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Abstract- The objective of this study is to identify association of 

GSTM1 and GSTT1 null gene polymorphisms with risk of 

cancer in defined populations in South India with histologically 

confirmed pre-malignant laryngeal lesions. Different parameters 

were taken into consideration and a demographic risk profile was 

defined as reported from a hospital-based cancer registry in 

Hyderabad, Andhra Pradesh, India. 23 histologically confirmed 

pre-malignant laryngeal cancer tissue and blood samples were 

collected and analyzed for GSTM1 and GSTT1 null 

polymorphisms by PCR method. GSTT1 null polymorphism was 

found to be more associated with the risk of malignancy than 

GSTM1 null polymorphism in the study population. 

 

Index Terms- GSTM1, GSTT1, pre-malignant laryngeal lesions, 

South India. 

 

I. INTRODUCTION 

ancer is an uncontrolled proliferation of cells that can in 

principle arise from every tissue. Cancer currently accounts 

for one-fifth of the total mortality in high-income countries and is 

the second leading cause of death after cardiovascular diseases. 

Majority of neoplasms (90%) are head and neck squamous cell 

carcinomas (HNSCC) that develop in the squamous layer of the 

mucosal lining, in upper aerodigestive tract, corresponding to 

25% of cancer of larynx.
1 

       Laryngeal cancer is the second most common respiratory 

cancer after lung cancer. Larynx cancer is the seventeenth most 

common cancer in men in the UK, but is uncommon in women. 

In the larynx, epithelial changes are frequently noted
26

. It is one 

of the worst recurrence rates for any malignancy, is known to be 

influenced by several environmental factors. Its incidence is 

increasing over time in much of the world and this increase is 

generally accepted to be related to changes in tobacco and 

alcohol consumption. It is a relatively common cancer in men, 

but rarer in women. Most laryngeal cancers are squamous cell 

carcinomas, reflecting their origin from the squamous cells 

which form the majority of the laryngeal epithelium. 

       Familial clusterings of laryngeal cancer have been reported 

but no systematic evaluation of the clinical feature of the disease 

or an in-depth analysis of familial forms of the disease has been 

made. Studies revealed a distinct clinical pattern of disease in 

familial cases of laryngeal cancer, which may provide a valuable 

basis for the identification of genetic determinants of this 

malignancy. 
2 

       The incidence of laryngeal cancer in males around the world 

is at its highest in Spain accounting to 18.0 %, followed by USA 

(17.3 %), Australia (9.8 %), India (9.7 %) with China (0.8 %) 

and Gambia, Western Africa (0.2 %) recording the least 

cases.The incidence in India is highest in Nagpur, Maharashtra 

recording to 7.6 % of the laryngeal cancer cases, followed by 

Pune (6.7 %), Delhi (6.5 %) and Kolkata (5.7 %) with the least in 

Kerala accounting to 3.3 %. The incidence rate in Andhra 

Pradesh is 3.73 %.  (CANCER ATLAS INDIA.org, A Project 

of the National Cancer Registry Programme, (Indian Council 

of Medical Research) Supported by the World Health 

Organization). According to the Department of Biostatistics and 

Cancer Registry in Kidwai Memorial Institute of Oncology, 

Bangalore, Karnataka, 4.6 % males,  0.4 % females and a total of 

2.3 % represent tobacco related laryngeal cancer in India. 

       A pre-malignant lesion is a lesion that, while not cancerous, 

has strong potential for becoming cancerous. It is an apparently 

benign, morphologically altered tissue which has a greater than 

normal risk of containing a microscopic focus of cancer at biopsy 

or of transforming into a malignancy after diagnosis. 

Precancerous condition can be defined as a disease or patient 

habit which does not necessarily alter the clinical appearance of 

local tissue but is known to have a greater than normal risk of 

pre-cancer or cancer development
3
. 

       Precancerous laryngeal lesions are pathologic conditions of 

the epithelium, which can undergo malignant degeneration in a 

higher rate than other epithelial lesions
4
. The diagnosis and 

management of premalignant lesions of the larynx has not 

progressed much in the last decade. 

       A wide spectrum of lesions ranging from dysplasia to in situ 

carcinoma has to be considered when dealing with laryngeal 

precancerous conditions. Early vocal cord cancer has a very high 

cure rate when treated
5
.
 
Laryngeal premalignant lesions range 

from simple hyperplasia or keratosis to carcinoma in situ (CIS). 

According to WHO, it is characterized into hyperplasia, 

keratosis, mild, moderate or severe dysplasia, and CIS. No 

universally accepted histopathologic classification system. A 

male predominance is noted in premalignant laryngeal lesions. A 

positive correlation between age and degree of dysplasia shows 

that as the degree of dysplasia increases, there is an increase in 

malignancy risk.  

C  
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       Leukoplakia and erythroplakia are two clinical lesions 

widely considered to be premalignant
6
.
 
Leukoplakia, exophytic 

keratosis, and polypoid thickening are early signs which may 

arouse the suspicion of malignancy
4
. 

       Factors contributing to malignant transformation of 

laryngeal pre-neoplastic lesions remain largely unknown. 

Potential etiologic factors may be related to a genetically 

controlled sensitivity to environmental carcinogens.
7 

       Studies show it takes an average of 3.9 years between the 

first laryngeal biopsy and the diagnosis of invasive carcinoma. 

About 5-18% of epithelial dysplasias become malignant
8, 9, 10, 11

.  

       With the completion of the first draft of the human genome 

and the availability of cheaper and quicker technique genotyping 

technologies, there is a rapidly increasing interest in identifying 

genes and genetic polymorphisms that predispose people to 

increased risk of cancer.
12, 13 

       Polycyclic aromatic hydrocarbons (PAHs), present in 

tobacco smoke or metabolites of   alcohol, are precursors of 

chemicals that increase the risk of cancer. Most carcinogens are 

not biologically active when they enter the body. They need to be 

converted into biologically active forms before they can interact 

with host DNA to cause mutations. 

        Most PAHs first require activation by Phase I enzymes, such 

as cytochrome P4501A1   (CYP1A1), to become an ultimate 

carcinogen. These activated forms may be subjected to 

detoxification by Phase II enzymes, especially glutathione S-

transferases (GSTs).
14

  

       The glutathione S-transferases (GSTs) are a family of 

enzymes known to play an important role in the detoxification of 

several carcinogens found in tobacco smoke. GSTs are dimeric 

proteins that catalyze conjugation reactions between glutathione 

and tobacco smoke substrates, such as aromatic heterocyclic 

radicals and epoxides. Conjugation facilitates excretion and thus 

constitutes a detoxification step. In addition to their role in phase 

II detoxification, GSTs also modulate the induction of other 

enzymes and proteins important for cellular functions, such as 

DNA repair
15

. This class of enzymes is therefore important for 

maintaining cellular genomic integrity and, as a result, may play 

an important role in cancer susceptibility. In humans, based on 

their primary structures, GSTs are divided into seven 

families/classes:  (alpha), µ (mu),  (pi),  (theta),  (sigma),  

(omega), and  (zeta).
16,17,18

 Deletion of these genes results in a 

lack of enzyme activity and a reduction in the elimination of 

carcinogenic substances.
19

 Two loci in particular, GSTM1 and 

GSTT1, may be of relevance for susceptibility to squamous cell 

carcinoma of the head and neck (SCCHN).
20

 

       The role of the GST enzymes in detoxification mechanisms 

of the carcinogenic compounds has led to the hypothesis that if 

the individual’s genotype at GST locus encodes a deficient GST 

enzyme it may result in increased risk of cancer.
46

 GSTM1 and 

GSTT1 can both detoxify carcinogenic polycyclic aromatic 

hydrocarbons, such as benzo[a]pyrene
21

 and the absence of the 

GSTM1 and GSTT1 genes has been reported to increase the risk 

of several common cancers, particularly those caused by 

cigarettes smoking including cancers of the mouth, lung, bladder 

and breast
15,22

. Although GSTM and GSTT are considered as low 

penetrance genes they may still contribute significantly to the 

number of cancer cases in the general population because of their 

high prevalence
23

. 

       The GSTM1 gene located on chromosome 1p13.3
35,36

 codes 

for cytosolic GST μ class enzyme, is known to be highly 

polymorphic and has a deletion polymorphism that when 

homozygote (GSTM1 null) results in the complete absence of 

functional gene product 
35,37

. GSTT1 locus has been mapped on 

chromosome 22q11.2
22

. 

       Some studies showed that polymorphisms in CYP1A1 and 

GSTM1 may increase the risk of cancer.
24, 25 

By contrast, other 

studies showed no significant association between the null 

genotypes of these genes with the risk of cancer.
26-34 

The relationship between genetic polymorphism of the above 

genes and pre-malignant laryngeal lesions was not previously 

investigated in South India. Therefore, the aim of this study was 

to investigate the genetic polymorphisms in GSTM1 and GSTT1 

and its association with pre-malignant laryngeal cancer risk in a 

specific South Indian population. 

 

II. MATERIALS AND METHODS 

A. Sample collection  

       23 cases of clinically confirmed premalignant lesions of the 

larynx were taken for study. The patients had histologically 

confirmed pre-malignant laryngeal lesions, who reported during 

the period from 2010-2011 in one hospital-based cancer registry 

of Govt. ENT Hospital, Hyderabad, Andhra Pradesh, India.  

        The age range for patients with premalignant laryngeal 

lesions was 18 - 48 years and 7 - 43 in years in females and in 

controls, 25-50 years in males and 18-38 years in females (Table 

1).  

 

Table 1: Distribution based on age and gender in clinically 

confirmed cases with pre-malignant laryngeal lesions (n = 23) 

 

Age Group 
No. of males     

(n = 13) 

No. of 

females      

(n = 10) 


P value

 

0 – 10 years 2 3 

< 0.001* 

 

11 - 20 years 2 1 

21 – 30 years 6 4 

31 – 40 years 2 - 

41 – 50 years 1 2 


P value obtained by Chi-square test 

        

       Three retrospective tissue samples and 20 prospective blood 

samples were obtained from Pathology lab of the Govt. ENT 

Hospital, Hyderabad, AP, India. The tissue samples were of 2 

females (7 years and 21-30 years old) and 1 male (21-30 years 

old). Fresh blood samples from 23 healthy individuals, who had 

no risk factor habits, were used as controls.  

       Physical examination was carried out and information from 

patients on their age, occupation, nature of job, illness, lifestyle, 
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habits such as smoking, alcohol consumption and chewing 

tobacco (Table 2), exposure to chemicals or radiation, family 

history, surgical history, etc. were recorded using a standard 

questionnaire. Volunteers recruited for the study were informed 

about the study and their consent was taken. 

 

Table 2: Distribution of cases based on risk factor habits 

 

Parameters 

Patient 

group (n = 

23) 

Control  

(n = 23) 

P value 

Smoking 1 0 

< 0.001* 

 

Alcohol 0 0 

Chewing 

Habits 
2 0 

Smoking & 

Alcohol 
4 0 

Chewing & 

Alcohol 
1 0 

No habits 15 (65 %) 
23 (100 

%) 

P value obtained by Chi-square test 

 

B. DNA extraction 

       The 3 retrospective formalin-fixed, paraffin embedded tissue 

samples of 4 µ - 1 mm thickness was deparaffinized using 

xylene, followed by ethanol wash and tissue lysis using 

Proteinase-K. The resulting cell lysate was heated at 95C for 8 

minutes to inactivate the Proteinase-K. Standardised phenol-

chloroform method was used to extract DNA from the tissue 

samples.
39-43

 

       Similarly 5 millilitre blood samples were collected from 20 

patients clinically diagnosed with pre-malignant laryngeal lesions 

and from 23 healthy individuals. They were collected into EDTA 

tubes and stored at -20C until DNA extraction was performed 

using standard protocols. DNA was extracted from anti-

coagulated blood (EDTA) samples by Proteinase-K digestion and 

phenol-chloroform extraction. 

 

C. GSTM1 and GSTT1 polymorphism 

       The protocol for analysing null genotypes was considered 

from G. Tirumala Vani et al.,
45

 Regina Grazuleviciene et.al.,
46

 

Rozati et al.,
35

 M. Singh et al.
47

 and standardised in the working 

lab. 

    The primers used for analysing GSTM1 gene:  5'-

GAACTCCCTGAAAAGCTAAAGC-3' and   5'-

GTTGGGCTCAAATATACGGTGG-3'; GSTT1 gene: 5’-

TTCCTTACTGGTCCTCACATCTC-3' and 5'- 

TCACCGGATCATGGCCAGCA-3'; β-globin gene: 5'-

CAACTTCATCCACGTTCACC-3' and 5'-

GAAGAGCCAAGGACAGGTAC-3'. 

 

        Multiplex-PCR was performed in a 50 µl reaction mixture 

containing 5 µl of 10X PCR buffer (100 mM Tris-HCl, pH 9.0, 

500 mM KCl), 1.5 mM MgCl2, 200 µM dNTPs, 25 pM each of 

GSTM1 primers, GSTT1 primers and β-globin primers, 5 U Taq 

DNA Polymerase and 50 ng of genomic DNA. The mixture was 

made upto 50 µl by adding auto-claved double distilled water. 

PCR was carried out for 35 cycles in a DNA thermal cycler using 

a thermal profile of initial denaturation at 95C for 2 mins, 

denaturation at 95C for 40s, annealing at 62C for 40s and 

primer extension at 72C for 40s and final extension at 72C for 

8 mins. 

 

D. Analysis of PCR products 

       After PCR amplification, The PCR products were then 

separated on a 2% agarose gel at 150 V for 1.5 h and stained with 

1 µg ml
-1

 ethidium bromide at 25C for 10 min. The gel was 

carefully taken out after electrophoresis and placed in UV gel 

doc for analysis of the amplified products and gel documentation. 

Three bands of final PCR products were observed on the gel viz., 

GSTM1 gene-215 bp, GSTT1-480 bp and β-globin (internal 

control)-268 bp. The 215 bp band and 480 bp band were not 

observed in samples with GSTM1 and GSTT1 null genotypes 

respectively (Illustrative Fig.1). 

 

 
 

       Fig.1 PCR products from the co-amplification of GSTM1 

(215 bp), GSTT1 (480 bp) and the internal control, β-globin (268 

bp). Lane 9 did not have only 215 bp band, representing GSTM1 

null genotype. Lanes 2,5 did not have only 480 bp band, 

representing GSTT1 null genotype. Lanes 4,6,10 did not have 

215 and 480 bands representing both GSTM1/GSTT1 null 

genotypes. L= 1 Kb ladder. (Illustrative figure) 

 

E. Statistical analysis 

       The data were analyzed using SPSS version 19 (SPSS Inc., 

Chicago, IL, USA). Significance (P) values and Correlation 

values were determined by Pearson Chi-square test to assess the 

association of gender with age groups, habits and type of 

premalignancy. P value of <0.05 was considered to be 

statistically significant. Any P value more than 0.05 was 

considered non-significant in this particular study population. 

 

III. RESULTS 

       800 cases of head and neck squamous cell carcinoma was 

considered for an epidemiological study out of which, a total of 

23 cases of clinically confirmed pre-malignant laryngeal lesions 

were reported during the study period of 2010-2011 in one 

hospital-based cancer registry of Govt. ENT Hospital, 

Hyderabad, Andhra Pradesh. Total no. of males diagnosed with 
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pre-malignant lesions of the larynx was 13 and total no. of 

females was 10 (Table 1). Maximum patients were in the age 

group of 21-30 years. 15 out of 23 patients i.e., 65% of patients 

did not indulge in any kind of risk factor habits (Table 2). 4 of 23 

(17%) patients had a combined habit of smoking and alcohol 

consumption, which was the highest risk factor habit recorded in 

the study population. 

       Three different types of pre-malignant laryngeal lesions were 

observed in the study population viz., Recurrent multiple 

papilloma of larynx, Juvenile laryngeal papillomatosis and 

Laryngeal papillomatosis. 

       11 cases of recurrent multiple papilloma of larynx, 7 cases of 

laryngeal papillomatosis and 5 cases of juvenile laryngeal 

papillomatosis. 7 males and 4 females had recurrent multiple 

papilloma of larynx, 4 males and 3 females had laryngeal 

papillomatosis, 2 males and 3 females had juvenile laryngeal 

papillomatosis (Table 3 & 4). P value had a significant value of 

less than 0.001. 

 

Table 3: Distribution of cases based on gender and type of 

pre-malignant lesions (n = 23) 

 

Pre-malignant 

laryngeal 

lesions 

Total 

patients 

(23) n 

(%) 


Males 

(13) 

n (%) 

±
Females 

(10) 

n (%)
 


P 

value
 

Recurrent 

multiple 

papilloma of 

larynx 

11 

(47.8) 

7 

(53.8) 
4 (40) 

< 

0.001* 

 

Juvenile 

laryngeal 

papillomatosis 

5 

(21.7) 

2 

(15.3) 
3 (30) 

Laryngeal 

papillomatosis 

7 

(30.4) 

4 

(30.7) 
3 (30) 


P value obtained by Chi-square test. 


Percentage of all male 

cancer sites. 
±
Percentage of all female cancer sites. 

 

 

Table 4: Distribution based on type of premalignant laryngeal lesions, gender and age group (n = 23) 

 

Type of lesion 
0 – 10 years 11 – 20 years 21-30 years 31- 40 years 41-50 years 

Males Females Males Females Males Females Males Females Males Females 

Recurrent 

multiple 

papilloma of 

larynx 

- - 1 1 4 2 2 - - 1 

Juvenile laryngeal 

papillomatosis 
2 3 - - - - - - - - 

Laryngeal 

papillomatosis 
- - 1 - 2 2 - - 1 1 

 

       Table 5 represents the results of GSTM1 gene 

polymorphism. The frequency of GSTM1 null genotype was 

56.5% in study patients as against 39.1% in controls. Similarly, 

the frequency of GSTM1 wild type or non-null genotype in study 

patients was 43.4% as against 60.8% in controls.  

 

Table 5: Distribution of GSTM1 polymorphisms in controls 

and patient groups 

 

Group 
GSTM1 

Wild-type % Null-type % 

Controls (n = 23) 14 60.8 9 39.1 

Test samples (n = 23) 10 43.4 13 56.5 

 

       GSTT1 null genotype was 52.1% in study patients as against 

26% in controls. Similarly, GSTT1 wild-type genotype was 

47.8% in test samples as to 73.9% in controls [Table 6].  

 

Table 6: Distribution of GSTT1 polymorphisms in controls 

and patient groups 

 

Group 

GSTT1 

Wild-

type 
% 

Null-

type 
% 

Controls (n = 23) 17 73.9 6 26 

Test samples (n = 

23) 
11 47.8 12 52.1 

 

       A combination of smoking and alcohol habits, followed by 

chewing habits had a significant P value of <0.005 in the patient 

group. Whereas in controls, none of the risk factor habits were of 

any significant value [Table 2]. 
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Table 7: Statistical significances of GSTM1 and GSTT1 

polymorphisms 

 

Genes 
P 

values 
OR 

95% CI 

df 
Lower 

bound 

Upper 

bound 

GSTM1 0.197 4.667 0.702 31.036 1 

GSTT1 0.015 0.889 0.138 5.723 1 

 

       P values – calculated by Pearson chi-square test; OR – odds 

ratio; 95% CI – 95% confidence intervals; df – degrees of 

freedom 

 

       Statistical significances of GSTM1 and GSTT1 

polymorphisms have been described in Table 7. Odds ratio was 

4.667 for developing GSTM1 null polymorphism and 0.889 for 

GSTT1 null polymorphism. 95% CI values for GSTM1, lower 

bound - 0.702 and upper bound - 31.036. Relative risk for 

GSTM1 null polymorphism is 1.815 and 0.389 positive. Relative 

risk for GSTT1 null polymorphism is 0.944 and 1.063 for 

positive. 95% CI values for GSTT1, lower bound – 0.138 and 

upper bound- 5.723. Degrees of freedom was 1 in both cases. 

Asymptotic t-value for GSTM1 was 1.678 and 0.119 for GSTT1. 

 

IV. CONCLUSIONS 

       A pre-malignant lesion is a lesion that, while not cancerous, 

has strong potential for becoming cancerous. It is important to 

identify the right type of the pre-malignant lesion in order to 

have an insight into the stage of pre-malignancy and specific 

treatment plan. The study population reported 3 types of pre-

malignant conditions i.e., Recurrent multiple papilloma of 

larynx, Juvenile laryngeal papillomatosis and Laryngeal 

papillomatosis. 

       Papillomas are benign epithelial tumor growths similar to 

warts on the skin
47

. Malignant degeneration to squamous cell 

carcinoma can occur, but is very rare. It is a relatively 

uncommon disease in adults while approximately 70% of this 

disease showing juvenile onset (at 10 years of age or less).
48,49

 

Based on clinical parameters, the papillomas were divided into 

juvenile multiple papillomas, adult multiple papillomas and adult 

solitary papillomas
50

. Laryngeal papillomatosis, also known as 

recurrent respiratory papillomatosis or juvenile multiple 

papilloma of the larynx, is a rare disease characterized by the 

development of tumors in the larynx. These tumors can reoccur 

frequently, may require repetitive surgery, and may interfere with 

breathing. 

       Glutathione S-transferases are a family of dimeric enzymes 

that play an important role in the detoxification of several 

carcinogens found in tobacco smoke, significant role in cellular 

protection against toxic foreign chemicals and oxidative stress 

and other cellular functions, such as DNA repair.  

       Normal and malignant squamous cells of the larynx have 

been shown to express the GST-mu isoform in the highest 

concentration compared with the other GST enzymes.
20,51-54

 

Persons who do not have the ability to produce the GSTM1 

enzyme potentially accumulate more DNA adducts through their 

inefficiency at excreting activated carcinogens. 

       GSTT1 (GST-theta isoform) is expressed not only in the 

adult liver but also in human erythrocytes and, as a result, is 

believed to play a more global role than GSTM1 in detoxification 

of carcinogens in the body
55

. Unlike the GSTM1 enzyme, 

however, GSTT1 has detoxification and activation roles.
20,15,55 

The presence of GSTT1 enzyme within red blood cells may 

allow red cells to act as a detoxification sink among those who 

are able to synthesize the enzyme. Interestingly, if the capacity 

for removal of detoxification products from the circulation is 

exceeded among those with GSTT1 functionality, the risk of 

carcinogenesis may be increased compared with risk among 

those who have no function of the enzyme.
20 

Persons with 

homozygous deletions of the GSTM1 and GSTT1 locus have no 

enzymatic functional activity of the respective enzymes.
 

       Molecular epidemiological studies have shown varying 

evidence that individual susceptibility to cancer is mediated by 

both genetic (gene polymorphisms) and environmental factors 

(smoking, alcohol consumption and tobacco chewing). The 

inherited differences in the effectiveness of detoxification or 

activation of carcinogens play a crucial role in host susceptibility. 

However, polymorphism of GSTM1 and GSTT1 genes and their 

effects on cancer studied in many countries worldwide for the 

last thirty years have displayed varying results. 

       The polymorphisms of the GSTM1 and GSTT1 genes 

involved may result in differences in the enzymatic activity, 

possibly favoring mechansims that increase the susceptibility to 

cancer. Studies relating these polymorphisms of deletion with the 

occurrence of head and neck carcinoma diverge between 

themselves, some demonstrate the association of these neoplasias 

with null genotype of GSTM1 or GSTT1, while others do 

not.
38,46,56-65

 

       In our study, we did not find evidence for a strong 

interaction between risk factor habits, metabolizing enzyme 

polymorphisms, and the risk of malignancy. 65% of patients did 

not indulge in any type of risk factor habits and yet had a pre-

malignant condition. There was no clear pattern of increasing 

risk in the presence of risk factors habits for at-risk genotypes of 

GSTM1 and GSTT1. 

       Our study evidenced an increased frequency of the GSTT1 

and GSTM1 null genotype in patients with clinically confirmed 

pre-malignant laryngeal lesions, when compared to control group 

of individuals. The wild-type genotypes were in higher frequency 

in control cases for both gene groups. Our results conclude that 

since the null-genotypes were more in test samples than the wild-

type genotypes, it may be associated with an increase in risk for 

the development of malignancy. However, it cannot be 

confirmed as one of the reasons though. The statistical results 

show that GSTT1 null polymorphism are of significant value (P 

= 0.015) whereas, GSTM1 null polymorphisms are not (P < 

0.05). These data are confined to a specific and small population 

and hence cannot be used to reflect the same for general 

population. 

       The relationship between habitual risk factors and 

prevalence of premalignancy risk was not statistically significant 

with GST polymorphism in the study group. The distinct role of 

enzymes in different tissues and cancers yields different features 

of genotypes. Thus, there might be an instance of divergence 
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between the ethnic differences in allelic frequency of GSTM1 

and GSTT1 polymorphism and the differences in environmental 

and lifestyle risk factors. 

       Detecting malignancy at an earlier stage, upon finding any 

early symptoms i.e., pre-malignant stage is very important in 

diagnosing and treating a disorder. Delay by people in getting 

medical attention and treatment at the right time, reduces the 

possibility of identifying disorders in pre-malignant stage. It is 

necessary to carry out more studies on a larger population to 

access further probable patterns leading to malignancies. Genetic 

analysis and counselling of at-risk population can be provided 

thereby ensuring early diagnosis and management. 
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