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Abstract  Original Research Article 
 

Oral squamous cell carcinoma of head and neck is associated with high morbidity and mortality in both western and 

Asian countries. The development of oral squamous cell carcinoma is a multistep process, which requires the 

accumulation of multiple genetic alternations and is influenced by a patient’s genetic predisposition as well as by 

environmental factors such as tobacco, alcohol, chronic inflammation and viral infection. Targeted therapies are 

specific method which interferes with some aspects of cellular life without harming healthy cells and hence they will 

work by interfering with specific molecules involved in carcinogenesis and tumour growth. Thus by altering molecular 

and cellular changes that are specific to cancer, molecular targeted therapies may be more effective than conventional 

therapies i.e. radiation, surgery and chemotherapy. The use of molecular targeted therapies is relatively new and new 

discoveries are emerging at a rapid pace. This paper will discuss the history of molecular targeted therapy and its 

present scenario in oral squamous cell carcinoma. 
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INTRODUCTION 
Oral squamous cell carcinoma (OSCC) is one 

of the most common malignancy seen throughout the 

world. The morbidity and mortality due to OSCC is not 

even reduced after the introduction of traditional 

treatments like surgery, radiotherapy and 

chemotherapy. Hence new treatment modalities are 

required to improve the overall survival rate. The desire 

to targeted therapy is not new, although the use of word 

has taken on greater prominence in recent years, in this 

they specifically interact with diseased cells while 

leaving other cells of the host unaffected. The transition 

to rationally designed, molecularly targeted drugs 

occurred in the period from 1990 to the present, 

following a dramatic expansion of knowledge of the 

molecular drivers of cell transformation and there 

identification for specific signalling pathways that 

control the proliferation to cell death, angiogenesis and 

metabolism. In this Imagine was the first rationally 

designed, low molecular weight inhibitor to achieve 

clinical success. Identification of this oncogenic driver 

provided the molecular basis for the stratification of 

patients with non–small-cell lung cancer (NSCLC) with 

sensitizing epithelial growth factor receptor (EGFR) 

mutations. At the same time, trastuzumab (1992), a 

monoclonal antibody against the human epidermal 

growth factor receptor 2 (HER2), which is amplified in 

25% of breast cancers, dramatically enhanced the 

efficacy of taxanes and other chemotherapy processes 

[1]. Other antibodies, including rituximab (1998), 

which targets CD20 also found to be effective in the 

treatment of non–Hodgkin’s lymphoma [2]. 

Bevacizumab (2004) a monoclonal antibody that binds 

the vascular endothelial growth factor (VEGF) and 

blocks tumour angiogenesis showed similar 

enhancement in chemotherapy [3]. Following these 

fundamental discoveries, a series of more than 30 new 

drugs, all targeted to specific receptors or enzymes has 

been found useful application in specific subsets of 

human cancers. The only significant new cytotoxics in 

the past decade are bendamustine (2008), a unique 

alkylating agent which is highly active in lymphoid 

malignancies and available in Europe since the 1980s 

[4]. Cetuximab to date is the only targeted therapy 

known to demonstrate an OS benefit in HNSCC, both in 

locally advance setting i.e. combination with 

radiotherapy [6] and in the first-line recurrent and/or 

metastatic (R/M) setting in combination with 

chemotherapy [5]. It is a monoclonal antibody which 

targets the epidermal growth factor receptor (EGFR). 

Eribulin, a marine natural product is found to be active 

in breast cancer (Scarpace, 2012); and trabectedin 

(2015) which is also a marine natural product found to 
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be useful in second-line treatment of sarcomas. The 

epidermal growth factor receptor (EGFR) inhibitors 

such as gefitinib and erlotinib were also used with 

variable success in a small number of patients before 

the identification of sensitizing EGFR mutations. 

 

MATERIALS AND METHOD 
Comprehensive reviews of the available 

previous literature relevant to molecular targeted 

therapy in oral squamous cell carcinoma were 

undertaken. References for this review were identified 

through searches of PubMed with the search terms 

Molecular targeted therapy and oral squamous cell 

carcinoma up to September 2020. Only full length 

articles in English language were selected. Final 

references list was generated on the basis of originality 

and relevance while writing this review article. 

 

DISCUSSION 
As we have seen how the development takes 

place in the field of targeted therapies, more studies 

have come out in the field of OSCC. NSAIDS  Sulindac 

(2002) effectiveness on growth cell cycle and apoptosis 

in human OSCC cell lines were examined, supporting 

the significant time and dose dependent cell growth 

inhibitory effect of NSAIDS and its anticancer effect. In 

this both the mechanisms are involved i.e. COX 

dependent mechanism activation and induction of 

PPAR-γ expression [7]. Sonoporation (2009) with anti-

epidermal growth factor receptor (EGFR) was used for 

developing a specific drug delivery system for OSCC. 

Administration of low dose of bleomycin produces 

marked growth inhibition of Ca 9 -22 cells in vitro and 

decreases the apoptopic cell indicating that 

sonoporation with Fab fragment makes drug 

administration for OSCC more efficient and specific. 

With EGFR over expression implicating a poor 

prognosis, it was one of the first biomarkers targeted as 

a potential therapy for HNSCC [8]. In this study (2011) 

GL12, one of the main transcriptional activators of 

HH/GL1 signalling, only 44% patients expresses GL12 

after surgery as compared to 77% of tumours who lack 

GL12 expression. Thus both cyclopamine and GAN+61 

effectively inhibit GL1 expression. Slowed cellular 

growth, promoted G1 arrest, increased appoptosis and 

migration of OSCC cells, suggest that the expression of 

GL12 is strongly associated with the poor outcome of 

OSCC patients. This data suggest a subset of OSCC 

patients benefitting for anti-HH/GL1 therapies [9]. 

FOXO3a (2011) is a transcriptional regulator which 

regulates a wide range of biological processes. FOXO3 

activity modulation and anti-tumour effects of OSCC 

cells were studied revealing that Rapamycin / cisplantin 

combination therapy will boost the synergistic anti -

tumour effect through reactivation of FOXO3 thus can 

be used as a potent molecular targeted strategy for 

OSCC [10]. In this study (2011) they apply 'anti-

kinome' and 'anti- phosphatome' lentiviral shRNA 

subset to high throughput screen and identified the 

potential biomarkers of OSCC cells. These markers 

along with their pathways can be used for early 

diagnosis and for developing specific medicines for 

OSCC [11]. Interferon -γ (IFN -γ) a cytokine which is 

produced and secreted by inflammatory cells in the 

tumour microenvironment are the main stimulator of 

PDL-1 expression in tumour cell but a significant 

decrease is seen after PKD2 knock down with 

shRNA/siRNA interference. Results show that PKD2 

activation not only inhibits PD-4 expression but also 

promotes anti-tumour effect and decreases the drug 

resistance [12]. Microarray analysis (2013) was done to 

determine the gene expression in nine human OSCC 

and non -neoplastic keratinocyte cell line. Expression 

level of Aurokinase A (AURKA) mRNA and protein 

were examined. Result shows over expression of 

AURKA in tissues. Small interfering RNAs 

(siAURKA) suppresses the expression of AURKA 

protein (31-89 %) and reduction of MLN8237 (38 -

74%) shows critical role of AURKA in growth of 

human OSCC cells. Suggesting that targeting AURKA 

can be used as a therapeutic strategy for OSCC [13]. 

Activation of TLR-9 dose and time dependent 

migration and invasion of HB cells signalling (2014) 

could promote human oral cancer HB cells. Invasion 

with induction of MMP-2 by increasing the AP-1 

binding activity suggest novel anti-metastatic 

application for TLR-9 targeted therapy [14].
 
Livin is the 

most important member of Inhibitor protein (IAP) 

family and in this they have investigated expression of 

livin protein in OSCC tissues using western blot 

analysis and IHC. Results shows increased expression 

of Livin in human OSCC tissues as compared to normal 

adjacent mucosa [15]. Buparlisib which targets PI3K 

shows an OS benefit in combination with paclitaxel as 

compared with paclitaxel alone, independent of 

PI3K/AKT/mTORpathway alterations [16, 17].
 
In the 

latter study patients with HPV-negative tumors, TP53 

alterations, and low mutational load derive a better 

benefit from the addition of buparlisib to paclitaxel 

[17]. A phase III clinical trial has been launched. 

Cetuximab has been the most successful targeted 

therapy applied in OSCC to date, it is a monoclonal 

antibody which is directed against the extracellular 

receptor domain of EGFR, blocks ligand binding and 

subsequent downstream signalling, in addition to its 

role in the long-term down regulation of the receptor 

expression. In a phase III clinical trial by Bonner et al., 

cetuximab in combination with radiotherapy provided 

an overall survival benefit of an additional 20 months 

compared to radiation alone [18]. There have also been 

several clinical trials comparing chemotherapy alone or 

in combination with cetuximab. In the phase III trial, 

Erbitux in first-line treatment of recurrent or metastatic 

head and neck cancer (EXTREME), 442 patients with 

recurrent or metastatic HNSCC were randomized to 

receive either platinum/5-FU alone or cetuximab plus 

platinum/5-FU. Results showed an increase in response 

rate from 20% in the chemotherapy group to 36% in the 

chemotherapy plus cetuximab group, with an overall 

survival increase from 7.4 months in the chemotherapy 
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group to 10.1 months in the chemotherapy and in the 

cetuximab group [19]. Another phase III clinical trial 

from the Radiation Therapy Oncology Group (RTOG) 

comparing concurrent chemo radiation and Cisplatin 

versus concurrent chemo radiation with Cisplatin and 

cetuximab in patients with stage III and IV HNSCC is 

pending [20]. In addition to monoclonal antibodies 

targeting EGFR, small molecule tyrosine kinase 

inhibitors (TKIs) are also capable of inhibiting EGFR 

function. Phase I and II clinical trials in patients with 

recurrent or metastatic HNSCC have been conducted on 

the TKIs erlotinib and gefitinib. With erlotinib, these 

trials show an overall survival range of six to eight 

months and a response rate from 4% to 21%. With 

gefitinib, phase I and II clinical trials have 

demonstrated an overall survival ranging from six to 

eight months, with a response rate of 1% to 15% [21-

25]. While studies of erlotinib and gefitinib have 

demonstrated some response in HNSCC, results of 

phase III clinical trials on TKIs are still pending [20]. 

Angiogenesis play an very important and significant 

role in tumor growth and progression [22-29]. VEGF 

has been shown to be overexpressed in tumour cells 

compared to normal cells; this over expression is 

associated with a 1.88-fold increased risk of death and 

is found to be associated with lymph node metastasis 

[24]. There are several antiangiogenic targets currently 

undergoing clinical trial. Tyrosine kinase inhibitors of 

the VEGF receptors halt their intracellular signalling. 

Several of these small molecule tyrosine kinase 

inhibitors, sunitinib, sorafenib, vandetanib, semaxanib, 

and foretinib, are undergoing phase II clinical trials 

[20]. But they have many adverse effects. Another 

receptor tyrosine kinase of potential interest in OSCC is 

the Eph receptor family and its ligands, the Ephrins. 

This group of proteins has an important role in many 

physiologic processes including cell aggregation and 

migration, angiogenesis, and vascular network 

development [25]. Anticancer agents commonly used in 

combination with radiotherapy, including cisplatin, 

carboplatin, 5-fluorouracil (5FU), and cetuximab, have 

demonstrated single-agent efficacy in HNSCC patients. 

Some molecular targeted therapies have been studied in 

combination with radiotherapy despite lacking single-

agent activity, such as bortezomib (proteasome 

inhibitor) or lapatinib (dual EGFR/HER2 inhibitor) [30, 

31]. These trials are key to identify the biomarkers of 

efficacy and accuracy for molecular targeted therapies 

in OSCC. They seem to be safe and provide clinical 

benefits in some patients, but they are not easy to 

conduct and their use in regular treatment armentarium 

is still a future endeavour. 

 

CONCLUSION 
New molecular targeted therapies are inducing   

several consistent and major improvements in oral 

squamous cell carcinoma management. Most of the 

clinical development of targeted therapy in HNSCC has 

actually been performed in the R/M setting. The two 

main strategies in this setting are a chemo-additive 

strategy and development as a single agent. In the first 

case, the objective is to increase the usefulness of 

standard-of-care chemotherapy by overcoming primary 

and/or secondary resistance to treatment by adding a 

molecular targeted therapy, whereas in the latter case 

the objective is to get a new drug in the treatment. As a 

class, they have good bioavailability, a slow rate of 

metabolism, and favourable distribution, and all the 

other properties that can be put into the clinical 

candidate in the preclinical phase of development. 

However, unfavourable effects in humans are difficult 

to predict at various preclinical and clinical stages. Off-

target toxicities and drug interactions emerge during 

clinical testing and can present serious hurdles to 

further clinical development. Hence Understanding and 

dealing with these pharmacological properties is a very 

critical step in successful drug development and then its 

further use in OSCC treatment protocol. 
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