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BACKGROUND:  

Oral Cancer is a result of disordered cellular behavior initiated by various 

stimuli which is characterized by the alteration of serum glycoproteins consisting of 

different monosaccharides. One of the monosaccharides is L-Fucose, a methyl pentose. It 

is the terminal sugar in most of the plasma glycoproteins. Elevated levels of protein-

bound Fucose have been reported in various malignancies as well as in a few chronic 

systemic diseases. 

  

AIM:   

To estimate the serum level of L-Fucose among various TNM stages on 

Oral Cancer patients.  

 

MATERIALS AND METHODS:  

 The study was carried out on 90 subjects, including 30 healthy individuals 

and 60 Oral Squamous Cell Carcinoma cases. The serum Fucose level estimation was 

done based on the method as adopted by Winzler. Statistical analysis included 

Independent Sample’s t test, one way ANOVA Test, Karl Pearson correlation test, Tukey 

HSD Post Hoc test to evaluate the significance and variability of values between groups. 

 

RESULTS: 

 There was a significant increase in mean serum Fucose level in Oral 

Squamous Cell Carcinoma patients compared to healthy controls. And there was a 
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progressive rise in L-Fucose levels as the stage of severity increases. Serum Fucose levels 

were independent of age, sex and Histopathological Grading. The results correlated well 

with other studies. 

 

CONCLUSION:  

Serum L-Fucose levels were increased in Oral Cancer patients compared 

to healthy individuals and a positive correlation was observed between serum L-Fucose 

levels and the stages of Oral Cancer. Therefore it was concluded that serum L-Fucose can 

be used as an effective diagnostic biomarker in Oral Squamous Cell Carcinoma patients. 

 

KEY WORDS: 

Oral Cancer, Squamous Cell Carcinoma, Tumor Marker, L-Fucose 
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Cancer is the major causes of fear, morbidity and mortality all the world 

over. The world sees immense mortality due to cancer with Oral Cancer ranking as the 

sixth most common cause of Cancer-related death.
 1

 Approximately, around 95 % of Oral 

Cancer is found to be Squamous Cell Carcinoma (OSCC).
 2

 Inspite of recent advances in 

tumor surgery and multimodal treatment regimes, the prognosis of Oral Squamous Cell 

Carcinoma remains relatively poor.
 1, 3 

This indicates that the presence of the Carcinoma 

is often detected when the tumor is in an advanced stage. To overcome these problems, it 

would be very useful to find biochemical markers that allow suspecting the presence of 

Carcinoma at early stages. During the course of tumor development, quantitative changes 

will occur in a variety of substances in serum. These substances are collectively referred 

to as biochemical markers or tumor markers. 
1
 

 

The systematic study of glycans and glycan-binding proteins in various 

biological systems is known as Glycomics. It is an emerging field in the post-genomics 

and postproteomics era. Glycoproteins can be defined as proteins that have carbohydrate 

as a functional group covalently attached to their peptide portion. These glycoproteins are 

found as enzymes, hormones, blood group substances and as constituents of extracellular 

membranes. These are organic compounds, composed of both a protein and carbohydrate 

monosaccharides, usually hexose, hexosamine, Fucose and Sialic acid, joined together 

covalently linked to polypeptide chain.
4 

Oligosaccharides are one of the most important 

factors in the post translational modification of proteins and lipids.
 5

 These structures 

undergo changes during malignant transformation, which lead to remodeling of cell 
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surface glycoproteins and glycolipids. They are associated with the biological behavior of 

tumor cells. Fucose is a constituent of oligosaccharides, and is notably associated with 

cancer. In the 1980s, the development of monoclonal antibodies against carbohydrate 

antigens triggered research to detect Cancer-associated aberrant glycosylation.
 6
 

 

Glycoproteins coat all eukaryotic cells and play an important role in many 

aspects of tumour progression. Cancer transformation causes alterations in the synthesis 

and expression of specific sugar structures. This is connected with the incorrect 

glycosylation of proteins.
7
 Fucosylation pattern of these molecules in the tissues of 

Cancer patients show changes due to fucosyl transferase activity, which is especially high 

in the serum of patients suffering from Malignant or Metastatic Tumors.  

 

It has been observed that serum fucose levels are raised in different groups 

of malignancies such as Breast Cancer, Ovarian Cancer, Colorectal Adenocarcinoma, 

Leukemia, Brain Tumors and recently in Oral Cancer. But rise in serum Fucose level is 

not specific for Cancers alone, as elevated serum Fucose levels have also been reported in 

various pathological states. However, in association with clinical diagnostic procedures, 

serum L-fucose levels can be used as an effective biochemical indicator in Oral Cancer 

and may be useful in monitoring recurrences, and effectiveness or response to treatment. 

There is minimal published data on serum L-Fucose levels in Oral Cancer in the Indian 

population. This study was done to determine the level of serum L-Fucose in Oral Cancer 

patients with increasing severity.
8
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AIM: 

To estimate the serum levels of L-Fucose in the various TNM stages of 

Oral Cancer patients.  

 

OBJECTIVES: 

 To estimate the serum levels of L-Fucose in healthy individuals. 

 To compare the serum levels of L-Fucose among Oral Cancer patients and healthy 

individuals. 

 

 



 

REVIEW OF 

LITERATURE 
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ORAL CANCER: 

A neoplasm can be defined as an abnormal mass of tissue, the growth of 

which exceeds and is uncoordinated with that of normal tissue and persists in the same 

excessive manner after cessation of the stimuli which evoked the change (Willis 1952).
9
 

Oral Squamous Cell Carcinoma is a heterogeneous group of malignant neoplasms seen in 

the oral cavity usually found arising from the mucosal surface of oropharynx, 

hypopharynx, larynx, sinuses and other sites restricted within the upper aerodigestive 

tract. 
10 

It is the most common neoplasm of the oral cavity. Clinically, it is often 

misdiagnosed as it gives varying appearances.
 11

 Early stages of the lesion are 

asymptomatic and may sometimes present with mild symptoms. But in the case of 

advanced lesions it may present with pain, halitosis, difficulty in mouth opening, 

speaking, swallowing, and chewing.
12

 

 

EPIDEMIOLOGY: 

 INCIDENCE:  

According to GLOBOCAN 2008, Global incidence for head and neck 

Squamous Cell Carcinoma is 5, 40,000 per annum and in India it‘s around 70,000. 
13

 In 

Western countries over the past 30 years, frequency of Squamous Cell Carcinoma in the 

oropharynx has been found to increase rapidly while the incidence of Squamous Cell 

Carcinoma in the oral cavity has been gradually decreasing.
 10

 The main causative factor 

for the varying differences in the incidence rates are due to increased exposure to tobacco 

and alcohol, socioeconomic status, diet, age, gender and site.
 14 
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 GENDER 

Oral Squamous Cell Carcinoma has a slight predilection for men 

accounting for 20% more than woman. Among females, the plantation workers who are 

addicted to pan chewing and other forms which include catechu, lime, piper betel leaf 

filled with sliced areca nut and spices chewed with or without tobacco and poor oral 

hygiene are more prone to it. 
13

  

 

 HABITS 

The main etiological factor for Oral Cancer is mainly due to tobacco, 

alcohol abuse and areca nut consumption, severity of which is enhanced in the presence 

of poor dental health and diet. The usage of beedi which is the age old form of smoking is 

still being used by over 100 million Indians in South India. The risk of Oral Cancer is 

increased nearly five times by tobacco chewing, according to a cohort study in Kerala. 
13

 

 

 SITE: 

The floor of the mouth and tongue are the most common sites for 

developing  Oral Cancer, the tongue being the most common site(40—50%) among the 

European and American population. Due to habitual usage of betel quid and tobacco 

chewing habits, the most common site for Oral Cancer among the Asian population is in 

the buccal mucosa. Some individuals are at risk of developing palatal Cancer which is 

usually rare, for those who have the habit of reverse smoking with cheroot or cigarette 

held inside the mouth, this is practiced in a few places in Andhra Pradesh.
 13
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The involvement of anterior sites has a better prognosis than the posterior 

sites (i.e. oropharyngeal). Incidence of survival is reduced by nearly 5 years for tumour 

located far more posteriorly. This is based on the influence of tumor site on nodal 

metastasis. The lymphatic drainage of the posterior part of the tongue is bilateral and it 

drains far more inferiorly while the lymphatic drainage of the anterior part of the tongue 

is unilateral and it drains to the upper part of the cervical lymph nodes.
 15

 

 

 AGE: 

Squamous Cell Carcinoma in the oropharynx and oral cavity is usually 

regarded as a disease of the elderly. Since 1960‘s the International incidence of HNSCC 

particularly in oropharynx and tongue has increased in young adults. In the West, among 

the younger age groups, the increasing incidence of Oral Cancer appearing in the base of 

tongue and oropharynx is related to Human Papilloma Virus (HPV) infection. 
13

 It is 

noted that in developing countries like South and Southeast Asia, reason for increased 

rates of oral cancer is due to the rising incidence of young adults chewing betel quid.
10

 

 

 MORTALITY 

According to GLOBOCAN 2008, Global mortality rate for head and neck 

SCC are 2, 71,000 per annum and in India it is more than 48,000. It is reported that 

over five people die from Oral Cancer every hour, every day in India and similar 

reports were given for the cancer of oropharynx and hypopharynx.
13
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ETIOLOGY AND RISK FACTORS: 

Squamous Cell Carcinoma (SCC) develops due to genetic and epigenetic 

changes in a variety of cellular pathways. This may lead to clonal expansion of those 

cells that has the most favorable genetic aberrations, resulting in the development of 

tumor and it finally leads to the progression of invasive carcinoma. There is mutation of 

Tp53, a tumor suppressor gene on chromosome 17p12 in almost half of all SCC. 

Malignant transformation is due to the functional loss of Tp53 which is seen in most of 

the cancers. Premalignant lesion, with such mutation shows dysplastic changes. The 

incidence of these mutations increases, as the tumour progresses from dysplasia to 

invasive carcinoma.
 11, 16  

Conversely, it doesn‘t show any remarkable difference between 

patients aged less than 35 years and greater than 75 years.
 10

   

 

NOTCH1 is the second most commonly mutated gene which plays a 

significant role in regulating normal cell differentiation, lineage commitment, and 

embryonic development. Based on the position and characteristics of the mutations and 

the inactivation of both alleles NOTCH1 is also a tumor suppressor gene in SCC. 
16

 

 

 TOBACCO: 

The main risk factor of OSCC is tobacco associated intra-oral carcinogens, 

which has a synergistic role in oral tumor genesis.
 2 

All types of tobacco are not similar; it 

varies widely by the mode of use, processing and botanical type. And accordingly the 

toxicity and carcinogenicity varies. All forms of tobacco widely used in India are highly 

toxic to multiple body systems.
 13
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 SMOKING (Beedi / Cigarette): 

Beedi contain about 0.2–0.5 g of raw, dried and ground tobacco flakes, 

which are naturally cured, and wrapped in a temburni leaf; it produces 45–50 mg of tar, 

as compared to 18–28 mg delivered in cigarette. A three-fold increased risk for Oral 

Cancer in beedi smokers was found on a meta-analysis studied under 10 case–controls 

from India by Rahman et al. This risk is comparable to that of cigarette smokers.
 13

 

 

And this risk is related with the intensity and duration of smoking habit.
 17

 

Individuals who smoke more than 20 cigarettes a day and consume more than 100 g of 

alcohol a day are at high risk of developing oral epithelial dysplasia.
 10

 In tobacco smoke, 

pro-carcinogens such as benzo - [α] - pyrene are metabolized by oxidizing enzymes, 

particularly cytochrome p450 and it may result in the production of reactive carcinogenic 

intermediates.
 2, 18

 

 

 SMOKELESS TOBACCO: 

Smokeless tobacco is consumed by chewing it as an ingredient in  

pan/betel quid, packaged pan masala or gutkha (a chewable tobacco containing areca 

nut), and mishri (a powdered tobacco rubbed on the gums as toothpaste). The use of 

smokeless tobacco is socially accepted by the people in Eastern, Northern and North 

Eastern parts of India. The use of commercially available blends of pan masala and 

gutkha is increasing, not only among men, but also seen among children, teenagers and 

women.
 13
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 ALCOHOL: 

It has been found that the combined effects of smoking and alcohol 

consumption on the risk for Oral Cancer are highly synergistic. In a South Indian based 

study, a multiple interaction between the consumption of alcohol and tobacco products, 

respectively, was observed to produce a 24-fold increase in risk for Oral Cancer. 
19, 20

 

 

 BETEL QUID: 

It is estimated that almost 10% of the world population has the habit of 

consuming betel nut in different forms. It includes crude fiber, carbohydrates, fats, 

polyphenols, alkaloids, proteins, tannins and water.
 21

 The use of betel quid, which has 

both areca nut and tobacco, is associated with a high risk of Oral Cancer.
 22

 

  

The fourth most commonly used psychoactive substance in the world after 

caffeine, nicotine and alcohol is the areca nut. Composition includes arecoline and 3-

(Methylnitrosamino)propionitrile, and lime which provides nascent oxygen radicals, each 

of which has a role in oral cancer induction. Supari consists of small roasted and 

flavoured bits of arecanut, which is prepared commercially, and as a cultural practice is 

served after meals in North India. In Northeastern parts of India, fermented areca nut 

called ‗tamul‘ is used habitually. In Gujarat, ‗mawa‘, a mixture of slender shavings of 

areca nut combined with tobacco and slaked lime is used by the youth population. Areca 

nut, in combination with tobacco in the form of gutkha, and without tobacco in the form 
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of pan masala, is widely available in prepackaged forms and is advertised as a safe 

product and even as a mouth freshener.  

 

However, gutka is carcinogenic and areca nut in all its forms is the major 

cause of the potentially malignant disorder. In several parts of India like Maharashtra, 

Gujarat and Bihar areca nut chewing is a well-accepted practice socially and is indulged 

in by even young children.
13 

 

 MARIJUANA: 

The tar component of marijuana contains chemicals and carcinogens 

similar to tobacco, but each marijuana cigarette may be more harmful than a tobacco 

cigarette because of the greater inhalation of tar and longer retention of marijuana 

smoke.
10

 

 

 VIRUS: 

Human papillomaviruses (HPVs) which constitute the Papilloma viridae 

family are a heterogeneous group of small non-enveloped epitheliotropic DNA viruses. 

They target the basal cells of stratified epithelia at either mucosal or cutaneous sites.
23

 

They are closely associated with several benign and malignant oral and cutaneous 

lesions.
2 

Potential causes of viral colonization in the oral mucosa includes vaginal or/and 

oral sexual partners and young age of onset of sexual activity. 
10, 24
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 FUNGUS; 

Candida albicans, with the ability to convert procarcinogens to 

carcinogens is the most common candida species which occurs and can induce epithelial 

proliferation.
25

 Chronic hyperplastic candidiasis may present as nodular or speckled-

white plaques on the mucosa and are potentially malignant oral epithelial lesions.
2
 

 

 CHRONIC GRAFT VERSUS HOST DISEASE (cGVHD): 

Oral cGVHD is a significant risk factor for the development of OSCC. 

This is mainly due to cGVHD-related inflammation, prolonged immunosuppression 

which frequently follows cGVHD therapy, immunologic dysfunction related to the 

therapy, and carcinogenic and cytotoxic medication effects.
25

 

 

 DIET: 

According to Dietary studies and Laboratory data, diet plays a role in 

Cancer etiology by an indirect relationship between the consumption of selected food 

constituents and its occurance.
26

 Fruits and vegetables, high in vitamins A and C
 
and 

vitamin E with antioxidant properties give protection from oral neoplasia, whereas meat 

and chilies are risk factors.
27, 28 

Dietary Iron may play a protective role in maintaining the 

integrity of the epithelium.
 2

 Its deficiency results in oral epithelial atrophy and the 

Plummer-Vinson (Patterson Brown Kelly) syndrome, which is associated with Cancer of 

the aerodigestive tract.
 2, 29
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 HEREDITARY: 

Epidemiological evidence from case-control studies of Squamous Cell 

Carcinoma indicated that a family history of head and neck Cancer is also a risk factor.
 2

 

Retrospective statistical studies have revealed a two to four fold risk of Cancer 

occurrence at the same site, as that of close relatives affected by the same.
30

Relative risk 

of Squamous Cell Carcinoma was high when first degree family members suffered from 

HNSCC, especially if the onset occurred before 50 years of age.
 10 

 

In our country the majority of Oral Cancers arise from pre-existing 

longstanding lesions, which is termed as ‗Oral Potentially Malignant Disorders‘ 

(OPMDs).
 13

 

 

 PRECANCEROUS LESION: 

A precancerous lesion is a morphologically altered tissue in which Oral 

Cancer is more likely to occur than in its apparently normal counterpart.
 31

 

The precancerous lesions are:
 32

 

1. Leukoplakia: 

2. Erythroplakia 

3. Palatal changes among smokers (smoker's palate)
 31

 

  

PRECANCEROUS CONDITION: 

A precancerous condition is a generalized state associated with a 

significantly increased risk of Cancer.
 31
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The precancerous conditions are:
 9, 32 

1. Oral SubMucous Fibrosis 

2. Oral lichen planus
19

 

3. Sideropenic dysphagia 

4. Discoid Lupus Erythromatosis
31 

5. Syphilis 

6. Xeroderma Pigmentosum 

7. Epidermolysis  Bullosa 

 

PATHOGENESIS: 

OSCC is defined as ―A malignant epithelial neoplasm exhibiting 

squamous differentiation as characterized by the formation of keratin and/or the presence 

of intercellular bridges - 1997, pindborgJJ et al.‖
 22

 

 

The oncogenes and anti-oncogenes are the two classes of regulatory genes 

directly involved in carcinogenesis. Oncogenes are positive regulators of carcinogenesis. 

In non-transformed cells, they are inactive and called as proto-oncogenes. Several proto-

oncogenes were first identified through viral transformation of cellular genome, eg) c-

erbB, cmos, c-myc, c-myb, C-H-ras. Many of the mutations in specific oncogenes eg) ras, 

myc, etc - are intimately associated with different types of malignant neoplasms.  

 

Anti-oncogenes or tumor suppressor genes: They are negative growth 

regulators that are they limit or restrict the formation of tumors. The anti-oncogenes 
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function as tumor suppressor genes. In healthy cells they control cell proliferation by 

regulating cell cycle progression.  

 

The two most widely studied tumor suppressor genes are the Rb gene and 

Tp53 gene. Tp53 has a significant role in maintaining the genomic stability and cellular 

equilibrium. In normal cells, this gene promotes apoptosis, regulates cell cycle through 

G1 - S checkpoint control and causes induction of cell differentiation. 
13 

 

Levine, Crawford, and Lane in 1979 first described the Tp53 protein. 

TP53 (tumor protein 53) is a tumor suppressor gene (TSG)
 
 which is located on the short 

arm (p) of chromosome 17.
22, 33

  It helps in maintaining the integrity of the genome and 

therefore Lane (1992) described p53 as ―Guardian of the Genome‖. 
27, 33, 34 

Alterations in 

Tp53 can occur through loss of heterozygosity, point mutations, deletions, insertions, or 

interaction with viral proteins. These alterations are common and they mark early events 

in head and neck carcinogenesis.
 34

 

 

Mutations in the Tp53 gene are the most common genetic change 

observed in a large number of human malignancies; at least 50% of all human cancers 

have been found to contain Tp53 abnormality.
13
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PROCESS OF CARCINOGENESIS: 

Cancer development is a multistep process. The concept of multi-stage 

carcinogenesis was first proposed by Berenblum and Schubik in 1948 

 

 INITIATION: 

 Initiation involves one or more stable cellular changes arising 

spontaneously or induced by exposure to a carcinogen. This is considered to be the first 

step or the initiating step in carcinogenesis. Oncogenes are the human DNA sequences, 

which are responsible for transformation. More than one oncogene has to be activated for 

neoplastic transformation; however the initiation may be induced even by a single point 

mutation. This can lead to deregulation of genes responsible for cellular communication, 

development and differentiation. The transformed cell undergoes continuous division 

with further mutations, leading to a malignancy being manifested.
35, 36 

 

 CONVERSION OF PROTO ONCOGENE TO ACTIVE 

ONCOGENES
 35

 

The following mechanisms are considered for the conversion of proto-

oncogenes to active oncogenes (Land et al. 1983) 

(1) Overexpression of proto-oncogene following acquisition of a novel 

transcriptional promoter.  

(2)  Over-expression due to amplification of the proto-oncogene or oncogene.  

(3) Influences on the levels of transcription and, in turn, the amount of gene product.  
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(4)  Juxtaposition of the oncogene and immunoglobulin domains, following 

chromosomal translocations. 

(5) Structural alteration of the oncogene protein. 

 

 PROMOTION: 

 The transformed (initiated) cell can remain passive, unless and until it is 

aggravated to undergo further proliferation, creating the cellular imbalance. The 

transformation from an initiated cell to neoplasia is a multistep process and requires 

repeated and prolonged exposures to the offending stimuli. 

 

 Neoplastic development is influenced by the intra and extracellular 

environment. Initial mutation will depend not only on interaction with other oncogenic 

mutations but also on factors that may temporarily change the patterns of specific gene 

expression. This may result in an amplification of cellular growth potential and/or an 

uncoupling of the intercellular communication that restricts cellular autonomy and which 

coordinate tissue maintenance and development.
 35, 36

 

 

 PROGRESSION: 

The successive changes in the neoplasm give rise to increasingly 

malignant sub-populations. The process may be promulgated by repeated exposures to 

carcinogenic stimuli or by selection pressures favoring the autonomous clonal 

derivatives. The initiated cells continue proliferating, causing a rapid increase in the 
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tumor size. As the tumor grows in size, the cells may undergo further mutations and 

alterations, leading to increasing heterogeneity of the cell population.  

 

In the first phase of progression (neoplastic conversion) the pre-neoplastic 

cells are transformed to a state in which they are more committed to malignancy. This 

may involve further gene mutations accumulating within the expanding pre-neoplastic 

cell clone. The dynamic cellular heterogeneity which is a feature of malignancy, may, in 

many instances, be a result of the early acquisition of gene specific mutations that 

destabilize the genome.
 35, 36

 

 

 TUMOR METASTASIS:
 35

  

With tumor progression, the cells absolve their property of adherence, 

dissociate from the tumor mass and invade the surrounding tissues. In addition to this 

local invasion, the detached cells also enter the circulating blood and lymph and are 

transported to other organs/tissues away from the site of the primary growth and develop 

into secondary tumors at new sites. These form the distant metastases, resulting in wide 

spread Cancer. Cancer metastasis consists of a number of steps; the main steps are 

common for all tumors. The progress of the neoplastic disease depends on changes that 

facilitate:  

(a) Invasion of Local Normal Tissues,  

(B) Entry and transit of neoplastic cells in the blood and lymphatic 

systems, and  
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(C) The subsequent establishment of secondary tumor growth at distant 

sites.  

 

Many of the steps in tumor metastasis involve cell-cell and cell-matrix 

interactions, involving specific cell surface molecules. Malignant cells are thought to 

have reduced ability to adhere to each other, so that they detach from the primary tumor 

and invade the surrounding tissues. The behavior of tumor is influenced by the cell 

adhesion molecules, one of the most important of which is cadherins. It is the metastatic 

process and tumors local invasion that are mainly responsible for the lethal effects of 

many common tumors. In many cases gene mutations are believed to be the driving force 

for tumor metastasis, with the development of tumor vasculature playing an important 

role in disease progression.
 35

 

 

 TUMOR ANGIOGENESIS:  

Tumor growth depends on the supply of growth factors and efficient 

removal of toxic molecules, which is ensured through adequate blood supply. In solid 

tumors, efficient oxygen diffusion from capillaries occurs to a radius of 150-200μm, 

beyond which the cells become anoxic and die. Therefore, increase in tumor mass to 

more than 1-2 mm will depend on adequate blood supply through development of blood 

capillaries (angiogenesis). 
35 
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CLINICAL PRESENTATIONS: 

It may take various clinical forms which may eventually develop into an 

ulcer with irregular, raised indurated borders, or into a broad based exophytic mass with a 

verrucous, pebbled or relatively smooth surface or it may develop into an Endophytic, or 

fungating lesion. When traumatized, OSCC tends to bleed readily and often becomes 

secondarily infected. OSCC is usually painless, unless it is secondarily infected. Large 

lesions may interfere with normal speech, mastication or swallowing.
 37

Vascular and 

lymphatic networks, which vary between different anatomic sites, may influence tumor 

evolution and the outcome of the disease.
 38

The site distribution of the lesions in the oral 

cavity can vary based on the type of habit, and the type, form and frequency of tobacco 

used.
39, 40
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HISTOLOGICAL GRADING OF ORAL SQUAMOUS CELL 

CARCINOMA: 

BORDER'S SYSTEM (DESCRIPTIVE SYSTEM):
 41, 42

 

Tumors were graded as follows 

 

 

 

 

 

There are several subtypes of oral SCC which includes Spindle-cell 

carcinoma, Papillary SCC, AdenoSquamous carcinoma, Acantholytic SCC and 

carcinoma Cuniculatum. All these were considered in the classification adopted by the 

IARC–WHO.
 43 

 

TNM STAGING 

The Tumor-Node-Metastasis (TNM) staging system was first reported in 

the 1940s by Pierre Denoix. The Union for International Cancer Control (UICC) adapted 

the system and compiled the first edition of the TNM staging system in 1968 for 23 body 

sites. TNM staging is simply an anatomic staging system that describes the anatomic 

extent of the primary tumor as well as the involvement of regional lymph nodes and 

distant metastasis.
 44

 

 

Well differentiated (Grade I)   =  <25 % undifferentiated cells 

Moderately Differentiated (Grade II) =      <50% undifferentiated cells 

Poorly Differentiated (Grade III) =           <75% undifferentiated cells 

Anaplastic / pleomorphic (Grade IV) =     >75% undifferentiated cells 
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T staging for tumors of the lip and oral cavity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TX  Primary tumor cannot be assessed 

T0  No evidence of primary tumor 

Tis  Carcinoma in situ 

T1  Tumor 2 cm or less in greatest dimension 

T2  Tumor more than 2 cm but not more than 4 cm in greatest dimension 

T3  Tumor more than 4 cm in greatest dimension 

T4a  Lip: Tumor invades through cortical bone, inferior alveolar nerve, 

floor of mouth, or skin of face (i.e., chin or nose) 

Oral Cavity: Tumor invades through cortical bone, into deep extrinsic 

muscle of tongue (genioglossus, hyoglossus, palatoglossus, and styloglossus), 

maxillary sinus, or skin of face 

T4b  Tumor involves masticator space, pterygoid plates, or skull base and/or 

encases internal carotid artery 
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N staging for all Head and Neck sites except the nasopharynx and 

thyroid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M staging for Head and Neck tumors 

 

 

 

 

Nx Regional lymph nodes cannot be assessed 

N0  No regional lymph node metastasis 

N1  Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest                                    

dimension 

N2  Metastasis in a single ipsilateral lymph node, more than 3 cm but not 

more than 6 cm in greatest dimension; or in multiple ipsilateral lymph 

nodes, none more than 6 cm in greatest dimension; or in bilateral or 

contralateral lymph nodes, none more than 6 cm in greatest dimension 

N2a  Metastasis in a single ipsilateral lymph node more than 3 cm but not 

more than 6 cm in greatest dimension 

N2b  Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm 

in greatest dimension 

N2c  Metastasis in bilateral or contralateral lymph nodes, none more than 6 

cm in greatest dimension 

Mx Distant metastasis cannot be assessed 

M0  No distant metastasis 

M1  Distant metastasis 
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Stage Grouping for All Head and Neck sites except the nasopharynx 

and thyroid 

 

  

Stage Group   T Stage  N Stage  M Stage 

0    Tis   N0   M0 

I    T1   N0   M0 

II    T2   N0   M0 

III    T3   N0   M0 

T1   N1   M0 

T2   N1   M0 

T3   N1   M0 

IVA    T4a   N0   M0 

T4a   N1   M0 

T1   N2   M0 

T2   N2   M0 

T3   N2   M0 

T4a   N2   M0 

IVB    T4b   Any N   M0 

Any T   N3   M0 

IVC    Any T   Any N   M1 
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APPROACHES TO EARLY DETECTION OF DYSPLASIA AND 

ORAL CANCER:
 15, 16, 20, 45 

There are numerous non-invasive and invasive diagnostic aids which help 

to detect cancer in the early stage. 

 

NONINVASIVE DIAGNOSTIC AIDS: 

i. Toluidine Blue (Vital Staining) 

Toluidine Blue (TB) staining is an acidophilic dye that selectively stains 

acidic tissue components such as DNA and RNA. It is simple, cost effective and sensitive 

adjunct tool for identifying early OSCC and high-grade dysplasia.  

 

Patients have to rinse the oral cavity with water for 20 sec. to remove 

debris prior to rinsing with 1% acetic acid for 20 sec. Toluidine blue (1% w/v) was 

applied as an oral rinse for 20 sec. and then 1% acetic acid was used for 20 sec to 

eliminate mechanically retained stain. 
16

 Lesions that showed dark blue staining were 

considered to be positive for premalignant or malignant tissue, while those with light 

staining, or totally not coloured, were considered negative.
 46

 

 

ii. Methylene Blue 

Methylene blue dye system had 2 solution bottles.  

Bottle A (The dye rinse solution) - Contain 1% methylene blue, 1% malachite, 0.5% 

eosin, glycerol, and dimethyl sulfoxide.  

Bottle B (Pre- and post-rinse solution) –Contains 1% lactic acid, and purified water.  



                                                                      Review of Literature 

 

 25 
 

The patient should rinse their mouth with 1% lactic acid & distilled water 

for 30 seconds to remove food debris and excess saliva. The suspected mucosal area 

should be dried with gauze and power air spray to ensure that the lesion was not being 

contaminated with saliva. First the dye should be directly applied on the lesion with help 

of a cotton bud and then Methylene blue should be used as a mouth rinse for 30 seconds. 

Followed this, 1% lactic acid for 30 seconds should be used to wash out the excess dye. 

The pattern of dye retention was assessed by the intensity of stain on the lesion. Local, 

and deep blue stains were marked as positive (+) reaction. Wide, shallow or faint blue 

stains were marked as negative (–) reaction.
 47

 

 

iii. Lugol‘s Solution : 

 It contains Iodine 2g and Potassium Iodide 4 g. It should be applied with a 

cotton bud for 10-20 sec. Normal mucosa will be stained brown while the area without 

any retention of stain were considered as positive.
 48

 

 

iv. Oral Brush Biopsy 

In this procedure cells will be collected from the full thickness of oral 

epithelium. It is a chair-side, easy to perform, painless test that can be used to evaluate 

any suspected lesion including common red and white lesions to rule out dysplasia. 

Sensitivity and specificity is over 90%.
49 
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v. Lab-on-a-Chip: 

Broadly, microfluidics technologies are referred to as lab-on-a-chip or 

micro-Total-Analysis Systems (TAS). It is the adaptation, miniaturization, integration, 

and automation of analytical laboratory procedures into a single device or ―chip.‖ 

 

vi. Light-Based Detection Systems: (Optical Biopsy). 

 

a) Chemiluminescence (ViziLite Plus; Microlux/ DL, Orascoptic-DK). 

Oral cavity should be rinsed with acetic acid to dehydrate the lesion. This 

highlights the nuclear density and imparts an acetowhite appearance to tissue. Then it 

should be examined with an illuminated chemiluminescent light stick which further 

amplifies it. 
50 

 

b) Tissue Fluorescence Imaging (VELscope) 

It is a handheld device that uses visible light of 430 nm wavelength in 

order to cause fluorescent excitation of certain components of cell metabolism in the 

tissues like FAD and NADH.
16 

 

c) Tissue Fluorescence Spectroscopy. 

Alterations in the structure and biochemistry of tissues, indicates the 

pathology. This was found by a significant increase of   NADH fluorescence in neoplastic 

epithelium and a significant reduction of collagen fluorescence from the structure under 

the diseased layer.
 16 



                                                                      Review of Literature 

 

 27 
 

vii. Lasers Capture Microdissection. (LCM) 

LCM provides an ideal method for the extraction of cells from specimens 

in which the exact morphology of both the captured cells and the surrounding tissue are 

preserved.
 16 

 

viii. Saliva-Based Oral Cancer Diagnosis 

ix. Cytological Techniques 

x. Biomarkers
51

 

 

INVASIVE DIAGNOSTIC AID
15, 16, 45 

(i) Surgical Biopsy. 

 

RADIOGRAPHIC DIAGNOSTIC AID 

Oncology highly depends upon radiologic imaging for diagnosis, response 

assessment and follow-up. Anatomic imaging modalities such as Computed Tomography 

(CT) and Magnetic Resonance Imaging (MRI) provides fine details regarding lesion 

location, size, morphology, and structural changes to adjacent tissues; but little details 

regarding the tumor physiology. Positron Emission Tomography (PET) and Single 

Photon Emission Tomography (SPECT) are used to provide tumor's biologic functions 

and its surrounding microenvironment. But it lacks ability to provide anatomic detail. The 

availability of hybrid imaging with PET/ CT, SPECT/CT and PET/MR improves our 
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ability to characterize lesions and to give proper treatment decisions and patient 

management.
 52

 

TUMOR MARKERS 

These are substances that are produced by the tumor or by the body in 

response to the presence of Cancer or certain benign conditions, which can aid in the 

diagnosis of Cancer and in the assessment of tumor burden. 
53

 

 

USES OF TUMOR MARKER: 

Tumor markers can be used for screening and early detection, to 

differentiate Cancer from other lesions (for example CA-125 helps to differentiate 

Ovarian Cancer from other conditions), to find the clinical stage of Cancer, as a 

supportive measure for diagnosis, to determine prognosis and to find the response to 

treatment. 
54

 

 

LIMITATIONS OF TUMOR MARKER: 

Its limitation includes, Difficulty in identifying minute quantities in serum, 

It is proliferation related rather than tumor associated antigen, Cross reactive antigens for 

instances a common domains in different proteins, Cross reaction with degradation 

products of normal proteins taken up by tumor cells, The financial and psychological cost 

for the society on routine screening for early cancers using currently available tumor 

marker would be prohibitive. 
53 
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CLASSIFICATION 

 

I. According to Spieght and Morgan (1993)
55 

 Proliferative markers: PCNA, Ki67, BrU, Histones & AgNORs 

 Genetic markers: Ploidy 

 Oncogene: C-myc 

 Tumor suppressor markers: P53 mutations  

 Cytokines  

 Blood group antigens  

 Integrins ECM ligands  

 

II. According to Schliephake H (2003)
56 

A. Tumor Growth Markers  

 Epithelial growth (EGF)  

 Cyclin 

 Nuclear cell proliferation antigens  

 AgNORs (Agryophilic Nucleolar Organizer Region)  

 Skp2(S-phase kinase-interacting protein 2)  

 HSP 27 and 70 ( Heat Shock Protein)  

 Telomerase  
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B. Markers of tumor suppression and anti-tumor response  

 Retinoblastoma protein (pRb)  

 Cyclin dependent kinase inhibitors  

 Tp53  

 bax 

 Fas/FasL 

 

C. Angiogenesis markers  

 VEGF/VEGF-R (Vascular endothelial growth factor/receptor)  

 PD-ECGF (Platelet-derived endothelial cell growth factor)  

 FGFs (Fibroblast growth factor)  

 

D. Markers of tumor invasion and metastatic potential  

 MMPs (matrix-metallo proteases)  

 Cathepsins 

 Cadherins and catenins 

 Desmoplakin 

 

E. Cell surface markers  

 Carbohydrates  

 Histocompatibility antigen  

 CD57 antigen  
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F. Intracellular markers  

 Cytokeratins 

 

G. Markers of anomalous keratinization  

 Filagrins 

 Involucrin 

 Desmosomal proteins  

 Intercellular substances antigen  

 Nuclear analysis  

 

H. Arachidonic acid products  

 Prostagladin E2  

 Hydroxyeicosatetraenoic acid  

 Leucotriene B4  

 

I. Enzymes  

 Glutathione S-transferase  
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FUCOSE: 

Fucose is one of the cell surface tumor markers which gained significant 

interest in the medical field. It exists in both D forms as well as L form.
 57

 And it is the 

only sugar which is present in L form. All other sugars, including D-glucose, D-

galactose, D-manonose, D-glucosamine, and so on, exists in D-Form.
58 

 

D-Fucose (D-6-deoxygalactoses monosaccharide) is found in simple 

glycosides comprising only a few sugar units, limited to plant products, microbial and 

antibiotic substances.
57 

  

L-Fucose (6-deoxy-L-galactose) is a monosaccharide, which is a common 

component of many N- and O-linked glycans and glycolipids produced by mammalian 

cells. Lack of a hydroxyl group on the carbon at the 6-position (C-6) and the L-

configuration are the two structural features which help to distinguish fucose from other 

six-carbon sugars present in mammals. 

 

STRUCTURE OF L – FUCOSE
58 
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Fucose frequently exists as a terminal modification of glycan structures. In 

mammals, Fucose-containing glycans have important roles in blood transfusion reactions, 

selectin mediated leukocyte-endothelial adhesion, host-microbe interactions, and 

numerous ontogenic events, including signaling events by the Notch receptor family.
59, 60 

 

OCCURRENCE OF L - FUCOSE AND ITS DERIVATIVES:
  

L-Fucose occurs in several human milk oligosaccharides, in Plant 

polysaccharides, Both N- and O-glycosyl chains of human or animal Glycoproteins and 

the lipopolysaccharides of Gram-negative bacteria and animal glycosphingolipids.
 61 

 

REGULATORY MECHANISM FOR FUCOSYLATION:
 

 Fucosylation (process of adding Fucose to a molecule) is catalyzed by 

fucosyltransferases, Guanosine 5‘-diphosphate (GDP)-fucose synthetic enzymes, and 

GDP-fucose transporter(s).
 62

 GDP-fucose, which is a common donor substrate to all 

fucosyltransferase, is synthesized in the cytosol via two pathways, namely the salvage 

pathway and the de novo pathway.  

 

The salvage pathway synthesizes GDP-fucose from free L-fucose, derived 

from extracellular or lysosomal sources via two steps: catalyzation by L-fucokinase and 

then GDP-fucose pyrophosphorylase.
 59

  

 

The de novo pathway transforms GDP-mannose into GDP-fucose via 

three steps: catalyzation by GDP-mannose-4, 6-dehydratase (GMDS) and GDP-4-keto-6-
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deoxymannose-3, 5-epimerase-4-reductase (FX). The salvage pathway is responsible for 

only about 10% of the cellular pool of GDP-fucose. Thus, cellular GDP-fucose is mainly 

produced by the de novo pathway.  A defect of this pathway leads to a virtually complete 

deficiency of cellular global fucosylation, including α1-2, 1-3/4, 1-6, and O-fucose. 
59

 

 

After GDP-fucose has been synthesized in the cytosol, it is transported to 

the Golgi apparatus through GDP-fucose transporter to serve as a substrate for 

fucosyltransferases.
6 

 

L-FUCOSE IN MALIGNANCY 

Glycosylation is the most universal form of posttranslational modification 

of proteins. It is important in many of the signaling pathways which turns a normal cell 

into a cancer cell. The protein diversity is achieved by different sequence and structure of 

sugar moieties or glycan attachment.
 63

 Cellular glycosylation changes are associated with 

diverse types of neoplastic transformation. Mammalian cells either express or mediate 

many of their properties through the cell surface.
1
 Altered glycosylation of cell surface 

proteins is critically important in cancer progression, especially the terminal epitopes of 

glycoproteins, which have been proposed to play a significant role in cell-cell 

interactions, development of cell adhesion, malignant transformation, and metastasis.
61

  

                              

 Fucosylation of glycoproteins (the addition of L-fucose at the terminal 

end of the oligosaccharide chain) is one of the most important features that mediate 

several specific biologic functions. Tumor cells modulate their surface by increasing 
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fucosylation levels to escape recognition, which contribute to several abnormal 

characteristics of tumor cells, such as decreased adhesion and uncontrolled tumor growth. 

Several studies have suggested that estimating the serum/tissue fucose levels could be a 

promising approach for the early detection, diagnosis, and prognosis of various cancer 

types. 
61

 

 

 Group of enzymes catalyze incorporation of fucose from activated 

nucleotide donor Guanosine Diphosphate (GDP)-fucose to the reducing end of complex 

glycans in a linkage-specific manner. They are known as Fucosyltransferases (FucT). 

These enzymes are expressed in many tissues and are increased in serum and tumors of 

cancer patients.
 61

   It has been reported that increased fucosylation is associated with 

elevated FucT activity.  

 

Cancer cells, which are shed or released into circulation from the primary 

tumor often over express fucosylated glycans on their surface.
 1

 The expression of 

fucosylated glycoproteins (ie, fucoproteins) has been detected by means of specific 

lectins. Several lectin-based studies have indicated that fucoproteins are increased in 

various cancers. Profound fucosylation of the serum microenvironment may be a factor 

that interrupts adhesion and influences the formation of metastases. (For example) several 

fucose-containing ‗natural ligands‘ reportedly are involved in the migration of tumor 

cells. Increased expression of fucosylated cell surface antigens, such as Lewis x/y (Lex/y) 

or sialyl Lex/ α, and the up-regulation of α1, 3/4-FucT have been associated with 

malignant transformation and increased metastatic potential of tumors, which result in a 
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poor prognosis of patients with cancer. α-L-fucosidase is a lysosomal enzyme that 

catalyzes the hydrolytic cleavage of terminal fucose residue that is involved in 

maintaining the homeostasis of fucose metabolism.
64

 

  

Extensive studies on the nature of metastasis have shown that only a small 

subpopulation of cells in tumors possess the characteristics necessary for their release 

from the primary tumour and transport to and establishment of tumour foci in distant 

organs. Carbohydrate moieties on cell surface glycoconjugates play an important role in 

this metastatic spread since it could be demonstrated that they are involved in adhesion 

processes.
61, 64

 

 

L - FUCOSE IN INFLAMMATION: 

Sialyl Lewis x (SLex) is a complex sugar molecule located at the surface 

of leucocytes. It is a derivative of a sugar which has the three carbohydrate rings 

galactose, glucosamine and fucose joined together. The fourth ring is sialic acid, a sugar 

with additional ethylene glycol and carboxylic acid component. When it gets a signal of 

tissue damage, it attaches to a protein E-selectin, produced on the surface of blood vessels 

near damaged tissue. This triggers the blood vessel to expand, allowing other white blood 

cells to enter the damaged tissue and destroy intruding bodies. However, if innumerous 

white blood cells get into the lungs or kidneys, or into transplanted organs, they can 

damage healthy tissue.
61
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An injection of SLex into the bloodstream will block the E-selectin on the 

surface of the blood vessels and so hide the chemical message that alerts the white blood 

cells. SLex is also found on the surface of lung cancer cells and Colon Cancer cells, 

which also attach to E-selectin as they spread around the body. Administration of a SLex-

like material could prevent metastasis.
61

 

 

OTHER DISEASES 

Serum L-fucose levels may serve as an indicator of disease activity in the 

follow up of patients. The clinical significance of L-fucose in rheumatoid arthritis was 

investigated by Kamel and Serafi. In rheumatoid arthritis decreased levels of serum L-

fucose correlated with the duration of rheumatoid disease, number of involved joints and 

bone erosions. Recently for Immunization, artificial antigens mainly containing L-Fucose 

have been prepared by coupling oligosaccharide determinants to protein. When injected 

into animals, antibodies are generated that react with the glycans and also with intact 

bacteria.                    

    

In this context, preparation of L-fucose or L-fucose-containing 

oligosaccharides for the synthesis of immunogens is needed.
 
In contrast to D-galactose, 

L-fucose represents a rather rare and expensive sugar and presently the treatment of a 

large amount of patients with high doses is hardly feasible. It is therefore a prominent 

goal to achieve an improved access to L-fucose and L-fucose containing 

oligosaccharides.
61
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Considering the role of L-Fucose in cancer, several Studies have been 

conducted including few in oral cancer. The values varied in every study but the net 

result supported the use of L-Fucose as a biomarker in oral cancer, this can be understood 

from the following studies and their similar positive results. 

 

A study was conducted to determine Serum protein-bound Fucose in the 

total serum and the seromucoid fraction of 89 histologically confirmed female patients 

with a breast lesion. As a result no significant difference exists between the serum levels 

in patients with malignant lesion from benign lesions. So they concluded that the serum 

protein-bound Fucose might be a useful screening procedure for patients with breast 

masses but not much helpful to differentiate between benign from malignant masses.
 65

 

 

A study was done to measure the serum level of glycoprotein Fucose and 

N acetyl neuraminic acid (total and free) in a group of 59 patients with benign breast 

lesions and 107 patients with breast cancers. They found that patients were proven to 

have carcinoma whose values were above 3.35 x 10
-3

 mg. Fucose/mg. protein and 

patients with benign lesions had levels below this arbitrary point.
 66

  

 

A study was conducted to analyze the Utility of Serum Protein-bound 

Neutral Hexoses and L-Fucose for Estimation of Malignant Tumor extension and 

Evaluation of Efficacy of Therapy. As a result patients with confirmed diagnosis of  

malignant neoplasia indicated excellent correlation for presurgical estimation of tumor 

activity and post-surgical therapeutic efficacy.
 67
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A study was conducted to find out Clinical Significance of Fucose Level 

in Glycoprotein Fraction in Patients with Malignant Tumors. As a result increase in 

fucose level in glycoprotein fraction is seen in patient with malignant diseases in contrast 

to benign diseases. However, no significant difference was noted in the fucose levels in 

the mucoprotein fraction. The increased fucose level in glycoprotein in malignant 

diseases was parallel to the increment in total fucose content in serum. They concluded 

that increased levels in total fucose in malignant diseases are primarily due to the increase 

in fucose-containing glycoprotein.
 68

  

 

A study was conducted to measure the Serum concentrations of fucose, 

sialic acid, and eight acute phase proteins in single specimens from patients with cancer 

to determine whether the raised concentrations of protein bound sugars commonly found 

in Cancer correlate with increased concentrations of the acute phase proteins. Serum 

fucose was raised more often in patients with advanced disease than in those in whom the 

spread of the tumour was more restricted; increased sialic acid concentrations, however, 

were found with a similar frequency in both these groups. Combined use of fucose and 

sialic acid values gave a high degree of marker positivity which could be only slightly 

improved on by including measurement of acute phase proteins. Therefore they 

concluded that the sialic acid provides an index of the acute phase response and the 

fucose a measure of the tumour spread.
 69

 

 

A study was conducted on rapid, simple enzymatic assay of free L-fucose 

in serum and urine, and its use as a marker for Cancer, cirrhosis, and gastric ulcers. They 
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measured L-fucose in healthy subjects, Cancer patients, and patients with other diseases. 

As a result the concentrations of L-fucose were significantly higher in patients with 

gastric ulcers, cirrhosis of liver and Cancer. And since urinary analysis is rapid and 

inexpensive, it is suitable for mass screening.
70 

 

A study was conducted to investigate the biochemical basis of aberrant 

Fucose-containing antigen expression by comparing the activity of fucosyltransferases 

(FTase) and α-L-fucosidase in tissue biopsies, from 18 normal and 20 malignant 

endometrium patients. As a result they suggested that aberrant expression of fucose-

containing antigens, such as the H and the Lewis blood-group antigens, in endometrial 

carcinoma is consequential to the change in FTase rather than in a-L-fucosidase activity. 

In addition, the investigation suggests that different glycosylation mechanisms are 

operative in different subtypes of endometrial cancer.
 71

 

  

A study was conducted to estimate the serum level of total sialic acid; 

lipid bound sialic acid and Fucose in patients with benign and malignant tumors of the 

breast. As a result, more marked increase in level of all the three parameters were noted 

in malignancy, when compared with benign and controls. After surgery, there was an 

elevation in the serum levels of the above parameters than the values prior to surgery. 

And 2 months after the surgery a decline was noted, although none of the values reached 

the normal range. They concluded that there is a close association of the glycoproteins 

with the tumour burden and further signified its role in early detection and staging of 

Breast Cancer.
 72
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A study was conducted on 30 histopathologically confirmed Oral Cancer 

patients, before onset of any treatment. The levels of glycoprotein-associated 

carbohydrates such as Hexose, hexosamine, Fucose and Sialic acid were estimated and as 

a result significant rise in levels of glycoprotein associated carbohydrates is found when 

compared to control subjects. And most importantly progressive rise in these markers 

was found as the stages of Oral Cancer advances.
 73

 

 

A study was conducted to find the possibility of using α-L-Fucose and 

reduced glutathione (GSH) as a biomarker in the diagnosis of prostate cancer patients. 40 

patients with histopathologically proven prostate cancer were involved in the study. As a 

result the serum GSH decreases in prostate cancer, while serum Total Fucose increase 

(TF) in the same patients shows an inverse relationship between the 2 parameters. Finally 

it is concluded that prostate cancer affects both TF and GSH levels in the patient‘s serum.
 

74
 

 

A study was conducted to analyze the role of serum Fucose as a biomarker 

and to correlate with other studies for its effective clinical application. The study was 

carried out on 67 subjects, including 14 healthy individuals and 53 Oral Squamous Cell 

Carcinoma patients. As a result there was a significant increase in mean serum fucose 

level of Oral Squamous Cell Carcinoma patients compared with healthy controls and they 

were found to be independent of age and sex.
 75

 

 



                                                                      Review of Literature 

 

 42 
 

A study was conducted to determine the significance of serum L-fucose 

levels in head and neck malignancies. The study was conducted on 50 healthy controls 

and 50 cancer patients. In which the most common site of primary lesion is in the oral 

cavity, followed by larynx, hypopharynx and oropharynx respectively. As a result 

Comparison of glycoprotein L-fucose in two groups showed marked increase in levels in 

cancer patients than controls. And there was no relationship between serum fucose levels 

and age, sex and tumour differentiation. It is concluded that Serum glycoprotein L-fucose 

levels can be used as an effective biomarker in conjunction with clinical diagnostic 

procedures in head and neck neoplasia and also for monitoring recurrences.
 76

 

 

A study was conducted on Quantitative evaluation and correlation of 

serum glycoconjugates such as Protein bound Hexoses, Sialic acid and Fucose in 

Leukoplakia, Oral Sub Mucous Fibrosis and Oral Cancer. In this study 27 newly 

diagnosed Oral leukoplakia, 27 OSMF and 26 Oral Cancer patients, 40 healthy controls 

who are non-tobacco users and 40 healthy controls who are tobacco users were selected. 

In all these groups serum glycoconjugates were estimated. As a result no difference in 

serum glycoconjugates levels between tobacco and non-tobacco controls were found, but 

very high levels in Oral Cancer, Leukoplakia and Oral Sub Mucous Fibrosis (OSMF) 

patients, when compared to control groups. Fucose levels were significant of all the 

glycoconjugates between OSMF and Leukoplakia. It is concluded that serum 

glycoconjugates whose levels were very high in OSMF, Leukoplakia and Oral Cancer, do 

have a significant diagnostic and prognostic value in these diseases.
 77
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SOURCE OF THE DATA: 

 This study was carried out in the Department of Oral Medicine and Radiology. 

Sree Mookambika Institute of Dental Sciences, Kulasekharam, KanyaKumari district and 

The International Cancer Centre, Neyyoor, KanyaKumari District. 

 

METHODS OF SELECTION OF DATA: 

I. SAMPLE SIZE 

1. Total number of subjects: 90 

2. Total number of oral cancer patients: 60 

3. Total number of  healthy volunteers: 30 

 

II. SELECTION OF CASES 

 

    Inclusion criteria:  

 Patients (both male & female) of age between 25-75 years with 

histologically proven oral cancer but before onset of any form of 

treatment. 

 

Exclusion criteria:  

Other Cancers 

Liver disease 
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Tuberculosis 

Diabetes 

Cardiovascular diseases 

Any other chronic systemic diseases 

 

III. SELECTION OF CONTROLS 

 

  Inclusion criteria:  

 Healthy volunteers (both male & female) of age between 25 – 75 

years without any history of debilitating systemic illness. 

 

Exclusion criteria:  

 Healthy controls were further excluded on the basis of tobacco 

consumption and alcoholism 

 

PROCEDURE: 

1. Complete study is explained to the Patients and healthy individuals and 

written Consent is taken in a prefilled form. 

2. Case history is recorded  

3. TNM (Tumor Node Metastasis) staging is done in all oral cancer patients. 

4. Biopsy is taken in all suspected cancer patients for histopathological 

confirmation and grading. 
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SAMPLE COLLECTION, STORAGE AND HANDLING: 

 

1. The subject is seated comfortably with the arm supported. Aseptic measures are 

used and tourniquet is applied 2 inches above the elbow of the upper arm. The site 

of the puncture is cleaned using sterile gauze dipped in 100% alcohol. Using a 

3ml syringe with the needle size of 0.55×25mm. 3ml of blood is drawn from the 

anticubital vein. 

2. The blood is allowed to clot and the serum separated by centrifugation and stored 

at 4°C 

3. Standard L-Fucose is procured from Megazyme Chemical Company, Ireland.  

4. Serum L-Fucose level is estimated by using Clinical chemistry Auto-Analyzer 

based on Winzler method 

 

 

MATERIALS REQUIRED: 

1. L-Fucose Assay kit (Megazyme Chemical Company, Ireland) 

2. Clinical chemistry Auto-Analyzer (gesan Chem 200) 

3. Micro-pipettes. 

4. Bench Top Centrifuge  
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PRINCIPLE: 

L-Fucose is oxidized by the enzyme L-fucose dehydrogenase in the 

presence of nicotinamide-adenine dinucleotide phosphate (NADP+) to L-fucono-1,5 

lactone with the formation of reduced nicotinamide-adenine dinucleotide phosphate 

(NADPH).  

                                 (L-fucose dehydrogenase) 

 L-Fucose + NADP
+
                                              L-fucono-1, 5 lactone + NADPH + H

+
 

 

The amount of NADPH formed in this reaction is stoichiometric with the amount of L-

fucose. It is the NADPH which is measured by the increase in absorbance at 340 nm. 

 

PREPARATION OF REAGENT SOLUTIONS (SUPPLIED): 

 

Bottle 1: Buffer (44 mL; pH 9.5) plus sodium azide (0.02% w/v) as a preservative. 

Bottle 2: NADP+. Freeze dried powder. 

Bottle 3: L-Fucose dehydrogenase suspension (2.2 mL). 

Bottle 4: L-Fucose (5 mL, 0.5 mg/mL). 

 

 



                                                                               Materials and Methods 
 

 47 
 

 Contents of bottle 1 are used as supplied. 

 Contents of bottle 2 are dissolved in 11 mL of distilled water. To 

avoid repetitive freeze / thaw cycles, divided into appropriately 

sized aliquots and stored in polypropylene tubes. 

 Contents of bottle 3 are used as supplied.  

 Contents of bottle 4 are used as supplied. 

 

AUTO-ANALYSER ASSAY PROCEDURE: 

 

This kit is suitable for the preparation of 280.5 mL of reagent (equivalent 

to 1020 reactions of 0.275 mL). Reagent preparation is performed as follows:  

 

Preparation of R1: 

 

 

COMPONENT 

 

VOLUME 

 

Distilled water  

Solution 1 (buffer) 

Solution 2 (NADP+) 

 

40 mL 

8.8 mL 

2.2 mL (after adding 11 mL of H2O to bottle 2) 

 

Total volume 

 

51 mL 
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Preparation of R2: 

 

 

COMPONENT 

 

VOLUME 

 

Distilled water 

Suspension 3 (l-FDH) 

 

4.66 mL 

0.44 mL 

 

Total volume 

 

5.1 mL 

 

 

R1:                                  0.250ml 

Sample:                          0.01ml 

R2:                                 0.025ml 

Reaction time:              10 min at 37°C  

Wavelength:                  340 nm 

Calculation:                   endpoint 

Reaction direction:       Increase 

Linearity:                       0.01-1 g/L of L-fucose using 0.01 mL sample volume 
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FIGURE 1:    CLINICAL PICTURE OF ORAL SQUAMOUS CELL  

                       CARCINOMA 

 

FIGURE : 2    PHOTOMICROGRAPH    SHOWING   MODERATELY            

                        DIFFERENTIATED ORAL SQUAMOUS CELL CARCINOMA 
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FIGURE 3:    BENCH TOP CENTRIFUGE 

 

FIGURE 4:   SERUM SAMPLES 
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FIGURE 5:    L-FUCOSE ASSAY KIT 

 

FIGURE 6:    MICROPIPETTES 
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FIGURE 7     CLINICAL CHEMISTRY AUTO-ANALYZER  
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The present study was undertaken to estimate the serum L-Fucose levels 

among various TNM stages of Oral Cancer. It was carried out on a study group 

comprising of 30 healthy individuals as controls in comparison with 60 OSCC patients in 

various stages. A comparison of the overall serum L- Fucose levels between the OSCC 

patients and healthy controls showed the mean value of serum L-Fucose levels of OSCC 

patients to be 10.85mgdl, whereas the healthy controls had mean serum L-Fucose level 

3.47mg/dl, thereby showing a wide range of difference of 7.38mg/dl. Among the 60 

OSCC, 2 belong to stage I with a mean serum L-Fucose level of 8.13mg/dl. The serum L-

Fucose level progressively increased with its level being 9.18 mg/dl in stage II, 

10.53mg/dl in stage III and 11.59 mg/dl in stage IV. Stage IV showed the highest level 

with a minimum value of 10.55mg/dl and maximum value of 12.54 mg/dl among the 

subjects. An attempt to correlate the serum L-Fucose levels with histopathological 

grading, between genders and ages yielded no significant results thereby inferring that 

serum L-Fucose levels are directly indicative of the degree of tissue destruction. 

To compare the mean values between two groups (between genders) 

independent samples t-test was used. To compare the mean values between three or more 

groups (stages of cancer) one way ANOVA was used. 

SPSS version 17.0 Software(s) was used for statistical analysis 

(If P-Value < 0.05 then statistically significant) 
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TABLE 1   

Serum level of L-Fucose in Oral Cancer 

Fucose Level 

Group 

Cancer Control Total 

N 60 30 90 

Mean 10.85 3.47 8.39 

Std. Dev 1.01 0.35 3.60 

Minimum 8.01 2.89 2.89 

Maximum 12.54 4.00 12.54 

 

INFERENCE:  Mean value of cancer group (10.85mg/dl) and control group 

(3.47mg/dl) shows a wide range of difference (7.38mg/dl) 

GRAPH 1 
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TABLE 2   

TNM staging in Oral Cancer patients 

TNM Stage N % 

Stage-I 2 3.3 

Stage-II 6 10.0 

Stage-III 22 36.7 

Stage-IV 30 50.0 

Total 60 100.0 

 

INFERENCE: The above table mentions the number of Cancer patients in each TNM 

Stage. Maximum number of patients belongs to TNM stage - IV 

GRAPH 2 
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TABLE 3 

Histopathological Grading In Oral Cancer Patients 

Histopathological Grading N % 

Poorly differentiated 2 3.3 

Moderately differentiated 27 45.0 

Well differentiated 31 51.7 

Total 60 100.0 

 

INFERENCE: The above table mentions the number of Cancer patients in each 

Histopathological grading. Maximum numbers of patient have well differentiated 

histological type of Oral Squamous Cell Carcinoma. 

GRAPH 3 
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TABLE 4:     

a )     Serum level of L-Fucose in various Stages of Oral Cancer. 

 

One way ANOVA was used to compare the mean Fucose level between stages of Cancer. 

  

Stages N Mean Std. Dev Minimum Maximum F-Value P-Value  

Stage-I 2 8.1350 0.17678 8.01 8.26 

98.774 <0.001 

Stage-II 6 9.1850 0.34524 8.97 9.87 

Stage-III 22 10.5309 0.34355 10.02 11.43 

Stage-IV 30 11.5930 0.46893 10.55 12.54 

Total 60 10.8475 1.00557 8.01 12.54 

 

INFERENCE: Comparison of all the 4 TNM stages in Cancer group shows a 

significant P-value (P < 0.001﴿ 
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GRAPH 4 

 

 

 

b )  ANOVA Table 

Sum of Squares df Mean Square F-Value P-Value  

Between Groups 50.177 3 16.726 98.774 <0.001 

Within Groups 9.483 56 .169   

Total 59.660 59    
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C )   Tukey HSD Post Hoc Tests for multiple comparisons 

 

TNM Stage Mean Difference P-Value 

Stage-I 

Stage-II -1.050 0.015 

Stage-III -2.400 <0.001 

Stage-IV -3.458 <0.001 

Stage-II 

Stage-III -1.346 <0.001 

Stage-IV -2.408 <0.001 

Stage-III Stage-IV -1.062 <0.001 

 

INFERENCE: Comparison of one stage with another in Cancer group shows a 

significant P-value (P < 0.05). 
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TABLE 5 

Serum level of L-Fucose between Oral Cancer and Healthy Individuals. 

Independent samples T-Test to compare the Mean Fucose level between control and 

Cancer groups  

 Group N Mean Std. Deviation t-Value P-Value 

Fucose Level 

Cancer 60 10.8475 1.00557 

38.885 <0.001 

Control 30 3.4750 .35267 

 

INFERENCE: Comparison of cancer group and the control group shows a 

significant P-value (P < 0.001) 
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TABLE 6:   

a) Serum Level of L-Fucose Between Histopathological Gradings 

One Way ANOVA to compare the Mean Fucose Level between Histopathological 

Gradings. 

 

Histo pathological Grading N Mean Std. Dev Minimum Maximum 

Poorly differentiated 2 12.0350 .10607 11.96 12.11 

Moderately differentiated 27 10.9070 1.17426 8.01 12.54 

Well differentiated 31 10.7190 .82401 8.26 11.93 

Total 60 10.8475 1.00557 8.01 12.54 

 

 b)   ANOVA Table 

 

Sum of Squares df Mean Square F-Value P-Value 

Between Groups 3.428 2 1.714 1.737 0.185 

Within Groups 56.232 57 .987   

Total 59.660 59    
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TABLE 7:   

Serum level of L-Fucose between Male and Female Oral Cancer 

Patients 

 

a) Independent samples T-Test to compare the Mean Fucose level 

between genders  

 Gender N Mean Std. Deviation t-Value P-Value 

Fucose Level 

Male 67 8.9842 3.32520 

2.578 0.014 

Female 23 6.6591 3.86137 

 

INFERENCE: Comparison of the L-Fucose level between genders shows a 

significant P value (0.014) 

 

b) Independent samples T-Test to compare the Mean Fucose level 

between genders among cancer and control group separately  

Group Variable Gender N Mean 
Std. 

Deviation 
t-Value P-Value 

Cancer 
Fucose 

Level 

Male 50 10.8312 1.06331 

0.279 0.782 

Female 10 10.9290 0.68139 

Control 
Fucose 

Level 

Male 17 3.5518 0.36174 

1.385 0.177 

Female 13 3.3746 0.32687 
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INFERENCE: Comparison of the L-Fucose level between genders among cancer and 

control group separately shows an insignificant P-value (>0.05) 

GRAPH 7 
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TABLE 8:     

Serum level of L-Fucose in Oral Cancer Patients of varying ages 

a) Correlations between age and Fucose levels 

 Fucose Level 

Age (yrs) 

Pearson Correlation 0.465 

P-Value  <0.001 

N 90 

 

INFFERENCE: Comparison of the L-Fucose level in oral cancer patients of varying ages 

shows significant P-Value (<0.001) 

GRAPH 8 
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b) Correlations between age and Fucose levels among Cancer and 

control groups separately  

Group  Fucose Level 

Cancer Age (yrs) 

Pearson Correlation 0.069 

P-Value 0.598 

N 60 

Control Age (yrs) 

Pearson Correlation -0.266 

P-Value 0.155 

N 30 

 

INFFERENCE: Comparison between age and Fucose levels among Cancer and 

control groups separately shows insignificant P-value (>0.05) 
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TABLE 9:    

Site distribution of Oral Cancer 

Site of Cancer N % 

Buccal Mucosa 17 28.3 

Hard Palate 6 10.0 

Alveolus 9 15.0 

Tongue 28 46.7 

Total 60 100.0 

 

INFERENCE: The above table mentions the site distribution of Oral Cancer, with the 

maximum of 28 patients in tongue and minimum of 6 in hard palate. 

 

GRAPH 9 
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Group of neoplasms affecting any region of the oral cavity is termed as 

Oral cancer, among which oral squamous cell carcinoma represents more than 90% of all 

the neoplasm. Early diagnosis is important for the successful treatment of oral cancer.
 78

 

Recently the knowledge about Cancer biomarkers has increased and numerous studies 

have been carried out regarding these. This has paved the way for improving the 

management of cancer patients by enhancing the accuracy of detection and efficacy of 

treatment. Understanding the relevance of biomarkers before using them is very 

important for diagnosis, treatment and proper follow-up.
 79

  

 

In our study serum L-Fucose was estimated in Oral Cancer patients (Oral 

Squamous Cell Carcinoma) of various TNM stages and compared with the control group. 

The aim of our study was to analyze the potential of L-fucose as a biomarker in detecting 

oral cancer. 

 

This study was conducted in the Department of Oral Medicine and 

Radiology. Sree Mookambika Institute of Dental Sciences, Kulasekharam, KanyaKumari 

district and The International Cancer Centre, Neyyoor, KanyaKumari District. The total 

sample size was 90. This included 2 groups; a study group with 60 Oral Cancer patients 

and a control group with 30 healthy volunteers. Samples were selected based on our 

preformatted inclusion and exclusion criteria. 

 

The 90 subjects included 67 males and 23 females. Comparison of the L-

Fucose level between genders among Cancer and control group separately showed an 
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insignificant P-value (>0.05). This suggests that serum level of L-fucose cannot be 

correlated with gender. Among the 60 Oral Cancer patients, 50 were males and only 10 

were females. Even in literatures similar results are seen probably due to the higher 

prevalence of tobacco usage in males when compared with females from our society who 

less commonly indulged in tobacco smoking.
 80

 

 

Age ranging from 25 to 75years were included in our study in both cancer 

and control groups. As a result, Comparison between age and Fucose levels among 

Cancer and control groups separately shows insignificant P-value (> 0.05). This indicates 

that age doesn’t have any role to play in the serum level of L-Fucose in both Cancer and 

control groups. Similar to our study, Raj Kumar N. Parwani, Simran R. Parwani in 2011 

did a study to ascertain the role of serum Fucose as a biomarker and to correlate with 

other studies for its effective clinical application in detecting Oral Squamous Cell 

Carcinoma. Their results revealed that Serum fucose levels were independent of age and 

sex. However, there was a significant increase in mean serum fucose level of Oral 

Squamous Cell Carcinoma patients compared with healthy controls.
 75

 Generally, Oral 

Squamous Cell Carcinoma (OSCC) often affects subjects above the sixth decade of life.
 

81
 In our study also, out of the 60 cancer patients 21 were in 6

th
 decade of life.  

 

Oral Squamous Cell Carcinoma affects the tongue in 20% - 40% of the 

cases and the floor of the mouth in 15% - 20% of the cases, and together these sites 

account for about 50% of all cases of oral SCC. The buccal mucosa, labial mucosa, 

gingivae, palate and retromolar area are less frequently affected oral sites. The most 
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commonly affected sites are the ventral surface of the tongue and the floor of the mouth 

and this may be because of the thin non-keratinized epithelium lining these areas. 

Carcinogens readily penetrate this thin epithelium and reach the progenitor cell 

compartment, and also, the carcinogenic agents present in tobacco and other associated 

products constantly accumulate in the floor of the mouth and bathe the tissues of the floor 

of the mouth and the ventral surface of the tongue with their noxious contents.
 37

 In Asian 

population, Oral Cancer commonly affects the buccal mucosa due to betel quid/tobacco 

chewing habits.
 15

 But in our study out of 60 cancer patients 28 presented with carcinoma 

of the tongue, which is quite unusual in our population. This may be due to smaller size 

of the sample. 

 

According to Broders' classification, Oral Squamous cell carcinoma is 

histopathological graded as well differentiated, moderately differentiated, poorly 

differentiated and anaplastic. Among these grades, well differentiated type is common, 

followed by moderately differentiated. Poorly differentiated and anaplastic are rare.
 81

 In 

our study, out of 60 cancer patients, 31 were well differentiated, 27 – moderately 

differentiated, 2 poorly differentiated and anaplastic – nil. The Comparison between 

histopathological grades and Fucose levels among cancer groups shows insignificant P-

value. Similarly, Rathan Shetty K.S, Satheesh Kumar Bhandary, Arunava Kali in 2013 

did a study to determine the significance of serum L-fucose levels in head and neck 

malignancies. Comparison of glycoprotein L-fucose between the cases and control 

groups showed more than a two-fold rise in serum fucose levels in cases as compared to 
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those in controls. However, there was no relationship between serum fucose levels and 

Histopathological tumour differentiation.
 76

  

 

Tumor markers are produced either by the tumor itself, as a tumor 

byproduct, by the body in response to the presence of cancer or certain benign 

(noncancerous) conditions. These can aid in the diagnosis of Cancer and in the 

assessment of tumor burden.
 53

 One of them is L-fucose, which is a surface tumor marker. 

It is one of the essential sugars that the body requires for normal cell-to-cell 

communication. Physiologically, it is present in low concentrations in serum but is 

increased in cancer and other diseases. It has been documented that tumor cells modulate 

their cell surface by modifying and increasing fucosylation levels. This causes cells to 

escape recognition, which contributes to several abnormal characteristics of tumor cells, 

such as decreased adhesion and uncontrolled tumor growth. This mechanism is not 

specific for any particular group of malignancy but it includes Oral Carcinoma.
 75

  

 

Several studies have suggested that monitoring serum fucose levels could 

be a promising approach for the early detection, diagnosis and prognosis of various 

cancer types, including Oral Carcinoma. Clinically susceptible lesion can be analyzed 

with biomarker along with routine tests.
 75

 Thus, the present study was undertaken to 

estimate the serum level of L-Fucose (tumor marker) among various TNM (Tumor Node 

Metastasis) stages in oral cancer patients and compare them with healthy individuals. 
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In our study, the Mean Serum value of L-Fucose in cancer group 

(10.85mg/dl) and control group (3.47mg/dl) shows a wide range of difference 

(7.38mg/dl). Our results were in agreement with a study conducted by A K. Subhash 

Chandra Bose, Prerna Vyas Gokhale, Sunil Dwivedi, and Manika Singh who conducted a 

study on the Quantitative evaluation and correlation of serum glycoconjugates. Along 

with fucose, they evaluated the Protein bound hexoses and sialic acid levels in 

leukoplakia, oral sub mucous fibrosis and oral cancer.  They concluded that serum 

glycoconjugates whose levels were very high in OSMF, Leukoplakia and Oral Cancer, do 

have a significant diagnostic and prognostic value in these diseases and this strengthens 

the diagnostic and prognostic value of our study.
77

 

 

All the 60 patients in the cancer group were categorized according to 

TNM Staging. As a result, the largest group consisting of 30 patient were in stage IV, 

followed by 22 patients in stage III, 6 patients in stage II and only 2 was in stage I. 

Regardless of the easy access of the oral cavity for clinical examination, OSCC is usually 

diagnosed in advanced stages. The most common reasons are initial wrong diagnosis and 

ignorance of the patient or by the attending physician.
 78 

 

Comparison of all the 4 TNM stages in cancer group showed increase in 

fucose levels as the stages progressed. As a result, Statistical analysis by using One way 

ANOVA revealed a significant P-value (P < 0.001﴿ . Similarly, Wilma Delphine silvia 

C.R., D.M. Vasudevan and K. sudhakar Prabhu in 2001 conducted a study on thirty 
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untreated oral cancer patients and thirty healthy control subjects. They assessed the levels 

of glycoprotein-associated carbohydrates such as hexose; hexosamine, fucose and sialic 

acid. They found significant rise in the level in cases when compared to control subjects. 

Also there was a progressive rise in these markers as the stages of oral cancer advances.
 73

 

 

Unfortunately, Rise in serum fucose level is not specific for cancers, as 

elevated serum fucose levels have also been reported in various pathological states such 

as cirrhosis liver, meningitis, rickets, osteomalacia, tuberculosis, cardiovascular 

Disorders as well as in depressive disorders. Also, it has been observed that the serum 

fucose level is raised in different groups of malignancies such as breast cancer, ovarian 

cancer, colorectal adenocarcinomas, and leukemia as well as brain tumors. Thus, it 

becomes important to exclude other degenerative and proliferative diseases while 

evaluating serum fucose levels in oral cancer. The size of the lesion and secondary 

inflammation could alter these levels furthermore. 
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In cancer patients elevated levels have been observed more so in advanced 

stages and in cases with metastasis than in subjects without metastasis. Serum fucose is 

considered one of the better biochemical markers in oral squamous cell carcinoma. Some 

studies have concluded that it is the most effective of the essential sugars when it comes 

to slowing the growth of cancer cells. Decrease in serum fucose levels after treatment has 

been reported in many studies, although it is emphasized that the follow-up period has to 

be long enough for significant serological alteration.
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Literature is replete with studies on fucose levels in various malignancies 

such as Breast Cancer, Brain Tumor, Endometrium Malignancy, Prostate Cancer and 

including a few on Oral Cancer. Based on the analysis of the results of our study we can 

conclude that there was a positive correlation between the serum L-Fucose levels and 

TNM stages of Oral Squamous Cell Carcinoma. Serum L-Fucose levels remained 

constant among healthy individuals and was raised proportionately in Oral Cancer 

patients, commensurate with the stage of Cancer. 

  

In conjunction with clinic-diagnostic procedures, serum L-Fucose levels 

can be used as an easy, non-invasive, cost effective, biochemical indicator of Cancer 

detection, staging, therapeutic success, prognosis and as a post treatment evaluation tool. 

Further investigation on a large scale would in all probability prove serum L-Fucose as an 

effective tumor marker in the diagnosis and management of Oral Cancer. 
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Despite advances in diagnostic techniques and improvement in treatment 

modalities, the prognosis of Oral Squamous Cell Carcinoma (OSCC) remains poor, 

mainly owing to the high rate of local and regional recurrence and to the development of 

new malignant changes within the original field of pre-cancerisation. If the health care 

professional does not have a high index of suspicion, additional weeks or months may 

elapse before a biopsy is performed. Although there has been considerable progress in the 

understanding of the genetic and molecular events underlying the progression of 

precancerous lesions to invasive carcinomas, this has yet to be translated into novel 

therapeutic strategies. 

Glycoproteins play an important role in the cellular phenomena and 

alterations that occur during cancerous transformations. Although many tumor markers 

have been studied in Oral Cancer none of them have been shown to be specific. 

Significant increase in one or more of the glycoprotein constituents of serum has shown 

to be associated with neoplastic changes.  

The carbohydrate of the glycoprotein is composed of relatively small 

number of different monosaccharides. One of them is L-fucose, which is usually a 

terminal sugar. It is one of the essential sugars that the body requires for optimum 

function of cell-to-cell communication. Apart from fucose being a prospective tumor 

marker, it is found to be a powerful immune modulator as it is distributed in 

macrophages, which are important for immune function. Physiologically, it is present in 

low concentrations in serum but is increased in cancer and other diseases. It has been 

documented that tumor cells modulate their surface by increasing fucosylation levels to 

escape recognition, which contributes to several abnormal characteristics of tumor cells, 



                                                                                          Summary 
 

 58 
 

such as decreased adhesion and uncontrolled tumor growth. This mechanism is not 

specific for any anatomical group of malignancy and includes oral carcinoma.  

Several studies have suggested that monitoring serum/tissue fucose levels 

could be a promising approach for the early detection, diagnosis and prognosis of various 

cancer types, including oral carcinoma. Clinically susceptible lesion can be analyzed with 

biomarker along with routine tests. Thus, the present study was undertaken with the aim 

of estimating the serum level of L-Fucose in 60 Oral Cancer patients of various TNM 

stages and compared with 30 healthy individuals. The results showed progressive rise in 

the level of L-Fucose with advancement of cancer and in comparison with the controls. 

The increased levels of fucose have been attributed to tissue destruction and tissue 

proliferation. In conjunction with clinical diagnostic procedures, it holds promise as an 

effective biochemical indicator. 
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1. Name of the Principal Investigator:  

 

P. Redwin Dhas Manchil 

Post Graduate student  

Department of Oral Medicine and Radiology, 

Sree Mookambika Institute of Dental Sciences,  

Kulasekharam, KanyaKumari District-629161 

 

2. Name of the Guide:  

Dr. Hema G. MDS. 

Reader 

Department of oral medicine and Radiology. 

Sree Mookambika Institute of Dental Sciences. 

Kulasekharam, KanyaKumari District-629161  

 

 

 

Dear Volunteers, 

We welcome you and thank you for your keen interest in participation in this research 

project. Before you participate in this study, it is important for you to understand why this research 

is being carried out. This form will provide you all the relevant details of this research. It will 

explain the nature, the purpose, the benefits, the risks, the discomforts, the precautions and the 

information about how this project will be carried out. It is important that you read and understand 

the contents of the form carefully. This form may contain certain scientific terms and hence, if you 

have any doubts or if you want more information, you are free to ask the study personnel or the 



3. Name of the Co-Guide:    

Dr. J. Eugenia Sherubin MDS. 

Reader 

Department of oral medicine and Radiology. 

Sree Mookambika Institute of Dental Sciences. 

Kulasekharam, KanyaKumari District-629161    

4. Institute:   

Sree Mookambika Institute of Dental 

Sciences, 

V.P.M Hospital complex, Padanilam, 

Kulasekharam, 

Kanyakumari – 629161 

Tamilnadu 

5. Title of the study:      “Estimation of serum Levo–Fucose (Tumor marker) level 

among patients with oral cancer of various TNM ( Tumor Node Metastasis )  stages.” 

 

6. Background information: 

Physiologically, Levo-Fucose  is present in low concentrations in serum 

but is increased in cancer and other diseases. Several studies have suggested that 

monitoring serum L-Fucose levels could be a promising approach for the early 

detection, diagnosis and prognosis of various cancer types, including oral cancer. 

Clinically suspected lesions can be analyzed with such biomarker along with 

routine tests. 

 

7. Aims and Objectives:  

 To estimate the serum level of Levo-Fucose (tumor marker) among various TNM ( 

Tumor Node Metastasis ) stages in oral cancer patients. 

 To estimate the serum level of Levo-Fucose in healthy individuals. 

 To compare the serum level of Levo-Fucose among oral cancer patients and 

healthy individuals. 

 

 

 



8. Scientific justification of the study: 

It is always difficult to diagnose the onset of oral cancer in an initial 

stage. At times we fail in identifying the stage in which cancer is 

progressing. Therefore many diagnostic tools were taken into 

consideration and it is found that the difference in serum level of Levo-

Fucose (tumor marker) gives an idea about the early onset of cancer. And 

the increased level suggests the progression of the oral cancer in various 

TNM (Tumor Node Metastasis)  stages. 

 

9. Procedure for the study: 

 Once you are enrolled into the study a roll no will be implemented to represent the 

name. 

 A detailed history will be taken from you in an annexure designed for that. 

 Inspection and palpation will be done in a desired site. 

 Photographs will be taken and recorded. 

 Radiographic investigations will be done 

 Routine blood examination will be done by venipuncture from which few ml will be 

used for our study. 

 Blood will be left to clot and then centrifuged and serum will be separated and stored 

at 4°C. 

 Serum level of L-Fucose will be estimated 

 Biopsy will be taken and specimen will be sent to the lab for histopathalogical 

confirmation. 

 After confirmation you will be sent for further treatment and management. 

 

10. Expected risks for the participants: 

 A slight pain during the needle prick. 

 Multiple punctures. 

 The previous study conducted did not report any complication or risk other than the slight 

pain and even that can be overcome by topical application of local anesthesia. 

 

11. Expected benefits of research for the participants: 

 You will not be required to pay for this lab test. 



 You can enquire about the outcome of the procedures and your details. 

 You will get a better treatment at the end of the procedure. 

 

12. Maintenance of confidentiality: 

a. You have the right to confidentiality regarding the privacy of your medical information 

(Personal details, results of physical examinations, investigations, and your medical 

history). 

b. By signing this document, you will be allowing the research team investigators, other 

study Personnel, sponsors, institutional ethics committee and any person or agency 

required by law to view your data, if required.  

c. The results of clinical tests and therapy performed as part of this research may be 

included in your medical record.  

d. The information from this study, if published in scientific journals or presented at 

scientific meetings, will not reveal your identity. 

 

13. Why have I been chosen to be in this study? 

a. Chosen because of groping under the inclusion and exclusion criteria  

b. Need of good sampling size 

c. No invasive procedure that harm your health and helps in diagnosis and helpful 

for the society 

 

14. How many people will be in the study? 90 individuals 

 

15. Agreement of compensation to the participants (In case of a study 

related injury):   

Patient will be taken care in case of complication and medical treatment will be 

provided in the institution. 

 

16. Anticipated prorated payment, if any, to the participant(s) of the 

study:  Not applicable 

 

 



17. Can I withdraw from the study at any time during the study 

period? 

 The participation in this research is purely voluntary and you have the right to withdraw 

from this study at any time during the course of the study without giving any reasons.  

 However, it is advisable that you talk to the research team prior to stopping information. 

18. If there is any new findings/information, would I be informed? Yes 

19. Expected duration of the participant’s participation in the study: 

1 month 

 

20. Any other pertinent information:  No other information 

 

21. Whom do I contact for further information? 

 

 

 

 

 

 

 

 

 

Place:            

Date:      Signature of Principal Investigator 

     

 

Signature of the participant 

For any study related queries, you are free to contact : 

 

P. Redwin Dhas Manchil 

Post Graduate student. 

Department of Oral Medicine and Radiology, 

Sree Mookambika Institute of Dental Sciences, 

Kulasekharam, KanyaKumari District-629161. 

Mobile No: 09962450608 

redwinmanchil@gmail.com 



Consent 

form 

    CONSENT FORM 

  PART 2 OF 2 

                 PARTICIPANTS CONSENT FORM 

The details of the study have been explained to me in writing and the details 

have been fully explained to me. I am aware that the results of the study may not be 

directly beneficial to me but will help in the advancement or medical sciences. I 

confirm that I have understood the study and had the opportunity to ask questions. I 

understand that my participation in the study is voluntary and that I am free to 

withdraw at any time, without giving any reason, without the medical care that will 

normally be provided by the hospital being affected. I agree not to restrict the use of 

any data or results that arise from this study provided such a use is only for scientific 

purpose(s). I have been given an information sheet giving details of the study. I fully 

consent to participate in the study titled 

“Estimation of serum Levo–Fucose (Tumor marker) level among patients with oral 

cancer of various TNM (Tumor Node Metastasis) stages.” 

Serial no / Reference no:          

Name of the participant:     Address of the participant: 

Contact number of the participant: 

Signature / thumb impression of the participant / Legal 

guardian 

Witnesses:       

1. 

2. 

Date: 

Place: 



 



 

 



 

 

  



 



k½X]{Xw þ 1
]T\hpambn klIcn¡p¶ hyànIfpsS Adhntebv¡v

{]nbs¸« k¶² tkhI³/tkhI,

R§Ä \n§sf kzmKXw sN¿p¶p.  AtXmsSm¸w Cu ]T\hpambn

klIcn¡m\pÅ k¶²XtbmSv \μn tcJs¸Sp¯p¶p.  \n§Ä Cu

]T\ n̄Â ]s¦Sp¡p¶Xn\v ap³]v Cu ]T\w F ń\mWv \S¯s¸Sp¶Xv

F¶v Adntb-Xp-v.  AXn\mÂ Cu t^md¯nÂ KthjW]T\¯nsâ

hnhc§fpw aäpw hniZambn tcJs¸Sp n̄bncn¡p¶p.  Cu ]T\ n̄sâ coXn,

Dt±iw, {]tbmP\w, A]ISkm²yX, t¢iw, ap³IcpXÂ, F§s\ Cu ]T\w

ap³t]m«p sIm-pt]mIp¶p F¶n§s\ FÃm hnhc§fpw t^md n̄Â

tcJs¸Sp n̄bncn¡p¶p.  kZbw Cu hnhc§Ä hmbn̈ p a\Ênem¡phm³

A ỳÀ°n¡p¶p.  Cu hnhc§fnÂ imkv{X]camb ]Z§Ä DÅXn\mÂ

kwib\nhmcW¯n\p {][m\ ]T\IÀ¯mhnt\mtSm Xmsg

tcJs¸Sp¯nbncn¡p¶ hyànItfmtSm t^mdw H¸nSp¶Xn\p ap³t]m

AsÃ¦nÂ Cu ]T\ n̄sâ Imemh[n Xocp¶hsctbm kao]n¡mhp¶XmWv.



1. {][m\ ]T\IÀ¯mhv/KthjI³

tUm. sdUvhn³ Zmkv a³knÂ ]n.

_ncpZ\m´c _ncpZ hnZymÀ°n

Uņ mÀ«vsaâv Hm v̂ HmdÂ saUnkn³ Bâv tdUntbmfPn,

{io aqImw_nI C³Ìnäyq«v Hm^v sUâÂ kb³kkv,

hn.]n. Fw. tlmkv]näÂ tImw¹Ivkv, ]S\new

IpetiJcw, I\ymIpamcn þ 629 161

2. {][m\ amÀ¤ZÀin

tUm. tla.Pn

doUÀ

Uņ mÀ«vsaâv Hm̂ v HmdÂ saUnkn³ Bâv tdUntbmfPn,

{io aqImw_nI C³Ìnäyq«v Hm v̂ sUâÂ kb³kkv,

hn.]n. Fw. tlmkv]näÂ tImw¹Ivkv, ]S\new

IpetiJcw, I\ymIpamcn þ 629 161

3. klamÀ¤ZÀin

tUm. sP.bqPo\m sjdp_n³

Uņ mÀ«vsaâv Hm̂ v HmdÂ saUnkn³ Bâv tdUntbmfPn,

{io aqImw_nI C³Ìnäyq«v Hm v̂ sUâÂ kb³kkv,

hn.]n. Fw. tlmkv]näÂ tImw¹Ivkv, ]S\new

IpetiJcw, I\ymIpamcn þ 629 161

4. ]T\tI{μw

{io.aqImw_nI C³Ìnäyq«v Hm^v

sUâÂ kb³kv, hn.]n.Fw.

tlmkv]näÂ tImw¹Ivkv, ]S\new,

IpetiJcw, I\ymIpamcn 629 161
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5. ]T\¯nsâ ioÀjIw

 hmbnÂ AÀ_pZw _m[n¨ tcmKnIfnÂ Sn.F³.Fw.

tÌP\pkcn¨v cà¯nÂ FÂ^yqt¡mknsâ (SyqaÀ

amÀ¡À) Afhv \nÀ®bw

6. ]Ým¯e hnhcw: km[mcWbmbn sNdnb tXmXnÂ cà n̄Â

ImWs¸Sp¶ FÂþ̂ yqt¡mkv, ]s£ AÀ_pZ tcmKnIfnÂ  DbÀ¶ tXmXnÂ

ImWs¸Sp\\p.  AXn\mÂ FÂ-þ ^yqt¡mknsâ hyXnbm\§Ä

{]mcw`L«¯nse tcmK\nÀ®b¯n\pw, XpSÀNnInÕbv¡pw

klmbIcamIpsa¶v ]e ]T\§fnepw sXfnbn¡s¸«n«p-v.  AÀ_pZw

_m[n¨ tcmKnIfnÂ C¯cw _tbmamÀ¡dpIfpsS klmbt¯msS

AÀ_pZw t\cs¯ I-p]nSn¡m³ km[n¡p¶XmWv.

7. e£y§fpw Dt±i§fpw: 1) hnhn[ Sn.F³.Fw. tÌPpIfnepÅ

AÀ_pZ tcmKnIfpsS cà¯nÂ FÂþ^yqt¡mknsâ Afhv

\nÀ®bn¡pI

2) AÀ_pZ tcmKnIfnÂ cà¯nÂ FÂþ^yqt¡mknsâ

Afhv \nÀ®bn¡pI

3) BtcmKyapÅ hyànIfpsS cà¯nÂ FÂþ^yqt¡mknsâ

Afhv \nÀ®bn¡pI

4) lntÌm]t¯mfPn¡Â Xe¯nÂ hnhn[ hn`mK§fmbn Xcw

Xncn¡s¸« AÀ_pZ tcmKnIfpsS cà¯nÂ FÂþ^yqt¡mkv  Afhv

\nÀ®bw

5) cà¯nepÅ FÂ ^yqt¡mknsâ Afhv hnhn[

{]mb¯nepÅhcnÂ \nÀ®bn¡pI
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6) BtcmKyapÅ hyànIfpsSbpw, AÀ_pZw _m[n¨

tcmKnIfpsSbpw cà¯nepÅ FÂþ^yqt¡mknsâ Afhv

XmcXayas¸Sp¯pI

7) AÀ_pZw _m[n¨ kv{XoIfpsSbpw, ]pcpj³amcpsSbpw

cà¯nepÅ FÂþ^yqt¡mknsâ Afhv XmcXays¸Sp¯pI.

8. KthjWw \S¯phm\pÅ \ymboIcWw:  AÀ_pZ tcmK\nÀ®bhpw,

AXnsâ hym]vXn I-p]n¡p¶Xpw {]mcw`L« n̄Â {]bmkapÅXmIp¶p.

AXn\mbn cà n̄epÅ ]eXcw SyqaÀ amÀ¡dpIfpsS Afhv klmbIamWv.

CXnÂ Xs¶ FÂþ ŷqt¡mknsâ Afhpw, hyXnbm\§fpw tcmK n̄sâ

hnhn[ L«§fpsS hym]vXntbbpw kqNņ n¡p¶p.

9. ]T\coXn:

1) ]T\¯nsâ `mKambn hyàn¡v Hcp \¼À \ÂIp¶XmWv.

2) \n§fpsS apgph³ hnhc§fpaS§nb tIkv lnÌdn

tcJs¸Sp¯p¶XmWv.

3) Bhiysa¦nÂ ]cntim[\ \S¯s¸Sp¯p¶XmWv

4) Bhiym\pkcWambn Nn{X§Ä FSp¡mhp¶XmWv.

5) FIvkvtd ]cntim[\ \S¯p¶p.

6) FÂþ^yqt¡mknsâ Afhv \nÀ®b¯n\mbn cà

kmw]nfpIÄ FSp¡p¶p.

7) tcmKhym]vXn \nÀ®bn¡p¶Xn\mbn IeItem, {Zhtam

\o¡n ]cntim[\bv¡v FSp¡p¶XmWv.

8) ]cntim[\IÄs¡mSphnÂ \n§sf XpSÀNnInÕbv¡mbn

Ab¡p¶XmWv.
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10) {]Xo£n¡p¶ A]ISkm²yXIÄ

 1) cà kmw]nÄ FSp¡pt¼mgpÅ sNdnb thZ\

 2) icnbmb AfhnÂ càw In«nbnsÃ¦nÂ am{Xw ho-pw

kmw]nÄ FSpt¡-n hcp¶p.

11) {]Xo£n¡mhp¶ {]tbmP\§Ä

1) em_v sSÌpIÄ¡v \n§Ä XpI \ÂtI-XnÃ

2) \n§Ä¡v Cu KthjW n̄sâ hnhc§Ä Xnc¡mhp¶XmWv.

3) \n§fpsS NnInÕ IqSpXÂ sa¨s¸Sp¯m³ Cu ]T\w

klmbn¡p¶p.

12) hyànhnhc§fpsS kzImcyX:

1) tcmKhnhc§fpw aäv hyànhnhc§fpw kzImcyambn

kq£n¡s¸Sp¶Xmbncn¡pw

2) Cu t^md¯nÂ H¸nSp¶Xv hgn \nbaw A\pimkn¡p¶

coXnbnÂ ]T\¯nÂ DÄs¸Sp¶ hyànIÄ¡v \n§fpsS

hnhc§Ä  ]cntim[n¡mhp¶XmWv.

3) Cu ]T\¯nsâ hnhc§Ä imkv{Xm\p]m[nIfmb

{]kn²oIcW§fntem, IqSn BtemN\Ifntem

shfns¸Sp¯t¼mÄ \n§fpsS kzImcyX

kq£n¡s¸Sp¶XmWv

13) F´psIm-v \n§Ä XncsªSp¡s¸«p?

1) ]T\¯n\v \Ã iXam\w BfpIÄ BhiyamWv.
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2) ]e Iq«n¡pd¨nepIÄs¡mSphnÂ \n§Ä DÄs¸Sp¶

hn`mKs¯ XncsªSp¯p

3) \n§fpsS klIcWw aqew kaql¯n\v klmbhpw

\·bpw D -mIp¶p.

14) F{X BfpIÄ Cu ]T\¯nÂ DÄs¸Sp¶p?

90

15) \jvS]cnlmc DS¼Sn? (]T\hpambn _Ôs¸«v Fs´¦nepw

  ]cn¡p -mbmÂ)

]T\hnt[bambn GsX¦nepw Xc n̄Â tcmKw k¦oÀ®ambmÂ

tcmKnsb Cu Øm]\ n̄Â hnZKv²  NnInÕ¡p hnt[b\m¡p¶XmWv.

16) GsX¦nepw hn[¯nÂ thX\w e`n¡ptam?

CÃ

17) Ft¸mÄ thWsa¦nepw F\n¡v Cu ]T\¯nÂ \n¶v ]n³amdmtam?

ImcWw hyàam¡msX Ft¸mÄ thWsa¦nepw \n§Ä¡v

Cu ]T\¯nÂ \n¶pw ]n·mdmhp¶XmWv.  F¦nepw AXn\v ap³]mbn

KthjIcpambn kwkmcn¡p¶Xv \ÃXmWv.

18) ]T\hpambn _Ôs¸« Fs´¦nepw ]pXnb hnhc§Ä Ds-¦nÂ

Fs¶ Adnbn¡p¶XmtWm?

AsX
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19) {]Xo£n¡p¶ ]T\Imemh[n ?

Hcp hÀjw

20) asäs´¦nepw hnhcw ?

CÃ

21) hnhc§Ä¡v _Ôs¸tS-Xv Bsc?

tUm. sdUvhn³ Zmkv a³knÂ.]n

_ncpZm\´c _ncpZ hnZymÀ°n/\n

Uņ mÀ«vsaâv Hm v̂ HmdÂ saUnkn³ Bâv tdUntbmfPn,

{io aqImw_nI C³Ìnäyq«v Hm^v sUâÂ kb³kkv,

hn.]n. Fw. tlmkv]näÂ tImw¹Ivkv, ]S\new

IpetiJcw, I\ymIpamcn þ 629 161

tUm. tUm. sdUvhn³ Zmkv a³knÂ.]n þ 09962450608

C.sabnÂ,sF.Un.: redwinmanchil@gmail.com

Øew: {][m\ KthjIsâ H¸v

XobXn k¶² tkhI³/ tkhI
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k½X]{Xw þ 2

 ]T\¯nepÅ Fsâ ]¦mfn¯w kz´w  XmÂ]cy{]Imcw

am{XamsW¶pw, Ft¸mÄ thWsa¦nepw tNmZy§Ä _Ôs¸«htcmSv

tNmZn¡msa¶pw, Cu ]T\¯nÂ \n¶pw ImcWw tcJs¸Sp¯msX

Ft¸mÄ thWsa¦nepw F\n¡v ]n³hm§msa¶pw Rm³ a\Ênem¡p¶p.

Cu ]T\mhkm\w shfs¸Sp¶ AdnhpIfpw, tcJIfpw, imkv{X]camb

Dt±i§Ä¡p D]tbmKn¡m³ Rm³ k½Xn¡p¶p.  ]Tt\mt±iw

hnhcn¡p¶ hniZmwi§Ä \ÂInbn«p-v.  “hmbnÂ AÀ_pZw _m[n¨

tcmKnIfnÂ Sn.F³.Fw. tÌP\pkcn¨v cà¯nÂ FÂ^yqt¡mknsâ

(SyqaÀ amÀ¡À) Afhv \nÀ®bw” F¶ Cu ]T\hpambn klIcn¡m³

Fsâ ]cn]qÀ® k½Xw Adnbn¡p¶p.

tUm.sdUvhn³ Zmkv a³knÂ.]n

t]cv (k¶² tkhI³/tkhI) k¶² tkhIsâtbm/

_Ôs¸Sm\pÅ \¼À tkhIbpsStbm hnemkw

km£nIÄ H¸v/hncÂ ASbmfw

(kz´w/\nba]cmb

1. kwc£I³)

2.

XobXn:

Øew:



CASE RECORD                  

                                                                               S.no: 

               Date: 

I. DEMOGRAPHIC DATA: 

a. Name 

b. Age 

c. Sex 

d. Address 

e. Occupation 

 

II. CHIEF COMPLAINT: 

 

III. HISTORY OF PRESENTING ILLNESS: 

 

IV. HISTORY OF PAST ILLNESS: 

a. Medical 

b. Dental 

c. Family 

 

V. PERSONAL HISTORY: 

 

VI. CLINICAL EXAMINATION: 

 

 

VII. GENERAL EXAMINATION: 

 

VIII. VITAL SIGNS: 

a. Pulse 

b. Temperature 

c. Blood pressure 

d. Respiratory rate 

 

IX. LYMPH NODE EXAMINATION: 

 

 



 

X. LOCAL EXAMINATION: 

a. Extra oral examination 

i. Inspection 

ii. Palpation 

 

XI. INTRAORAL EXAMINATION: 

a. Soft tissue examination 

i. Inspection 

ii. palpation 

b. Hard tissue examination 

i. Inspection 

ii. Palpation 

 

XII. PROVISIONAL DIAGNOSIS: 

 

XIII. INVESTIGATIONS: 

a. Hematological 

b. Biopsy 

c. Serum L-Fucose Estimation  

 

XIV. CONFIRMATORY DIAGNOSIS WITH TNM STAGING: 

 



CONTROL GROUP 

 

CONTROLS AGE SEX 

FUCOSE 
LEVEL in 

mg/dl 

    1 28 MALE 3.31 

2 29 MALE 3.84 

3 29 MALE 3.67 

4 27 MALE 3.52 

5 30 MALE 3.41 

6 42 FEMALE 3 

7 44 MALE 3.96 

8 35 FEMALE 3.82 

9 47 MALE 3.94 

10 50 FEMALE 3.51 

11 55 MALE 3.02 

12 60 FEMALE 3.09 

13 63 MALE 3.17 

14 70 FEMALE 3.59 

15 61 MALE 2.89 

16 32 MALE 4 

17 30 FEMALE 2.99 

18 41 MALE 4 

19 48 FEMALE 3.06 

20 37 MALE 3.09 

21 39 FEMALE 3.81 

22 30 MALE 3.41 

23 41 MALE 3.8 

24 44 MALE 3.62 

25 46 MALE 3.73 

26 38 FEMALE 3.64 

27 43 FEMALE 3.77 

28 51 FEMALE 3.33 

29 44 FEMALE 3.05 

30 34 FEMALE 3.21 

 



PATIENTS 
AGE  
(years) SEX SITE 

TNM 
STAGE 

HISTOPATHALOGICAL  
GRADING 

FUCOSE 
LEVEL in 

mg/dl 

1 44 MALE 
BUCCAL 

MUCOSA 1 WELL DIFFERENTIATED 8.26 

2 65 MALE 
BUCCAL 

MUCOSA 1 
MODERATELY 

DIFFERENTIATED 8.01 

3 40 MALE 
BUCCAL 

MUCOSA 2 WELL DIFFERENTIATED 8.99 

4 67 MALE 
HARD 

PALATE 2 
MODERATELY 

DIFFERENTIATED 9.05 

5 42 MALE 
BUCCAL 

MUCOSA 2 
MODERATELY 

DIFFERENTIATED 9.2 

6 48 MALE ALVEOLUS 2 
MODERATELY 

DIFFERENTIATED 9.03 

7 55 MALE 
HARD 

PALATE 2 
MODERATELY 

DIFFERENTIATED 8.97 

8 72 MALE 
BUCCAL 

MUCOSA 2 WELL DIFFERENTIATED 9.87 

9 50 MALE 
BUCCAL 

MUCOSA 3 WELL DIFFERENTIATED 10.02 

10 60 MALE TONGUE 3 
MODERATELY 

DIFFERENTIATED 10.54 

11 56 MALE TONGUE 3 WELL DIFFERENTIATED 10.77 

12 60 MALE ALVEOLUS 3 WELL DIFFERENTIATED 10.88 

13 55 MALE TONGUE 3 
MODERATELY 

DIFFERENTIATED 10.27 

14 34 MALE TONGUE 3 WELL DIFFERENTIATED 10.48 

15 61 MALE ALVEOLUS 3 WELL DIFFERENTIATED 10.89 

16 49 MALE TONGUE 3 
MODERATELY 

DIFFERENTIATED 10.66 

17 60 MALE TONGUE 3 WELL DIFFERENTIATED 10.88 

18 74 MALE TONGUE 3 
MODERATELY 

DIFFERENTIATED 11.43 

19 72 MALE TONGUE 3 WELL DIFFERENTIATED 10.85 

20 55 MALE 
BUCCAL 

MUCOSA 3 WELL DIFFERENTIATED 10.34 

21 70 MALE 
BUCCAL 

MUCOSA 3 WELL DIFFERENTIATED 10.25 

22 65 FEMALE 
BUCCAL 

MUCOSA 3 WELL DIFFERENTIATED 10.25 

 
23 

 
42 

 
MALE 

 
ALVEOLUS 

 
3 

 
WELL DIFFERENTIATED 

 
10.25 

24 41 FEMALE ALVEOLUS 3 
MODERATELY 

DIFFERENTIATED 10.72 

       

CANCER GROUP 



25 39 FEMALE ALVEOLUS 3 WELL DIFFERENTIATED 10.23 

 
26 

 
40 

 
MALE 

 
BUCCAL 

MUCOSA 
 

3 

 
MODERATELY 

DIFFERENTIATED 
 

10.12 

27 54 MALE 
BUCCAL 

MUCOSA 3 WELL DIFFERENTIATED 10.29 

28 60 FEMALE 
HARD 

PALATE 3 WELL DIFFERENTIATED 10.84 

29 28 FEMALE TONGUE 3 WELL DIFFERENTIATED 10.29 

30 62 FEMALE 
HARD 

PALATE 3 WELL DIFFERENTIATED 10.43 

31 47 MALE TONGUE 4 WELL DIFFERENTIATED 11.34 

32 62 MALE TONGUE 4 WELL DIFFERENTIATED 11.89 

33 67 MALE ALVEOLUS 4 
MODERATELY 

DIFFERENTIATED 11.42 

34 50 MALE TONGUE 4 WELL DIFFERENTIATED 11.9 

35 65 MALE TONGUE 4 
MODERATELY 

DIFFERENTIATED 11.25 

36 55 MALE 
BUCCAL 

MUCOSA 4 
MODERATELY 

DIFFERENTIATED 11.99 

37 76 MALE TONGUE 4 WELL DIFFERENTIATED 11.13 

38 55 MALE TONGUE 4 WELL DIFFERENTIATED 11.87 

39 65 MALE 
BUCCAL 

MUCOSA 4 
MODERATELY 

DIFFERENTIATED 11.23 

40 57 MALE TONGUE 4 WELL DIFFERENTIATED 11.45 

41 55 MALE TONGUE 4 
MODERATELY 

DIFFERENTIATED 11.98 

42 65 MALE TONGUE 4 
MODERATELY 

DIFFERENTIATED 12.54 

43 62 MALE TONGUE 4 
POORLY 

DIFFERENTIATED 12.11 

44 40 MALE TONGUE 4 
MODERATELY 

DIFFERENTIATED 12.09 

 
45 

 
57 

 
MALE 

 
BUCCAL 

MUCOSA 
 

4 

 
POORLY 

DIFFERENTIATED 
 

11.96 

 
46 

 
61 

 
FEMALE 

 
BUCCAL 

MUCOSA 
 

4 

 
MODERATELY 

DIFFERENTIATED 
 

11.29 

47 48 MALE TONGUE 4 
MODERATELY 

DIFFERENTIATED 11.11 

48 35 MALE 
HARD 

PALATE 4 WELL DIFFERENTIATED 11.93 

49 55 FEMALE TONGUE 4 
MODERATELY 

DIFFERENTIATED 12.11 

       



 

50 61 MALE HARD 
PALATE 

4 MODERATELY 
DIFFERENTIATED 

11.14 

51 35 MALE TONGUE 4 
MODERATELY 

DIFFERENTIATED 12.29 

52 61 MALE TONGUE 4 
MODERATELY 

DIFFERENTIATED 11.55 

 
53 

 
60 

 
FEMALE 

 
BUCCAL 

MUCOSA 
 

4 

 
MODERATELY 

DIFFERENTIATED 
 

11.26 

54 49 FEMALE TONGUE 4 WELL DIFFERENTIATED 11.87 

55 70 MALE TONGUE 4 WELL DIFFERENTIATED 11.09 

56 68 MALE ALVEOLUS 4 
MODERATELY 

DIFFERENTIATED 11.26 

57 45 MALE 
BUCCAL 

MUCOSA 4 
MODERATELY 

DIFFERENTIATED 11.98 

58 62 MALE ALVEOLUS 4 WELL DIFFERENTIATED 10.55 

59 39 MALE TONGUE 4 WELL DIFFERENTIATED 11.21 

60 55 MALE TONGUE 4 WELL DIFFERENTIATED 11 


