al. 2020 1.0116 0.3982 4.9% 2.75 [1.26, 6.01] 

Kappler et al. 2020 0.27 0.3517 6.4% 1.31 [0.47, 3.65] 

Heterogeneity: Tau² = 0.06; Chi² = 23.97, df = 11 (P = 0.01); I² = 54% 

Test for overall effect: Z = 2.31 (P = 0.02) 
 

Figure 2. Meta-analysis of EGFR Expression in OSCC studies  

 

 

Figure 3. Funnel plot of OSCC studies in relation to EGFR expression 

Table 2. Articles and demographic data for studies on BCL-2 biomarker in OSCC 

Sl NO. Author Name Year Population Sample size Male: 
Female 

Average Age Hazards Ratio  
(95% CI) 

1. Trivedi et al. 2010 India 135 101:34 45 1.98(0.77,5.09) 

2. Shah et al. 2009 India 135 101:34 45 1.81 (0.93,3.52) 
3. Lo Muzito et al. 2005 Italy 66 44:22 66 2.31(1.00,5.34) 

4. Ito et al. 1999 Japan 57 NA NA 0.970 (0.36,2.62) 
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Study or 
Subgroup 

Log 
[Hazard 

Ratio] 

SE Weight 
(%) 

Hazard Ratio [IV, 
Random, 95% CI] 

Year 

 

Ito et al. 1999 -0.0305 0.5057 17.5 0.97 [0.36, 2.61] 1999 

Lo Muzito et al. 

2005 

0.8372 0.4272 24.5 2.31 [1.00, 5.34] 2005 

Shah et al. 2009 0.5933 0.3397 38.1 1.81 [0.93, 3.52] 2009 

Trivedi et al. 

2010 

0.6831 0.4189 19.8 1.98 [0.77, 5.09] 2010 

Total (95% CI)   100 1.75 [1.16, 2.65]  

 

Heterogeneity: Tau² = 0.00; Chi² = 1.86, df = 3 (P = 0.60); I² = 0%  

Test for overall effect: Z = 2.65 (P = 0.008) 

Figure 4. Overall survival meta-analysis of OSCC studies in relation to BCL-2 expression 

 

 

Figure 5. Funnel plot of OSCC studies in relation to BCL-2 expression 

 

Table 3. Studies of quality assessment by the Newcastle Ottawa scale, with a higher score indicating a lower risk of bias 

Study Selection Comparability Outcome NOS Score 

Kappler et al.    8 

Yokokawa et al.    7 
Rajan et al.    7 

V. Costa et al.    7 

Christensen et al.    7 
Perisanidis et al.    8 

Monteiro et al.    7 

Nakata et al.    7 
Shah et al.    8 

Smid et al.    7 

Shiraki et al.    7 

Smith et al.    8 

Trivedi et al.    7 

Lo Muzito et al    7 
Smith et al.    8 
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DISCUSSIONS 

This systematic review and meta-analysis aimed to 

investigate the prognostic importance of immunostaining of 

EGFR and BCL-2 in patients with OSCC. We found that a 

poor clinical outcome is associated with the overexpression 

of both biomarkers, as indicated by hazard ratios greater 

than 1. This is strong evidence suggesting the significant 

prognostic value of EGFR and BCL-2 immunostaining in 

OSSC. 

EGFR and BCL-2 immunoexpression have been studied in 

many cases of OSCC. In the meta-analysis, all of our 

selected studies showed HR values greater than 1 for EGFR 

with a pooled estimate of 1.31, suggesting that 

overexpression of EGFR correlates with reduced survival. 

This finding is consistent with previous research 

demonstrating that EGFR contributes to tumour invasion, 

proliferation, and metastasis [11,12,13,14]. Its 

overexpression has also been reported with increased 

recurrence and poor outcome in patients with OSCC 

[15,16,17]. It has also been observed in previous studies 

that the overexpression of EGFR may be associated with 

resistance to chemoradiotherapy and radiotherapy; thus, 

this evidence further supports its association with poor 

prognosis [18,19,20,21]. Many previous studies also 

reinforce the finding that EGFR overexpression is a reliable 

prognostic indicator [22,23]. These findings support the 

results of our meta-analysis and suggest that EGFR is a 

potential biomarker for risk stratification in OSCC cases.  

BCL-2 causes tumour cell survival by affecting the process 

of programmed cell death. In the present meta-analysis, we 

found a pooled hazard ratio (HR) value of 1.75 for BCL-2 

overexpression, indicating its association with poor 

survival in OSCC. This finding is consistent with previous 

studies, which have suggested that higher BCL-2 

expression promotes tumour progression and is associated 

with lymph node involvement and reduced survival [11,19, 

24]. Previous studies have also demonstrated that the 

aggressive behaviour of the tumour and resistance to 

therapy are associated with increased BCL-2 expression 

and dysregulation of apoptotic pathways [25,26]. 

Overexpression of EGFR also affects survival and response 

to treatment [27-33]. Regarding clinical implications, the 

findings of this meta-analysis suggest that the 

overexpression of EGFR and BCL-2, as determined by 

immunohistochemistry, can serve as important prognostic 

biomarkers in OSCC. Thus, these biomarkers help to 

identify patients with high risk who require more 

aggressive treatment or a targeted therapeutic approach. 

EGFR inhibitors have already been explored as a 

therapeutic option, suggesting the benefit of personalised 

treatment strategies [26-33]. Similarly, targeting the BCL-

2 pathway could also help overcome resistance to 

conventional therapies [34]. Many studies have also 

reported that the transformation from premalignant to 

malignant lesions is associated with increased BCL-2 

expression, supporting the role of BCL-2 in carcinogenesis 

and tumour progression [35-40]. Additionally, BCL-2 

family protein expression has been shown to affect 

prognosis in OSCC, which further reinforces our meta-

analytic findings [40].  

One of the challenges in the prognosis of OSCC is marked 

heterogeneity, which is observed among tumours 

diagnosed at the same stage. This heterogeneity can be 

differentiated by the molecular expression of EGFR and 

BCL-2, which affect invasion, metastatic potential, and 

treatment response [25-32]. By integrating molecular 

profiling and identifying variations in biomarker 

expression, we can perform prognostic assessments. We 

used the Newcastle-Ottawa scale to assess the quality of the 

studies included in this meta-analysis, which indicates a 

low risk of bias and thus strengthens the reliability of our 

pooled estimates. The meta-analysis enables a more 

definitive conclusion regarding the prognostic roles of 

EGFR and BCL-2 in comparison to any single study. This 

systematic review and meta-analysis demonstrated the 

strong prognostic relevance of the overexpression of EGFR 

and BCL-2 in OSCC. Given their role in tumours, this 

marker may serve as a valuable tool to identify high-risk 

OSCC cases, thereby further guiding personalised and 

targeted therapeutic strategies. 

Conclusion 

The immunohistochemical expression of EGFR and BCL 

in OSCC holds notable prognostic significance, with 

evidence suggesting that higher expression of both 

biomarkers is associated with poorer outcomes. This 

highlights their potential as indicators for guiding 

personalised treatment strategies. However, further 

research is needed to understand their roles better and refine 

their implications for patient management and therapeutic 

decisions. 
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