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Introduction 

Cancer is a disease that involves dynamic changes in the genome. It develops 

from molecular changes that alter the normal properties of a cell. Such cell lose 

control of the normal cell cycle and hence grow or divide unchecked and eventually 

invade other tissues (Oláh, 2005). About 19.3 million cancer cases and almost 10 

million deaths related to cancer are estimated to occur worldwide in 2020. One half 

of the total cases and 58.3% of total cancer deaths occur in Asia which has approx 

59.5 % of the total world population (Sung et al., 2021). Though female breast 

cancer is the most commonly diagnosed cancer worldwide (Arnold et al., 2022) and 

lung cancer the leading cause of cancer death (Thandra et al, 2021), cancer of the lip 

and oral cavity is highly frequent in South Central Asia, including India (Shield et 

al., 2017) and Oral Squamous Cell Carcinoma (OSCC) is the sixth most common 

malignancy worldwide (Das et al., 2002). 

Cancers are usually named as the organ or tissue they affect such as lung 

cancer or oral cancer and they are also described based on the type of cell they 

originate from such as squamous cell (National Cancer Insitute, 2024). Oral 

Squamous Cell Carcinoma involves cancer of the epithelial lining of the oral cavity 

and represents 95% of all forms of head and neck cancer (Rivera  & Venegas, 2014). 

Oral cancer counts for almost 30% of all the cancers presented at one of the most 

renowned cancer referral hospitals in India (Arya et al, 2012). According to 

Globocan 2020 (Sung et al., 2021), cancer of the lips and oral cavity counts for 2% 

of all cancer incidence and 1.8% of death from cancer of all sites. However, 

incidence rate is  high in eastern and western Europe, as well as New 

Zealand/Australia and linked to alcohol consumption and tobacco smoking. It is also 

highly frequent in South Central Asia including India, Pakistan and Sri Lanka. India 

has been cited often as the country with highest incidence of oral cancer 

(Warnakulasuriya, S., 2009) and it is the leading cause of cancer related deaths 

among men in India (Sung et al., 2021).  

Oral cancer is a malignant neoplasm occuring in the oral cavity including lip 

and tongue (Andrade et al., 2015). 90% of oral cancer is that of squamous cell 
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carcinoma. The oral cavity consists of the tongue, the hard palate, the upper and 

lower alveolus covered by gingival mucosa, the floor of mouth, the buccal mucosa, 

the mandible and maxilla, the gingivobuccal sulci, the lips and the retromolar trigone 

and oral squamous cell carcinomal can develop in any of these various sites of the 

oral (Al-Rawi et al., 2023). Cancers of the oral cavity, along with cancers of the 

pharynx, larynx, salivary glands and paranasal sinuses and nasal cavity are included 

in head and neck cancer (Argiris et al., 2008) and are ofter grouped together in a 

study. 

Figure 1: Subsites of the oral cavity (National Cancer Institute, 2024) 

Oral cancer arises from a complex process of accumulating genetic and 

epigenetic changes in important regulatory genes. Various other factors such as 

tobacco and alcohol, areca nut consumption, oro-dental hygiene, nutrition, genetic 

factors have been proposed to play a role in the development of oral cancer (Ram et 

al., 2011, Tapak et al., 20213). According to National Institute of Dental and 

Craniofacial Research (2024), the overall relative survival rate for oral cancer is 68% 

within the year 2012 – 2018, which is much better than 26.7% of the lung and 

bronchus in 2014 – 2020 (National Cancer Institute, Surveillance, Epidemiology, and 

End Results Program, 2024), however, patients of the oral cancer experienced a 
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decline in quallity of life after surgical or radiotherapy, in terms of intelligible 

speech, chewing and swallowing of foods, drying of the mouth (Gellrich et al., 

2002). Even with all the advances in surgery, surgical treatment of head and neck 

cancer including oral cancer ofter results in compromise of aesthetic organs 

(Kolokythas, 2010a) and hence facial scars and disfigurement as well as inability to 

control saliva secretion can present a serious psychological burden (Kolokythas, 

2010b). 

Cancer cells have defects in these regulatory circuit genes that govern normal 

cell proliferation and homeostasis. Hanahan & Weinberg, 2000 suggested six 

alterations in a cell that give rise to malignancy such as self sufficiency in growth 

signals, insensitivity to growth inhibitory (antigrowth) signals, evasion of 

programmed cell death (apoptosis), limitless replicative potential, sustained 

angiogenesis and tissue invasion and metastasis. Those characters were called 

hallmarks of cancer and progress in the understanding during the next ten years 

resulted in the addition of two more hallmarks – reprogramming of energy 

metabolism and evading immune destruction (Hanahan & Weinberg, 2011). 

Epigenetic alteration had also been suggested as another hallmark of cancer (Sarkar 

et al, 2013). 

Cancer results from the disorganisation of cell cycle which leads to an 

uncontrolled cellular proliferation. The abnormalities in cancer cells usually result 

from accumulation of genetic and epigenetic alterations in the proto-oncogenes and 

tumor supressor genes, genes that regulate the cell cycle (Golias et al, 2004). In 

short, proto-oncogenes are normal genes  that stimulate cell division or promote cell 

proliferation, whereas tumor supressor genes inhibit cell division and thereby 

prevents uncontrolled growth and hence tumor formation (John et al, 2016). The 

genetic change that is found in proto-oncogene is gain of function, usually by gene 

amplification or overexpression, resulting in increased production of oncoprotein, 

while in tumor suppressor gene, the genetic change is the loss of function (Lee & 

Muller, 2010). Since inactivation of both copies of the gene is required for the loss of 

function, such mutation can be carried in the population without apparent deleterious 

consequences (Gibbs, 2003, Kontomanolis et al, 2020). As a person ages, the 
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mutations eventually accumulate enough to turn a cell malignant. It has been 

estimated that three to six mutations are sufficient to transform normal cells into 

malignant cells (Vogelstein and Kinzler, 1993). 

AKT is an evolutionary conserved serine protein kinase in the PI3K pathway. 

AKT has three structural domains – an amino terminal Pleckstrin Homology domain 

which mediates lipid-protein and/or protein-protein interactions, a short carboxy 

terminal tail comprising a regulatory hydrophobic motif (HM) and a linker section 

with a central kinase catalytic domain, with specificity for serine or threonine 

residues in its substrates (Datta et al., 1999, Ghafouri-Fard et al., 2022). AKT exists 

as three isoforms – AKT1, AKT2 and AKT3 – encoded by three different genes 

(Datta et al., 1999). They are ubiquitously expressed but their levels are variable, 

depending on the tissue type. AKT being the primary mediator in the PI3K-initiated 

signalling pathway, modulates various downstream proteins to promote cell survival 

and cell cycle progession (Chang et al., 2003). However, the different isoforms are 

also reported to perform distinct biological functions – AKT1 having a role in cell 

survival, AKT2 maintaining glucose homeostasis and AKT3 being involved in brain 

development (Tsai et al, 2022). Mutation in the AKT is suggested to have an 

oncogenic function but copy number variation (amplification or deletion) and 

overexpression of the isoforms are also reported in various cancers (Nakayama et al., 

2006, Pérez-Tenorio et al, 2014). 

Immunohistochemistry (IHC) involves identifying antigens in tissue samples 

using particular antibodies. The advantage of this technique is that it is able to locate 

antigens directly in tissue or cells, eliminating the need to extract the protein first 

(Ramos-Vara, 2011). Tissue fixation is a crucial step to maintain the the quality and 

integrity of the tissue samples for IHC. Ischemia of the resected tissue would result 

in degration of protein, RNA, DNA and even in activation of tissue enzymes (Kim et 

al, 2016), hence, tissue fixation is to prevent autolysis and degradation of the tissue 

and tissue components. Formadehyde based solution is commonly used for tissue 

fixation and works by the formation of intra and inter-molecular cross-links (Howat 

& Wilson, 2014). The tissue is then embedded in parafin wax to make formalin 

fixed, paraffin-embedded (FFPE) tissue block, to ensure preservation of the 
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architectural components of the tissue and to enable thin sections to be cut 

(Mathieson & Thomas, 2020). Antigen retrieval is one important step during 

Immunohistochemistry as it enables an antibody to access the target protein within 

the tissue that got masked during tissue fixation. It is in simple term, to hydrolyze the 

cross-linkages by heat or enzymes (Leong & Leong, 2007), and different variations 

of heat induced epitope retrieval (HIER) is widely used in various immunostaining 

processes (Krenacs et al., 2010). 

Survival analysis is the study of group data that is about time starting from a 

defined point untill the occurrence of an event (Goel et al., 2010). The time in 

between is called “survival time” and in cancer studies, it usually means time in 

between diagnosis (defined point) and death (event). It can also be applied to time 

survived from intervention or remission to relapse (Clark et al., 2003). Survival 

analysis can be an extremely helpful tool, especially in clinical research and offers 

priceless details regarding an intervention such as drugs, for example (Singh, R., & 

Mukhopadhyay, 2011). It can also be used to study time interval between definitive 

surgery and detection of distant metastasis, which had not been observed initially, 

and predict information about the cancer's prognosis and aid in choosing the best 

course of therapy (Sekikawa, et al., 2020). Among the various factors that have been 

associated with survival, the most well-established are the stage of cancer at initial 

diagnosis, depth of invasion and neck metastasis (Fan et al, 2014, Kim & Ahn, 

2024). Other factors including biological factors and tissue grades are also used to 

predict survival (Sim et al., 2019). A combination of genes (Li et al, 2022) or even a 

single protein (Lipponen et al., 1991) had been used to study and predict survival of 

cancer based on their expression in the tumor. 
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Review of Literature 

Oral cancer had been grouped under head and neck cancer along with cancer 

of other sites such as tonsils, sites of pharynx and larynx in a report prepared by 

National Cancer Registry Programme that collected data in between 2012-2016 and 

published in 2020 (ICMR-NCDIR). The report stated that out of the 31 public based 

cancer registries, Mizoram ranked 11
th

 for male and 13
th

 for female for incidence of 

head and neck cancer, while for the capital district Aizawl, the rank is 5
th

 and 8
th

 

respectively. In the same report, for males, the highest number of cases for head and 

neck cancer occurred at the age group of 60-64, but highest incidence of tongue and 

mouth cancer are in the 45–49 and the 50–54 age groups, respectively. For females 

also, the age group of 60-64 registered the highest number of cases of head and neck 

cancer as well as for mouth, while incidence of tongue cancer is highest in the 50-54 

age group. In Mizoram, a report collected for 18 years (2003 – 2020) showed head 

and neck cancer as the second most prevalent (age standardized incidence rate 31.6 

per 100000) and fourth most common cause of cancer related death (age 

standardized mortality rate 15.9 per 100000) among men. Among women, head and 

neck cancer is the sixth most common amongst all cancer sites with age standardized 

incidence rate of 9.7 per 100000 and the age standardized mortality rate is 4 per 

100000, being the sixth leading cause of cancer related death (Zomawia et al., 2023). 

Incidence or mortality data of oral cancer was not separately reported.   

Figure 2. a 
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Figure 2: Ten leading sites of cancer in a. Mizoram State b. Aizawl district 

(ICMR-NCDIR) 

Carcinogenesis being a highly multifocal process, is thought to result from 

prolonged exposure to various environmental and other exogenous factors (Tanaka & 

Ishigamori, 2011). Alcohol and tobacco has long been considered as the most 

important risk factor for various forms of cancer including oral cancer. Though they 

pose a significant risk even individually, their synergistic effect seems to be higher 

(Andrade et al., 2015). In addition to smoking, a significant danger may also arise 

from long-term exposure to tobacco flakes, such as in situations where bidi 

production is a custom in the home and involves even young children (Abdulla et al., 

2018). A total of 1172 constituents are found to be present both in tobacco and 

tobacco smoke and 69 carcinogens have been identified in tobacco smoke which 

include polynuclear aromatic hydrocarbons (PAHs), heterocyclic hydrocarbons, 

volatile hydrocarbons, nitrohydrocarbons, aromatic amines, N-heterocyclic amines, 

N-nitrosamines, aldehydes, some organic compounds and inorganic compounds, and 

phenolic compounds. (IARC monograph, 2004). 

Alcohol once consumed is converted by various enzymes into acetaldehyde, 

which is further converted into less harmful acetate. If and when the acetaldehyde 

gets accumulated, it being highly reactive towards DNA, may bind to DNA and 

Figure 2. b 
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alters its physical shape and potentially block DNA synthesis and repair (Rumgay et 

al., 2021). The metabolism of ethanol also leads to formation of Reactive Oxygen 

Species which have genotoxic effect on many cellular process and hence considered 

as carcinogenic (Ratna & Mandrekar, 2017). It is also suggested that ethanol may act 

as a solvent for carcinogens to enter the cells (Seitz & Stickel, 2007). 

Areca nut is the fruit of Areca catechu and it is largely consumed in tropical 

countries of the Asia Pacific, some part of Africa and South Asia including India 

(Senevirathna et al., 2023). Betel quid is prepared by rolling sliced areca nut with 

betel leaves (Piper betle) and slaked lime, with or without additional tobacco and 

sometimes with spices. Areca nut contains polyphenols and alkaloids in addition to 

fats, carbohydrates, proteins, crude fibres and mineral material. Arecoline, one of the 

alkaloids found in areca nut is shown to down regulate p53 and also induce DNA 

damage in human epithelial cells (Warnakulasuriya & Chen, 2022). International 

Agency for Research on Cancer (IARC) had classified areca nut as group 1 human 

carcinogen (IARC, 2004). In India, chewing paan has long been strongly associated 

with high incidence of oral cancer, especially with sites that are in prolonged contact 

with the quid (Jussawalla & Deshpande, 1971). In a study conducted in Thailand, 

chewing paan, even without tobacco, has been found to increase oral cancer risk 7 

fold and with tobacco, the risk increased further to 16 fold (Merchant & Pitiphat, 

2015). 

It has been suggested that a number of food components may be influencing 

activation of one or more steps in carcinogenesis. This comes from the fact that since 

genes can influence absorption, metabolism and transport of food bioactive 

components, the bioactives can also alter the genetic expression of a host cellular 

events (Taghavi & Yazdi, 2007). There have been several studies that found a 

significant inverse association between incidence of cancer of the upper 

aerodigestive tract including oral cavity and consumption of fruits and vegetables, 

and significant direct association with consumption of milk and dairy products and 

red meat (Bravi et al., 2013, Rodríguez-Molinero, et al., 2021) Fruits and vegetables, 

particularly, those rich in vitamin A and D, such as carrots, fresh tomatoes, green 

peppers, fresh fruits and green leaf  appear to have protective factor (La Vecchia et 
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al., 1997) and another study also reported a decrease in the risk of cancer associated 

with consumption of yellow/orange vegetables (Sapkota, et al., 2008). Four 

particular groups of fruits and vegetables – Leguminosae (eg beans), Solanaceae (eg 

tomatoes), Rosaceae (eg peaches) and Umbelliferae (eg carrots) are also found to be 

associated with decrease in the risk of head and neck cancer (Freedman, et al., 2008). 

The numerous compounds such as fiber, flavanoids, carotenoid, plant sterols and 

vitamin C, among others, found in fruits and vegetables have anti-oxidant, anti-

inflammatory and anti-cancerous proterties. They may help in reducing the risk of 

cancer by the anti-oxidants decreasing reactive oxygen species (Rodríguez-Molinero, 

et al., 2021). 

Having lost teeth have been reported to increase the risk for oral cancer, even 

after taking smoking and alcohol into consideration, with an increase in the number 

of teeth lost further increasing the risk. Those who do not brusth their teeth daily also 

have a higher risk as compared to those who brush at least once  (Zhen et al., 1990). 

Use of denture in itself does not seem to pose a risk (Talamini et al., 2000), however, 

wearing a metal denture or an improperly fitting one also pose a risk, while another 

study reported that the effect of dentition is not as strong as that of smoking and 

alcohol (Marshall et al., 1992). Few cases of cancer in the tongue, first presented as 

lesion that developed because of adjacent sharp tooth, had also been reported 

(Aggarwal et al., 2022)  

Mutations in oncogenes, tumor suppressor genes and genes that control 

normal cell cycle can lead to induction of cancer (Chen et al., 2021). Genetic 

instability is acquired in a particular cell, that is becoming a tumor cell, due to 

defects in segregation of chromosomes, copy number alterations, loss of 

heterozygosity, telomere stabilities, regulation of cell cycle checkpoints and DNA 

damage repairs. Accumulation of genetic variations in proto-oncogenes and tumor 

suppressor genes led to cancer including oral squamous cell carcinoma, through a 

several step process (Ali et al., 2017). Several genes have been associated with 

development of cancers. Mutation in tumor supressor gene TP53 has been found to 

occur in almost every type of cancer, including oral squamous cell carcinoma, at 

rates ranging from 10% to 100% (Rivlin et al., 2011). The ras protooncogene family 



Review of Literature 

12 
 

plays fundamental role in cellular growth and differentiation, and overexpression of 

this gene family has been demonstrated in squamous cell carcinoma of the head and 

neck (Field, 1992). One study reported approximately 30% mutation in H- and K-ras 

gene in oral squamous cell carcinoma patients while concluding that ras mutations 

may not be the the major initiation event in oral cancer, because the mutation 

frequency is less than 50% in all the studies they have found (Das et al., 2000). 

Aberrant expression of genes such  as c-myc, int-2, hst-1, PRAD-1 and bel are also 

believed to contribute to oral cancer development (Jurel et al., 2014) while mutations 

in CDKN2A, KMT2D and LRP1B are also commonly found in various cancer cell 

lines (Chen et al., 2021).  

With advanced progress in technology, it becomes relatively easier to obtain 

DNA sequence from tumor, resulting in large amount of mutational data (Mardis, 

2012). It seems improbable that the quantity and pattern of mutations in these 

malignancies are the result of chance, and the genes that are mutated more frequently 

than predicted by chance are concluded as driver mutations. Driver mutations confers 

a selective growth advantage to the cell in which it occurs and are crucial for cell 

survival and growth, while the mutations called passenger mutations do not have 

effect on selective growth advantage of the cell and do not drive progression to 

metastatic disease. (Adjiri, 2017). 

The term "disease of the genome" was adopted to describe cancer because of 

the somatic genomic changes specific to tumor cells and the inherited germline 

genomic abnormalities that impart a higher susceptibility to cancer formation. This 

idea that a single cell with disorganized chromosome resulting in uncontrolled cell 

division was the origin of a cancerous tumor was first proposed by Theodor Boveri 

in as early as 1902 (Mardis, 2012). With the advent of next-generation sequencing 

(NGS), It became feasible to quickly sequence hundreds or thousands of genomes, 

with an added advantage that it is possible to query even millions of targets at the 

same time, without requiring very large amount of tissue to study multiple mutations 

that may be present in a given tumor (Qin, 2019). Using NGS, hundreds of cancer 

genomes are examined to map out the normal human genome and the landscape of 

mutations present in cancer genomes encompassing a broad spectrum of cancer types 



Review of Literature 

13 
 

(Guan et al, 2012). Whole-exome sequencing (WES) involves sequencing the exons 

of all protein-coding genes, which constitute approximately 1% to 2% of the human 

genome, encompassing around 25,000 genes. Studies had revealed that Whole 

Genome Sequencing is still more powerful than WES in detecting exome variants 

(Wang & Chen, 2020), however, the higher cost and the complexity of the test 

including analyzing the very large amout of data generated prevent it from being a 

routine use (Reda et al., 2020). Whole exome sequencing had been used to study the 

molecular characteristics of OSCC in different populations including a group of 

pathological stage IV (Fan et al, 2021) and multiple primary oral cancers (Li et al, 

2022). In all of such studies, TP53 came out as the most commonly mutated gene. 

Other commonly mutated genes include NOTCH1, CASP8, CDKN2A, FAT1, 

HRAS and PIK3CA, along with few other genes. A considereable percentage of 

tumors were found having at least one mutation in actionable genes and since many 

targetable genes are found to co-occur in a tumor, it was proposed that a combination 

therapy directed at those genes or pathways could be used to target a larger fraction 

of tumors (Patel et al, 2021, Su et al, 2017).  A panel of genes obtained from WES 

analysis of tumors from OSCC patients were also reported to be used to predict 

various prognostic factors including overall survival and disease specific survival 

(Liao et al, 2021). 

AKT1 is located in the long arm of chromosome 14 and has 14 exons, and 

encodes the kinase B alpha (PKB𝛼) of 480 amino acids (Khan & Ansari, 2017). It is 

activated downstream of  Phosphoinositide 3-kinase (PI3K) and fully activated AKT 

takes part in several cellular processes including apoptosis, protein sythesis, 

transcription, metabolism, growth, proliferation, survival and angiogenesis 

(Hemmings & Restuccia, 2012). PI3K is a heterodimer consisting of four classes 

classIA, class IB, class II and class III. Class I PI3K, which are involved in cancer 

progression and development, are induced by various cell surface receptors including 

tyrosine kinase receptor. Activated PI3K then catalyze the conversion of membrane-

bound phosphatidylinositol-(4,5)-bisphosphate (PIP2) to phosphatidylinositol-

(3,4,5)-trisphosphate (PIP3). PIP3 binds to proteins that have Pleckstrin Homology 

Domain such as 3-Phosphoinositide-dependent kinase 1 (PDK1) and AKT which, 
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after phosphorylation activation, initiates a cascade of downstream signalling events 

and phosphorylates many other proteins including glycogen synthase kinase3  

(GSK3) and the forkhead box family of transcription factors (FOXOs) (Liu et al., 

2009, Murugan et al., 2013, Ghafouri-Fard et al., 2022). 

AKT activation begins when it is recruited by PIP3 by binding at pleckstrin 

homology domain and translocated to the membrane. The resulting change in 

conformation exposes two crucial amino acid residues for phosphorylation. 

Phosphorylation at these two amino acids T308 and S473 is necessary for full 

activation of AKT (Liu et al., 2009).  Regulation of AKT signalling activation is 

carried out by the transfer of phosphate group from PIP3 to AKT protein (Kumar et 

al., 2013) and is negatively regulated by the activity of phophatase and tensin 

homologue (PTEN) which converts PIP3 back to PIP2 and thereby blocking PI3K 

signalling that recruits AKT to the membrane and activate it (Hopkins et al., 2014). 

Several components of the PI3K/AKT pathway have been found to be mutated or 

amplified in different types of cancer (Starzyńska et al., 2021, Vivanco & Sawyers 

2002). AKT recognizes and phosphorylates the concensus sequence RXRXX(S/T) of 

the target proteins, with S/T representing the phosphorylated residue, and because 

this sequence is present in many proteins, there are several AKT subtrates that have 

been identified (Kumar et al., 2013). Though the non-redundant roles of these 

isoforms have been studied and proven in various studies, they also have redundant 

functions like negative regulations of proteins such as Bcl-2 family proteins, GSK3 

isoforms and TSC2, GSK3 isoforms being responsible for cell survival and cellular 

metabolism and TSC2, a known tumor suppressor (Degan & Gelman, 2021). 

Mutations in the genes within the PI3K/AKT pathway is one of the most 

significant among mutations that are associated with human cancers (Liu et al. 2009). 

It had been reported that the three important molecules in this pathway that are 

commonly mutated in head and neck cancer are Phophatidylinositol-4,5-

Bisphosphate 3-Kinase Catalytic Subunit Alpha (PIK3CA), protein kinase B (AKT) 

and mamalian target of rapamcyin (mTOR). The prevalence of AKT mutation in the 

study was 2% with the frequency higher in Asian population (2.7%). Missense 

mutation was reported in 68% of the samples in their study and the most common 
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mutation was in the hotspot p.(E17K) which results in an amino acid substiturion of 

glutamic acid at position 17 by lysine (de Moura et al., 2021).  

AKT1E17K mutation was first reported by (Carpten et al., 2007) when the 

team evaluated the complete coding regions of AKT family members for mutations 

in genomic DNA from tumor specimens of breast, colorectal and ovarian cancers. A 

G>A point mutation at nucleotide 49 that results in a lysine substitution of glutamic 

acid by lysine at amino acid 17 was identified. They found that this mutation is 

mutually exclusive with respect to mutations in th PIK3CA and complete loss of 

PTEN protein expression. Though the given mutation was found in only 5 of 61 

breast, 3 of 51 colorectal and 1 of 50 ovarian cancers, because of the lack of 

coincidence of these mutations, they concluded that the AKT1 mutation is sufficient 

for pathological activation of the PI3K/AKT pathway. The E17K substitution was 

also shown to result in an increased level of AKT phosphorylation on both T308 and 

S473 as well as to facillitates membrane localization. The same mutation had since 

been detected in lung (Bleeker et al, 2008), prostate cancer (Herberts  et al., 2020), 

gastric cancer (Ghatak et al., 2018), nasopharyngeal carcinoma (Jiang et al., 2014),  

and various SNP’s in AKT1 were also reported to be asscociated with different 

cancers including OSCC (Wang et al., 2015). 

AKT1 and AKT2 were found to be intensely expressed in all OSCC tissue 

examined with immunohistochemistry (Iamaroon & Krisanaprakornkit, 2009). 

Overamplification and overexpression of AKT2 have been reported in ovarian 

carcinoma, primary pacreatic carcinoma, hepatocellular carcinoma and colorectal 

carcinoma. At the time, amplification of AKT1 and AKT3 have not been reported as 

frequent event in any type of carcinoma tumor (Altomare & Testa, 2005). However, 

while performing immunohistochemistry, one study team found AKT1 protein 

expressed in 59/63 primary OSCC with diffusely positive staining but not in normal 

epithelum. They also found that knockdown of AKT1 using small interfering RNA 

resulted in expression of tumor supressor gene such as CDKN2B, and at the same 

time reducing the expression of TGFBR1, a protein that supports malignant 

phenotype. The observed overexpression of AKT1 in OSCC suggested that it 

functions as a critical oncogene (Nakashiro et al., 2015). It had also been reported 
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that Akt1 and Akt2 isoforms expression were higher at the advanced stages of oral 

cancer and within the different subsites, expression of Akt1 and Akt2 were increased 

in the lip, gingiva, cheek and tongue (Roy et al., 2019). Kaplan meier survival 

analysis appear to be the most frequent method used for survival analysis. Expression 

level of AKT1 was shown to be significantly related to postoperative survival of 

OSCC patients, those with higher expression showing a shorter overall survival time 

(Sun et al, 2022). In a study reported by Lim et al., 2005, patients with high 

phosphorylated AKT (p-Akt) expression had it worse in terms of survival as 

compared to those with low p-Akt expression. In meningioma patients, AKT2 

expression and recurrence-free survival were also shown to have significant 

relationship (Wang et al., 2014). AKT1 seems to be the isoform most studied and no 

research on the expression of AKT2 or AKT3 in relation to survival in patients with 

OSCC was found in the literature at the time. 

The Mizo are a group of people who belong to the Tibeto-Chinese division 

(Lalthangliana, 2005), who inhabit Mizoram, located in the north-east region of 

India. These people led a distinct and unique lifestyle as compared to the rest of the 

country, and they practice endogamy (Joshi, 2005). All these difference could also 

mean that the genetics and epigenetics background of the population may be 

different and hence the epidemiology of a disease and the molecular background. 

Though Mizoram has the highest incidence rate of cancer in India, not many studies 

had been done in the population. A limited number of studies have been published on 

breast cancer about its association to family history of cancer (Zodinpuii et al, 2022),  

mitochondrial genes (Thapa et al, 2016) gene polymorphism confering susceptibility 

(Kimi et al, 2016),  mutation of selected genes (Zodinpuii et al, 2020) and on gastric 

cancer, xenobiotic pathway gene polymorphisms associated with it (Ghatak et al, 

2016) and somatic mutations present  (Chakraborty et al, 2023). But up until now, no 

research has been conducted in the mizo population about oral cancer. This study 

intends to serve as a foundation for future population-based research on oral cancer. 
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Aims and Objectives 

The objectives of the study were: 

 To determine and analyze the risk factors associated with incidence of 

Oral Squamous Cell Carcinoma in Mizo population. 

 To investigate mutations in AKT1 and other genes, as well as the 

expression patterns of AKT1 in Oral Squamous Cell Carcinoma. 
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Materials and Methods 

Epidemiological Study 

For epidemiological study, patients who were confirmed to have squamous 

cell carcinoma of the head and neck at Civil Hospital Aizawl were included. Patients 

with cancer of the folowing sites were included: Oral Cavity (ICD-10 codes C00.0 - 

C06.2), Oropharynx (ICD codes C09.0 - C10.9), Hypopharynx (ICD codes C12 – 

C13.9), Nasopharynx (ICD codes 11.0–11.9) and Larynx (ICD codes C32.0 - C32.2). 

Sites other than oral cavity are included in this study because oral cancer had been 

grouped together with other sites under head and neck cancer in the latest report of 

National Cancer Registry Program. After obtaining well informed consent,  

information about tobacco use either in the form of smoking (cigarette), dipping 

(sahdah), chewing (gutkha, shikhar) or tuibur (tobacco smoke infused water), and 

consumption of alcohol, kuhva (areca nut with betel leaf), smoked foods and family 

history of cancer, is collected using questionnaire. A total of 100 cases and 200 age-

matched control data were collected. 

Smoking was measured in pack years, with a little modification from the 

National Cancer Institute, USA (20 sticks in a pack in US vs 10 sticks in India). It 

was calculated with number of sticks smoked per day divided by 10, which is then 

multiplied by the number of years the patient smoked. From pack years of all the 

smoker patients, an average is calculated, and according to that patients were 

categorized into three groups – non smokers, smokers with pack years below average 

and smokers with pack years above average. In a similar way, level of alcohol 

consumption was calculated by multiplying number of days the patient drinks in a 

week with duration (years) the patient drank alcohol. Average was calculated and 

patients were again categorized into non-drinkers, below average alcohol 

consumption and above average consumption. 

Information as to whether a patient had any known blood-related family 

member with cancer at any site, was also recorded, and patients were grouped into 

three classes - Family History of Cancers (FHC), First-Degree Family History of 

Cancer (First-Degree FHC) and Second-Degree Family History of Cancer (Second-
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Degree FHC). First-Degree FHC includes parents and siblings while Second-Degree 

FHC includes uncles/aunties, cousins and grandparents, Family History of Cancers 

includes either First or Second-Degree Family History of Cancer. 

The data was analysed with SPSS software (Statistical package for social 

science) version 20.0. Descriptive analysis was done variables such as gender, age-

group, smoking (cigarette), alcohol, dipping (sahdah), tuibur, kuhva (areca nut), 

smoked food and family history of cancer. Logistic Regression Analysis was carried 

out to calculate the adjusted odds ratio with a 95% confidence interval (CI) to 

understand the risk association of the variables with HNSCC cases against the 

controls. The regression model was adjusted for smoking (cigarette), alcohol, kuhva 

(areca nut) and FHC.  

Ethical Clearance was obtained from the Institutional Ethics Committee of 

Civil Hospital Aizawl, Mizoram, India (No.B.12,018/1/13-CHA/IEC/29). 
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Mutation Study 

Oral Squamous Cell Carcinoma tumors were obtained from Civil Hospital 

Aizawl with well-informed consent from the patients. Patients had not undergone 

chemotherapy or radiotherapy before surgery. A small tumor tissue after biopsy or 

resection was immediately stored in RNAlater, kept at 4C overnight, and stored in 

minus 20 (or minus 80, when available) until further process. Eleven tissue samples 

from subsite tongue were used to isolate DNA for whole exome sequencing. 

Genomic DNA was isolated using AllPrep DNA/RNA Mini Kit, Qiagen, according 

to the instruction provided. Tumor tissue (not more than 30mg) was homogenised in 

600µl of Buffer RLT Plus. The lysate was centrifuged at maximum speed for 3 

minutes and the supernatant carefully transferred to an AllPrep DNA spin column 

placed in a 2ml collection tube. The tube was centrifuged at 10,000rpm for 30 

seconds. AllPrep DNA column was then transferred to a new 2ml collection tube and 

500µl of Buffer AW1 was added. The tube was centrifuged at 10,000 rpm for 15 secs 

to wash the spin column membrane. 500µl of Buffer AW2 was added to the column 

and centrifuged at 14,000rpm for 2 mins to wash the spin column membrane. AllPrep 

DNA Spin column was then placed in a new 1.5ml collection tube, 100 µl Buffer EB 

was added directly to the membrane and incubated for 1min at room temperature. 

The column was centrifuged at 10,000rpm to elute the DNA, which was used for 

whole exome sequencing. All the eleven DNA samples were quantified using Qubit 

DNA Assay BR (Invitrogen, Cat# Q32853). The integrity of the DNA sample was 

checked using 0.8% Agarose gel Electrophoresis and the purity was quantified using 

QIAxpert. 8 DNA samples with higher qualities were selected for the sequencing. 

Whole Genome library preparation was done using SureSelectXT Reagent 

Kit (Agilent, Cat# G9641B). 250ng of each DNA samples were fragmented (~250bp) 

using Covaris LE220 Focussed-ultrasonicator. The fragmented DNA samples were 

then end repaired, mono-adenylated and ligated with sequencing adapters to generate 

paired end libraries. The samples were purified at each step using 

Agencourt®AMPure®XP beads (Beckman Coulter, Cat# A63882). The adapter 

ligated products were PCR enriched using the following thermal conditions: initial 

denaturation 98°C for 2mins; 10 cycles of 98°C for 30sec, 65°C for 30sec, 72°C for 
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1mins; final extension of 72°C for 10mins. Later, the PCR products were purified 

using Agencourt®AMPure®XP beads (Beckman Coulter, Cat# A63882). The PCR 

enriched libraries were checked for fragment size distribution on TapeStation using 

D1000 DNA ScreenTapes (Agilent, Cat# 5067-5582) and quantified using Qubit 

DNA Assay BR (Invitrogen, Cat# Q32853). SureSelectV5 + UTR Exome Capture: 

Sureselect XT Human All Exon V5+UTRs Kit (Agilent, Cat# 5190-6215) was used 

for SSV5+UTR Exome Capture. 750ng of Whole Genome libraries were hybrized 

with SureSelectV5 + UTR probes at 65°C followed by capture with MyOne™ 

Streptavidin T1 Dynabeads™ (Invitrogen, Cat# 65602). The Exome captured 

libraries were then indexed for multiplexing (Refer, Indexed Adapter Sequences) and 

PCR enriched using the following thermal conditions: initial denaturation 98°C for 

2mins; 12 cycles of 98°C for 30sec, 65°C for 30sec, 72°C for 1mins; final extension 

of 72°C for 10mins. The SSV5+UTR region enriched libraries were purified using 

Agencourt®AMPure®XP beads (Beckman Coulter, Cat# A63882) and checked for 

fragment size distribution on TapeStation using D1000 DNA ScreenTapes (Agilent, 

Cat# 5067-5582).  

Table 1: List of Indexed Adapter Sequences 

SL  Sample ID  Sample Name  Library ID  Index Used  Index 
Sequence 
(5’->3’)  

1  478868  OC22  LIB207826  SS_C03  ACCACTGT  

2  478869  OC63  LIB207827  SS_D03  CTGGCATA  

3  478870  OC67  LIB207828  SS_E03  ACCTCCAA  

4  478871  OC74  LIB207829  SS_F03  GCGAGTAA  

5  478872  OC81  LIB207830  SS_G03  ACTATGCA  

6  478873  OC83  LIB207831  SS_H03  CGGATTGC  

7  478874  OC84  LIB207832  SS_A04  AACTCACC  

8  478875  OC85  LIB207833  SS_B04  GCTAACGA  
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Sequencing protocol: 

Prepared libraries were quantified using Qubit HS Assay (Invitrogen, Cat# 

Q32854). The obtained libraries were pooled and diluted to final optimal loading 

concentration before cluster amplification on Illumina flow cell. Once the cluster 

generation was completed, the cluster flow cell was loaded on Illumina HiSeq X 

instrument to generate ~60M, 150bp Paired end reads. 

Data quality check and alignment 

The raw sequencing data of 8 OSCC tumors were processed using Fastp in 

paired-end mode, with a PHRED score cut-off of 30 used to remove low quality 

reads and adaptors, reads that were longer than 30base and had an error rate below 

10% were retained. FastQC was used to assess the quality of raw reads and trimmed 

reads. Trimmed reads were aligned to the human reference genome GRCh38 using 

default parameters in BWA. Aligned reads were sorted and indexed with Samtools, 

and duplicate marking was performed using Picard. Base quality score recalibration 

was done using Genome Analysis Toolkit (GATK) with calibration files produced 

from sets of known variants - dbSNP version 146 and Mills and 1000G gold standard 

indels, with default settings and Post-quality control. 

Somatic variant calling 

Somatic variants were called using Mutect2 Tumor-only mode against panel 

of normals downloaded from 1000genome database provided by GATK. The output 

bam file was processed with gatk GetPileupSummaries with a common germline 

variant sites VCF, such as one derived form gnomAD resource, containing 

population allele freuency of common and rare alleles, and a bed file delineating 

exome intervals, to prevent calling germline variants. Following this, the Mutect-

filtered variants were subjected to annotation via ANNOVAR (ANNOtate 

VARiants). Further filtration based on contamination estimates was performed using 

GATK FilterMutectCalls, ensuring that only somatic variants meeting the filter 

criteria proceeded for subsequent analysis. The filter field was labelled with PASS 
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for calls that are likely true positives, after the application of 14 filters including 

contamination at this step. 
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Downstream analysis: 

Various functions of the maftools package (Mayakonda et al, 2018) in Rstudio were 

used to summarize, analyze, annotate and visualize WES data. 

“annovarToMaf ” function was used to convert the annoted files (in tsv format) to 

MAF, which can be used with other functions in the maftools. 

“getSampleSummary” and “getGeneSummary” were used to get the summaries and 

“plotmafSummary” was used visualize the summaries. “oncoplot” function was used 

to visualize the different mutations in selected genes in different tumor samples. 

“lollipopPlot” was used to show distribution of mutations on a particular gene based 

on amino acid changes, represented along the linear sturcture of the corresponding 

protein. 

„„somaticInteractions‟‟ was used to detect the presence of set of genes that were co-

occurring or mutually exclusive. Fisher‟s exact test was used to identify such 

significant pairs of genes. 

Oncogenic signalling pathway analysis 

 The Database for Annotation, Visualization, and Integreated Discovery 

(DAVID) was used for pathway analysis (Huang et al, 2009). This web-based tool 

provides a set of data-mining tools that systematically combine functionally 

descriptive data with intuitive graphical display and it was used to visualize genes 

that were found to be mutated in at leaset two of OSCC tumors on KEGG pathways. 
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Expression Study 

Quantitative Real Time Polymerase Chain Reaction 

17 pairs of OSCC and adjacent normals  were collected in RNAlater from 

Department of ENT, Civil Hospital, Aizawl. The samples were kept at 4°C overnight 

and then stored at -20°C (and at -80°C when available) until they were processed. 

The whole tissue, being very small in size is processed for RNA extraction. 

For RNA isolation and cDNA synthesis, tissue was taken in a bead beater 

tube with 1000µl Tri reagent solution (Ambion AM9738; USA)  and homogenized. 

300µl of chloroform was added, the mixture vortexed. The tubes were incubated at 

room temperature for 5 minutes. The tubes were centrifuged at 4°C, 12000rpm for 15 

mins. The supernatant was taken out in a fresh tube. 750µl of isopropanol was added 

to the tube and the tube was vortexed. The tubes were incubated at room temperature 

for 10mins. The tubes were centrifuged at 4°C, 13000rpm for 15 mins. Supernatant 

containing isopropanol was discarded. 500µl of 70% ethanol was added to the tube, 

the tubes were then centrifuged 4°C, 13000rpm for 10 mins. The pellet was dissolved 

in nuclease free water. The extracted RNA was quantified on ND-ONE NanoDrop 

one spectrophotometer; ThermoFisher Scientific, USA. 1-μg of RNA was used to 

prepare cDNA using the first-strand cDNA synthesis kit (Thermo Scientific, K1622; 

Lithuania, Europe). RQ1 DNase (Promega M6101; Wisconsin, USA) kit was used to 

remove genomic DNA contamination. 

Primer 3 plus online primer design was used to design primers for AKT1 and 

GPI. qPCR was performed using Quant-Studio 5 (Applied Biosystem by Thermo 

Fisher Scientific; USA) with a reaction volume of 7 μL for each gene comprising 1 

μL each of cDNA, gene-specific forward and reverse primers, 3 μL Power UpTM 

SYBR Green MasterMix (Applied Biosystem by Thermo Fisher Scientific; US, 

A25742) and 1μl of nuclease-free water (Ambion, AM9938). The qPCR cycling 

conditions used to measure expressions of the target genes were 1 cycle at 95°C (20 

sec), 35 cycles at 95°C (01 s), 60 °C (20 s), 95°C (01 s), additional melt curve plot 

step included 1 cycle of 60°C (20 s) and one cycle of 95°C (01 s). GPI gene was 

used as a reference gene for determining the relative expression levels of target AKT1 
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ΔCt (Tumor)  =  Ct AKT1 – Ct GPI 

ΔCt (Normal)  =  Ct AKT1 – Ct GPI 

 

ΔΔ Ct (Tumor) = ΔCt (Tumor)  - ΔCt (Adjacent normal) 

 

Fold change = 2 
- ΔΔ Ct

 

gene (Augustyniak et al., 2019). Each sample was run in duplicate along with non-

template and negative RT controls. The ΔΔCt method (Livak and Schmittgen, 2001) 

was followed to determine the relative transcription of genes. 

 

Table 2: Primer sequence for qPCR 

Gene Forward Reverse 

AKT1 5‟- ATG CAG CAT CGC TTC 

TTT GC - 3‟ 

5‟- TGA TCA TCT GGG CCG TGA 

AC - 3‟ 

GPI 5‟ – TCC TCC CTG TTC ATC 

ATT GCC – 3‟ 

 

5‟ – AAC AAA GTG CTT CGC 

CAC TG – 3‟ 

 

 

Statistical analysis was done and graph was prepared using Graph pad prism 

6.0. Data are presented as mean (mean and SE). The student t-test was used to 

compare two point values, that is, the mRNA expression. 

 

Immunohistochemistry 

A total of 107 Formalin Fixed Paraffin Embedded (FFPE) blocks of oral 

squamous cell carcinoma were collected from Civil Hospital Aizawl Department of 

Pathology and Genesis Histopathology Laboratory, Aizawl. The most common 

subsite was tongue (n=52) followed by alveolus (n=7), buccal mucosa (n=16), floor 

of mouth (n=7), gingiva (n=11), lip (n=5), palate (n=6) and others (n=3). Other 

clinical data such as age and sex of the patient, grade of the tumor and date of 
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biopsy/surgery were colllected from these labs. Information about stage of the 

tumors  was obtained Mizoram State Cancer Institute (MSCI), if staging was done. 

There were several tumours that were not being staged, and few tissues were 

lost during the staining process, because of which all the samples collected can not 

be analyzed and there were variation in the number of slides analyzed for each 

protein isoform. Primary antibodies - Anti-AKT1 antibody ab235958,  Anti-AKT2 

antibody [4H7] ab175354, Anti-AKT3 antibody ab189643 - are from abcam. For 

detection of antibody, Mouse/Rabbit PolyVue Plus
TM

 HRP/DAB Detection System 

from Diagnostic Biosystems was used. The wash buffer used was Super SensitiveTM 

Wash Buffer from BioGenex. 

A 3-4µ thick sections were cut and mounted on a poly-L-lysine coated glass 

slide and further processed for immunohistochemistry. The sectioned slides were 

baked at 60C for 1-2 hours in incubator/hot air oven to melt the excess wax present 

in the tissue. After most of the wax melt away, the slides were cooled to room 

temperature. The slides were  washed in xylene for 10minutes twice to deparaffinize 

the section. For rehydration, the slides were washed with alcohol for 5 minutes twice 

and then in running water for 5 minutes. The slides were heated with suitable buffer 

(Tris EDTA for AKT1 and AKT3, sodium citrate buffer for AKT2) to retrieve 

antigen. This was done by boiling the slide in pressure cooker with buffer for about 

15minutes, untill two whistles. The slides were allowed to cool to room temperature 

with running water and rinsed with wash buffer for 5 minutes. To block the action of 

endogenous peroxidase, the slides were blocked with – 3% H2O2 (Tissue primer) – 

and incubated for 5minutes and washed with wash buffer for 5minutes. To block 

non-specific binding, the slides were then incubated with protein block (background 

blocker) for 5minutes and excess of background blocker removed. Appropriate 

amount (30-100µl) of primary antibody was added to each slide and the slides were 

incubated overnight in moist chamber at 4°C. Post incubation, excess of primary 

antibodies were removed and the slides were washed two times with wash buffer for 

5 minutes each. Secondary antibody (enhancer) was added to each slide and 

incubated in moist chamber for 15 minutes . The slides were then washed two times 

with wash buffer for 5 minutes each. To visualize the chromogen, horse radish 
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peroxidase was added to the slides and incubated in moist chamber for 15 minutes. 

The slides were then washed two times with wash bufer for 5 minutes each. The 

slides were then flooded with freshly prepared DAB chromogen and incubated in a 

room without direct light, untill color develops and not longer than 10 minutes. As 

soon as the color developed on a slide, it was immersed in water. The slides were 

then washed in running water for 5 minutes. Counterstaining was done with 

hematoxylin for 5 minutes and washed under running water for 5 minutes. To blue 

the hematoxylin, the slides were dipped 10 times in dilute acetic acid, another 10 

times in water, and incubated in bluing solution for 1 minute and then washed with 

water for 2 minutes. The slides were then washed with alcohol for 2 minutes twice, 

with xylene for 2 minutes twice and then allowed to air dry. The slides were then 

mounted with DPX (Dibutylphthalate Polystyrene Xylene) and the staining intensity 

evaluated. 

Scoring method: For evaluation of the intensity of the immunohistochemical 

staining and the proportion of the stained tumor cells, the Q score method was used 

with a little modification (Simondurairaj et al, 2019). The staining intensity was 

classified as weak, moderate or strong with a score of 1, 2 or 3 respectively. The 

positively stained cells were quantified as a percentage of the total number of tumor 

cells and assigned a score as 0% = 0; (1-25)% = 1; (26-50)% = 2; (51-75)% = 3; (76-

100)% = 4. The scores of staining intensity and percentage of positivity of tumor 

cells were then multiplied to generate a final score ranging from 0 to 12. The slides 

with a final score of 0 - 6 was used as low expression, 6.1 - 12 as high expression for 

survival analysis.  

SPSS software (Statistical package for social science) version 20.0 was used 

to analyze the data. Kruskal Wallis test was performed to find if there is any 

difference in immunostaining of AKT1, AKT2 and AKT3 across the different stages 

of cancer. Mann-Whitney test was performed to study the difference in expression of 

each of the AKT isoforms in different sites that is, tongue versus other sites. All the 

different sub-sites were not analyzed individually because some sub-sites only 

present a frequency of 1 or 2, and don‟t present sufficient data for analysis. Since 

tongue was represented as the most common subsite, the sites were grouped as 
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tongue versus others for this study. The repeated measures ANOVA was conducted 

to investigate expression of AKT isoforms and the interaction between AKT 

isoforms and cancer site grouped in to tongue and others. Kaplan Meier Survival 

Analysis was performed for each of AKT1, AKT2 and AKT3 to study if any 

relationship between expression of the isoforms in the tumor  overall survival time. 

Overall survival time was counted for the day of biopsy or surgery untill the last 

contact with patients before the beginning of the analysis. If event (death) did not 

happen at the time, the patient was marked as censored. Patients were divided into 

two groups – IHC score 0-6, grouped as LowAKT and IHC score 6.1-12 as 

HighAKT for the analysis. 
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Results 

To determine and analyze the risk factors associated with incidence of Oral 

Squamous Cell Carcinoma in Mizo population. 

In the study, data from 100 cases and 200 age-matched controls were analyzed. 

Among the cases, the oral cavity was the most frequently affected site, with 41 

patients, followed by the hypopharynx (30), oropharynx (11), and both the larynx (9) 

and nasopharynx (9). Of all the participant, 122 were males and they form 40.7% of 

the total participants. The ages of the participants ranged from 31 to 88 and the mean 

age was 54.66 years. There were 146 smokers out of 300 participant, and of all the 

smokers, 85 were from cases and 61 were from control group. From the case group, 

the most commonly smoked cigarette (66/85) was “zozial”, which is a local made 

cigarette. There were 213 non-drinkers and 87 drinkers in the study, and out of the 87 

drinkers, 26 were from the control group and 61 were from the case group. Majority 

of the patients who drink (51/63) consumed locally produced alcohol, which is called 

“local” or “rakzu”. Out of the 300 participants, 105 were found to have First-Degree 

FHC where 58 were from control group and 47 were from case group. The details are 

summarized in table 3. 
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Table 3: Demographic and Lifestyle factors of participants in the study. 

  

Factors Variables 
Control  

n (%) 

Case 

n (%) 

Total 

N (%) 

Gender 
Female 152 (85.4) 26 (14.6) 178 (59.3) 

Male 48 (39.3) 74 (60.7) 122 (40.7) 

Age Group 

(years) 

Below 45 58 (79.5) 15 (20.5) 73 (24.3) 

Above 45 142 (62.6) 85 (37.4) 227 (75.7) 

Smoking Status 
No 139 (90.3) 15 (9.7) 154 (51.3) 

Yes 61 (41.8) 85 (58.2) 146 (48.7) 

Smoking Level 

Non-smoker 139 (90.3) 15 (15) 154 (51.3) 

Below Average 51 (49.5) 52 (50.5) 103 (34.3) 

Above Average 10 (23.3) 33 (76.7) 43 (14.3) 

Alcohol Status 
No 174 (81.7) 39 (18.3) 213 (71.0) 

Yes 26 (29.9) 61 (70.1) 87 (29.0) 

Alcohol 

Consumption 

Level  

Non-drinker 174 (81.7) 39 (18.3) 213 (71.0) 

Below Average 18 (35.3) 33 (64.7) 51 (17.0) 

Above Average 8 (22.2) 28 (77.8) 36 (12.0) 

Dipping 

(Sahdah) 

No 88 (61.1) 56 (38.9) 144 (48.0) 

Yes 112 (71.8) 44 (28.2) 156 (52.0) 

Tuibur 
No 159 (66.0) 82 (34.0) 241 (80.3) 

Yes 41 (69.5) 18 (30.5) 59 (19.7) 

Kuhva (Areca 

Nut) 

No 75 (80.6) 18 (19.4) 93 (31.0) 

Yes 125 (60.4) 82 (39.6) 207 (69.0) 

Smoked Food 
No 43 (64.2) 24 (35.8) 67 (22.3) 

Yes 157 (67.4) 76 (32.6) 233 (77.7) 

Family History 

of Cancer 

Without 118 (73.3) 43 (26.7) 161 (53.7) 

With 82 (59.0) 57 (41.0) 139 (46.3) 

First Degree  

Family History 

of Cancer 

Without 142 (72.8) 53 (27.2) 195 (65.0) 

With 58 (55.2) 47 (44.8) 105 (35.0) 

Second Degree  

Family History 

of Cancer 

Without 176 (67.7) 84 (32.3) 260 (86.7) 

With 24 (60.0) 16 (40.0) 40 (13.3) 
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Within our study population, regression analysis showed incidence of Head 

and Neck Squamous Cell Carcinoma higher in males as compared to females, with a 

statistically significant OR of 6.694.  The average duration of smoking calculated in 

pack years was 70. The smokers with pack years above and below average showed 

significant p-value, however, a higher risk was shown for pack years above average 

(OR = 15.43) as compared to pack years below average (OR = 4.896). The calculated 

average alcohol consumption level was 20. Statistical analysis showed an increased 

risk in high alcohol consumption as the OR for alcohol consumption above average 

was 5.509 (p = 0.00) while that of below average alcohol consumption was 4.021 (p = 

0.001). Regression analysis also showed a non-significant risk for kuhva (areca nut) 

with an OR of 1.216 (0.594–2.497). The OR for dipping (sahdah) 0.364, that of tuibur 

0.561 and smoked foods 0.712 were all not statistically significant. 

First-Degree FHC showed a significant correlation with cancer risk, with an 

OR of 1.921 (p = 0.037). There was no discernible correlation discovered with Second-

Degree FHC. The distribution of FHC and First-Degree FHC against overall HNSCC 

in the study is shown in Fig. 4 (a) and (b), versus the duration of drinking and smoking, 

which are given as different ranges in years. The duration of smoking was divided into 

categories: under 20, 21–30, 31–40, 41–50, and above 50 years. For each range of 

smoking duration, the frequency of patients with FHC and First-Degree of FHC was 

plotted. Every other group, including the non-smokers, has more patients with FHC 

than non-smokers, with the exception of smokers who have smoked for less than 20 

years. A similar graph was also shown for both FHC and First-Degree of FHC against 

duration of alcohol consumption, which were grouped in a 10 years range, up to 

50years. In individuals who consume alcohol, FHC accounted for almost 50% of the 

total count. Figure 5 (a) and (b) shows the number of patients without and with family 

history of cancer in each sub-site against each group of smoking duration and alcohol 

consumption respectively. 
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Table 4: Regression Analysis of Risk Factors for Cancer: Comparison of Cases 

and Controls. 

 

p-value is significant at 5% level (<0.05) 

Factors Variables 
Control 

(n) 

Case  

(n) 

p-

value 
Odds Ratio (95% CI) 

Gender 
Female 152 26 Reference 

Male 48 74 0 6.694 (3.278 - 13.669) 

Age Group 

(years) 

Below 45 58 15 Reference 

Above 45 142 85 0 3.979 (1.768 - 8.955) 

Smoking 

Status 

No 139 15 Reference 

Yes 61 85 0 6.703 (3.360 - 13.375) 

Smoking 

Level 

Non-smoker 139 15 Reference 

Below 

Average 
51 52 0 4.896 (2.352 - 10.191) 

Above 

Average 
10 33 0 15.438 (5.989 - 39.793) 

Alcohol 

Status 

No 174 39 Reference 

Yes 26 61 0 4.527 (2.354 - 8.706) 

Alcohol 

Consumption 

Level 

Non-drinker 174 39 Reference 

Below 

Average 
18 33 0.001 4.021 (1.890 - 8.557) 

Above 

Average 
8 28 0 5.509 (2.189 - 13.918) 

Snuff 

(Sahdah) 

No 88 56 Reference 

Yes 112 44 0.364 0.753 (0.408 - 1.389) 

Tuibur 
No 159 82 Reference 

Yes 41 18 0.561 0.8 (0.377 - 1.697) 

Kuhva 

(Areca Nut) 

No 75 18 Reference 

Yes 125 82 0.59 1.218 (0.594 - 2.497) 

Smoked Food 
No 43 24 Reference 

Yes 157 76 0.351 0.712 (0.349 - 1.454) 

Family 

History of 

Cancer 

No 118 43 Reference 

Yes 82 57 0.948 1.021 (0.553 - 1.883) 

First Degree  

Family 

History of 

Cancer 

No 142 53 Reference 

Yes 58 47 0.037 1.921 (1.040 - 3.547) 

Second 

Degree  

Family 

History of 

Cancer 

No 176 84 Reference 

Yes 24 16 0.088 0.464 (0.192 - 1.122) 
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Figure 4 (a): Distribution of Patients with Family History of Cancer (General 

and First Degree) Among Different Smoking Status. † 

†The burgundy bar indicates the total number of patients in every range of smoking 

status; the light blue bar indicates the number of patients having General FHC out of 

the total number of patients falling into that range (out of the burgundy bar). The dark 

blue bar indicates the number of First Degree of FHC out of the number of patients 

with General FHC (out of the light blue bar). 
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Figure 4 (b): Distribution of Patients with Family History of Cancer (General 

and First Degree) Among Different Alcohol Consumption Level. † 

†The burgundy bar indicates the total number of patients (cases) in every level; the 

light blue bar indicates the number of patients having General FHC out of the total 

number of patients falling into that range (out of the burgundy bar). The dark blue bar 

indicates the number of First Degree of FHC out of the number of patients with General 

FHC (out of the light blue bar). 
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Figure 5 (a): HNSCC Frequency by Cancer Sub-site, Family History, and 

Smoking Duration. 

 

 

Figure 5 (b): HNSCC Frequency by Sub-site, Family History, and Alcohol 

Consumption Duration. 

 

‡ The bars indicate the number of cases with family history (FHC) and without family 

history (None) for each site. Different colours represent the number of cases in 

different ranges of smoking or alcohol consumption. 
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To investigate mutations in AKT1 by Whole Exome Sequencing 

 

AKT1 Variant Analysis: In the eight OSCC (tongue) tumors sequenced, 39 AKT 

mutations were identified, majority of which (n=36) were in the intronic region, with 

none in the exonic region. Two of the mutations were found in two samples and had 

been previously reported in the dbSNP database. AKT1 mutations were not analyzed 

further; however, the details are presented in Table 5. 

 

Table 5: AKT1 Mutations Observed in OSCC (Tongue) Tumor Samples. 

Sample 

id Start End Ref Alt 

Func. 

refGene avsnp150 

OC83 104771591 104771591 C T intronic . 

OC22 104774515 104774515 A G intronic . 

OC84 104774600 104774600 T C intronic . 

OC84 104776370 104776370 C A intronic . 

OC81 104777742 104777742 C A intronic . 

OC74 104778415 104778415 C A intronic . 

OC22 104778422 104778422 G T intronic . 

OC81 104778602 104778602 G T intronic . 

OC22 104779614 104779614 - 

GCCCAGAGACC

CCCGCCTAGCC

AGCCTCGGCCTC

GGGACTCA intronic rs761072840 

OC85 104779614 104779614 - 

GCCCAGAGACC

CCCGCCTAGCC

AGCCTCGGCCTC

GGGACTCA intronic rs761072840 

OC84 104780992 104780992 C T intronic rs536557125 

OC67 104781345 104781345 G A intronic . 

OC74 104781860 104781860 G T intronic . 

OC22 104783601 104783601 C A intronic . 

OC22 104783987 104783987 G T intronic . 

OC67 104784147 104784147 C A intronic . 
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OC67 104785441 104785441 C A intronic . 

OC74 104785505 104785505 G T intronic . 

OC83 104785842 104785842 G C intronic . 

OC67 104786412 104786412 G T intronic . 

OC85 104786742 104786742 C A intronic . 

OC81 104787047 104787047 C A intronic . 

OC22 104787473 104787473 C A intronic . 

OC67 104787744 104787744 G T intronic . 

OC74 104787787 104787787 G T intronic . 

OC63 104787845 104787845 G T intronic . 

OC74 104787947 104787947 G T intronic . 

OC22 104788281 104788281 T A intronic . 

OC85 104788340 104788340 C A intronic . 

OC85 104788616 104788616 T C intronic . 

OC67 104789334 104789334 A G intronic . 

OC74 104789471 104789471 C A intronic . 

OC22 104790299 104790299 T C intronic . 

OC85 104790433 104790433 A G intronic . 

OC81 104791487 104791487 G T intronic . 

OC81 104791533 104791533 T C intronic . 

OC74 104793183 104793183 C A UTR5 . 

OC22 104793660 104793660 C T intronic rs996510206 

OC81 104793660 104793660 C T intronic rs996510206 

OC74 104795579 104795579 C A UTR5 . 

OC22 104796428 104796428 C A upstream . 
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Explorative Analysis of OSCC Mutation: 

WES of DNA samples, isolated from eight OSCC tumors displayed an average of 

195928.5 changes in the nucleotide sequence per sample, forming a total of 1567428 

variants in the whole study. A significant fraction of these nucleotide changes were 

located in intronic, intergenic and un-translated regions (3’ or 5’ UTR).  A total of 

10027 variants were identified in exonic and exonic splicing regions, with the majority 

being single nucleotide variation (SNVs). Of these, 62% were non-synonymous SNVs, 

30.5% were synonymous SNVs and the rest of the mutations either led to the formation 

or elimination of stop codons (3.6% stop-gain, 0.03% stop-loss), a shift in the reading 

frame (0.7%) or an insertion or deletion that did not cause a frameshift (1.04%) (Figure 

6). 

 

 

Figure 6: Distribution of Variants Mapped in Exonic and Splicing Regions. 

  

Non-synonymous SNV Synonymous SNV Stop gain

Non-frameshift substitution Frameshift deletion Non-frameshift deletion

Frameshift insertion Start loss Non-frameshift insertion

Stop loss Unknown
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The quantitative distribution of variants mapped in exonic and splicing regions, 

according to their functional significance, is presented in Table 6. Synonymous SNVs 

and non-frameshift substitutions are not counted by the software for this summary. 

 

Table 6: Quantitative Distribution of Variants in Exonic and Splicing Regions by 

Functional Significance. 

 

 

 

      Sample ID   

 

Types of 

Mutation OC22 OC63 OC67 OC74 OC81 OC83 OC84 OC85 Total 

FrameShift 

Deletion 12 6 9 4 4 4 9 4 52 

FrameShift 

Insertion 4 2 5 4 2 3 2 0 22 

InFrame 

Deletion 6 4 1 6 3 1 6 3 30 

InFrame 

Insertion 2 1 1 1 1 1 0 1 8 

Missense 

Mutation 1170 678 820 963 778 520 833 655 6417 

Nonsense 

Mutation 57 41 51 72 34 30 48 32 365 

Nonstop 

Mutation 0 0 0 1 1 0 0 1 3 

Trans Start Site 7 5 3 1 0 0 1 2 19 
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For further analysis, a number of filters were applied and only variants meeting the 

following criteria were included: 

 Variants located in exonic and splicing sites  

 Variants with an allele frequency 0.05 or less in 1000G database 

 Variants predicted to be deleterious, damaging or disease-causing by at least 

two of the following prediction tools – SIFT, Polyphen and Mutation Taster. 

A total of 2532 variants were identified in 2149 genes, with almost of all of the 

variants being missense (2523), followed by mutation in translation start site (6) and 

nonsense mutation (3). Comparison of variants identified in the study with and without 

filter applied is given in Table 7.  

Table 7: Summary of Variants in OSCC Tumors: Raw and Filtered Data 

 Raw data Filtered 

Total no. of Genes 4769 2149 

Total mutation 6916 2532 

Mean (per sample) 864.5 316.5 

Missense 6417 2523 

Nonsense/Stop gain 365 3 

Frame_Shift_Del 52 0 

Frame_Shift_Ins 22 0 

In_Frame_Del 30 0 

In_Frame_Ins 8 0 

Translation_Start_Site/Start loss 19 6 

Nonstop_Mutation/Stop loss 3 0 
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The most common mutation type in the study was missense, all of which were 

single nucleotide polymorphisms. Among the single nucleotide variation, C > A 

transversions were the most prevalent, while T > G transversions were the least 

frequent. The number of variants per sample ranges from 186 to 467, with a median 

value of 312. The gene TTN was flagged as the most mutated gene, with 9 missense 

mutation found in 6 samples out 8 (Fig 7). 

 

 

Figure 7: Comprehensive Overview of Variants in OSCC   
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In the whole exome analysis of OSCC tumor, several genes were found to 

undergo mutation. Two genes, TTN and KY, were found to have mutation in 75% 

(6/8) of the samples studied. ADAMTS7, MUC16 and PKD1 were altered in 62% 

(5/8) and PKD1 and MUC16 are affected in 50% of the samples. The details of the 

genes that are most altered in OSCC tumors are shown in Fig 8 and in Table 8. 

 

 Figure 8: Oncoplot Display of Commonly Mutated Genes in OSCC Tumors. 
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Table 8: Top 10 Frequently Mutated Genes in OSCC: Number of Affected 

Samples and Total Mutation Count. 

 

 

Pathogenic variants analysis 

 In our analysis, TP53 and CDKN2A were found to harbor mutations that have 

been reported as ‘pathogenic’ in the ClinVar database. Additionally, a G6PD mutation 

was found in two samples. Three out of eight samples exhibited at least two mutations 

that were classified as ‘pathogenic/likely pathogenic’ in the database, while one 

sample was identified with a mutation classified as ‘likely pathogenic’ (shown in 

details in Table 9). 

The most commonly mutated genes, as well as those reported as pathogenic 

may have more than one mutation, and there may be sites that undergo mutations more 

frequently than others. Therefore lollipop plots were used to display the distribution of 

mutations across protein domains (Figure 9 a-o). For two genes, DIPK1C and 

NPIPB11, protein structure was not found, and lollipop plots could not be generated. 

 

 

 

 

Mutation type 

 

      Genes 

Missense 

Mutation 

Nonsense 

Mutation 

Translation 

Start Site Total 

Altered 

Samples 

TTN 9 0 0 9 6 

KY 6 0 0 6 6 

ADAMTS7 8 0 0 8 5 

PKD1 7 0 0 7 5 

MUC16 5 0 0 5 5 

ADGRV1 4 0 0 4 4 

DIPK1C 4 0 0 4 4 

NPIPB11 5 0 0 5 3 

CHTF18 4 0 0 4 3 

DNAH6 4 0 0 4 3 
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Table 9: Mutations Identified in This Study and Reported as Pathogenic or Likely Pathogenic in the ClinVar Database 

 

Sample 

ID Gene Location Change Function dbSNP id 

Clinical 

Significance Clinical Disease Name/Syndrome 

OC22 TP53 

chr17: 

7675088 C>T 

Non-synonymous 

SNV 

rs289345

78 Pathogenic 

Li-Fraumeni syndrome, Hepatocellular carcinoma, Breast neoplasm, 

Neoplasm of ovary, Choroid plexus papilloma, Bone osteosarcoma, 

Carcinoma of pancreas, Colorectal cancer, Malignant tumor of esophagus, 

Adrenocortical carcinoma, Squamous cell carcinoma of the head and neck, 

Basal cell carcinoma, Hereditary cancer-predisposing syndrome, 

Nasopharyngeal carcinoma, Familial cancer of breast, Lip and oral cavity 

carcinoma, Glioma susceptibility, Bone marrow failure syndrome 

OC22 TAF6 

chr7: 

100113899 A>G 

Non-synonymous 

SNV 

rs374993

554 

Pathogenic/ 

Likely 

pathogenic 

Global developmental delay, Abnormal facial shape, Syndromic intellectual 

disability, Alazami-Yuan syndrome, Inborn genetic diseases 

OC22 G6PD 

chrX: 

154534495 C>T 

Non-synonymous 

SNV 

rs137852

314 

Pathogenic/ 

Likely 

pathogenic 

G6PD MAHIDOL, G6PD deficiency, Anemia Nonspherocytic hemolytic 

Anaemia due to G6PD deficiency,  susceptibility to Malaria 

OC63 SCN5A 

chr3: 

38630342 G>A 

Non-synonymous 

SNV 

rs199473

556 

Pathogenic/ 

Likely 

pathogenic Brugada syndrome, Cardiovascular phenotype 

OC63 G6PD 

chrX: 

154534495 C>T 

Non-synonymous 

SNV 

rs137852

314 

Pathogenic/ 

Likely 

pathogenic 

G6PD MAHIDOL, G6PD deficiency, Anemia Nonspherocytic hemolytic 

Anaemia due to G6PD deficiency,  susceptibility to Malaria 

OC74 EFEMP2 

chr11: 

65870650 C>T 

Non-synonymous 

SNV 

rs193302

867 

Pathogenic/ 

Likely 

pathogenic Cutis laxa autosomal recessive type 1A and type 1B 

OC74 CDKN2A 

chr9: 

21971029 C>T stopgain 

rs121913

389 Pathogenic 

Neoplasm, Hereditary cancer-predisposing syndrome, Lip and oral cavity 

carcinoma 

OC85 F7 

chr13: 

113118778 G>A 

Non-synonymous 

SNV 

rs190485

816 

Likely 

pathogenic Congenital factor VII deficiency 
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Fig 9 (a): Lollipop Plot of Mutations Mapped onto the Linear Structure of TTN  

 

Fig 9 (b): Lollipop Plot of Mutations Mapped onto the Linear Structure of KY 

 

Fig 9 (c): Lollipop Plot of Mutations Mapped onto the Linear Structure of ADAMTS7 
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Fig 9 (d): Lollipop Plot of Mutations Mapped onto the Linear Structure of PDK1 

 

Fig 9 (e): Lollipop Plot of Mutations Mapped onto the Linear Structure of MUC16 

 

Fig 9 (f): Lollipop Plot of Mutations Mapped onto the Linear Structure of ADGRV 
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Fig 9 (g): Lollipop Plot of Mutations Mapped onto the Linear Structure of CHTF18 

 

Fig 9 (h): Lollipop Plot of Mutations Mapped onto the Linear Structure of DNAH6 

 

Fig 9 (i): Lollipop Plot of Mutations Mapped onto the Linear Structure of CDKN2A 
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Fig 9 (j): Lollipop Plot of Mutations Mapped onto the Linear Structure of EFEMP2 

 

Fig 9 (k): Lollipop Plot of Mutations Mapped onto the Linear Structure of F7 

 

Fig 9 (l): Lollipop Plot of Mutations Mapped onto the Linear Structure of G6PD 
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Fig 9 (m): Lollipop Plot of Mutations Mapped onto the Linear Structure of SCN5A 

 

Fig 9 (n): Lollipop Plot of Mutations Mapped onto the Linear Structure of TAF6 

 

Fig 9 (o): Lollipop Plot of Mutations Mapped onto the Linear Structure of TP53  
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The correlation plot shows co-occurring gene pairs in OSCC tumors (Figure 

10). The analysis did not identify any mutually exclusive genes among those found to 

have mutations. A pairwise Fisher’s exact test (two-tailed) was performed to identify 

statistically significant pairs. The numbers in brackets represent the number of samples 

harboring non-synonymous variants in each gene. The plot illustrates four pairs of 

genes that co-occur in OSCC tumors with statistical significance. 

 

  

 

Figure 10: Correlation Plot of Co-occurring Gene Pairs in OSCC Tumors  
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A pathway analysis using The Database for Annotation, Visualization, and 

Integrated Discovery (DAVID) identified several enriched pathways associated with 

the mutated genes in our dataset. Notably, significant associations were found with 

pathways involved in motor protein function, ABC transporters, ECM-receptor 

interaction, and neurodegenerative disease such as Huntington’s disease and 

amyotrophic lateral sclerosis cardiomyopathies including dilated cardiomyopathy and 

hypertrophic cardiomyopathy. Other enriched pathways included those related to 

small cell lung cancer, Fanconi anemia, Notch signaling, various types of N-glycan 

biosynthesis, and arrhythmogenic right ventricular cardiomyopathy. These findings 

suggest that the mutations observed in our study may play roles in diverse biological 

processes and disease mechanisms (Table 10).  

Table 10: Enriched Pathways Associated with Mutated Genes in OSCC. 

KEGG Pathway Genes Count (%) P-Value 

Motor proteins DNAH3, DNAH1, DNAH2, DNAH8, 

DNAH5, DNAH6, DNAH9, KLC1, KLC4, 

TUBB6, KLC3, TUBB3, TUBB1, KIF5A, 

MYO18B, MYO18A, KIF13B, KIF1B, 

KIF1A, DNAI1, MYH10, DYNC2H1, 

DNAH12, DNAH11, DNAI2, DNAH14, 

KIF25, MYO9B, MYO7A, KIF22, TUBG1, 

KIF27, MYO16, MYO1D, MYL5, MYO1E, 

CENPE, MYH2, TUBB2B, KIFC2, MYO15A, 

MYH8, KIF2C, KIF20A, ACTR10, MYH6, 

MYO1G 

47(2.20) 1.78E-07 

ABC transporters ABCC4, ABCG8, ABCA2, ABCC1, ABCC2, 

ABCA5, ABCC5, ABCA3, ABCB4, ABCA9, 

ABCA7, ABCA12, ABCC11, ABCC12, 

ABCB10, ABCD1 

16(0.75) 4.78E-05 

ECM-receptor 

interaction 

LAMA5, LAMB3, ITGB5, LAMB2, LAMA1, 

LAMA3, LAMB4, TNC, LAMB1, HSPG2, 

THBS3, RELN, FRAS1, COL4A2, SV2B, 

COL4A4, COL9A1, COL6A3, ITGB6, 

ITGA9 

20(0.93) 0.002914 
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Small cell lung 

cancer 

LAMA5, LAMB3, NOS2, LAMB2, LAMA1, 

LAMA3, LAMB4, LAMB1, TRAF2, 

PIK3CB, NFKBIA, COL4A2, CHCNE1, 

CDK4, MYC, COL4A4, TRAF5, CDK2, 

POLK, TP53 

20(0.93) 0.004298 

Huntington 

disease 

HIP1, NDUFA10, COX6A1, PSMD9, 

TUBB6, CASP8, PSMD4, TUBB3, TUBB1, 

KIF5A, UQCRFS1, EP300, TGM2, DNAI2, 

TRAF2, WIPI2, TUBB2B, TP53, CREB5, 

DNAH3, GRIA2, DNAH1, DNAH2, 

PSMD13, DNAH8, DNAH5, DNAH6, 

CACNA1B, ITPR1, COX7A2, DNAH9, 

KLC1, KLC4, KLC3, CYC1, DNAI1, 

DNAH12, NDUFA7, CREBBP, DNAH11, 

NDUFA5, DNAH14, MTOR, PSMC6, SP1, 

DLG4, ATP5PO, MAP3K10, ACTR10 

49(2.30) 0.005704 

Human 

papillomavirus 

infection 

MAML2, ITGB5, TNC, CHD4, PIK3CB, 

TCIRG1, CASP8, HEY2, EP300, ITGB6, 

APC2, PRKCI, HLA-B, TUBG1, PKM, 

COL4A2, IRF3, CCNE1, NFX1, COL4A4, 

COL6A3, TP53, SOS2, LLGL1, LLGL2, 

ITGA9, CREB5, IFNAR1, NOTCH2, 

LAMA5, NOTCH3, LAMA1, TCF7, 

LAMA3, UBR4, THBS3, RELN, PARD6A, 

CREBBP, JAG1, FZD5, LAMB3, CSNK1A1, 

LAMB2, LAMB4, LAMB1, MTOR, CDK4, 

CDK2, COL9A1, GNAS 

51(2.39) 0.009949 

Fanconi anaemia 

pathway 

BRIP1, RMI2, WDR48, FANCM, ERCC4, 

BRCA1, POLK, FANCB, ATRIP, POLH, 

FAAP100, FANCF 

12(0.56) 0.028951 

Notch signalling 

pathway 

SPEN, NOTCH2, NOTCH3, CREBBP, JAG1, 

CTBP2, MAML2, PSEN2, NCOR2, 

ADAM17, HEY2, EP300, CIR1 

13(0.61) 0.033397 

Various types of 

N-glycan 

biosynthesis 

ALG9, B4GALT1, HEXB, MGAT4A, 

MAN1A1, ALG1, MAN1B1, MGAT2, 

DDOST, B4GALNT4 

10(0.46) 0.034184 
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Arrhythmogenic 

right ventricular 

cardiomyopathy 

DSP, RYR2, ITGB5, ACTN3, LAMA1, 

CACNA2D1, TCF7, CACNA1F, CACNB2, 

SGCB, PKP2, CTNNA1, DMD, CTNNA3, 

ITGB6, ITGA9 

16(0.75) 0.036466 

Other glycan 

degradation 

NEU3, MAN2B2, HEXB, FUCA1, FUCA2, 

MAN2B1 

6(0.28) 0.038959 

Amyotrophic 

lateral sclerosis 

NDUFA10, COX6A1, NXT2, PSMD9, 

TUBB6, PSMD4, TUBB3, TUBB1, KIF5A, 

UQCRFS1, DNAI2, TRAF2, WIPI2, 

TUBB2B, NRG3, NUP98, TP53, DNAH3, 

GRIA2, POM121, DNAH1, DNAH2, 

TOMM40, PSMD13, DNAH8, DNAH5, 

DNAH6, COX7A2, DNAH9, KLC1, KLC4, 

GRIN2A, KLC3, NXF3, CYC1, DNAI1, 

UBQLN3, DNAH12, NDUFA7, DNAH11, 

NDUFA5, NOS2, DNAH14, MTOR, 

GRIN2D, MAPK13, PSMC6, VAPB, 

HNRNPA2B1, ATP5PO, ACTR10 

51(2.39) 0.048515 
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AKT Expression Study 

Quantitative Real Time Polymerase Chain Reaction 

The tumor showed a statistically significant expression of AKT1 mRNA as 

compared to adjacent normal tissue (t=3.654, p = 0.0016) 

 

 

 

 

 

 

 

 

 

 

Figure 11: Comparison of AKT1 mRNA Expression in OSCC Tumor Tissue and 

Normal Adjacent Tissue. 

 

Table 11: Fold change in expression of AKT1 mRNA. 

Site Relative expression 

Tumor 29.42 

Normal Adjacent 1.9 
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Immunohistochemistry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 12: Reference Images of AKT1, AKT2 and AKT3 Staining in 

Immunohistochemistry. Images Show positive and Negative Staining 

Counterstained with Hematoxylin at 200X Magnification. 

AKT1 Positive

  

AKT1 Negative 

AKT2 Positive 

AKT3 Positive 

AKT2 Negative 

AKT3 Negative 

Control  
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Figure 13 (a) (page1): Representative Images Showing AKT1 Staining 

Counterstained with Hematoxylin in OSCC Tissue Samples at 200X magnification. 
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Figure 13 (a) (page2): Representative Images Showing AKT1 Staining Counterstained 

with Hematoxylin in OSCC Tissue Samples at 200X magnification. 
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Figure 13 (b) (page1): Representative Images Showing AKT2 Staining 

Counterstained with Hematoxylin in OSCC Tissue Samples at 200X magnification. 
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Figure 13 (b) (page2): Representative Images Showing AKT2 Staining Counterstained 

with Hematoxylin in OSCC Tissue Samples at 200X magnification. 
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Figure 13 (c) (page2): Representative Images Showing AKT3 Staining 

Counterstained with Hematoxylin in OSCC Tissue Samples at 200X magnification. 
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Figure 13 (c) (page2): Representative Images Showing AKT3 Staining 

Counterstained with Hematoxylin in OSCC Tissue Samples at 200X magnification. 
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Kruskal-Wallis test indicated that the immunostaining of AKT isoforms did not differ 

significantly across the different stages of oral squamous cell carcinoma. 

Table 12: Kruskal-Wallis Test Summary for Differences in AKT Isoform 

Expression across Cancer Stages. 

Isoform Total number of 

slides analyzed 

H value p-value 

AKT1 47 3.175 0.365 

AKT2 57 2.028 0.567 

AKT3 52 0.655 0.884 

 

Using the Mann-Whitney test, no significant difference in expression was observed 

between the tongue and other sub-sites for any of the AKT isoforms - AKT1, AKT2, 

and AKT3. 

Table 13: Mann-Whitney Test Summary for Differences in AKT Isoform 

Expression between OSCC Sub-sites. 

Isoform Number of slides analyzed z-value P-value 

AKT1 78 -1.871 0.061 

AKT2 94 -0.034 0.973 

AKT3 79 0.390 0.696 
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Figure 14 (a): Expression of AKT Isoforms in Different Sub-sites of Oral 

Squamous Cell Carcinoma. 

 

Figure 14 (b): Expression of AKT Isoforms in Different Stages of Oral Squamous 

Cell Carcinoma. 
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Kaplan-Meier Survival Analysis: The longest overall survival time observed was 69 

months, and this patient was marked as censored. 

AKT1: Kaplan Meier Survival Plot illustrated that patients with high AKT1 

expression had longer overall survival times compared to those with low AKT1 

expression, although this difference was not statistically significant (Log Rank chi 

square 1.1, p = 0.294). 

Figure 15 (a): Kaplan-Meier Plot Showing Survival Curves for Patients with High 

and Low AKT1 Expression in Oral Squamous Cell Carcinoma. 

Table 14 (a): Median Survival Time for High and Low AKT1 Expression. 

AKT1 expression Median survival time (in months) Standard error 

High expression 21 10.519 

Low expression` 27 5.943 

 



Results 

69 
 

AKT2: In the Kaplan Meier Survival Analysis plot for AKT2, patients with high 

expression levels tended to have longer survival times compared to those with low 

expression levels, although this difference was not statistically significant (Log Rank 

Chi square 1.064, p = 0.302). Notably, the high expression curve remains below the 

low expression curve until the end of the survival period approaches. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 (b): Kaplan-Meier Plot Showing Survival Curves for Patients with 

High and Low AKT2 Expression in Oral Squamous Cell Carcinoma. 

 

Table 14 (b): Median Survival Time for High and Low AKT2 Expression. 

AKT2 expression Median survival time (in months) Standard error 

High expression 16 7.037 

Low expression` 31 11.931 
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AKT3: For AKT3, the Kaplan Meier Survival plot indicated that patients with high 

expression had longer overall survival times compared to those with low expression, 

though the difference was not statistical significant (Log Rank Chi square 0.033, p = 

0.857). Throughout most of the time period, the two curves remained very close; 

however, towards the end, the curve for low expression exhibited a further decline, 

while the high expression curve remained relatively steady. 

Figure 15 (c): Kaplan-Meier Plot Showing Survival Curves for Patients with High 

and Low AKT3 Expression in Oral Squamous Cell Carcinoma. 

 

Table 14 (c): Median Survival Time for High and Low AKT3 Expression. 

AKT3 expression Median survival time (in months) Standard error 

High expression 21 10.519 

Low expression` 27 5.943 
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Though oral cancer incidence ranked 11
th

 among all sites of cancer in 2013 

and the rates of incidence had decreased in the last few years in some countries 

(García-Martín, et al, 2019) it still remain one of the leading sites in India, according 

to a report published in 2020. Our study focused on the prevalence of oral cancer and 

the genetic and epidemiological variables linked to it in a highly endogamous Mizo 

population in a specific Indian state. Understanding these variables is essential for 

creating targeted interventions and improving the patients outcome, and this study 

may be a stepping stone toward that goal for the Mizo population. The term “oral 

cancer” had been described to include different sites in different studies (Tranby et 

al, 2022) and for our epidemiology study, we expanded our case selection criteria to 

include other forms of head and neck squamous cell carcinoma (HNSCC) such as 

pharynx and larynx. This approach was to ensure a sufficiently large sample size for 

robust statistical analysis because despite the high prevalence of oral cancer in India, 

including Mizoram, challenges in sample collection limited the number of OSCC 

cases available for analysis. 

The development of OSCC is a multistep process and during this progress, 

the accumulation of multiple genetic and chromosomal alterations occurs making 

oral cancer a multifactorial lesion (Irani, 2020). The incidence of head and neck 

cancer including oral cancer, had always been higher in males than in females in 

several reports (Park et al, 2022, Tranby et al, 2022). In our study, males were found 

to have significantly higher odds of developing head and neck cancer compared to 

females (OR 6.694, p<0.05) which is in line with the previous reports.. Head and 

neck cancer is usually diagnosed in later years of life. According to the American 

Cancer Society, the average age of diagnosis for head and neck cancers varies in 

different subsites: oral cavity and oropharyngeal cancer is typically diagnosed at 64 

years, laryngeal and hypopharyngeal cancer at 66 years, salivary gland cancer at 55 

years, and nasopharyngeal cancer between 65 and 79 years (Head and Neck Cancers, 

2024). Our mean age of diagnosis (54.6 years) is considerably lower compared to 

this data, and the minimum age of diagnosis in our study was 31 years, which was a 

male. This finding may be attributed to the increasing incidence of oral cancer in 

younger populations (Beena et al, 2011). 
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Our study revealed significant associations between HNSCC and key lifestyle 

factors, including smoking, alcohol consumption, and a family history of cancer. The 

smoke of tobacco contains many carcinogens and is strongly associated with various 

cancers. One of the many cancers that has close relation with smoking is Head and 

Neck Cancer (Nam et al, 2022). We observed in our study that the risk of developing 

HNSCC increases with an increase in pack-years. Our study revealed a three fold 

increase in OR fold in >70 pack years (OR = 15.438, 95% CI 5.989–39.793) as 

compared to ≤70 pack years (OR = 4.896, 95% CI 2.352–10.191). This is 

comparable to a study that found a dose-response association between smoking 

frequency, duration, and cumulative consumption and the risk of head and neck 

cancer (Hashibe et al, 2007). 

The US FDA identified a total of 83 carcinogens in tobacco, 37 in unburned 

and 80 in tobacco smoke (Li & Hecht, 2022). All tobacco products contain an 

addictive nicotine, which in itself is not described as carcinogenic but contributes to 

the continued use of tobacco. However, other carcinogens such as tobacco-specific 

nitrosamines and polycyclic aromatic hydrocarbons are associated with tobacco use. 

Acetaldehyde and formaldehyde are another constituents found in tobacco smoke 

that are associatied with head and neck cancer and they are considered to play a role 

in cancer development because of their ability to form DNA adducts (Khariwala et 

al, 2012).  Tobacco smoke is also found to contain several heavy metals including 

Cadmium, Chromium, Lead and Nickel, cadmium and lead being classified as 

carcinogens (Ashraf, 2012). These heavy metals do not have any biological role in 

the body but remain in the human body and pose several health risks (Jaishankar et 

al, 2014). Exposure to heavy metals by smoking or other means were also associated 

with the risk of various cancers including Head and Neck cancers (Khlifi & Hamza-

Chaffai, 2010). 

Majority of the patients in our study smoked zozial which is a locally made 

hand rolled cigarette. Tobacco plants were shown to accumulate heavy metals 

including cadmium (Raju et al, 1999). Tobacco filler of zozial is locally grown and 

processed by harvesting mature leaves, squashed on a bamboo mate and cured under 

the sun. It has high chlorine and moisture content rendering low combustion quality 
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and would self extinguish if not puffed frequently. Because of the intense and 

frequent puffing, zozial smokers may inhale higher loads of toxic metal species 

(Lalrammawia et al, 2021). 

The use of smokeless tobacco had been considered a global burden because 

its use had been known to result in deaths due to cancers of the mouth, pharynx and 

oesophagus (Siddiqi et al, 2015). The use of smokeless tobacco in the form of snuff 

was also reported to be strongly associated with head and neck cancer, especially 

oral cancers (Wyss et al, 2016). However, in our analysis, smokeless tobacco in the 

form of sahdah (dipping) and tuibur (tobacco smoke infused water) showed a weak 

association with HNSCC. This may be attributed to the fact that the practice of using 

smokeless tobacco is less common as compared to smoking, among patients as well 

as control groups in the limited number of samples we collected. Areca nut is another 

factor that is associated with oral cancer. It is classified as group I carcinogen by the 

IARC and the risk of oral cancer increases with increase in daily consumption and 

the duration in years (Warnakulasuriya et al, 2022). In our study, regression analysis 

revealed a non-significant correlation with an OR of 1.218 (CI 0.594–2.497) despite 

the frequent use of areca nuts (76/100 cases). As seen in data from other studies (Lee 

et al, 2019), the effects of chewing areca nut as well as smokeless tobacco seem to be 

directed more towards oral cavity, which is the primary site of exposure. However, 

site-wise analysis was not done in our study because of the restriction of small 

sample size. The lack of statistical significance for areca nut use which contrasts with 

other studies, that strongly implicated areca nut in oral carcinogenesis, could also be 

due to differences in study design, population characteristics, or style of areca nut 

consumption. 

Alcohol consumption has been linked with various cancer such as cancers of  

breast, colon-rectum, stomach, liver and pancrease (Sung et al, 2021). Studies have 

shown that alcohol metabolizes to acetaldehyde, which irreversibly damages a cell's 

DNA strands. Additional potential paths by which alcohol consumption causes 

cancer include nutrition deficits, genetic mutations, and, in the case of female breast 

cancer, alterations in hormone pathways (Marziliano et al, 2020). A higher risk of 

head and neck cancer was linked to ever-regular alcohol consumption especially for 
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daily drinkers and current drinkers. The risk of HNC was positively correlated with 

alcohol use, with moderate drinking (OR = 1.47, 95% CI: 1.02–2.11) and heavy 

drinking (OR = 2.21, 95% CI: 1.61–3.02) significantly associated with a higher risk 

of HNC. In the same study, they showed that every 10g/day alcohol comsumption 

increase the risk by 4% (Huang et al, 2017). A similar trend in risk was seen with 

increasing total alcohol intake, with odds ratios of 2.1 for those who had 3-5 drinks 

per day compared to light drinkers (who had less than 2 drinks per day), when one 

drink was estimated to be about 12g of ethanol. There was a simultaneous increase in 

OR, with OR 5.0 for 5–7 drinks, OR 12.2 for 8–11 drinks, and OR 21.1 for  those 

who had more than 12 drinks per day (Altieri et al, 2004). Our study demonstrated a 

significant dose-dependent risk of HNSCC with alcohol drinking, in line with the 

other studies previously discussed. Nevertheless, because the patients in our study 

drank both branded alcohol and, more frequently, "local" alcohol, the quality of 

which varies with each batch, we were unable to quantify the amount of alcohol in a 

single drink. We suppose that other compounds may be present in these alcohol, that 

in spite of the amount of alcohol or duration of exposure, they could be somehow 

linked to the negative effects that increase the risk of not just head and neck cancer, 

but also cancer in other sites as well as other diseases. In order to validate this 

assumption, more research on local drinks is advised. Moreover, a pooled analysis of 

25 case-control studies suggested that factors other than alcohol may have an impact 

on head and neck cancer development, since association of ever drinking alcohol and 

head and neck cancer is weaker in young adults below 45 years of age as compared 

to the older group (Toporcov et al, 2015). 

It is known that some environmental factors such as alcohol, tobacco and 

other factors can foster an environment that is favorable to the genetic and molecular 

processes implicated in the development and progression of HNSCC (Miranda-

Galvis et al, 2021). In addition to alcohol and tobacco, we found that having a first 

degree family history of cancer is also a risk factor in our study population, with 

adjusted OR 1.92 (95% CI 1.040–3.547). In a pooled analysis in the Internationa 

Head and Neck Cancer Epidemiology Consortium, which constisted of data across 

12 case-control studies, they reported that the risk of head and neck cancer increases 
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with a family history of head and neck cancer in the first degree relatives, with OR 

1.7 (95% CI 1.2-2.3). In the same study they found that the risk is still higher (OR 

7.2, 95% CI 5.5-9.5) with patients who were also alcohol and tobaco user, in addition 

to having family history of cancer (Negri et al, 2009). Another pooled analysis also 

showed association of head and neck cancer risk with family history of cancer in 

patients below 45 years, OR = 2.27 (95% CI 1.26-4.10) (Toporcov et al, 2015). 

There exist families in which the members at young age develops HNSCC, 

with little or no exposure to known carcinogens like tobacco and alcohol, suggesting 

that there might be heritable gene defect that imparts risks of cancers to its carriers. 

A germline CDKN2A mutation, that resulted in protein chain termination, was 

reported in a 48 years old proband having squamous cell carcinoma of the pyriform 

sinus. The patient had a history of smoking and alcohol consumption, with 11 

members from his paternal family having been diagnosed with cancer and some of 

them developing more than one type of cancers (Cabanillas et al, 2013). In a 

population of north east India, the interaction between tobacco-betel quid chewing 

and polymorphisms in DNA repair genes XRCC1 and XRCC2 were shown to 

increase the risk of HNSCC several fold (Choudhury et al, 2014). These are 

representation of many research that might indicate an inherited sensitivity to 

alcohol- and tobacco-related carcinogens is the cause of the hereditary component of 

HNSCC. 

However, a high incidence of HNSCC (3%) was obseverved among Fanconi 

Anaemia patients when the expected incidence rate was 0.038, with standardized 

incidence ratio of 500 (95% CI 300-781), with only 16% of the patients had 

environmental risk factors such as tobacco and alcohol. It is also interesting to note 

that 63% of the patients in this study developed multiple primary malignancy, with a 

secondary tumor in other sites as well as in the head and neck sites (Kutler et al, 

2003). 

In our study, as represented in Fig 4 (a & b), the number of patients having 

family history of cancer is half the total cases (even more in smokers and drinkers). 

Furthermore, compared to the other sites, there are more patients with FHC in the 
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oral cavity and hypopharynx Fig 5 (a & b). Both alcohol consumption and especially 

smoking had been practiced in the population for many generations, even women 

frequently smoke. Even among those who without such practices, the incidences of 

HNSCC is high among those with family history of cancer and hence, independent of 

alcohol and tobacco use, there appears to be a possible impact of a family history of 

cancer. In this small endogamous population, exposure to environmental variables 

and risk factors over many generations may have caused genetic modifications that 

made the population prone to cancer, particularly among patients with a family 

history of the disease. This hypothesis could be confirmed by researching genetic 

mutations throughout the families. More research on the variations found in the 

genes involved in alcohol and tobacco metabolic pathways will clarify the related 

risk that may have adjusted the familial propensity for head and neck cancer in this 

population. 

 AKT is an important molecule in the PI3K-AKT-mTOR pathway which 

regulates various cellular processes (Cho et al, 2009) and is found to be 

hyperactivated in various cancer types (Ersahin et al, 2015). We analyzed 8 OSCC-

tongue tumors in our study and we did not find AKT mutation within exonic region 

in any of our samples. Though AKT mutation has been reported in various cancers 

including head and neck cancer, it appears it is not commonly found in all types of 

cancer. Head and neck squamous cell carcinoma, breast cancer, endometrial cancer, 

ovarian cancer, renal cancer and non-small cell lung cancer have been shown to 

harbour AKT mutation at a low frequency (Mundi et al, 2016). The most often 

reported mutation, AKT1 E17K, is still rare even in the tumors it is linked to, and 

numerous investigations have shown that it is absent in cancers like leukemia. (Zenz 

et al, 2008). The aforementioned mutation was not discovered in a study that 

explicitly searches for the E17K mutation from OSCC tumors using FFPE biopsy 

material (Cohen et al, 2011). And it is also interesting to note that the smoking status 

of the patients were not recorded in most of the studies that found AKT1 E17K 

mutation, the patients that harbour this mutation in the study done by Malanga et al, 

2008, were smokers. Additionally, one report indicated that in a sample of breast 

cancer tissues, 4.3% exhibited an AKT1 E17K mutation, while the corresponding 
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mutation was not detected for AKT2 or AKT3 (Kim et al, 2008). Though AKT1 

E17K mutation is rare in OSCC, there have been various SNPs reported to be 

associated with risk of OSCC. The reported SNPs – rs1130214 and rs3803300 were 

not in the exonic region, rs1130214 being a 5_prime_UTR_variant,intron_variant 

and rs3803300 a 3_prime_UTR_variant. We also identified three variants that have 

been already reported in the dbSNP database. Though these variants were found in 

the intronic region, rs996510206 and rs761072840 were present in two (out of eight 

samples). Since intronic mutations have been found to delete splice site and generate 

cryptic splice site (Lynn & Tuller, 2024),  it is important to understand the functional 

value of such mutations. 

 The most common substitution in squamous cell carcinoma of the mouth is 

G>A, according to COSMIC database while another study also showed C>T 

mutation as the most common in tongue cancer cell lines (Chen et al, 2021). Unlike 

the mentioned reports, in our study C>A transversion was the most common one. 

However, a relatively higher C>A transversion was also observed among tobacco 

chewer in whole exome sequencing analysis of oral squamous cell carcinoma, where 

the patients were grouped according to their tobacco usage (Patel et al, 2021). 

Further analysis of our data revealed that TTN and KY genes are most commonly 

mutated among our sample, with 6 out of 8 samples harbouring mutations in these 

genes. TP53 had been found to be the most common mutated gene in whole exome 

sequence analysis of OSCC samples in more than one study. Other frequently 

mutated genes that have been reported include NOTCH1, CASP8, CDKN2A, FAT1, 

HRAS and PIK3CA (Su et al, 2017, Liao et al, 2021). Differently, in our study, 

ADAMTS7, PKD1, MUC16, ADGRV1 and DIPK1C were the genes that were 

commonly mutated, that is, in more than 50% (4 out of 8) of the samples. We found 

mutation of CASP8, CDKN2A and FAT1 in one sample each, while no mutation of 

NOTCH1, HRAS and PIK3CA was identified in the study. Mutation of TP53 was 

found in 2 out of 8 samples in our study, and one of the mutation, rs28934578 C>T 

had already been reported in Clinvar as pathogenic mutation. Among the genes listed 

as frequently mutated in our study (Table 8), TTN mutations in primary oral cancer 

and MUC16 mutations in multiple primary oral cancers have been reported (Li et al, 
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2022). In cbioportal database, TTN mutation rate is 13% while that of MUC16 is 3%,  

mutation of other genes in our list was not the the database. 

There are various molecular alterations found in tumors including cancer-

driver mutations, amplifications, deletions and post-translational modifications. 

Many of these events work together to drive tumor development and metastasis. 

They are also often associated with the progess of the disease, for example the 

amplification of CCND1 and deletion of CDK2N2A occuring together in a case 

results in worse prognosis (Beck & Golemis, 2016). It was also reported that 

mutation in TP53 occur very frequently with a heterozygous chromosomal deletion 

on the 3p arm, leading to a poor prognosis (Gross et al, 2014). Co-occurrence of 

mutations indicate that the two genes may be working together for tumor formation. 

We now have data about several mutually co-occuring aterations thanks to the next 

generation sequencing platform and when co-occurance of targetable genes is 

observed for a particular case, combination therapy specifically targetted at such 

genes will provide more efficient site specific therapies (Su et al, 2017, Lin et al, 

2020). In our study, co-occurrence of genes were observed between four pairs of 

genes, between EYS and NEB, MCF2L and ASH1L, DNAH6 and  CUBN, 

COL14A1 and CIT. EYS gene code for a protein that contains multiple epidemal 

growth factor (EGF)-like domain and germline mutation in this gene has been 

reported in primary oral cancers (Li et al, 2022) as well as in head and neck cancer 

(Cury et al, 2021). NEB codes for nebulin protein in the skeletal muscle and its 

expression has been reported to increase in oral squamous cell carcinoma with lymph 

node involvement (Mazzoccoli et al, 2017). ASH1L gene encodes a member of the 

trithorax group of transcriptional activators and its overexpression is associated with 

breast cancer and hepatocellular carcinoma, mutation in ASH1L has been identified 

in thyroid carcinonma (Xu et al, 2020). CUBN codes for a protein cubilin that acts as 

a receptor for intrinsic factor-vitamin B12 complexes. Mutation in this gene has been 

suggested to increase malignancy of colorectal carcinoma (Wu & Xu, 2020) and oral 

cancer patients with mutation in CUBN gene were revealed to have reduced overall 

survival rate (Lin et al, 2021). DNAH6 gene belongs to the dynein family, and it 

encodes large proteins that are constituents of the microtubule-associated motor 
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protein complex. It is found in three pathways that are enriched in our study - motor 

proteins pathway, Huntington disease pathway and amyotrophic lateral sclerosis 

pathway. The genes that were co-occuring have not been studied in much detail in 

oral squamous cell carcinoma. The existence of these co-occuring genes raises the 

possibility of an interaction between the pairs; there might be a shared pathway or 

synergistic effects as a result of one gene's mutation raising the likelihood or 

significance of another gene's mutation. 

In our study, the mutated genes were shown to be significantly associated 

with twelve oncogenic pathways. The pathway involving motor proteins was shown 

to be the most severely impacted in our analysis of pathways. Motor proteins include 

three main families of proteins that are responsible for intracellular transport and 

intercellular communication. The three families of proteins are Kinesin, Dynein and 

Myosin and they carry and transport several types of cargoes including vesicles, 

organelles, macromolecules, mRNA, growth factors and transcription factors, within 

the cell (Ibrahim et al, 2022). Member of the motor proteins has been linked with 

progression of cancers or lower chance of overall survival (Liu et al, 2023,Tabassum 

et al, 2023). It is possible that the members of motor proteins, by their ability to 

transport and re-localize cargoes facilitate invasion and metastasis in cancer patients. 

ATP-binding cassette (ABC) transporters form one of the largest known protein 

families and their substrate include small inorganic and organic molecules (Wilkens, 

2015). ABC transporters are able to reduce the levels of drug accumulation in a cell 

since they transport against chemical gradient, and hence many members of the ABC 

transporters are associated with various types of cancers including oral cancers and 

head and neck cancers, leading to ABC transporters being linked to the hallmarks of 

cancer proposed by Hanahan and Weinberg (Muriithi et al, 2020). Other pathways 

including ECM receptor interaction, Human papillomavirus infection, Fanconi 

anemia pathway and Notch signalling pathway have also been linked with oral 

cancers in several studies (Zhang et al, 2018, Pandey et al, 2021) and the genes that 

were associated with Small cell lung cancer have also been associated with other 

cancers including oral cancer. 
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Our study aimed to evaluate the expression of the AKT in oral squamous cell 

carcinoma (OSCC) among the Mizo population using both immunohistochemistry 

(IHC) and quantitative Real Time PCR (qPCR). While IHC was used to assess 

expression of AKT isoforms across OSCC tissue, qPCR  was used to compared 

AKT1 expression in OSCC tumor and normal adjacent tissues. Eventhough a 

signifinicant difference in AKT1 mRNA expression was observed between tumor 

tissue and adjacent tissue, there was no separate analysis based on the stage of the 

tumor. However the IHC analysis of the AKT proteins did not show any significant 

difference in the expression of the three isoforms, across the different stages of 

OSCC. This would be the limitation in our study as normal adjacent tissues were not 

available to be analyzed with IHC. Nevertheless, our study is comparable with other 

studies in which AKT1 and AKT2 proteins were found to be expressed in all cases of 

OSCC (Iamaroon & Krisanaprakornkit, 2009) or mRNA expression of AKT1 being 

2.14-fold high in ovarian cancer as compared to controls (Zara et al, 2023). A study 

by Sun et al, 2022 also did not find correlation betweeen expression levels of AKT1 

in OSCC tissues with tumor stage, tumor size, lymph nodes or tumor differentiation. 

In a similar line, AKT1 protein was found higly expressed in OSCC tumor tissue as 

compared to normal tissue and 94% of OSCC tissue showed expression (Nakashiro 

et al, 2015). Unlike in our study, Roy et al, 2019 reported a higher expression of 

AKT1 and AKT2 in the advanced stages of oral cancer. However, it is worth noting 

that the study by Roy et al was perfomed with tissue micro array containing all 

different kinds of oral cancer tissue including metastatic carcinoma, while our study 

is only with squamous cell carcinoma. AKT activation is believed to be an early 

event in tumor initiation (Shinohara et al, 2007), and this might have resulted in high 

expression in the tumor tissue with no significant variation across different tumor 

stages, similar to the trend observed in our study. 

In contrast to study that found patient with higher expression of AKT1 having 

shorter postoperative survival time (Sun et al, 2022), there was no significant 

difference in survival time among patients with high or low expression of AKT1 in 

our study. A study conducted by Xu et al., 2024 demonstrated that whereas high 

expression of p-AKT was associated with a worse prognosis in colorectal patients 
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with TNM stages 1 and 2, there was no significant correlation between expression of 

p-AKT and survival in patients with TNM stage 3. The difference in our result might 

have been the effect of our study’s small sample size resulting from a relatively 

shorter follow up time and more number of patients that were lost to follow up, 

leading to about half of the patients getting censored. A larger sample size with 

enough follow up time will be required to have statistical power to detect a 

significant association. 
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Oral cancer includes cancer of the oral cavity, the lips and the tongue, and is 

often grouped under the head and neck cancer along with other sites for various 

studies. Oral cancer is the sixth most common malignancy worldwide and head and 

neck cancer is the second most prevalent cancer among men in Mizoram, and the 

known risk factors alcohol consumption and tobacco smoking are common practice 

among the people. It is believed that genetic factors as well as environmental factors 

play a role in tumor development. The present study on Mutational study of AKT1 

gene and its expression associated with oral squamous cell carcinoma in Mizo 

population has been carried out with the aim of evaluating the risk factors in the 

population and to assess alteration in AKT which is a key component in various 

signalling pathway and regulates a wide variety of cellular functions including cell 

proliferation, survival, metabolism, and angiogenesis. 

The findings of the present work are summarized as follows: 

 In Mizoram, head and neck cancer is diagnosed from age as early as 31 to as 

old as 88, with the average age of diagnosis being 54 years. 

 Males are more affected by head and neck cancer as compared to females. 

 Tobacco smoking and alcohol drinking were found to be significanly 

associated with developing head and neck cancer, with increasing risk in a 

dose dependent manner. 

 Having a first degree relative with cancer was also found to be a significant 

risk. 

 Chewing of areca nut was also associated with head and neck cancer, but did 

not have statistical significance. 

 Whole exome sequencing was done for eight oscc tumors and after 

processing of the raw sequenced data, somatic variants were called using 

Mutect2 Tumor-only mode to identify mutations. 

 Mutational study revealed that AKT1 is not commonly mutated in oral 

squamous cell carcinoma in the Mizo population. 

 Several other genes were found mutated in oscc tumors, two genes TTN and 

KY were found to have mutations in 75% of the tumors. 
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 Variations in TP53 (rs28934578) and CDKN2A (rs121913389) which were 

already reported as pathogenic in Clinvar database were also identified in 

oscc tumor in our study. 

 Four co-occuring gene pairs were identified in oscc tumors – EYS/NEB, 

MCF2L/ASH1L, DNAH6/CUBN and COL14A1/CIT 

 Twelve oncogenic pathways were found to be significantly asscociated with 

the genes that carry mutation in our study. The pathway involving motor 

proteins was the most affected pathway. 

 Expression study using quantitative real time PCR showed that AKT1 is 

expressed significantly higher in oscc tumor tissues as compared to adjacent 

normal tissues. 

 The expression of AKT proteins were not significantly different in different 

stages of oral squamous cell carcinoma, when studied with 

immunohistochemistry. 

 Expression levels of AKT proteins were not significantly related with overall 

survival in our study 

 This study represents the first scientific investigation into the incidence and 

risk factors of oral squamous cell carcinoma (OSCC), as well as the genetic 

alterations that may be present, within the Mizo population. Based on our findings, 

we conclude that AKT may not be a reliable marker for oral cancer in this 

demographic. However, our research had limitations, and while it provides baseline 

data, further studies with larger sample sizes are needed to enhance our 

understanding of the genetic factors involved in OSCC development and to validate 

the identified risk factors. 
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Appendix I: Questionnaire For Epidemiological And Clinicopathological Study 

Of Head And Neck Cancer In Mizo Population 

 

 

Name (Hming): _____________________________________Age:______________ 

Corresponding address: _________________________________________________ 

Permanent address: ____________________________________________________ 

Mob: _________________________        Mob (Alt): _________________________ 

 

Case (Primary site) ____________________________________________________ 

 

File numbers:  ____________________ 

Block No _______________ MSCI File ____________ MZU No. ______________ 

 

 

A. TOBACCO IN THE FORM OF SMOKING (MEIZIAL) 

 

Type of smoke From/To Units per day 

   

   

            

         

1) How soon after you wake up do you smoke your first cigarette?  

     (I thawh veleh engtikah nge I zuk hmasak ber?)   Within 5 minutes

                  6 - 30 minutes 

        31 - 60 minutes 

After 60 minutes 

           

2) Do you find it difficult to refrain from smoking in places where it  

is forbidden ( e.g., in church, hospital, library etc.)?            Yes 

(Meizuk phal lohna hmunah I awm hian meizuk insum har I ti em?)        No 

 

 

3) Which cigarette would you hate most to give up?                       

(Engtik lai ber nge meizial zuk insum har I tih ber?)         Morning (Zingah) 

Other (A dang)
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4) How many cigarettes per day do you smoke? 10 or less (10 aia tlem) 

(Ni khatah meizial engzat nge I zuk thin?)    11 - 20 

21 - 30 

31 or more (31 aia tam) 

 

5) Do you smoke more frequently during the first hours after waking than 

during the rest of the day? (Nileng leh zana I meizial zuk aiin I thawh 

atanga chawei hma thlengin I zuk a tam zawk em?)   Yes 

          No 

     

6) Do you smoke if you are so ill that you are in bed most of the day?  

(Khum beta I dam loh changin I zu tho em?)   Yes 

No 

 

B. TOBACCO IN THE FORM OF SNUFF/TOBACCO-SMOKE INFUSED 

WATER (HMUAM CHI)/INGESTED GUTKHA (EI CHI) 

 

Type From/To Units per day 

Sahdah/Khaini/Raja   

Tuibur   

Kuhva Hring   

Zarda pan/Mitha pan   

Shikhar (Gutkha products) 

etc 

  

  

1) How many pouches of snuff do you typically use each week?  

    (Kar khatah fun engzat nge sahdah I hmuam tlangpui thin?) 1 or less

                        2-4 

5 or more 

 

How many litres of tuibur do you typically use each week? 

(Kar khatah tuibur engzat nge I hmuam tlangpui thin?) 

     1 Koinonia bottle (150ml) or less 

160ml to 300ml (=2x150 ml koinonia) 

More than 300ml 
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How many pouches of shikhar/gutkha do you typically use each week? 

(Kar khatah shikhar/gutkha engzat nge I ei tlangpui?)  1 or less 

         2 – 4 

         5 or more 

         

2) How often do you pinch/dip in a week?  1 day each week or less 

(Eng anga zingin nge I hmuam thin karkhatah?) 2-5 days each week                                

       6-7 days each week 

 

How often do you use tuibur in a week?    1 day each week or less 

(Eng anga zingin nge tuibur I hmuam thin karkhatah?)   2-5 days each week 

         6-7 days each week 

 

How often do you take in a week?   1 day each week or less 

(Eng anga zingin nge I ei thin kar khatah?)   2-5 days each week 

6-7 days each week 

 

   

3) Do you intentionally swallow tobacco juice?         No 

    (I sahdah hmuam tui I lem thin em?)          Yes 

 

    Do you intentionally swallow tuibur?             No 

(I tuibur hmuam tui I lem thin em?)              Yes 

 

   Do you intentionally swallow tobacco juice?            No 

(I gutkha ei tui I lem thin em?)                Yes 

 

4) Do you pinch when you are sick or have mouth sore?             No 

    (I damloh chang emaw I ka a nat emawin sahdah I hmuam tho em?      Yes 

   

 

   Do you use tuibur when you are sick or have mouth sore?             No 

(I damloh chang emaw I ka a nat emawin tuibur I hmuam tho em?         Yes

                                 

   Do you take when you are sick or have mouth sore?             No 

    (I damloh chang emaw I ka a nat emawin I ei thin tho em?           Yes 

 

 

5) How soon after waking up do you pinch? (I thawh After 30 minutes 

 atanga engtia reiah nge sahdah I hmuam thin?)           Within 30 minutes 

      

 

   How soon after waking up do you use tuibur? (I thawh  

atanga engtia reiah nge tuibur I hmuam thin?)  After 30 minute

                 Within 30 minutes 
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How soon after waking up do youtake? (I thawh 

atanga engtia reiah nge I ei thin?)    After 30 minutes

                 Within 30 minutes 

 

 

6) Is it difficult for you to not use snuff where it is restricted?           No 

(Sahdah hmuam theihlohna hmuna I awmin hmuam loh harsa I ti em?      Yes 

 

    Is it difficult for you to not use tuibur where it is restricted?            No 

(Tuibur hmuam theihlohna hmuna I awmin hmuam loh harsa I ti em?       Yes 

 

    Is it difficult for you to not take where it is restricted?             No 

(Ei theihlohna hmuna I awmin ei loh harsa I ti em?)            Yes 

 

 

 

C. ALCOHOL CONSUMPTION 

 

Type of alcohol From/To Units per day 

   

   

 

1) How often do you drink alcohol?     

(Engtia zingin nge I in thin?)               

   2 or less days a week (Karkhatahni 2 aiatlem) 

        3-4 days a week (Karkhatahni 3-4) 

           More than 5 days (Ni 5 aia tam karkhatah) 

 

2) How much water to alcohol do you take in your glass mostly?  

    (Zu no khat inah tui engzat nge I telh thin?)   1/4 alcohol:water 

2/4 alcohol:water 

       3/4 alcohol:water

                  100% alcohol 

 

3) How many pegs do you normally drink?    2-3 pegs 

    (Peg engzat nge I in thin?)      4-5 pegs 

         6-7 pegs 

        More than 8 pegs 

 

4) Do you drink in the morning?               No 

    (Zingah zu I in thin em?)              Yes 

 

 

5) Do you smoke while drinking?     Yes 

    (Zu I in pahin meizial I zu tel ngai em?)    No 
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D. FOOD PREFERENCES: 

 

Do you consume? 

( I ei ngai em?) 

0 

(Never) 

1 (Little) 

1 day a week 

2 (Average) 

2-4 days a week 

3 (Heavy) 

5-7 days a week 

Spicy food  

Thilthak) 

    

Red meat 

(Bawngsa, 

Vawksa) 

    

Smoked Meat 

(Sa rep) 

    

Fresh Vegetables 

(Thlai hring) 

    

Smoked 

vegetables (Thlai 

rep) 

    

Fried food 

(Chawhhmeh kan) 

    

Fruits (Thei)     

Soda nena siam 

bai 

    

 

 

Do you re-use oil for cooking/ frying?       Yes 

(Chawhmeh kana tel hman tawh hnu inhmang nawn thin em?)                         No 

 

 

E. ENVIRONMENTAL FACTORS 

 

1) Is there a cell phone tower near your house or workplace?  Yes 

    (I chena /thawhna hmunah cell phone tower a awm hnai em?)  No 

 

2) Are you exposed to jhum cultivation?      Yes 

    (Lo halna hmun I hnaih em?)      No No 
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3) Does your work involve exposure to sunlight?  

(Ni sa I do ngai em?)    Less than 1 hour (Darkar 1 aia tlem) 

2-3 hours daily (Darkar 2-3)  

 4-5 hours daily (Darkar 4-5)     

 More than 6 hours (Darkar 6 aia rei) 

      

4) Do you use sunscreen?       Yes 

(Sunscreen I hmang ngai em?)                          No 

         

 

5) Do you use Cosmetics?      Regularly 

(Cosmetics I hmang ngai em?)     Occasionally 

         Never  

               

6) Are you exposed to secondary smoking at home or at your workplace? 

(I chenna/thawhna hmunah I bul a mite’n meizial an zu em? 

 Everyday (Nitin) 

  Occassionally (Zeuh zeuh) 

No (Ngai lo) 

 

7) Was your mother smoking when you she was pregnant with you? 

(I nuin a pailai chein mei a zu thin em?)    Everyday (Nitin) 

Occassionally (Zeuh zeuh) 

No (Ngai lo) 

   

8) What is your occupation? (Eng hna nge i thawh?) ________________________ 

 

 

9) Do you work in any of the following? (Heng hmunah hian I thawk em?) 

 

 

 How many years? (Kumengzat?) 

Quarry  

Motor workshops  

Steel industries  

Fertilizer factory  

Coke/Coal tar production 

(kawngsiampawh) 

 

Pesticides factory  

Plastic factory  

Chemical/Dye factory  

Tuibur/Vaihlo factory  

Wood/Wood cutting/Carpentry (Thing 

zaina) 
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F. HEALTH AND FAMILY INFORMATION 

 

1) Besides cancer, do you have any other physical/mental conditions before? 

    (Taksa lamah harsatna/natna I nei tawh thin em (cancer tihloh)? 

 

    Yes  No  If yes, please specify -

_______________________________ 

 

2) Do you have tonsillitis?        Yes 

(Tonsillitis I nei ngai em?)         No 

 

3) How often do you brush your teeth? (Engtia zingin nge ha I nawh?) ___________ 

 

Do you have broken tooth with sharp edges?          Yes   

(Ha khem/ha rual lo/hriam bik I nei em?)      No 

 

4) Do you have any allergies? (Allergy I nei em?)   Yes 

No 

 

5) Is there anyone in your family having cancer? (In chhungkuaah cancer vei dang an 

awm em?) 

 

Relation Sex/Age Disease information Lifestyle habits/exposure 

from the mentioned above 
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REMTIHNA (CONSENT): 

 

Heng a chunga thute hi ka hriatpui a, ka biological sample hi zirchian atan 

pek ka remti e. 

The information provided above was given with my full consent and I do not 

have any objection in providing my biological sample for research purposes 

including NGS, Genomics and Proteomics, and also in Epidemiology, Demography 

and Clinicopathology. I have read and understood the consent information. 

 

Signature: 

Hming (Name):       

Witness: 

 

 

Research chungchang hi participant hnenah hian ka hrilhfiah a, zawhna an neihte ka 

theihtawpa thain ka chhang e. 

 

Signature:  

Date:         

Hmun (Place):  
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Appendix II:  Ethical Clearance Form 
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First-degree family history of cancer can be a potential risk factor among 
head and neck cancer patients in an isolated Mizo tribal population, 
northeast India 
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A B S T R A C T   

Background: Head and Neck Squamous Cell Carcinoma (HNSCC) is commonly associated with tobacco and 
alcohol consumption. The aim of this study is to find the association between the risk factors with HNSCC in a 
small tribal population of Mizoram, North-East India. 
Methods: Data were obtained through consented questionnaires and Logistic Regression was used to calculate the 
Odds Ratio (OR) between the parameters and HNSCC. 
Result: Significant association was observed for smoking and alcohol with an OR of 6.703 and 4.527, respectively. 
The OR was found to increase with increase in smoking and alcohol consumption. Majority of the patients 
consumed local made alcohol and smoked the local made cigarettes known as Zozial. Moreover, the First-Degree 
Family History of Cancer showed a significant OR of 1.921 (95% CI: 1.040–3.547). 
Conclusion: Regardless of the duration of smoking or alcohol consumption, Family History of Cancer might in-
fluence the risk of HNSCC. Further screening is essential to evaluate the potential role of germline mutational 
effect on development of HNSCC in the population.   
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1. Introduction 

Squamous Cell Carcinoma arising from the mucosal epithelium of the 
Oral Cavity, Hypopharynx, Nasopharynx, Larynx, Oropharynx, Para-
nasal Sinuses and Nasal Cavity are collectively termed as Head and Neck 
Squamous Cell Carcinoma (HNSCC) (https://www.cancer.gov). Ac-
cording to GLOBOCAN, Head and Neck Cancer is the eighth most 
common cancer worldwide with 833,519 cases and 467,125 deaths in 

the year 2020.1 In India, Mizoram state ranks sixth among males in Head 
and Neck Cancer.2 In Mizoram, Oral Cavity, Larynx, Nasopharynx and 
Hypopharynx are among the top ten cancer cases between the year 
2014–2016.3 

Mizoram is a small indigenous state located in the North Eastern 
Region of India, where the population has practiced endogamy over 
centuries. The people of Mizoram are ethnically Mongoloids with 
distinct culture and lifestyle habits from that of mainland India. Majority 
of HNSCC appears to be sporadic as long-term exposure to carcinogens 
can result in accumulation of somatic mutations which increases the 
chance of developing cancer. However, with the rising cases of young 
patients (<45 years of age) with HNSCC, studies have also shown the 
potential role of germline effect in HNSCC.4,5 Several authors have re-
ported an increased susceptibility of HNSCC among patients with family 
history of cancer,6,7 but has not been explored in a cancer prone small 
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tribal population practicing endogamy. 
Consumption of tobacco, smoked food, alcohol and areca nut 

chewing has been a practice for many generations among the Mizo 
population. Tobacco is consumed in the form of smoking (cigarette), 
dipping (sahdah), chewing/ingested (gutkha products) and smokeless- 
infused water called as ‘tuibur’. Tuibur is either smoked with a pipe or 
placed in the mouth as long as the consumer desires and then spit out. 
Branded cigarettes and locally hand-rolled unfiltered cigarettes called as 
‘Zozial’ are available in the state. Tobacco Specific Nitrosamines 
(TSNAs) and Polycyclic Aromatic Hydrocarbons (PAHs) are well studied 
carcinogens found in cigarettes as well as smokeless tobacco products.8 

High concentrations of N - nitrosonornicotine (NNN) and heavy metals 
have been observed in Tuibur.9 Smoking meat and vegetables are one 
method of preservation that are traditionally carried on till today. 
Consumption of smoked food are also a source of Polycyclic Aromatic 
Hydrocarbons (PAHs).10 

Areca nuts commonly known as betel nuts are fruits harvested from a 
tropical palm tree known as Areca catechu. Areca nuts are popularly 
consumed by wrapping them in an areca leaf (Piper areca) with slaked 
lime called as Kuhva. Areca nuts contained tannins, polyphenols and 
alkaloids which are carcinogenic by creating Reactive Oxygen Species in 
the presence of slaked lime.11 HNSCC is strongly associated with tobacco 
use, areca nut and alcohol abuse.8,12 Acetaldehyde, a metabolic product 
of alcohol is a highly reactive and is a potent carcinogenic forming DNA 
adducts and alterations of DNA methylation.13 Alcohol is responsible for 
21.6% of Laryngeal cancers, 26.4% of lip and oral cavity cancers and 
30.5% of pharyngeal cancers.14 

To our knowledge, this is the first case control study in this popu-
lation exploring the association of different sites of HNSCC with family 
history of cancer and different established factors as well as lifestyle 
habits like consumption of smoked food, zozial, tuibur and local-made 
alcohol which are distinct to this population. 

2. Materials and methods 

2.1. Data collection 

Ethical Clearance was obtained from the Institutional Ethics Com-
mittee of Civil Hospital Aizawl, Mizoram, India (No.B.12,018/1/13- 
CHA)/IEC/29). Patients who were biopsy proven Head and Neck 
Squamous Cell Carcinoma at Civil Hospital Aizawl between 2017 and 
2019 were included in the study. The samples from the following sites 
were available for the study: Oral Cavity (ICD-10 codes C00.0 - C06.2), 
Oropharynx (ICD codes C09.0 - C10.9), Hypopharynx (ICD codes C12 – 
C13.9), Nasopharynx (ICD codes 11.0–11.9) and Larynx (ICD codes 
C32.0 - C32.2). After obtaining well informed consent, questionnaires 
comprising of tobacco use in the form of smoking (cigarette), dipping 
(sahdah), chewing/ingested (gutkha products), tuibur, consumption of 
alcohol, kuhva (areca nut with/without tobacco), smoked food and 
family history of cancer were recorded (Supplementary Fig. 1). Control 
questionnaires were obtained from 200 age-matched healthy 
participants. 

Smoking was measured in pack years as per the National Cancer 
Institute, USA (http://www.cancer.gov/dictionary?CdrID=306510). 
Pack years was calculated with sticks per day divided by 10 (one pack 
contains 10 sticks in this region), which is then multiplied by the years 
the patient smoked. The patients were categorized into three groups - 
non-smokers, smokers with pack years below average and smokers with 
pack years above average. For alcohol intake, the level of consumption 
was measured by multiplying number of days the patient drinks in a 
week with the duration (years) the patient drank alcohol. The patients 
were categorized into non-drinkers, below average alcohol consumption 
and above average alcohol consumption level. 

Family history of cancer was recorded to understand whether a pa-
tient has any known blood-related family member with cancer at any 
site. Three classes were formed - Family History of Cancers (FHC), First- 

Degree Family History of Cancer (First-Degree FHC) and Second-Degree 
Family History of Cancer (Second-Degree FHC). First-Degree FHC in-
cludes parents and siblings while Second-Degree FHC includes uncles/ 
aunties, cousins and grandparents, Family History of Cancers includes 
either First or Second-Degree Family History of Cancer. 

2.2. Statistical analysis 

The data was analysed with SPSS software (Statistical package for 
social science) version 20.0. Descriptive analysis was done with gender, 
age-group, smoking (cigarette), alcohol, dipping (sahdah), tuibur, kuhva 
(areca nut), smoked food and family history of cancer. Logistic Regres-
sion Analysis was carried out to calculate the adjusted odds ratio with a 
95% confidence interval (CI) to understand the risk association of the 
variables with HNSCC cases against the controls. The regression model 
was adjusted for smoking (cigarette), alcohol, kuhva (areca nut) and 
FHC. 

3. Results 

In our study, 40.7% of total participants were males with a statisti-
cally significant OR of 6.694 (Tables 1 and 2). The mean age of the 
participants was 54.66 years. The most affected site was Oral Cavity 
with 41 patients, followed by Hypopharynx (30) (Supplementary 
Table 1). The lowest frequency sites were Larynx and Nasopharynx, with 
a count of 9 each. 48.7% (146) participants in our study were smokers 
among which 85 were cases and 61 were control. Among the cases, the 
most frequent type of cigarette smoked was Zozial (66/85 smokers) 
(Supplementary Table 1). Smoking level was separated on the basis of 
average pack-years which is 70. The smokers with pack years above and 
below average showed significant p-value, however, a higher risk was 
shown for pack years above average (OR = 15.43) as compared to pack 
years below average (OR = 4.896) (Table 2). 

The average alcohol consumption level was 20 (Table 2). In the 
study, 71% participants were non - drinkers (control - 174 and cases - 
39); 17% were below average consumption of alcohol where number of 
controls was 18 and cases was 33. Majority of the patients (51/63) 
consumed local made alcohol (Supplementary Table 1). Regression 
analysis showed an increased risk in high alcohol consumption as the OR 
for alcohol consumption above average was 5.509 (p = 0.00) while that 
of below average alcohol consumption was 4.021 (p = 0.001). 

Regression analysis also showed a non-significant risk for kuhva 
(areca nut) with an OR of 1.216 (0.594–2.497). The OR for dipping 
(sahdah), tuibur and smoked food are 0.364, 0.561 and 0.712, respec-
tively. Out of the 300 participants, 105 were found to have First-Degree 
FHC where 58 were that of control and 47 were that of cases. A signif-
icant association for cancer risk was observed for First-Degree FHC with 
an OR of 1.921 (p = 0.037). No significant association was found with 
Second-Degree FHC. Fig. 1 represents the distribution of FHC and First- 
Degree FHC with duration (range in years) of smoking and alcohol 
against total HNSCC in the study. The smoking duration was categorized 
in ranges of non-smokers, below 20, 21–30, 31–40, 41–50 and above 50 
years of smoking. The frequency of patients with FHC and First-Degree 
of FHC was plotted for every range of smoking duration. Except for 
smokers who smoked less than 20 years, in every other range including 
the non-smokers, the number of patients having FHC occupies more than 
50% of the total count for each range. Likewise, in alcohol consumption 
duration, similar graph was plotted for FHC and First-Degree of FHC 
against non-drinkers to 50 years of alcohol consumption in a ten-year 
range. In alcohol drinkers, FHC occupied more than 50% of the total 
count. Supplementary Fig. 2 represents the distribution of FHC with 
duration (range in years) of smoking and alcohol consumption against 
site-wise HNSCC. 
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4. Discussion 

Smoking has been strongly associated with Head and Neck Cancer.9 

In our study, we found that smoking behavior, whether in low or heavy 
quantity, showed significant risk. It has been observed that the risk in-
creases in a dose-dependent manner with increase in pack years, dura-
tion or frequency of cigarette smoked.15 This holds true in our case as the 
OR increased by three-fold in >70 pack years (OR = 15.438, 95% CI 
5.989–39.793) as compared to ≤70 pack years (OR = 4.896, 95% CI 
2.352–10.191). More than 70 carcinogens and heavy metals like Cad-
mium (Cd), Mercury (Hg), Arsenic (As), Nickel (Ni), Lead (Pb) and 

Chromium (Cr) have been found in branded cigarettes including Indian 
brands.16–20 Exposure to heavy metals have also been associated with 
the risk of Head and Neck Cancer. In Tunisian population, the concen-
tration of Cd, Ni, As and Cr were higher in Head and Neck Cancer tumor 
tissues among the smokers as compared to non-smokers.21 Studies have 
shown that the mechanism of carcinogenesis of Cd, Ni and Cr include 
induction of oxidative stress and inhibition of DNA repair, apoptosis and 
methylation.21 

Majority of the patients in our study were found to frequently smoke 
zozial. Tobacco filler used for making zozial is found to contain signif-
icantly high concentration levels of aluminium, manganese and sili-
con.10 Other heavy element species, such as, arsenic, cadmium, 
chromium, cobalt, copper, iron, lead and mercury were also detected 
with higher concentration levels as compared to other commonly 
consumed brands.9,16 Because of the high chlorine content in tobacco 

Table 1 
Characteristics of Head & Neck Cancer cases and controls in this study.  

Factors Variables Control n 
(%) 

Case n 
(%) 

TotalN 
(%) 

Gender Female 152 (85.4) 26 (14.6) 178 
(59.3) 

Male 48 (39.3) 74 (60.7) 122 
(40.7) 

Age group (years) Below 45 58 (79.5) 15 (20.5) 73 (24.3) 
Above 45 142 (62.6) 85 (37.4) 227 

(75.7) 

Smoking status No 139 (90.3) 15 (9.7) 154 
(51.3) 

Yes 61 (41.8) 85 (58.2) 146 
(48.7) 

Smoking Level Non-smoker 139 (90.3) 15 (15) 154 
(51.3) 

Below 
Average 

51 (49.5) 52 (50.5) 103 
(34.3) 

Above 
Average 

10 (23.3) 33 (76.7) 43 (14.3) 

Alcohol status No 174 (81.7) 39 (18.3) 213 
(71.0) 

Yes 26 (29.9) 61 (70.1) 87 (29.0) 

Alcohol Consumption 
Level 

Non-drinker 174 (81.7) 39 (18.3) 213 
(71.0) 

Below 
Average 

18 (35.3) 33 (64.7) 51 (17.0) 

Above 
Average 

8 (22.2) 28 (77.8) 36 (12.0) 

Dipping (Sahdah) No 88 (61.1) 56 (38.9) 144 
(48.0) 

Yes 112 (71.8) 44 (28.2) 156 
(52.0) 

Tuibur No 159 (66.0) 82 (34.0) 241 
(80.3) 

Yes 41 (69.5) 18 (30.5) 59 (19.7) 

Kuhva (Areca Nut) No 75 (80.6) 18 (19.4) 93 (31.0) 
Yes 125 (60.4) 82 (39.6) 207 

(69.0) 

Smoked food No 43 (64.2) 24 (35.8) 67 (22.3) 
Yes 157 (67.4) 76 (32.6) 233 

(77.7) 

FHC Without 118 (73.3) 43 (26.7) 161 
(53.7) 

With 82 (59.0) 57 (41.0) 139 
(46.3) 

First Degree FHC Without 142 (72.8) 53 (27.2) 195 
(65.0) 

With 58 (55.2) 47 (44.8) 105 
(35.0) 

Second Degree FHC Without 176 (67.7) 84 (32.3) 260 
(86.7) 

With 24 (60.0) 16 (40.0) 40 (13.3) 

FHC – Family history of Cancer. 
Average alcohol consumption level = 20. 
Average smoking level (pack years) = 70. 

Table 2 
Regression Analysis of risk factors with cases-controls.  

Factors Variables Control 
(n) 

Case 
(n) 

p- 
value 

Odds Ratioa (95% 
Confidence 
Interval) 

Gender Female 152 26 Reference 
Male 48 74 0 6.694 

(3.278–13.669) 

Age group 
(years) 

Below 45 58 15 Reference 
Above 45 142 85 0 3.979 

(1.768–8.955) 

Smoking status No 139 15 Reference 
Yes 61 85 0 6.703 

(3.360–13.375) 

Smoking Level Non- 
smoker 

139 15 Reference 

Below 
Average 

51 52 0 4.896 
(2.352–10.191) 

Above 
Average 

10 33 0 15.438 
(5.989–39.793) 

Alcohol status No 174 39 Reference 
Yes 26 61 0 4.527 

(2.354–8.706) 

Alcohol 
Consumption 
Level 

Non- 
drinker 

174 39 Reference 

Below 
Average 

18 33 0.001 4.021 
(1.890–8.557) 

Above 
Average 

8 28 0 5.509 
(2.189–13.918) 

Dipping 
(Sahdah) 

No 88 56 Reference 
Yes 112 44 0.364 0.753 

(0.408–1.389) 

Tuibur No 159 82 Reference 
Yes 41 18 0.561 0.8 (0.377–1.697) 

Kuhva (Areca 
Nut) 

No 75 18 Reference 
Yes 125 82 0.59 1.218 

(0.594–2.497) 

Smoked food No 43 24 Reference 
Yes 157 76 0.351 0.712 

(0.349–1.454) 

FHC No 118 43 Reference 
Yes 82 57 0.948 1.021 

(0.553–1.883) 

First Degree 
FHC 

No 142 53 Reference 
Yes 58 47 0.037 1.921 

(1.040–3.547) 

Second Degree 
FHC 

No 176 84 Reference 
Yes 24 16 0.088 0.464 

(0.192–1.122) 

FHC – Family History of Cancer. 
p-value is significant at 5% level (<0.05). 

a OR adjusted with smoking, alcohol, kuhva and FHC. 
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and the low quality of paper used to roll it, smokers of zozial need to puff 
more frequently to keep it lighted, resulting in increased inhalation of 
tobacco smoke.22 This might also impose a greater risk in developing 
HNSCC in this population. Tobacco plants used to produce zozial are 
grown by the local people in their annual farm cultivation. Tobacco 
plants naturally take up heavy metals from the soil and accumulate in 
their leaves.23 However, there are no data estimating the level of these 
metallic compounds present neither in the soil nor in the pestici-
des/fertilizers used in the land where the tobacco plants were grown. 

Smokeless tobacco in the form of dipping (sahdah) and tuibur 
showed a weak association with HNSCC in our analysis. Use of smoke-
less tobacco has been strongly associated with Oral Cavity cancer.24 Due 
to widespread use of smokeless tobacco, Oral Cancer is a burden in 
India.25 The low OR in our analysis might be because of the infrequent 
practice as compared to smoking among the cases as well as control in 
the small set of samples obtained. Among the risk factors of Oral Cavity 
cancer is consumption of Areca Nut, which contains carcinogenic com-
pounds that induce the production of Reactive Oxygen Species.12,25 

Despite the frequent consumption of Areca Nut (76/100 cases), regres-
sion analysis showed a non-significant association with an OR of 1.218 
(CI 0.594–2.497). Given the evidences in other studies, the impact of 
smokeless tobacco and areca nut chewing direct more towards the pri-
mary site of exposure i.e., Oral Cavity.26 However, our small sample size 
restricts site-wise analysis which is one of the limitations in this study. 

Alcohol consumption has been associated with multiple cancers like 
Esophageal, Liver and Gastric Cancer.1 The mechanisms by which 

alcohol causes cancer have been described13,14 Alcohol is metabolized 
into acetaldehyde which is a carcinogenic compound that disturb the 
stability of DNA.13 In a case-control study where alcohol intake was 
categorized based on amount of drinks/day (One drink is equivalent to 
30 ml of spirits), the Odd’s Ratio was 2.1, 5.0, 12.2 and 21.1 for drinkers 
of 3–4, 5–7, 8–11 and > 12 drinks/day, respectively as compared to <2 
drinks/day.27 A similar trend was also observed in a meta-analysis 
where they considered the intensity in terms of midpoint of g of 
alcohol per day – light (≤12.5g), moderate (≤50g) and heavy (>50g). 
The risk increases as the consumption increases from light to moderate 
to heavy in oral cavity and pharyngeal cancer with an estimated Risk 
Ratio of 1.13, 1.83 and 5.13, respectively.28 On the basis of frequency of 
drinks in day wise, a study in Taiwan reported an increased risk in in-
crease in frequency when partitioning into monthly, weekly and daily 
consumption of alcohol.29 The trends in other studies mentioned above 
and our regression analysis clearly showed a significant high dose - 
dependent risk of HNSCC with that of alcohol consumption. The draw-
back in our study is that the raw and imprecise processing limits the 
option of calculating the amount of alcohol in a drink because there is no 
estimation of percentage or volume of alcohol in the most frequently 
consumed ‘Local’ drink. Regardless of the amount or duration of expo-
sure to alcohol, we believe that there are high chances that other com-
pounds might be present and this may somehow be attributable to the 
harmful effects leading to increase risk in not only head and neck cancer, 
but cancer in other sites and other diseases as well. It is recommended 
that further studies on the Local drinks are imperative to confirm this 
assumption for public awareness. 

The association between HNSCC and environmental factors espe-
cially smoking and alcohol intake has been extensively investigated.30 

Our small set of a hundred case study showed that apart from smoking 
and alcohol, first-degree family history of cancer may also be one of the 
major risk factors for HNSCC in this population with an adjusted OR of 
1.921 (95% CI 1.040–3.547). In an ICARE study in France, the OR was 
reported to be 1.9 (95% CI 1.2–2.8) in Oral Cavity cancer among pa-
tients with first-degree family history of cancer.31 Associations of 
alcohol, smoking and FHC have been described in several studies. 
Analysis conducted by the International Head and Neck Cancer Epide-
miology (INHANCE) consortium compared the association of alcohol, 
smoking and FHC in a case control study comprising of 8967 cases where 
the OR was 7.2 (95% CI 5.5–9.5) among patients with family history of 
cancer who were smokers and alcohol users.32 Later, in a 25 case-control 
study, a strong association (OR: 2.27, 95% CI: 1.26–4.10) was observed 
between FHC and Head and Neck Cancer in patients below 45 years.33 

Evidences suggesting potential familial component have been re-
ported in Head and Neck cancer based on tobacco and alcohol meta-
bolism, cell cycle and DNA repair pathway. A germline CDKN2A 
mutation resulting in a premature codon termination have been detec-
ted in a 48 years old proband with Hypopharyngeal cancer.34 Increased 
mutational burden in three key genes – FANCL, FANCE and FANCD2 
genes in the FANC pathway have also been identified among 417 head 
and neck cancer patients.35 Polymorphisms in the gene RAD51 and 
XRCC3 have also been reported to increase the risk of HNC by a 2.5 and 
16 – fold respectively.36 In the North Eastern India, Choudhury et al. had 
reported polymorphisms in XRCC1 and XRCC2 and their interactions 
with tobacco consumption might exert an influence on the susceptibility 
of HNSCC.37 Other metabolic enzymes including ALDH2, GST genes and 
Cytochrome p450 genes have also been reported to increase head and 
neck cancer risk.38 

In Fig. 1 (a) and (b), the frequency of FHC occupies half of every 
count in the range of alcohol consumption and smoking durations 
including non-drinkers and non-smokers. Moreover, in the two sites Oral 
Cavity and Hypopharynx, the number of cases having FHC is higher 
compared to the other sites (Supplementary Figs. 2(a) and (b)). Alcohol 
consumption and smoking have been practiced for many generations 
and to this day they are the vices of men and women in the state. In 
addition to these practices, the incidence of HNSCC with family history 

Fig. 1. (a). Distribution of FHC and first-degree FHC with smoking dura-
tion. †
†The solid grey bars indicate the total number of patients in every range; the 
striped bars indicate the number of patients having FHC. The dotted bars 
indicate the number of First-Degree FHC. 
Fig. 1 (b). Distribution of FHC and first-degree FHC with alcohol consumption 
duration. †. 
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of cancer among the patients is high and there seems to be a potential 
influence of family history of cancer regardless of exposure to alcohol 
and smoking. Exposure to the risk factors and environmental factors for 
many generations in a small endogamous population might have led to 
genetic alterations making the population predisposed to cancer 
reflecting more among patients with family history of cancer. This has to 
be proved by conducting genetic mutation studies in the families. 
Investigation on the polymorphism present in the metabolic pathway of 
tobacco and alcohol will elucidate the associated risk that might have 
modulated familial tendency of head and neck cancer in this population. 

5. Conclusion 

Our analysis seems to indicate a significant interaction of risk factors 
between lifestyle habits and family history of cancer. Although alcohol 
and smoking are established risk factors for HNSCC, the high incidence 
of patients having family history of cancer even in non-smokers and non- 
drinkers in our study, seems to impose family history of cancer as an 
attributable factor. Further genetic screening with larger number of 
cases is needed to evaluate the degree of increased risk with alcohol and 
tobacco and more importantly, the germline effect on tumour develop-
ment in HNSCC in this population. 

Limitations 

While this study covers the different sites of Head and Neck Cancer, 
the low sample size limits site-wise analysis. Most of the data are based 
on questionnaire alone, certain clinical information like presence of 
absence of HPV, stages of the cancer and blood profile are not obtained. 
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Summary
Background Patients with early-stage head and neck squamous cell carcinoma (HNSCC) are treated using a single-
modality approach that involves either surgery (S) or radiotherapy (RT). Conversely, those with advanced-stage
disease are treated using a multi-modality approach incorporating a combination of chemotherapy (CT), RT and
S. In addition to behavioural factors, such as alcohol and tobacco use, clinical parameters, such as leukocyte and
neutrophil counts and T and N classification, have been linked to the survival of patients with head and neck
cancer. This retrospective study was designed to provide insights into the types of treatment (induction
chemotherapy [IC], concurrent chemoradiotherapy [CCRT], S and RT) administered to patients with HNSCC in
Mizoram, analyse their 2-year outcome, and identify potential factors that may affect the response to treatment.

Methods A retrospective cohort study was conducted using patients diagnosed with HNSCC between 2017 and 2020
in Mizoram, northeast India. Data on clinical and demographic factors and treatments provided were collected from
medical records from the Mizoram State Cancer Institute, Mizoram. Overall survival (OS) and progression free
survival (PFS) were determined for each factor using the Kaplan–Meier method and compared using the log–rank
test. Cox regression analysis was used to identify the factors that affected OS and PFS. Multicollinearity test was
performed between the predictors using a variance inflation factor cut-off point of 2.

Findings A retrospective study was performed on 210 patients with HNSCC who were followed up for a period of 2
years. The findings revealed that hypopharynx was the most affected site, followed by the nasopharynx, oral cavity,
oropharynx, and larynx. Regarding treatment regimens, 85/210 (40.5%) of the patients received IC along with CCRT
or RT in a sequential manner. Moreover, 86/210 (41.0%) underwent CCRT alone, 22/210 (10.5%) received RT alone
and 17/210 (8.1%) underwent surgery followed by adjuvant CCRT or RT. Two-year OS and PFS estimated using the
Kaplan–Meier analysis were 78.1% (95% CI = 72.4%–84.2%) and 57.4% (95% CI = 50.8%–64.8%), respectively. Log–
rank test showed that leucocytosis (p = 0.015) and neutrophilia (p = 0.014) exerted effects on OS, whereas nodal
involvement (p = 0.005), neutrophilia (p = 0.043) and IC (p = 0.010) exerted effects on PFS. Multivariate analysis
indicated that leucocytosis (p = 0.010 [OS], 0.025 [PFS]), neutrophilia (p = 0.029, 0.033), cancer site (laryngeal)
(p = 0.009, 0.028) and nodal involvement (N2) (p = 0.020, 0.001) were predictors of poor OS and PFS.

Interpretation OS was better than PFS in HNSCC patients from Mizo population. Multi-modality approach offered
survival advantages over single-modality approach. Leucocytosis, neutrophilia, nodal involvement, and cancer sites
were associated with poor OS and PFS. More comprehensive research with a larger sample size is needed to
confirm the findings from this study.
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Introduction
Head and neck squamous cell carcinoma (HNSCC) ac-
counts for more than 0.9 million cases and 0.4 million
deaths worldwide.1 In India, there are more than 0.22
million cases and 0.12 million deaths according to the
GLOBOCAN, 2020.1 The head and neck is one the
leading sites of cancer among men and women in
Mizoram, northeast India.2 Mizoram, a small state in
the northeastern region of India, is predominantly
inhabited by indigenous Mizo populations.3 The people
of Mizoram are racially mongoloids belonging to the
Tibeto-Burman ethnic group and exhibit a distinct cul-
ture and lifestyle different from that of mainland India.3

Tumours thar arise from the mucosal epithelium of the
oral cavity, hypopharynx, oropharynx, nasopharynx and
larynx are collectively termed as HNSCC. Being a
heterogenous cancer, each subsite varies in terms of risk
behaviours, disease presentations, population-wide
prevalence and treatment approaches.4

According to National Comprehensive Cancer
Network (NCCN) guidelines, early-stage patients are
treated using a single-modality approach with surgery
(S) or radiotherapy (RT). On the contrary, for patients
with advanced-stage disease, a multi-modality approach
that includes chemotherapy (CT), RT and S is recom-
mended.5 The CT regimen includes cisplatin, 5-
fluorouracil, docetaxel, paclitaxel and/or carboplatin
administered either alone or in combination.5 Induction
chemotherapy (IC) and concurrent chemoradiotherapy
(CCRT) have been shown to improve response rates, but
no statistical differences have been observed in the
overall survival (OS).6,7 The most effective combination
for IC has not been established despite the fact that RT
and CCRT are the major HNSCC treatment

modalities.5,7 Poor survival rates in HNSCC have been
associated with cigarette smoking, betelnut chewing and
higher T and N staging.7–9 A study by Pachuau and
colleagues observed that drinking alcohol, smoking
certain types of cigarettes and having a family history of
cancer increase the risk of HNSCC in the Mizo popu-
lation.3 In addition, a study by Milrud and colleagues
reported that HNSCC is associated with an elevated
leukocyte and neutrophil count, which is linked to sur-
vival.10 Numerous studies have also related leucocytosis
and neutrophilia to the outcome of HNSCC after eval-
uating different therapeutic strategies.11–14 This study
aimed to investigate each of the aforementioned pa-
rameters and their relationships with the cohort’s
response to the treatment regimen.

This retrospective study, which is the first of its kind
to explore the survival outcomes of patients with
HNSCC within the Mizo population, was conducted to
provide insights into the treatment modalities adopted
in Mizoram and analyse the 2-year outcome of patients
with HNSCC. This study also aimed to assess the vari-
ables that might have an impact on the OS and
progression free survival (PFS) of patients with HNSCC.

Methods
This retrospective cohort study included patients with
HNSCC diagnosed from 2017 to 2020 and followed up
for 2 years at the Mizoram State Cancer Institute
(MSCI) located in Mizoram, Northeast India. Data were
collected from medical records at MSCI, Mizoram. A
total of 850 patients were diagnosed with head and neck
cancer between 2017 and 2020, of which 210 patients
with HNSCC were selected based on the inclusion and

Research in context

Evidence before this study
The persistent challenges of poor oral health continue to
affect various tribal and indigenous communities in India.
Previous studies have focused on Malayali and Narikurava
tribes (Tamil Nadu), Kurichiya and Paniya tribes (Kerala),
Santhals (Jharkhand), Bhils (Rajasthan), Bharias (Madhya
Pradesh), and many tribal populations in northeast India.
Poor oral health is coupled with issues such as tobacco and
betelnut consumption, excessive alcohol intake, lack of
awareness, and limited healthcare access. Such challenges
contribute to the burden of periodontal disease and pose risk
factors for head and neck cancers and precancerous lesions in
tribal populations. Findings of our previous study on Mizo
tribal population (Mizoram, India) indicated that family
history of cancer (first degree) could be a risk factor for head
and neck cancer. Prior to the current study, no survival
analysis had been conducted for head and neck cancer in the
Mizo population.

Added value of this study
This study a preliminary investigation of head and neck
squamous cell carcinoma (HNSCC) in Mizo population. It
provides the first insights into the types of treatment
modalities and factors influencing overall survival and
progression free survival among the Mizo population.

Implications of all the available evidence
Overall survival was better than progression free survival in
HNSCC patients from Mizo population. The study suggests
that multimodality approaches demonstrated better survival
benefits compared to single modality approaches. Notably,
increased nodal involvement, high total leukocyte count, and
high absolute neutrophil count were identified as significant
predictors of survival outcomes. However, further research
with a larger sample size and better treatment stratification is
necessary to establish more valid conclusions.
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exclusion criteria presented in Fig. 1. This study only
included patients with HNSCC. Only those with squa-
mous cell carcinoma arising primarily from the oral
cavity, hypopharynx, nasopharynx, oropharynx, or larynx
at the time of diagnosis were included. All selected
cancers were in the M0 (Metastasis) stage at the time of
diagnosis. Only patients belonging to the Mizo popula-
tion and residing within Mizoram were selected. Many
patients diagnosed within the state but not registered in
the studied institute were excluded. Similarly, patients
registered in MSCI but given referrals to other states or
hospitals were excluded. The patients who left before
initiation of the treatment or lost to follow up were
excluded from the study. Patients registered in MSCI
but either refused to or were unfit to receive RT were
also excluded. Ethical clearance for this retrospective
cohort study was obtained from the Institutional Ethics
Committee (IEC), Civil Hospital, Aizawl, Mizoram
(Ethical approval No.B.12018/1/13-CH(A)/IEC/69). The
study was reported in accordance with the Strength-
ening of Reporting of Observational Studies in Epide-
miology (STROBE) guidelines for observational
studies.15

Clinical and demographic data extracted from the
medical records included age, sex, primary tumour site,
TNM classification (tumor [T], nodes [N], and metastases
[M]), leucocytosis, neutrophilia, treatment regimen, to-
bacco habits (smoking/smokeless), consumption of
alcohol and betelnut chewing habits. Smokeless tobacco
included consuming tobacco in the form of snuffing,
liquified tobacco-infused water called tuibur or chewable
tobacco, such as gutkha products. Classification of tu-
mours was based on International Classification of Dis-
eases, 10th Revision. The American Joint Committee on

Cancer 8th edition was used for TNM classification.16

This cohort study comprised heterogenous sites of head
and neck cancer, and the staging system for each cancer
site had different classifications of T and N. In this study,
the T and N classification was used separately to avoid
misinterpretation of the stages for each cancer site.
Tumour grades were recorded as well-differentiated,
moderately differentiated, poorly differentiated or undif-
ferentiated. No information was available on Human
Papillomavirus and Epstein Barr virus. Patients were
grouped into four categories according to the treatment
plan received: (i) Induction chemotherapy plus concur-
rent chemoradiotherapy/radiotherapy, (ii) concurrent
chemoradiotherapy, (iii) radiotherapy only and (iv) sur-
gery plus adjuvant concurrent chemoradiotherapy/radio-
therapy. Computer tomography scan was used for
routine evaluation before treatment as well as for deter-
mining tumour progression during follow-up.

The patients who underwent RT were followed up 45
days later, which was continued every 6 months for 2
years. CT scan was performed at each visit. Treatment
response was assessed based on RECIST v1.1 criteria
(Response Evaluation Criteria in Solid Tumors), and
patients were grouped into complete response (CR),
partial response (PR), stable disease (SD) and progres-
sive disease (PD). OS was defined as the time elapsed
from the initiation of treatment until death from any
cause. PFS was defined as the time elapsed from the
initiation of treatment until PD, death or SD. Initiation
of treatment was CT, RT, or S, whichever was admin-
istered first. Leucocytosis was defined as a total leuko-
cyte count (TLC) of >10 thou/cumm (thousand cells per
mm3), and neutrophilia was defined as an absolute
neutrophil count (ANC) of >7 thou/cumm.

Fig. 1: Flowchart for inclusion and exclusion criteria plus patient treatment distribution in the study. MSCI, Mizoram State Cancer
Institute; RT, radiotherapy.
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Frequencies were generated for each categorical
variable, and median values were computed for the
numerical variables. Univariate and multivariate cox
regression analyses for OS and PFS were performed
using Statistical Package for Social Sciences (SPSS)
Version 23 (IBM, Armonk, NY). Statistical analyses
involved univariate analyses for OS and PFS, and each
clinical and demographic factor and treatment admin-
istered were evaluated individually. Missing data coding
was given to unknown data for that variable. The iden-
tified significant variables were then considered as
covariates in the subsequent multivariate analysis. To
ensure the accuracy and reliability of the multivariate
models, a multicollinearity test was conducted on the
predictors. A variance inflation factor (VIF) cut-off point
of 2 was used as the threshold for assessing multi-
collinearity among the predictors. Log–rank test and
survival analysis plots using the Kaplan–Meier method
were generated using R Studio.17 A p-value of <0.05 was
considered statistically significant.

Role of the funding source
Not applicable.

Results
The patients’ age range was 21–84 years, with a median
age of 55 years, and 79% of them were men (166 out of
210) (Table 1). In the 210 patients with cancer, the most
affected site was the hypopharynx with 67 (31.9%) cases,
followed by the nasopharynx with 48 (22.9%) cases, the
oral cavity with 39 (18.6%) cases, the oropharynx with 31
(14.8%) cases and the larynx with 25 (11.9%) cases. The
most common T classification in the study was T2 with
86/210 (41.0%) cases, and in the N classification, N1
was the most common one with 89/210 (42.4%) cases.
In this study, 164/210 (78.1%) of the patients smoked
tobacco and 107/210 (51%) consumed alcohol. Majority
of the patients consumed alcohol or tobacco or smoked
cigarettes (Supplementary Table S1). Furthermore, 108
(51.4%) patients had leucocytosis, and 107 (51.0%) had
neutrophilia. Data were missing for variables such as
grading, TLC, ANC, cigarette smoking, alcohol,
smokeless tobacco, betelnut chewing and family history
of cancer (Table 1).

Characteristics n %

Age (years)

Minimum 21

Maximum 84

Median 55

Gender

Male 166 79

Female 44 21

Site

Hypopharynx 67 31.9

Larynx 25 11.9

Nasopharynx 48 22.9

Oropharynx 31 14.8

Oral Cavity 39 18.6

T Classification

1 68 32.4

2 86 41.0

3 32 15.2

4 24 11.4

N Classification

0 62 29.5

1 89 42.4

2 55 26.2

3 4 1.9

Grading

Well differentiated 20 9.5

Moderately differentiated 63 30.5

Poorly differentiated 23 11

Undifferentiated 11 5.2

Not available 93 43.8

Total leukocyte count

≤10 thou/cumm 108 51.4

>10 thou/cumm 24 11.4

Not available 78 37.1

Absolute neutrophil count

≤7 thou/cumm 107 51.0

>7 thou/cumm 21 10.0

Not available 82 39.0

Cigarette smoking

No 29 14.3

Yes 164 78.1

Not available 17 7.60

Alcohol intake

No 86 41.0

Yes 107 51.0

Not available 17 8.10

Smokeless tobacco

No 82 39.0

Yes 111 52.9

Not available 17 8.10

Betelnut chewing

No 23 11.0

Yes 170 81.0

Not available 17 8.10

Family history of cancer

(Table 1 continued on next column)

Characteristics n %

(Continued from previous column)

No 112 53.3

Yes 71 33.8

Not available 27 12.9

thou/cumm, thousand cells per mm3.

Table 1: Characteristics of Head and Neck Cancer patients included in
the current study.
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Table 2 depicts the treatment modalities offered to
the patients. The treatment regimen was categorised
into four groups: patients receiving IC and then
continued with CCRT or RT–otherwise known as
sequential chemoradiotherapy, patients receiving CCRT
alone, patients receiving RT alone and finally patients
who underwent surgery and then received adjuvant
CCRT or RT (Table 2). Of the 210 patients, 85 (40.5%)
received IC along with CCRT or RT, whereas 86 (41.0%)
received CCRT only. RT alone was administered to 22
(10.5%), and surgery was performed on 17 (8.1%) pa-
tients with oral cancer. Of the 22 patients treated with
RT alone, 15 were of early stage with no nodal involve-
ment, whereas 7 patients had nodal involvement. Of the
remaining seven patients, two underwent palliative RT
without CT, three patients declined treatment, and the
other two were too old to receive CT. The frequency
distribution of treatment modalities between tumour
and nodal involvement is given in Supplementary
Table S2. Cisplatin/carboplatin along with paclitaxel/
docetaxel was mostly administered for IC. Of the pa-
tients receiving IC, 54 (25.7%) received cisplatin plus
paclitaxel. Single agents, such as cisplatin, carboplatin,
or paclitaxel, were administered for CCRT. Cisplatin
was given to 123 (58.6%) of the patients receiving
CCRT. The doses of chemotherapeutic drugs adminis-
tered in the study are listed in Supplementary Table S3.
Patients undergoing palliative RT typically received a
total dose of 30 Gy, which was administered in 10
fractions. On the contrary, for those intended to un-
dergo curative radical or adjuvant RT, the prescribed
dose ranged from 60 to 66 Gy, delivered in 30–33 frac-
tions. Of the total patient cohort, 184 individuals
(87.6%) underwent radical RT, 17 (8.10%) received
adjuvant RT, and 9 (4.30%) were treated with palliative
RT. CR was observed in 55.7% (117/210) of the patients,
PR in 3.81% (8/210), SD (SD) in 0.48% (1/210) and PD
in 40% (84/210).

The 2-year OS for the 210 patients was 78.1% (95%
CI = 72.4%–84.2%) and PFS was 57.4% (95%
CI = 50.8%–64.8%) based on the Kaplan–Meier analysis.
Considering the various treatment plans, the lowest
survival rate for OS was 70.4% in patients receiving RT
only. Conversely, those receiving IC + CCRT/IC + RT
had the lowest survival rate (47.3%) for PFS (Table 3,
Supplementary Figures S1 and S2). However, the dif-
ferences between these groups were not statistically
significant. Patients who received cisplatin plus 5-
flourouracil among the IC groups showed the poorest
OS and PFS (Supplementary Figures S3 and S4). In the
IC groups, the median PFS was attained at 22.2 months.
The statistically significant difference between the PFS
of the IC groups and the overall groups of all patients
without IC was revealed by the log–rank p value
(p = 0.010) (Fig. 2). However, the difference was not
statistically significant for OS (Supplementary Table S5).
TLC ≤10 thou/cumm was associated with a better

survival rate of 81.3% when compared with patients
having >10 thou/cumm (p = 0.015) (Fig. 3). Likewise,
patients with lower ANC had better OS and PFS rates
(Figs. 4 and 5). The survival probabilities of different N
classifications were also found to be different (p = 0.005)
(Fig. 6). N2 patients were observed to have the worst

Variables n %

Treatment type

IC + CCRT/IC + RT 85 40.5

CCRT 86 41.0

RT alone 22 10.5

S + CCRT/S + RT 17 8.1

IC regimen

Cisplatin + Paclitaxel 54 25.7

Cisplatin + 5-Fluorouracil 12 5.7

Cisplatin + Docetaxel 3 7.1

Carboplatin + Paclitaxel 15 1.4

Carboplatin + Docetaxel 1 0.5

Not received 125 59.5

Number of IC cycles

Median 3

Range 1 to 7

CCRT

Cisplatin 123 58.6

Carboplatin 22 10.5

Paclitaxel 4 1.90

Not Available 4 1.90

Not received 57 27.1

Number of CCRT weekly cycles

Median 6

Range 1 to 8

RT intention

Radical 184 87.6

Adjuvant 17 8.10

Palliative 9 4.30

RT dose (Gray)

Median 66

Range 24 to 70

Overall survival

Alive 168 80.0

Dead 42 20.0

Progression free survival

Complete Response 117 55.7

Partial Response 8 3.8

Stable Disease 1 0.4

Progressive Disease 84 40.0

Progression

Distant Metastasis 9

Regional Metastasis 3

Recurrence 20

IC, Induction Chemotherapy; CCRT, Concurrent Chemoradiotherapy; RT,
Radiotherapy; S, Surgery.

Table 2: Characteristics of treatment regime and response.
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PFS, i.e., 39.8%, with a median of 22.2 months. The
PFS plot between high and low TLC and OS plot for
levels of N classification are given in Supplementary
Figures S6 and S7. For primary tumour location, oral
cavity showed the worst OS and PFS of 66.7% and
48.2%, respectively (Supplementary Figures S8 and S9).
The highest OS rate of 88.0% was observed for naso-
pharyngeal cancer, whereas hypopharyngeal cancer
showed the best PFS rate of 65.7%.

Univariate cox regression analysis revealed that
T and N classification, TLC and ANC were statistically
significant predictors of OS. Multicollinearity (VIF >2)
was detected for TLC and ANC; therefore, ANC was
adjusted for T and N classification, whereas it was
removed for the multivariate models for the remaining
variables. Multivariate analysis showed that cancer site,
N classification, TLC and treatment type were the

statistically significant predictors of OS (Table 4). The
hazard ratio (HR) indicated the laryngeal site to be a
good predictor of poor survival (HR = 5.165, p = 0.009).
HR increased with the increase in nodal involvement,
which was statistically significant for N2 (HR = 3.835,
p = 0.020). TLC >10 thou/cumm was a good predictor of
poor OS. In univariate cox regression analysis for PFS,
N2 classification and ANC were the significant
predictors (Table 5). As multicollinearity was detected
between ANC and TLC, TLC was adjusted for N classi-
fication only. After adjusting for covariates in the
multivariate models, site (larynx), N2 classification,
leucocytosis and neutrophilia were found to be the good
predictors of PFS. Laryngeal (HR = 2.844, p = 0.028)
cancers were observed to be good predictors of poor
response. Like OS, leucocytosis (HR = 2.035, p = 0.025)
and neutrophilia (HR = 1.946, p = 0.033) were

Characteristics N Overall survival Progression free survival

Survival rates (%) 95% CI (%) p-value Survival rates (%) 95% CI (%) p-value

Overall 210 78.1 72.4–84.2 57.4 50.8–64.8

Treatment type

IC + CCRT/IC + RT 85 73.7 64.3–84.4 0.294 47.3 37.2–60.0 0.062

CCRT 86 83.7 75.9–92.2 66.0 56.5–77.1

RT 22 70.4 53.0–93.5 61.8 44.1–86.7

S + CCRT/S + RT 17 80.0 62.1–100 56.2 36.5–86.7

IC regimen

CP + PAX 54 77.5 66.6–90.3 0.463 51.7 39.5–67.8 0.075

CP + 5-FU 12 44.4 21.4–92.3 18.8 05.4–65.0

CP + DOX 3 66.7 30.0–100 66.6 30.0–100

CB + PAX 15 72.2 52.4–99.6 30.0 12.3–73.4

IC vs No IC

IC 85 73.7 64.3–84.4 0.216 47.3 37.2–60.0 0.010a

No IC 125 80.9 74.1–88.4 63.9 55.8–73.1

Total Leukocyte Count

≤10 thou/cumm 108 81.3 73.9–89.6 0.015a 56.9 47.9–67.6 0.076

>10 thou/cumm 24 58.4 40.7–83.9 39.2 23.6–65.2

Absolute Neutrophil Count

≤7 thou/cumm 107 81.1 73.6–89.4 0.014a 57.5 48.4–68.2 0.043a

>7 thou/cumm 23 57.0 39.2–83.1 36.4 21.0–63.3

Site

Hypopharynx 67 83.7 74.9–93.5 0.101 65.7 55.0–78.4 0.525

Nasopharynx 48 88.0 78.5–98.5 51.9 38.7–69.7

Larynx 25 75.1 59.6–94.6 63.0 46.4–85.6

Oropharynx 31 69.4 54.5–88.3 53.9 38.8–75.0

Oral Cavity 39 66.7 52.8–84.1 48.2 34.4–67.5

N

N0 62 86.1 77.7–95.5 0.062 68.3 57.5–81.2 0.005a

N1 89 79.4 71.1–88.6 60.2 50.4–71.7

N2 55 65.7 53.1–81.4 39.8 28.1–56.5

N3 4 75.0 42.6–100 50.0 18.8–100

IC, Induction Chemotherapy; CCRT, Concurrent Chemoradiotherapy; RT, Radiotherapy; S, Surgery. CP, Cisplatin; PAX, Paclitaxel; 5-FU, 5-Flourouracil; DOX, Docetaxel; CB,
Carboplatin. thou/cumm, thousand cells per mm3. aStatistically significant (p-value <0.05).

Table 3: Kaplan–Meier estimates and log-rank test for two years overall survival (OS) and progression free survival (PFS) of treatment regimen.
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statistically significant predictors of PFS. In addition,
the N classification showed an increase in HR with an
increase in N involvement, which was statistically sig-
nificant for N2 (HR = 3.483, p = 0.001).

Discussion
This study is a single cancer centre-based retrospective
study aimed at providing valuable insights into the
various treatment modalities and the factors influencing

Fig. 2: Kaplan-Meier plot and log-rank test for progression free survival in patients who received versus who did not receive induction
chemotherapy.

Fig. 3: Kaplan–Meier plot and log-rank test for overall survival between total leukocyte count (TLC) ≤10 and >10 thou/cumm (thou/
cumm, thousand cells per mm3).
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the 2-year survival outcome of patients with HNSCC.
The study found that the 2-year OS rate was 78.1%,
which was higher than the 2-year PFS rate of 57.4%. The
analysis identified several factors that influenced the

survival outcomes, including TLC, ANC, N2 nodal stage
and cancer site, particularly laryngeal cancer. Of the 210
patients, 188 (89.5%) were treated with a multi-modality
approach, whereas 86 (41.0%) primarily received CCRT,

Fig. 4: Kaplan–Meier plot and log-rank test for overall survival between absolute neutrophil count (ANC) ≤7 and >7 thou/cumm (thou/
cumm, thousand cells per mm3).

Fig. 5: Kaplan–Meier plot and log-rank test for progression free survival between absolute neutrophil count (ANC) ≤7 and >7 thou/
cumm (thou/cumm, thousand cells per mm3).
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which was closely followed by 85 (40.5%) patients
treated with CCRT along with IC, and only 17 (8.1%)
patients opted for S along with CCRT and/or IC. The
single-modality therapy involving RT alone was admin-
istered to 22 (10.5%) patients. CCRT demonstrated
survival advantages compared with other treatment
modalities, both in terms of OS and PFS, although the
difference was not statistically significant.

A similar investigation conducted among Indonesian
population by Irawan and colleagues observed that the
2-year PFS was similar to our study (50%).8 The OS rate
in our cohort study was almost equivalent to that of a
Korean cohort where the 2-year OS rate was reported to
be 79.8%.6 Another study conducted in north India by
Badola and colleagues at a tertiary cancer care centre
reported a lower 2-year survival rate of 58.8% at 18
months of follow-up.18 The study results also indicated
that patients who underwent IC experienced a less
favourable PFS than those who did not receive IC.
Additionally, despite an almost equal number of pa-
tients receiving CCRT alone and IC along with CCRT,
the OS and PFS rates were notably poorer for those
receiving IC. The purpose of IC is to either reduce the
size of the tumours or enhance their sensitivity to RT,
suggesting that patients receiving IC are likely to gain an
advantage. However, the results indicate a different
outcome. The benefits of IC in the management of head
and neck cancer remain uncertain.19 Several randomised
trials have consistently shown a lack of substantial dif-
ference between IC followed by CCRT and CCRT in the
outcome of patients with head and neck cancer.20–24

The selection of a treatment plan is based on the
patient’s body weight, comorbidities, and the size,
location, and nodal involvement of the tumour. The
purpose of curative treatment is tumour reduction and
organ preservation.6,25–27 The reason for poor response to
IC can be residual toxicity as the treatment is usually
administered to patients with higher T and N staging.6

Undoubtedly, the increase in nodal involvement has
also been shown to be a significant predictor of poor
response. In our study cohort, 70.4% of the patients
presented neck nodal involvement at the time of diag-
nosis, which could be an attributable factor to poor
response. Within 2 years, 85 patients were assessed to
be bad responders (1 with stable disease and 84 with
progressive disease) to treatment, of which 32 patients
progressed to local recurrence and regional and distant
metastasis. Neck nodal involvement has been shown to
be highly associated with poor survival and recur-
rence.28,29 A randomised Phase III trial conducted by
Cohen and colleagues has also reported that IC did not
improve the OS compared with CCRT alone in patients
with N2 and N3 HNSCC.23

Leucocytosis and neutrophilia are significant pre-
dictors of poor OS and PFS. Studies have shown that
leucocytosis can predict the OS and PFS of patients with
HNSCC treated using concurrent cisplatin and radia-
tion.11 Leucocytosis has been linked to tumour recur-
rence and metastasis after surgery in oral squamous cell
carcinoma and oropharyngeal cancer.11–14 In another
study by Jensen and colleagues demonstrated that pre-
treated leucocytosis and neutrophilia were associated

Fig. 6: Kaplan-Meier plot and log-rank test for progression free survival between levels of nodal (N) involvement.
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Variables Univariate Multivariate

HR (95% CI) p-value HRa (95% CI) p-value

Age 1.007 (0.977–1.038) 0.658 1.003 (0.963–1.046) 0.880

Sex

Male Reference

Female 0.914 (0.423–1.976) 0.820 0.404 (0.092–1.773) 0.230

Site

Hypopharynx Reference

Larynx 1.760 (0.639–4.843) 0.274 5.165 (1.518–17.570) 0.009b

Nasopharynx 0.732 (0.250–2.141) 0.569 0.452 (0.117–1.744) 0.249

Oropharynx 2.109 (0.857–5.192) 0.104 1.655 (0.518–5.285) 0.395

Oral Cavity 2.226 (0.962–5.154) 0.062 2.273 (0.768–6.728) 0.138

T Classification

1 Reference

2 1.305 (0.611–2.786) 0.492 0.883 (0.347–2.248) 0.794

3 1.052 (0.366–3.028) 0.925 0.740 (0.156–3.510) 0.705

4 2.822 (1.169–6.815) 0.021b 2.073 (0.698–6.156) 0.189

N Classification

0 Reference

1 1.621 (0.699–3.756) 0.260 2.329 (0.814–6.664) 0.115

2 2.954 (1.263–6.908) 0.012b 3.835 (1.231–11.946) 0.020b

3 2.506 (0.313–20.051) 0.387 – –

Total Leukocyte Count (TLC)

≤10 thou/cumm Reference

>10 thou/cumm 2.603 (1.167–5.803) 0.019b 2.951 (1.290–6.748) 0.010b

Absolute Neutrophil Count (ANC)

≤7 thou/cumm Reference

>7 thou/cumm 2.625 (1.177–5.852) 0.018b 2.500 (1.100–5.684) 0.029b

Alcohol intake

No Reference

Yes 1.888 (0.956–3.727) 0.067 2.487 (0.957–6.460) 0.061

Smoking

No Reference

Yes 1.666 (0.592–4.689) 0.333 1.423 (0.326–6.211) 0.639

Betelnut use

No Reference

Yes 1.148 (0.408–3.230) 0.794 2.446 (0.523–11.430) 0.256

Smokeless tobacco

No Reference

Yes 0.798 (0.426–1.496) 0.418 0.788 (0.359–1.731) 0.553

Family history of cancer

No Reference

Yes 0.545 (0.255–1.169) 0.119 0.935 (0.340–2.572) 0.896

Grading

Well differentiated Reference

Moderately differentiated 0.790 (0.278–2.243) 0.658 2.826 (0.302–26.475) 0.363

Poorly differentiated 0.623 (0.149–2.609) 0.517 1.942 (0.136–27.677) 0.624

Undifferentiated 0.332 (0.040–2.960) 0.332 0.622 (0.034–11.261) 0.748

aHazard Ratio adjusted for T classification, N Classification and Total Leukocyte Count (TLC) except for Absolute Neutrophil Count (ANC). ANC was adjusted for T and N
Classification. bStatistically significant (p-value <0.05).

Table 4: Univariate and Multivariate analysis for characteristics of patients, tumour and treatment regimen with overall survival.
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Characteristics Univariate Multivariate

HR (95% CI) p-value HRa (95% CI) p-value

Age 1.003 (0.982–1.024) 0.789 1.624 (0.807–3.268) 0.174

Sex

Male Reference

Female 0.890 (0.517–1.534) 0.675 0.439 (0.174–1.107) 0.081

Site

Hypopharynx Reference

Larynx 1.180 (0.544–2.564) 0.675 2.844 (1.117–7.244) 0.028b

Nasopharynx 1.439 (0.791–2.617) 0.233 1.236 (0.603–2.532) 0.563

Oropharynx 1.537 (0.786–3.004) 0.209 1.853 (0.793–4.329) 0.154

Oral Cavity 1.636 (0.885–3.023) 0.116 1.757 (0.752–4.103) 0.193

T Classification

1 Reference

2 1.023 (0.615–1.701) 0.930 0.806 (0.424–1.531) 0.510

3 1.109 (0.572–2.149) 0.760 1.917 (0.799–4.600) 1.145

4 1.555 (0.788–3.071) 0.203 1.038 (0.447–2.409) 0.931

N Classification

0 Reference

1 1.366 (0.777–2.403) 0.279 1.582 (0.782–3.198) 0.202

2 2.574 (1.452–4.562) 0.001b 3.483 (1.706–7.110) 0.001b

3 2.104 (0.490–9.034) 0.317 6.527 (0.830–51.347) 0.075

Total Leukocyte Count (TLC)

≤10 thou/cumm Reference

>10 thou/cumm 1.718 (0.939–3.144) 0.079 2.035 (1.095–3.782) 0.025b

Absolute Neutrophil Count (ANC)

≤7 thou/cumm Reference

>7 thou/cumm 1.849 (1.009–3.389) 0.047b 1.946 (1.056–3.586) 0.033b

Alcohol intake

No Reference

Yes 1.167 (0.746–1.825) 0.499 1.501 (0.849–2.651) 0.162

Smoking

No Reference

Yes 1.719 (0.827–3.570) 0.147 2.182 (0.670–7.105) 0.195

Betelnut

No Reference

Yes 0.801 (0.424–1.515) 0.495 1.443 (0.656–3.176) 0.362

Smokeless tobacco

No Reference

Yes 1.082 (0.692–1.691) 0.731 1.124 (0.645–1.958) 0.680

Family history of cancer

No Reference

Yes 0.755 (0.462–1.235) 0.263 0.991 (0.502–1.955) 0.979

Grading

Well differentiated Reference

Moderately differentiated 0.861 (0.398–1.862) 0.704 2.682 (0.557–12.924) 0.219

Poorly differentiated 1.427 (0.601–3.391) 0.420 2.506 (0.466–13.478) 0.284

Undifferentiated 0.819 (0.252–2.661) 0.740 2.052 (0.362–11.648) 0.417

aHazard Ratio adjusted for N classification and Absolute Neutrophil Count (ANC) except Total Leukocyte Count (TLC) which was adjusted for N classification only. thou/
cumm, thousand cells per mm3. bStatistically significant (p-value <0.05).

Table 5: Univariate and Multivariate analysis for characteristics of patients, tumour and treatment regimen with progression free survival.
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with a poor response to radiotherapy.30 Several studies
have indicated leucocytosis and neutrophilia to be pre-
dictors of poor OS and PFS in other cancers, such as
anal, oesophageal and lung cancers.31–33

Smoking and alcohol consumption are established
risk factors for HNSCC.9 Studies have observed that
cigarette smoking decreases the 2-year PFS of patients
with HNSCC.7,34,35 Consumption of alcohol has been
found to have a negative influence on OS and increase
the mortality risk for patients who had quit drinking or
continued to drink.36–38 However, in our study, alcohol
consumption and smoking did not significantly influ-
ence the OS or PFS. Su and colleagues had indicated
that a history of betelnut chewing along with smoking
was associated with poor prognosis in patients with
HNSCC.9 Although 81.4% of the patients in our study
had the habit of betelnut chewing, we did not observe a
significant effect on OS or PFS even after adjusting for
smoking. Likewise, a common practice, such as the
consumption of smokeless tobacco in the form of ‘tui-
bur’, was not linked to the prognosis in our study.
Although having a family history of cancer has been
reported to increase the risk of developing HNSCC,9 it
did not influence the treatment response in our popu-
lation. This finding is consistent with the study by Getz
and colleagues in which a similar HR was observed
between family history of cancer and survival.39

This study has several limitations, such as the small
sample size which prevented us from adequately strat-
ifying the samples by cancer sites or stages to achieve a
stronger statistical power. Furthermore, the retrospec-
tive nature of this study limited us from gathering direct
information on patients’ quality of life, diagnosis, and
complete reports on their overall wellbeing, including
toxicity profiles that can have a potential impact of
confounding by indication. Moreover, information on
the presence of human papillomavirus or Epstein–Barr
virus was not available as these tests are not a part of
routine tests in the state. Also, there were a few missing
details in some of the parameters, which could not be
traced back. In addition, this study is a preliminary and
exploratory study with many shortcomings that weaken
the statistical power of the study, such as the disad-
vantages in using univariate analysis for selecting the
variables to be used in multivariate analysis.40,41 The
findings of this study are tentative and require in-depth
investigation to arrive at more definitive conclusions.
However, despite these shortcomings, this study meth-
odology and objectives can be applied to data from any
clinical investigations in remote autonomous cancer
care centres with limited resources. The results of this
study are comparable to cancer clinic findings from any
patient cohort.

To the best of our knowledge, this is the first survival
analysis on HNSCC from a region of high cancer
prevalence in the country. The 2-year OS and PFS were
78.1% and 57.4%, respectively. The multi-modality

approach, particularly CCRT, showed survival advan-
tage over other treatment modalities, including the
sequential approach. Poor prognosis was influenced by
factors such as high TLC, high ANC, high nodal
involvement, and laryngeal cancer site. Performing a
more comprehensive study with a larger sample size,
assessing the long-term effects by extending the follow-
up period, refining the treatment stratification, and
incorporating molecular data are required to validate the
findings from this study.
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Introduction  

Cancer is characterized by dynamic changes in the genome that alter the normal 

properties of cells. These changes disrupt the normal cell cycle, leading to uncontrolled 

growth and division, and eventually enabling the cells to invade other tissues. In 2020, 

approximately 19.3 million cancer cases and nearly 10 million cancer-related deaths 

were reported worldwide, with Asia accounting for half of these cases and 58.3% of 

the deaths due to its large population. While female breast cancer is the most 

commonly diagnosed cancer globally, and lung cancer is the leading cause of cancer 

deaths, oral squamous cell carcinoma (OSCC) is particularly prevalent in South 

Central Asia, including India, and ranks as the sixth most common malignancy 

worldwide. 

Cancers are named based on the organ or tissue they affect, such as lung cancer 

or oral cancer, and are further classified by the type of cell they originate from, like 

squamous cells. OSCC, specifically, involves the epithelial lining of the oral cavity 

and constitutes 95% of all head and neck cancers. Oral cancer accounts for almost 30% 

of all cancers treated at one of India's leading cancer referral hospitals. According to 

Globocan 2020, cancers of the lips and oral cavity represent 2% of all cancer 

incidences and 1.8% of cancer deaths globally, with high incidence rates in regions 

like Eastern and Western Europe, and New Zealand/Australia, largely linked to alcohol 

consumption and tobacco smoking. India, in particular, has one of the highest 

incidences of oral cancer and the leading cause of cancer-related deaths among men. 

Oral cancer, predominantly OSCC, can develop in various sites within the oral 

cavity, including the tongue, hard palate, gums, floor of the mouth, and buccal mucosa. 

These cancers, along with cancers of the pharynx, larynx, and other head and neck 

regions, are often studied together due to their related etiology and pathology. The 

development of oral cancer involves a complex interplay of genetic and epigenetic 

changes in regulatory genes, influenced by risk factors such as tobacco and alcohol 

use, areca nut consumption, and poor oral hygiene. 

The survival rate for oral cancer is about 68%, which is better than the 26.7% 

survival rate for lung and bronchus cancers, but often results in significant quality of 



life impairments, including difficulties with speech, chewing, and swallowing. 

Surgical treatment of head and neck cancers, including OSCC, often leads to aesthetic 

compromises and psychological burdens due to facial disfigurement and functional 

impairments. To date, there have been no reports that focus on the genetics or 

environmental risk factors towards oral cancer for the Mizo population. The present 

study on Mutational study of AKT1 gene and its expression associated with oral 

squamous cell carcinoma in Mizo population had been proposed with the aim of 

evaluating the risk factors in the population and to assess alteration in AKT which is a 

key component in various signalling pathway. The findings of this study may help us 

to better understand the risk factors and the prevalence of certain gene mutations that 

might further help in prevention, early diagnosis, and provide best treatment option to 

the patients. 

 

  



Objectives 

The following objectives were set for the present study: 

 To determine and analyze the risk factors associated with incidence of 

Oral Squamous Cell Carcinoma in Mizo population. 

 To investigate mutations in AKT1 and other genes, as well as the 

expression patterns of AKT1 in Oral Squamous Cell Carcinoma. 

  



Materials and Methods 

For epidemiology, patients who were confirmed to develop squamous cell 

carcinoma of the head and neck at Civil Hospital Aizawl were included. Patients with 

cancer of the following sites – oral cavity, oropharynx, hypopharynx, nasopharynx and 

larynx, and belonging to the Mizo tribe were included. Patients history of tobacco 

smoking, dipping (sahdah), chewing (gutkha, shikhar) or tuibur (tobacco infused 

water) use, consumption of alcohol, kuhva (areca nut with betel leaf and lime), smoked 

foods and family history of cancer was obtained. SPSS software (Statistical package 

for social science) version 20.0 was used to analyze the data 

For mutation study, oral squamous cell carcinoma tumors were collected from 

Civil Hospital Aizawl. A small tumor tissue was collected in RNAlater. Genomic DNA 

was isolated using Qiagen AllPrep DNA/RNA minikit. The DNA were used for whole 

exome sequcing with the Illumina HiSeq X instrument. Raw sequencing data were 

analyzed using the GATK pipeline. Various functions of the maftools package in 

Rstudio were used to summarize, analyze, annotate and visualize WES data. 

Formalin Fixed Paraffin Embedded blocks of oral squamous cell carcinoma 

were collected along with available clinical data for immunohistochemistry. AKT 

antibodies (Anti-AKT1 antibody ab235958,  Anti-AKT2 antibody [4H7] ab175354, 

Anti-AKT3 antibody ab189643) were from abcam and Mouse/Rabbit PolyVUe PlusTM 

HRP/DAB Detection System was used for visualization. Q score method was used to 

evaluate the intensity of immunohistochemical staining. SPSS software (Statistical 

package for social science) version 20.0 was used to analyze the data. 



Results 

Epidemiological studies revealed that men have higher odds of developing 

head and neck cancer. Tobacco smoking and alcohol consumption were shown to have 

significant association with head and neck cancer, with ther risk increasing at higher 

dose. Chewing kuhva (areca nut with betel leaf) was shown as a non-significant risk. 

Unlike in other studies, no significant risk was observed with sahdah, tuibur and 

smoked foods.  A significant association for cancer risk was observed for first-degree 

family history of cancer while no significant association was found with second-degree 

family history. 

In whole exome sequencing, AKT1 mutation was not observed in the exonic 

region in all the eight tumors. There was 39 variations found, most of which were in 

the intronic region. Three variations which had been reported in other studies were 

also identified such as rs761072840, rs536557125 and rs996510206. Explorative study 

revealed that missense mutation was the most frequent mutation and of all the single 

nucleotide variation, C > A transversion is the most prevalent one. TTN gene was 

flagged as the most mutated gene, with 9 missense mutation found in 6 samples out of 

8. KY gene was also affected in 6 out of 8 tumor samples. The other commonly mutated 

genes included ADAMTS7, PKD1, MUC16, ADGRV1, DIPK1C, NPIPB11, CHTF18 

and DNAH6. Mutation in TP53 (rs28934578) and CDKN2A (rs121913389) which 

were already reported as pathogenic in Clinvar database were also identified. Four co-

occuring gene pairs were also observed and they were EYS-NEB, MCF2L-ASH1L, 

DNAH6-CUBN, COL14A1-CIT. Pathway analysis revealed that the mutated genes 

were significantly associated with twelve KEGG pathways, with motor proteins being 

the most significantly associated. 

The mRNA expression of AKT1 is significantly higher in oral squamous cell 

carcinoma tumors compared to adjacent normal tissue, as demonstrated by quantitative 

real-time PCR. However, the protein expression levels of AKT1, AKT2, and AKT3 

do not vary significantly across different cancer stages. Additionally, there is no 

significant difference in the expression of these proteins across various subsites of oral 

cancer. The overall survival of oral squamous cell carcinoma patients was longer for 



those with higher expression levels of AKT1, AKT2, and AKT3, although the 

differences were not statistically significant. 

 

  



Summary and Conclusion 

Oral cancer includes cancer of the oral cavity, the lips and the tongue, and is 

often grouped under the head and neck cancer along with other sites for various 

studies. Oral cancer is the sixth most common malignancy worldwide and head and 

neck cancer is the second most prevalent cancer among men in Mizoram, and the 

known risk factors alcohol consumption and tobacco smoking are common practice 

among the people. It is believed that genetic factors as well as environmental factors 

play a role in tumor development. The present study on Mutational study of AKT1 

gene and its expression associated with oral squamous cell carcinoma in Mizo 

population has been carried out with the aim of evaluating the risk factors in the 

population and to assess alteration in AKT which is a key component in various 

signalling pathway and regulates a wide variety of cellular functions including cell 

proliferation, survival, metabolism, and angiogenesis. 

 The findings of the present work are summarized as follows: 

 In Mizoram, head and neck cancer is diagnosed from age as early as 31 to as old 

as 88, with the average age of diagnosis being 54 years. 

 Males are more affected by head and neck cancer as compared to females. 

 Tobacco smoking and alcohol drinking were found to be significanly associated 

with developing head and neck cancer, with increasing risk in a dose dependent 

manner. 

 Having a first degree relative with cancer was also found to be a significant risk. 

 Chewing of areca nut was also associated with head and neck cancer, but did not 

have statistical significance. 

 Whole exome sequencing was done for eight oscc tumors and after processing of 

the raw sequenced data, somatic variants were called using Mutect2 Tumor-only 

mode to identify mutations. 

 Mutational study revealed that AKT1 is not commonly mutated in oral squamous 

cell carcinoma in the Mizo population. 

 Several other genes were found mutated in oscc tumors, two genes TTN and KY 

were found to have mutations in 75% of the tumors. 



 Variations in TP53 (rs28934578) and CDKN2A (rs121913389) which were 

already reported as pathogenic in Clinvar database were also identified in oscc 

tumor in our study. 

 Four co-occuring gene pairs were identified in oscc tumors – EYS/NEB, 

MCF2L/ASH1L, DNAH6/CUBN and COL14A1/CIT 

 Twelve oncogenic pathways were found to be significantly asscociated with the 

genes that carry mutation in our study. The pathway involving motor proteins was 

the most affected pathway. 

 Expression study using quantitative real time PCR showed that AKT1 is expressed 

significantly higher in oscc tumor tissues as compared to adjacent normal tissues. 

 The expression of AKT proteins were not significantly different in different stages 

of oral squamous cell carcinoma, when studied with immunohistochemistry. 

 Expression levels of AKT proteins were not significantly related with overall 

survival in our study. 

This study represents the first scientific investigation into the incidence and risk 

factors of oral squamous cell carcinoma (OSCC), as well as the genetic alterations that 

may be present, within the Mizo population. Based on our findings, we conclude that 

AKT may not be a reliable marker for oral cancer in this demographic. However, our 

research had limitations, and while it provides baseline data, further studies with larger 

sample sizes are needed to enhance our understanding of the genetic factors involved 

in OSCC development and to validate the identified risk factors. 
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