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Preface

Oral cancer is frequently diagnosed late, when the disease has advanced with lesions that
are large and deeply invasive and with metastasis to regional lymph nodes, leading to in‐
creased mortality. Moreover, late diagnosis and treatment often result in considerable mor‐
bidity of oral and maxillofacial structures and poor appearance and function following
therapy. Incidence of cancer in the country has been increasing over the last few decades.
This book covers the topic of oral cancer in a concise but detailed manner. The book certain‐
ly achieves its aim: enhancing knowledge of the many aspects of care and management that
oral cancer encompasses. The opening chapter presents the pathogenesis of cancer by intro‐
ducing the reader to the cellular, histological, and molecular changes that occur in the dis‐
ease process. This is followed by detailed chapters on different, newer aspects of oral cancer,
which will enrich all clinicians who aim to promote preventive advice. Overall, the book
fulfills its purpose entirely in updating researchers on oral cancer.

This book will help researchers and clinicians in understanding the fundamentals and man‐
agement of oral cancer in individual patients.

Dr. S. Sundaresan M.Sc., M.Phil., Ph.D.
Associate Professor

Department of Medical Reserch
SRM Institute of Science and Technology

India
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1. Introduction

Cancer is the major cause of mortality in economically advanced nations, and in developing 
nations it is the second leading cause of death [1]. The survival rate due to the heterogeneity 
in treatment offered within centers across India for buccal mucosa cancer in India is 5 years 
ranges from 60 to 80% for stage I disease to 5 to 15% for locally progressive disease [2, 3].

Squamous cell carcinoma (HNSCC) develops in the oral cavity, larynx, or hypopharynx 
and oropharynx. In accordance with incidence rate, it is reported as the sixth leading cancer 
worldwide [4]. It is likely that approximately 600,000 cases have been established worldwide, 
and the 5-year survival rate is only 40–50% in patients with HNSCC [5]. In a 5-year period, 
estimated new cases of head and neck cancer were 300,000 and approximately 145,000 deaths 
in 2012 and 702,000 predominant cases [6]. It was reported that two-thirds of the global inci-
dence of oral cancer occurs in low- and middle-income countries (LMICs). In that, half of 
those cases are in South Asia. In India alone, one-fifth of the population have head and neck 
cancer and one-fourth of all head and neck cancer demises [6]. Figure 1 illustrates the region 
of all head and neck cancers.

2. Pathogenesis of head and neck cancer

There is a prolonged preclinical phase for head and neck cancer, and also it constitutes well-
documented precancerous lesions. The precancerous lesions comprise leukoplakia, eryth-
roplakia, oral submucous fibrosis (OSMF), lichen planus, and chronic traumatic ulcers. The 
frequency at annual rate was estimated to be in the range from 0.13 to 2.2% during the trans-
formation of oral precancerous lesions to cancer [7, 8].

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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The clinical conditions such as nodular lesions, painless small ulcers, or growths present in 
very early preclinical invasive early stage cancers culminate the disease. Changes can be easily 
seen and are clinically detectable through careful visual inspection, and palpation of the oral 
mucosa was the hallmark of processes. Highlighting the disease prognosis that localized early 
head and neck cancers ˂4 cm that has not spread to the regional lymph nodes can be success-
fully treated with either radiotherapy or surgery resulting in 80% of 5-year survival rates [9].

Leukoplakia may be clinically categorized as homogeneous or nonhomogeneous condition, 
in which a white snowy plaque or patch will form on the tongue. If the lesions have a thin, 
flat, uniform, smooth, and white appearance, it is categorized as homogeneous, and nonho-
mogeneous lesions may have a white and red appearance or tiny, white, pinhead-size raised 
nodules on a reddish background or a proliferative, warty presence. Erythroplakia exists as a 
red patch with a smooth or granular surface that cannot be categorized clinically or pathologi-
cally as any other definable disease [10]. Erythroplakia has a higher chance than leukoplakia 
to anchorage occult invasive cancer and to undergo malignant transformation.

Interweaving white lines (known as Wickham’s striae) with a reddish border or as a mix of 
reddish and ulcerated areas will appear on oral lichen planus. OSMF, mostly restricted to 
the people of Indian subcontinent origin and in certain Pacific islands such as the Mariana 
Islands, presents with a blanching of the oral mucosa, burning sensation, and intolerance 
to spicy food. As the disease progresses, hardening and weaken of the oral and pharyngeal 
mucosa occur, leading to reduced mouth opening and difficulty in swallowing and speaking. 
Smokers who smoke with the lighted end of the tobacco product inside the mouth, known as 

Figure 1. Head and Neck Cancer Regions.
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reverse smoking, will be acquired with palatal lesions resulting in white or mixed reddish-
white lesions of the palate [10].

A higher risk of malignant alteration may be related with the factors like female gender, 
lesions of long period, large precancerous lesions, precancerous lesions in nonusers of tobacco, 
tongue, and floor of mouth lesions, nonhomogeneous lesions, and lesions showing epithelial 
dysplasia and aneuploidy [11]. However, during the follow-up in patients, it is impossible to 
predict with certainty where the precancerous lesion will become malignant. The malignant 
alteration of precancerous lesions can be prevented by interventions, such as avoiding the use 
of tobacco and consuming alcohol and by excision of the lesions in selected cases.

3. Incidence and mortality

WHO conveyed that head and neck cancer occurrence and death are high in India, Papua 
New Guinea, and Taiwan, China, where the habit of chewing betel quid’s with tobacco or 
without tobacco or areca nut chewing is common, as well as in France, Eastern Europe, and 
parts of South America such as Brazil and Uruguay, where tobacco smoking and alcohol 
ingestion are high. The age-standardized incidence rates for men are, on average, twice as 
high as those for women. WHO reported that in selected countries where some reliable cancer 
registries exist, India is highest and Belarus is lowest, with incidence rates changing by more 
than five times in men and women. The estimated age-standardized incidence rates of head 
and neck cancer also fluctuate among countries in different regions [6].

In South and Southeast Asia, buccal (cheek) mucosa is the most common site for head and neck 
cancer; the tongue is the most prominent site in all other regions [12]. Regional differences in fre-
quency and the site of occurrence are related to the major causes, which are betel quid and tobacco 
chewing in South and Southeast Asia and alcohol and smoking in Western countries [13]. The 
mortality rates of head and neck cancer range between 1 and 15 per 100,000 persons in different 
regions; mortality rates exceed 10 per 100,000 in Eastern European countries, such as the Czech 
Republic, Hungary, and the Slovak Republic. Head and neck cancer mortality rates are influenced 
by head and neck cancer incidence, access to treatment, and deviations in site distribution.

The trends in incidence and mortality among men and women are closely correlated with the 
patterns and trends in tobacco and alcohol use. Increase in tobacco and areca nut chewing and 
alcohol consumption causes an elevated incidence rate which has been reported in Karachi [14] 
and in Taiwan [15]. Head and neck cancer incidence and mortality rates have been gradually 
falling over the past 2 decades because of declining smoking prevalence and alcohol ingestion 
in the US [16]. However, because of human papillomavirus (HPV), there is an increase in can-
cers at the base of the tongue, which has been observed in white men in the United States [17].

It was reported that over the past 2 decades, incidence and mortality rates for head and 
neck cancer have been declining steadily in most European countries. The increasing rates 
had been observed in some Central European countries, such as Hungary and the Slovak 
Republic, reflecting changes in alcohol and tobacco consumption [18]. There was a steady 
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decrease in the mortality rate of head and neck cancer in France since reaching a peak in the 
early 1990s and the decline correlated with the reduction in alcohol consumption. Incidence 
and mortality have been stable in the Nordic countries, the Russian Federation, and the 
United Kingdom. Mortality rates have been steadily declining in Australia and Hong Kong 
SAR, China but increasing in Japan and the Republic of Korea [19].

4. Diet and head and neck cancer

The current report highlighted that about 15% of all cancer deaths are related to unhealthy 
diets, including high intake of red meat, processed meat, and sodium, as well as low intake 
of fruits and vegetables [20]. Most research is still not consistent about specific nutritional 
items yet for the cause of cancer geographically [21]. The most current comprehensive review 
of diet and cancer risks confirms an elevated risk related to red and processed meat but finds 
less evidence supporting the benefit of the consumption of fruits and vegetables in reducing 
risk [22]. When well-established risk factors are included in the estimation of cancer, the varia-
tions in the strength of the evidence in different studies over time makes the measurement of 
dietary intake problematic in epidemiological studies. Nearly 5% of cancer deaths worldwide 
(387,000) would be attributable to dietary risk factors [20]. Ingestion of red meat and pro-
cessed meat increases the risk of colorectal cancer by an estimate of 43% [21]. Ingestion of red 
meat and processed meat is generally rising in low- and middle-income countries (LMICs), 
but is stable in high-income countries (HICs). Another major dietary risk factor is high salt 
intake, which increases the risk of stomach cancer. Globally, salt intake has declined, and 

Figure 2. The mechanism of salivary involvement with diet and cancer.

Prevention, Detection and Management of Oral Cancer4

the associated cancer burden has declined as a result [22]; currently, 1.5 and 2% of all cancer 
deaths in HICs and LMICs, respectively, are attributed to high salt intake, compared with 2.2 
and 2.7%, respectively, in 1990 is highlighted by Lim and others. In the United Kingdom, 10% 
of new stomach cancer cases diagnosed in 2010 may be attributable to high salt intake [23].

Figure 2 describes the mechanism of salivary involvement with diet and cancer.

Over the past era, key factor in the decline in cancer incidence reported to be the better food 
preservation methods and reducing the salt. The levels of red meat consumption in recent 
decades may explain the low colorectal cancer rates in southern Asia [21], as well as the high 
rates in many Western European countries were reported [24, 25]. Researchers find association 
for obesity and overweight to cancer is firmer than the dietary evidence has been reported, 
indicating that 3 and 6% of cancer deaths in LMICs and HICs, respectively, can be attributed 
to excess weight, as quantified by the body mass index (BMI) [26, 27]. High BMI was raised as 
a cause of cancer deaths more substantively in LMICs, a 54% increase over the past 30 years, 
compared with a 26% increase in HICs over the same period [28].

5. Buccal mucosa cancer—our perspective

A buccal mucosa carcinoma is a violent form of head and neck cancer associated with the 
high rate of locoregional reappearance and poor existence [29]. It is the most common can-
cer in men and the third most common cancer in women in India [30]. National Cancer 
Registry Program (India) has stated approximately 13,500 cases of buccal mucosa carcinoma 
from various Indian cancer registries [31]. Indian Council of Medical Research guideline on 
buccal mucosa carcinoma management reported that there is the absence of national and 
international data specifically on buccal mucosa cancer, and very few randomized studies 
from India on various aspects of buccal mucosa cancer are available [32]. Tumor thickness 
and other prognostic factors were institutes to be not correct predictors of relapse and most 
of the studies were not adequately powered to draw a definite conclusion. Patients with 
head and neck cancer observed by computed tomography, magnetic resonance imaging 
(MRI), ultrasound-guided fine needle aspiration biopsy, and positron emission tomography 
(PET) have significant false positive and false negative results, invariably not capable of 
detecting nodal metastasis [33, 34]. Genetic alterations recognized to date have not been 
used clinically in the assessment of surgical margins, and no study has developed a gene 
signature that can accurately predict which patients with buccal cancer are at a higher risk 
of disease recurrence. Traditional surgical procedures may miss involved lymph nodes due 
to a limitation in histopathology examinations [35]. Lymph-node metastasis can be pre-
dicted by gene expression profiles of primary oral cavity squamous cell carcinomas [36]. 
Further, markers of prognosis will be validated by qRT-PCR technique. Gene expression 
profiles of primary tumor and their matched normal mucosa and comparing with different 
tumor stage and lymph-node status and to identify clinically significant prognostic markers 
is warranted.

Increase in the incidence of buccal mucosa carcinoma was observed from the hospital regis-
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Chennai were higher in both sexes among all of the states in India [37]. Currently, there are 
no markers that can consistently predict malignant progression in oral dysplastic lesions. 
Recurrent disease after surgery and radiotherapy is hard to salvage because of availability 
of earlier markers to predict the stage of disease [38]. It was reported that variability in 
the clinical course of patients remains unexplained and conventional clinicopathological 
parameters fail to answer all questions. Identification of novel prognostic factors may allow 
a rational selection of the most appropriate therapeutic options for individual patients [39].

Oral tumor thickness and other prognostic factors were found to be not correct predictors of 
relapse, and most of the study was not adequately powered to drought a definite conclusion. 
Clinicopathological parameters such as the TNM system, which are generally used as a basis 
for therapeutic decisions, frequently fail to predict the biologic behavior of the tumors or 
the patients’ outcome [40]. ICMR guideline on buccal mucosa carcinoma highlights that new 
prognostic factors for buccal mucosa cancer are the very important need to manage it.

6. Buccal mucosa cancer and molecular markers

Estimates based on weighted averages of data from Bangalore, Mumbai, Bhopal, Chennai, 
and Delhi show that buccal mucosa carcinoma has an incidence of 4.0% of all malignancies in 
males and 3.5% of all malignancies in females. Buccal mucosa cancer is a dissimilar disease 
biologically, as compared to rest of head and neck cancer, and requires great care [41]. The 
buccal tumor was reported to differ from other tumors by early stage less often and arises 
from premalignant tissue with abnormal clinical appearances, which may prevent earlier 
diagnosis and referral from primary care [42].

Van’t Veer et al. showed the ability of gene expression profiles to classify tumors into clinically 
appropriate groups and to predict the outcome by using supervised statistical analyses [43]. 
Individuals whose primary tumors bore the metastases-related gene expression program had 
significantly shorter survival times compared with individuals whose tumors needed it [44].

Importantly, candidate-gene approach study had reported genetic alterations in surgical 
resection margins in head and neck squamous cell carcinoma (HNSCC) from different disease 
sites, e.g., oral cavity, pharynx/hypopharynx, and larynx [45–47]. Markedly genetic altera-
tions identified in HNSCC encompassed over-expression of eIF4E [48], TP53, and CDKN2A/
P16 proteins [49].

A prognostic value with disease-free and overall survival was shown in a study of gene 
expression profile of three genes (GLUT3, HSAL2, and PACE4) were correlated with differ-
ent clinical parameters [39]. A 4-gene signature (MMP1, COL4A1, THBS2, and P4HA2) for 
calculation of recurrence in OSCC had been studied in whole-genome expression profiling 
experiment and a meta-analysis of five microarray datasets developed [35].

Known risk factors like areca nut and betel quid reported to contain genotoxic, cytotoxic, and 
ability to stimulate human buccal mucosal fibroblast proliferation [50]. It was conveyed to act 
synergistically in the pathogenesis of oral submucous fibrosis and head and neck cancer [51]. 
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Other risk factors such as arecoline, safrole, and nicotine, which are released in saliva during 
betel quid chewing plus cigarette smoking, inhibit collagen phagocytosis by fibroblast [52].

Majority of head and neck cancers are preceded by a period during which the affected epi-
thelium shows evidence of epithelial dysplasia, although this may not always be clinically 
apparent [8]. Several studies have exposed great inter- and intra-examiner variability in the 
assessment of the presence or absence and the grade of oral epithelial dysplasia [53–56], the 
kappa values, in general, showing poor to a moderate bargain among examiners.

Five-year survival with single modality treatment of 19–20% was observed in patients with 
T3 and T4 stages [57]. Diaz and others had shown that the relapse amount was up to 45% 
in patients with early stage disease [58], and relapse rate in patients with nodes demanding 
some form of adjuvant treatment in early disease and high-risk tumors.

Mishra et al. had reported the relation between treatment failure and tumor thickness in a 
series of 176 patients with early buccal mucosa cancer [59]. Tumor thickness of more than 
4 mm was found to be connected with lymph-node metastasis. In another study, tumor 
thickness of more than 5 mm was linked with nodal metastasis [60]. There are few studies 
described in the literature that associate the prognostic factors linked with clinical result of 
buccal cancer.

The molecular changes between the tumor subtypes are often accompanied by differences in 
clinical features, such as statistically robust differences in relapse-free and overall survival 
[61], and many studies found handfuls of specific genes whose expression is linked with 
prognosis [62].

Figure 3 demonstrates the etiopathogenesis of OSCC.

Using high-throughput analysis of multiple surgical margins and matched oral squamous 
cell carcinoma to classify deregulated genes with prognostic value for recurrence need to be 
carried out. Presence of epithelial dysplasia or tumor cells in the surgical resection margins 
is linked with significant risk (66%) of local recurrence [63]. However, even with histologi-
cally normal surgical margins, 10–30% of OSCC patients will still have local recurrence [64]. 
Gene expression profiling by high-throughput technologies has proven to be valuable tools 
for prediction of outcome and progression in human malignancies including head and neck 
cancer [65].

To impact the survival of buccal cancer patients, molecular markers must be identified, which 
will help target tumors with a propensity for metastatic spread. There are numerous reports 
on the request of molecular biological markers for the valuation of cancer risk [66]. Molecular 
changes in oral pre-malignancy and head and neck cancer are influenced by differences in the 
ethnic and etiologic characteristics in different parts of the world [67].

Despite having poor clinical risk factors, patients who need chemotherapy will have enor-
mous potential for better individualization of treatment options in breast cancer therapy 
where the clinical utility of gene signatures are playing a important contribution and proved 
to reliably identify patients in whom adjuvant chemotherapy is certainly not indicated [68].
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A specific tumor marker is not clinically available for the discovery of cancer at an early and 
possibly curative stage. Lymph-node metastasis is the main step in tumor progression and a 
risk factor for reappearance subsequent to surgery. Cluster analysis, part of data analysis of 
microarray, clearly parted cases with lymph-node metastasis from those without metasta-
sis. Data indicated that sorting of patients into high- and low-risk subgroups on the basis of 
the prognosis summary may be useful means of guiding adjuvant therapy in patients with 
lymph-node positive breast cancer.

Figure 4 shows the mechanism of oral squamous carcinoma.

Patients who needed adjuvant chemotherapy but also those who did not need adjuvant che-
motherapy, leading to a reduction in the number of women who would otherwise receive 
chemotherapy without compromising long-term clinical outcome was done using the 70-gene 
signature [69].

Netherlands Cancer Institute in Amsterdam (NKI) calculated expression of 70 genes was found 
to be statistically significantly linked with disease outcome, as defined by the presence of distant 
metastasis within 5 years. Metastases have also been found in the absence of clinically obvious 
primary tumors [70]. Ability to form distant metastases is a concern of particular method of 
transformation as contrasting to a selection process auxiliary the metastatic phenotype per se.

Determination of any signature genes are most important in the cascade of events driving metasta-
sis along with tumor behavior is warranted. Bieche and others reported a 3-gene expression profile, 
which distinguished subgroups of patients with good, intermediate, and poor outcomes [71].

Figure 3. The etiopathogenesis of OSCC.
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7. Head and neck cancer and research hypothesis

As the tools to categorize precancerous lesions in the mouth remain to improve, fewer men 
will die needlessly from head and neck cancer. Researchers are now harnessing the power 
of nanotechnology science to engineer strategies to investigate human fluids and tissues for 
abnormal molecules that are suggestive of a developing oral tumor. To detect abnormal cells 
and proteins in saliva that are associated with a developing oral tumor in-office diagnostic 
devices are being developed by investigators.

Figure 4. The mechanism of oral squamous carcinoma.
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Treatment will improve, as targeted molecular therapy and personalized medicine become 
a truth. Predictable to guide treatment decisions for the individual patient on the basis of 
tumor HPV status is an evolving research, and evidence-based clinical trials are on the 
go. An inquiry is also defining the signaling pathways and networks that determine the 
development of head and neck cancer cells had been drawn, which will result in novel 
anticancer drugs that goals the particular molecular absences in each individual head and 
neck cancer patient.

Head and neck cancers are readily accessible, unlike tumors of the prostate, pancreas, or other 
internal organs. Rapid growth of valuable information for developing improved cure rates for 
both oral and other cancers is attained, and becomes more effortlessly studied cancers which 
may allow to accomplish the goal.

Locoregional control and overall patient survival potentially may improve the develop-
ment of novel chemotherapy regimens and targeted therapeutic agents. Groups, like the 
Eastern Cooperative Oncology Group (ECOG), Radiation Therapy Oncology Group (RTOG), 
Southwest Oncology Group (SWOG), and European Organization for the Research and 
Treatment of Cancer (EORTC), facilitate patient enrollment into multi-institutional prospec-
tive randomized trials, which have delivered us with the necessary data to define current and 
future standards of care. Measures to identify biomarkers that predict disease behavior will 
carry on as individualized therapy evolves. Endorsed quality-of-life index measures addi-
tional define treatment results, and escalation of combined treatment likely will necessitate 
significant attention regarding treatment-induced toxicities is to be looked upon [72, 73]. The 
use of tobacco-related foodstuffs remains important worldwide, but further etiologic factors 
such as HPV similarly affect HNSCC presentation, behavior, and treatment [74]. Though 
improvement has been made throughout the past 60 years, a boundless deal remains to be 
consummate in head and neck cancer prevention.
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Abstract

Dental laser technologies are one of the most rapidly developing areas in the modern 
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produces a very coherent, collimated, and monochromatic radiation that is found nowhere 
else in nature [3]. Because laser radiation is so concentrated and focused, it may have an effect 
on target tissue at a much lower energy level than the other light sources [4]. The effects of 
laser radiation on the target tissue are dependent on its wavelength, power, and spot size 

Laser type Wavelengths Delivery systems Applications

CO2 10,600 nm Pulse or 
continuous wave

1. Soft tissue ablation

2. Gingival contouring for esthetic purposes

3. Treatment of oral ulcerative lesions

4. Frenectomy and gingivectomy

5. Elimination of necrotic epithelial tissue during regen-
erative periodontal surgeries

Nd:YAG 1064 nm Pulse 6. Root canal therapy: helps eliminate pathogenic 
microorganisms and debris from the root canal

7. Extensive periodontal surgery and scaling to eliminate 
necrotic tissues and pathogenic microorganisms

8. Caries removal

Er:YAG 2940 nm Pulse 9. Caries removal

10. Cavity preparation in enamel and dentin

11. Root canal preparation

Er,Cr:YSGG 2780 nm Pulse 12. Enamel etching

13. Caries removal

14. Cavity preparation

15. Bone ablation without overheating, melting, or chang-
ing the calcium and phosphorus ratios

16. Root canal preparation

Argon 572 nm Pulse or 
continuous wave

17. Polymerization of restorative resin materials

18. Tooth bleaching

19. Elimination of necrotic tissue and gingival contouring

20. Treatment of oral lesions such as recurrent aphthous 
ulcers or herpetic lesions

21. Frenectomy and gingivectomy

Diode 810–980 nm Pulse or 
continuous wave

22. Proliferation of fibroblasts and enhancing the healing of 
oral lesions or surgical wounds

23. Frenectomy and gingivectomy

24. Correcting the gingival contouring for esthetic 
purposes

HO:YAG 2100 nm Pulse 25. Gingival contouring

26. Treatment of oral lesions

27. Frenectomy and gingivectomy

Table 1. Lasers types, wavelengths, and their dental applications.

Prevention, Detection and Management of Oral Cancer18

which is determined by the laser device [5]. If the laser radiation comes into contact with the 
tissue, it can reflect, scatter, absorbed, or be transmitted to the other surrounding tissues. In 
the biological tissue, the absorption of laser radiation occurs because of the presence of free 
water molecules, proteins, pigments, and even other organic matters [6, 7]. Thermal interac-
tions caused by the laser radiation, the water molecules, and their absorption coefficient per-
form a strong role [1]. Laser beams (Er,Cr:YSGG, Er:YAG) are well absorbed by water which 
are able to mechanically ablate enamel, dentin, and alveolar bone, while laser beams (diode, 
Nd:YAG, CO2) are not well absorbed by water, resulting in strong thermal reactions, such as 
carbonization, charring, and melting of organic tissue [8, 9].

1.2. Review of modern laser technology accessible in dentistry

The first investigation of using the laser in dentistry was within the surrounding hard tissue, 
such as cavity preparation and caries removal as a replacement for the conventional drill. The 
ruby laser that was the focus of this investigation was invented in 1960 [10]. In succeeding years, 
many researchers examined the hard-tissue applications of the laser by using different types of 
lasers such as Ar, CO2, and Nd:YAG. However, some studies resulted in major thermal damage 
to enamel and dentin [11], while other researchers concentrated their attention on the laser 
applications on soft tissue of these early generation high-powered lasers. It was determined that 
the CO2 and the Nd:YAG lasers were capable of excellent soft tissue ablation and hemostasis 
[12]. These studies enabled the periodontists to use these lasers for soft-tissue treatment, such as 
gingivectomies and frenectomies [13, 14]. Despite, these early studies profound a thermal effect 
on target tissues, including gingiva, periodontal ligament, cementum, and alveolar bone, that 
their using for periodontal hard tissue was not promising. Within the 1990s, the Nd:YAG laser 
was included that had a flexible and fiber-optic delivery system, which made it appropriate for 
periodontal pocket, including the root surface debridement and pocket curettage [15, 16].

Researchers concluded that the Er:YAG laser, which is highly absorbed by water and hydroxy-
apatite, had an effect in enamel cutting [17, 18]. Subsequently, Eversole and others published 
numerous distinguished researches on the Er,Cr:YSGG laser and its effectiveness in soft tissue 
application (enamel, dentin, and bone), which all play a significant performance in periodon-
tal [19, 20].

Because of this versatility, the Er,Cr:YSGG laser was the first all-in-one laser that made an 
economics of providing a laser treatment and more feasible for the periodontist and general 
practitioner [21]. Over the time, the collective research has resulted in a laser that has a real 
and beneficial application for periodontal care. Laser types, wavelengths, and their applica-
tions are listed in Table 1.

2. Dental laser systems and the basics of the work

2.1. Basic processes of laser radiation and tissue interaction

One of the main difficulties of all starting dental laser using is the depth of penetration of 
laser to the tissue and its effects on the principal constituents of the tissue. In order to clarify 
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Figure 1. Illustration of the basic phenomena always accompanying the light-tissue interaction [28].

these questions, it is necessary to consider the process of light penetration in the tissue and the 
biological effects on the tissue [9, 22].

The process of laser penetration in the biological tissues is extremely complicated. This was 
connected to others with their nonhomogeneous structure. From the dental point of view, it is 
very necessary to deliver precisely a respective dosage of laser energy to a given tissue [2, 20].

This energy will be absorbed and transformed into other forms of energy. The laser passing 
through the upper layers of the tissue is reflected, scattered, and partially absorbed [23]. A degree 
of these processes is dependent upon tissue type and in the case of the epidermis. It can differ 
from the case of the skin or oil gland irradiation. In order to define the tissue laser radiation 
interaction, some considerations should be addressed with respect to the physical parameters 
and the structural features of the irradiated tissue [10, 12]. The absorption limit and its width are 
conditional upon the tissue structure, water, hemoglobin, enamel, dentin, pulp cavity, etc. [24].

Anyhow, the process of laser tissue radiation interaction is determined by the wavelength, 
power, and the irradiation time. The primary characteristics of this interaction are illustrated 
in Figures 1 and 2. Figure 1 shows the primary physical phenomena, transmission, reflection, 
scattering, and absorption which occur including the biological tissue.

If there are two materials, one is white and the second black, in the sunlight, the white body 
will reflect more light waves than the black one and it will be cooler than the black body, 
which absorbs more solar energy. The radiation of the tissue involves the release of these four 
processes simultaneously [11, 25].

The transmission and the absorption of the laser in the given tissue are dependent, apart from 
its wavelength, and upon its power, it is not dependent on irradiation time. The spot size of 
the laser beam and its intensity will be the same regardless of how long this laser is on [26].

Prevention, Detection and Management of Oral Cancer20

For example, the laser source with an output power of 30 mW emits 1016 photons per second. 
Theoretically, that means 1016 photons penetrate in the tissue every second [15]. Accordingly, 
it does not matter if a given point is irradiated for 1 second or for 1 minute. The alike situation 
occurs when we shine a given point on the wall with an electric torch [1, 5, 27].

The point is to select the wavelengths in bands where the processes of effective transmission in tis-
sues for biostimulation purposes are predominant as well as for cutting, coagulation, defects, etc.

Figure 2. Transmission values of the main wavelengths for selected parts of the skin.

Figure 3. Characteristic of absorption of the laser light for the main tissue components [13].
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Figure 2 shows in detail the transmission of the major important laser wavelengths in particu-
lar constituents of the skin tissue, while Figure 3 illustrates the optical absorption character-
istics of water, hemoglobin, and melanin and shows precisely the primary constituents of the 
tissue where absorption covers 100%.

Figure 4 displays the curves of the absorption by the principal components of teeth tissues 
and laser wavelengths. The biggest absorption occurs with wavelength of approximately 
2900 nm. This is the radiation generated by Er:YAG laser and CO2 laser radiation—10,600 nm 
ranks second, respectively. The abovementioned dependence for particular tooth tissues.

The time duration of treatment session on a given point is significant since it determined the 
total number of the photons penetrated in the tissue [25]. Photons emitted by laser source do 
not penetrate into deeper tissue layers even if a given point is irradiated for a longer time [5, 
29]. If we mention the above example with the electric torch, we can see that the laser beam 
will not reach further and it is not more intensive, no matter whether the laser is on for an 
hour or for a minute.

In spite of this explanation, the treatment effect is obtained in a deeper layer after the long 
period of laser irradiation. This phenomenon occurring is similar to the exponential depen-
dence between the transmitted energy (total number of photons transmitted during a thera-
peutic session) and the depth of penetration [3, 29].

The relation between the time duration of a treatment session and therapeutic effects can 
be explained by the penetrating photons that initiate the chain reaction which transfers the 
biological effects of the therapeutic session to the deeper tissue layers and at sides [30].

Figure 4. Characteristics of laser beam absorption as the function of wavelength for the main components of the tooth [26].
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3. Clinical applications and descriptions

3.1. Laser treatment of hard tooth substance (enamel and dentin)

The carious material contains a higher content of water compared with other surrounding 
dental healthy hard tissues. As a result, the ablation efficiency of caries is higher than other 
healthy tissues. There was a possible selectivity in removing carious material by using Er:YAG 
laser because of the various energy dose requirements to ablate the carious and also healthy 
tissue leaving those healthy tissues minimally affected. It was found that the Er:YAG laser can 
ablate the carious dentin effectively with the minimal thermal damage to the other surround-
ing intact dentins [19, 31, 32] (Figures 5–8).

The laser can remove infected and softened carious dentin to the same degree as the bur 
treatment [33]. However, the lower degree of vibration was remarked with the Er:YAG laser 
treatment (see Figures 10–14).

Figure 5. Decay present on the facial of the maxillary left lateral incisor.

Figure 6. The erbium laser used to remove the decay. No anesthesia was required.
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Figure 7. After caries removal and preparation is complete.

The YSGG laser was cleared for classes I, II, III, IV, and V cavity preps, as well as caries 
removal, in 1999, with a similar clearance for children soon thereafter (1999). Since then, pub-
lished reports have demonstrated the laser’s ability to reduce and even eliminate the smear 
layer associated with traditional rotary instruments which can improve surface adhesion and 
bond strength for restorations [18, 20].

Also, because the laser reacts at a cellular level and helps to prohibit the pain response, most 
hard-tissue procedures can be completed without the aid of injected anesthetic [10].

The YSGG laser provides the precise treatment of pits and fissures on the occlusal surfaces of 
the molars as shown in Figures 9 and 10, which has aided in the growing discipline of “micro” 
and “minimally invasive” dentistry.

Figure 8. Definitive direct-bonded restoration after preparation with the erbium laser [33].
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3.2. Soft tissue

3.2.1. Periodontal disease

The YSGG laser was the exclusive laser evacuated for major indications in periodontal therapy, 
while other lasers such as the diode laser or Nd:YAG are absolved for soft tissue applications 
related to perio; none have been cleared for cutting oral osseous tissues, a core component of 
any periodontal program [34]. See Figures 11–13.

The YSGG laser was approved by the FDA for a wide array of indications related to the 
periodontal health like laser curettage, sulcular debridement, ostectomy, soft tissue flap 
elevation, removing of pathological tissues from bony sockets, and other related clinical 
applications [35].

Figure 9. Cutting with YSGG (Waterlase). Optimization of the cutting efficiency: distance to tissue should be maintained 
at 1–2 mm (when power and spray are at proper settings).
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3.2.2. Removal of oral pyogenic granuloma

A variety of benign soft tissue swellings can be found arising from oral mucosa, most of which 
are inflammatory hyperplasia and granuloma. These lesions can be divided into those which 

Figure 10. YSGG (Waterlase) parameters. Radiation wavelength and power (energy) density. To reduce cutting speed 
with Waterlase—“defocus,” back off from tissue; there is optimal distance range to cut tissue.

Figure 11. Hand scaling [35].
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arise from the mucosa covering the alveolar processes and those which arise elsewhere in 
the oral cavity [36]. The soft tissue masses which are excised should be sent for histological 
examination.

Figure 12. Laser-assisted scaling using the Er,Cr:YSGG laser [35].

Figure 13. Thoroughly debrided root surface [35].
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A study by Mahmood et al. [8] has enrolled 35 patients with oral pyogenic granuloma. 
The type of laser, which was used in this study, is a diode laser with 810 nm wavelength, 
gallium aluminum arsenide (GaAlAs), output power of 15 W, and pulse duration between 

Figure 16. Pyogenic granuloma of the right side of maxillary alveolar mucosa [8].

Figure 14. Pyogenic granuloma of the left side of palatal mucosa [8].

Figure 15. Complete excision of granuloma by diode laser 5 W pulsed mode [8].

Prevention, Detection and Management of Oral Cancer28

0.1 and 1.0 second and works in continuous, single, and repeated pulsed modes. The 
laser surgical operations had been done at repetitive pulsed mode for 5–8 W maximum 
power, 0.2–0.4 seconds pulse duration, and 0.2–0.4 seconds pulse interval. The results 
were evaluated clinically depending on swelling, infection, disturbance of function, 
pain, and bleeding. The postoperative swelling was minimal to moderate. No sutures 
were required. No bleeding was seen neither intraoperative nor postoperative period. 
Postoperative pain was mild in few patients. No disturbance of function was observed 
[8] (Figures 14–17).

4. Conclusion

Using the laser dramatically can reduce the need of applying a high-speed drill to the tooth 
surface for any reason. Nevertheless, it was not yet to completely replace the drill because a 
laser cannot effectively cut reflective surfaces such as the metal and the porcelain.

The fact that a single instrument can remove the bulk amounts of enamel, dentin, and decay 
and then cut the soft tissue around the area typically requires an anesthetic to take the effect. 
It observes an exciting new era of effective laser dentistry.

The YSGG laser has practical viable applications across a wide clinical spectrum like hard 
tissue, soft tissue, bone, endo, and perio, and because it has utility in both hard and soft 
tissue applications, the Er,Cr:YSGG laser outperforms other conventional modalities in 
many ways.
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Figure 17. Complete excision of granuloma by diode laser 5 W pulsed mode [8].
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Abstract

Of all the known cancers, oral cancer is the most preventable and it is the second most 
deadly cancer after the breast cancer. Out of 609,640 deaths of overall cancers, 13,500 died 
of oral cancer. In spite of this enormous increase in loss of life, there are no useful drugs 
to treat oral cancer. Sequencing human genome identifies with precision and accuracy the 
specific mutations responsible for causing oral cancer. In this chapter, a novel approach 
to design drugs to attack mutated genes in squamous cell carcinoma responsible for caus-
ing oral cancer is proposed. Alkylating aziridines attack single-stranded DNA shutting 
off genes. Using dinitrobenzamide dye as a carrier for aziridine, we successfully made a 
novel class of drugs (CB 1954) which shuts off gene of a solid tumor, Walker Carcinoma 
256, in rats. We translated the animal work in humans by using quinone as a carrier for 
aziridines making AZQ (US Patent 4,146,622) for attacking glioblastoma for treating brain 
cancer in humans. We propose to search for a carrier for aziridines to attack squamous cell 
carcinomas to treat oral cancer. Ethical issues are discussed. Since tobacco smoking causes 
oral cancer, it is the most preventable disease.

Keywords: nicotine, nicotine N-oxide, aziridines, quinone, squamous cells carcinoma, 
glioblastoma, melphalan, pharyngeal carcinoma, nitrogen mustard, adeno-carcinoma, 
nitro-benzamide, nucleotide, codon, oncogene, carbamate, mitochondrial cells, AZQ

1. Historical background

Use of tobacco products will kill you. It does not matter either you smoke tobacco or you use 
a smokeless tobacco or nicotine patch or smoke e-cigarettes. Last year, 13,500 smokers died 
of oral cancer. Out of 450,000 new cancer cases diagnosed this year, 37,000 new cases will be 
diagnosed for 13 different types of oral cancer which include cancer of the lips, salivary glands, 
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distribution, and reproduction in any medium, provided the original work is properly cited.
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1. Historical background

Use of tobacco products will kill you. It does not matter either you smoke tobacco or you use 
a smokeless tobacco or nicotine patch or smoke e-cigarettes. Last year, 13,500 smokers died 
of oral cancer. Out of 450,000 new cancer cases diagnosed this year, 37,000 new cases will be 
diagnosed for 13 different types of oral cancer which include cancer of the lips, salivary glands, 
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buccal cavity, pharynges, oropharyngeal, laryngeal, nasopharyngeal, hypopharyngeal, etc., 
and respiratory tract and finally lung cancers. It was Professor Ross of London University 
who developed oral cancer drug called melphalan (phenylalanine moiety is the carrier for the 
nitrogen mustard) to treat pharyngeal carcinoma [1]. Melphalan cross-links both strands of 
DNA shutting off genes. Statistics is worst for smokers. Over 155,700 Americans died of lung 
cancer last year and over 222,500 will be diagnosed this year. Compare the US mortality, the 
worldwide figure is ten times as high. While squamous cell carcinoma is responsible for caus-
ing oral cancer, adenocarcinoma is one of the deadliest forms of lung cancers. Most patients 
die within 5 years of their diagnosis. Tobacco smoking kills faster.

For years, we have been trying to answer three important questions: What is cancer? What 
causes cancer? And how could we diagnosed treat and prevent cancer. For this chapter, I 
have divided my presentation in three parts. First, I will provide some historical background; 
second, I will describe how efforts are being made to develop novel drugs to treat cancer; and 
finally, I will share some ethical problems we are facing today.

Today, we must tell all smokers in the world that tobacco smoking whether it is the regular 
cigarette or e-cigarette or nicotine patch or the use of smokeless tobacco, and all tobacco mod-
ifications contains nicotine, and it is the nicotine which causes oral and lung cancers. If you 
are diagnosed with lung cancer, you are most likely to die within 5 years. Tobacco companies 
have known this fact for more than half a century. In the late 1930s, German scientists dis-
covered the fact that tobacco tar causes lung cancer [2]. When Adolf Hitler was elected as the 
Chancellor of Germany, he authorized 100,000 Deutsch Marks to a science research institute 
in Munich to isolate and identify all components of tobacco tar which causes lung cancer. He 
ordered all his uniform officers including pregnant women not to smoke tobacco. These facts 
are still available in the National archive. Tobacco companies are aware of these facts. For 
the past 60 years, tobacco companies have lied to us. No one was spending more money on 
tobacco research than tobacco companies themselves and yet when they confirmed German’s 
finding in early 1960s that smoking causes lung cancer, they hid the fact from general public. 
For almost 50 years, the greedy tobacco companies exposed millions of smokers around the 
world with thousands of deadly chemicals with disastrous consequences. Up to this time, 
more than 6000 toxic chemicals have been isolated and identified from tobacco tar and 60 of 
those chemicals are deadly and known to cause cancer. The main constituent of tobacco tar 
nicotine is one of the most addictive chemicals isolated and is probably more addictive than 
opium. In India, the second most populous nation on Earth, last year, of the 1 million people 
who died of cancer, almost a quarter million died of lung cancer. Last year alone, about 3 mil-
lion people died of lung cancer around the world. By the year 2020, smoking will most likely 
kill about 10 million people worldwide. Most smokers will prematurely die in their middle 
ages, cutting 20–25 years from their life expectancy. If we examine the death rate during the 
last 48 years, from 1950 to 1998, you will be shocked to learn that about 50 million men and 
10 million women died of cancers by tobacco smoking and related illnesses.

The tobacco companies have flooded so much money in the Congressional and Senatorial 
election campaign, in the US alone, the US senate had voted not to ban tobacco sale to school-
aged teenagers. Greedy tobacco executives won the day and needy millions around the world 
lost the day. Now, tobacco companies will be exporting over 150 billion cigarettes per year to 
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the Asian continent particularly targeting India and China where almost half of the world’s 
population live. It is a sad day for all of us. The young people, who are getting addicted to 
smoking today, will start dying 20 years from now. Of all cancers, tobacco smoking remains 
the single major preventable cause of cancer deaths in the world.

2. What is cancer?

Cancer is a very ancient disease. The early Greek coined the term cancer. They thought that 
this unusual disease spread like a crab so they were the first to call it a cancer or crab. The 
answer to the first question is that cancer is the abnormal growth of the normal cells due to 
accumulation of mutations over lifetime.

Our body is made of about 100 trillion cells. These cells are constantly being replaced by simi-
lar young fresh cells. For example, your white blood cells (WBCs) live for about 120 days. They 
are replaced by other white blood cells. Liver cells make more liver cells and replace old liver 
cells with new liver cells; lung cells make new lung cells. When this normal cell regulation 
breaks down, liver cells do not produce liver cells; they produce altered cells called mutant 
cells. Mutation is caused by exposure to radiations, chemical pollutions, viral infection, or 
genetic inheritance. The changed cells grow much faster than the normal cells and they form a 
lump, we call it a tumor. As tumor grows, it spreads over to the nearby blood circulating ves-
sels. When tumor grows over these vessels, it draws more nourishment than the normal cells. 
Some of the tumor cells break off and split and plunge in the blood stream. These live tumor 
cells flow in the blood stream and travel wherever the blood goes. If the blood goes to the 
brain, the free floating tumor cells deposit in the brain and start growing as the brain tumors 
called metastasized cells. Although the cancer may have started in the lungs from smoking, it 
may spread to the brain or to other organs of our body. Only cancer cells spread this way; we 
call these migratory deposits metastasized cells, and only metastasized cells invade neighbor-
ing organs causing spread of cancer. We have no cure against metastasized cancers.

How many kinds of cancers do we have? There is a cancer for every tissue type in our body. 
There are 220 types of tissues in our body. Every tissue type in our body can suffer from 
cancer because every tissue in our body is replaced cells by cells with younger cells; they can 
either be replaced by normal cells in healthy people or they can also be replaced by abnormal 
or mutated cells when we get cancer. Would you believe that even your bones are being 
replaced? You could also get bone cancer.

3. What causes cancer?

Short answer is exposure to radiations, chemical pollutants like smoking, viral infection, or 
genetic inheritance. This is the most important question and I want to spend more time explain-
ing the causes of cancer. This is where we spent most of the $30 billion during the lasts 30 years 
trying to understand how normal cells become abnormal. If we understand how they become 
abnormal, we should be able to treat them.
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buccal cavity, pharynges, oropharyngeal, laryngeal, nasopharyngeal, hypopharyngeal, etc., 
and respiratory tract and finally lung cancers. It was Professor Ross of London University 
who developed oral cancer drug called melphalan (phenylalanine moiety is the carrier for the 
nitrogen mustard) to treat pharyngeal carcinoma [1]. Melphalan cross-links both strands of 
DNA shutting off genes. Statistics is worst for smokers. Over 155,700 Americans died of lung 
cancer last year and over 222,500 will be diagnosed this year. Compare the US mortality, the 
worldwide figure is ten times as high. While squamous cell carcinoma is responsible for caus-
ing oral cancer, adenocarcinoma is one of the deadliest forms of lung cancers. Most patients 
die within 5 years of their diagnosis. Tobacco smoking kills faster.

For years, we have been trying to answer three important questions: What is cancer? What 
causes cancer? And how could we diagnosed treat and prevent cancer. For this chapter, I 
have divided my presentation in three parts. First, I will provide some historical background; 
second, I will describe how efforts are being made to develop novel drugs to treat cancer; and 
finally, I will share some ethical problems we are facing today.

Today, we must tell all smokers in the world that tobacco smoking whether it is the regular 
cigarette or e-cigarette or nicotine patch or the use of smokeless tobacco, and all tobacco mod-
ifications contains nicotine, and it is the nicotine which causes oral and lung cancers. If you 
are diagnosed with lung cancer, you are most likely to die within 5 years. Tobacco companies 
have known this fact for more than half a century. In the late 1930s, German scientists dis-
covered the fact that tobacco tar causes lung cancer [2]. When Adolf Hitler was elected as the 
Chancellor of Germany, he authorized 100,000 Deutsch Marks to a science research institute 
in Munich to isolate and identify all components of tobacco tar which causes lung cancer. He 
ordered all his uniform officers including pregnant women not to smoke tobacco. These facts 
are still available in the National archive. Tobacco companies are aware of these facts. For 
the past 60 years, tobacco companies have lied to us. No one was spending more money on 
tobacco research than tobacco companies themselves and yet when they confirmed German’s 
finding in early 1960s that smoking causes lung cancer, they hid the fact from general public. 
For almost 50 years, the greedy tobacco companies exposed millions of smokers around the 
world with thousands of deadly chemicals with disastrous consequences. Up to this time, 
more than 6000 toxic chemicals have been isolated and identified from tobacco tar and 60 of 
those chemicals are deadly and known to cause cancer. The main constituent of tobacco tar 
nicotine is one of the most addictive chemicals isolated and is probably more addictive than 
opium. In India, the second most populous nation on Earth, last year, of the 1 million people 
who died of cancer, almost a quarter million died of lung cancer. Last year alone, about 3 mil-
lion people died of lung cancer around the world. By the year 2020, smoking will most likely 
kill about 10 million people worldwide. Most smokers will prematurely die in their middle 
ages, cutting 20–25 years from their life expectancy. If we examine the death rate during the 
last 48 years, from 1950 to 1998, you will be shocked to learn that about 50 million men and 
10 million women died of cancers by tobacco smoking and related illnesses.

The tobacco companies have flooded so much money in the Congressional and Senatorial 
election campaign, in the US alone, the US senate had voted not to ban tobacco sale to school-
aged teenagers. Greedy tobacco executives won the day and needy millions around the world 
lost the day. Now, tobacco companies will be exporting over 150 billion cigarettes per year to 
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the Asian continent particularly targeting India and China where almost half of the world’s 
population live. It is a sad day for all of us. The young people, who are getting addicted to 
smoking today, will start dying 20 years from now. Of all cancers, tobacco smoking remains 
the single major preventable cause of cancer deaths in the world.

2. What is cancer?

Cancer is a very ancient disease. The early Greek coined the term cancer. They thought that 
this unusual disease spread like a crab so they were the first to call it a cancer or crab. The 
answer to the first question is that cancer is the abnormal growth of the normal cells due to 
accumulation of mutations over lifetime.

Our body is made of about 100 trillion cells. These cells are constantly being replaced by simi-
lar young fresh cells. For example, your white blood cells (WBCs) live for about 120 days. They 
are replaced by other white blood cells. Liver cells make more liver cells and replace old liver 
cells with new liver cells; lung cells make new lung cells. When this normal cell regulation 
breaks down, liver cells do not produce liver cells; they produce altered cells called mutant 
cells. Mutation is caused by exposure to radiations, chemical pollutions, viral infection, or 
genetic inheritance. The changed cells grow much faster than the normal cells and they form a 
lump, we call it a tumor. As tumor grows, it spreads over to the nearby blood circulating ves-
sels. When tumor grows over these vessels, it draws more nourishment than the normal cells. 
Some of the tumor cells break off and split and plunge in the blood stream. These live tumor 
cells flow in the blood stream and travel wherever the blood goes. If the blood goes to the 
brain, the free floating tumor cells deposit in the brain and start growing as the brain tumors 
called metastasized cells. Although the cancer may have started in the lungs from smoking, it 
may spread to the brain or to other organs of our body. Only cancer cells spread this way; we 
call these migratory deposits metastasized cells, and only metastasized cells invade neighbor-
ing organs causing spread of cancer. We have no cure against metastasized cancers.

How many kinds of cancers do we have? There is a cancer for every tissue type in our body. 
There are 220 types of tissues in our body. Every tissue type in our body can suffer from 
cancer because every tissue in our body is replaced cells by cells with younger cells; they can 
either be replaced by normal cells in healthy people or they can also be replaced by abnormal 
or mutated cells when we get cancer. Would you believe that even your bones are being 
replaced? You could also get bone cancer.

3. What causes cancer?

Short answer is exposure to radiations, chemical pollutants like smoking, viral infection, or 
genetic inheritance. This is the most important question and I want to spend more time explain-
ing the causes of cancer. This is where we spent most of the $30 billion during the lasts 30 years 
trying to understand how normal cells become abnormal. If we understand how they become 
abnormal, we should be able to treat them.
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In 1971, President Richard Nixon declared war on cancer and released hundreds of millions 
of dollars for cancer research. He challenged Americans, the way President John Kennedy had 
challenged Americans a decade earlier to land men on the moon and bring them back safely. 
Although both presidents had great ideas, but there was a major difference.

At the time President Kennedy made that famous speech in the US congress, most of the 
engineering problems had already been worked out. For example, we already knew the 
engine thrust and its lift off power needed to leave Earth’s gravity. It was calculated to be 
7 miles/minute or burning fuel in the absence of air to excel the spacecraft. These engineering 
problems had already been solved and the knowledge was already available. Only money 
and trained men power were needed to build the spacecrafts. Within 10 years of that speech, 
President Kennedy’s dream was turned to reality. On July 20, 1969, Americans landed men on 
the moon and brought them back safely.

But when President Nixon declared war on cancer, money was made available, but the knowl-
edge was not there. We did not exactly know the inner working of a single living cell and 
how a normal cell functions, and we did not know why the normal cell becomes abnormal 
or cancerous. Some basic knowledge was available. In 1953, the big discovery was made in 
Cambridge University, England. Crick and Watson had determined the double helical struc-
ture of the genetic material DNA and postulated how the living cells divide and cells grow, 
and they were awarded Nobel Prize for their discovery [3]. Armed with this knowledge, we 
were ready to understand how a normal cell functions. Crick and Watson also opened the 
doors for the Nobel Prize Club. Every year, since then, a new Nobel Laureate was added to the 
genetic club. Soon after, Marshall Nirenberg broke the genetic code and unlocked the secret 
of life by showing that only three nucleotides code for an amino acid, the building block of 
protein. The remaining codes were deciphered by Salvador Ochoa, followed by an Indian 
Scientist, Govind Khorana who shared the Nobel Prize with Walter Gilbert.

After President Nixon’s speech, it had taken about 20 years to understand how a normal cell 
functions and how it becomes abnormal by exposure to radiations, chemical pollutants, viral 
infection, or genetic inheritance. Let me summarize below the work of a dozen Nobel Laureates: 
To understand cancer, you have to understand how a normal cell functions and how it becomes 
abnormal. We made step by step progress over the past 30 years. First, you might ask why we 
study a single cell and why a single cell is so important. The fact is our life begins with a single 
cell. You and I are the loving union of our parents. Both parents contribute half the genetic mate-
rial to each cell. Our father contributed one sperm and our mother contributed one egg. When 
the egg and sperm join together, we were conceived. We grow as a single cell in our mother’s 
womb. This single cell has a set of complete instructions to construct us within in 9 months. By 
the time we are grown up to adulthood, that single cell makes over 100 trillion copies of itself.

During replication, if we introduce slight error in the nucleotide sequence called mutation by 
exposing to radiations or chemical pollutants including nicotine, viral infection, or genetic inher-
itance, the error is copied in every other cell. At this stage, pregnant mothers should be extremely 
careful what they eat and what they drink and to avoid exposing the fetus from the secondhand 
smokers and should stay away from smokers as far as they could. Every cell in our body has a 
complete library of our genome and carries complete instructions to make our brain, our nose, 
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our ears, our arms, and our legs. Although each cell carries complete instructions to make all the 
organs, not all cells make all organs, but each cell begins to receive specific instructions to take a 
different role as it begins to make more copies. We call this process the cell differentiation.

3.1. Mutations

Damage to DNA nucleotide called mutations produces disastrous change in the information 
molecules. As I said above, mutations are caused by exposure to radiations, chemical pollu-
tion, viral infection, or genetic inheritance. In addition to hundreds of chemicals isolated from 
tobacco tar, the most potent carcinogen is nicotine N-oxide. As mutation begins in a single 
biological molecule, it is called a point mutation. To study changes in genetic profile of a single 
cell, we examine the entire genome of the same single cell. As cells grow rapidly, other mis-
takes in DNA replications are most likely to occur such as deletion, insertion, or inversions of 
nucleotide sequence. Such additional mutations are responsible for causing major diseases. 
Before the completion of Human Genome Project, NCI screened thousands of chemicals, plant 
extracts, and animal extracts for their antitumor activity. By trial and error, one in several thou-
sand turned out to be useful. There was a need to make a rational approach to design drugs.

In 1990, United State Congress authorized 3 billion dollars to NIH to decipher the entire 
human genome within 15 years that is the total genetic information that makes us human 
called the Human Genome Project. Thousands of scientists from 6 industrialized nations and 
20 biomedical centers joined our effort, and within 13 years, the entire human genome was 
deciphered and published in the scientific journal Nature [4–8] and linked to website. If you 
have an access to a computer keyboard, you have access to all that information.

On April 3, 2003, we read the Human Genome, the entire book of life. We found that less than 
2% of the genome codes for proteins and the rest is the noncoding region which contains 
switches to turn the genes on or off. We can cut and paste genetic letters in the noncoding 
region which could serve as markers and which has no effect, but a slight change in the coding 
region makes a normal cell abnormal or cancerous.

A single cell is so small that we cannot even see with our naked eyes. We have to use a powerful 
microscope to enlarge its internal structure. Under an electron microscope, we can enlarge that 
one cell up to nearly a million times of its original size. Under the electron microscope, a single 
cell looks as big as our house. There is a good metaphor with our house. For example, our house 
has a kitchen, the cell has a nucleus. Imagine for a moment that our kitchen has 23 volumes 
of cookbooks which contain 24,000 recipes to make different dishes for our breakfast, lunch, 
and dinner. The nucleus has 23 pairs of chromosomes which contain 24,000 genes which carry 
instructions to make proteins. Proteins interact to make cells; cells interact to make tissues; and 
tissues interact to make an organ and several organs interact to make a man, a mouse, or a mon-
key. In every cell of our body, we carry 16,000 good genes, 6000 mutated genes responsible for 
6000 diseases, and 2000 pseudogenes that have lost their functions, during evolutionary time.

Our entire book of life is written in four letters, and they are A (adenine), T (thymine), G 
(guanine), and C (cytosine). These four chemicals are called nucleotide and they are found in 
the nucleus of all living cells including humans, plants, and animals. Instruction in a single 
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In 1971, President Richard Nixon declared war on cancer and released hundreds of millions 
of dollars for cancer research. He challenged Americans, the way President John Kennedy had 
challenged Americans a decade earlier to land men on the moon and bring them back safely. 
Although both presidents had great ideas, but there was a major difference.

At the time President Kennedy made that famous speech in the US congress, most of the 
engineering problems had already been worked out. For example, we already knew the 
engine thrust and its lift off power needed to leave Earth’s gravity. It was calculated to be 
7 miles/minute or burning fuel in the absence of air to excel the spacecraft. These engineering 
problems had already been solved and the knowledge was already available. Only money 
and trained men power were needed to build the spacecrafts. Within 10 years of that speech, 
President Kennedy’s dream was turned to reality. On July 20, 1969, Americans landed men on 
the moon and brought them back safely.

But when President Nixon declared war on cancer, money was made available, but the knowl-
edge was not there. We did not exactly know the inner working of a single living cell and 
how a normal cell functions, and we did not know why the normal cell becomes abnormal 
or cancerous. Some basic knowledge was available. In 1953, the big discovery was made in 
Cambridge University, England. Crick and Watson had determined the double helical struc-
ture of the genetic material DNA and postulated how the living cells divide and cells grow, 
and they were awarded Nobel Prize for their discovery [3]. Armed with this knowledge, we 
were ready to understand how a normal cell functions. Crick and Watson also opened the 
doors for the Nobel Prize Club. Every year, since then, a new Nobel Laureate was added to the 
genetic club. Soon after, Marshall Nirenberg broke the genetic code and unlocked the secret 
of life by showing that only three nucleotides code for an amino acid, the building block of 
protein. The remaining codes were deciphered by Salvador Ochoa, followed by an Indian 
Scientist, Govind Khorana who shared the Nobel Prize with Walter Gilbert.

After President Nixon’s speech, it had taken about 20 years to understand how a normal cell 
functions and how it becomes abnormal by exposure to radiations, chemical pollutants, viral 
infection, or genetic inheritance. Let me summarize below the work of a dozen Nobel Laureates: 
To understand cancer, you have to understand how a normal cell functions and how it becomes 
abnormal. We made step by step progress over the past 30 years. First, you might ask why we 
study a single cell and why a single cell is so important. The fact is our life begins with a single 
cell. You and I are the loving union of our parents. Both parents contribute half the genetic mate-
rial to each cell. Our father contributed one sperm and our mother contributed one egg. When 
the egg and sperm join together, we were conceived. We grow as a single cell in our mother’s 
womb. This single cell has a set of complete instructions to construct us within in 9 months. By 
the time we are grown up to adulthood, that single cell makes over 100 trillion copies of itself.

During replication, if we introduce slight error in the nucleotide sequence called mutation by 
exposing to radiations or chemical pollutants including nicotine, viral infection, or genetic inher-
itance, the error is copied in every other cell. At this stage, pregnant mothers should be extremely 
careful what they eat and what they drink and to avoid exposing the fetus from the secondhand 
smokers and should stay away from smokers as far as they could. Every cell in our body has a 
complete library of our genome and carries complete instructions to make our brain, our nose, 
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our ears, our arms, and our legs. Although each cell carries complete instructions to make all the 
organs, not all cells make all organs, but each cell begins to receive specific instructions to take a 
different role as it begins to make more copies. We call this process the cell differentiation.

3.1. Mutations

Damage to DNA nucleotide called mutations produces disastrous change in the information 
molecules. As I said above, mutations are caused by exposure to radiations, chemical pollu-
tion, viral infection, or genetic inheritance. In addition to hundreds of chemicals isolated from 
tobacco tar, the most potent carcinogen is nicotine N-oxide. As mutation begins in a single 
biological molecule, it is called a point mutation. To study changes in genetic profile of a single 
cell, we examine the entire genome of the same single cell. As cells grow rapidly, other mis-
takes in DNA replications are most likely to occur such as deletion, insertion, or inversions of 
nucleotide sequence. Such additional mutations are responsible for causing major diseases. 
Before the completion of Human Genome Project, NCI screened thousands of chemicals, plant 
extracts, and animal extracts for their antitumor activity. By trial and error, one in several thou-
sand turned out to be useful. There was a need to make a rational approach to design drugs.

In 1990, United State Congress authorized 3 billion dollars to NIH to decipher the entire 
human genome within 15 years that is the total genetic information that makes us human 
called the Human Genome Project. Thousands of scientists from 6 industrialized nations and 
20 biomedical centers joined our effort, and within 13 years, the entire human genome was 
deciphered and published in the scientific journal Nature [4–8] and linked to website. If you 
have an access to a computer keyboard, you have access to all that information.

On April 3, 2003, we read the Human Genome, the entire book of life. We found that less than 
2% of the genome codes for proteins and the rest is the noncoding region which contains 
switches to turn the genes on or off. We can cut and paste genetic letters in the noncoding 
region which could serve as markers and which has no effect, but a slight change in the coding 
region makes a normal cell abnormal or cancerous.

A single cell is so small that we cannot even see with our naked eyes. We have to use a powerful 
microscope to enlarge its internal structure. Under an electron microscope, we can enlarge that 
one cell up to nearly a million times of its original size. Under the electron microscope, a single 
cell looks as big as our house. There is a good metaphor with our house. For example, our house 
has a kitchen, the cell has a nucleus. Imagine for a moment that our kitchen has 23 volumes 
of cookbooks which contain 24,000 recipes to make different dishes for our breakfast, lunch, 
and dinner. The nucleus has 23 pairs of chromosomes which contain 24,000 genes which carry 
instructions to make proteins. Proteins interact to make cells; cells interact to make tissues; and 
tissues interact to make an organ and several organs interact to make a man, a mouse, or a mon-
key. In every cell of our body, we carry 16,000 good genes, 6000 mutated genes responsible for 
6000 diseases, and 2000 pseudogenes that have lost their functions, during evolutionary time.

Our entire book of life is written in four letters, and they are A (adenine), T (thymine), G 
(guanine), and C (cytosine). These four chemicals are called nucleotide and they are found in 
the nucleus of all living cells including humans, plants, and animals. Instruction in a single 
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gene is written in thousands of AT/GC base pairs that are linked together in a straight line and 
we call them DNA (deoxyribonucleic acid—Nobel prize was awarded to Crick and Watson 
for describing the double helical nature of the DNA structure). When thousands to millions 
of AT/GC base pairs contain information to make a single protein, we call that portion of 
AT/GC base pairs a gene (Nobel Prize was awarded to Khorana and Gilbert for making a 
functional gene). The genes begin to function with a start codon (AUG) and stop working at 
the following three stop codon: UGA, UGG, and UAG. After the stop codon, no more amino 
acids are added and DNA synthesis stops. If we count all the AT/GC base pairs in a single cell 
of our body, we will find that there are 3.2 billion pairs present in every cell. The entire AT/
GC sequence of 3.2 billion base pair is called the human genome or the book of our life which 
carries total genetic information to make us.

We deciphered all 46 chromosomes. What surprises us most is that our genome contains 
6,400,000,000 nucleotide bases, half from our father and half from our mother. Less than 2% 
of our genome contains genes which code for proteins. The other 98% of our genome con-
tains switches, promoters, terminators, etc. The 46 chromosomes present in each cell of our 
body are the greatest library of the human book of life on planet Earth. The chromosomes 
carry genes which are written in nucleotides. Before sequencing (determining the number 
and the order of the four nucleotides on a chromosome), it is essential to know how many 
genes are present on each chromosome in our genome. The Human Genome Project has 
identified the following genes on each chromosome. We found that the chromosome (1) is 
the largest chromosome carrying 263 million A, T, G, and C nucleotide bases and has only 
2610 genes. The chromosome (2) contains 255 million nucleotide bases and has only 1748 
genes. The chromosome (3) contains 214 million nucleotide bases and carries 1381 genes. The 
chromosome (4) contains 203 million nucleotide bases and carries 1024 genes. The chromo-
some (5) contains 194 million nucleotide bases and carries 1190 genes. The chromosome (6) 
contains 183 million nucleotide bases and carries 1394 genes. The chromosome (7) contains 
171 million nucleotide bases and carries 1378 genes. The chromosome (8) contains 155 million 
nucleotide bases and carries 927 genes. The chromosome (9) contains 145 million nucleotide 
bases and carries 1076 genes. The chromosome (10) contains 144 million nucleotide bases 
and carries 983 genes. The chromosome (11) contains 144 million nucleotide bases and car-
ries 1692 genes. The chromosome (12) contains 143 million nucleotide bases and carries 1268 
genes. The chromosome (13) contains 114 million nucleotide bases and carries 496 genes. The 
chromosome (14) contains 109 million nucleotide bases and carries 1173 genes. The chromo-
some (15) contains 106 million nucleotide bases and carries 906 genes. The chromosome (16) 
contains 98 million nucleotide bases and carries 1032 genes. The chromosome (17) contains 
92 million nucleotide bases and carries 1394 genes. The chromosome (18) contains 85 million 
nucleotide bases and carries 400 genes. The chromosome (19) contains 67 million nucleotide 
bases and carries 1592 genes. The chromosome (20) contains 72 million nucleotide bases 
and carries 710 genes. The chromosome (21) contains 50 million nucleotide bases and car-
ries 337 genes. Finally, the sex chromosome of all female called the (X) contains 164 million 
nucleotide bases and carries 1141 genes. The male sperm chromosome (Y) contains 59 mil-
lion nucleotide bases and carries 255 genes.

If you add up all genes in the 23 pairs of chromosomes, they come up to 26,808 genes and yet 
we keep on mentioning 24,000 genes. The remaining genes are called the pseudogenes. For 
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example, millions of years ago, humans and dog shared some of the same ancestral genes; 
we both carry the same olfactory genes. Since humans do not use these genes to smell for 
searching food, these genes are broken and they lose their functions in humans, but we still 
carry them. We call them pseudogenes. Recently, some Japanese scientists have activated the 
pseudogenes; this work may create ethical problem in future as more and more pseudogenes 
are activated.

The above DNA nucleotide bases constitute the genetic map of the normal human being; what 
makes them abnormal and makes us sick is the mutation in the coding regions of the genome. 
Now, we can examine the tumor genome of the oral cancer patients to identify specific muta-
tions responsible for causing the disease. As I said above, less than 2% of the genome codes 
for amino acids. Slightest damage to the coding regions of the four nucleotides A, T, G, and C 
either by radiations, chemical pollution (from tobacco tar), genetic inheritance, or viral infec-
tion or by insertion, deletion, or inversion of the nucleotide bases code for wrong or abnormal 
amino acids resulting in diseases.

Although you and I are both human and yet no two individuals look the same because the 
AT/GC base pairs in each of us are arranged slightly differently, a difference of one nucleotide 
in a thousand base pair. The amazing fact is that out of 3,000,000,000 AT/GC base pairs, only 
3 pairs of AT/GC code for a single amino acid, the building blocks of protein, called a codon 
(Nobel Prize was awarded to Nierenberg and Ochoa). Codons are the most important col-
lections of AT/GC base pairs because they have correct instructions to make the right amino 
acids (there are only 20 amino acids; they randomly combine to make a protein). Thousands 
of amino acids make a protein and thousands of proteins make a cell; billions of cells make a 
tissue and hundreds of tissues make an organ and several organs make an individual such as 
you and me. This is how normal cell functions and we begin to grow.

As I said above, the old cells begin to die and they are constantly being replaced by healthy 
cells. Why do the normal cells become abnormal or become cancerous? Any factor that dis-
rupts the 2% of the coding region of our genome will alter its function by slightly altering 
its code; an altered codon will code for a wrong amino acid and a wrong amino acid will 
give a wrong protein and it will make normal cell abnormal. When the functions of codons 
are disrupted intentionally or unintentionally, we alter the codon’s function. For example, 
intentionally we alter a codon by smoking and unintentionally by exposure to environmental 
pollution such as chemicals or radiations. Altered codons have wrong information to make 
wrong amino acids. Wrong amino acids make wrong proteins and wrong proteins make 
wrong cells and wrong cells grow much faster than the normal cells and become abnormal or 
cancerous and they form a lump, we call these lumps tumors.

Four factors will disrupt a codon’s function. Two are minor such as viruses and inherited 
oncogenes, and two are major such as radiations and chemical pollutants in our environment. 
Let me explain how a codon is altered:

3.1.1. Virus

HPV causes more than 32,000 cases of cancer including oral cancer every year in the US. It is 
also very preventable by giving HPV vaccine for children at ages 11–12 which can protect them.
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gene is written in thousands of AT/GC base pairs that are linked together in a straight line and 
we call them DNA (deoxyribonucleic acid—Nobel prize was awarded to Crick and Watson 
for describing the double helical nature of the DNA structure). When thousands to millions 
of AT/GC base pairs contain information to make a single protein, we call that portion of 
AT/GC base pairs a gene (Nobel Prize was awarded to Khorana and Gilbert for making a 
functional gene). The genes begin to function with a start codon (AUG) and stop working at 
the following three stop codon: UGA, UGG, and UAG. After the stop codon, no more amino 
acids are added and DNA synthesis stops. If we count all the AT/GC base pairs in a single cell 
of our body, we will find that there are 3.2 billion pairs present in every cell. The entire AT/
GC sequence of 3.2 billion base pair is called the human genome or the book of our life which 
carries total genetic information to make us.

We deciphered all 46 chromosomes. What surprises us most is that our genome contains 
6,400,000,000 nucleotide bases, half from our father and half from our mother. Less than 2% 
of our genome contains genes which code for proteins. The other 98% of our genome con-
tains switches, promoters, terminators, etc. The 46 chromosomes present in each cell of our 
body are the greatest library of the human book of life on planet Earth. The chromosomes 
carry genes which are written in nucleotides. Before sequencing (determining the number 
and the order of the four nucleotides on a chromosome), it is essential to know how many 
genes are present on each chromosome in our genome. The Human Genome Project has 
identified the following genes on each chromosome. We found that the chromosome (1) is 
the largest chromosome carrying 263 million A, T, G, and C nucleotide bases and has only 
2610 genes. The chromosome (2) contains 255 million nucleotide bases and has only 1748 
genes. The chromosome (3) contains 214 million nucleotide bases and carries 1381 genes. The 
chromosome (4) contains 203 million nucleotide bases and carries 1024 genes. The chromo-
some (5) contains 194 million nucleotide bases and carries 1190 genes. The chromosome (6) 
contains 183 million nucleotide bases and carries 1394 genes. The chromosome (7) contains 
171 million nucleotide bases and carries 1378 genes. The chromosome (8) contains 155 million 
nucleotide bases and carries 927 genes. The chromosome (9) contains 145 million nucleotide 
bases and carries 1076 genes. The chromosome (10) contains 144 million nucleotide bases 
and carries 983 genes. The chromosome (11) contains 144 million nucleotide bases and car-
ries 1692 genes. The chromosome (12) contains 143 million nucleotide bases and carries 1268 
genes. The chromosome (13) contains 114 million nucleotide bases and carries 496 genes. The 
chromosome (14) contains 109 million nucleotide bases and carries 1173 genes. The chromo-
some (15) contains 106 million nucleotide bases and carries 906 genes. The chromosome (16) 
contains 98 million nucleotide bases and carries 1032 genes. The chromosome (17) contains 
92 million nucleotide bases and carries 1394 genes. The chromosome (18) contains 85 million 
nucleotide bases and carries 400 genes. The chromosome (19) contains 67 million nucleotide 
bases and carries 1592 genes. The chromosome (20) contains 72 million nucleotide bases 
and carries 710 genes. The chromosome (21) contains 50 million nucleotide bases and car-
ries 337 genes. Finally, the sex chromosome of all female called the (X) contains 164 million 
nucleotide bases and carries 1141 genes. The male sperm chromosome (Y) contains 59 mil-
lion nucleotide bases and carries 255 genes.

If you add up all genes in the 23 pairs of chromosomes, they come up to 26,808 genes and yet 
we keep on mentioning 24,000 genes. The remaining genes are called the pseudogenes. For 
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example, millions of years ago, humans and dog shared some of the same ancestral genes; 
we both carry the same olfactory genes. Since humans do not use these genes to smell for 
searching food, these genes are broken and they lose their functions in humans, but we still 
carry them. We call them pseudogenes. Recently, some Japanese scientists have activated the 
pseudogenes; this work may create ethical problem in future as more and more pseudogenes 
are activated.

The above DNA nucleotide bases constitute the genetic map of the normal human being; what 
makes them abnormal and makes us sick is the mutation in the coding regions of the genome. 
Now, we can examine the tumor genome of the oral cancer patients to identify specific muta-
tions responsible for causing the disease. As I said above, less than 2% of the genome codes 
for amino acids. Slightest damage to the coding regions of the four nucleotides A, T, G, and C 
either by radiations, chemical pollution (from tobacco tar), genetic inheritance, or viral infec-
tion or by insertion, deletion, or inversion of the nucleotide bases code for wrong or abnormal 
amino acids resulting in diseases.

Although you and I are both human and yet no two individuals look the same because the 
AT/GC base pairs in each of us are arranged slightly differently, a difference of one nucleotide 
in a thousand base pair. The amazing fact is that out of 3,000,000,000 AT/GC base pairs, only 
3 pairs of AT/GC code for a single amino acid, the building blocks of protein, called a codon 
(Nobel Prize was awarded to Nierenberg and Ochoa). Codons are the most important col-
lections of AT/GC base pairs because they have correct instructions to make the right amino 
acids (there are only 20 amino acids; they randomly combine to make a protein). Thousands 
of amino acids make a protein and thousands of proteins make a cell; billions of cells make a 
tissue and hundreds of tissues make an organ and several organs make an individual such as 
you and me. This is how normal cell functions and we begin to grow.

As I said above, the old cells begin to die and they are constantly being replaced by healthy 
cells. Why do the normal cells become abnormal or become cancerous? Any factor that dis-
rupts the 2% of the coding region of our genome will alter its function by slightly altering 
its code; an altered codon will code for a wrong amino acid and a wrong amino acid will 
give a wrong protein and it will make normal cell abnormal. When the functions of codons 
are disrupted intentionally or unintentionally, we alter the codon’s function. For example, 
intentionally we alter a codon by smoking and unintentionally by exposure to environmental 
pollution such as chemicals or radiations. Altered codons have wrong information to make 
wrong amino acids. Wrong amino acids make wrong proteins and wrong proteins make 
wrong cells and wrong cells grow much faster than the normal cells and become abnormal or 
cancerous and they form a lump, we call these lumps tumors.

Four factors will disrupt a codon’s function. Two are minor such as viruses and inherited 
oncogenes, and two are major such as radiations and chemical pollutants in our environment. 
Let me explain how a codon is altered:

3.1.1. Virus

HPV causes more than 32,000 cases of cancer including oral cancer every year in the US. It is 
also very preventable by giving HPV vaccine for children at ages 11–12 which can protect them.
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Viruses are not considered germ in the classical sense because they lack the ability to repro-
duce its progeny independently. To reproduce their own kind, viruses attack DNA of living 
cells, whether they are humans, animals, or plant cells. Viruses are also fragments of DNA 
that have the ability to merge in the host cell DNA and become integrated and invisible. They 
infect (merge) host’s DNA and alter its functional machinery in such a way as to make protein 
and progeny for themselves. Not all viruses are bad. If all viruses kill their host cells, they will 
die too. Only a handful of virulent viruses destroy host cells. For example, AIDS viruses in 
human disrupt the codons and cause a unique cancer in AIDS patients called Kaposi carci-
noma. Hardly anyone survives that cancer.

3.1.2. Oncogene

Oncogenes are also fragments of mutated DNA, but they are always bad. They are complete 
genes that have the instructions to make a specific bad protein. Such genes are called onco-
genes (cancer-causing genes). Our institute's, NIH's, past Director, Dr. Harold Varmus, was 
the first man to identify an oncogene in humans. For his work, Dr. Varmus shared a Nobel 
Prize with Dr. Michael Bishop.

From here begins one of the most exciting stories that explain the causes of cancer. In the 
early 1990s, some scientists in England were studying cancer-causing viruses. When scien-
tists injected cancer-causing viruses to animals, they found that sometimes viruses grow and 
other times they do not. On close examination, they detected a background protein in all 
cells. Whenever the background protein is absent, cancer-causing viruses grow and the animal 
develops cancer. Whenever the background protein is present, cancer-causing viruses will not 
grow. They called it the background Protein 53 or (P53). They identify the gene that makes P53 
protein and they named P53 gene. Since cancer is suppressed in the presence of P53, scientists 
named P53 as cancer suppressor proteins. When a normal cell is damaged, the surround-
ing cells grow to make P53 protein to repair the damage. When healing is complete, the P53 
protein stops the cells from further growth. If there is a mutation in the P53 gene, P53 loses 
its function and the cell growth will not stop and grow continuously and become cancerous.

As I said above, that gene is a collection of codons and each codon is made of three pairs of AT/
GC. Hundreds of thousands to millions of AT/GC base pairs combine to form gene-53. Now, 
we know that the codon in P53 is sensitive to mutation by chemicals, radiations, viruses, and 
oncogenes. If you cause a slight defect in the codon by altering one letter of AT/GC base pair, 
the entire P53 gene becomes defected. Defected P53 cannot produce background protein that 
suppresses cancer. In the absence of P53 protein, patients develop cancer. The lesson we learn 
is that if a single letter of this four-letter AT/GC base pairs is altered by virus or by chemicals 
or by gene or by radiation, first a single normal cell becomes abnormal or cancerous. Over 
many replications, the mutated cell becomes cancerous. Repeated exposure to chemicals such 
as smoking tobacco several times a day, you could alter a single letter of AT/GC base pairs. If 
a single cell becomes defected, it will multiply and accumulate and an entire organ becomes 
cancerous. When the defected organ cannot function, we become ill.

Unfortunately, cancer is not localized at one place for long (we could have cut out the 
defected organ and throw it away); it spreads or metastasizes as I described above. Once it is 
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metastasized, the other organs lose their function; with too many defected organs, a patient 
cannot survive for long. When we examine the internal structure of tumors of a dead patient, 
we find it mostly consists of abnormal cells that have been altered.

Let me tell you what you can do to protect yourselves and what we can do to help you? If 
you want to protect yourselves from oral or lung cancers, stop taking tobacco in any form 
and in any kind. The best way we can help you is to pursue as vigorously as we could do to 
find other sensitive genes and try to replace them with healthy genes by a method called gene 
therapy. Gene therapy could work if a single gene is mutated. Unfortunately, several genes 
are mutated in oral lung cancers. Gene therapy fails, but drug therapy works. From here my 
work begins. Professor Ross and I design drugs to shut off multiple defected genes.

As I said above, although the book of life is written in 3.2 billion AT/GC base pairs, about 2% of 
the AT/GC base pairs contain 24,000 genes (specific instructions to make proteins), the rest of 
DNA is called the junk DNA. As I said above, it is not garbage that we throw away; it contains 
important gene switches, promoters, enhancers, etc. We keep it because someday we might be 
able to find out what additional information it may provide about us. We carry all 24,000 genes 
in every cell of our body, but less than 6000 genes are probably bad genes (mutated) that are 
linked to a variety of genetic defects leading to 6000 different diseases. Each of us does not carry 
all 6000 bad genes, but we do carry a single copy of at least 4–5 bad genes in our genome. They 
remain dormant because only one parent carries a single copy of a mutated gene. We need both 
bad copies of bad genes, one from each parent to get sick. We have inherited these bad genes 
from our parents. Our parents inherited these genes from their parents. One ancestor can pass 
on the same bad genes to her children and children’s children. Therefore, it is a wise idea not to 
marry within the same family tree. The more intermarriages among the same family members, 
the more bad genes tend to concentrate among fewer and fewer children of that family.

3.1.3. Nicotine N-oxide is a carcinogen

I could take tobacco extract samples to the lab and analyze its ingredients. First, I soak the 
tobacco in ammonia and extract with chloroform. All nitrogen bases are extracted in chlo-
roform. I could wash the extract with water to remove all water-soluble impurities and dry 
the extract and distill off the chloroform. I place the residue in long glass column filled with 
silica gel. I pour a solvent mixture which carries the residue down the column. It is called 
the separation of different components by chromatography. I shine the UV light on the glass 
column as the solvent flows down. Hundreds of different bands appear in different colors, 
corresponding to hundreds of components present in the tobacco tar. The largest band is 
nicotine. To confirm, I take a little sample from the band and inject in the MS (mass spectrom-
eter: the largest peak corresponds to the molecular weight of the nicotine). I could make the 
radiolabeled nicotine by adding C-14 diazomethane in sodium hydroxide. The reaction adds 
a radiolabeled methyl group to nicotine molecule. I inject the radiolabeled methyl nicotine 
to half a dozen mice. I collect their urine samples separately. Analysis of the urine sample 
shows that some mice produce no change and others produce a new chemical called nicotine 
N-oxide. All those mice in which the gene that produces monoamine oxidase was activated 
developed cancer. If you inject nicotine N-oxide to another set of a dozen mice, they all come 
down with various cancers. All aromatic N-oxides are carcinogens.
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Viruses are not considered germ in the classical sense because they lack the ability to repro-
duce its progeny independently. To reproduce their own kind, viruses attack DNA of living 
cells, whether they are humans, animals, or plant cells. Viruses are also fragments of DNA 
that have the ability to merge in the host cell DNA and become integrated and invisible. They 
infect (merge) host’s DNA and alter its functional machinery in such a way as to make protein 
and progeny for themselves. Not all viruses are bad. If all viruses kill their host cells, they will 
die too. Only a handful of virulent viruses destroy host cells. For example, AIDS viruses in 
human disrupt the codons and cause a unique cancer in AIDS patients called Kaposi carci-
noma. Hardly anyone survives that cancer.

3.1.2. Oncogene

Oncogenes are also fragments of mutated DNA, but they are always bad. They are complete 
genes that have the instructions to make a specific bad protein. Such genes are called onco-
genes (cancer-causing genes). Our institute's, NIH's, past Director, Dr. Harold Varmus, was 
the first man to identify an oncogene in humans. For his work, Dr. Varmus shared a Nobel 
Prize with Dr. Michael Bishop.

From here begins one of the most exciting stories that explain the causes of cancer. In the 
early 1990s, some scientists in England were studying cancer-causing viruses. When scien-
tists injected cancer-causing viruses to animals, they found that sometimes viruses grow and 
other times they do not. On close examination, they detected a background protein in all 
cells. Whenever the background protein is absent, cancer-causing viruses grow and the animal 
develops cancer. Whenever the background protein is present, cancer-causing viruses will not 
grow. They called it the background Protein 53 or (P53). They identify the gene that makes P53 
protein and they named P53 gene. Since cancer is suppressed in the presence of P53, scientists 
named P53 as cancer suppressor proteins. When a normal cell is damaged, the surround-
ing cells grow to make P53 protein to repair the damage. When healing is complete, the P53 
protein stops the cells from further growth. If there is a mutation in the P53 gene, P53 loses 
its function and the cell growth will not stop and grow continuously and become cancerous.

As I said above, that gene is a collection of codons and each codon is made of three pairs of AT/
GC. Hundreds of thousands to millions of AT/GC base pairs combine to form gene-53. Now, 
we know that the codon in P53 is sensitive to mutation by chemicals, radiations, viruses, and 
oncogenes. If you cause a slight defect in the codon by altering one letter of AT/GC base pair, 
the entire P53 gene becomes defected. Defected P53 cannot produce background protein that 
suppresses cancer. In the absence of P53 protein, patients develop cancer. The lesson we learn 
is that if a single letter of this four-letter AT/GC base pairs is altered by virus or by chemicals 
or by gene or by radiation, first a single normal cell becomes abnormal or cancerous. Over 
many replications, the mutated cell becomes cancerous. Repeated exposure to chemicals such 
as smoking tobacco several times a day, you could alter a single letter of AT/GC base pairs. If 
a single cell becomes defected, it will multiply and accumulate and an entire organ becomes 
cancerous. When the defected organ cannot function, we become ill.

Unfortunately, cancer is not localized at one place for long (we could have cut out the 
defected organ and throw it away); it spreads or metastasizes as I described above. Once it is 
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metastasized, the other organs lose their function; with too many defected organs, a patient 
cannot survive for long. When we examine the internal structure of tumors of a dead patient, 
we find it mostly consists of abnormal cells that have been altered.

Let me tell you what you can do to protect yourselves and what we can do to help you? If 
you want to protect yourselves from oral or lung cancers, stop taking tobacco in any form 
and in any kind. The best way we can help you is to pursue as vigorously as we could do to 
find other sensitive genes and try to replace them with healthy genes by a method called gene 
therapy. Gene therapy could work if a single gene is mutated. Unfortunately, several genes 
are mutated in oral lung cancers. Gene therapy fails, but drug therapy works. From here my 
work begins. Professor Ross and I design drugs to shut off multiple defected genes.

As I said above, although the book of life is written in 3.2 billion AT/GC base pairs, about 2% of 
the AT/GC base pairs contain 24,000 genes (specific instructions to make proteins), the rest of 
DNA is called the junk DNA. As I said above, it is not garbage that we throw away; it contains 
important gene switches, promoters, enhancers, etc. We keep it because someday we might be 
able to find out what additional information it may provide about us. We carry all 24,000 genes 
in every cell of our body, but less than 6000 genes are probably bad genes (mutated) that are 
linked to a variety of genetic defects leading to 6000 different diseases. Each of us does not carry 
all 6000 bad genes, but we do carry a single copy of at least 4–5 bad genes in our genome. They 
remain dormant because only one parent carries a single copy of a mutated gene. We need both 
bad copies of bad genes, one from each parent to get sick. We have inherited these bad genes 
from our parents. Our parents inherited these genes from their parents. One ancestor can pass 
on the same bad genes to her children and children’s children. Therefore, it is a wise idea not to 
marry within the same family tree. The more intermarriages among the same family members, 
the more bad genes tend to concentrate among fewer and fewer children of that family.

3.1.3. Nicotine N-oxide is a carcinogen

I could take tobacco extract samples to the lab and analyze its ingredients. First, I soak the 
tobacco in ammonia and extract with chloroform. All nitrogen bases are extracted in chlo-
roform. I could wash the extract with water to remove all water-soluble impurities and dry 
the extract and distill off the chloroform. I place the residue in long glass column filled with 
silica gel. I pour a solvent mixture which carries the residue down the column. It is called 
the separation of different components by chromatography. I shine the UV light on the glass 
column as the solvent flows down. Hundreds of different bands appear in different colors, 
corresponding to hundreds of components present in the tobacco tar. The largest band is 
nicotine. To confirm, I take a little sample from the band and inject in the MS (mass spectrom-
eter: the largest peak corresponds to the molecular weight of the nicotine). I could make the 
radiolabeled nicotine by adding C-14 diazomethane in sodium hydroxide. The reaction adds 
a radiolabeled methyl group to nicotine molecule. I inject the radiolabeled methyl nicotine 
to half a dozen mice. I collect their urine samples separately. Analysis of the urine sample 
shows that some mice produce no change and others produce a new chemical called nicotine 
N-oxide. All those mice in which the gene that produces monoamine oxidase was activated 
developed cancer. If you inject nicotine N-oxide to another set of a dozen mice, they all come 
down with various cancers. All aromatic N-oxides are carcinogens.
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Now, you know why Sir Winston Churchill, who smoked cigar all his life, never developed 
cancer, but film actor Yul Brenner smoked cigarettes and died of lung cancer. If you were to 
analyze their urine samples, you will find that Mr. Brenner urine contains nicotine N-oxide. 
The gene monoamine oxidase is activated in Brenner to make nicotine N-oxide not in Sir 
Winston. While Sir Winston lived, Brenner died.

While I was busy designing drugs, such as AZQ, to shut off genes which cause brain cancers, 
my colleagues in the other labs at NCI (National Cancer Institute) have isolated hundreds of 
chemicals from the tobacco tar which contains dozens of carcinogenic chemicals. If you would 
apply the tobacco tar on the skin of mice, within a few weeks, tumor develops on the skin 
surface. The major culprit is nicotine which is considered as one of the most addictive chemi-
cals. Some studies showed that it is even more addictive than many known narcotics such as 
marijuana, opiates, and heroin. Oral cancer (OC) is caused by chemicals released by chewing 
tobacco. Most football players chew tobacco; they call it smokeless tobacco. Smoking burns 
tobacco generating even more aromatic amines which are known carcinogens. Nitrosoamines 
bind to DNA producing mutations.

After the completion of the Human Genome Project, we have identified specific mutations 
responsible for a specific disease. Now, we design drugs to attack that specific mutation to 
shut off that gene. The completion of the Human Genome Project has the greatest impact on 

Figure 1. NIH Scientific Achievement Award. Aziridines as single strand DNA binding agent.
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developing drugs on a rational basis and for treating various cancers including the oral cancer. 
The technologies developed during the completion of the Human Genome Project (the tool 
kits which contain hundreds of restrictions enzymes to cut DNA ligase to join DNA pieces; 
using these tool kits, we can cut, paste, and copy genes) could be used to treat and prevent 
oral cancer. The recently completed Thousand Genome Project will pinpoint with precision 
and accuracy the specific damage to DNA nucleotides responsible for causing various oral 
cancers. Once the mutated genes on a specific chromosome are identified, we can design drugs 
to shut off those genes like we designed AZQ (US Patent 4,146,622) to attack brain tumor (for 
structure, see Figure 1).

Once the mutation sites and chromosome numbers are identified, we can diagnose, prevent, 
and treat the oral cancer either by gene therapy if a single gene mutation is responsible for 
causing any of the above cancers or by drug therapy if multiple mutations are involved. 
As I stated above, French Anderson and his colleagues have successfully developed gene 
therapy for treating SCID (severe combined immunodeficiency) syndrome; we could use the 
same method to cut and paste and replace the bad gene with the good gene in a virus which 
is used to infect the WBC obtained from the same patient. After harvesting the infected 
WBC, the transgenic WBC was injected back in the same patient to treat SCID. It worked 
and patients fully recovered. Several thousand SCID children are living a normal life. Gene 
therapy works with a single gene mutation, but not if the multiple mutations are responsible 
for causing diseases.

4. Historical background for drug design

On the other hand, if cancer is caused by multiple mutations, we could use drug therapy 
by preventing malignant cell replication developed by Ross by cross-linking both strands 
of DNA. Using dyes specific to OC cells as carriers for nitrogen mustard, as done by Ross 
in making Melphalan, we could also develop new class of drugs to attack cancer cells in the 
other parts of the oral cavity. The bad news is that there have been 13 different forms of oral 
cancer identified. The good news is that for designing a drug, we have to find a dye which 
colors one of these tumors. There are hundreds of dyes available for testing. Once we suc-
ceed in finding a dye, we could design drugs by using our method by attaching aziridines 
to attack that specific oral cancer by shutting off mutated genes by binding to a single strand 
of DNA. What would happen if we succeed and when next-generation sequencers produce 
inexpensive and fast sequencing genomes is that we could identify all mutated genes on all 
13 oral cancers with precision and accuracy and design drugs to shut off those genes.

In the laboratory of the Sir Walter Ross at the Royal Cancer Hospital of London University, 
England, I was trained to design drugs to attack mutated DNA shutting off mutated genes. 
Professor Ross had spent all his life working on “Biological Alkylating Agents” and published 
a series of paper including a book [9–13]. Using the same rationale, I worked with Professor 
Ross for almost 10 years at London University developing anticancer drugs. Instead of cross-
linking DNA with nitrogen mustards, I used aziridines to bind to a single strand of DNA 
shutting off the genes.
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Now, you know why Sir Winston Churchill, who smoked cigar all his life, never developed 
cancer, but film actor Yul Brenner smoked cigarettes and died of lung cancer. If you were to 
analyze their urine samples, you will find that Mr. Brenner urine contains nicotine N-oxide. 
The gene monoamine oxidase is activated in Brenner to make nicotine N-oxide not in Sir 
Winston. While Sir Winston lived, Brenner died.

While I was busy designing drugs, such as AZQ, to shut off genes which cause brain cancers, 
my colleagues in the other labs at NCI (National Cancer Institute) have isolated hundreds of 
chemicals from the tobacco tar which contains dozens of carcinogenic chemicals. If you would 
apply the tobacco tar on the skin of mice, within a few weeks, tumor develops on the skin 
surface. The major culprit is nicotine which is considered as one of the most addictive chemi-
cals. Some studies showed that it is even more addictive than many known narcotics such as 
marijuana, opiates, and heroin. Oral cancer (OC) is caused by chemicals released by chewing 
tobacco. Most football players chew tobacco; they call it smokeless tobacco. Smoking burns 
tobacco generating even more aromatic amines which are known carcinogens. Nitrosoamines 
bind to DNA producing mutations.

After the completion of the Human Genome Project, we have identified specific mutations 
responsible for a specific disease. Now, we design drugs to attack that specific mutation to 
shut off that gene. The completion of the Human Genome Project has the greatest impact on 
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developing drugs on a rational basis and for treating various cancers including the oral cancer. 
The technologies developed during the completion of the Human Genome Project (the tool 
kits which contain hundreds of restrictions enzymes to cut DNA ligase to join DNA pieces; 
using these tool kits, we can cut, paste, and copy genes) could be used to treat and prevent 
oral cancer. The recently completed Thousand Genome Project will pinpoint with precision 
and accuracy the specific damage to DNA nucleotides responsible for causing various oral 
cancers. Once the mutated genes on a specific chromosome are identified, we can design drugs 
to shut off those genes like we designed AZQ (US Patent 4,146,622) to attack brain tumor (for 
structure, see Figure 1).

Once the mutation sites and chromosome numbers are identified, we can diagnose, prevent, 
and treat the oral cancer either by gene therapy if a single gene mutation is responsible for 
causing any of the above cancers or by drug therapy if multiple mutations are involved. 
As I stated above, French Anderson and his colleagues have successfully developed gene 
therapy for treating SCID (severe combined immunodeficiency) syndrome; we could use the 
same method to cut and paste and replace the bad gene with the good gene in a virus which 
is used to infect the WBC obtained from the same patient. After harvesting the infected 
WBC, the transgenic WBC was injected back in the same patient to treat SCID. It worked 
and patients fully recovered. Several thousand SCID children are living a normal life. Gene 
therapy works with a single gene mutation, but not if the multiple mutations are responsible 
for causing diseases.

4. Historical background for drug design

On the other hand, if cancer is caused by multiple mutations, we could use drug therapy 
by preventing malignant cell replication developed by Ross by cross-linking both strands 
of DNA. Using dyes specific to OC cells as carriers for nitrogen mustard, as done by Ross 
in making Melphalan, we could also develop new class of drugs to attack cancer cells in the 
other parts of the oral cavity. The bad news is that there have been 13 different forms of oral 
cancer identified. The good news is that for designing a drug, we have to find a dye which 
colors one of these tumors. There are hundreds of dyes available for testing. Once we suc-
ceed in finding a dye, we could design drugs by using our method by attaching aziridines 
to attack that specific oral cancer by shutting off mutated genes by binding to a single strand 
of DNA. What would happen if we succeed and when next-generation sequencers produce 
inexpensive and fast sequencing genomes is that we could identify all mutated genes on all 
13 oral cancers with precision and accuracy and design drugs to shut off those genes.

In the laboratory of the Sir Walter Ross at the Royal Cancer Hospital of London University, 
England, I was trained to design drugs to attack mutated DNA shutting off mutated genes. 
Professor Ross had spent all his life working on “Biological Alkylating Agents” and published 
a series of paper including a book [9–13]. Using the same rationale, I worked with Professor 
Ross for almost 10 years at London University developing anticancer drugs. Instead of cross-
linking DNA with nitrogen mustards, I used aziridines to bind to a single strand of DNA 
shutting off the genes.
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During 10-year period in the Professor Ross’ Lab, I made over 120 such drugs to attack a solid 
tumor called the Walker carcinoma 256 in rats. The most effective drug was called CB 1954 (2-4, 
dinitrophenyl aziridinyl benzamide) (see structure in Figure 1). It was 70 times more toxic to the 
tumor cell [14]. It is the most effective drug ever made against the solid experimental tumor for 
which I was honored with the Royal Cancer Hospital’s Institute Cancer Research postdoctoral 
award. Why mutated DNA must be attacked is because mutated DNAs code for wrong amino 
acids which produce wrong protein and cause abnormal growth leading to cancers. The reason 
why we work on mouse model is that if you would compare the genome of man, mouse, and mon-
key, they are all mammalians and their genomes are very similar. Once you succeed in attacking 
mouse tumor, it opens gate to attack human tumors. Now, you know how challenging it is to shut-
ting off a mutated gene and how easy it is to introduce mutations in the same gene by smoking.

The good news about smokers is that they could see their own genome on their computers 
and could also see the progress of mutations of their own genomes before and after smoking. 
Now, I do not have to tell my best friends not to smoke. All I have to do is to give the two CDs 
of their genomes and let them see for themselves. Let them see on their own computers and 
compare the two genomes. First, CD taken soon after their birth and second taken after they 
become smokers. Before I talk about the sequence-specific tumors of oral and lung cancers, let 
me share with you how our genome, the book of our life, looks like before you smoke.

The basis of OC is that people who are chewing tobacco or inhaling burning tobacco by smok-
ing (as in India) or chewing betel quid, betel nut, etc. (as in Taiwan) causing major mutations 
in their genomes producing a host of chemicals which damage the normal function of the 
cell causing them to become abnormal or cancerous. To understand the molecular basis of 
cancers, we have to sequence the normal as well as cancer cell genomes for comparison.

To refresh your memory, I repeat. Carcinoma is the most common type of cancer. It begins in 
the epithelial tissue of the skin, or in the tissue that lines the internal organs, such as mouth, 
oral cavity, reparatory tract, and lungs. There are 220 different types of tissues in the normal 
human being. We have sequenced (read letter by letter the entire script of nucleotides, their 
numbers, and their orders in which they are arranged). After genome sequencing, we can 
compare with the sequence of oropharynx carcinoma with normal cell from nonsmokers. I 
am happy to inform you that we just completed the Thousand Genome Project. Now, we can 
compare thousands of the same mutated sequence a time. We can locate the specific mutations 
with precision and accuracy. To locate specific mutations, in all oral cavity cancers, similar 
comparison can be studied in several types of salivary gland cancers including adenoid cys-
tic carcinoma, mucoepidermoid carcinoma, and polymorphous low-grade adenocarcinoma. 
Tonsils and base of the tongue tissues also develop lymphomas.

Once a mutation is identified in a specific oral cancer, my job begins trying to find a dye which 
colors these tumors. Once a dye is found, I could attach the toxic groups to shut off their genes. 
There are hundreds of dyes and there are hundreds of their combinations. With AT and GC, 
four nucleotides of DNA, I get 64 combinations; imagine how many combinations I get from 
hundreds of dyes. Fortunately, there are finite combinations. I could find it. Suppose I want to 
design drugs to treat cancers of the oral cavity. The cancer begins in the epithelial tissue of the 
skin, or in the tissue that lines the internal organs, such as mouth, oral cavity, reparatory tract, 
and finally reaching lungs. We have been designing drugs to attack toughest solid tumor like 

Prevention, Detection and Management of Oral Cancer44

Walker carcinoma 256 in rats or glioblastoma in humans. It would be much easier to attack 
carcinoma. And also suppose that I find a single dye which specifically colors a specific car-
cinoma cell. Now, my work begins to attach aziridines or carbamate or both as we succeeded 
in making AZQ for attacking brain tumor. Nowadays, I have to submit the research proposal 
to the Safety Committee (IRB: Institutional Review Board) for their approval. Since I will be 
using highly toxic nerve gases and nitrogen mustard, the proposal will be rejected.

5. Drug design for treating cancer

Firtz Heber, a German Army officer, worked on the development of chemicals as a weapon 
of war. He was responsible for making deadly nerve gases and nitrogen mustards. Before the 
WWI, he was honored with a Nobel Prize for capturing nitrogen directly from the atmosphere 
by burning the element magnesium in the air forming its nitride. Upon hydrolysis, nitride 
is converted to its nitrate which is used as a fertilizer. Using this method, we could make 
unlimited amount fertilizer. Nitrate is also used for making explosive. Soon after the WWI, 
Heber was charged with a crime against humanity for releasing hundreds of cylinders of 
chlorine gas on the Western front killing thousands of soldiers in the trenches. When allied 
forces reached his residence, his son shot himself and his wife committed suicide. Heber went 
in hiding in Switzerland. After the war, German government got his release as a part of the 
peace negotiations. Heber returned home to hero’s welcome. Although he promised never to 
work on the nerve gases again, secretly he continued to develop more lethal analogs of highly 
toxic nitrogen mustards. It was Heber who first made the notorious bis-dichloroethyl methyl 
amine. Because it smells like mustard seeds, it is called as nitrogen mustard. During the next 
20 years, before the beginning of the WWII, hundreds of more toxic analogs of nitrogen mus-
tard were developed. The bad news is that they are highly toxic and the good news is that 
they shut off genes.

6. Rationale for developing anticancer drugs

Nitrogen mustard was mercilessly used during the WWII by both German and Italian armies 
against allied forces. Most soldiers exposed to nitrogen mustard were frozen to death. Their 
blood analysis showed a sharp decline in white blood cell (WBC). Since patients with the 
cancer of the blood called leukemia showed a sharp increase of WBC, Professor Ross and his 
group wondered if minimum amount of nitrogen mustard could be used to control leukemia 
in cancer patients. It was a success. For the following 30 years, Ross developed hundreds of 
derivatives of nitrogen mustard to treat a variety of cancers. His most successful drugs are 
chlorambucil, melphalan, and merophan [2–6, 14].

Radiolabeled study showed that nitrogen mustard shut off genes by binding to DNA by cross-
linking. At London University, I work for Professor Ross for almost 10 years first as his gradu-
ate student, then his post-doctoral fellow, and then as his special assistant. I worked with 
the deadliest nerve agents such as nitrogen mustards, carbamates, and aziridines developed 
during Hitler’s time for evil purposes. We are converting evil into good. These agents easily 
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During 10-year period in the Professor Ross’ Lab, I made over 120 such drugs to attack a solid 
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mouse tumor, it opens gate to attack human tumors. Now, you know how challenging it is to shut-
ting off a mutated gene and how easy it is to introduce mutations in the same gene by smoking.

The good news about smokers is that they could see their own genome on their computers 
and could also see the progress of mutations of their own genomes before and after smoking. 
Now, I do not have to tell my best friends not to smoke. All I have to do is to give the two CDs 
of their genomes and let them see for themselves. Let them see on their own computers and 
compare the two genomes. First, CD taken soon after their birth and second taken after they 
become smokers. Before I talk about the sequence-specific tumors of oral and lung cancers, let 
me share with you how our genome, the book of our life, looks like before you smoke.

The basis of OC is that people who are chewing tobacco or inhaling burning tobacco by smok-
ing (as in India) or chewing betel quid, betel nut, etc. (as in Taiwan) causing major mutations 
in their genomes producing a host of chemicals which damage the normal function of the 
cell causing them to become abnormal or cancerous. To understand the molecular basis of 
cancers, we have to sequence the normal as well as cancer cell genomes for comparison.

To refresh your memory, I repeat. Carcinoma is the most common type of cancer. It begins in 
the epithelial tissue of the skin, or in the tissue that lines the internal organs, such as mouth, 
oral cavity, reparatory tract, and lungs. There are 220 different types of tissues in the normal 
human being. We have sequenced (read letter by letter the entire script of nucleotides, their 
numbers, and their orders in which they are arranged). After genome sequencing, we can 
compare with the sequence of oropharynx carcinoma with normal cell from nonsmokers. I 
am happy to inform you that we just completed the Thousand Genome Project. Now, we can 
compare thousands of the same mutated sequence a time. We can locate the specific mutations 
with precision and accuracy. To locate specific mutations, in all oral cavity cancers, similar 
comparison can be studied in several types of salivary gland cancers including adenoid cys-
tic carcinoma, mucoepidermoid carcinoma, and polymorphous low-grade adenocarcinoma. 
Tonsils and base of the tongue tissues also develop lymphomas.

Once a mutation is identified in a specific oral cancer, my job begins trying to find a dye which 
colors these tumors. Once a dye is found, I could attach the toxic groups to shut off their genes. 
There are hundreds of dyes and there are hundreds of their combinations. With AT and GC, 
four nucleotides of DNA, I get 64 combinations; imagine how many combinations I get from 
hundreds of dyes. Fortunately, there are finite combinations. I could find it. Suppose I want to 
design drugs to treat cancers of the oral cavity. The cancer begins in the epithelial tissue of the 
skin, or in the tissue that lines the internal organs, such as mouth, oral cavity, reparatory tract, 
and finally reaching lungs. We have been designing drugs to attack toughest solid tumor like 
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Walker carcinoma 256 in rats or glioblastoma in humans. It would be much easier to attack 
carcinoma. And also suppose that I find a single dye which specifically colors a specific car-
cinoma cell. Now, my work begins to attach aziridines or carbamate or both as we succeeded 
in making AZQ for attacking brain tumor. Nowadays, I have to submit the research proposal 
to the Safety Committee (IRB: Institutional Review Board) for their approval. Since I will be 
using highly toxic nerve gases and nitrogen mustard, the proposal will be rejected.

5. Drug design for treating cancer

Firtz Heber, a German Army officer, worked on the development of chemicals as a weapon 
of war. He was responsible for making deadly nerve gases and nitrogen mustards. Before the 
WWI, he was honored with a Nobel Prize for capturing nitrogen directly from the atmosphere 
by burning the element magnesium in the air forming its nitride. Upon hydrolysis, nitride 
is converted to its nitrate which is used as a fertilizer. Using this method, we could make 
unlimited amount fertilizer. Nitrate is also used for making explosive. Soon after the WWI, 
Heber was charged with a crime against humanity for releasing hundreds of cylinders of 
chlorine gas on the Western front killing thousands of soldiers in the trenches. When allied 
forces reached his residence, his son shot himself and his wife committed suicide. Heber went 
in hiding in Switzerland. After the war, German government got his release as a part of the 
peace negotiations. Heber returned home to hero’s welcome. Although he promised never to 
work on the nerve gases again, secretly he continued to develop more lethal analogs of highly 
toxic nitrogen mustards. It was Heber who first made the notorious bis-dichloroethyl methyl 
amine. Because it smells like mustard seeds, it is called as nitrogen mustard. During the next 
20 years, before the beginning of the WWII, hundreds of more toxic analogs of nitrogen mus-
tard were developed. The bad news is that they are highly toxic and the good news is that 
they shut off genes.

6. Rationale for developing anticancer drugs

Nitrogen mustard was mercilessly used during the WWII by both German and Italian armies 
against allied forces. Most soldiers exposed to nitrogen mustard were frozen to death. Their 
blood analysis showed a sharp decline in white blood cell (WBC). Since patients with the 
cancer of the blood called leukemia showed a sharp increase of WBC, Professor Ross and his 
group wondered if minimum amount of nitrogen mustard could be used to control leukemia 
in cancer patients. It was a success. For the following 30 years, Ross developed hundreds of 
derivatives of nitrogen mustard to treat a variety of cancers. His most successful drugs are 
chlorambucil, melphalan, and merophan [2–6, 14].

Radiolabeled study showed that nitrogen mustard shut off genes by binding to DNA by cross-
linking. At London University, I work for Professor Ross for almost 10 years first as his gradu-
ate student, then his post-doctoral fellow, and then as his special assistant. I worked with 
the deadliest nerve agents such as nitrogen mustards, carbamates, and aziridines developed 
during Hitler’s time for evil purposes. We are converting evil into good. These agents easily 
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pass through various layers of our skin from ectoderm to mesoderm to endoderm. They easily 
enter the cell nucleus destroying the beta and gamma cell which develop immunity. Then they 
enter the nuclear membrane where they find the stem cells. Stem cells differ from say skin 
cells. In stem cells, all 24,000 genes are functioning and they have not yet differentiated, but 
skin cells are differentiated and they have shut off all other genes except the skin cell genes.

To the above toxic agents, I attach dyes to attack one of the carcinoma cells. The toxic group 
is activated by cell’s enzyme to produce a positive carbon ion called carbonium ion. It is 
extremely reactive; it binds to all four nucleotides (AT and GC) which form the DNA. But 
it preferentially binds to N-7 of guanine killing the stem cells. Professor Ross and I have 
 demonstrated the attack on N-7 of guanine using the radiolabeled study.

If I am accidentally exposed to any of the above toxic agents, I do not die of mustard poison-
ing; I would be frozen to death. What happens is the following: each cell carries hundreds 
of mitochondrial cells (mitochondria are foreign cells called prokaryotes without nuclear 
membrane captured by human cells during the evolutionary period, millions of years ago; 
they live in symbiotic relationship; to perform daily function, mitochondria provide energy to 
human cells and human cells provide free food and free housing to the mitochondria) which 
carry energy-rich phosphate bonds. They produce energy by breaking phosphate bonds in 
which a chemical called ATP (adenosine triphosphate) is broken down to ADP (adenosine 
diphosphate) which is further broken down to AMP (adenosine monophosphate). As normal 
cell grows, an enzyme attaches inorganic phosphate to the AMP regenerating ATP. If mito-
chondrial cells die, there is no energy available.

As I said above, NIH is the largest biomedical center in the world. It has unlimited facilities 
(chemicals, equipment, and personnel). Twenty-one thousand best and brightest scientists 
selected from Ivy League schools work in 26 institutes in more than 3000 labs. I had sent NIH 
over 120 drugs for NCI screening program [14–16]. During the 3-year period at NIH labs, I 

Figure 2. 2004 NIH Scientific Achievement Award presented to Dr. Hameed Khan by Dr. Elias Zerhouni, the Director of 
NIH during the NIH/APAO award ceremony held on December 3, 2004. Dr. Khan is the discoverer of AZQ (US Patent 
4,146,622), a novel experimental drug specifically designed to shut off a gene that causes brain cancer for which he 
receives a 17-year royalty for his invention (License Number L-0I9-0I/0). To this date, more than 300 research papers have 
been published on AZQ. The award ceremony was broadcast live worldwide by the Voice of America (VOA). Dr. Khan 
is the first Indian to receive one of the America’s highest awards in Medicine.
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made AZQ (US Patent 4,146,622) and 45 patentable analogs [17–19]. Years later, I was hon-
ored for my work on developing AZQ. Almost 20 years later, for translating my work from 
mouse to man and making AZQ (US Patent 4,146,622) for treating brain cancer, I was honored 
with the “2004 NIH Scientific Achievement Award,” one of the America’s highest awards in 
medicine (Figure 2). I was also honored by the Government of India with Vaidya Ratna (Gold 
Medal) (Figure 3).

In spite of all the risks, fear, and challenges, the zeal and the enthusiasm that I had to design 
drugs to attack brain cancer like AZQ is not there to treat oral or lung cancers. Do you know 
why because I know in my heart, the patient once cured will go back to smoking again. He 
cannot help it; it is an addiction (Figure 4) [20, 21].

Figure 3. His excellency, Dr. A.P.J. Abdul Kalam, the President of India greeting Dr. A. Hameed Khan, discoverer of 
anticancer AZQ, after receiving 2004, Vaidya Ratna, the Gold Medal, one of the India’s highest awards in medicine at the 
Rashtrapathi Bhavan (Presidential Palace), in Delhi, India, during a reception held on April 2, 2004.

Figure 4. Gold Medal for Dr. Khan. Dr. A. Hameed Khan, a scientist at the National Institutes of Health (NIH), USA, and 
an American Scientist of Indian origin, was awarded on April 2, 2004. Vaidya Ratna, the Gold Medal, one of the India’s 
highest awards in medicine for his discovery of AZQ (US Patent 4,146,622) which is now undergoing clinical trials for 
treating brain cancer.
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mouse to man and making AZQ (US Patent 4,146,622) for treating brain cancer, I was honored 
with the “2004 NIH Scientific Achievement Award,” one of the America’s highest awards in 
medicine (Figure 2). I was also honored by the Government of India with Vaidya Ratna (Gold 
Medal) (Figure 3).

In spite of all the risks, fear, and challenges, the zeal and the enthusiasm that I had to design 
drugs to attack brain cancer like AZQ is not there to treat oral or lung cancers. Do you know 
why because I know in my heart, the patient once cured will go back to smoking again. He 
cannot help it; it is an addiction (Figure 4) [20, 21].

Figure 3. His excellency, Dr. A.P.J. Abdul Kalam, the President of India greeting Dr. A. Hameed Khan, discoverer of 
anticancer AZQ, after receiving 2004, Vaidya Ratna, the Gold Medal, one of the India’s highest awards in medicine at the 
Rashtrapathi Bhavan (Presidential Palace), in Delhi, India, during a reception held on April 2, 2004.
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7. Forbidden area

Firtz Haber was a hero to some for getting a Nobel Prize for capturing nitrogen directly from 
atmosphere by burning magnesium metal in the air and hydrolyzing magnesium nitride 
to produce nitrate the fertilizer. To others, he was the greatest criminal because he released 
hundreds of cylinders of chlorine gas at the Western front killing thousands of soldiers in the 
trenches. It was Haber who made the nitrogen mustard and its deadly analogs which were 
used during WWII. Soldiers exposed to nitrogen mustard burns died of a sharp drop in the 
white blood cell (WBC) count. Since all cancers showed a sharp increase in WBC count, Ross 
decided to use modified derivatives of nitrogen mustard to control the cancer growth. Ross 
was successful. He attached amino acid phenylalanine as a carrier for the nitrogen mustard 
moiety to make melphalan for treating pharyngeal carcinoma. Over a 10-year period, I made 
dozens of analogs of nitrogen mustards for Ross. The deadliest among them was the phenyl-
enediamine mustard. We use these compounds to check the sensitivity of the tumors in the 
tumor bank. If tumors in the tumor bank become resistant, we have to replace them with fresh 
more sensitive tumors for testing other compounds.

Proteins in our body are made of 20 amino acids. When Ross made melphalan by using 1 
amino acid out of 20, most of my colleagues thought that they could use the following 19 amino 
acid to treat all 13 forms of oral cancers including lung cancer: alanine, arginine, aspartic acid, 
asparagine, cysteine, glycine, glutamic acid, glutamine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine (Ross used this amino acid to make melphalan for treating pharyn-
geal carcinoma), proline, serine, threonine, tryptophan, tyrosine, and valine.

Aliphatic nitrogen mustards are deadlier than aromatic nitrogen mustards. They decided not 
to proceed because they do not want to risk their life to save the life of nicotine addicts. If you 
want to save smokes’ life by risking your own, you are welcome to it. I will show you how to 
make the nitrogen mustard by describing Haber’s crudest method. Haber reacted methylamine 
with ethylene oxide to make 2-bis dihydroxy ethylene methyl amine. It was chlorinated by 
heating with phosphorus pentachloride in the phosphoric acid. If you noticed a faint smell of 
mustard seed, Congratulations, you got nitrogen mustard; you are dead. No matter how much 
precaution you take, after the experiment, if you take an alcohol swab of walls, doors, and 
knobs and run mass spectra of alcohol extract, you find a line corresponding to nitrogen mus-
tard. If you are exposed to nitrogen mustard and cross the threshold level, your WBC drops 
sharply and the energy-providing mitochondria die and you are most likely to freeze to death.

Will anyone approve this study, probably no one. Your IRB will reject your proposal; your 
safety committee will reject it and who will provide the funds for such study. No one.

Tobacco companies are rich and can afford to invest money in curing cancers. Since most of 
their work is conducted behind closed doors, why not make nitrogen mustard analogs of all 
other 19 amino acids. Like melphalan, they might find some of these analogs of amino acids 
of nitrogen mustard to cure oral to lung cancers. They could make money not only by giving 
cancers by selling tobacco products but also by treating some cancers.
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8. Ethical issues

Some of my best friends smoke and most of them are not scientists. Do I tell them not to 
smoke and keep their friendship? Not a chance. So I tell them experimental facts as gently as 
possible. My readers are my best friends. All I want is to make them think. If they think, my 
job as a friend is done.

Scientists in our group are working on different kinds of cancers. As I stated above, there 
are more than 220 different types of tissues and they could all become cancerous if they are 
exposed to radiations or chemical environmental pollution. We are all working to cure those 
cancers. Unfortunately, there is no great enthusiasm for working on either oral cancer or lung 
cancer. Such diseases are considered self-inflicting wounds. The users of tobacco products 
are addicted and frequently developed these types of cancers. Many scientists believe that all 
of us have a free will. We have a right to live and we have a right to die. If you do not smoke 
or chew tobacco, you will not expose yourself to a host of carcinogens. Some of us believe 
that you are addicted to nicotine if we cure your oral cancer, you will go back and chew 
tobacco again. How can we protect you from yourself? If we protect you from yourself, we 
create a monster. On the other hand, if you are one of those unfortunate persons who inherit 
a mutated gene, or exposed to secondhand smoking or exposed to radiations or heavy metal 
particles, you deserve all our help and many of us have been designing drugs for treating oral 
and lung cancers for these innocent victims.

Author details

Abdul Hameed Khan

Address all correspondence to: hameedkhan111@comcast.net

National Center for Medical Rehabilitation Research (NCMRR), National Institutes of 
Health (NIH) Bethesda, MD, USA

References

[1] Ross WCJ, Mitchell M. Melphalan. Lancet. 370(9594):1209-1218

[2] The anti-tobacco campaign of the Nazis: A little known aspect of public health in Germany, 
1933-45. British Medical Journal. 313(7070):1450-1453, 1933-1945

[3] Watson JD, Crick FHC. A structure for deoxyribose nucleic acid. Nature. 1953;171:737-738

[4] Nature. 2001;409:934-941

[5] Nature. 2001;409:660-921

The Impact of Sequencing Human Genome on Drug Design to Treat Oral Cancer
http://dx.doi.org/10.5772/intechopen.80231

49



7. Forbidden area

Firtz Haber was a hero to some for getting a Nobel Prize for capturing nitrogen directly from 
atmosphere by burning magnesium metal in the air and hydrolyzing magnesium nitride 
to produce nitrate the fertilizer. To others, he was the greatest criminal because he released 
hundreds of cylinders of chlorine gas at the Western front killing thousands of soldiers in the 
trenches. It was Haber who made the nitrogen mustard and its deadly analogs which were 
used during WWII. Soldiers exposed to nitrogen mustard burns died of a sharp drop in the 
white blood cell (WBC) count. Since all cancers showed a sharp increase in WBC count, Ross 
decided to use modified derivatives of nitrogen mustard to control the cancer growth. Ross 
was successful. He attached amino acid phenylalanine as a carrier for the nitrogen mustard 
moiety to make melphalan for treating pharyngeal carcinoma. Over a 10-year period, I made 
dozens of analogs of nitrogen mustards for Ross. The deadliest among them was the phenyl-
enediamine mustard. We use these compounds to check the sensitivity of the tumors in the 
tumor bank. If tumors in the tumor bank become resistant, we have to replace them with fresh 
more sensitive tumors for testing other compounds.

Proteins in our body are made of 20 amino acids. When Ross made melphalan by using 1 
amino acid out of 20, most of my colleagues thought that they could use the following 19 amino 
acid to treat all 13 forms of oral cancers including lung cancer: alanine, arginine, aspartic acid, 
asparagine, cysteine, glycine, glutamic acid, glutamine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine (Ross used this amino acid to make melphalan for treating pharyn-
geal carcinoma), proline, serine, threonine, tryptophan, tyrosine, and valine.

Aliphatic nitrogen mustards are deadlier than aromatic nitrogen mustards. They decided not 
to proceed because they do not want to risk their life to save the life of nicotine addicts. If you 
want to save smokes’ life by risking your own, you are welcome to it. I will show you how to 
make the nitrogen mustard by describing Haber’s crudest method. Haber reacted methylamine 
with ethylene oxide to make 2-bis dihydroxy ethylene methyl amine. It was chlorinated by 
heating with phosphorus pentachloride in the phosphoric acid. If you noticed a faint smell of 
mustard seed, Congratulations, you got nitrogen mustard; you are dead. No matter how much 
precaution you take, after the experiment, if you take an alcohol swab of walls, doors, and 
knobs and run mass spectra of alcohol extract, you find a line corresponding to nitrogen mus-
tard. If you are exposed to nitrogen mustard and cross the threshold level, your WBC drops 
sharply and the energy-providing mitochondria die and you are most likely to freeze to death.

Will anyone approve this study, probably no one. Your IRB will reject your proposal; your 
safety committee will reject it and who will provide the funds for such study. No one.

Tobacco companies are rich and can afford to invest money in curing cancers. Since most of 
their work is conducted behind closed doors, why not make nitrogen mustard analogs of all 
other 19 amino acids. Like melphalan, they might find some of these analogs of amino acids 
of nitrogen mustard to cure oral to lung cancers. They could make money not only by giving 
cancers by selling tobacco products but also by treating some cancers.
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8. Ethical issues

Some of my best friends smoke and most of them are not scientists. Do I tell them not to 
smoke and keep their friendship? Not a chance. So I tell them experimental facts as gently as 
possible. My readers are my best friends. All I want is to make them think. If they think, my 
job as a friend is done.

Scientists in our group are working on different kinds of cancers. As I stated above, there 
are more than 220 different types of tissues and they could all become cancerous if they are 
exposed to radiations or chemical environmental pollution. We are all working to cure those 
cancers. Unfortunately, there is no great enthusiasm for working on either oral cancer or lung 
cancer. Such diseases are considered self-inflicting wounds. The users of tobacco products 
are addicted and frequently developed these types of cancers. Many scientists believe that all 
of us have a free will. We have a right to live and we have a right to die. If you do not smoke 
or chew tobacco, you will not expose yourself to a host of carcinogens. Some of us believe 
that you are addicted to nicotine if we cure your oral cancer, you will go back and chew 
tobacco again. How can we protect you from yourself? If we protect you from yourself, we 
create a monster. On the other hand, if you are one of those unfortunate persons who inherit 
a mutated gene, or exposed to secondhand smoking or exposed to radiations or heavy metal 
particles, you deserve all our help and many of us have been designing drugs for treating oral 
and lung cancers for these innocent victims.
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Abstract

“Oral cancer” is a term usually describing oral cavity and oropharyngeal malign tumors. 
The most histologic type of carcinoma is squamous cell carcinoma, seen in oral and oro-
pharyngeal region with the incidence of 90%. Prevention or early diagnosis of prema-
lignant and oral cancer requires increased public awareness and educating practitioners 
to be skillful in identifying oropharyngeal region pathology. To prevent oral cancers, 
the etiological factors should be known, and measures must be taken according to those 
factors. Premalignant lesions are leukoplakia, lichen planus in oral and cutaneous form, 
erythroplakia, stomatitis nicotina, and submucous fibrosis. Premalignant lesions should 
be treated, if possible, or followed up on carefully. To date, there are many clinical, his-
topathological, radiological, and optical techniques to diagnose or capture precancerous 
and oral cancer lesions early. The routine management of oral cancers is firstly surgical 
resection with or without postoperative adjuncts and other therapies such as the use of 
postoperative chemoradiation and radiation. Successful treatment of oral cancer patients 
is a complex issue that requires a multidisciplinary approach, including oral and maxil-
lofacial surgeons, oral and maxillofacial radiologists, ENT specialists, medical and radio-
logical oncologists, prosthodontists, dentists, speech therapists, supportive care experts, 
and also pathologists or, if possible, oral and maxillofacial pathologists.

Keywords: oral squamous cell carcinoma, preventive actions, early diagnosis, 
management of oral cancer, multidisciplinary approach, improving quality of life

1. Introduction

“Oral cancer” is a term usually used to describe oral cavity and oropharyngeal malign tumors. 
Oropharyngeal cancers  include the regions known as buccal mucosa, hard-soft palate, and floor 
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of mouth—gums, tonsils, and base and oral tongue remain oropharynx regions [1]. Despite 
this, the typical use of the term “oropharyngeal cancer” is unsuitable for this current topic due 
to earlier determination of “oral cancer.” Although some reverse knowledge is in the litera-
ture, incidence of pharyngeal cancers is increasing, while oral cancer is declining in the USA 
according to the recent LeHew et al. report [1]. In addition, they connected this issue to human 
papillomavirus (HPV) and how it may cause many more pharyngeal cancers than oral cancers, 
while heavy alcohol consumption and tobacco use also cause more oral cancer. The same author 
emphasized ethnicity, gender, age, and other demographic factors that influence the occurrence 
of pharyngeal or oral cancers [1–4]. The other paper published by Yadav [2] mentioned the 
increase of oral or mouth cancer in young individuals, especially female individuals, and that 
lifestyles affect the likelihood it occurs (such as smoking or chewing tobacco, chewing betel 
nuts). On the other hand, lip cancer occurrence is increasing because of ozone layer loss [2].

The International Agency for Research on Cancer determined 25 years ago that types HPV 
16–18 had a carcinogenic effect in humans which were responsible for the huge proportion 
(90%) of carcinoma of the cervix. HPV 16–18 had also been an etiologic factor related to vari-
ous head, neck, and also oral carcinomas [5]. Fortunately, as relatively consolatory features 
of HPV-related cancers, Ang et al. [6] and Yadav [2] reported that these cancers are more 
sensitive to the current treatment options and have higher survival rates than other different 
etiologic factors, such as tobacco, causing carcinomas. Some of the other etiologic factors have 
mostly been seen in Southern Chinese ancestry: nasopharyngeal cancer, Epstein-Barr virus 
(EBV) exposure, and also consumption of salted fish [7].

Worldwide, oral cancer cases are meanly estimated at 500,000, with nearly 389,000 new cases 
per year and nearly 130,000 deaths [3, 4, 8]; 45,000 oral cancer cases in the USA face nearly 
8500 deaths, and in the European Union, there are nearly 66,650 new cases faced each year 
[1, 3]. In further information found in the literature, Sri Lanka, India, Pakistan, Bangladesh, 
Hungary, and France show higher rates of new cases [3]. In addition to this information, 
South and Southeast Asian countries such as Pakistan, India, the Philippines, and Bangladesh 
are 80% of the newest cases due to increasing tobacco use and alcohol consumption and espe-
cially in Malaysian betel quid chewing [7–9].

The most histological type of carcinoma is squamous cell carcinoma, seen in the oral and 
oropharyngeal region with 90% [3, 7, 10–18]. The histological variants of squamous cell car-
cinomas are revealed in the literature to be adenosquamous, verrucous squamous, basaloid 
squamous, and papillary squamous cell carcinomas. In addition, carcinoma in situ is the pre-
vious form of the invasive squamous cell carcinomas. The other type of carcinoma of oropha-
ryngeal mucosa in basal cells is seen rarely, in the oral cavity under 5%. On the other hand, 
there are many types of epithelial malignancies, such as mucoepidermoid carcinoma with 
54%, low-grade adenocarcinoma with 17%, and adenoid cystic carcinoma with 15% mostly in 
hard palate minor salivary glands (60%), lips (25%), and vestibular mucosa (15%). Moreover, 
tumors being aggressive in any part of the body, mucosal melanomas are rarely seen in the 
hard palate and gingiva. Bony tumors, such as very rare cases of ameloblastic carcinoma, 
can be seen in the oral region [3]. Lymphomas and all aspects of sarcomas and odontogenic 
tumors, as those have a different etiology, are managed with different methods [17].

Prevention, Detection and Management of Oral Cancer52

In this chapter, detection, diagnosis, multidisciplinary management, and post-management 
of patients with oral cancer and improvement of their quality of life will be used, instead of 
oral squamous cell cancer terms.

Prevention of oral cancer is an essential goal worldwide; if it is not possible to achieve this, 
then we should detect or diagnose oral cancer in early stages to completely manage it [1]. 
Prevention or early diagnosis of this entity requires public awareness action and practitioner 
education to be skillful in identification of oropharyngeal region pathology [4, 8].

Severity or aggression of a disease, usually termed in the literature as “stage,” is essential to 
treating it in secure conditions without any recurrence. In addition, if it features severe aspects, 
it needs aggressive treatment modality such as surgical eradication and a reconstruction pro-
cess. In body regions wherein cancer occurs, the classifications, severity, and level determina-
tion systems differ. The most popular system evaluating cancer type and severity is the TNM 
system according to two recent American Joint Committee on Cancer (AJCC) editions, the 
seventh and eighth [13, 19], used the world over due to its simplicity and friendly aspect [3]. 
The eighth edition has been in use since January, 2018. Additionally, the eighth edition differs 
from previous editions because it has taken HPV into account as an etiological factor [19].

In the head and neck region, the classification of cancer has been standardized with TNM 
levels or a stage grouping system and a histological aspect, meaning the histological grading 
of a disease [5, 20]. Oral cancers are also included in this system [3].

The patients diagnosed with oral cancer early should start treatment immediately, as soon as 
possible, to not worsen the prognosis. At advanced stages, oral cancer (especially in stages III 
and IV) has a very low survival rate at 9–50% [2, 4, 14]. According to some literature, 30% of 
patients’ efforts to seek out or find professional help for about 3 months without any interven-
tion to malignancy but 1 month of delaying causes stage advancing and also dramatically 
reduces odds of survival [4, 21].

Diagnoses of oral cancer have been carried out to date by using clinical, radiological, and 
histopathological tools. In recent years, new technological tools and biomarkers have begun 
promising use as tools to diagnose oral cancer early. It can be caught in stages of cancer as 
early as stages I and II [10]. In addition, nanotechnology has started to see its use in diag-
nosing oral cancer [15]. Besides this, biomarkers were suggested to be used in detecting the 
malign transformation potential of premalignant lesions such as oral leukoplakia [22].

The other issue: public awareness about premalignant lesions and formed oral cancer is very 
important to prevent or to cure them without any morbidity or threat to life [3, 4, 8, 22]. Public 
awareness about self-inspection of the mouth tissue and individuals recognizing the appearance 
of oral cancer is crucial [3, 4]. Fortunately, in the literature, there are many actions taken on this 
topic [2, 8] that should be continued by healthcare providers; also, world governments should 
support healthcare providers’ works and actions [1, 4, 8, 22] because the prognosis of oral cancer 
is continuing to worsen survival rates due to utilizing these pathologies at advanced stages [22].

Oral cancer has still been challenging for public health and requires significant, demanding 
efforts [2, 3, 7, 23, 24]. The management of oral cancer is a complex issue that requires a 
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multidisciplinary approach, including oral and maxillofacial surgeons, oral and maxillofacial 
radiologists, ENT specialists, medical and radiological oncologists, prosthodontists, den-
tists, general surgeons, primary care clinicians (such as family medicine), physical therapy 
and rehabilitation specialists, dietitians, speech therapists, supportive care experts, and also 
pathologists or, if possible, oral and maxillofacial pathologists [2, 24, 25].

After radical, surgical, and other treatment modalities such as radiotherapy and chemotherapy— 
especially in stages III and IV patients—improving a patient’s quality of life is very important 
[7, 14, 24, 26, 27]. Besides these, if patients have more advanced surgical (and other) treatment 
modality, the important thing is, of course, survival. Also, the second issue is improving qual-
ity of life. In this aspect, prosthodontics, speech therapy, dental implant-supported restora-
tion with oral and maxillofacial surgeons, and other supportive specialties such as providers 
like physical therapists, mental health professionals, and dietitians and applications improve 
a patient’s quality of life [2, 24].

2. Preventive awareness and control care for oral cancers

Preventive medicine acts as a unique control for oral cancers and also charges at all-time 
low costs to states across the world [2, 15]. In this way, many actions can be taken by health 
organizations, especially by the World Health Organization in the risky geographic regions of 
the world [28]. Prevention of oral cancer is mainly a management of those diseases, so public 
awareness should be the first priority for health workers (e.g., by using media to promote fast 
outcomes) [3, 14]. For awareness about encountering precancerous lesions [1, 22, 28], Jeihooni 
et al. [9] reported that 30.4% of patients had preventable oral cancer, while 50% did not, and 
the remaining 19.6% of patients were unclear as to whether or not oral cancer is preventable.

To prevent oral cancers, the etiological factors should be known, and measures must be taken 
according to those causes. Etiological factors are tobacco use, especially in individuals older 
than 40 years of age, alcohol consumption, betel chewing, HPV infection or carriage, dietary 
intakes such as salted meat consumption, poor oral hygiene, genetic predisposition, Epstein-
Barr virus (EBV) infection, long-term exposure to sunlight, and immune system disease such 
as organ transplant recipients and HIV-infected patients, especially as it causes lip cancer [1, 
3, 4, 9, 13, 14, 29, 30].

HPV-related oral cancers, especially oropharyngeal cancers, differ from other cause-related 
cancers as HPV-related cancers have been seen in young, non- or former tobacco users, 
nonalcoholic patients, and also patients with small T tumors but with nodal involvement 
(fortunately, their prognosis is more satisfactory than non-related HPV tumors). In addition, 
HPV-related tumors are well-defined borderline, more exophytic with smaller sizes and lymph 
node metastasis with dominant cystic features [19]. To prevent HPV-related oral cancers, vac-
cination against HPV should be performed to decrease the incidence of oropharyngeal SCC 
[31], whereas Owosho et al. [31] reported that HPV-related oropharyngeal cancer reached its 
highest rate in the year 2006 and has since started to decline but not at a statistically significant 
rate. In the literature, vaccination programs have primarily focused on HPV infection related 
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to cervical cancer [1]. Thus, Center for Disease Control and Prevention (CDC) is recommend-
ing that the vaccination program for HPV-related oropharyngeal cancers should be carried 
out for children at ages 11–12 in two doses by health providers [31].

Other efforts to prevent oral cancer should be done by controlling tobacco use or reduction 
programs [3, 6, 7, 11, 14, 29]. Alcohol consumption should be reduced or cut off as well [3, 7, 
14]. If tobacco and alcohol are used together by the same individuals, that increases the oral 
cancer rate and may be a dramatically worse prognosis than HPV-related cancers [3, 5, 7, 
11]. Unfortunately, alcohol is related to a very risky factor for cancer occurring even in non-
smoking individuals [3, 5, 7].

On the other hand, improving especially rich vegetable and fruit diet intake awareness pro-
grams, physical activity-increasing programs in daily life, regular sexual education for ado-
lescents, and oral hygiene education activities may be helpful for reducing oral cancer rates in 
the future [1, 14, 32]. Awareness programs and activities should be conducted by healthcare 
providers or governments worldwide, especially in more risky regions such as Southeast 
Asia. For example, images of early oral cancer can be placed on cigarette packages [4].

In the risky region, or those patients that have high risk, they should be encouraged to carry 
out self-inspection of their oral mucosa, and if they see any mouth abnormality, they are 
obligated to take professional advice or treatment [4]. In addition, oral hygiene education and 
encouragement to improve it in individuals are key factors in preventing or early detection 
of oral cancer [9]. Moreover, Rahmati-Najarkolaei et al. [32] reported that awareness activities  
with students about risky factors decreased fear of oral cancer and also changed their attitude 
about knowing whether they have oral cancer. Lack of public awareness about cancer-causing  
factors and predictors produces diagnosis of oral cancer at stages as late as III or IV [4]. 
Therefore, awareness may provide early diagnosing of lesions; it reduces the cost of treatment 
and also reduces treatment morbidity [16, 22].

To date, many strategies have experimented with community awareness in the literature, such 
as mass media campaigns, which have gained some success from increased public awareness 
[1, 3, 8]. Unfortunately, these improvements are still not enough in terms of public aware-
ness. Nowadays, Internet-based or online connections such as social media are very popular 
communication tools across the whole world. For example, the online-supported education or 
activities for tobacco cessation counseling revealed limited success in a randomized experiment 
[1, 8]. Internet-based education also applied for alcohol counseling with some success gained 
[1]. Billboards have also not been successful in delivering improved awareness to risky popula-
tions [1]. Prevention is the main management of oral cancers, and public awareness is a key part 
of prevention: where, when, and how it should be done and how it is possible is not important.

2.1. Look and see: precancerous mouth lesions

Many types of oral lesions have malignant transformation potential, aptly named premalig-
nant or precancerous lesions. Premalignant lesions are described by using clinical, patho-
logical, histochemical, and also many other screening techniques for which lesions such as 
leukoplakia, lichen planus with oral and cutaneous form, erythroplakia, stomatitis nicotina, 
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multidisciplinary approach, including oral and maxillofacial surgeons, oral and maxillofacial 
radiologists, ENT specialists, medical and radiological oncologists, prosthodontists, den-
tists, general surgeons, primary care clinicians (such as family medicine), physical therapy 
and rehabilitation specialists, dietitians, speech therapists, supportive care experts, and also 
pathologists or, if possible, oral and maxillofacial pathologists [2, 24, 25].

After radical, surgical, and other treatment modalities such as radiotherapy and chemotherapy— 
especially in stages III and IV patients—improving a patient’s quality of life is very important 
[7, 14, 24, 26, 27]. Besides these, if patients have more advanced surgical (and other) treatment 
modality, the important thing is, of course, survival. Also, the second issue is improving qual-
ity of life. In this aspect, prosthodontics, speech therapy, dental implant-supported restora-
tion with oral and maxillofacial surgeons, and other supportive specialties such as providers 
like physical therapists, mental health professionals, and dietitians and applications improve 
a patient’s quality of life [2, 24].

2. Preventive awareness and control care for oral cancers

Preventive medicine acts as a unique control for oral cancers and also charges at all-time 
low costs to states across the world [2, 15]. In this way, many actions can be taken by health 
organizations, especially by the World Health Organization in the risky geographic regions of 
the world [28]. Prevention of oral cancer is mainly a management of those diseases, so public 
awareness should be the first priority for health workers (e.g., by using media to promote fast 
outcomes) [3, 14]. For awareness about encountering precancerous lesions [1, 22, 28], Jeihooni 
et al. [9] reported that 30.4% of patients had preventable oral cancer, while 50% did not, and 
the remaining 19.6% of patients were unclear as to whether or not oral cancer is preventable.

To prevent oral cancers, the etiological factors should be known, and measures must be taken 
according to those causes. Etiological factors are tobacco use, especially in individuals older 
than 40 years of age, alcohol consumption, betel chewing, HPV infection or carriage, dietary 
intakes such as salted meat consumption, poor oral hygiene, genetic predisposition, Epstein-
Barr virus (EBV) infection, long-term exposure to sunlight, and immune system disease such 
as organ transplant recipients and HIV-infected patients, especially as it causes lip cancer [1, 
3, 4, 9, 13, 14, 29, 30].

HPV-related oral cancers, especially oropharyngeal cancers, differ from other cause-related 
cancers as HPV-related cancers have been seen in young, non- or former tobacco users, 
nonalcoholic patients, and also patients with small T tumors but with nodal involvement 
(fortunately, their prognosis is more satisfactory than non-related HPV tumors). In addition, 
HPV-related tumors are well-defined borderline, more exophytic with smaller sizes and lymph 
node metastasis with dominant cystic features [19]. To prevent HPV-related oral cancers, vac-
cination against HPV should be performed to decrease the incidence of oropharyngeal SCC 
[31], whereas Owosho et al. [31] reported that HPV-related oropharyngeal cancer reached its 
highest rate in the year 2006 and has since started to decline but not at a statistically significant 
rate. In the literature, vaccination programs have primarily focused on HPV infection related 
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to cervical cancer [1]. Thus, Center for Disease Control and Prevention (CDC) is recommend-
ing that the vaccination program for HPV-related oropharyngeal cancers should be carried 
out for children at ages 11–12 in two doses by health providers [31].

Other efforts to prevent oral cancer should be done by controlling tobacco use or reduction 
programs [3, 6, 7, 11, 14, 29]. Alcohol consumption should be reduced or cut off as well [3, 7, 
14]. If tobacco and alcohol are used together by the same individuals, that increases the oral 
cancer rate and may be a dramatically worse prognosis than HPV-related cancers [3, 5, 7, 
11]. Unfortunately, alcohol is related to a very risky factor for cancer occurring even in non-
smoking individuals [3, 5, 7].

On the other hand, improving especially rich vegetable and fruit diet intake awareness pro-
grams, physical activity-increasing programs in daily life, regular sexual education for ado-
lescents, and oral hygiene education activities may be helpful for reducing oral cancer rates in 
the future [1, 14, 32]. Awareness programs and activities should be conducted by healthcare 
providers or governments worldwide, especially in more risky regions such as Southeast 
Asia. For example, images of early oral cancer can be placed on cigarette packages [4].

In the risky region, or those patients that have high risk, they should be encouraged to carry 
out self-inspection of their oral mucosa, and if they see any mouth abnormality, they are 
obligated to take professional advice or treatment [4]. In addition, oral hygiene education and 
encouragement to improve it in individuals are key factors in preventing or early detection 
of oral cancer [9]. Moreover, Rahmati-Najarkolaei et al. [32] reported that awareness activities  
with students about risky factors decreased fear of oral cancer and also changed their attitude 
about knowing whether they have oral cancer. Lack of public awareness about cancer-causing  
factors and predictors produces diagnosis of oral cancer at stages as late as III or IV [4]. 
Therefore, awareness may provide early diagnosing of lesions; it reduces the cost of treatment 
and also reduces treatment morbidity [16, 22].

To date, many strategies have experimented with community awareness in the literature, such 
as mass media campaigns, which have gained some success from increased public awareness 
[1, 3, 8]. Unfortunately, these improvements are still not enough in terms of public aware-
ness. Nowadays, Internet-based or online connections such as social media are very popular 
communication tools across the whole world. For example, the online-supported education or 
activities for tobacco cessation counseling revealed limited success in a randomized experiment 
[1, 8]. Internet-based education also applied for alcohol counseling with some success gained 
[1]. Billboards have also not been successful in delivering improved awareness to risky popula-
tions [1]. Prevention is the main management of oral cancers, and public awareness is a key part 
of prevention: where, when, and how it should be done and how it is possible is not important.

2.1. Look and see: precancerous mouth lesions

Many types of oral lesions have malignant transformation potential, aptly named premalig-
nant or precancerous lesions. Premalignant lesions are described by using clinical, patho-
logical, histochemical, and also many other screening techniques for which lesions such as 
leukoplakia, lichen planus with oral and cutaneous form, erythroplakia, stomatitis nicotina, 
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and submucous fibrosis are named or classified [3, 10, 15, 18, 22, 33–35]. In addition, there is 
less malign transformation potential in lesions such as discoid lupus erythematosus and also 
a lesser likelihood of malignant transformation in hereditary entities such as epidermolysis 
bullosa and dyskeratosis congenita [34]. For the lip cancer, there are precancerous lesions 
like xeroderma pigmentosum, radiodermatitis, and chronic cheilitis [18]. However, histologi-
cal investigation has only produced knowledge about malignant transformation potential—
named dysplasia—and has been indicated or used as a prediction of malignant changes [34]. 
According to the WHO’s (2005) statement, carcinoma in situ has the highest degree of dyspla-
sia and is also defined as a premalignant lesion [3, 10, 34]. Premalignant lesions are usually 
clinically screened for mouth mucosa such as white, red, or red-white mixed patches and are 
also called leukoplakia or erythroplakia [34, 35].

3. Early diagnosis of precancerous and oral cancer lesion techniques

Early detection of premalignant lesions and also cancer lesions is a crucial issue for the head 
and neck region, as the late diagnosing rate of 60% worldwide causes huge surgical and 
oncological interventions or low survival rate [14, 15, 36]. To date, there are many clinical, 
histopathological, radiological, and optical techniques to diagnose or capture precancerous 
and oral cancer lesions, such as vital tissue staining (toluidine blue stain), exfoliative cytol-
ogy, OralCDx (OralCDx Laboratories, Suffern, NY) or Orcellex® (Rovers Medical Devices, 
BV, the Netherlands), brush cytology, and cell markers or biomarkers. There are also many 
new developments of novel real-time in vivo imaging and spectroscopy-based devices: high-
resolution microendoscopy (HRME), autofluorescence imaging (AFI), targeted fluorescence 
imaging (TFI), and optical coherence tomography (OCT); also, there are other optical visu-
alization methods such as ViziLite Plus with Orascoptic DK (Orascoptic, a Kerr Company, 
Middleton, Wis.), VELscope™ (Visually Enhanced Lesion Scope, LED Dental, White 
Rock, British Columbia, Canada), Microlux DL (AdDent, Danbury, Conn.), ViziLite (Zila 
Pharmaceuticals), TBlue (Zila Pharmaceuticals, Phoenix), Raman spectroscopy (RS), elastic 
scattering spectroscopy (ESS), narrowband imaging (NBI), diffuse reflectance spectroscopy 
(DRS), and confocal reflectance microscopy (CRM) in addition to normal biopsy of the tissue 
with histopathological investigation [12, 15, 16, 28, 34–38].

These techniques are local detectors of lesions. Besides these, oral cancer may spread region-
ally and may also have distant metastasis. For instance, to make stage determining and 
treatment strategies for lesions, imaging systems as computed tomography (CT), magnetic 
resonance imaging (MRI), cone beam computerized tomography (CBCT), and positron emis-
sion tomography (PET) can be useful to scan the head and neck region for regional spread of 
oral cancer [15]. These techniques are divided into two categories, as either lesion detection 
or lesion assessment. Whether these tests have been tested across several works, however, 
remains questionable [37].

Toluidine blue stain is a metachromatic thiazine material that binds to DNA in alcohol and 
water. Toluidine blue (TB) is a member of the thiazine group of metachromatic dyes, which 
binds to DNA and is partially soluble both in water and in alcohol. Theoretically, dysplastic 
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and malignant cells have higher nucleic acid content; hence, it is stained with dyes that can 
be identified under the microscope due to nucleic acid and have been used since 1980 [34]. 
Toluidine blue stain, ViziLite, and VEL scope sensitivity and specificity in oral dysplasia 
patients are presented by Awan et al. [37] to be 84.1 and 77.3%, 15.3 and 27.8%, and 65.8 and 
56.8%, respectively.

Exfoliative cytology procures cells from a wide surface area of the affected tissue with fewer 
invasive effects on the tissue than biopsy. It also involves a lower contamination risk prior to 
DNA obtaining than surgical intervention [5]. Exfoliative cytology is obtained by scrapping the 
mucosa lesion using a blade as tongue blade. The obtained material is spread on a dry, clean 
glass lam and fixed with 100% ethanol. The lam is then sent to an experienced pathologist for 
examination under a light microscope for dysplastic evidences in the cells [35]. In addition, 
serum and saliva are the most commonly used as less invasive, easily accessible, cost-effective, 
and convenient samples for cancer detection [15]. The sensitivity and specificity of exfoliative 
cytology for oral cancer detection were revealed as 93.5 and 50.6%, respectively [15]. Although 
exfoliative cytology is less invasive, it is highly subjective and dependent upon the expertise 
of examiners. Moreover, exfoliative cytology related to the DNA aneuploidy and quantitative 
cytomorphometry has low specificity due to the collection of disassembled cells [15]. If the 
exfoliative cytology is used on heavy smoker and alcohol-using patients with negative malig-
nancy findings, a biopsy procedure should be carried out as an additional supportive test [22].

OralCDx or Orcellex® brush cytology is a bit advanced for complementary forms of the exfo-
liative cytology, due to it including representative cells of all layers of epithelial tissue [34, 38]. 
Moreover, brush cytology has provided diagnostic accuracy because of computer assistance 
screening [34, 38]. Studies demonstrated that OralCDx or Orcellex® cytology has a potential 
value as an adjunct to oral diagnosing or screening in identifying premalignant pathologies 
at early stages that provides surgical or curative treatment that is most effective [39]. In the 
future, developing automatic, cytometric, or cytomorphometric techniques combined with 
genetic and related features may enhance screening strategies [34]. Affecting tissue with any 
pathology sample technique is still recommended if there is a strong suspicion of any lesion 
with malignancy regardless of the oral brush cytology result [34].

Biological, chemical, or reactional molecular agents named cell markers and biomarkers 
mean that signs of living organisms and the obviousness of their availability as tumor necro-
sis factor-alpha (TNF-α), epithelial growth factor (EGFR), vascular endothelial growth factor 
(VEGF), IL-8 and IL-8 mRNA, and interleukin 6 (IL-6) [10, 15]. Biomarker investigation of 
abnormalities of oral tissues as normal, tumorous, and inflammatory keratinocyte proteomes 
is likely to find new biomarker agents for oral cancer diagnosis, treatment, follow-up, and 
the development of personalized therapies for oral cancer and other tumorous regions [16].

The most visible oral premalignant or precancerous lesion is oral leukoplakia (OL) that has 
been studied for its establishment of a biomarker that signals the malign transformation of 
OL [22]. For instance, OL has low prevalence in western countries, so the development of a 
new biomarker is challenging due to the low rate of malignant transformation, and it requires 
long follow-up periods to achieve a new biomarker [22]. Besides these, loss of heterozygosity 
(LOH) was described as the strongest and most valuable biomarker by Mao et al. at the end 
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and submucous fibrosis are named or classified [3, 10, 15, 18, 22, 33–35]. In addition, there is 
less malign transformation potential in lesions such as discoid lupus erythematosus and also 
a lesser likelihood of malignant transformation in hereditary entities such as epidermolysis 
bullosa and dyskeratosis congenita [34]. For the lip cancer, there are precancerous lesions 
like xeroderma pigmentosum, radiodermatitis, and chronic cheilitis [18]. However, histologi-
cal investigation has only produced knowledge about malignant transformation potential—
named dysplasia—and has been indicated or used as a prediction of malignant changes [34]. 
According to the WHO’s (2005) statement, carcinoma in situ has the highest degree of dyspla-
sia and is also defined as a premalignant lesion [3, 10, 34]. Premalignant lesions are usually 
clinically screened for mouth mucosa such as white, red, or red-white mixed patches and are 
also called leukoplakia or erythroplakia [34, 35].

3. Early diagnosis of precancerous and oral cancer lesion techniques

Early detection of premalignant lesions and also cancer lesions is a crucial issue for the head 
and neck region, as the late diagnosing rate of 60% worldwide causes huge surgical and 
oncological interventions or low survival rate [14, 15, 36]. To date, there are many clinical, 
histopathological, radiological, and optical techniques to diagnose or capture precancerous 
and oral cancer lesions, such as vital tissue staining (toluidine blue stain), exfoliative cytol-
ogy, OralCDx (OralCDx Laboratories, Suffern, NY) or Orcellex® (Rovers Medical Devices, 
BV, the Netherlands), brush cytology, and cell markers or biomarkers. There are also many 
new developments of novel real-time in vivo imaging and spectroscopy-based devices: high-
resolution microendoscopy (HRME), autofluorescence imaging (AFI), targeted fluorescence 
imaging (TFI), and optical coherence tomography (OCT); also, there are other optical visu-
alization methods such as ViziLite Plus with Orascoptic DK (Orascoptic, a Kerr Company, 
Middleton, Wis.), VELscope™ (Visually Enhanced Lesion Scope, LED Dental, White 
Rock, British Columbia, Canada), Microlux DL (AdDent, Danbury, Conn.), ViziLite (Zila 
Pharmaceuticals), TBlue (Zila Pharmaceuticals, Phoenix), Raman spectroscopy (RS), elastic 
scattering spectroscopy (ESS), narrowband imaging (NBI), diffuse reflectance spectroscopy 
(DRS), and confocal reflectance microscopy (CRM) in addition to normal biopsy of the tissue 
with histopathological investigation [12, 15, 16, 28, 34–38].

These techniques are local detectors of lesions. Besides these, oral cancer may spread region-
ally and may also have distant metastasis. For instance, to make stage determining and 
treatment strategies for lesions, imaging systems as computed tomography (CT), magnetic 
resonance imaging (MRI), cone beam computerized tomography (CBCT), and positron emis-
sion tomography (PET) can be useful to scan the head and neck region for regional spread of 
oral cancer [15]. These techniques are divided into two categories, as either lesion detection 
or lesion assessment. Whether these tests have been tested across several works, however, 
remains questionable [37].

Toluidine blue stain is a metachromatic thiazine material that binds to DNA in alcohol and 
water. Toluidine blue (TB) is a member of the thiazine group of metachromatic dyes, which 
binds to DNA and is partially soluble both in water and in alcohol. Theoretically, dysplastic 
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and malignant cells have higher nucleic acid content; hence, it is stained with dyes that can 
be identified under the microscope due to nucleic acid and have been used since 1980 [34]. 
Toluidine blue stain, ViziLite, and VEL scope sensitivity and specificity in oral dysplasia 
patients are presented by Awan et al. [37] to be 84.1 and 77.3%, 15.3 and 27.8%, and 65.8 and 
56.8%, respectively.

Exfoliative cytology procures cells from a wide surface area of the affected tissue with fewer 
invasive effects on the tissue than biopsy. It also involves a lower contamination risk prior to 
DNA obtaining than surgical intervention [5]. Exfoliative cytology is obtained by scrapping the 
mucosa lesion using a blade as tongue blade. The obtained material is spread on a dry, clean 
glass lam and fixed with 100% ethanol. The lam is then sent to an experienced pathologist for 
examination under a light microscope for dysplastic evidences in the cells [35]. In addition, 
serum and saliva are the most commonly used as less invasive, easily accessible, cost-effective, 
and convenient samples for cancer detection [15]. The sensitivity and specificity of exfoliative 
cytology for oral cancer detection were revealed as 93.5 and 50.6%, respectively [15]. Although 
exfoliative cytology is less invasive, it is highly subjective and dependent upon the expertise 
of examiners. Moreover, exfoliative cytology related to the DNA aneuploidy and quantitative 
cytomorphometry has low specificity due to the collection of disassembled cells [15]. If the 
exfoliative cytology is used on heavy smoker and alcohol-using patients with negative malig-
nancy findings, a biopsy procedure should be carried out as an additional supportive test [22].

OralCDx or Orcellex® brush cytology is a bit advanced for complementary forms of the exfo-
liative cytology, due to it including representative cells of all layers of epithelial tissue [34, 38]. 
Moreover, brush cytology has provided diagnostic accuracy because of computer assistance 
screening [34, 38]. Studies demonstrated that OralCDx or Orcellex® cytology has a potential 
value as an adjunct to oral diagnosing or screening in identifying premalignant pathologies 
at early stages that provides surgical or curative treatment that is most effective [39]. In the 
future, developing automatic, cytometric, or cytomorphometric techniques combined with 
genetic and related features may enhance screening strategies [34]. Affecting tissue with any 
pathology sample technique is still recommended if there is a strong suspicion of any lesion 
with malignancy regardless of the oral brush cytology result [34].

Biological, chemical, or reactional molecular agents named cell markers and biomarkers 
mean that signs of living organisms and the obviousness of their availability as tumor necro-
sis factor-alpha (TNF-α), epithelial growth factor (EGFR), vascular endothelial growth factor 
(VEGF), IL-8 and IL-8 mRNA, and interleukin 6 (IL-6) [10, 15]. Biomarker investigation of 
abnormalities of oral tissues as normal, tumorous, and inflammatory keratinocyte proteomes 
is likely to find new biomarker agents for oral cancer diagnosis, treatment, follow-up, and 
the development of personalized therapies for oral cancer and other tumorous regions [16].

The most visible oral premalignant or precancerous lesion is oral leukoplakia (OL) that has 
been studied for its establishment of a biomarker that signals the malign transformation of 
OL [22]. For instance, OL has low prevalence in western countries, so the development of a 
new biomarker is challenging due to the low rate of malignant transformation, and it requires 
long follow-up periods to achieve a new biomarker [22]. Besides these, loss of heterozygosity 
(LOH) was described as the strongest and most valuable biomarker by Mao et al. at the end 
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of the twentieth century. They reported that OL housing LOH at 3p14 or 9p21 was related to 
the 37% chance of developing invasive cancer compared with only 6% in lesions without these 
biomarkers [22]. Dysplasia is a very important sign of OL malign transformation; however, 
it does not mean that it will transform into a malign lesion, such as an oral squamous cell 
carcinoma lesion. Detecting or signaling oral leukoplakia malignant-transforming biomarkers 
is crucial in the future. Chemoprevention actions or works using retinoid evoked unique pro-
spective gathering of biodata that led to the development of biomarkers [22]. Evidence-based 
studies showed that a visual examination of oral regions may be a cost-effective screening 
model, and finding adjunct auxiliaries and biomarkers is becoming more popular [28].

Hence, if the environmental conditions could be changed, oral leukoplakia may be reversible 
even with advanced dysplasia, which does not change into any malign lesion such as OSCC 
[22]. However, the existence of dysplasia is often the important criterion that affects clinical 
treatment of oral leukoplakia [22].

Microendoscopy (HRME) is a novel in vivo optical imaging and spectroscopy-based tool that 
has the content to provide an early diagnosis of cancer in real time. This tool is a cost-effective 
and noninvasive technique for point-of-care detection of premalignant and cancer in body 
regions including the oral cavity and hypopharynx. The HRME technique provides direct 
screening of malignant indicators such as nuclear crowding, pleomorphism, and elevated 
nuclear-to-cytoplasmic area ratio. This technique has almost identical possibility with cytol-
ogy and invasive biopsy procedures. The HRME technique therefore has a promising devel-
opment in the future [36, 40].

The ViziLite system, as an oral optical lumenoscopy technique alone or in combination with 
other techniques mentioned above, has been used successfully in the last decade. The US 
Food and Drug Administration has received a combination of both ViziLite and TB systems 
(ViziLite Plus with TBlue System; Zila, Batesville, AR, USA), as an adjunct to visual screen-
ing of the oral cavity. This combined technique for detecting or diagnosing premalignant or 
cancerous lesions provides almost the same level of outcome that invasive method biopsy and 
histopathological investigation provide [15, 22, 34, 37].

VELscope™ (LED Dental, White Rock, British Columbia, Canada) is noninvasive and directly 
screens the changes of tissue autofluorescence characteristic screening tools in the oral cavity [12, 22].  
It uses blue light between 400 and 460 nm wavelengths to influence the endogenous fluoro-
phores. Because of its simplicity, it does not require any special training on the system and can 
be used in daily general subspecialty practice. Farah et al. [41] reported that VELscope™ screen-
ing did not provide a definitive diagnosis on the existence of epithelial dysplasia, so VELscope™ 
is not reliable for detecting epithelial dysplasia without clinical examination. In contrast to the 
Farah et al. [41] report, the other study carried out by Awan et al. [42] reported that VELscope™ 
is useful in confirming the existence of erythroplakia, oral leukoplakia, and other soft tissue 
diseases, but it cannot discriminate between low-risk and high-risk pathologies [34].

Raman spectroscopy (RS), a common optical diagnostic technique, works with vibrational 
spectroscopies that discriminate normal mucosa and malignant pathologies by reflecting vari-
ables within tissues and returning optical signals [15]. However, this optical tool’s original yet 
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subjective finding outcomes depend on the practitioners’ evaluation experience [15]. Stone et al. 
[43] first applied the Raman spectroscopy in the head and neck region in 2000 to investigate 
the laryngeal mucosa by comparing with normal biopsy procedures in 15 patients. According 
to this study, RS produced a specificity of 90 and 92% sensitivity for detecting squamous cell 
carcinoma [43]. We may thus conclude that the RS technique is useful for daily practice.

3.1. Multidisciplinary approach to diagnosis and management of precancerous and 
oral cancer lesions: healthcare providers and patients’ role

Early diagnosis, a crucial issue as mentioned above, is very easy, but across the world, oral 
cancer is being detected in late stage due to its subtlety in early stage [3]. The routine manage-
ment of oral cancer is first surgical resection, with or without postoperative adjuncts and 
other therapies used as part of postoperative chemoradiation and radiation. This approach of 
combining multiple treatments has increased survival rates in the last decade.

Successful treatment of oral cancer patients is a complex issue that requires multidisciplinary 
approaches, including oral and maxillofacial surgeons, oral and maxillofacial radiologists, 
ENT specialists, medical and radiological oncologists, prosthodontists, dentists, general sur-
geons, primary care clinicians (such as family medicine), physical therapy and rehabilitation 
specialists, dietitians, speech therapists, supportive care experts, and also pathologists or, 
if possible, oral and maxillofacial pathologists [2, 3, 24, 25]. In addition, multidisciplinary 
approaches to oral cancer patients allow for the maximization of reliable oncologic control 
and also minimize morbidities such as patient function and form [3].

Early diagnosis of oral cancer is vital for a patient’s survival rate and also for future quality 
of life. In addition, a dentist has an important role in initial diagnosing of any pathology in 
the oral region because of daily oral health practice [2, 14, 43]. So, any ignorance on behalf of 
dentists’ education and daily practice is a crucial phenomenon for detecting any lesions in 
early phase. If a dentist has detected any abnormality of oral tissue in an emergency situation, 
he or she should perform a biopsy procedure or immediately refer the patients to advanced 
specialties such as oral and maxillofacial surgeons, otolaryngologists, or advanced oncologi-
cal-trained oral and maxillofacial surgeons, if it is possible [2, 14].

In a majority of world regions, the oral and maxillofacial surgery specialty is based on den-
tistry education and is concerned with diagnosis, medical and surgical, and advanced treat-
ment of disease, disorders, injuries, and malformation, including the functional and esthetic 
features of the oral and maxillofacial region’s soft and hard tissues and related neighboring 
structures [2]. Oral and maxillofacial surgeons take part in the biopsy, which checks whether 
it is a true- or false-positive diagnosis; advanced radiological imaging is required to investi-
gate in this stage of pathology. In addition, they surgically treat precancerous lesions and also 
take part in the treatment of early-stage cancer.

A case with a 67-year-old male patient was referred to an experienced oral and maxillofacial 
surgeon and diagnosed with oral leukoplakia. The patient was treated with a diode laser 
using evaporation mode. According to the follow-up period, no recurrence has been revealed 
with the patient in healthy oral condition (Figures 1 and 2).

Early Detection and Multidisciplinary Approach to Oral Cancer Patients
http://dx.doi.org/10.5772/intechopen.81126

59



of the twentieth century. They reported that OL housing LOH at 3p14 or 9p21 was related to 
the 37% chance of developing invasive cancer compared with only 6% in lesions without these 
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carcinoma lesion. Detecting or signaling oral leukoplakia malignant-transforming biomarkers 
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subjective finding outcomes depend on the practitioners’ evaluation experience [15]. Stone et al. 
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gate in this stage of pathology. In addition, they surgically treat precancerous lesions and also 
take part in the treatment of early-stage cancer.

A case with a 67-year-old male patient was referred to an experienced oral and maxillofacial 
surgeon and diagnosed with oral leukoplakia. The patient was treated with a diode laser 
using evaporation mode. According to the follow-up period, no recurrence has been revealed 
with the patient in healthy oral condition (Figures 1 and 2).

Early Detection and Multidisciplinary Approach to Oral Cancer Patients
http://dx.doi.org/10.5772/intechopen.81126

59



Figure 2 . Postoperative laser treatment view of oral leukoplakia (Case 1 patient).

Figure 1 . Prelaser treatment of oral leukoplakia (Case 1 patient).
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If the OMF surgeon has not accrued enough experience for more extensive pathology, he or 
she should refer patients to trained or sufficiently experienced head and neck surgeons such 
as an oral and maxillofacial surgeon, ear nose throat surgeon, general surgeon, or a plastic 
surgeon; plastic surgeons and oral and maxillofacial surgeons have a duty to perform pre-
prosthetic surgery, revision surgery, and also dental and oral and maxillofacial implants to 
rehabilitate the oral cavity for speech improvement, swallowing, mastication, and esthetic 
appearance. In addition, oral and maxillofacial surgeons promote maxillofacial prosthodon-
tists for the construction of maxillofacial and oral prosthesis [2].

Oral and maxillofacial oncology training was part of a related oral and maxillofacial surgery 
residency program for about 3–4 years, following the 5–6 years for a basic dentistry degree. 
In addition, these specially trained people take an additional 1 or 2 years’ oncological surgery 
training for cancer surgery and rehabilitation and reconstruction surgery such as regional 
vascular flap reconstruction, e.g., a pectoralis major flap with five to six costal grafts, a latissi-
mus dorsi muscular flap with scapular graft, and other regional soft and hard tissue vascular 
flaps to reconstruct mandibular and maxillary resection defects are used. In addition, distant 
vascular-free flaps such as perineal musculocutaneous with fibula and an anterior radial fore-
arm flap are used to reconstruct maxillary and mandibular oncologic resected defects by oral 
and maxillofacial oncologic program surgeons. On the other hand, the oncologic oral and 
maxillofacial surgeon training program includes core rotations on resection and reconstruc-
tion surgery, medical oncology, and radiation oncology. They also carry out duties like edu-
cating others in the dental profession on cancer screening and management. They take part in 
the oncological multidisciplinary team, including pathologists, radiologists, ENT specialists, 
and other professions [2].

The transoral access is a common surgical approach to precancerous pathologies and super-
ficial cancers of anterior portions of the mouth, tongue, and alveolus. In the posterior region 
of the mouth, an invasive approach is needed, especially if there is a limitation due to inade-
quate surgical view and trismus. Median lip-split paramedian mandibulotomy access is used 
for tumor management of the posterior mouth region. In addition, midfacial degloving and 
upper cheek access are typically useful for maxillary tumors [3].

Neck dissection is a very important part of oral cancer surgical management. Fortunately, 60% 
of cases with an early-stage tumor have clinically negative neck metastasis. Unfortunately, 
nearly 20–30% of entities have microscopically prominent neck nodal metastasis according to 
elective neck dissection (END). Nodal metastasis risk occurs for several reasons. One, cervical 
lymph node metastasis can reduce the survival rate by 50% when compared with similar 
primary tumors, excepting cervical or other regions. Tongue cancer on the mouth floor is 
more likely to advance into the neck lymph node; thus, these cases should require elective 
neck dissection, even if they are in an early stage.

The maxillary gum and hard palate have relatively lower chances of neck metastasis occur-
ring, and if this is determined to be the case, there is no need for END to be indicated [3].

Isolated node biopsy is an adjunct alternative to END for determining the stage of a cN0 neck 
in the T1–T2 stage of SCCOC [3, 44]. This method was first carried out in 2001 by Shoaib et al. 
[44], and it has been used by several other studies in Europe and the USA. However, this 
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technique requires experienced practitioners to be able to carry out the procedure. It should 
therefore be done in select centers with experienced doctors [3].

If patients are clinically or radiographically determined to have positive neck nodes, a com-
prehensive neck dissection should be done involving level I to V dissection. The requirement 
to sacrifice important structures like the sternocleidomastoid muscle, spinal accessory nerve, 
and internal jugular vein depends on the location of the nodal metastasis and its features [44]. 
A common type of wide neck dissection is the modified radical neck dissection, named MRND 
type 1. MRND, as a treatment choice, is a rarely selected option due to direct infiltration of 

Figure 3 . Prereconstruction dentures’ view of Case 2 patient’s oral structures after a maxillary cancer operation.

Figure 4 . Maxillomandibular dentures’ view of Case 2 patient.
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the gross extranodal structures [3]. A patient with clinically negative neck node metastasis 
has metastasis risk mainly throughout levels I to III. Therefore, supraomohyoid neck dissec-
tion (SOHND) is usually enough for these diseases. However, patients with primary tongue 
squamous cell carcinoma require neck dissection level IV and may be obligated due to the 
likelihood of skip metastasis [3].

Oral pathologists and oral medicine specialists also play key roles in oral cancer prevention, 
diagnosing, early management, and follow-up procedures. They perform the biopsy proce-
dures in oral pathologies that identify lesions; hence, strategies are formed for the manage-
ment process of the detected lesion [2].

Maxillofacial prosthodontists take part in key positions in management specifically to restore 
the function of jaws and maxillofacial tissue after tumor eradication. To improve the patients’ 
psychological condition, they replace the functional and cosmetic defects with prosthetic con-
struction carried out by prosthodontics in the maxillofacial region [2].

Case 2 features a 78-year-old male patient who underwent total maxillectomy due to squa-
mous cell carcinoma. With an oral and maxillofacial surgeon’s guidance, to improve the life 
quality of the patient, the maxillomandibular dentures were constructed by an experienced 
prosthodontist. The patient is chewing and eating smoothly, and he is still under the control 
period in uneventful condition (Figures 3–5).
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Abstract

Oral cancers are the most common cancers in India, especially in males. This can be attrib-
uted primarily to consumption of tobacco and areca related products. Surgery is the main-
stay of treatment for oral cancers with subtle subsite-specific nuances. The oral cavity starts 
at the mucocutaneous junction of the lips (the vermilion border) extending posteriorly to 
the junction of the hard and soft palate superiorly, anterior fauces laterally and the junction 
of the anterior two-thirds and posterior third of the tongue inferiorly. The oral cavity is lined 
by stratified squamous epithelium of varying degrees of keratinization. Primary tumors of 
the oral cavity may be derived from the mucosa, salivary glands, neurovascular tissues, 
bone or dental tissues. Over 90% of malignant tumors of the oral cavity are squamous cell 
carcinomas. There are certain basic principles of oncology, those hold true, despite the dis-
ease subsite and pathology. Stage I and II disease should be dealt with single modality treat-
ment, whereas Stage III and IV warrant combined modality approach. Choice of modality 
(surgical versus non-surgical), depends on intent of treatment, chances of cure, accessibility 
and resectability of disease, impact on quality of life and patient’s general health profile.

Keywords: oral cancer, oral oncosurgery, radiotherapy, chemotherapy
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oral cavity is lined by stratified squamous epithelium of varying degrees of keratinization. 
Primary tumors of the oral cavity may be derived from the mucosa, salivary glands, neuro-
vascular tissues, bone or dental tissues. Over 90% of malignant tumors of the oral cavity are 
squamous cell carcinomas.

There are certain basic principles of oncology, those hold true, despite the disease subsite and 
pathology. Stage I and II disease should be dealt with single modality treatment, whereas 
Stage III and IV warrant combined modality approach. Choice of modality (surgical versus 
non-surgical), depends on intent of treatment, chances of cure, accessibility and resectability 
of disease, impact on quality of life and patient’s general health profile.

The following chapter attempts to succinctly highlight subtle differences in management of 
oral cancer at individual subsites.

1.1. Diagnosis: imaging

Contrast enhanced multi-detector computed tomography (CECT) scan is the workhorse for 
head and neck imaging. Magnetic resonance imaging (MRI) is preferred for better soft tissue 
delineation. Table 1 summarizes preferred imaging modality in individual subsite.

A distant metastatic work-up is indicated in oral cancers in the following scenarios-

• Patients presenting with obvious symptoms pointing to distant metastatic sites

• Recurrent disease, especially with short disease-free interval

• Extensive nodal burden/lower level (root of the neck) cervical nodes

• Primary resection is expected to be excessively morbid

Whole body contrast enhanced PETCT is the investigation of choice for these patients since it 
offers the combined advantage of functional and structural imaging.

Sr. no. Site Imaging modalities

1 Lip, buccal mucosa, gingivobuccal sulcus, 
mandible, retromolar trigone

Primarily: CECT (a puffed cheek technique is preferred)

2 Tongue, floor of the mouth Primarily: MRI

Other preferred modalities: CECT (especially if mandibular 
bone involvement is suspected)

3 Maxilla Primarily: CT

Other preferred modalities: MRI (helpful for detection of 
perineural invasion)

4 Hard palate Primarily: CT

Other preferred modalities: MRI

Table 1. Choice of imaging modality for individual subsites in oral cavity.
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1.2. Diagnosis: pathology

Biopsy and subsequent histological examination is the gold standard for diagnosing head 
and neck malignancies. The most representative part of the lesion should be chosen for tak-
ing punch biopsies. It is certainly not necessary to take biopsy from margin of diseased and 
normal tissue as was previously advocated. Verrucous proliferative lesions may harbor foci 
of invasive cancer in 20% cases, therefore it is essential to include reasonable depth of tissue 
while performing biopsy. A wedge incision or knife biopsy is often recommended in these 
situations. Fine needle aspiration cytology (FNAC) aids for ascertaining positive nodal metas-
tases. Sometimes imaging guided biopsy or FNAC are useful for targeting disease in difficult 
to access areas. Certain specific viral antibodies testing (human papilloma virus (HPV) for 
oropharynx) may be supplemented as deemed necessary.

2. Treatment

Definitive treatment modalities: The management for cancer mainly includes three treatment 
modalities—surgery, radiotherapy and chemotherapy. These modalities can be used individu-
ally or in combination with each other. The factors that influence choice of initial treatment for 
primary carcinomas of the oral cavity are dependent on the characteristics of the primary tumor 
(tumor factors), those related to the patient—site of the primary tumor, size (T-stage), loca-
tion (anterior vs. posterior), proximity to bone (mandible or maxilla), status of cervical lymph 
nodes, histology (type, grade, and depth of invasion), and previous treatment, and those related 
to the treatment team providing care to the patient (physician factors). The ultimate goals in 
treatment of cancer of the oral cavity are to eradicate the cancer, preserve or restore form and 
function, minimize the sequelae of treatment, and prevent subsequent new primary tumors [1].

2.1. Surgery

Surgery is the mainstay of treatment for oral cancers. The goal of any oncological surgery is 
complete removal of the primary tumor and appropriate clearance of regional lymph nodes, 
while preserving the integrity of uninvolved structures.

2.1.1. Management of primary lesion

The surgical plan should involve wide excision of the tumor in all three dimensions with 
adequate margins (Table 2). This should account for histopathological shrinkage (approxi-
mately 25%) [2]. Due attention must be given specially to the third dimension which is the 
soft tissue/depth and generally the site of surgical failures. An examination under anesthesia 
should ideally always precede the excision.

Intraoperative frozen section evaluation is a very effective modality to assess the complete 
removal of the malignant lesion. Frozen section provides instant pathological information 
that can guide intra-operative surgical decision making such as adequacy of margins, iden-
tification of nodal metastases [3, 4]. However, we have literature from high volume centers 
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in India to suggest that the incremental value of frozen section analysis of margins over sur-
geon’s gross assessment is limited when the margin is >7 mm [5]. The authors have original 
research work in role of crush imprint cytology for identification of nodal metastases from 
oral cancers with reasonable sensitivity (92%) and accuracy (88%) [6].

2.1.1.1. Approaches to the oral cavity

Per-oral: This approach has the following prerequisites (Figure 1)

1. Adequate mouth opening

2. Small size

3. Anteriorly located lesions

4. All resection margins accessible

5. Noncontiguous lymph nodal spread

Upper cheek flap: This approach allows access to the maxilla, upper alveolus, hard palate. Care should 
be exercised while raising the flap superolaterally to avoid injury to the infra-orbital nerve and to 
anticipate subcutaneous/cutaneous soft tissue extent of the tumor while deciding the thickness 
of the flap. Extensions of the flap such as the lateral rhinotomy, Weber Ferguson with or without 
Dieffenbach extension can be used to excise sinonasal tumors. Lateral subciliary or supra-orbital 
incisions can be combined to perform orbital exenteration depending upon the extent of the tumor.

Figure 1. Resection of squamous cell carcinoma of right lateral border of tongue by per oral approach.

Negative margin >5 mm

Close margin 1–5 mm

Positive margin <1 mm/tumor cut through

Table 2. Adequacy of margins for resection of oral primary.
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Lower cheek flap: This approach allows access to the mandible, lower gingiva-buccal complex, 
retro-molar trigone and tonsil. Depending upon the location and extent of the tumor, the deci-
sion to preserve the metal nerve and the lateral mandibular periosteum is made.

Mandibulotomy: This approach allows access to the posterior tongue, tonsil and soft palate. A 
paramedian mandibulotomy is preferred between the lateral incisor and canine since these 
teeth roots are maximally divergent. Care should be taken to remain anterior to the mental 
nerve. A step ladder osteotomy offers a better mechanical advantage.

Pull through: This approach is often employed for large volume tongue cancers with extension 
into the hyoglossus muscle provided gingivolingual mucosa and alveolus are free.

Commando approach: This terminology has fallen out of favor and the term composite resec-
tions are used to denote excision of tongue, tonsil and mandible.

2.1.1.2. Subsite specific salient features

Tongue/floor of mouth:

• Aggressive biological behavior

• Notorious for neural and lymphovascular invasion

• Tendency for submucosal spread

• Propensity for nodal and distant metastases

• Depth of invasion and extrinsic tongue muscle involvement bad prognosticators

• Compartmental excisions are recommended for deep invasion of extrinsic tongue muscu-
lature to ensure removal of the tumor along with the in-transit lymphatics and contiguous 
lymph nodal station [7].

• Since reconstruction has direct impact on speech and swallow, following principles must 
be borne in mind

 ○ Preserve tip

 ○ Maintain bulk posteriorly to prevent aspiration

 ○ Palatal contact to promote better consonant pronunciation

 ○ Prevent tethering to mandible/inter-dental stitches that will hamper with mobility

Buccal mucosa/gingivobuccal sulcus/mandible:

• High prevalence in Indian subcontinent due to habit of chewed tobacco consumption

• Extent of disease into the masticator space and infra-temporal fossa must be assessed on 
pre-operative imaging

• Caution should be exercised in estimating deeper soft tissue extent in the setting of trismus 
and posteriorly located tumors particularly with involvement of the retro-molar trigone area.

• Proximity to and involvement of mandible determines bony resection
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Table 2. Adequacy of margins for resection of oral primary.
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• Reconstruction of middle third should be necessarily with free osteocutaneous flaps

• Reconstruction of posterior segment can be with osteocutaneous or soft tissue flaps depend-
ing upon age of the patient, disease extent and amount of remnant mandibular segment.

• Placement of the incision (midline or commissure split incision) should be based on ante-
rior extent of the resection margin.

2.1.1.3. Management of mandible

Indications for marginal mandibulectomy:

1. For achieving adequate margin (tumor close to but not involving mandible)

2. Superficial bony erosion

3. Superficial periosteal invasion

However, a mandibular height of minimum 1 cm is essential for bony support after marginal 
mandibulectomy. In situations where inferior soft tissue or bony margin does not allow this, 
a segmental mandibulectomy should be contemplated. Soft tissue margins are often used as 
surrogates to decide bony margins. Frozen section analysis of the bone marrow can alterna-
tively be used to decide adequacy of the same [8].

Indications for segmental mandibulectomy:

1. Gross bony erosion

2. Prior radiation

3. Edentulous mandible

4. Gross paramandibular disease

2.1.1.3.1. Lip

• Squamous cancers are the most common histology

• Involvement of oral commissure has direct bearing on its esthetic and functional performance

• While reconstruction it is important to remember that the lip should have sensation, motion, 
prevent drooling, permit speech and have a reasonable cosmetic appearance (Figure 2).

2.1.1.3.2. Hard palate

• Salivary gland malignancies are common although squamous cancers still remain the most 
common histology

• Nasal endoscopy should be performed to determine extension into the nasopharyngeal 
surface of the soft palate.
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• For maxillary cancers extending onto hard palate, a hypothetical line extending from the 
medial canthus to the angle of mandible differentiates inferomedial and superolateral 
tumors. The former is said to have a significantly better prognosis than the later.

2.1.2. Management of neck nodes

An elective neck dissection is now standard of care for all oral cancers [9]. The risk of regional 
metastases has been correlated to thickness of the tumor, site, size and histological features of 
the primary [10]. The dissemination of metastatic cancer to regional lymph nodes from primary 
cancers in the oral cavity occurs in a predictable and sequential fashion [11]. The initial spread 
from oral cancer occurs at Levels I, II, III. Involvement of Level IV is often implicated in tongue 
cancers. Isolated skip metastases to Level V are exceedingly uncommon. Some authors propose 
level IIa positivity as a guide to proceed for level IIB/V clearance [12]. A selective (supraomohy-
oid) neck dissection clearing Levels I, II, III, and IV is considered appropriate for most primary 
oral cancers with clinico-radiologically N0 neck [13]. The extent and of neck dissection varies 
according to the clinico-radiological staging of nodal disease (Table 3). Sentinel node biopsy 
has gained much interest as a reliable and oncologically safe, less morbid alternative to elective 
neck dissection [14]. However, requirement of resources and expertise and a reasonably steep 
learning curve for accurate interpretation of results has limited its wider applicability.

Figure 2. Techniques for reconstruction of upper and lower lip defects.
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2.1.2.1. Incisions for neck dissection

The exact location and type of skin incision will depend on the site of the primary tumor 
and whether a unilateral or bilateral neck dissection is planned. Caution should be exer-
cised to avoid tri-pointer suturing over the great vessels to safeguard from a dreaded 
complication of carotid blow-out. Triangular edges in the flaps are liable to undergo 
ischemic necrosis and should be similarly avoided. The vertical limbs in the incision 
should be avoided as they produce unsightly scars and contractures which produce neck 
morbidity.

The following are the various routinely employed incisions used for neck dissection [15, 16].

I. Macfee incision

II. Crile’s incision

III. Hay-Martin’s incision

IV. Schobinger’s incision

V. Modified Conley’s incision

VI. Apron incision

VII. Modified Macfee incision

2.1.3. Reconstruction

Reconstruction after oral cancer surgery should aim at restoration of both form and function. 
The principle of “like for like” is a good rationale for deciding the type of reconstruction. This 
can be accomplished by the following: (1) primary closure, (2) split thickness skin graft, (3) 
vascularized cutaneous free flap, (4) regional myocutaneous flap, or (5) microvascular free 

N0 1. Selective neck dissection (Figure 3)

2. Frozen section/crush imprint cytology for clinically suspicious nodes-SOS modified neck 
dissection

N+ Modified neck dissection (Figure 4)

Classical radical neck 
dissection [13, 14]

1. N3 disease

2. Gross invasion of the spinal accessory nerve/internal jugular vein/sternocleidomastoid

3. Recurrent or persistent metastatic carcinoma after previous radiation therapy, chemoradia-
tion therapy, or previous selective neck dissection

Extended radical 
neck dissection

1. Gross extranodal disease.

2. Involvement of the skin or platysma.

3. Involvement of other nonlymphatic structures like great vessels (carotid), nerves (vagus, 
phrenic, sympathetic plexus, etc.) muscles of neck, mandible, maxilla, infratemporal fossa, 
sinuses, etc.

Table 3. Extent of neck dissection for oral cancers.
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Figure 4. Modified radical neck dissection preserving IJV, SAN and sacrificing SCM.

Figure 3. Selective neck dissection preserving greater auricular nerve, sternocleidomastoid muscle (SCM), internal 
jugular vein (IJV), spinal accessory nerve (SAN).
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flap. A variety of free flaps consisting of skin, muscle, bone, or any combination of these 
tissues are available for reconstruction in the oral cavity. There is an increasing inclination 
towards microvascular reconstructions for oral resections in light of better functional and 
cosmetic outcomes [17]. To summarize, the choice of reconstruction should be guided by 
the anticipated postoperative morbidity, extent of resection and the available infrastructure, 
resources and expertise.

2.1.3.1. Tongue

Being a very mobile organ and of paramount importance in deglutition and prevention of 
aspiration, reconstruction of tongue defects is a challenge (Table 4).

2.1.3.2. Gingivobuccal-alveolus complex

Smaller defects can be closed with local flaps such as palatal, buccal fat pad, posterior 
tongue flap, nasolabial flap, etc. Larger soft tissue defects should be reconstructed with 
FRAFF, FALT or PMMC and deltopectoral flaps depending on defect, disease and patient 
factors and the expertise available. Segmental mandibular defects should ideally be 
reconstructed with free osteocutaneous flaps like the fibular, iliac crest, scapular flap, etc. 
Posterior mandibular defects in old age patients can be considered for PMMC flap recon-
struction. Hard palate defects can be reconstructed with dental obturators or osteocutane-
ous flaps.

2.2. Radiotherapy

Radiotherapy has undergone remarkable advances in the past few decades. With the 
advent of intensity modulated radiotherapy and image guided radiotherapy, radiation 
treatment delivery has become very precise with minimum damage of surrounding areas 
at risk [18]. Tumors of the tongue require bilateral face and neck radiation whereas buccal 
complex tumors warrant unilateral face and neck radiation. The primary role of radio-
therapy in oral cancers is in the adjuvant setting. Upfront radiation is offered in very select 
cases of early small size accessible tumors (generally brachytherapy) or as a non-surgical 
treatment for locally advanced cancers where either surgery is contra-indicated on medi-
cal grounds.

<30% substance loss Primary closure (some surgeons also consider leaving behind a raw surface for very 
superficial small size defects)

>30% tissue loss 1. Free radial artery forearm flap (FRAFF)

Supple, sensate

2. Pectoralis major myocutaneous flap (PMMC)/ Free anterolateral thigh flap (FALT)/ 
Rectus abdominis flap

Provide good bulk

Table 4. Reconstruction of tongue defects.
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Indications for adjuvant radiation:

• T3/T4 disease

• Positive nodal metastases/multiple positive lymph nodes (>2 lymph nodes)/bilateral posi-
tive lymph nodes

• Extranodal invasion

• Poor differentiation

• Adverse pathological factors such as lymphovascular or perineural invasion

• Positive surgical margins

• Recurrent tumors

Indications for adjuvant chemoradiation [19]:

• Positive surgical margins

• Perinodal extension

Some oncologists practice concurrent chemoradiation for bulky or level IV/V nodal disease or 
T3/T4 tumors, lymphovascular or perineural invasion also [20, 21].

2.2.1. Brachytherapy

Interstitial brachytherapy represents a traditional approach for OSCC and is an alternative 
to external beam radiotherapy (EBRT). Brachytherapy delivers radiotherapy by positioning 
radioactive sources in direct proximity to the tumor target area. Brachytherapy is a feasible 
treatment option restricted to following conditions in oral malignancies:

• Superficial lesions (especially over lip, tip of nose where surgical resection will lead to 
considerable cosmetic deformity)

• Small tumors

• Tumors away from bone

• N0 nodal status

2.3. Chemotherapy

Chemotherapy has no curative potential in oral cancers.

2.3.1. Neo-adjuvant chemotherapy (NACT)

For selected T4 tumors where morbidity of resection is extremely high, NACT can be admin-
istered. Induction chemotherapy has been used as a biological decider for locally advanced 
borderline operable disease [22].
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However, in candidates that undergo surgery, it must be borne in mind that resection margins 
must be planned taking into account the initial extent of the tumor and not the measurements 
of the shrunken tumor after NACT.

2.3.2. Palliative chemotherapy

Combination palliative chemotherapy has been documented to prolong progression free sur-
vival by few months. However, the risk benefit ratio of the disease response and systemic 
side effects of the chemotherapy must be critically evaluated at each stage to decide regarding 
continual treatment.

3. Conclusions

Oral cancer is primarily a surgically managed disease. However, treatment needs to be per-
sonalized based on subsite, stage and biology of tumor, patient health profile and the infra-
structure and expertise available. Appropriate management of cervical nodal metastases has 
a direct bearing on prognosis. Reconstructive options must be tailored to suit patient needs 
in order to regain as much as possible form and function. Adjuvant treatment adherence and 
regular follow-up in the surveillance period should be adhered to.

4. Future prospects

PDL1 (programmed death ligand) antagonists are gaining promise as an alternative for recur-
rent and metastatic head and neck cancers [23]. Targeting the m TOR pathway for exploring 
resistance to Cetuximab is established [24]. Research and interest in Immunotherapy is also 
increasing however, it is still only in an experimental phase.
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Abstract

Human oral squamous cell carcinoma (HOSCC) is the most common head and neck 
malignant neoplasm. Therapy is generally performed in multidisciplinary approach 
that used chemotherapy, radiotherapy, and surgery against patients with oral cancer; 
however, we cannot avoid dysfunction due to its side effects or surgical defects, and it 
significantly impacts the postoperative quality of life, unfortunately. Therefore, a bet-
ter understanding of the molecular mechanisms driving oral carcinogenesis may lead to 
new diagnostic and therapeutic approaches to this disease and improve the prognosis of 
HOSCC patients. Cancer cells process a fundamental change in its bioenergetics metabo-
lism from normal cells on an altered glucose and lipid metabolism. Recent insights into 
tumor metabolism have further revealed that oncogenic signaling pathways directly 
promote metabolic reprogramming to upregulate biosynthesis of lipids, carbohydrates, 
protein, DNA, and RNA, leading to enhanced growth of tumors. Therefore, targeting cell 
metabolism has become a novel direction for drug development in oncology. Moreover, 
molecular mechanisms causing these metabolic changes are just starting to be unraveled. 
This chapter presents recent findings on molecular markers that have been involved in 
the mechanisms of proliferation and energy metabolism of oral cancer and in addition 
provides new perspectives on oral cancer diagnosis and treatments.

Keywords: oral cancer, squamous cell carcinoma (SCC), cell adhesion molecules 
(CAMs), cytokines, anticancer agents, energy metabolism (glycolysis and lipid)

1. Introduction

Cancer development and fatality are gradually increasing worldwide. It is thought that the 
reasons are complex but associated with both aging and increase in the population [1, 2]. 
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With the rapid global population increase and aging, the rising significance of cancer as a lead-
ing cause of death is partly correlated with a marked decline in mortality rates due to stroke and 
coronary heart disease in many countries. In addition, tobacco and alcohol consumption are 
known to be etiologically associated with carcinogenesis. Cancer is both a genetic and progres-
sively systemic disease. In all types of cancer, somatic cells begin to divide uncontrollably and 
spread into surrounding tissues. Cancer cells can arise almost anywhere in the human body. 
Normal cells grow and divide according to the body’s needs, and when they age or become 
damaged, they die and are replaced by new cells. However, when cancer arises, this orderly 
process breaks down: as cellular abnormalities increase, old or damaged cells survive rather 
than being removed, and new cells form when they are not needed. These extra cells can divide 
uncontrollably and may form malignant tumors. Although many cancers form solid tumors 
composed of masses of tissue, cancers of the blood, such as leukemias, generally do not form 
solid tumors [2–4]. Head and neck cancer is a common neoplasm that encompasses epithelial 
malignant tumors of the nasopharynx, larynx, and mouth, representing about 6% of all cases 
and accounting for an estimated over 650,000 new cancer cases and over 350,000 cancer-related 
deaths worldwide every year [5, 6]. Oral cancer is the most notably frequent cancer type in 
the head and neck region, squamous cell carcinoma being the most common single entity. 
Oral cancers comprise two categories: those affecting the oral cavity (lips, inner lips, cheeks, 
teeth, gums, the anterior two-thirds of the tongue, the floor, and palate) and those affecting the 
oropharynx (middle region of the throat, including the tonsils and base of the tongue). Such 
cancers may arise in any location, although there are certain areas that are affected more fre-
quently, such as the tongue and gingiva. These areas represent about 90% of all malignancies 
of the oral cavity [7, 8]. However, despite significant advances in surgery and chemotherapy 
over the last few decades [9], oral cancer is still characterized by a poor prognosis and a low 
survival rate [10]. The 5-year survival rate of those diagnosed is ~ 60%.

In patients diagnosed with oral cancers at an advanced stage, there is a high incidence of 
metastasis to surrounding tissues, lymph nodes, and distant organs [5]. Metastasis is recog-
nized as a process, whereby genetic instability in the primary tumor accelerates cell hetero-
geneity, allowing a few metastatic clones to eventually emerge and be positively selected to 
disseminate cancer at a distance [11]. This is the most annihilating stage of malignancy and the 
leading cause of cancer-related death. In metastasis, cancer cells break away from the primary 
cancer, travel through the blood or lymph system, and form new metastatic tumors elsewhere 
in the body. Each metastatic tumor is the same type of cancer as the primary tumor [12, 13], 
and the cells of each resemble each other upon microscopic observation. Moreover, they usu-
ally share common molecular features, such as the presence of specific genetic changes. It is 
clear that only a minority of malignant cells participate in the process of metastasis, due to 
interaction with host tissues and the intrinsic characteristics of the cancer cells themselves; 
thus, metastasis may imply an escape of these cells from the hostile environment they have 
created, characterized by features such as hypoxia, inflammation, and immunological surveil-
lance [14–16].

This chapter details recent findings on molecular markers that are involved in the mecha-
nisms of proliferation and energy metabolism of oral cancer and provides new perspectives 
on its diagnosis and treatments.
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2. Role of cell adhesion molecules (CAMs) in proliferation of oral 
cancer

CAMs are typically single-pass transmembrane receptors [17] compounded of three stored 
domains: an intracellular domain that interacts with a transmembrane domain, an extracel-
lular domain, and the cytoskeleton. These domains can interact in several different ways 
[18]. The first way is through homophilic binding, where the same CAMs bind to each other. 
They are also capable of heterophilic binding, which means a CAM on one cell will bind 
to different CAMs on another cell. The third type of binding is that between cells and sub-
strate, where a mutual extracellular ligand binds two different CAMs. There are four major 
superfamilies, or groups, of CAMs: the immunoglobulin super family of cell adhesion mol-
ecules (IgCAMs), the cadherins, the integrins, and the c-type lectin-like domain proteins 
(CTLDs). Proteoglycans are also believed to be a class of CAMs. One classification system 
involves distinction between calcium-dependent and calcium-independent CAMs [19]. The 
Ig-superfamily CAMs and integrins are not dependent on calcium ions, whereas selectins 
and cadherins are calcium-dependent. In addition, integrins participate in cell-matrix inter-
actions, while other CAM families play some important roles in cell-to-cell interactions [20].

2.1. Neural cell adhesion molecule (NCAM)

Neural cell adhesion molecule (NCAM) is a family of cell surface glycoproteins playing an 
important role in the development of the nervous system, fasciculation, axonal outgrowth, 
regulation of cell migration, and branching [21]. NCAM has several isoforms derived from 
alternative splicing of a single gene [22–24]. In particular, the three major isoforms with 
molecular weights of 120, 140, and 180 kDa have similar extracellular parts but differ in the 
disposition of their domains, which are cytoplasmic for the two larger polypeptides [25, 
26]. Furthermore, the expression of NCAM is upregulated by transforming growth factor 
(TGF)-β1 [27–29]. Although NCAM was initially considered to exist only in neural tissue, it 
has since been observed in the human kidney, lung, fetal muscle, and colon, as well as in ele-
ments of the hemopoietic system. Furthermore, it has been described that NCAM is expressed 
by a variety of human tumors and associated with perineural invasion by various neoplasms, 
such as gallbladder cancer, melanoma, bile duct cancer, and adenoid cystic carcinoma of the 
head and neck [30–35]. We have also demonstrated previously that NCAM is sporadically 
found in the adenoid cystic carcinoma, derived from human submandibular salivary gland, 
in vivo [36]. NCAM is believed to mediate adhesion between cells through a calcium ion-inde-
pendent homophilic (NCAM-NCAM) binding mechanism and to mediate adhesion between 
neurons and the extracellular matrix through heterophilic binding (NCAM to another ligand 
or counter-receptor) [21]. It has been described that exogenously added NCAM can inhibit 
the proliferation of cultured neonatal astrocytes and of astrocytes responding to a penetrat-
ing lesion in the adult rat brain, in vivo [37, 38], suggesting that these effects are mediated by 
homophilic binding to NCAM on the astrocyte membrane.

Adenoid cystic carcinoma (ACC) is a well-known and typical malignant salivary gland tumor. 
ACCs are biologically aggressive and can bring metastases even when many years have passed 
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after excision of the primary tumor. Facial paralysis is especially frequent, causing perineural 
and/or neural invasion. We have attempted to examine the role of NCAM by investigating the 
effect of anti-NCAM antibody (MAb NCAM) and TGF-β1 in human salivary gland tumor cells. 
The expression and distribution of NCAM were also investigated in ACC tissues. We further 
found that apoptotic cell death was induced via a DNA damage signal through the mitochondria, 
inducing release of cytochrome c into the cytoplasm of salivary gland tumor cells [36]. However, 
MAb NCAM had no effect on human oral squamous cell carcinoma (HOSCC) cell lines, which 
do not express NCAM. As shown in Figure 1, these results indicate that the effect of MAb NCAM 
is specific to NCAM-expressing tumor cells, such as human salivary gland tumor cells; further-
more, blocking the ability of NCAM through MAb NCAM, as well as the homophilic (NCAM-
NCAM) binding mechanism, rather than regulating a signaling pathway of cell proliferation, 
may in fact induce a negative signal such as apoptosis in human salivary gland tumor cells. In 
addition, homophilic (NCAM-NCAM) binding may activate multiple signaling pathways that 
differ among cell types. In view of the fact that NCAM expression on human salivary gland 
tumor cells is upregulated by TGF-β1, it can be hypothesized that a further homophilic (NCAM-
NCAM) binding mechanism may be activated and that consequently the proliferative activity of 
HSG cells may also be upregulated by TGF-β1-mediated NCAM activity (Figure 2).

On the other hand, cimetidine, the most studied histamine type-2 receptor (H2R) antagonist 
used clinically, is commonly prescribed to treat gastroesophageal reflux disease as well as 

Figure 1. Schematic representation of MAb NCAM-induced apoptotic signal transduction pathways via the DNA 
damage signal through the mitochondria involved in apaf-1 and caspase activation in NCAM-expressing cells.
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gastric and duodenal ulcers [39]. Cimetidine has recently been shown to possess antitumor 
activity against gastric, kidney, and colon cancers, as well as melanomas [40–43]. A recent 
study has suggested that this behavior of cimetidine is mediated through three different 
effects: a direct inhibitory effect on tumor growth by blocking the cell growth activity of 
histamine via activation of H2 receptors and an indirect effect involving inhibition of tumor-
associated angiogenesis, an immunomodulatory effect through augmentation of the host’s 
immune response to tumor cells, and an inhibitory effect on cancer cell migration and adhe-
sion to endothelial cells, thus inhibiting tumor angiogenesis and metastasis [44]. We have 
also examined the NCAM-associated impact of cimetidine on tumor growth and perineural/
neural invasion in salivary gland tumors using an in vitro cell culture system and an in vivo 
nude mouse cancer model. These experiments clearly indicated that cimetidine effectively 
downregulated the expression of NCAM by inhibiting NF-κB transactivation, subsequently 
blocking salivary gland tumor cell adhesion to neural cells, and ultimately inducing apoptosis 
in salivary gland tumor cells, thus preventing the growth of salivary gland tumor masses in 
nude mice [45]. Although malignant glandular tumors are commonly known to be resistant 
to chemotherapy and/or radiation, the clinical application of cimetidine as an anticancer drug 
might provide an integral part of future therapeutic strategies against NCAM-expressing 
tumors such as adenoid cystic carcinoma.

Figure 2. Schematic representation of TGF-β1-induced upregulation of NCAM expression and proliferative activity 
involved in homophilic (NCAM-NCAM) binding mechanism in NCAM-expressing cells.
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On the other hand, cimetidine, the most studied histamine type-2 receptor (H2R) antagonist 
used clinically, is commonly prescribed to treat gastroesophageal reflux disease as well as 

Figure 1. Schematic representation of MAb NCAM-induced apoptotic signal transduction pathways via the DNA 
damage signal through the mitochondria involved in apaf-1 and caspase activation in NCAM-expressing cells.
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gastric and duodenal ulcers [39]. Cimetidine has recently been shown to possess antitumor 
activity against gastric, kidney, and colon cancers, as well as melanomas [40–43]. A recent 
study has suggested that this behavior of cimetidine is mediated through three different 
effects: a direct inhibitory effect on tumor growth by blocking the cell growth activity of 
histamine via activation of H2 receptors and an indirect effect involving inhibition of tumor-
associated angiogenesis, an immunomodulatory effect through augmentation of the host’s 
immune response to tumor cells, and an inhibitory effect on cancer cell migration and adhe-
sion to endothelial cells, thus inhibiting tumor angiogenesis and metastasis [44]. We have 
also examined the NCAM-associated impact of cimetidine on tumor growth and perineural/
neural invasion in salivary gland tumors using an in vitro cell culture system and an in vivo 
nude mouse cancer model. These experiments clearly indicated that cimetidine effectively 
downregulated the expression of NCAM by inhibiting NF-κB transactivation, subsequently 
blocking salivary gland tumor cell adhesion to neural cells, and ultimately inducing apoptosis 
in salivary gland tumor cells, thus preventing the growth of salivary gland tumor masses in 
nude mice [45]. Although malignant glandular tumors are commonly known to be resistant 
to chemotherapy and/or radiation, the clinical application of cimetidine as an anticancer drug 
might provide an integral part of future therapeutic strategies against NCAM-expressing 
tumors such as adenoid cystic carcinoma.

Figure 2. Schematic representation of TGF-β1-induced upregulation of NCAM expression and proliferative activity 
involved in homophilic (NCAM-NCAM) binding mechanism in NCAM-expressing cells.
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Figure 3. Schematic representation of coxsackievirus and adenovirus receptor on the tumor cells.

Finally, it was suggested that NCAM might be associated with not only a cell-to-cell adhesion 
mechanism but also tumorigenesis, including the occurrence, development, and perineural/
neural invasion of human salivary gland tumors.

Further studies will be required to identify the signal transduction pathways by which treat-
ment with cimetidine suppresses the growth of salivary gland tumors and to establish a strat-
egy for cimetidine-based therapy for those tumors.

2.2. Coxsackievirus and adenovirus receptor (CAR/CXADR)

Coxsackievirus and adenovirus receptor (CAR/CXADR), a transmembrane glycoprotein, was 
initially characterized as a viral attachment site on the surface of epithelial cells (Figure 3) [46]. 
Later it was identified as a component of the tight junction (TJ) complex, an interacting part-
ner for a number of other TJ proteins and a regulator of TJ formation [47–52]. Furthermore, 
CAR is known to be a cell-cell adhesion molecule [53, 54]. In terms of function, loss of CAR 
has been considered to diminish intercellular adhesion, increase proliferation, and promote 
the migration as well as invasion of cancer cells [55, 56]. On the basis of these observations, 
a tumor-suppressive role of CAR in human cancers has speculated. Although it has recently 
been described [55–58] that CAR is observed in various organs, it is still unclear whether it is 
expressed in oral cancer. Therefore, we examined the role of CAR in SCC in the oral cavity 
(data not shown). This revealed that CAR was constitutively expressed in five oral SCC cell 
lines. To analyze the function of CAR, we then examined the proliferative activity of SAS cells 
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after CAR gene knockdown. However, CAR knockdown did not promote the proliferative 
activity of SAS cells. Although the expression level of CAR was decreased by CAR knock-
down, that of NF-κB p65 (RelA) showed little change. Furthermore, SAS cell numbers were 
notably reduced by CAR overexpression. Finally, it was suggested that the overexpression of 
CAR in SAS cells led to apoptosis via activation of caspase-9. In addition, the localizations of 
CAR and RelA in 40 samples of HOSCC at various stages were investigated using immunohis-
tochemistry. A positive reaction for polyclonal antibody (PAb) CAR was weakly observed on 
the membrane of carcinoma cells in 19 of 40 cases (47.5%) of HOSCC. The immunoreactivity 
for CAR further tended to fade at the invasive front of oral SCC (Figure 4). In the meantime, 
RelA immunoreactivity was strongly positive, particularly on the nucleus of carcinoma cells 
at the invasive front, in 30 of 40 cases (75%) of HOSCC. These observations suggest that CAR 
plays a significant role in the inhibition of oral cancer cell growth.

3. Role of cytokines in oral cancer cell proliferation

Cytokines are composed of a large family of secreted proteins that bind to and signal through 
defined cell surface receptors on a wide variety of target cells, playing an important role in 

Figure 4. (A) The positive reaction for PAb CAR was observed on the membrane of tumor cells in 19 of 40 cases 
(47.5%) of SCCs. (B) NF-κB immunoreactivity were clearly detected in 30 of 40 cases (100%) in the HOSCC tissues. The 
immunoreactivity for CAR especially tended to fade away in the invasive front of oral SCC tissues. NF-kappaB (+)/CAR 
(−), 15/21 cases (71.4%).
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the maintenance of homeostasis. Furthermore, many cytokines share structural features and 
effects during inflammation, development, or immune responses.

The concept of a control mechanism for cellular growth via regulation of apoptosis has 
recently been erected in a wide variety of tissue systems. Changes in the balance between cell 
survival and death are definite signs of emergence of various tumors. Therefore, modulation 
of apoptosis is required so as to maintain the homeostasis of a living organism. The expression 
of cytokines and their receptors in human oral cancers has attracted a great deal of interest 
because of their potential importance in tumor immunity. In particular, it has been described 
that members of the tumor necrosis factor (TNF) family, including Fas/FasL and TNF-related 
apoptosis-inducing ligand (TRAIL), regulate the deletion of unnecessary immune cells 
through induction of apoptosis [59–61]. However, despite their expression of these obvious 
antigens, tumor evasion by the immune system is often inefficient. It is considered that tumor 
cells may also evade immune attack by expressing TRAIL, Fas ligand, or other molecules that 
induce apoptosis in activated T cells [62].

3.1. Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)

TRAIL, also called APO2 ligand (APO2L), is a novel member of the TNF cytokine family 
that was originally characterized by its ability to induce apoptosis [59, 60]. It is recognized 
that at least four closely related receptors bind to TRAIL: death receptor-4 (DR4) and DR5/
KILLER, which contain cytoplasmic death domains and signal apoptosis [60, 61]; decoy 
receptor-1 (DcR1) [61–63], which lacks a cytoplasmic tail and inhibits TRAIL function; and 
DcR2 [64, 65], which contains a cytoplasmic region with a truncated death domain that does 
not transduce the death signal [67]. TRAIL interacts with its agonistic receptors DR4 and DR5, 
inducing apoptosis in a wide variety of cancer cell lines derived from breast carcinoma, lung 
carcinoma, colon carcinoma, lymphoma, malignant melanoma, and malignant glioma [59, 
60, 68, 69]. Although DR4 is expressed in many normal human tissues and cells, including 
spleen and peripheral blood leukocytes, TRAIL induces apoptosis in various cancer cells, but 
not in normal cells [70]. This may be explained by the fact that TRAIL also interacts with the 
antagonistic decoy receptors DcR1 and DcR2, which are expressed in normal tissues but not 
in cancer cells (Figure 5) [66, 67]. Neither DcR1 nor DcR2 receptors induce apoptosis, but they 
protect cells from TRAIL-induced apoptosis [64–66]. Until now, the biological involvement of 
the complex TRAIL receptor system has remained unclear, and the existing data are conflict-
ing. Nevertheless, because of its selective cytotoxicity against tumor cells, TRAIL is regarded 
as a promising anticancer weapon that might be highly effective in vivo with few side effects, 
as it has little or no function on normal tissues.

TRAIL is expressed in most normal human cells and tissues, including the peripheral blood 
leukocytes, spleen, lung, and prostate, but not the brain [60]. However, the expression of 
TRAIL in human neoplasms is largely unknown. Accordingly, we have examined whether 
TRAIL and its receptors are expressed in HOSCC tissues or cell lines and whether these cell 
lines are sensitive to TRAIL-induced apoptosis [71]. This revealed that the mRNA and protein 
levels of TRAIL and its receptors are co-expressed in HOSCC cell lines in the absence of para-
crine fratricide or autocrine suicide. Moreover, TRAIL protein was also detected in 24 of 50 
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samples (48%) of HOSCC tissue, and there was no correlation among the WHO grades. These 
findings suggest that HOSCC has the potential to escape immune surveillance by killing host 
T lymphocytes via DR4/TRAIL and DR5/TRAIL interactions, as suggested for FasL [72–74].

The expression of decoy receptors in cancer cells is, however, a phenomenon that objects 
against previous reports [62, 63]. Indeed, several authors have currently described that a 
decoy receptor is expressed in various cancer types and our results are consistent with their 
findings [75–77]. Therefore, cancer cells may also avoid TRAIL-induced apoptosis by express-
ing a decoy receptor.

On the other hand, cells differ significantly in their response to TRAIL. As contrasted to 
HUVEC or other oral cancer cells, only KB cells undergo significant apoptosis following expo-
sure to recombinant human (rh)TRAIL. The reason why KB cells, despite their expression of 
a decoy receptor, react to rhTRAIL remains unresolved.

Commonly, the most proximal step in suppression of a death receptor pathway is inhibition 
of ligand binding. This may be acquired by lack, or the presence of decoy receptors [65–68], 
or mutations of death receptors [78, 79]. However, it has recently been described that there is 
no correlation between the expression of TRAIL receptor and susceptibility to TRAIL-induced 
apoptosis in various cancer types [75–77]. Furthermore, the existence of antiapoptotic pro-
teins, such as bcl-2, bcl-xL, and/or fas-like IL-1-converting enzyme (FLICE)-like inhibitory 
protein [80, 81], also seems to be significant, as they are resistant to death receptor-mediated 

Figure 5. Schematic representation of the death receptors and decoy receptors on the tumor cell.
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apoptosis. Holistically, our results also suggest that there may be no correlation between the 
expression of TRAIL receptor and sensitivity to TRAIL-induced apoptosis in HOSCC cell 
lines and that TRAIL-resistant cells (HSC-2, HSC-3, HSC-4, and Ca9-22) may express cytopro-
tective proteins that block TRAIL-induced apoptosis or that the apoptotic effect of TRAIL is 
regulated by other mechanisms. It has also been described that TRAIL, in combination with 
an anticancer drug, acts cooperatively to induce apoptosis in various cancer cells that are 
resistant to TRAIL or chemotherapy [75, 82, 83]. This combination of TRAIL with chemothera-
peutic reagents might be a useful therapeutic strategy against TRAIL-resistant cell lines such 
as HSC-2, HSC-3, HSC-4, and Ca9-22 used in our investigation.

In fact, we are currently investigating the synergistic effects of α-mangostin and TRAIL on 
induction of apoptosis via the mitochondrial pathway in squamous cell carcinoma of the oral 
cavity [84]. To summarize, mangosteen (Garcinia mangostana) is a tree discovered in Southeast 
Asia, and the pericarp of its fruit has been used in folk medicine for the treatment of many 
human diseases. The rinds of mangosteen fruit contain a high concentration of xanthone, a 
type of polyphenol. One form of xanthone, α-mangostin, has been described to exhibit che-
mopreventive effects against chemically induced colon cancer through a decrease of c-Myc 
expression, suppressing tumor growth in a mouse model of mammary cancer. A recent study 
has proved the inhibitory effect of α-mangostin on the growth of prostate cancer. However, it 
is still unclear whether α-mangostin induces cell death in oral cancer. Then, the present study 
examined the impact of α-mangostin on HOSCC. First, we analyzed the expression of c-Myc 
in five HOSCC cell lines (HSC-2, HSC-3, HSC-4, Ca9-22, and SAS). The highest level of c-Myc 
mRNA expression was found in SAS cells and the lowest in HSC-4 cells. Therefore, SAS cells 
were treated with α-mangostin, which was observed to exert a weak cytocidal effect. Since 
α-mangostin has been described to exert synergistic effects on cancers when combined with 
anticancer drugs, we tried to evaluate these synergistic effects of α-mangostin in combina-
tion with TRAIL. We found that this combination induced apoptosis in SAS cells through 
the mitochondrial pathway via activation of caspase-3/caspase-7 and caspase-9, following the 
release of cytochrome c. In addition, this apoptosis was induced by S/G2/M-phase arrest. 
Immunoreactivity for c-Myc was revealed in the cytoplasm of cancer cells in 16 (40%) of the 
40 cases of HOSCC. These data showed that the combination of α-mangostin and TRAIL may 
have considerable potential for the treatment of oral cancer.

Further investigation of TRAIL-mediated cell death, including the interaction of TRAIL and 
its receptors in oral cancer cells under various conditions, will be required to establish a strat-
egy for TRAIL-based oral cancer therapy, which does not cause liver toxicity.

3.2. Hepatocyte growth factor (HGF) and its receptor, c-Met

The tyrosine kinase receptor c-Met ordinarily binds with hepatocyte growth factor (HGF), which 
triggers its involvement in processes such as cell differentiation, cell growth, angiogenesis, and 
embryogenesis [85, 86]. However, c-Met activation is also associated with processes related 
to malignant transformation, such as invasion, tumor growth, angiogenesis, and metastasis 
[87–91]. In addition to autocrine or paracrine signaling via HGF, c-Met may also be activated 
via the mutation, protein overexpression or amplification, or transcriptional alteration (via 
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microRNA-mediated dysregulation) of MET [92–94]. c-Met overexpression and MET amplifi-
cation are thought to be associated with a poorer prognosis in some types of tumors, including 
non-small cell lung cancer and gastric cancer [94]. In HOSCC, it has also been reported that 
c-Met expression is associated with cisplatin resistance and a strong propensity for metastasis 
in vivo [95], as well as a poor prognosis [96]. However, details of the involvement of c-Met in oral 
carcinogenesis are still unclear. Accordingly, we investigated how the relationship between the 
expression of c-Met and several tumor activation-related markers such as NF-κB is associated 
with oral carcinogenesis (data not shown). In addition, the expression and distribution of c-Met 
and NF-κB were also examined in HOSCC tissues (data not shown). The results of real-time 
qRT-PCR and immunoblot analysis indicated overexpression of c-Met mRNA and protein in 
SAS cells. Therefore, SAS cells were used in this study. To investigate how c-Met functions in 
SAS cells, c-Met knockdown analysis was performed. c-Met knockdown appeared to reduce 
the number of SAS cells. To confirm whether this had been due to apoptosis, caspase activity 
was then analyzed, and this revealed that apoptosis had indeed occurred via activation of cas-
pases-9 and caspases-3/caspases-7 in SAS by c-Met knockdown. Furthermore, SAS showed cell 
cycle arrest at S/G2/M phase during this apoptotic cell death. Subsequently, to determine NF-κB 
expression after c-Met knockdown, we also used a siRNA approach to reduce the expression 
of c-Met and determine the effects on NF-κB activity. As expected, the level of c-Met mRNA 
was markedly reduced by c-Met siRNA. Moreover, c-Met knockdown by c-Met siRNA clearly 
decreased the activation of NF-κB mRNA in SAS cells, in comparison with controls. These data 
indicated that c-Met upregulated NF-κB activation and consequently that c-Met knockdown led 
to apoptosis of SAS cells. These combined data suggested that c-Met produced by autologous 
cancer cells promoted tumor growth. Furthermore, our in vivo studies demonstrated c-Met-
specific immunoreactivity, consistent with the observation of NF-κB-positive cells in HOSCC 
biopsy samples (c-Met expression, 9/20 (45%); NF-κB expression, 18/20 cases (90%)). This result 
suggests that c-Met expression correlates with increased activation of NF-κB. Based on these 
in vitro and in vivo observations, it can be hypothesized that c-Met function leads to NF-κB 
activation and subsequently anti-apoptosis and that as a consequence, it may be associated 
with tumorigenesis, including growth, development, and angiogenesis in HOSCC.

Further investigations of the role of c-Met will be required to fully understand c-Met-medi-
ated tumor proliferation and to establish a therapeutic strategy for c-Met-based oral cancer.

4. Energy metabolism in oral cancer

4.1. Glucose metabolism in oral cancer

In normal tissues, adenosine triphosphate (ATP) is mainly produced in mitochondria via 
complete oxidative phosphorylation (OXPHOS) of glucose. Conversely, only 10% of ATP is 
produced from glycolysis in which glucose is replaced to lactate [97]. Interestingly, cancer 
tissues possess high levels of glycolysis in the cytosol even under aerobic conditions, which 
is upregulated by PI3K/Akt signaling in the mitochondria, a phenomenon known as the 
“Warburg effect” or “aerobic glycolysis” [98–103]. More than 80 years ago, Otto Warburg 
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4. Energy metabolism in oral cancer

4.1. Glucose metabolism in oral cancer

In normal tissues, adenosine triphosphate (ATP) is mainly produced in mitochondria via 
complete oxidative phosphorylation (OXPHOS) of glucose. Conversely, only 10% of ATP is 
produced from glycolysis in which glucose is replaced to lactate [97]. Interestingly, cancer 
tissues possess high levels of glycolysis in the cytosol even under aerobic conditions, which 
is upregulated by PI3K/Akt signaling in the mitochondria, a phenomenon known as the 
“Warburg effect” or “aerobic glycolysis” [98–103]. More than 80 years ago, Otto Warburg 
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found that cancer cells expended much more glucose to generate lactic acid than normal 
cells even under conditions of O2 sufficiency. This finding was the first indication that cancer 
cells have an alteration of glucose metabolism. Warburg [99] considered that these defects 
of respiration caused a form of metabolic disturbance that was significant for carcinogen-
esis. After Warburg, many biologists attempted to clarify the molecular basis of aerobic gly-
colysis occurring in tumor cells. Accumulated evidence suggested that many cancer-related 
genes, such as p53, c-Myc, and Ras, are all associated with modulation of the Warburg 
effect [104]. As a master regulator of the cancer hypoxic response, hypoxia-inducible factor 
(HIF)-1 plays very important roles in modulating aerobic glycolysis to meet the biosyn-
thetic demands of cancer cells and to protect them from damage due to hypoxic stress [105]. 
Warburg theorized that cancer cells shift from oxygen-dependent efficient ATP production 
via OXPHOS in mitochondria to the less efficient cytoplasmic glycolysis. As a result, cancer 
cells need to burn up more glucose to maintain their energy requirements for survival and 
growth. It has been reported that HIF-1α activates the expression of glucose transporter 
1, 3 (Glut1, Glut3) under hypoxic conditions [106, 107], which acquires sufficient glucose 
uptake by tumor cells. We also examined HIF, and details can be found in Chapter 10 of the 
InTech book Tumor Microenvironment and Myelomonocytic Cells [108]. Although clarification 
of glucose metabolism is considered vital for understanding energy metabolism in oral 
cancer, lipid metabolism has also been receiving attention recently (Figure 6).

4.2. Lipid metabolism in oral cancer

Lipids are composed of phospholipids, triglycerides, cholesterol esters, cholesterol, fatty acids, 
sphingolipids, and other molecules, which are critical components of cellular membranes 

Figure 6. Schematic representation of the connecting glucose and lipid metabolism in cancer cells.
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[109–113]. In addition to their role as structural components, lipids also act as energy resources 
and as signaling molecules to sustain cell growth [114–116]. Lipid metabolism is known to 
be largely altered in cancers [117–120], and worsening lipogenesis has been indicated to be a 
predominant characteristic of most tumors [114, 115, 121]. In oral cancer, cancer tissues include 
higher levels of unsaturated fatty acids than those in normal tissue (data not shown). Recent 
studies have revealed intrinsic molecular alterations in lipid metabolism. Especially, fatty acid 
synthase (FAS) is a key enzyme for synthesis of fatty acid from acetyl CoA, which is expressed 
at high levels in the adipose tissue and liver but at low levels in other tissues in humans [122]. 
FAS is overexpressed in several human cancers, including those of the ovary, bladder, stomach, 
breast, lung, prostate, oral cavity, and melanoma, and this overexpression is associated with 
poor prognosis [123, 124]. Furthermore, glutathione peroxidase 4 (GPX4) expression in tumors 
is positively correlated with tumor survival and linked to pathways that regulate cell prolifera-
tion, motility, and tissue remodeling [125]. Knockdown of GPX4 suppresses the formation and 
progression of cancer and leads to non-apoptotic cell death, ferroptosis. We have also examined 
the role of GPX4 in HOSCC (data not shown). Ferroptosis is a non-apoptotic form of cell death 
that can be triggered by conditions or small molecules that inhibit the glutathione-dependent 
antioxidant enzyme GPX4 or glutathione biosynthesis. This lethal process is defined by deple-
tion of plasma membrane polyunsaturated fatty acids and the iron-dependent accumulation 
of lipid reactive oxygen species. It has also been reported that GPX4 is negatively regulated by 
the p53 gene [126]. These data suggest that GPX4 plays a significant role in proliferation and 
progression and may serve as a potential therapeutic target in HOSCC. Thus, GPX4 would be 
useful as a predictor of poor outcome in patients with oral cancer, and its antibody might be 
applicable as an inhibitor of oral cancer progression. Identification of the signaling pathways 
underlying these events might help to elucidate the mechanism of development of oral cancer. 
Further investigations into the role of GPX4 will be required to fully understand GPX4-mediated 
cancer proliferation and to establish a GPX4-based therapeutic strategy for oral cancer.

5. Conclusions

Unlike surgery, chemotherapy, and radiotherapy, which can have serious side effects on the 
human body, the use of agents that have no such side effects, such as TRAIL, cimetidine, mangos-
tin, and antibodies, for cancer therapy mobilizes and regulates systemic functions, enhancing the 
body’s ability to fight cancer. Therefore, these medicines may be more appropriate for patients 
with inoperable advanced cancer, those in periods of chemotherapy intermission, or those during 
postoperative recovery. There has been an increased emphasis on such agents for prevention of 
cancer and inhibition of cancer metastasis. There has been an impressive renaissance in the search 
for semi-synthetic drugs or derivatives from natural compounds. Progress in this regard not only 
adds to the chemical bank but also leads to a better comprehension of the chemical basis of treat-
ments lacking side effects for the treatment of cancers using drugs obtained from natural sources.

Further studies will be required to establish a strategy for basic molecular and clinical 
approaches for effective oral cancer therapy, which should be tailored to individual patients.
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