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Abstract

Epidermal growth factor receptor (EGFR) plays an active role during the progression of oral squamous cell carcinoma (OSCC). 
OSCC is the most common head and neck cancer. Cetuximab, which is an inhibitor of EGFR, was approved by the Food and Drug 
Administration (FDA) in 2006 for the treatment of head and neck cancer. After initial clinical success, Cetuximab proved to be 
ineffective in the management of aggressive or metastatic oral cancer lesions. We hypothesize that EGFR has multiple isoforms that 
lead to the failure of Cetuximab. A future study of EGFR isoforms and protein-interacting partners will address the issue.
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Introduction

Epidermal growth factor receptor (EGFR) is an established sig-
naling pathway in cancer progression that cross-talks with 
nearly all proliferation and apoptotic mechanism-related pro-
teins.1 EGFR plays a pivotal role in oral squamous cell carci-
noma (OSCC), affecting all the hallmarks of cancer. 
Additionally, in OSCC, EGFR is proposed to participate sig-
nificantly in the prognosis of the disease.2 EGFR is associated 
with aggressive behavior and poorer outcomes.2 Cetuximab, an 
EGFR inhibitor, was approved by the Food and Drug 
Administration (FDA) in 2006 for the treatment of head and 
neck cancer. Thereafter, in 2009, FDA approved Cetuximab in 
combination with platinum-based chemotherapy with 5-fluo-
rouracil for the treatment of recurrent, locoregional, or meta-
static head and neck cancer, based on the clinical outcome of 
the EXTREME (ErbituX in first-line Treatment of REcurrent 
or MEtastatic head and neck cancer) trial.3 Five-year survival 
data from phase 3 randomized trial and the relationship between 
Cetuximab-induced untoward clinical outcomes and overall 
survival data, which were stratified by pretreatment character-
istics of radiation plus Cetuximab for locoregionally advanced 
head and neck squamous cell carcinoma, suggested no advan-
tage in patients with age more than 65 years.4 Cetuximab 
proved to be beneficial only for patients with primary 

oropharyngeal lesions or when Cetuximab is administered in 
altered fractionation with a concomitant boost of radiation 
therapy.4 Cetuximab could not produce an appreciable 
treatment outcome in human papillomavirus-positive 
(HPV-positive) OSCC patients.4 In vitro studies were concor-
dant with the clinical output, where Cetuximab failed to induce 
radiosensitivity in HPV-positive head and neck squamous cell 
carcinoma cell lines. Furthermore, Cetuximab and nivolumab 
(immune checkpoint inhibitor, PD-1 inhibitor) treated patients 
with recurrent and metastatic head and neck squamous cell 
carcinoma were predicted to fail based on early treatment 
response dynamics.5 ARTSCAN III (randomized phase III 
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study comparing chemoradiotherapy with cisplatin compared 
to Cetuximab) found that cisplatin is better than Cetuximab in 
locoregionally advanced head and neck squamous cell carci-
noma.6 The possible reason for such a decline in the activity of 
the EGFR inhibitor is the presence of multiple isoforms of 
EGFR.7 Post-translational modifications and protein interac-
tions directly affect EGFR signaling and trafficking.7 It has 
been recently reported that post-translational modifications 
generate various isoforms of the native peptide.8 The variations 
in phosphorylation types for post-translational modifications 
result in the alteration of the functionality of EGFR.9 Post-
translational modifications also affect protein–protein interac-
tions (PPIs). PPIs also affect the functionality of EGFR and the 
ability of Cetuximab to inhibit EGFR.9 EGFR was previously 
found to participate in inhibiting the anti-tumor reactivity of 
immune cells. Recently, EGFR has been found to be interact-
ing with signal transducer and activator of transcription 3 
(STAT3), heterogeneous nuclear ribonucleoprotein M 
(HNRNPM), and plakophilin 3 (PKP3) in OSCC cells.10 
Interestingly, all these proteins participate in immune suppres-
sion in the tumor microenvironment.10 Thus, EGFR participat-
ing in immunosuppression and variations in structure and 
function due to different sites of post-translational modifica-
tion result in the lowering of treatment outcome of Cetuximab 
in aggressive OSCC. To substantiate the hypothesis, PPI net-
works should be studied in different oral cancer cell lines. 
Immunocytochemistry and immunohistochemistry should be 
performed using cell cultures and patient samples to determine 
the colocalization of EGFR and other immunomodulatory 
markers. The protein-binding partners of EGFR at different 
stages of disease proregression will eventually lead to the elu-
cidation of the role of EGFR-interacting protein inhibition of 
anti-tumor reactivity of immune cells. Additionally, a tran-
scriptomics assay to determine EGFR isoforms during the pro-
gression of oral cancer should be done. Finally, EGFR and its 
ligand 3D modeling should be done to predict the small mole-
cules that are useful for the augmentation of the anti-cancer 
effect of Cetuximab. Overall, addressing the challenge of 
Cetuximab in managing the progression of oral cancer neces-
sitates comprehensive molecular characterization of EGFR-
interacting proteins and binding ligands. The molecular 
characterization will eventually lead to the development of 
newer pharmacological targets that can either minimize the use 
of Cetuximab or show a synergistic effect when administered 
along with Cetuximab.
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