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Abstract:

Background: Lung cancer is the second leading cause of cancer related death worldwide

as well as in Bangladesh. Platinum-based chemotherapy is considered as the first-line

treatment for lung cancer. But non-small cell lung cancer (NSCLC) is relatively

insensitive to chemotherapy compared to other type of lung cancer. Chemotherapy

resistance and platinum-induced toxicities are major obstacle for successful

chemotherapy in NSCLC patients. The goal of this study is to evaluate the role of genetic

polymorphism of GSTP1 (rs1695), XRCC1 (rs25487), XPC (rs2228001) and ERCC1

(rs11615) genes to the response and toxicities produced by platinum based chemotherapy

used in the treatment of non-small cell lung cancer.

Methods: Two hundred and eighty five patients with non-small cell lung cancer were

recruited from different public and private hospitals of Bangladesh who received

platinum based chemotherapy. Each volunteer signed an informed consent document

before entering the study. A measure of 3ml of venous blood was collected into a tube

with EDTA-Na2 and stored at -800C. After extraction of genomic DNA, Polymerase

Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) method was

used to analyze the genetic polymorphisms of GSTP1, XRCC1, XPC and ERCC1 genes.

Then amplified DNA fragments were digested with restriction enzymes and gel

electrophoresis was carried out to identify the targeted alleles. The assessment of

chemotherapy induced toxicities was done with the help of common terminology criteria

for adverse events (CTCAEv4.0).CT scan was performed for one hundred and fifty

patients before and after chemotherapy for the evaluation of response to treatment. The

American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) staging

system (sixth edition) and Response Evaluation Criteria In Solid Tumors (RECIST) were

used to evaluate the pathological response of primary tumor and axillary lymph nodes.

Results: In our study, Patients carrying AG and AG+GG genotypes of GSTP1

polymorphism showed a significantly good response to platinum based chemotherapy

than did those carrying AA genotype (p = 0.034 and  p = 0.037 respectively). AG

genotype and at least one variant A allele (AA + AG) of XRCC1 (rs25487) showed an

elevated response to chemotherapy than did those carrying the GG genotype ( p = 0.027,
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p = 0.002). No significant association was found in case of XPC and ERCC1

polymorphisms with response to chemotherapy in our study. In the case of toxicity

evaluation, patients carrying GG genotype of GSTP1 had higher risk for the development

of neutropenia (p = 0.043) compared to those with AA genotype. The patients carrying

AG genotype and at least one variant A (AA+AG) genotype of XRCC1 had an elevated

risk for the development of anemia, neutropenia, thrombocytopenia and gastrointestinal

toxicity  (p<0.05) compared to those with GG genotype. Patients carrying AC genotype

of XPC had significantly higher risk of neutropenia than did those carrying AA genotype

( p = 0.016). No significant relationship of ERCC1 polymorphism with any platinum

induced toxicity and response was found in our study (p > 0.05).The response to the

treatment as well as toxicity was not significantly associated with different demographic

and clinicophathological characteristics in our study.

Discussion:Our result indicates that GSTP1 polymorphism was strongly associated with

the response of chemotherapy due to the reduced detoxification ability of patients

carrying G allele. Furthermore, patients carrying GG genotype hadhigher risk for the

development of neutropenia compared to those with AA genotype. This might be due to

differential capacities of normal and malignant cells in dealing with drug cytotoxicity,

which could be further attributed to somatic changes incurred during tumorigenesis in

cancer cells. An elevated response was also found in case of XRCC1 due to increased

DNA damage and chemotherapy sensitivity by G allele. The patients carrying AG

genotype and at least one variant A genotype of XRCC1 had an elevated risk for the

development of different type of toxicities. This might be due to increased DNA damage,

reduced repairing capacity and chemotherapy sensitivity by G allele. Patients carrying

AC genotype of XPC were found to be associated with neutropenia compared to those

with  AA genotype. This might be due to the potentially influence of the acute

hematological toxicity in platinum based chemotherapy, owing to the decreased repair

capacity of DNA damaged by platinum based drug in myelocytes.

Conclusion:Although we have some limitations in this study and major one is that we

selected only GSTP1 XRCC1, XPC and ERCC1, which account for the phase II

metabolism, base excision repair and nuclear excision repair pathway, our findings, open

some windows in further wide range of researches in the field of personalized medicine.

Our study suggests that GSTP1, XRCC1 and XPC might affect the clinical outcome of
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patients with advanced NSCLC receiving platinum-based chemotherapy. This

observation could be used in personalized chemotherapy strategies to increase the

response rate and prolonged survival time. On the basis of these findings, it may be

possible to use these polymorphisms in the future as a biomarker to predict the outcomes

of personalized platinum chemotherapy.
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1. Introduction

1.1 Lung Cancer

Lung cancer is one of the most frequently occurring cancers in the world in terms of mortality

and incidence (Jemal et al., 2011). It is also the most common type of cancer in Bangladesh

(24.9% of incidence and 28.6% of mortality) (Ferlay et al., 2010). It comprises 13% of total new

cancer cases and 18% of all death caused by cancer (Ferlay et al., 2010). It is the most

commonly diagnosed cancer and leading cause of death in males (Jemal et al., 2011). Various

factors are responsible for lung cancer. Besides cigarette smoking, environmental tobacco

smoking, occupational exposure, racial, gender and ethnic differences are thought to be

responsible for the development of lung cancer (Weitberg, 2002). Carcinogenesis is influenced

by cigarette smoking as well as genetic predisposition. Tissue injury (e.g. from tobacco smoke,

reflected in the discolored smoking related lungs) initially occurs in the form of genetic and

epigenetic changes (e.g. mutations, loss of heterozygosity and promoter methylation) and global

transcriptomechanges (e.g. inflammation and apoptosis pathways). These changes can persist

longterm and eventually lead to aberrant pathway activation and cellular function (e.g.

dysregulated proliferation and apoptosis) to produce premalignant changes, including dysplasia

and clonal patches. Additional changes can result in angiogenesis, invasion and early-stage

cancer and advanced cancer and metastasis (Sato et al., 2007). Radical treatment depends

primarily on early detection, since patients with advanced and metastatic disease have 5 year

survival rate less than 5% (Hirsch et al., 2001).

In Bangladesh, the present scenario is that, the incidence of lung cancer is increasing in an

alarming rate. The number of lung cancer patients in Bangladesh was a staggering amount of

almost 196000 among those aged 30 years or more (Haque, 2011). The report of IARC (2010)

demonstrates that in 2008 new lung cancer cases in Bangladesh were 14951 and it is estimated to

rise to 43048 by the year 2030.
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1.1.1 Epidemiology

Worldwide, lung cancer is the most common cancer among men in terms of both incidence and

mortality, and among women has the third highest incidence, and is second after breast cancer in

mortality. In 2012, there were 1.82 million new cases globally and 1.56 million deaths due to

lung cancer, representing 19.4% of all deaths from cancer (WHO, 2014). The highest rates are in

North America, Europe and East Asia, with over a third of new cases in 2012 in China, rates in

Africa and South Asia are much lower (Jemal et al., 2004).

The population segment most likely to develop lung cancer is people aged over 50 who have a

history of smoking. In contrast to the mortality rate in men, which began declining more than 20

years ago, womens’ lung cancer mortality rates have been rising over the last decades, and are

just recently beginning to stabilize. For every 3–4 million cigarettes smoked, one lung cancer

death occurs. The influence of "Big Tobacco" plays a significant role in the smoking culture.

Young nonsmokers who see tobacco advertisements are more likely to take up smoking (NCI,

2010) The role of passive smoking is increasingly being recognized as a risk factor for lung

cancer, leading to policy interventions to decrease undesired exposure of nonsmokers to others'

tobacco smoke. Emissions from automobiles, factories and power plants also pose potential

risks. Lung cancer rates are currently lower in developing countries. With increased smoking in

developing countries, the rates are expected to increase in the next few years, notably in

China and India. Lung cancer is the second most common cancer in the UK (around 43,500

people were diagnosed with the disease in 2011), and it is the most common cause of cancer

death (around 35,400 people died in 2012).

1.1.2 Pathology of lung Cancer

Similar to many other cancers, lung cancer is initiated by activation of oncogenes or inactivation

of tumor suppressor genes. Oncogenes are believed to make people more susceptible to cancer.

Proto-oncogenes are believed to turn into oncogenes when exposed to particular carcinogens.

Mutations in the K-ras proto-oncogene are responsible for 10–30% of lung adenocarcinomas

(Herbst, 2008). The epidermal growth factor receptor (EGFR) regulates cell proliferation,

apoptosis, angiogenesis, and tumor invasion. Mutations and amplification of EGFR are common
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in non-small-cell lung cancer and provide the basis for treatment with EGFR-inhibitors.

Her2/neu is affected less frequently. Chromosomal damage can lead to loss of heterozygosity.

This can cause inactivation of tumor suppressor genes. Damage to chromosomes 3p, 5q, 13q, and

17p are particularly common in small-cell lung carcinoma. The p53 tumor suppressor gene,

located on chromosome 17p, is affected in 60-75% of cases. Other genes that are often mutated

or amplified are c-MET, NKX2-1, LKB1, PIK3CA, and BRAF (Aviel-Ronen et al., 2006).

1.1.3 Risk Factors of Lung cancer

The etiologies of lung cancer can be divided into modifiable and unmodifiable risk factors. The

unmodifiable risks include gender, African American race and genetic predisposition. The

modifiable factors include exposure to tobacco smoke, environmental tobacco smoke,

occupational lung carcinogens, air pollution, and diet (Brownson et al., 1997; Risch et al., 1993).

Some underlying lung diseases also increase the risk of lung cancer.

1.1.3.1 Unmodifiable Risk Factors

 Gender

The male predominance of lung cancer is a result of the substantial smoking habits of males

compared to female (Beckett, 1993). When differences in smoking initiation, duration, and

intensity are adjusted, male and female lung-cancer rates are more comparable (Beckett, 1993).

There is some evidence, however, that female smokers and nonsmokers may have a higher

susceptibility to lung cancer than males (McDuffie et al., 1987; Zang and Wynder, 1996).

Lifetime nonsmoking females have between two and seven times the risk of developing lung

cancer than male nonsmokers (Brownson et al., 1997; Risch et al., 1993). The increased

susceptibility is also apparent in smokers. Female smokers have a sharper increase in the risk of

lung cancer; with increasing cigarette consumption compared to male smokers (Osnan et al.,

1993; Risch et al., 1993). Zang and Wynder (1996) have proposed some possible explanations

for this increased susceptibility, including lower metabolism of tobacco constituents in females,

variations in the cytochrome P-450 enzymes, and possibly estrogen effects on tumor

development.
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 Race

Although cigarette smoking is usually the cause of lung cancer, the racial disparity in lung-

cancer incidence and mortality is not entirely related to differences in smoke exposure (Dela-

Cruz et al., 2011).The fraction of deaths attributable to smoking at ages above 50 is greater for

black males than for white males. Among men, current smoking status explains about 20 % of

the black excess relative risk in all-cause mortality at ages above 50 without adjustment for

socioeconomic characteristics (Ho and Elo, 2013).Therefore, factors other than smoke exposure

must influence the incidence and mortality of lung cancer in the African American population.

Genetic differences in lung-cancer susceptibility have been the focus of extensive study.

CYP1A1 is a gene that codes for some of the enzymes involved in the metabolism of polynuclear

aromatic hydrocarbons (PAHs) (Gelboin, 1980; Guengerich and Shima, 1991). PAHs are

carcinogens that are abundant in cigarette smoke, coke, coal gasification, and diesel exhaust

(Hecht, 2002).

 Genetic Predisposition

A genetic predisposition to lung cancer is suggested by the observation that between 10% and

15% of smokers develops lung cancer. Therefore, considerable investigative efforts have

explored genetic predisposing risk factors. Familial clustering of bronchogenic carcinoma

occurs. Shaw and colleagues retrospectively compared patients with lung cancer to age-matched

community controls, and found an odds ratio for lung cancer of 1.8 (95% CI: 1.3–2.5) for those

with at least one first-degree relative with lung cancer (Shaw et al., 1991). The increased risk

was directly proportional to the number of affected first-degree relatives. The risk associated

with spousal cancer was significant for small-cell carcinoma, a finding that may reflect shared

smoking habits. Finally, McDuffie found that 30% of patients with lung cancer had more than

two relatives with cancer compared to 23% of controls (McDuffie et al., 1991). A genetic

prevalence of lung cancer also applies to lifetime nonsmoking patients. After controlling for

confounding factors like second-hand smoke, several studies have concluded that the risk of lung

cancer in nonsmoking patients increases with the number of first-degree relatives with cancer

(Wu et al., 1996 ; Poole et al., 1999). The elevated risk varies from 30% and 70%, depending
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upon the number of relatives affected, the level of smoke exposure, and whether the first-degree

relative is a parent, sibling, or child (Schwartz et al., 1996).

1.1.3.2 Modifiable Risk Factors

 Smoking

Tobacco smoking is the major risk factor of lung cancer. It is responsible for 90% of lung cancer

(IARC, 2004). Moreover it accounts for 85% of lung cancer in males (Higgins et al., 1988). In

case of smoker males there is higher risk of developing lung cancer than smoker females. The

average smoker has a 10-fold increased risk of developing lung cancer compared with

nonsmokers (US PHS, 1980); the risk for heavy smokers is greater than or equal to 15–25 times

that of a nonsmoker for developing lung cancer (US PHS, 1980). The risk decreases with

increasing years of smoking cessation. The risk of lung cancer in pipe and cigar smokers is less

than in cigarette smokers, but greater than for nonsmokers. There is conflicting evidence in the

medical literature regarding the comparative lung-cancer risks of cigar and pipe smoking. Some

studies suggest that pipe smokers have a greater relative risk for lung cancer than cigar smokers

(IARC 2004). Others note that differences in inhalation may explain a higher relative risk in

cigar smokers . The increase of lung cancer risk in case of smoking cigar or pipe, low tar, light

cigarette is as much as regular cigarette smoking whereas smoking tendency is increased by

menthol cigarettes (Tindle et al., 2006; Gandhi et al., 2009).

 Passive smoking

When a person is not a smoker but inhales smoke from another person’s smoking then he is

called a passive smoker. According to several reports it is a cause of lung cancer in case of

nonsmokers (IARC, 2004; USDHHS, 2010). Nonsmokers who reside with a smoker have a 24%

more chance of developing lung cancer. More than 21,000 deaths occur worldwide because of

passive smoking and in USA approximately 3400 people die each year (NCI, 2010) due to

passive smoking.
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 Occupational Exposure

Although cigarette smoking causes the majority of bronchogenic carcinomas, occupational

exposures account for between 3% and 17% of lung cancers (Nemery, 1990; Unia et al., 1994).

Table 1.1 lists the current occupational human carcinogens as categorized by the International

Agency for Research on Cancer (IARC), as well as examples of occupations at high risk for

carcinogen exposure. In general, the mechanisms by which these agents cause lung cancer are

not established, but are partly caused by their effects on the DNA or by promoting the growth of

initiated cells.

Table 1.1: Occupational Human Lung Carcinogens

Evidence Agent IARC High-risk occupations
Relative

risk

Sufficient Arsenic
1980(192),

1987(a) 139

Cooper smelting, manufacturing

arsenical pesticides, veterinary

medications, electronic devices,

semiconductor devices

3.69*

Asbestos
1977(193),

1987(a) 139

Maintenance and construction workers,

brake repair and maintenance,

shipbuilding and repair, mining of

fibrous materials

2.0*

BCME, CCME,
1987(a) 139,

1993 (92)

Production of chemicals in textiles,

paints and home insulation

5.0-11.0

(89,90)

Cadmium 1993 (92)

Electroplating, welding, smelting,

refining, laser cutting  diamond cutting,

enameling, electrodes in batteries, and

alloys

1.49*

Chromium VI 1980 (192), Chromate and chromate pigment 2.78*
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1990 (122) production, welding, chrome plating

Coke production

and coal

gasification

1984 (113)

Coal gasification workers, industrial

work involving the destructive

distillation of coal

N/A

Nickel sulfides &

nickel oxides
1990 (122)

Production of stainless steel, nonferrous

alloys, electro- plating and manufacture

of batteries, nickel miners, leaching,

sintering, calcining, roasting
1.56*

Evidence Agent IARC High-risk occupations
Relative

risk

Radon progeny 1988 (189)

Underground mining for Uranium and

other metals, and in processing ores and

radioactive materials

1.5-15

(125,126)

Soot
1985 (190),

1987(a) (139)
Chimney-sweeps N/A

Mustard gas 1975 (191)

Used in WWI and manufactured up to

WWII for warfare production; no longer

manufactured

N/A

Vinyl chloride 1979 (127)
Production of polyvinyl chloride, vinyl

chloride production and polymerization
N/A

Limited Acrylonitrile

1979 (127),

1987(a)

(139)

Acrylic fibers in textile and home

furnishing manufacturing, pipes and

fittings

N/A

Diesel exhaust 1989 (145)
Railroad workers, truck drivers,

mechanics
1.31*

Crystalline silica 1987(b) (146)

Masonry, stone work, concrete and

gypsum, pottery, mining and quarrying

of coal and other minerals, sand blasting,

polishing, grinding

1.33*
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Possible

Art glass, glass

containers,

pressed ware

1993 (92)

Leaded crystal, art glass workers, glass

blowing

N/A

Manmade fibers

(glass wool, rock

wool)

1988 (192)

Thermal and acoustical insulation,

production and manufacturing of

manmade fibers

N/A

N/A = not assessed.

*Adapted from Steenland: Relative Risks from selected studies of occupational lung carcinogens

 Arsenic

Arsenic is a ubiquitous element that occurs in organic and inorganic forms. Humans are exposed

to it through the environment, occupations, and medications (Chiou et al., 1995). The general

population may be exposed through contaminated water, seafood, and wine. Workers involved in

smelting and refining copper, gold, and lead ores, as well as the production of pesticides and

various pharmaceutical substances, are at risk for arsenic-induced cancers. Although arsenic is

not mutagenic in animal species, it is carcinogenic in humans (Landrigan, 1981). There is

substantial evidence that arsenic causes cancers of the skin, lung, liver, bladder, kidney, and

prostate (Chen et al., 1985; Chen et al., 1986; Chen et al., 1992). Studies from Taiwan, Chile,

and Argentina show an increased risk of lung cancer in human populations that consume water

with high arsenic concentrations (Ferreccio et al., 1998; Hopenhayn-Rich et al., 1998, Smith et

al., 1998).

 Radon

Epidemiological data suggests that radon can cause lung cancer. It is a naturally occurring

radioactive gas which occurs due to the radioactive decay of uranium and in the uranium using

countries it is considered as the second major cause of lung cancer (Sethi et al., 2012).
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 Nickel

Inhalation of nickel causes lung and nasal sinus cancers. People doing metalworking, nickel

mining and smelting, sand blasting, stainless steel manufacturing, paint and varnish

manufacturing, and welding are at increased risk of high nickel exposure.

 Asbestos

A rare form of lung cancer known as mesothelioma is caused by high exposure to asbestos.

Tobacco smoking and asbestos give synergistic effects.

 Polycyclic Aromatic Hydrocarbons (PAHs)

Incomplete burning of coal, oil, gas, garbage or other organic substances like tobacco causes the

release of polycyclic aromatic hydrocarbons. But diesel fuel exhausts are the main source of

PAHs. PAHs are very potent carcinogens developing lung cancer by producing DNA adducts

(Hecht, 2002).

 Viruses

Human Papillomavirus causes lung cancer (Cheng et al., 2001). John Cunningham virus (Zheng

et al., 2007) and Cytomegalovirus also causes lung cancer (Giuliani et al., 2007).

 Diet

The effect of diet is not yet established. The supplement of beta carotene increases the risk of

lung cancer in smokers.

1.1.4 Classification of lung cancer

The current World Health Organization (WHO) classification for lung carcinomas is presented in

Table 1.2. There is a simple classification for treatment purposes i.e. small-cell lung carcinoma

(SCLC) and non-small-cell lung carcinoma (NSCLC) (Travis et al., 2015). In contrast to this the

histopathologic classification of lung carcinoma continues to evolve. Although the four major

categories traditionally recognized—squamous-cell carcinoma (SCC), adenocarcinoma, large-

cell carcinoma (LCC), and small-cell carcinoma—remain in the present classification, the
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histologic features of each and its variants continue to be refined. This is particularly true of the

NSCLC, whereas some variants of SCLC recognized in previous classifications have been

eliminated in recognition of the morphologic spectrum of small-cell carcinoma and the lack of

clinical significance of such subtypes as the oat cell and intermediate cell variants. Despite

considerable progress in establishing a reproducible, unified, and conceptually gratifying

classification scheme for neuroendocrine lung tumors, including typical and atypical carcinoids,

small-cell carcinoma, and large-cell neuroendocrine carcinoma, based on morphologic criteria,

the current classification does not place these tumors under one category. Large-cell

neuroendocrine carcinoma, previously classified with small-cell carcinoma, is included with

other variants of large-cell carcinoma in the current WHO classification, at least until clinical

patterns suggest that it should be categorized with these other neuroendocrine tumors. Moreover,

further evidence beyond morphologic similarity is needed to link small-cell carcinoma to the

carcinoid tumors. Ideally, a classification scheme should have practical value in terms of

affecting therapeutic decisions, as well as promoting an appreciation of the morphologic

relationships among the SCLC and NSCLC. Adenocarcinomas were sub typed by Noguchi into

pathological sub-types A-F. These sub-types, A to F, are associated with progressively poorer

prognoses in terms of long term survival:

A. Localized bronchioalveolar carcinoma (LBAC)

B. LBAC with foci of collapsed alveolar structures

C. LBAC with foci of active fibroblastic proliferation

D. Poorly differentiated adenocarcinoma

E. Tubular adenocarcinoma

F. Papillary adenocarcinoma with compressive and destructive growth

Table 1.2: Histological Classification of Lung Carcinomas (Travis et al., 2015)

Histologic type Variant

SCC Papillary

Clear-cell

Small-cell
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Basaloid

Adenocarcinoma Bronchioloalveolar, mucinous,

nonmucinous, or intermediate

Acinar

Papillary

Solid adenocarcinoma with mucin

Rare variants

Adenosquamous carcinoma Large-cell neuroendocrine carcinoma

Basaloid carcinoma

Lymphoepithelioma-like carcinoma

Clear-cell carcinoma

LCC with rhabdoid features

LCC Combined small-cell carcinoma

Small-cell lung carcinoma Carcinomas with spindle and/or giant cells

Carcinomas with pleomorphic, sarcomatoid, or

sarcomatous elements
Pleomorphic carcinoma

Spindle-cell carcinoma

Giant-cell carcinoma

Carcinosarcoma

Pulmonary blastoma

Others

Carcioid tumor Typical carcinoid

Atypical carcinoid

Carcinomas of salivary-gland type Mucoepidermoid carcinoma

Adenoid cystic carcinoma
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Others

Unclassified carcinoma

1.1.5 Stages of Lung Cancer

Accurate lung-cancer staging is essential for designing treatment programs and for determining a

prognosis. Most importantly, a consistent, reproducible staging system is imperative for the

execution of meaningful clinical trials of old and new therapeutic modalities, and for the

extrapolation of the outcomes of trials to the general population. The International System for

Staging Lung Cancer is widely accepted as an accurate and reproducible staging system for non

small-cell lung cancer (NSCLC) (Naruke et al., 1997). The staging system for small-cell lung

cancer (SCLC) presently divides this disease into limited and extensive stage. However, there

continues to be numerous proposals for a more meaningful staging system for SCLC (Abrams et

al., 1998).

Table 1.3: Primary tumor (T)

TX Positive malignant cytology finding with no observable lesion

Tis Carcinoma in situ

T1
Diameter of 3 cm or smaller, is surrounded by lung or visceral pleura, and is

without invasion more proximal than the lobar bronchus

T2

Diameter greater than 3 cm and/or has extension to the visceral pleura, atelectasis,

obstructive pneumonitis that extends to the hilar region but does not involve the

whole lung or tumor of a main bronchus more than 2 cm distal from the carina

T3

A tumor of any size that directly invades any of the following: chest wall

(including superior sulcus tumors), diaphragm, mediastinal pleura, parietal

pericardium; or, associated atelectasis or obstructive pneumonitis of the entire lung

or, tumor in the main bronchus less than 2 cm distal to the carina

T4

A tumor of any size that invades any of the following: mediastinum, heart, great

vessels, trachea, esophagus, vertebral body, carina; or, separate tumor nodules in

the same lobe; or, tumor with a malignant pleural effusion
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Table 1.4: Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1
Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, and

intrapulmonary nodes including involvement by direct extension of the primary tumor

N2 Metastasis to ipsilateral mediastinal and/or subcarinal lymph node(s)

N3
Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral

scalene, or supraclavicular lymph node(s)

Table 1.5: Metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present

Table1.6: TNM Stage

Stage TNM Survival rate

Stage IB T2N0M0 5 year survival rate of 50 – 60%

Stage IIA T1N1M0 5 year survival rate of 40 – 50%

Stage IIB T2N1M0 or T3N0M0 5 year survival rate of 25 -40%

Stage IIIA T3N1M0 or T(1-3)N2M0 5 year survival rate of 10 -35%

Stage IIIB T4N(0-3)M0 or T(1-4)N3M0 5 year survival rate of 5%

Stage IV T(1-4)N(0-3)M1 5 year survival rate less than 5%

A simple two stage classification is used for NSCLC instead of the detailed TNM staging

because of the aggressive nature of the small cell lung carcinoma. For small tumors that are

confined to the chest (mediastinum and supraclavicular node) limited stage SCLC is used. This is

correlated with a 2 year survival rate of 20%. For distance metastases extensive stage SCLC is
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used. It is also used for extensive tumors that cannot be incorporated into the limited stage. The

prognosis for extensive stage SCLC is a 2 year survival rate of 5% (Mountain, 1997; Dollinger et

al., 2002).

1.1.6 Detection and diagnosis of lung cancer

There are different tests that are used to examine for detection, diagnosis and finding out the

stage of non-small cell lung cancer.

 Chest x-ray: Imaging tests.

An X-ray image of lungs can reveal an abnormal mass or nodule but small lesions in lungs

cannot be detected on an X-ray. It is a type of energy beam that can go through the body and

onto film, making a picture of areas inside the body. X-rays pass through the patient onto

film (Radiological Society of North America, 2016).

 CT scan

It is a procedure that makes a series of detailed pictures of areas inside the body, such as the

chest, taken from different angles. The pictures are made by a computer linked to an x-ray

machine. A dye may be injected into a vein or swallowed to help the organs or tissues show up

more clearly. This procedure is also called computed tomography, computerized tomography, or

computerized axial tomography (American Thoracic Society, 2015).

 Sputum cytology

It is a procedure in which a pathologist views a sample of sputum (mucus coughed up from the

lungs) under a microscope which can sometimes reveal the presence of lung cancer cells

(American Cancer Society, 2016).
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 Fine-needle aspiration (FNA) biopsy of the lung

The tissue or fluid from the lung using a thin needle is removed. A CT scan, ultrasound, or other

imaging procedure is used to locate the abnormal tissue or fluid in the lung. A small incision may

be made in the skin where the biopsy needle is inserted into the abnormal tissue or fluid. A

sample is removed with the needle and sent to the laboratory. A pathologist then views the

sample under a microscope to look for cancer cells. A chest x-ray is done after the procedure to

make sure no air is leaking from the lung into the chest (American Cancer Society, 2016).

 Bronchoscopy

It is a procedure to look inside the trachea and large airways in the lung for abnormal areas. A

bronchoscope is inserted through the nose or mouth into the trachea and lungs. A bronchoscope

is a thin, tube-like instrument with a light and a lens for viewing. It may also have a tool to

remove tissue samples, which are checked under a microscope for signs of cancer (American

Cancer Society, 2016).

 Thoracoscopy

It is a surgical procedure to look at the organs inside the chest to check for abnormal areas. An

incision is made between two ribs, and a thoracoscope is inserted into the chest. A thoracoscope

is a thin, tube-like instrument with a light and a lens for viewing. It may also have a tool to

remove tissue or lymph node samples, which are checked under a microscope for signs of

cancer. In some cases, this procedure is used to remove part of the esophagus or lung. If certain

tissues, organs, or lymph nodes can’t be reached, a thoracotomy may be done. In this procedure,

a larger incision is made between the ribs and the chest is opened (American Cancer Society,

2016).
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 Thoracentesis

The fluid from the space between the lining of the chest and the lung, using a needle is removed

by this technique. A pathologist views the fluid under a microscope to look for cancer cells

(American Cancer Society, 2016).

 Immunohistochemistry study

A laboratory test in which a substance such as an antibody, dye, or radioisotope is added to a

sample of cancer tissue to test for certain antigens. This type of study is used to tell the

difference between different types of cancer (American Cancer Society, 2016).

1.1.7 Treatment of lung cancer

There are different types of treatment for patients with non-small cell lung cancer. Different

types of treatments are available for patients with non-small cell lung cancer (American Cancer

Society, 2016).

Some treatments are standard and some are being tested in clinical trials. A treatment clinical

trial is a research study meant to help improve current treatments or obtain information on new

treatments for patients with cancer. When clinical trials show that a new treatment is better than

the standard treatment, the new treatment may become the standard treatment. Nine types of

standard treatment are used:

 Surgery

Four types of surgery are used to treat lung cancer (American Cancer Society, 2016). They are-

 Wedge resection:

Wedge resection is a surgery to remove a tumor and some of the normal tissue around it. When

a slightly larger amount of tissue is taken, it is called a segmental resection (American Cancer

Society, 2016).
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.

Figure 1.1: Wedge resection of the lung

 Lobectomy

Lobectomy is a surgery to remove a whole lobe (section) of the lung is lobectomy (American

Cancer Society, 2016).

Figure 1.2: Lobectomy



Chapter One: Introduction

Dhaka University Institutional Repository 18

 Pneumonectomy

Surgery to remove one whole lung is pneumonectomy (American Cancer Society, 2016).

Figure 1.3: Pneumonectomy of the lung

 Sleeve resection

Surgery to remove part of the bronchus is sleeve resection (American Cancer Society, 2016).

 Radiation therapy

Radiation therapy is a cancer treatment that uses high-energy x-rays or other types of radiation to

kill cancer cells or keep them from growing. There are two types of radiation therapy. External

radiation therapy uses a machine outside the body to send radiation toward the cancer. Internal

radiation therapy uses a radioactive substance sealed in needles, seeds, wires, or catheters that

are placed directly into or near the cancer (American Cancer Society, 2016).
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 Radiosurgery

Radiosurgery is a method of delivering radiation directly to the tumor with little damage to

healthy tissue. It does not involve surgery and may be used to treat certain tumors in patients

who cannot have surgery. The way the radiation therapy is given depends on the type and stage

of the cancer being treated. It also depends on where the cancer is found. For tumors in the

airways, radiation is given directly to the tumor through an endoscope (American Cancer

Society, 2016).

 Chemotherapy

Chemotherapy is a cancer treatment that uses drugs to stop the growth of cancer cells, either by

killing the cells or by stopping them from dividing. When chemotherapy is taken by mouth or

injected into a vein or muscle, the drugs enter the bloodstream and can reach cancer cells

throughout the body (systemic chemotherapy). When chemotherapy is placed directly into the

cerebrospinal fluid, an organ, or a body cavity such as the abdomen, the drugs mainly affect

cancer cells in those areas (regional chemotherapy). The way the chemotherapy is given depends

on the type and stage of the cancer being treated (American Cancer Society, 2016).

 Targeted therapy

Targeted therapy is a type of treatment that uses drugs or other substances to identify and attack

specific cancer cells without harming normal cells (American Cancer Society, 2016).

Monoclonal antibodies and tyrosine kinase inhibitors are two types of targeted therapy being

used in the treatment of non-small cell lung cancer. Tyrosine kinase inhibitors are targeted

therapy drugs that block signals needed for tumors to grow. Tyrosine kinase inhibitors may be

used with other anticancer drugs as adjuvant therapy (American Cancer Society, 2016).

Tyrosine kinase inhibitors used to treat non-small cell lung cancer include erlotinib and gefitinib.

They are types of epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors. Crizotinib
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is a type of tyrosine kinase inhibitor that is used to treat non-small cell lung cancer with certain

gene changes.

 Monoclonal antibody therapy

Monoclonal antibody therapy is a cancer treatment that uses antibodies made in the laboratory

from a single type of immune system cell. These antibodies can identify substances on cancer

cells or normal substances that may help cancer cells grow. The antibodies attach to the

substances and kill the cancer cells, block their growth, or keep them from spreading.

Monoclonal antibodies are given by infusion. They may be used alone or to carry drugs, toxins,

or radioactive material directly to cancer cells. Monoclonal antibodies used to treat non-small

cell lung cancer include bevacizumab and cetuximab. Bevacizumab binds to vascular endothelial

growth factor (VEGF) and may prevent the growth of new blood vessels that tumors need to

grow. Cetuximab binds to epidermal growth factor receptor (EGFR) and works to stop cancer

cells from growing and dividing (Scott et al., 2012).

 Laser therapy

Laser therapy is a cancer treatment that uses a laser beam (a narrow beam of intense light) to kill

cancer cells (Lee et al., 2002).

 Photodynamic therapy (PDT)

Photodynamic therapy (PDT) is a cancer treatment that uses a drug and a certain type of laser

light to kill cancer cells. A drug that is not active until it is exposed to light is injected into a

vein. The drug collects more in cancer cells than in normal cells. Fiberoptic tubes are then used

to carry the laser light to the cancer cells, where the drug becomes active and kills the cells.

Photodynamic therapy causes little damage to healthy tissue. It is used mainly to treat tumors on

or just under the skin or in the lining of internal organs. When the tumor is in the airways, PDT is

given directly to the tumor through an endoscope (Kato, 1998).
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 Electrocautery

Electrocautery is a treatment that uses a probe or needle heated by an electric current to destroy

abnormal tissue. For tumors in the airways, electrocautery is done through an endoscope (Lee et

al., 2002).

1.1.8 Treatment Options by Stage

Treatment of non-small cell lung cancer depends on the stage of the disease (American Cancer

Society, 2016).

 Stage 0 (Carcinoma in Situ)

Treatment of stage 0 may include the following:

 Surgery (wedge resection or segmental resection).

 Photodynamic therapy using an endoscope.

 Electrocautery, cryosurgery, or laser surgery using an endoscope.

 Stage I Non-Small Cell Lung Cancer

Treatment of stage I non-small cell lung cancer may include the following:

 Surgery (wedge resection, segmental resection, sleeve resection, or lobectomy).

 External radiation therapy (for patients who cannot have surgery or choose not to have

surgery).

 A clinical trial of chemotherapy or radiation therapy following surgery.

 A clinical trial of surgery followed by chemoprevention.

 A clinical trial of treatment given through an endoscope, such as photodynamic therapy

(PDT).

 Stage II Non-Small Cell Lung Cancer

Treatment of stage II non-small cell lung cancer may include the following:

 Surgery (wedge resection, segmental resection, sleeve resection, lobectomy, or

pneumonectomy).
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 Chemotherapy followed by surgery.

 Surgery followed by chemotherapy.

 External radiation therapy (for patients who cannot have surgery or choose not to have

surgery).

 A clinical trial of radiation therapy following surgery.

 Stage IIIA Non-Small Cell Lung Cancer

Treatment of stage IIIA non-small cell lung cancer that can be removed with surgery may

include the following:

 Surgery followed by chemotherapy.

 Chemotherapy followed by surgery.

 Surgery followed by chemotherapy combined with radiation therapy.

 Surgery followed by radiation therapy.

 A clinical trial of new combinations of treatments.

Treatment of stage IIIA non-small cell lung cancer that cannot be removed with surgery may

include the following:

 Chemotherapy and radiation therapy given as separate treatments over the same period of

time.

 External radiation therapy alone (for patients who cannot be treated with combined

therapy, as palliative treatment to relieve symptoms and improve the quality of life).

 Internal radiation therapy or laser surgery, as palliative treatment to relieve symptoms

and improve the quality of life.

 A clinical trial of new combinations of treatments.

Non-small cell lung cancer of the superior sulcus, often called Pancoast tumor, begins in the

upper part of the lung and spreads to nearby tissues such as the ribs and vertebrae. Treatment of

Pancoast tumors may include the following:

 Radiation therapy alone.

 Radiation therapy followed by surgery.

 Chemotherapy and radiation therapy given as separate treatments over the same period of

time, followed by surgery.
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 Surgery alone.

 A clinical trial of new combinations of treatments.

Some stage IIIA non-small cell lung tumors that have grown into the chest wall may be

completely removed. Treatment of chest wall tumors may include the following:

 Surgery.

 Surgery and radiation therapy.

 Radiation therapy alone.

 Chemotherapy combined with radiation therapy and/or surgery.

 A clinical trial of new combinations of treatments.

 Stage IIIB Non-Small Cell Lung Cancer

Treatment of stage IIIB non-small cell lung cancer may include the following:

 Chemotherapy followed by external radiation therapy.

 Chemotherapy and radiation therapy given as separate treatments over the same period of

time.

 Chemotherapy followed by surgery.

 External radiation therapy alone for patients who cannot be treated with chemotherapy.

 External or internal radiation therapy as palliative therapy, to relieve pain and other

symptoms and improve the quality of life.

 Clinical trials of new radiation therapy schedules and new combinations of treatments.

 Stage IV Non-Small Cell Lung Cancer

Treatment of stage IV non-small cell lung cancer may include the following:

 Combination chemotherapy.

 Maintenance therapy with an anticancer drug to help keep cancer from progressing, after

combination chemotherapy.

 Combination chemotherapy and targeted therapy with a monoclonal antibody.

 Targeted therapy with a tyrosine kinase inhibitor.
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 External radiation therapy as palliative therapy, to relieve pain and other symptoms and

improve the quality of life.

 Laser therapy and/or internal radiation therapy.

 A clinical trial of new drugs and combinations of treatments.

 Treatment option for recurrent Non-Small Cell Lung Cancer

Recurrent non-small cell lung cancer is cancer that has recurred after it has been treated. The

cancer may come back in the brain, lung, or other parts of the body.Treatment of recurrent non-

small cell lung cancer may include the following:

 External radiation therapy as palliative therapy, to relieve pain and other symptoms and

improve the quality of life.

 Chemotherapy.

 Targeted therapy with a tyrosine kinase inhibitor.

 Laser therapy or internal radiation therapy using an endoscope.

 Radiosurgery (for certain patients who cannot have surgery).

 Surgery to remove a very small amount of cancer that has spread to the brain (American

Cancer Society, 2016).

1.1.9 Worldwide Prevalence of lung cancer

By considering incidence and mortality lung cancer is the most prevalent cancer in world (Jemal

et al., 2011) It comprises 13% of the total new cancer cases (1.6 million) and 18% of the total

cancer deaths (Ferlay et al., 2010) (Table 1.8).  It is the most commonly diagnosed cancer (17%

of the total new cancer cases) and leading cause of death in males (23% of the total cancer

deaths) (Jemal et al., 2011) (Table 1.6) whereas it is the fourth most commonly diagnosed cancer

(8.5%) and the second leading cause of cancer death (12.8%) in females (Ferlay et al., 2010;

Jemal et al., 2011) (Table 1.7).
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Table 1.7: Worldwide Incidence, Mortality, 5 years prevalence of top 5 Cancers in both sexes

[Incidence and mortality data for all ages, 5-year prevalence for adult population only, ASR (W)

and proportions per 100,000] (Ferlay et al., 2010).

Cancer

Type

Incidence Mortality 5 year prevalence

Number (%)
ASR

(W)
Number (%)

ASR

(W)
Number (%) Prop

Lung 1608055 12.7 22.9 1376579 18.2 19.3 1677416 5.8 34.1

Breast 1384155 10.9 38.9 458503 6.1 12.4 5189028 18
210.

7

Colorectm 1235108 9.8 17.2 609051 8.1 8.2 3260890 11.3 66.3

Stomach 988602 7.8 14 737419 9.7 10.3 1598440 5.5 32.5

Prostate 899102 7.1 27.9 258133 3.4 7.4 3200372 11.1
130.

4

Lung 1608055 12.7 22.9 1376579 18.2 19.3 1677416 5.8 34.1

Table 1.8: Worldwide Incidence, Mortality, 5 years prevalence of different types of Cancers in

Males [Incidence and mortality data for all ages, 5-year prevalence for adult population only,

ASR (W) and proportions per 100,000] (Fearly et al., 2010)

Cancer type Incidence Mortality 5-year prevalence
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Number (%) ASR

(W)

Number (%) ASR

(W)

Number (%) Prop.

Lung 1092056 16.5 33.8 948933 22.5 29.2 1121619 8.3 45.7

Prostate 899102 13.6 27.9 258133 6.1 7.4 3200372 23.7 130.4

Colorectal 663904 10 20.3 320397 7.6 9.6 1765422 13.1 71.9

Stomach 640031 9.7 19.7 463930 11 14.2 1050306 7.8 42.8

Liver 523432 7.9 16 478134 11.3 14.5 433207 3.2 17.6

Esophagus 326245 4.9 10.1 276007 6.5 8.5 335707 2.5 13.7

Bladder 294345 4.4 8.9 112308 2.7 3.3 904169 6.7 36.8

Non-Hodgkin

lymphoma

199736 3 6 1094484 2.6 3.3 427038 3.2 17.4

Leukemia 195456 3 5.8 143555 3.4 4.3 278754 2.1 11.4

Lip, oral cavity 170496 2.6 5.2 83109 2 2.6 401075 3 16.3

Kidney 169155 2.6 5.2 72019 1.7 2.2 466631 3.5 19

Pancreas 144859 2.2 4.4 138377 3.3 4.2 91997 0.7 3.8

Larynx 129651 2 4.1 70336 1.7 2.2 366566 2.7 14.9

Brain, nervous

system

126815 1.9 3.8 97251 2.3 2.9 171827 1.3 7

Other pharynx 108588 1.6 3.4 76458 1.8 2.4 229030 1.7 9.3

Melanoma of

skin

101807 1.5 3.1 25860 0.6 0.8 385064 2.8 15.7

Gallbladder 58375 0.9 1.8 42949 1 1.3 69252 0.5 2.8

Nasopharynx 57852 0.9 1.7 35984 0.9 1.1 153736 1.1 6.3

Multiple

myeloma

54923 0.8 1.7 37795 0.9 1.1 112421 0.8 4.6

Testis 52322 0.8 1.5 9874 0.2 0.3 201562 1.5 8.2

Thyroid 49211 0.7 1.5 11206 0.3 0.3 195097 1.4 7.9

Hodgkin

lymphoma

40265 0.6 1.2 18256 0.4 0.5 114537 0.8 4.7
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All cancers excl.

non-melanoma

skin cancer

6617844 100 202.8 4219626 100 127.9 13514868 100 550.6

Table 1.9: Worldwide Incidence, Mortality, 5 years prevalence of different types of Cancers in Females

[Incidence and mortality data for all ages, 5-year prevalence for adult population only, ASR (W) and

proportions per 100,000] (Fearly et al., 2010).

Cancer type

Incidence Mortality 5-year prevalence

Number (%) ASR

(W)

Number (%) ASR

(W)

Number (%) Prop

.

Breast 1384155 22.9 38.9 458503 13.7 12.4 5189028 33.9 210.7

Colorectal 571204 9.4 14.6 288654 8.6 7 1495468 9.8 60.7

Cervix uteri 530232 8.8 15.2 275008 8.2 7.8 1555341 10.2 63.2

Lung 515999 8.5 13.5 427586 12.8 10.9 555797 3.6 22.6

Stomach 348571 5.8 9.1 273489 8.2 6.9 548134 3.6 22.3

Corpus uteri 288387 4.8 8.2 73854 2.2 1.9 1097620 7.2 44.6

Liver 226312 3.7 6 217592 6.5 5.7 180006 1.2 7.3

Ovary 224747 3.7 6.3 140163 4.2 3.8 549850 3.6 22.3

Thyroid 163968 2.7 4.7 24177 0.7 0.6 667377 4.4 27.1

Non-Hodgkin

Lymphoma

156695 2.6 4.2 82115 2.5 2.1 344983 2.3 14

Esophagus 155400 2.6 4.2 130526 3.9 3.4 146438 1 5.9

Leukemia 154978 2.6 4.3 113606 3.4 3.1 221120 1.4 9

Pancreas 133825 2.2 3.3 128292 3.8 3.1 80495 0.5 3.3

Brain,  nervous

system

111098 1.8 3.1 77629 2.3 2.2 145212 0.9 5.9

Kidney 104363 1.7 2.8 44349 1.3 1.1 277559 1.8 11.3

Melanoma of skin 97820 1.6 2.7 20512 0.6 0.5 370814 2.4 15.1

Lip, oral cavity 92524 1.5 2.5 44545 1.3 1.2 209581 1.4 8.5

Bladder 88315 1.5 2.2 37974 1.1 0.9 268292 1.8 10.9

Gallbladder 86828 1.4 2.2 66638 2 1.7 99206 0.6 4

Multiple myeloma 47903 0.8 1.2 34658 1 0.9 98276 0.6 4

Other pharynx 28034 0.5 0.8 19092 0.6 0.5 59008 0.4 2.4
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Hodgkin lymphoma 27654 0.5 0.8 11646 0.3 0.3 81808 0.5 3.3

Nasopharynx 26589 0.4 0.8 15625 0.5 0.4 68975 0.5 2.8

Larynx 21026 0.3 0.6 11556 0.3 0.3 59131 0.4 2.4

All cancer expt  non-

melanoma skin cancer

6044710 100 164.4 3345176 100 87.2 15288300 100 620.8

1.2 Pharmacogenetics

Pharmacogenetics is the study of the role of inheritance in interindividual and interpopulation

variations in drug response (Vogel, 1959; Meyer, 2004; Robert et al., 2005). The rationale and

ultimate aim of pharmacogenetics is the possibility that knowledge of an individual’s genetic

make-up could be used to enhance drug therapy by maximising drug efficacy while minimising

drug toxicity (Linder et al., 1997; Meyer, 2000; Lesko and Woodcock, 2004; Weinshilboum and

Wang, 2004). The ultimate goal of pharmacogenetics, therefore, is targeted pharmacological

treatment of patients based on their genetic determinants of drug efficacy and toxicity, so that

they are more likely to respond favourably with fewer or no unfavourable side effects (Evans and

Relling, 1999; Evans and Johnson, 2001).

Genetic diversity contributes to both disease susceptibility and variability in response to drug

therapy. Pharmacogenomics is a discipline focused on examining the genetic basis for individual

variations in response to therapeutics (Firth et al., 1986; Butler and Rizza, 1991; Zimmet, 1992;

Dinneen et al., 1992). Although the task of developing individualized medicines tailored to

patient’s genotypes poses a major scientific challenge, pharmacogenomics is already starting to

influence how physicians or scientists design clinical trials and its impact on the practice of

medicine is forthcoming (Kaprio et al., 1992; Weyer et al., 1999). Recent evidence suggests that

most prescribed medications are effective in no more than 60% of the individuals in whom they

are used, and a significant number of patients also develop major adverse effects. Better

understanding of the genetic factors that regulate patient’s responsiveness to drugs is therefore

needed to elucidate the molecular mechanisms involved and allow for development of new

therapeutic strategies that match each patient and the most suitable drug (Committee on diabetic

twins, 1988; Kumar et al., 1993; Medici et al., 1999). Pharmacogenetics and Pharmacogenomics
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constitute an especial young field of research in the domain of pharmacology. Both work on

genetic variations which occur in individuals resulting reduced drug efficacy and more adverse

drug reactions.

Pharmacogenetics, emphasizes the diversity of patients and their genetic background, set their

response to a given drug therapy, making understood the biological variability whereas

pharmacogenomic considers the effects they cause in an individual (patient) different

medications. The differences are studied on gene expression induction and repression of genes.

Various factors have in the past been held accountable for the observed differences in drug

response and include age, concomitant diseases, gender, interactions with other drugs, misdoing,

renal and hepatic function, as well as lifestyle variables such as smoking and alcohol consumption

(Evans and Relling, 1999; Meisel et al., 2000; Bachmann, 2002; Oscarson, 2003; Schwartz,

2003).

There is, however, an ever-increasing body of evidence that suggests that genetic differences

between individuals and even entire populations can be an important and at the same time

predominant factor influencing drug response variability (Evans and Relling, 1999; Meyer, 2000;

Lesko and Woodcock, 2004).

In fact, it is estimated that genetics is responsible for 15% to 95% (depending on the drug or

class of drug) of the observed interindividual variability in drug disposition and effects. This

increasing  awareness  of  the  significant  role  that  genetic  polymorphisms  play  in  drug

response  variability,  together  with  rapid  developments  in genomic  technologies  and  the

completion of the HGP, has given rise to the field of pharmacogenetics.

As the influence of pharmacogenetics on drug discovery and development and drug treatment

regimens  increases,  there  will  undoubtedly  be  a move  away  from the  current  approach  of

standardised treatments towards more individualised, ‘tailor-made’ therapies (Roses, 2000; Liggett,

2004). Despite the fact that this concept of individualised drug treatment seems very helpful and
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is largely the product of recent advances in human molecular biology, the scientific foundation on

which it is based has a relatively long history.

1.2.1 Benefits of Pharmacogenetics

 More Powerful Medicines

The differential gene expressions and proteomics are screening technologies that detect different

levels and patterns of gene and protein expression in tissues (Blackstock and Weir, 1999;

Kozian and Kirschbaum, 1999). The identification of disease susceptible genes and study of the

function of the susceptibility gene variants can be used to identify targets that will be related to

the disease in patients and will therefore be validated (Monica and Gorey, 2007). Drugs may be

developed targeting specific cells that will maximize therapeutic effects but decrease damage to

nearby healthy cells. Pharmaceutical companies will be able to create drugs based on the

proteins, enzymes, and RNA molecules associated with genes and diseases. This will facilitate

drug discovery and allow drug makers to produce a therapy more targeted to specific diseases

(Reid et al., 2003).

 Enhancing efficacy

Many medicines are not effective for everyone with a particular disease. Some common

treatments for diabetes, depression and asthma are only effective in around 60% of patients.

Pharmacogenetics could allow doctors to prescribe medicine only for those patients most likely

to respond. Alternatively, new medicines could be designed on the basis of genetic information

about the cause of disease (McLeod and Evan, 2001).

 Advanced Screening for Disease

Technologies such as differential gene expression, transgenic animal models, proteomics, in-situ

hybridization and immuno-histo chemistry are used to imply relationships between a gene and a

disease process (Roses, 2000). Knowing one's genetic code will allow a person to make adequate

lifestyle and environmental changes at an early age so as to avoid or lessen the severity of a

genetic disease. Likewise, advance knowledge of particular disease susceptibility will allow
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careful monitoring, and treatments can be introduced at the most appropriate stage to maximize

their therapy.

 Improvements in the Drug Discovery and Approval Process

To discover a new drug sometimes many targets are chosen on the basis of scientific hypotheses

and do not lead to effective medicines because the initial hypotheses are subsequently disproved

(Curran, 1998; Marton et al., 1998). However, using pharmacogenetics a limited number of

molecular target families have been identified, including the receptors and enzymes, for which

high through put screening is now possible. A good target is one against which many compounds

can be screened rapidly to identify active molecules (hits). These hits can be developed into

optimized molecules (leads), which have properties of well-tolerated and effective medicines

(Monica and Gorey, 2007).

The drug approval process should be facilitated as trials are targeted for specific genetic

population groups --providing greater degrees of success. The cost and risk of clinical trials will

be reduced by targeting only those persons capable of responding to a drug.

 Decrease in the Overall Cost of Health Care

Decreases in the number of adverse drug reactions, the number of failed drug trials, the time it

takes to get a drug approved, the length of time patients are on medication, the number of

medications patients must take to find an effective therapy, the effects of a disease on the body

(through early detection), and an increase in the range of possible drug targets will promote a net

decrease in the cost of health care.

 Better Vaccines

Vaccines made of genetic material, either DNA or RNA; promise all the benefits of existing

vaccines without all the risks. They will activate the immune system but will be unable to cause

infections. They will be inexpensive, stable, easy to store, and capable of being engineered to

carry several strains of a pathogen at once.
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 Safer Drugs

Instead of the standard trial-and-error method of matching patients with the right drugs, doctors

will be able to analyze a patient's genetic profile and prescribe the best available drug therapy

from the beginning. Not only will this take the guesswork out of finding the right drug, it will

speed recovery time and increase safety as the likelihood of adverse reactions is eliminated.

Pharmacogenetics has the potential to dramatically reduce the estimated 100,000 deaths and 2

million hospitalizations that occur each year in the United States as the result of adverse drug

response.

 More Accurate Methods of Determining Appropriate Drug Dosages

The other anticipated benefits of pharmacogenetics include more accurate methods of

determining appropriate drug dosages. The ability of a person's body to process a drug that is his

genetic profile will form the basis for dosage calculations instead of the weight and age of the

patient (Monica and Gorey, 2007).

1.2.2 Genetic Polymorphism of human

A genetic polymorphism is defined as a deoxyribonucleic acid (DNA) sequence variant which is

stable within a population and occurs with a frequency equal to or greater than 1% (Bachmann,

2002; Lash et al., 2003; Nebert and Vessell, 2004). There is a considerable level of variability

between individuals at the genetic level, as manifested by the polymorphisms present within

their genome (Sachidanandam et al., 2001; Oscarson, 2003). Over 90% of these polymorphisms

are believed to be accounted for by changes in a single nucleotide, namely Single nucleotide

polymorphisms (SNPs), with the remainder of the variation caused by insertions and deletions

(indels), variable number tandem repeats (VNTRs) and microsatellites (Quirk et al., 2004; Marsh

and McLeod, 2006). However, unlike many other previously characterized polymorphisms,

such as VNTRs and microsatellites, SNPs are often found  within  the  coding  and  regulatory

regions  of  genes  and  thus  can  have  functional consequences for gene expression and gene

product functionality (Campbell et al., 2000; Gray et al., 2000).

Genetic polymorphisms are natural variations in the genomic DNA sequence present in at least

or more than 1% of the population. For example, a place in the genome where 93 percent of
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people have a T and the remaining 7 percent have an A is a polymorphism. Genetic

polymorphisms in therapeutic targets and metabolic pathways can significantly impact both drug

efficacy and toxicity.

Figure 1.4: Mutation, SNP & Polymorphism (Broad Institute of Harvard & MIT)

If one of the possible sequences is present in less than 1 percent of people (99.9%) of people

have a G and 0.1 percent have a C), then the variation is called a mutation. Informally, the term

mutation is often used to refer to a harmful genome variation that is associated with a specific

human disease, while the word polymorphism implies a variation that is neither harmful nor

beneficial. Many pharmacogenetic polymorphisms have been identified, but the most frequent

genetic changes being single nucleotide polymorphisms (SNPs), almost 90% (Rongcun and

Richard, 2003; Rob et al., 2003).

Other types of genetic polymorphism include variation caused by insertions and deletions

(indels), variable number tandem repeats (VNTRs) and microsatellites (Quirk et al., 2004; Marsh

and McLeod, 2006).

These polymorphisms may be present in coding and noncoding regions, potentially altering

protein function or abundance of key regulatory molecules, and thereby influencing the efficacy

and toxicity of therapy or resulting in predispostion to diseases (Rongcun and Richard, 2003).



Chapter One: Introduction

Dhaka University Institutional Repository 34

Genetic Mutation is a change in the nucleotide sequence of a DNA molecule. Genetic mutations

are a kind of genetic polymorphism. The term "mutation," as opposed to "polymorphism," is

generally used to refer to changes in DNA sequence which are not present in most individuals of

a species and either have been associated with disease (or risk of disease) or have resulted from

damage indicted by external agents (such as viruses or radiation).

Recent studies have indeed suggested that the presence of sequence variants, such as pSNPs,

within intronic regions could affect basic preliminary-mRNA (pre-mRNA) splicing mechanisms

and thereby cause altered levels of normal transcripts (Pagani et al., 2003). A pSNP within the

3΄-untranslated region (UTR) following the coding sequence may affect the intracellular stability

of the mRNA gene transcript (Quirk et al., 2004).

1.2.3 Single Nucleotide Polymorphism

A single nucleotide polymorphism is a source variance in a genome. A SNP (snip) is a single

base mutation in DNA. SNPs are the most simple form and most common source of genetic

polymorphism in the human genome (90% of all human DNA polymorphism) (Lippert et al.,

2002).

There are two types of nucleotide base substitutions resulting in SNPs:

 A transition substitution occurs between purines (A, G) or between pyrimidines

(C, T). This type of substitution constitutes two third of all SNPs. (Schwartz et al.,

1996).

 A transversion substitution occurs between a purine and a pyrimidine.
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Figure 1.5: Schematic of SNP

1.2.4 Position of SNP

SNPs are found throughout the genome, e.g. in exons, introns, intergenic regions, in promoters or

enhancers, etc. Hence, they are more likely to yield, upon collection, a functional or

physiologically relevant allele than other sorts of polymorphism. What is of extreme interest in

this regard is the nature of the effect that a simple base pair substitution can have on a trait or

disease. Thus, a SNP in coding region may directly impact a relevant protein, an intronic SNP

can influence splicing, (Krawezak et al., 1992) a SNP in a promoter can influence gene

expression etc (Drazen et al., 1999). The degree to which each kind of SNP influences

phenotypic expression is likely to receive a great deal of attention as more and more SNPs are

identified and studied.

1.2.5 Distribution of SNP

SNPs are not uniformly distributed over the entire human genome, neither over all chromosomes

and neither within a single chromosome (Guo and Jamison, 2005). There are one third as many

SNPs within coding regions as non-coding region SNPs. It has also been shown that sequence
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variation is much lower for the sex chromosomes. Within a single chromosome, SNPs can be

concentrated about a specific region, usually implying a region of medical or research interest. For

instance, the sequence that encodes proteins that present antigens to the immune system in

chromosome 6 displays very high nucleotide diversity compared to the other areas of that

chromosome.

1.2.6 Sequence Variation

Sequence variation caused by SNPs can be measured in terms of nucleotide diversity, the ration

of the number of base differences between two genomes over the number of bases compared.

This is approximately 1/1000 (1/1350) base pairs between two equivalent chromosomes (Lancia

et al., 2001).

1.2.7 SNP discovery and SNP genotyping

SNP analysis techniques fall into two distinct classes:

 SNP discovery

 SNP genotyping (SNP scoring).

SNP discovery is the detection of novel polymorphisms, while SNP genotyping is the identification of

specific alleles in a known polymorphism (Weaver, 2000).

Classical SNP discovery methods discriminate between DNA strands carrying alternative alleles

without necessarily identifying either the exact position of the polymorphism or the allele

present. For example, single-strand conformational polymorphism (SSCP) analysis exploits the

ability of single DNA strands to fold into complex tertiary structures through intramolecular base

pairing.

The tertiary structures of strands carrying alternative bases at a given position will differ and this

will affect their electrophoretic mobility in a non-denaturing gel. The exact position of the

polymorphism is then confirmed by DNA sequencing which may be carried out in the traditional

fashion, by chain termination, or using oligonucleotide chips (sequencing by hybridization,

resequencing).
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Also many SNPs were initially detected by comparing the sequences of genomic clones or

expressed sequence tags (ESTs) deposited in public and proprietary databases.

1.2.8 Coding region of SNP

A SNP in a coding region may have two different effects on the resulting protein:

 Synonymous the substitution caused no amino acid change to the protein it

produces. This is also called a silent mutation.

 Non-Synonymous the substitution results in an alteration of the encoded amino

acid (Nei and Kumar , 2000). A missense mutation changes the protein by

causing a change of codon. A nonsense mutation results in a misplaced

termination codon. One half of all coding sequence SNPs results in non-

synonymous codon changes.

SNPs may occur in regulatory regions of genes. These SNPs are capable of changing the amount

of timing of a proteins production. Such SNPs are much more difficult of find and understand

and gene regulation itself is not yet clearly understood.

1.2.9 STRs, VNTRs

Other types of genetic polymorphism result from the insertion or deletion of a section of DNA.

The most common type of such ‘insertion/deletion’ polymorphism is the existence of variable

numbers of repeated base or nucleotide patterns in a genetic region. Repeated base patterns range

in size from several hundreds of base pairs, known as ‘variable number of tandem repeats’

(VNTRs or ‘minisatellites’), to the more common ‘microsatellites’ consisting of two, three or

four nucleotides repeated some variable number of times (Quirk et al., 2004; Marsh and

McLeod, 2006). Microsatellites are often referred to as ‘simple tandem repeats’ (STRs). Repeat

polymorphisms often result in many alleles or variants (e.g. several different repeat sizes) within

the population and are thus considered ‘highly polymorphic’.
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1.2.10 Restriction Fragment Length Polymorphisms (RFLPS)

One of the earliest and most widely used genotyping methods, restriction fragment length

polymorphism (RFLP) analysis, works on the principle of allele-specific enzymatic cleavage. An

RFLP is generated when an SNP occurs at a restriction endonuclease recognition sequence, and

one allele preserves the sequence while the other destroys it. If we consider any DNA fragment

with three adjacent restriction sites, with the middle one containing an SNP, then digestion of

amplified genomic DNA with the appropriate restriction endonuclease will produce either a

single large fragment (if the central restriction site is absent) or two smaller fragments (if the

central restriction site is present and cleavage occurs). The fragments are then separated by gel

electrophoresis can be compared to others to detect the differences. These differences are called

restriction fragment length polymorphisms (RFLPs) (Saiki et al., 1985, Osborn et al., 2000).

1.2.11 Importance of Genetic Polymorphism in Clinical & Pathological

Investigation

The study of polymorphism has many uses in medicine, biological research, and law

enforcement. Genetic diseases may be caused by a specific polymorphism. Scientists can look

for these polymorphisms to determine if a person will develop the disease, or risks passing it on

to his or her children. Besides being useful in identifying people at risk for a genetically based

disease, knowledge of polymorphisms that cause disease can provide valuable insight into how

the disease develops (Smith et al., 1998). Polymorphisms located near a disease gene can be used

to find the gene itself, through mapping. In this process, researchers look for polymorphisms that

are co inherited with the disease. By finding linked polymorphisms on smaller and smaller

regions of the chromosome, the chromosome region implicated in the disease can be

progressively narrowed, and the responsible gene ultimately can be located (Harris, 1980)

A related use of polymorphism is widely employed in agriculture. If a polymorphism can be

identified that is associated with a desirable characteristic in an agriculturally important plant or

animal, then this polymorphism can be used as a genetic flag to identify individuals that have the

desirable characteristic (Clegg, 1986). Using this technique, known as marker-assisted selection,

breeding programs aimed at improving agriculturally important plants and animals can be made
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more efficient, since individuals that have the desired trait can be identified before the trait

becomes apparent.

Polymorphisms can be used to illuminate fundamental biological patterns and processes. By

studying polymorphisms in a group of wild animals, the familial relationships (brother, sister,

mother, father, etc.) between them can be determined. The amount of interbreeding between

different groups of the same species (gene flow) can be estimated by studying the

polymorphisms they contain. This information can be used to identify unique populations that

may be important for survival of the species. Sometimes it is not immediately obvious if two

different groups of organisms should be classified as different species.

1.3 Pharmacogenomics of drug metabolizing, BER and NER enzyme

The personalized medicine integrates the uniqueness of an individual with respect to the

pharmacokinetics and pharmacodynamics of a drug. It holds promise as a means to provide

greater safety and efficacy in drug design and development which is particularly important in

oncology whereby most clinically used anticancer drugs have a narrow therapeutic window and

exhibit a large interindividual pharmacokinetic and pharmacodynamic variability. This

variability can lead to therapeutic failure or severe toxicity. Understanding of how genetic

variations influence drug disposition and action could help in tailoring cancer therapy based on

individual’s genetic makeup. Pharmacogenomics is the study of how variations in the human

genome affect the response to medications (Marsh and McLeod, 2006). Each drug, after it enters

the body, interacts with numerous proteins, such as carrier proteins, transporters, metabolizing

enzymes, and multiple types of receptors. These protein interactions determine drug

pharmacokinetics (i.e., drug absorption, distribution, metabolism, and excretion) and

pharmacodynamics (i.e., target site of action, pharmacological and toxicological effects).Drugs

trigger downstream secondary events may impact additional gene or protein expression

responses and can also vary among patients. As a result, the overall response to a drug is

determined by the interplay of multiple genes that are involved in the pharmacokinetic and

pharmacodynamic pathways of a drug. In general, important genetic variation in drug effect can

be envisioned at the level of drug metabolizing enzymes, drug transporters and drug targets

(Evans and Relling, 1999).
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1.3.1 Drug metabolizing-enzymes

Drug metabolizing enzymes are proteins which catalyze the biochemical modifications of

xenobiotics (eg, drugs) and endogenous chemicals (e.g., hormones, neurotransmitters). They are

divided into two categories: Phase I (functionalizing) enzymes that introduce or remove

functional groups in a substrate through oxidation, reduction, or hydrolysis; and Phase II

(conjugating) enzymes that transfer moieties from a cofactor to a substrate. Essentially all of the

major human metabolizing enzymes exhibit genetic polymorphisms at the genomic level. Many

of these enzymes have clinically relevant genetic polymorphisms (Evans and Relling, 1999). A

gene is considered to be polymorphic when the frequency of a variant allele in a specific

population is at least 1%.

 Phase I enzymes

Phase I metabolizing enzymes include those involved in:

 Oxidation – cytochrome P450, alcohol dehydrogenase, aldehyde dehydrogenase,

dihydropyrimidine dehydrogenase, monoamine oxidase, and flavin-containing

monooxygenase;

 Reduction – nicotinamide adenine dinucleotide phosphate (NADPH)-cytochrome P450

reductase and reduced cytochrome P450;

 Hydrolysis – epoxide hydrolase, esterases, and amidases.

 Phase II enzymes

The most important Phase II enzymes that exhibit functional and clinical relevant genetic

polymorphisms are uridine diphosphate glucuronosyltransferase (UGT), sulfotransferase

(SULT), glutathione S-transferases (GST), N-acetyltransferase (NAT), and thiopurine

methyltransferase (TPMT).
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 Glutathione S-transferases (GST)

The super family of human GST catalyzes the conjugation of glutathione (GSH) to a wide range

of endogenous metabolites and xenobiotics. The common metabolites are alkylating and free

radical generating anticancer drugs (Lo and Ali-Osman, 2007). Glutathion S Transferases are

categorized into three main families: cytosolic/nuclear, mitochondrial, and microsomal. The

cytosolic GSTs are further divided into seven classes: alpha, mu, omega, pi, sigma, theta, and

zeta. Besides their enzymatic function, GSTs also possess nonenzymatic functions, in which they

act as regulators of cell signaling and posttranslational modification pathway in response to

stress, growth factors, and DNA damage, and in cell proliferation, cell death, and other processes

that ultimately lead to tumor growth and drug resistance. In determinants of cancer susceptibility,

therapeutic response, and prognosis, GSTs have greater importance (Lo and Ali-Osman, 2007).

1.3.2 Base Excision repair enzyme

Base excision repair (BER) is a cellular mechanism that repairs damaged DNA throughout the

cell cycle which is responsible primarily for removing small, non-helix-distorting base lesions

from the genome (Seeberg et al., 1995). It is important for removing damaged bases that could

otherwise cause mutations by mispairing or lead to breaks in DNA during replication. Such

damage typically results from deamination, oxidation, or methylation. Much of the damage is the

result of spontaneous decay of DNA, although similar damage may also be caused by

environmental chemicals, radiation, or treatment with cytostatic drugs. BER is initiated by DNA

glycosylases, which recognize and remove specific damaged or inappropriate bases, forming AP

sites. These are then cleaved by an AP endonuclease. The resulting single-strand break can then

be processed by either short-patch or long-patch BER.

1.3.3 Nucleotide Excision repair enzyme

Nucleotide excision repair is a DNA repair mechanism. DNA damage occurs constantly because

of chemicals such as intercalating agents, radiation and other mutagens. Three excision repair

pathways exist to repair single stranded DNA damage: Nucleotide excision repair (NER), base

excision repair (BER), and DNA mismatch repair (MMR) (Wood et al., 2001). While the BER
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pathway can recognize specific non-bulky lesions in DNA, it can correct only damaged bases

that are removed by specific glycosylases.

It is a particularly important excision mechanism that removes DNA damage induced

by ultraviolet light which results in bulky DNA adducts - these adducts are mostlythymine

dimers and 6,4-photoproducts. Recognition of the damage leads to removal of a short single-

stranded DNA segment that contains the lesion. The undamaged single-stranded DNA remains

and DNA polymerase uses which is a template to synthesize a short complementary sequence.

Final ligation to complete NER and form a double stranded DNA is carried out by DNA ligase. It

can be divided into two subpathways: global genomic NER (GG-NER or GGR) and transcription

coupled NER (TC-NER or TCR). The two sub pathways differ in how they recognize DNA

damage but they share the same process for lesion incision, repair, and ligation. The importance

of NER is evidenced by the severe human diseases that result from in-born genetic mutations of

NER proteins.

It has been suggested to be the main cellular defense mechanism against platinum-induced intra-

strand crosslinks in DNA repair pathway (Kalikaki et al., 2009). Genes involve in NER pathway,

including its up-stream genes, are considered as candidate genes for prediction of different

response to platinum-based chemotherapy in NSCLC patients (Behera et al., 2012). Some SNPs

have been acted as important factors contributing to the activity of NER pathways. Thus it would

influence platinum-based outcome in NSCLC patients.

1.4 The drugs: Platinum based drugs

Platinum is cytotoxic drug. It disrupts double-stranded DNA in cells by forming platinum-DNA

adducts. These adducts cause interstrand crosslinking, induce bulky distortion of DNA, and

inhibit DNA replication (Rudd et al., 1995; Poklar et al., 1996). These DNA lesions can be

mended by DNA repair mechanisms; therefore, the activities of repair molecules can play a role

in clinical outcomes, response to chemotherapy, and survival of patients treated with platinum-

based chemotherapy (Johnson, 2001)

The platinum based drugs are cisplatin ,cicisplatinum, platamin, neoplatin, cismaplat or cis-

diamminedichloridoplatinum (II) (CDDP).  Cisplatin was the first member of a class of platinum-

containing anti-cancer drugs, which now also includes carboplatin and oxaliplatin. These platinum
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complexes react in the body, binding to DNA and causing the DNA strands to crosslink, which

ultimately triggers cells to die in a programmed way.

It is one of the most potent antitumor agents for a wide variety of solid tumors. Its cytotoxic

mode of action is mediated by its interaction with DNA to form DNA adducts, primarily

intrastrand crosslink adducts, which activate several signal transduction pathways, including

those involving ATR, p53, p73, and MAPK, and culminate in the activation of apoptosis. DNA

damage-mediated apoptotic signals, however, can be attenuated, and the resistance that ensues is

a major limitation of cisplatin-based chemotherapy. The mechanisms responsible for cisplatin

resistance are several, and contribute to the multifactorial nature of the problem. Resistance

mechanisms that limit the extent of DNA damage include reduced drug uptake, increased drug

inactivation, and increased DNA adduct repair. Origins of these pharmacologic-based

mechanisms, however, are at the molecular level. Mechanisms that inhibit propagation of the

DNA damage signal to the apoptotic machinery include loss of damage recognition, over

expression of HER-2/neu, activation of the PI3-K/Akt (also known as PI3-K/PKB) pathway, loss

of p53 function, overexpression of antiapoptotic bcl-2, and interference in caspase activation.

The molecular signature defining the resistant phenotype varies between tumors, and the number

of resistance mechanisms activated in response to selection pressures dictates the overall extent

of cisplatin resistance.

Figure 1.6: Structure of Cisplatin
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Figure 1.7: Cisplatin causes DNA lesions by forming intra-strand and inter-strand cross-links

that result in DNA distortion and inhibition of DNA replication.

Carboplatin,or cis-diammine(1,1-cyclobutanedicarboxylato)platinum(II) is a drug used against

some forms of cancer mainly ovarian carcinoma, lung, head and neck cancers as well as

endometrial, esophageal, bladder, breast and cervical; central nervous system or germ cell tumors;

osteogenic sarcoma, and as preparation for a stem cell or bone marrow transplant (Knox et al.,

1986; Natarajan et al., 1999 ). It was introduced in the late 1980s and has since gained popularity

in clinical treatment due to its vastly reduced side effects compared to its parent

compound cisplatin.

Relative to cisplatin, the greatest benefit of carboplatin is its reduced side effects, particularly the

elimination of nephrotoxic effects.Nausea and vomiting are less severe and more easily

controlled. The main drawback of carboplatin is its myelosuppressive effect. This causes

Figure 1.8: structure of carboplatin
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the blood cell and platelet output of bone marrow in the body to decrease quite dramatically,

sometimes as low as 10% of its usual production levels. The nadir of this myelosuppression

usually occurs 21–28 days after the first treatment, after which the blood cell and platelet levels

in the blood begin to stabilize, often coming close to its pre-carboplatin levels. This decrease

in white blood cells (neutropenia) can cause complications, and is sometimes treated with drugs

like filgrastim. The most notable complication of neutropenia is increased probability of

infection by opportunistic organisms, which necessitates hospital readmission and treatment

with antibiotics. It is less potent than cisplatin; depending on the strain of cancer, carboplatin

may only be 1/8 to 1/45 as effective. The clinical standard of dosage of this drug is usually a 4:1

ratio compared to cisplatin; that is, for a dose that usually requires a particular dose of cisplatin,

four times as much carboplatin is needed to achieve the same effectiveness. The stable property

of carboplatin is a mixed blessing: once uptake of the drug occurs, its retention half-life is

considerably longer than cisplatin, but it is also this inertness that causes carboplatin to go right

through the human body, and up to 90% of the carboplatin given can be recovered in urine.

1.5 The gene: GSTP1, XRCC1, XPC and ERCC1

1.5.1 The gene: GSTP1

Glutathion S transferase is Phase II metabolising enzyme. This type of enzyme has a advantage

of carrying electrophilic groups intrinsically in a structure, or obtained from phase I metabolism,

for making conjugation of xenobiotics with donor molecules like glutathione (GSH), UDP

glucuronic acid, or 3_-phosphoadenosine-5_- phosphosulfate (PAPS). This enzyme possesses

catalytic properties for detoxifying endogenous reactions with GSH to protect cellular

macromolecules from damage resulted from the toxic effect of a wide range of endogenous and

exogenous molecules such as cytotoxic, mutagens, carcinogens, and chemotherapeutic agents.

The resulting glutathione adducts get increased property of the solubility and polarity leading to

either excretion or further metabolism. The human cytosolic GST subunits are divided into seven

gene families in accordance with their biochemical characteristics as well as amino acid

sequence similarities: (GSTA), (GSTM), (GSTT), (GSTP), (GSTO), (GSTZ), and (GSTS)

(Board et al., 1997). GSTP1 is the most abundant subunit which is found ubiquitously in

different human epithelial tissue. It gets conjugation to provide protection particularly against the



Chapter One: Introduction

Dhaka University Institutional Repository 46

cytotoxic effects of different chemotherapeutic agents, such as anthracyclines, alkylating agents,

and their metabolites. It pushes forth the hypothesis that allelic variation in the gene associated

with less effective detoxification of potential anticancer agents may result in an enhanced

sensitivity to chemotherapy. Glutathione S-transferase P1 [GSTP1, A single nucleotide

substitution (A→G) at position 313, which results in replacement of isoleucine (Ile) with valine

(Val) at codon 105] is linked to the sensitivity of cancer cells to platinums (Watson et al., 1998;

Peklak-Scott et al., 2008).

1.5.2 The gene: XRCC1

X-ray repair cross-complementing group 1 (XRCC1) protein plays a key role in base excision

repair pathway which serves as a scaffold protein in both single-strand break repair and base

excision repair activities (Lindahl and Wood, 1999). The transcription in XRCC1 has shown a

significant correlation with platinum resistance among NSCLC cell lines (Weaver et al., 2005).

XRCC1 protein could bind to platinum-containing DNA duplexes (Zhu and Lippard, 2009). In

erythrocytes, human placental aflatoxin B1 (AFB1-DNA) adducts have been shown to respond

to environmental insults and somatic glycophorin A (GPA) variants have been shown to respond

to tobacco smoking. It has been reported that the 399Gln allele is significantly associated with

higher levels of this type of genotoxic damage which suggest that the Arg399Gln amino acid

variant may alter the phenotype of the XRCC1 protein, causing deficient DNA repair (Lunn et

al., 1999).
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Figure 1.9: Role of GSTP1, XRCC1 and ERCC1 gene in metabolism of platinum based drug

1.5.3 The gene: XPC

Xeroderma pigmentosum group C (XPC) is a nuclear excision repair gene which is mainly

involved in the recognition of DNA damage. It plays an important role in the repair of bulky

lesions, such as pyrimidine dimmers, photoproducts, larger chemical adducts and cross-links,

and in the maintenance of genomic stability (Sugasawa et al., 1998; Min and Pavletich, 2007). It

gene spans 33 kb and includes 16 exons (82–882 bp) and 15 introns (0.08–5.40 kb) on

chromosome 3p25 and encodes a protein containing 940 amino acids which is linked to the

sensitivity of cancer cells to platinums. The most common polymorphisms, Lys939Gln

(rs2228001) in exon 15 and a poly (AT) insertion/deletion polymorphism in intron 9 which has

been associated with an increased risk of many human malignancies (Francisco et al., 2008).

Individuals homozygous for the XPC PAT polymorphism have an increased risk of developing

lung cancer (Marin et al., 2004) where as PAT polymorphism in the XPC gene has been

associated with an increased risk of developing different types of cancer, including smoking-



Chapter One: Introduction

Dhaka University Institutional Repository 48

related cancers (Shen et al., 2001; Casson et al., 2005; Kietthubthew et al., 2006) or melanoma

(Blankenburg et al., 2005).

Figure 1.10: Role of XPC gene in metabolism of platinum based drug

1.5.4 The gene: ERCC1

Excision repair cross-complementing group 1 (ERCC1) protein plays important role in

nucleotide excision repair pathway by repairing DNA damage and adducts. Single nucleotide

polymorphisms of DNA repair genes are suspected to influence the risk of lung cancer.  This
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gene is located in chromosome 19q13.2. SNPs in exons of DNA repair genes may influence their

protein activity, resulting in differences of individual NER and DNA repair capacity (DRC) that

may affect the susceptibility of lung cancer. The common polymorphism of ERCC1 gene is at

codon 118 (C > T substitution at exon 4, without amino acid change--Asn/Asn, rs11615).

Loss of heterozygosity of NER genes has been observed in lung carcinomas which reduce

mRNA expression. NER genes have been observed in peripheral blood lymphocytes (PBLs)

from lung cancer patients. The expression of NER genes in PBLs may be used as a surrogate for

estimating expression levels of these genes in proliferating tissues (Cheng et al., 2000). In a host-

cell reactivation assay, ERCC1 mRNA levels in PBLs correlated with DNA repair capacity

(DRC). Reduced DRC is related to lung oncogenesis (Wei et al., 1996), while elevated DRC has

been related to chemoresistance in NSCLC (Zeng-Rong et al., 1995; Bosken et al., 2002). Low

levels of ERCC1 expression also correlated with significantly longer survival in gemcitabine–

cisplatin-treated advanced NSCLC patients (Lord et al., 2002).

1.6 Justification of the study

Platinum-based chemotherapy is considered as the first-line treatment for non small cell lung

cancer, but it is relatively insensitive to chemotherapy compare to SCLC (Jemal et al., 2011). So

more attention should take to improve the chemotherapy efficacy in NSCLC patients (Harrington

and Smith, 2008). Cisplatin, carboplatin and oxaliplatin are the first-, second- and third-

generation of platinum-containing anti-cancer chemotherapy drugs, respectively combined with

other chemotherapeutic agents like gemcitabine, vinorelbine, etoposide, paclitaxel, docetaxel and

pemet (Program, 2011). However, both of the chemotherapy resistance and platinum-induced

toxicities such as anemia, leucopenia, neutropenia, thrombocytopenia and gastrointestinal

symptoms such as vomiting, anorexia and nausea are common. So it is the major obstacle for

successful chemotherapy in NSCLC patients (Monneret, 2011).

Personalized medicine tailors intervention to individual variation in risk and treatment response.

It has been considered as one of the potential medicine models that will greatly improve the

clinical efficacy of platinum-based chemotherapy. The use of genetic information has been

played a major role in the design of personalized medicine (Guo, 2010). Personalized medicines
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have been widely researched in several complex diseases, such as diabetes, seizures, and so on.

As the SNP detection technologies and integrative network-based computational methods are

rapidly developed, more researches have investigated the potential ability of using certain SNPs

to predict the treatment response and chemo toxicities in cancer patients.

Polymorphism of GSTP1, XRCC1, XPC and ERCC1 genes might cause a large inter individual

difference in the plasma concentration of drugs. In addition, anticancer therapies are notoriously

reported due to having a narrow therapeutic range. Higher concentration in the patient’s body

causes toxicity and a lower concentration reduces the efficacy of the drugs. So the role of

pharmacogenomics, which is expected to provide a predictive way for severe drug toxicity,

comes to the front line.

GSTP1 gene is crucial for responsible to the cell defence system. These phase II detoxification

enzymes are involved in the detoxification of a variety of chemotherapeutics including platinum.

The role of GSTP1 in the detoxification of platinum based drugs indicates the possible

implication of those polymorphisms to the efficacy of those chemotherapeutic agents. A313G in

exon 5 is one of the common single nucleotide polymorphisms in GSTP1that lead to amino acid

substitutions. In addition, studies suggest that the variant genotype results in diminished

enzymatic activity. Thus, individuals with variant GSTP1 genotypes may possess increased

susceptibility to cancer but good responses to chemotherapy due to decreased detoxification of

carcinogens and chemotherapeutic agents.

XRCC1 is a key component of the BER pathway (Hoeijmakers, 2001; Whitehouse et al., 2001).

It is involved in the repair of other types of DNA damage caused by platinum, including DNA

double-strand breaks (Audebert et al., 2004). This protein is critical for repairing DNA damage

induced by the platinum based anticancer drugs cisplatin (DDP) and carboplatin (CBP)

(Mohrenweiser et al., 2002) which may markedly impact the efficacy of platinum-based therapy

against NSCLC.  Additionally, the XRCC1 transcript abundance level has been demonstrated to

correlate with cisplatin chemoresistance in NSCLC cell lines (Weaver et al., 2005). Therefore, it

may have some relationship with the efficacy of platinum chemotherapy. Theoretically, genetic

polymorphisms in this gene should modulate DNA repair capacity and hence influence the
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anticancer effect of platinum drugs and reveal platinum sensitivity in NSCLC patients. Several

recent studies have found the relationship between XRCC1 polymorphisms and clinical outcome

of platinum-containing drugs in non small cell lung cancer patients (Gao et al., 2006; Jin et al.,

2006; Hong et al., 2009; Sun et al., 2009; Ding et al., 2010; Qian et al., 2010).

XPC and ERCC1 are nucleotide excision repair genes. NER pathway is a major form of DNA

repair pathway in which the main cellular defense mechanism is occured against platinum-

induced intra-strand crosslinks in DNA repair pathway (Kalikaki et al., 2009). Genes involve in

NER pathway are considered as candidate genes for prediction of different response to platinum-

based chemotherapy in NSCLC patients (Behera et al., 2012). Polymorphisms of the XPC gene

may contribute to variations in DNA repair capacity and in the genetic susceptibility to different

cancers. Many studies have found that polymorphisms in XPC are associated with the risk of

esophageal squamous cell carcinoma, gastric cardiac adenocarcinoma, squamous cell carcinoma

of the head and neck, breast cancer, renal cell carcinoma, bladder cancer, advanced colorectal

adenoma, oral squamous cell carcinoma, lung cancer, and pancreatic adenocarcinoma (Vogel et

al., 2005; Hirata et al., 2006; Huang et al., 2006; Kietthubthew et al., 2006; Kristensen et al.,

2006; Zhou et al., 2006; An et al., 2007; Figueroa et al., 2007). But the relationship between

XPC polymorphism and the outcome of advanced NSCLC patients to platinum-based

chemotherapy has rarely been studied (Yuan et al., 2005).

ERCC1 is responsible for recognition of DNA damage and removal of the damaged nucleotides

in NER. SNPs in exons of DNA repair genes may influence their protein activity, resulting in

differences of individual NER and DNA repair capacity (DRC) that may affect the susceptibility

of lung cancer. SNP of this gene may modulate repair capacity and contribute to individual

variations in chemotherapy outcome. In vitro analysis showed that the C/T SNP at codon 118 of

the ERCC1 gene affected mRNA and protein levels which leads to differential platinum

sensitivity (Yu et al., 2000). Furthermore, clinical data suggested a possible correlation of this

SNP with clinical outcome and tumor response to platinum-based chemotherapy in advanced

NSCLC (Isla et al., 2004; Ryu et al., 2004; Park et al., 2011).
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Platinum based chemotherapy provides an opportunity for the direct assessment of tumor

response. It also helps us to estimate the toxicity to therapy without interference of other

treatments. On the basis of these different types of preclinical and clinical data, we made the

hypothesis that the genetic polymorphisms in the major drug-metabolizing enzyme, BER and

NER enzyme involved in platinum based drug predict inter individual variability in the treatment

response as well as toxicity. To test this hypothesis, we examined the role of genetic

polymorphisms in GSTP1, XRCC1, XPC and ERCC1 genes on the response and toxicity of the

therapy with 285 patients recruited from different public and private hospitals of Bangladesh,

received platinum based chemotherapy. Besides no pharmacogenetic study has yet done on

Bangladeshi population and the studies on the role of these gene polymorphisms to the response

and toxicities.
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2.Materials and Methods

2.1 Subject Selection

Two hundred and eighty five non-small cell lung cancer patients were recruited randomly from

different private and public hospitals of Bangladesh (Ahsania Mission Cancer and General

Hospital, Dhaka Medical College Hospital, Bangabandhu Sheikh Mujib Medical University and

Delta Medical College and Hospital) from the mid of 2013 to the end of 2015. They were

histologically or cytologically proven staged IIIB or IV NSCLC. They met the following criteria:

an Eastern Cooperative Oncology Group performance status ≤1, age >18 years, adequate bone

marrow reserve (leukocyte count >4.0 × 109/L, platelet count ≥100 × 109/L), adequate liver

(bilirubin level ≤1.5 mg/dL, alanine aminotransferase/aspartate aminotransferase <3 times the

upper limit of normal) and renal function (creatinine level ≤1.5 mg/dL).The exclusion criteria

were active infections, concomitant malignancy, or a second primary malignancy, recent

myocardial infarction, unstable angina, symptomatic brain metastases, spinal cord compression,

uncontrolled massive pleural or pericardial effusion and previous chemotherapy.

The study was conducted in accordance with the International Conference of Harmonization

(ICH) for Good Clinical Practice (GCP) and in compliance with the Declaration of Helsinki and

its further amendments (adopted by the 18th WMA general assembly, Helsinki, Finland, June

1964 and last amendment in Edinburgh on October 2000). Ethical permission was taken to

approve the protocol and consent form of the clinical investigation from Bangladesh Medical

Research Council (BMRC).

We recruited 285 patients age matched for toxicity assessment, but for response evaluation, CT

scan reports were available for 150 patients and thus we excluded 135 patients from response

evaluation part of this study. Each patient signed an informed consent document before entering

the study and was free to withdraw from the study at any time without any obligation.

Hematologic and non-hematologic toxicities of all patients were recorded at day 1 and 8 of every

treatment course. Toxicities were assessed using National Cancer Institute common terminology

criteria (version 4.0).Assessment of tumor response was carried out by computed tomography
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scan after every three cycles. Responses were assessed using Response Evaluation Criteria in

Solid Tumors (RECIST).

A basic demographic information and medical history was obtained by means of a short

questionnaire. Their mean age ± SD was 53.9 ± 9.96 (range 18 to 78) years. Their mean body

weight was 67.1 ± 9.07 (range 38 to 88) kg and mean body mass index (BMI) was 25.30 ± 3.21

(18.4 to 39.6) kg/m2. Among them, 77.54% patients were male and 22.46% patients were

females. Male to female ratio was 3.45:1. Out of 285 patients, 65.61% was smokers and 34.38%

was non-smokers. Smoker to non-smoker ratio was 1.93:1. Most of the patients (74.39%) came

from urban area in this study. In the present study most of the patients were economicallylower-

middle class (34.04%) (Table 2.1)

Table 2.1: Demographic data and clinicopathological characteristics of  NSCLC patients

Characteristics Number of patients Percentage (%)

Age (years)

<50 113 39.65

>50 172 60.35

Body Weight (Kg)

<55 107 37.54

>55 178 62.46

Body max index (kg/m2)

Underweight (<18.5) 133 46.67

Normal (18.5-24.9) 112 39.30

Overweight (>25) 29 10.18

Obese (> 30) 11 3.86

Gender

Male 221 77.54
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Female 64 22.46

Socioeconomic status

Poor 31 10.88

Lower-Middle 97 34.04

Upper-Middle 95 33.33

Rich 62 21.75

Family History

Yes 135 47.37

No 150 52.63

Residence

Urban 212 74.39

Rural 73 25.61

Tobacco smoking

Smoker 187 65.61

Non-smoker 98 34.38

TNM stage

IIIB 214 75.09

IV 71 24.91

Histology

Adenocarcinoma 121 42.45

Squamous carcinoma 103 36.14

Other 61 21.40

Patient consent form:

A form regarding the approval of the patients is included in the appendix portion.

Data collection form:

The form needed to encompass all the information about the patients is jostled down in a data

collection form.
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2.1.1 Chemotherapy regimen

All participants received one of the following platinum-based combination chemotherapy

regimen:

Cisplatin(DDP)/Carboplatin(CBP) plus gemcitabine (GEM),

Cisplatin(DDP)/Carboplatin(CBP) plus vinorelbine (NVP),

Cisplatin(DDP)/Carboplatin(CBP) plus paclitaxel (PT)/ docetaxel (DOC).

The dose of that chemotherapy regimen was :DDP(cisplatin) 30 mg/m2; CBP (carboplatin) AUC

= 4–5 g; PT (paclitaxel) 175 mg/m2 , DOC (docetaxel) 75 mg/m2; GEM (gemcitabine) 1 g/m2;

NVB (vinorelbine) 25 mg/m2.All chemotherapeutic drugs were administered intravenously and it

was repeated at three-weekly intervals for up to six cycles unless unacceptable toxicity, disease

progression or patients’ refusal to continue treatment.

2.1.2 Determination of stages of Lung Cancer

Accurate lung-cancer staging is essential for designing treatment programs and for determining a

prognosis. Most importantly, a consistent, reproducible staging system is imperative for the

execution of meaningful clinical trials of old and new therapeutic modalities, and for the

extrapolation of the outcomes of trials to the general population. The International System for

Staging Lung Cancer is widely accepted as an accurate and reproducible staging system for non-

small cell lung cancer (NSCLC) (Naruke et al., 1997).

Primary tumor (T)

TX Positive malignant cytology finding with no observable lesion

Tis Carcinoma in situ

T1
Diameter of 3 cm or smaller, is surrounded by lung or visceral pleura, and is

without invasion more proximal than the lobar bronchus

T2

Diameter greater than 3 cm and/or has extension to the visceral pleura, atelectasis,

obstructive pneumonitis that extends to the hilar region but does not involve the

whole lung or tumor of a main bronchus more than 2 cm distal from the carina

T3 A tumor of any size that directly invades any of the following: chest wall
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(including superior sulcus tumors), diaphragm, mediastinal pleura, parietal

pericardium; or, associated atelectasis or obstructive pneumonitis of the entire lung

or, tumor in the main bronchus less than 2 cm distal to the carina

T4

A tumor of any size that invades any of the following: mediastinum, heart, great

vessels, trachea, esophagus, vertebral body, carina; or, separate tumor nodules in

the same lobe; or, tumor with a malignant pleural effusion

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1
Metastasis to ipsilateralperibronchial and/or ipsilateralhilar lymph nodes, and

intrapulmonary nodes including involvement by direct extension of the primary tumor

N2 Metastasis to ipsilateralmediastinal and/or subcarinal lymph node(s)

N3
Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral

scalene, or supraclavicular lymph node(s)

Metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present

TNM Stage

Stage TNM

Stage IB T2N0M0

Stage IIA T1N1M0

Stage IIB T2N1M0 or T3N0M0

Stage IIIA T3N1M0 or T(1-3)N2M0
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Stage IIIB T4N(0-3)M0 or T(1-4)N3M0

Stage IV T(1-4)N(0-3)M1

2.2 Response and Toxicity evaluation criteria

Clinical response of tumor was estimated according to the Response Evaluation Criteria in Solid

Tumors (RECST) criteria where complete response is defined as disappearance of tumor for at

least four weeks; at least a 30% decrease of the longest diameter of tumor for more than 4 weeks

is determined as partial response; progressive disease is termed as at least a 20% increase of the

longest diameter of tumor; neither sufficient shrinkage to qualify for partial response nor

sufficient increase to qualify for progressive disease is evaluated as stable disease.

The sixth edition of American Joint Committee on Cancer (AJCC) tumor-node metastasis

(TNM) staging system was applied for evaluation of both clinical stages before chemotherapy

and pathological response of primary tumor and axillary lymph nodes after the treatment.

Chemotherapy induced toxic reaction was assessed according to the Common Terminology

Criteria for Adverse Events (CTCAE v4.0)

2.2.1 Response evaluation method

We evaluated response to drug in accordance with Response Evaluation Criteria in Solid Tumor

(RECIST). 150 non-small cell lung cancer patients were taken for whom CT scan reports of before

and after three cycle of chemotherapy was found. This method is internationally recognized and

followed method. We categorized our patients in different level of this method considering patient’s

different histopathological data and diagnosis test report. We took the help of expert physicians,

oncologist, pathologist and laboratory expert of respective hospital to categorize patients. Patients who

showed complete response (CR) and partial response (PR) after treatment were considered as

responder, and patients with stable disease (SD) and progressive disease (SD) were regarded as non-

responder.

The Response Evaluation Criteria in Solid Tumors (RECIST) were published in February 2000

by the European Organization for Research and Treatment of Cancer (EORTC), the National

Cancer Institute of the United States, and the National Cancer Institute of Canada Clinical Trials
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Group. RECIST criteria are used to evaluate a patient’s response to the therapy used to treat their

disease.

Baseline documentation of Target lesions:

All measurable lesions up to a maximum of five lesions per organ and 10 lesions in total that are

representative of all involved organs should be identified as target lesions recorded, and

measured at baseline. Target lesions should be selected on the basis of their size (lesions with the

longest diameter) and their suitability for accurate repeated measurements (either by imaging

techniques or clinically). A sum of the longest diameter (LD) for all target lesions will be

calculated and reported as the baseline sum LD. The baseline sum LD will be used as the

reference by which to characterize the objective tumor.

Evaluation of target lesions

 Complete Response (CR): Disappearance of all target lesions

 Partial Response (PR): At least a 30% decrease in the sum of the longest diameter (LD) of

target lesions, taking as reference the baseline sum LD.

 Stable Disease (SD): Neither sufficient shrinkage to qualify for PR nor sufficient increase to

qualify for PD, taking as reference the smallest sum LD since the treatment started

 Progressive Disease (PD): At least a 20% increase in the sum of the LD of target lesions,

taking as reference the smallest sum LD recorded since the treatment started or the

appearance of one or more new lesions

We found that patients with younger age (<50 years) had less response rate than the older aged

patients (> 50 years) (n= 23, 15.33%). Male patients were found more as responder compared to

female patients (n=47, 31.33%). The response rate to chemotherapy in patients with more weight

(>55kg) had greater response rate than less weighted patients (<55 kg) (n=47, 31.33%). Male

patients were more responder compared to female patients (n =47, 31.33%). Patients of

economically lower middle class had elevated response rate than the poor (n= 29, 19.33%)

(Table 2.2).
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Table 2.2: Comparison of response rate to chemotherapy with demographic and
clinicopathological characteristics of patients

Characteristics
No. of

Patients (150)
Responder

(65)
Non responder (85)

Age

<50 54 23 (15.33%) 31 (20.67%)

>50 96 42 (28%) 54 (36%)

Body Weight

< 55 45 18 (12%) 27 (18%)

>55 105 47 (31.33%) 58 (38.67%)

Body max  index (kg/m2)

Underweight  (<18.5) 78 38 (25.33%) 40 (26.67%)

Normal  (18.5-24.9) 65 25 (16.67%) 40 (26.67%)

Overweight (>25) 5 1 (0.67%) 4 (2.67%)

Obese (> 30) 2 1 (0.67%) 1 (0.67%)

Gender

Male 102 47 (31.33%) 55 (36.67%)

Female 48 18 (12%) 30 (20%)

Socioeconomic status

Poor 12 4 (2.67%) 8 (5.33%)

Lower-Middle 62 29 (19.33%) 33(22%)

Upper-Middle 58 26 (17.33%) 32(21.33%)

Rich 18 6 (4.0%) 12(8.0%)

Family History

Yes 85 34 (22.67%) 51 (34%)
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No 65 31 (20.67%) 34 (22.67%)

Residence

Urban 111 50 (33.33%) 61 (40.67%)

Rural 39 15 (10%) 24 (16%)

Smoking Habit

Smoker 103 44 (29.33%) 64 (42.67%)

Non-smoker 47 21 (14%) 26 (17.33%)

TNM stage

IIIB 128 50 (33.33%) 73 (48.67%)

IV 22 10 (6.67%) 12 (8.0%)

Histology

Adenocarcinoma 77 34 (22.67%) 43 (28.67%)

Squamous carcinoma 68 30 (20%) 38 (25.33%)

Other 5 1 (0.67%) 4 (2.67%)

2.2.2 Toxicity evaluation method

We followed Common Terminology Criteria for Adverse Events (CTCAE) v4.0 for adverse event

analysis. Different diagnostic test reports and expert doctors’ advice were taken for grading of adverse

events and staging of cancer. Several criteria and signs and symptoms as stated in the guide line were

considered as tools for adverse event identification and grading.

CTCAE Terms

An Adverse Event (AE) is any unfavorable and unintended sign (including an abnormal

laboratory finding), symptom, or disease temporally associated with the use of a medical

treatment or procedure that may or may not be considered related to the medical treatment or
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procedure. An AE is a term that is a unique representation of a specific event used for medical

documentation and scientific analyses. Each CTCAE v4.0 term is a MedDRA LLT (Lowest

Level Term).

Grades

Grade refers to the severity of the AE. The CTCAE displays Grades 1 through 5 with unique

clinical descriptions of severity for each AE based on this general guideline:

Grade 1 Mild: asymptomatic or mild symptoms; clinical or diagnostic observations only;

intervention not indicated.

Grade 2 Moderate: minimal, local or noninvasive intervention indicated; limiting age-appropriate

instrumental activities of daily living (ADL).

Grade 3 Severe or medically significant but not immediately life-threatening: hospitalization or

prolongation of hospitalization indicated; disabling; limiting self care ADL.

Grade 4 Life-threatening consequences: urgent intervention indicated.

Grade 5 Death: related to AE.

The different grade of hematological toxicity and gastrointestinal toxicity were recorder in a

prescribed questionnaire.Off the 285 patients, 96 (28.42%) patients were found with severe

anemia(grade III + grade IV) and 189 (71.57%) patients were found with mild and moderate

anemia(grade < II) (Table 2.3). Again, we found that 31.22% patients were with severe

neutropenia and 68.22% patients were with mild and moderate neutropenia. The percentage of

different grade of others hematological and GI toxicity is showed in Table 2.3.

Table 2.3: Percentage of different grade of toxicities in NSCLC patients

Toxicity Grade < II Grade III +Grade IV

Number Percentage Number Percentage

Anemia 189 71.57 96 28.42

Neutropenia 196 68.77 89 31.22

Leukopenia 214 75.09 71 24.91

Throbocytopenia 238 83.51 47 16.49

Gastrointestinal Toxicity 232 81.80 53 18.20
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Anemia

It is usually defined as a decrease in the amount of red blood cells (RBCs) or hemoglobin in the

blood. It can also be defined as a lowered ability of the blood to carry oxygen. Anemia was

categorized into four grades based on Hb levels: grade 1 (11.9 to 10.0 g/dL); grade 2 (9.9 to 8.0

g/dL); grade 3 (7.9 to 6.5 g/dL); and grade 4 (life-threatening, <6.5 g/dL).Among 285 patients,

96 (28.42%) patients were found with severe (grade III + grade IV) anemia whereasmore

patients were found with mild and moderate (grade < II) anemia (189, 71.57%). Patients with

older age (>50 years) had increased risk of severe anemia than younger patients (<50 years) (n=

62, 21.73%). Male patients had higher risk of severe anemia compared to female patients (n=78,

27.37%). Smokers were found more with severe anemia compared to non-smokers (n =68,

23.86%) (Table 2.4).Relationship of different grade of anemiawith demographic and

clinicopathological characteristic of patients is shown  in Table 2.4.

Table 2.4: Relationship of different grade of anemiawith demographic andclinicopathological

characteristic of patients

Characteristics No. of Patients
Severe Anemia

Grade III + IV (96)

Mild and moderate Anemia

Grade < II (189)
Age
<50 113 34 (11.93%) 79 (27.72%)

>50 172 62 (21.75%) 110 (38.60%)

Body Weight
< 55 107 35(12.87%) 72 (25.26%)

>55 178 61 (21.40%) 117 (41.05%)

Body max  index (kg/m2)

Underweight  (<18.5) 133 51 (17.89%) 82 (28.77%)

Normal  (18.5-24.9) 112 33(11.58%) 79 (27.72%)

Overweight (>25) 29 8(2.81%) 21
(7.37%)

Obese (> 30) 11 4(1.40%) 7
(2.46%)
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Gender
Male 221 78 (27.37%) 143 (50.18%)

Female 64 18(6.32%) 46 (16.14%)

Socioeconomic status

Poor 31 11(3.86%) 20
(7.02%)

Lower-Middle 97 35 (12.28%) 62 (21.75%)

Upper-Middle 95 32 (11.23%) 63 (22.11%)

Rich 62 18(6.32%) 44 (15.44%)

Family History

Yes 150 56 (19.65%) 94 (32.98%)

No 150 40 (14.04%) 95 (33.33%)

Residence

Urban 212 67 (23.51%) 145 (50.88%)

Rural 73 29 (10.18%) 44 (15.44%)

Smoking Habit
Smoker 187 68 (23.86%) 117 (41.05%)

Non-smoker 98 28(9.82%) 70 (24.56%)

TNM stage

IIIB 214 71(24.91%) 143 (50.18%)

IV 71 25(8.77%) 46 (16.14%)

Histology

Adenocarcinoma 121 46 (16.14%) 75 (26.32%)

Squamous carcinoma 103 33 (11.57%) 70 (24.56%)
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Other 61 17(5.96%) 44 (15.44%)

Neutropenia

It is an abnormally low concentration of neutrophils. Neutrophils make up the majority of

circulating white blood cells and serve as the primary defense against infections by destroying

bacteria, bacterial fragments and immunoglobulin-bound viruses in the blood. Neutropenia was

categorized into four grades based on neutrophil levels: grade 1: Neutrophil count decreased

<LLN - 1500/mm3; grade 2: <1500 - 1000/mm3; grade 3: <1000 - 500/mm3and grade 4:

<500/mm3. Off 285 patients, 89 (31.22%) patients were found with severe neutropenia (grade III

+ grade IV) and 196 (68.77%) patients were found withmild and moderate neutropenia (grade I

and grade II).Male patients had higher risk of severe neutropeniacompared to female patients

(n=74, 25.96%). Elevated risk of severe neutropenia was observed with those who had a family

history of NSCLC compared to those who had not any family history (n=53, 18.59%). Patients

living in urban area were found more with severe neutropenia compared to those living in rural

area(n= 63, 22.11%)(Table 2.5).Relationship of different grade of neutropeniawith demographic and

clinicopathological characteristic of patients is shown inTable 2.5.

Table 2.5: Relationship of  different grade of neutropeniawith demographic and

clinicopathological characteristic of patients

Characteristics No. of Patients
Severe Neutropenia

Grade III+IV
(89)

Mild and Moderate Neutropenia
Grade < II

(196)
Age
<50 113 31(10.87%) 82 (28.77%)

>50 172 58 (20.35%) 114 (40%)

Body Weight
< 55 107 31 (10.87%) 76 (26.67%)

>55 178 58 (20.35%) 120 (42.11%)

Body max  index(kg/m2)
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Underweight  (<18.5) 133 49 (17.19%) 84 (29.47%)

Normal  (18.5-24.9) 112 32 (11.23%) 80 (28.07%)

Overweight (>25) 29 7(2.46%) 22 (7.72%)

Obese (> 30) 11 3 (1.05%) 8 (2.81%)

Gender
Male 221 74 (25.96%) 147 (51.58%)

Female 64 15 (5.26%) 49 (17.19%)

Socioeconomic status

Poor 31 9 (3.16%) 22 (7.72%)

Lower-Middle 97 34 (11.93%) 63 (22.11%)

Upper-Middle 95 30 (10.53%) 65 (22.81%)

Rich 62 16 (5.61%) 46 (16.14%)

Family History

Yes 150 53 (18.59%) 97 (34.04%)

No 136 36 (12.63%) 99 (34.74%)

Residence

Urban 212 63 (22.11%) 149 (52.28%)

Rural 73 26 (9.12%) 47 (16.49%)

Smoking Habit
Smoker 187 65 (22.81%) 122 (42.81%)

Non-smoker 98 24 (8.42%) 74 (25.96%)

TNM stage

IIIB 214 68 (23.86%) 146 (51.23%)
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IV 71 21 (7.37%) 50 (17.54%)

Histology

Adenocarcinoma 121 44 (15.44%) 77 (27.02%)

Squamous carcinoma 103 31 (10.88%) 72 (25.26%)

Other 61 14 (4.91%) 47 (16.49%)

Leukopenia

It is a decrease in the number of white blood cells (leukocytes) found in the blood, which places

individuals at increased risk of infection. Leukopenia was categorized into four grades based on

WBC levels: Grade 1: White blood cell decreased <LLN - 3000/mm3;Grade 2: <3000 -

2000/mm3; Grade 3: <2000 - 1000/mm3and Grade 4: <1000/mm3.Among 285 patients, 24.91%

patients were found with severe leukopenia and 75.09% patients were found with mild and

moderateleukopenia. We found that older patients (>50 years) had increased risk of severe

leukopenia than younger patients (<50 years) (n= 45, 15.79%). Male patients had higher risk of

severe leukopeniacompared to female patients (n=60, 21.05%). Patients living in urban area were

found more with severe leukopenia compared to those living in rural area(n= 56, 19.65%)(Table

2.6).Relationship of different grade of leukopeniawith demographic and clinicopathological

characteristic of patients is shown inTable 2.6.

Table 2.6:Relationship of different grade of leukopeniawith demographic and clinicopathological

characteristic of patients

Characteristics No. of Patients
Severe Leukopenia

Grade III + IV
(71)

Mild and moderate Leukopenia
Grade < II

(214)
Age
<50 113 26 (9.12%) 87 (30.53%)

>50 172 45 (15.79%) 127 (44.56%)

Body Weight
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< 55 107 22 (7.72%) 85 (29.82%)

>55 178 49 (17.19%) 129 (45.26%)

Body max  index (kg/m2)

Underweight  (<18.5) 133 39 (13.68%) 94 (32.98%)

Normal  (18.5-24.9) 112 25 (8.77%) 85 (29.82%)

Overweight (>25) 29 5 (1.75%) 24 (8.42%)

Obese (> 30) 11 2 (0.70%) 9 (3.16%)

Gender
Male 221 60 (21.05%) 161 (56.49%)

Female 64 11 (3.86%) 53 (18.60%)

Socioeconomic status

Poor 31 6 (2.11%) 25 (8.77%)

Lower-Middle 97 27 (9.47%) 70 (24.56%)

Upper-Middle 95 27 (9.47%) 68 (23.86%)

Rich 62 11 (3.86%) 51 (17.89%)

Family History

Yes 150 39 (13.68%) 111 (38.95%)

No 135 32 (11.23%) 103 (36.14%)

Residence

Urban 212 56 (19.65%) 156 (54.74%)

Rural 73 15 (5.26%) 58 (20.35%)

Smoking Habit
Smoker 187 52 (18.25%) 135 (47.37%)
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Non-smoker 98 19 (6.67%) 79 (27.72%)

TNM stage

IIIB 214 58 (20.35%) 156 (54.74%)

IV 71 13 (4.56%) 58 (20.35%)

Histology

Adenocarcinoma 121 36 (12.63%) 85 (29.82%)

Squamous carcinoma 103 23 (8.07%) 80 (28.07%)

Other 61 12 (4.21%) 49 (17.19%)

Thrombocytopenia

It is a condition in which blood platelet count is decreased. Platelets (thrombocytes) are colorless

blood cells that help blood clot. Platelets stop bleeding by clumping and forming plugs in blood

vessel injuries. Thrombocytopenia was categorized into four grades based on platelet levels:

Grade 1: Platelet count decreased <LLN - 75,000/mm3; Grade 2: <75,000 - 50,000/mm3; Grade

3: <50,000 - 25,000/mm3 and Grade 4: <25,000/mm3.Out of 285 patients, 16.49% patients were

found with severe thrombocytopenia and 83.51% patients were found with mild and moderate

thrombocytopenia. We found that older patients (>50 years) had increased risk of severe

thrombocytopenia than younger patients (<50 years) (n= 34, 11.93%). Male patients had higher

risk of severe thrombocytopenia compared to female patients (n=40, 14.04%). Patients living in

urban area were found more with severe thrombocytopenia compared to those living in rural

area(n= 40, 14.04%)(Table 2.7).Relationship of different grade of thrombocytopeniawith

demographic and clinicopathological characteristic of patients is shown  inTable 2.7.
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Table 2.7: Relationship of different grade of thrombocytopeniawith demographic and

clinicopathological characteristic of patients

Characteristics No. of Patients

Severe
Thrombocytopenia

Grade III + IV
(47)

Mild and moderate
Thrombocytopenia

Grade <II
(238)

Age
<50 113 13 (4.56%) 100 (35.09%)

>50 172 34 (11.93%) 138 (48.42%)

Body Weight
< 55 107 12 (4.21%) 95 (33.33%)

>55 178 35 (12.28%) 143 (50.18%)

Body max  index (kg/m2)

Underweight  (<18.5) 133 29 (10.18%) 104 (36.49%)

Normal  (18.5-24.9) 112 15 (5.26%) 97 (34.04%)

Overweight (>25) 29 2 (0.70%) 27 (9.47%)

Obese (> 30) 11 1 (0.35%) 10 (3.51%)

Gender
Male 221 40 (14.04%) 181 (63.51%)

Female 64 7 (2.46%) 57 (20%)

Socioeconomic status

Poor 31 4 (1.40%) 27 (9.47%)

Lower-Middle 97 17 (5.96%) 80 (28.07%)

Upper-Middle 95 19 (6.67%) 76 (26.67%)

Rich 62 7 (2.46%) 55 (19.30%)

Family History
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Yes 150 21 (7.37%) 129 (45.26%)

No 135 26 (9.12%) 109 (38.25%)

Residence

Urban 212 40 (14.04%) 172 (60.35%)

Rural 73 7 (2.46%) 66 (23.16%)

Smoking Habit
Smoker 187 36 (12.63%) 151 (52.98%)

Non-smoker 98 11 (3.86%) 87 (52.53%)

TNM stage

IIIB 214 39 (13.68%) 175 (61.40%)

IV 71 8 (2.81%) 63 (22.11%)

Histology

Adenocarcinoma 121 21 (7.37%) 100 (35.09%)

Squamous carcinoma 103 19 (6.67%) 84 (29.47%)

Other 61 7 (2.46%) 54 (18.95%)

Gastrointestinal disorders

Gastrointestinal disorder is characterized by frequent and watery bowel movements. It was

categorized into four grades (Grade 1:  <4 stools per day over baseline; mild increase in ostomy

output compared to baseline; Grade 2: Increase of 4 - 6 stools per day over baseline; moderate

increase in ostomy output compared to baseline ;Grade 3: Increase of >=7 stools per day over

baseline; incontinence; hospitalization indicated; severe increase in ostomy output compared to

baseline; limiting self care ADL and Grade 4: Life-threatening consequences; urgent intervention

indicated).Relationship of different grade of GI toxicitywith demographic and clinicopathological

characteristic of patients is shown  inTable 2.8.
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Table 2.8. Relationship of different grade of GI toxicitywith demographic and clinicopathological

characteristic of patients

Characteristics
No. of

Patients
Severe GI Toxicity
Grade III + IV(53)

Moderate GI Toxicity
Grade < II

(232)
Age
<50 113 16 (5.61%) 97 (34.04%)

>50 172 37 (12.98%) 135 (47.37%)

Body Weight
< 55 107 14 (4.91%) 93 (32.63%)

>55 178 39 (13.68%) 139 (48.77%)

Body max  index (kg/m2)

Underweight  (<18.5) 133 32 (11.23%) 101 (35.44%)

Normal  (18.5-24.9) 112 18 (6.32%) 94 (32.98%)

Overweight (>25) 29 2 (0.70%) 27 (9.47%)

Obese (> 30) 11 1 (0.35%) 10 (3.51%)

Gender
Male 221 45 (15.79%) 176 (61.75%)

Female 64 8 (2.81%) 56 (19.65%)

Socioeconomic status

Poor 31 5 (1.75%) 26 (9.12%)

Lower-Middle 97 21 (7.37%) 76 (26.67%)

Upper-Middle 95 19 (6.67%) 76 (26.67%)

Rich 62 8 (2.81%) 54 (18.95%)

Family History
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Yes 150 29 (10.18%) 121 (42.46%)

No 135 24 (8.42%) 111 (38.95%)

Residence

Urban 212 45 (15.79%) 167 (58.60%)

Rural 73 8 (2.81%) 65 (22.81%)

Smoking Habit
Smoker 187 39 (13.68%) 148 (51.93%)

Non-smoker 98 14 (4.91%) 84 (29.47%)

TNM stage

IIIB 214 44 (15.44%) 170 (59.65%)

IV 71 9 (3.16%) 62 (21.75%)

Histology

Adenocarcinoma 121 24 (8.42%) 97 (34.04%)

Squamous carcinoma 103 21 (7.37%) 82 (28.77%)

Other 61 8 (2.81%) 53 (18.60%)

2.6 Study End Point

Prospective study was done to evaluate the role of the GSTP1 (rs1695), XRCC1 (rs25487), XPC

(rs2228001) and ERCC1 (rs11615) polymorphism in the response of intact tumor to platinum

based chemotherapy with 150 non-small cell lung cancer patients. Response Evaluation Criteria

in Solid Tumors (RECIST) was applied to assess the Tumor response after 3 weeks from the

completion of three cycle’s chemotherapy. Patients were divided into two groups as responders

(complete + partial response) and non-responders (static + progressive disease).
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In the second part of the study, the role of the GSTP1 (rs1695), XRCC1 (rs25487), XPC

(rs2228001) and ERCC1 (rs11615) polymorphism on platinum based chemotherapy was

evaluated on 285 patients. Patient showing drug induced hematological toxicities and

gastrointestinal toxicities were assessed according to the Common Terminology Criteria for

Adverse Events. The highest grade toxicity occurred during the course of treatment of an

individual patient was taken as a tool for the analysis.

2.4 Materials

The list of instruments, consumable materials, chemical and reagents, restriction enzymes and

solutions are attached in the appendix part.

2.5 Venous blood collection

After explanation and counseling about the study, approximately 3 ml of venousblood was

collected from each patient in a sterile eppendorf tube containingethylenediaminetetra acetic acid

disdium (EDTA-Na2). Then samples were stored at -80ºC until DNA extraction.

2.6Preparation of DNA Isolation Reagents

Preparation procedure of cell lysisbuffer, nuclear lysisbuffer, Sodium Perchlorate (5 M), Tris-

EDTA (TE) Buffer (1x) andTAE buffer (10x) is attached in the appendix part.

2.7 Genomic DNA Isolation

DNA was isolated from blood by previously published method (Daly et al., 1998). Briefly, 3 ml

blood was taken in a 50 ml Falcon centrifuge tube. 20 ml Lysis Buffer was added to it. Then it

was mixed gently for 2 minutes by inversion and It was then centrifuged for 10 minutes at 3000

rpm at 4°C by using UNIVERSAL 240V 50-60Hz Refrigerated Bench- Top Centrifuge Machine

(Hettich GmbH & Co., Germany). The supernatant was discarded into a bottle containing enough

savlon. The pellet was collected. 2 ml Nuclear Lysis Buffer and 0.5 ml of 5 M Sodium

perchlorate were added to it. Then the tube was mixed in a rotary mixture at room temperature

for about 15 min so that pellet was dissolved completely. The sample tube was then incubated at
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65°C for 30 min. (Heidolph Unimax-2010 Incubator, Wolf Laboratories Limited, UK). Then 2.5

ml of chilled Chloroform was added to it. It was then mixed in a rotary mixture for 10 min at

room temperature. Then the tube was centrifuged at 1500 rpm for 5 min. (37°C). The DNA

containing phase (uppermost phase) was transferred to a fresh autoclaved 15 ml polypropylene

tube using a disposable Pasteur pipette. Two volumes of Ethanol (double that of DNA phase)

was added to it. It was then mixed immediately by slow gentle inversion until all cloudiness was

disappeared. DNA was seen to come out of the solution as a white ‘cotton-wool’ pellet. The

white ‘cotton-wool pellet’ was collected with a disposable microbiology loop. The loop was air

dried. The DNA was dissolved in 200µl TE Buffer contained in a 1.5 ml screw cap tube. Then

the tube was kept at 65°C overnight. Then it was taken back and stored in freezer (-40̊ C).

2.8Quantification of genomic DNA

The quantity and purity of DNA isolated from blood samples were assessed by using a UV

Spectrophotometer (UV Prove v2.1) at 260 nm. In order to ensure  complete  sample

homogeneity,  which  is  critical  when  measuring  genomic  DNA concentration and purity

with this instrument, samples were very gently shaken on a vortex shaker for approximately 30

minutes before measurements were taken. A sample volume of 1.5 to 2 µl was pipetted onto the

fibre optic measurement surface. Working solutions of genomic DNA were made up to a

standard concentration of 50 ng/µl with Nuclease free water, except in cases where the sample

had an initial concentration of less than 50 ng/µl, in which case an undiluted aliquot was taken as

a working solution.

For calculation of DNA concentration of samples free of RNA, the following conversion factor

is used: 1 OD260 = 50 mg of DNA/ml.DNA concentration in µg/µl was calculated as follows:

DNA Concentration (µg/µml) = OD 260X50 (dilution factor)X 50 µg/ml1000
OD260/OD280 should be = 1.7-1.9 (OD=Optical density)

A value out of this range is not acceptable. It may indicate that the DNA sample is not in solution

or that there are contaminants (i.e., protein) in the sample that may inhibit subsequent
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reactions.All working solutions of genomic DNA were stored at -40ºC until genotype analysis.

The purity and integrity of isolated genomic DNA were also assessed by means of agarose gel

electrophoresis. A sample volume of 5 µl (50-70 ng/µl) was resolved on a 1% (w/v) agarose gel.

2.9Genotyping of single nucleotide polymorphism (SNPS) of GSTP1 (rs1695),

XRCC1 (25487), XPC (rs2228001)& ERCC1 (rs11615)

In order to facilitate the accurate genotyping of the volunteer’s DNA samples for the selected

SNPs, PCR-RFLP was employed due to its affordability, ease of use and reliability. This method

of genotyping entails the restriction enzyme (REase) digestion of polymerase chain reaction

(PCR) amplification product. The subsequent digestion or lack of digestion, of PCR

amplification product due to the presence or absence of an SNP within the REase recognition site

allows for accurate and reliable genotyping and the consequent determination of SNP

frequencies within a sample cohort.The classification of an SNP genotype as ‘wild-type’ or

‘variant’ was done according to accepted nomenclature and the relevant reference sequences

available from the National  Centre  for  Biotechnological Information (NCBI) .

2.9.1 DNA Amplification by PCR (Polymerase Chain Reaction)

The relevant genomic target regions, containing the SNPs of interest, were amplified by means

of primer-directed PCR using thermo stable DNA polymerase, as originally described by (Saiki

et al., 1985; Saiki et al., 1988). This primer-directed PCR method facilitates the in

vitroamplification of single-copy genomic DNA sequences by a factor of more than ten million

with extremely high sequence specificity.
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2.9.2 Primer Design

There are some guidelines for primer design:

i. PCR primers should be generally 15-30 nucleotides long.

ii. Optimal GC content of the primer is 40-60%. Ideally, C and G nucleotides should

be distributed uniformly along the primer.

iii. Should avoid placing more than three G or C nucleotides at the 3’-end to lower

the risk of non-specific priming.

iv. Should avoid primer self-complementarities or complementarities between the

primers to prevent hairpin formation and primer dimerization.

v. Should check for possible sites of non-desirable complementarities between

primers and the template DNA.

vi. Differences in melting temperatures (Tm) of the two primers should not exceed

5°C.

By considering all the factors, the primers for the study were designed. The sequences of the

primers used and their sizes are presented in Table 2.9.

Table 2.9:Name of the allele, sequence of the designed primer with their size and melting point

No Allele Primer Sequence
Size

(Bp)

1 GSTP1 FP 5-ACCCCAGGGCTCTATGGGAA-3
022c2

200200

GSTP1 RP
5-TGAGGGCACAAGAAGCCCCT-3 20

2

XRCC1 FP
5’-TTGTGCTTTCTCTGTGTCCA-3’ 20

XRCC1 RP
5’-TCCTCCAGCCTT TTCTGATA-3’ 20
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3
XPC FP 5’-GGAGGTGGACTCTCTTCTGATG-3’

22
XPC RP 5’-TCAAAGGGTGAGTGGGCTTTGG-3’

22

4
ERCC1 FP 5’-AGGACCACAGGACACGCAGA-3’

22

ERCC1 RP 5’-CATAGAACAGTCCAGAACAC-3’
22

FP=Forward Primer; RP=Reverse Primer

Primers are obtained from Jena Bioscience.

2.10Required conditions for PCR

GoTaq® Flexi DNA Polymerase, reaction buffer, dNTPs and MgCl2were used for the PCR

amplification of the relevant genomic target regions, containing the SNPs of interest.A 25 µl

reaction volume was used containing 1.0 µl of genomic DNA (50-70 ng/µl), 5.0 µl of 5X

Colorless GoTaq® reaction buffer, 4.0 µl of MgCl2 (25 mM), 2.0 µl of dNTPs (2.5 mM), 1.0 µl of

each primer (10 µM), 0.1 µl of GoTaq® DNA polymerase (5 U/µl), and 10.9 µl of Nuclease free

water.PCR conditions to synthesize GSTP1, XRCC1, XPC and ERCC1 alleles with their

respective lengths are given in Table2.10.

Table 2.10: PCR conditions to synthesize GSTP1 (rs1695), XRCC1 (25487), XPC (rs2228001) &

ERCC1 (rs11615) alleles and their respective lengths.

Allele
PCR Conditions

(35 Cycles)
Size Of PCR Products (bp)

GSTP1
(rs1695)

94°C 2 min
94°C 30 sec

57°C 30 sec

72°C 1min

(35 cycles)

176
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XRCC1
(rs25487)

94°C 2 min
94°C 30 sec
59°C 45 sec
72°C 30 sec
(35 cycles)

615

XPC
(rs2228001)

94°C 2 min
94°C 30 sec
57°C 45 sec
72°C 30 sec
(35 cycles)

453

ERCC1

(rs11615)

96°C 5 min
94°C 30 sec
61°C 1 min
72°C 1 min
(35 cycles)

525

2.11 Restriction Enzyme Digestion

After PCR amplification, 25μl of the PCR products for GSTP1, XRCC1, ERCC1 and XPC were

digested with approximately 2 unit of BsmAI, 2 units of HpaII, BsrD1 and PvuIIrespectively

obtained from Jena Biosciences, India. Incubation conditions are listed in Table 2.11.

Electrophoreses was done for the digested products using 2% agarose gel.

Table 2.11: The restriction enzymes, digestion condition and length of the expected fragments on

digestion to diagnose GSTP1(rs1695), XRCC1(rs25487), XPC(rs2228001) and ERCC1(rs11615)

alleles

Allele Res Digestion conditions Expected fragments
(bp)

GSTP1
(rs1695)

BsmAI Incubation at 55° C
overnight

NH 176
HE 85, 91, 176

MH 83, 93
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XRCC1
(rs25487)

HpaII Incubation at 37° C
overnight

NH  615
HE 375, 240, 615

MH  375,240

XPC
(rs2228001)

PvuII
Incubation at 37° C

for 6hours

NH  453
HE 453,183, 270

MH  183, 270

ERCC1
(rs11615)

BsrD1
Incubation at 65° C

for 6hours

NH  525
HE 525, 369, 156

MH  369, 156

NH: Normal Homozygote; HE: Heterozygote; MH: Mutant Homozygote

2.12 Visualization of PCR Products and REase Digestion Fragments

PCR amplification products were visualised by means of agarose gel electrophoresis in order to

allow for size estimation and thus confirmation of amplification of the desired genomic target

region. REase digestion fragments that were of sufficient size (>100 bp) and size differential

between fragments (>30 bp) were also visualized on agarose gel. EZ Load™ Molecular ruler

(100 bp)was used for size estimation of PCR amplification products, which served as

confirmation that amplification of the desired genomic target region had occurred, as well as for

quantification of PCR product prior to REase digestion reactions. EZ Load™ 100 bp DNA ladder

was also used for size estimation of all REase digestion fragments, allowing for accurate and

reliable genotyping of samples. EZ Load™ 100 bp DNA ladder is thus evident in lane 1 of all

agarosegel photos. All agarosegels were visualised under ultraviolet (UV) light and photographed

with a Gel Documentation and Analysis System.
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2.13Gel Electrophoresis

Electrophoresis is a method of separating substances based on the rate of movement while under

the influence of an electric field. Agarose gel electrophoresis of DNA is used to determine the

presence and distinguish the type of nucleic acids obtained after extraction and to analyze

digestion products. Desired DNA fragments can be physically isolated for various purposes such

as sequencing, probe preparation, or for cloning fragments into other vectors. Both agarose and

polyacrylamide gels are used for DNA analysis. Agarose gels are usually run to size larger

fragments (greater than 200 bp) and polyacrylamide gels are run to size fragments less than 200

bp.Typicallyagarose gels are used for most purposes and polyacrylamide gels are used when

small fragments, such as digests of 16S rRNA genes, are being distinguished. Regular agarose

gels may range in concentration from 0.6 to 3.0%.

Agarose is a polysaccharide purified from seaweed. An agarose gel is created by suspending dry

agarose in a buffer solution, boiling until the solution becomes clear, and then pouring it into a

casting tray and allowing it to cool.  The result is a flexible gelatine-like slab. During

electrophoresis, the gel is submersed in a chamber containing a buffer solution and a positive and

negative electrode. The DNA to be analyzed is forced through the pores of the gel by the

electrical current.

Under an electrical field, DNA will move to the positive electrode (red) and away from the

negative electrode (black).  Several factors influence how fast the DNA moves, including; the

strength of the electrical field, the concentration of agarose in the gel and most importantly, the

size of the DNA molecules. Smaller DNA molecules move through the agarose faster than larger

molecules. DNA in the gel will be visualized by the use of Ethidium Bromide, added to the gel.

Ethidium bromide binds to DNA and illuminates when exposed to ultraviolet light, causing the

DNA to ‘glow’.

All PCR products were resolved by electrophoresis in 2% (w/v) agarose gel at 80 volts (V). The

REase digestion fragments were also observed in 2% (w/v) agarose gel. All REase digestion

fragments were resolved at 80 V, so as to ensure sufficient resolution to allow for accurate

genotyping.
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2.14Agarose gel electrophoresis procedure

All agarose gels were made with and resolved in 1X tris acetate ethylenediaminetetraacetic acid

(TAE) buffer, which was made and stored as a 10X stock solution and diluted to the required

working concentration as was needed. In order to facilitate the visualization of DNA within the

agarose gel under UV light, 1 µg of ethidium bromide (EtBr) per ml agarose solution was added -

i.e. 0.01% (v/v) EtBr stock solution (10 mg/ml). Description of that procedure is included in

appendix portion.
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2.15 PCR-RFLP OF GSTP1 (rs1695)

ACCCCAGGGCTCTATGGGAAGGACCAKCAGGAGGCAGCCCYGGTGGACAYGG

TGAATGACGGCRTGGAGGACCTCCGCTGCAAATACXTCTCCCTCWTCTAYASC

AACTATGWRAGCATCTGCACCAGGGTTGGGCACKGGGRGCTGAACAAAGAAA

GGGGCTTCTTGTGCCCTCA

Yellow……………..>Prime rsequence

Green………………> SNP of Interest

After completing PCR amplification with appropriate reagents a PCR product ofGSTP1 (rs1695)

was obtained. The PCR product size was 176 bp and this was visualized in 2%(w/v)

Figure 2.1: PCR product of GSTP1(176 bp)

176bp
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2.15.1 Fragmentation Pattern of GSTP1 (rs1695)

The fragments were visualized in agarose gel (3%) after digestion of the PCR product with
restriction enzyme BsmAI.

Table 2.12: Name of the restriction enzyme of GSTP1 (rs1695)with its sites of digestion

Restriction Enzyme Sites of digestion

BsmAI
5’…….....GTCTC(N)1………3’

3’.……..CAGAG(N)5………5’

Table 2.13: Type of nucleotide changes, cutting sites and fragments of the allele in caseof
GSTP1 (rs1695)

Change Fragments (bp) Type

When X= A in both
chromosomes (A/A)

176 Normal Homozygote

When X= G in one
chromosome (A/G)

83, 93, 176 Heterozygote

When X=G in both
chromosome (G/G)

83, 93 Mutant Homozygote

When X= A in both of the sister chromosomes: (NORMAL HOMOZYGOTE)(A/A)

When X=A in both of the sister chromosomes, there will be no cutting in the bothchromosome

and only one fragment with 176bp will be obtained and this isconsidered as normal homozygote.

The figure of this fragmentation is included in the appendix portion.

When X=G in one of the sister chromosome: (HETEROZYGOTE) (A/G)
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When X=G in one of the sister chromosome, there will be one cutting site at 93bp.So, there will

be 3 fragments (83, 93 and 176bp) for two sister chromosomes.The figure of this fragmentation

is included in the appendix portion.

When X=G in both of the sister chromosomes: (Mutant Homozygote) (G/G)

When X=G in both of the sister chromosomes, there will be one cutting between at 93 bp in both

of the chromosomes and two fragments with 93 and 83 bp will be obtained.The figure of this

fragmentation is included in the appendix portion.

Figure 2.2: Restriction Enzyme (BsmAI) digestion fragment of GSTP1 (rs1695) (3% agarose gel)

176bp
93bp
83bp
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2.16 PCR-RFLP of XRCC1 (rs25487)

After completing PCR amplification with appropriate reagents a PCR product ofXRCC1

(rs25487)was obtained. The PCR product size was 615bp and this was visualized in2% (w/v)

agarose gel

Figure2.3: PCR product of XRCC1(615 bp)

615bp
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2.16.1 Fragmentation Pattern of XRCC1 (rs25487)

The fragments were visualized in agarose gel (3%) after digestion of the PCR productwith

HpAII.

Table 2.14: Name of the restriction enzyme of XRCC1 (rs25487) with its sites of digestion

Restriction Enzyme Sites of digestion

HpAII 5'... C C G G ... 3'

3'... G G C C ... 5'

Table 2.15: Type of nucleotide changes, cutting sites and fragments of the allele in caseof

XRCC1 (rs25487)

Change Fragments

(bp)

Type

When X= G in both
chromosomes (G/G) 615

Normal Homozygote

When X= A in one
chromosome (A/G)

375, 270, 615
Heterozygote

When X=A in both
chromosome (A/A)

375,270
Mutant Homozygote
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When X= G in both of the sister chromosomes: (NORMAL HOMOZYGOTE) (G/G)

When X=G in both of the sister chromosomes, there will be no cutting in the bothchromosome

and only one fragment with 615bp will be obtained and this isconsidered as normal homozygote.

The figure of this fragmentation is included in the appendix portion.

When X=A in one of the sister chromosome: (HETEROZYGOTE) (A/G)

When X=A in one of the sister chromosome, there will be one cutting site at 315bp. So, there

will be 3 fragments (375, 270 and 615bp) for two sister chromosomes. The figure of this

fragmentation is included in the appendix portion.

When X=G in both of the sister chromosomes: (Mutant Homozygote) (G/G)

When X=G in both of the sister chromosomes, there will be one cutting between at 375bp in both

of the chromosomes and two fragments with 375bp and 240bp will be obtained. The figure of

this fragmentation is included in the appendix portion.

Figure 2.4:   Restriction Enzyme (HpAII) digestion fragment of XRCC1 (rs25487) (3% agarose gel)

625bp
375bp
240bp
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fragmentation is included in the appendix portion.

When X=G in both of the sister chromosomes: (Mutant Homozygote) (G/G)

When X=G in both of the sister chromosomes, there will be one cutting between at 375bp in both

of the chromosomes and two fragments with 375bp and 240bp will be obtained. The figure of

this fragmentation is included in the appendix portion.

Figure 2.4:   Restriction Enzyme (HpAII) digestion fragment of XRCC1 (rs25487) (3% agarose gel)

625bp
375bp
240bp
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2.17 PCR-RFLP of XPC (rs2228001)

After completing PCR amplification with appropriate reagents a PCR product of XPC was

obtained. The PCR product size was 453bp and this was visualized in 2% (w/v) agarose gel

GGAGGTGGACTCTCTTCTGATGAAGAGGAGGGGACCAGCTCTCAAGCAGAAGCGGC
CAGGATACTGGCTGCCTCCTGGCCTCAAAACCGAGAAGATGAAGAAAAGCAGAAGC
TGAAGGGTGGGCCCAAGAAGACCAAAAGGGAAAAGAAAGCAGCAGCTTCCCACCT
GTTCCCATTTGAGMAGCTGTGAGCTGAGCGCCCACTAGAGGGGCACCCACCAGTTG
CTGCTGCCCCACTACAGGCCCCACACCTGCCCTGGGCATGCCCAGCCCCTGGTGGTG
GGGGCTTCTCTGCTGAGAAGGCAAACTGAGGCAGCATGCACGGAGGCGGGGTCAGG
GGAGACGAGGCCAAGCTGAGGAGGTGCTGCAGGTCCCGTCTGGCTCCAGCCCTTGT
CAGATTCACCCAGGGTGAAGCCTTCAAAGCTTTTTGCTACCAAAGCCCACTCACCCT
TTGA

Yellow……………..>Primersequence

Green………………> SNP of Interest

Figure 2.5: PCR product of XPC (rs2228001)
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2.17.1 Fragmentation Pattern of XPC (rs2228001)

The fragments were visualized in agarose gel (3%) after digestion of the PCR product with
restriction enzyme pvuII.

Table 2.16: Name of the restriction enzyme of XPC (rs2228001) with its sites of digestion

Restriction Enzyme Sites of digestion

PvuII
5'... C A G C T G ... 3'

3'... G T C G A C ... 5'

Table 2.17: Type of nucleotide changes, cutting sites and fragments of the allele in case of XPC

(rs2228001)

Change Fragments

(bp)

Type

When X=A in both

chromosome(A/A)
453 Normal Homozygote (NH)

When X=C in one

Chromosome(A/C)
453, 183, 270 Heterozygote(HE)

When X=C in both

Chromosome(C/C)
183, 270 Mutant Homozygote(MH)
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When X= A in both of the sister chromosomes: (NORMAL HOMOZYGOTE)(A/A)

When X=A in both of the sister chromosomes, there will be no cutting in the both chromosome

and only one fragment with 453bp will be obtained and this is considered as normal homozygote.

The figure of this fragmentation is included in the appendix portion.

When X=C in one of the sister chromosome: (HETEROZYGOTE) (A/C)

When X=C in one of the sister chromosome, there will be one cutting site at 183 bp. So, there

will be 3 fragments (183, 270 and 453 bp) for two sister chromosomes. The figure of this

fragmentation is included in the appendix portion.

When X=C in both of the sister chromosomes: (Mutant Homozygote) (C/C)

When X=G in both of the sister chromosomes, there will be one cutting between at 183bp in both

of the chromosomes and two fragments with 183 and 270 bp will be obtained. The figure of this

fragmentation is included in the appendix portion.

Figure 2.6Restriction Enzyme (pvuII) digestion fragment of XPC(rs2228001) (3% agarose gel)
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2.18 PCR-RFLP ofERCC1 (rs11615)

After completing PCR amplification with appropriate reagents a PCR product of ERCC1

(rs11615) was obtained. The PCR product size was 525 bp and this was visualized in 2% (w/v)

agarose gel.

AGGACCACAGGACACGCAGACTGGGGCTGGAGGGAGAGGGCTGAGCTGGAGACAG
ACCCGGGGACCCTTTAGGAAAGGCCTGGTGCCAGTGGGCATGGAGGGGAGGAGCCT
GGATCAGAGGATCAGGGACTGTCCAGGGTTAGGAGGAGAGAGAAGCTGGAAAAGA
CCCTGCCACAGGTGGGAGGAGGGAGGAGGTGTGGGAAGAGGTGCGAGGAGGCAGG
AGGTGTGGGAAGAGGTGGGAGGAGGGAGGAGGTGCAAGAAGAGGTGGAGGAGGG
CCCTGTGGTTATCAAGGGTCATCCCTATTGATGGCTTCTGCCCTTCGTCCCTCCCCAG
AGGGGCAATCCCGTACTGAAGTTCGTGCGCAAYGTGCCCTGGGAATTTGGCGACGT
AATTCCCGACTATGTGCTGGGCCAGAGCACCTGTGCCCTGTTCCTCAGGTGAGCTCT
GCGGCGCCACCCCAGACTTCAGGAAGGGCACCCCACTGGCCTGGGAGGGTCATGTC
CCAGTGTTCTGGACTGTTCTATG

Yellow….………………………………> Primer sequence

Green……………………………….> SNP of interest

Fig: 2.7 PCR product of ERCC1(rs11615)

525 bp
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2.18.1 Fragmentation Pattern of ERCC1 (rs11615)

The fragments were visualized in agarose gel (3%) after digestion of the PCR product with
restriction enzyme BsrDI.

Table 2.18: Name of the restriction enzymeof ERCC1 (rs11615) with its sites of digestion

Restriction Enzyme Sites of digestion

BsrD1 5'... G C A A T G (N)2 ... 3'

3'... C G T T A C ... 5'

Table 2.19: Type of nucleotide changes, cutting sites and fragments of the allele in case of

ERCC1 (rs11615)

Change Fragments

(bp)

Type

When X= C in both
chromosomes (C/C)

525 Normal Homozygote (NH)

When X= T in one
chromosome (C/T)

369, 156, 525 Heterozygote (HE)

When X=T in both
chromosome (T/T)

369, 156 Mutant Homozygote (MH)
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When X= C in both of the sister chromosomes: (NORMAL HOMOZYGOTE)(C/C)

When X=C in both of the sister chromosomes, there will be no cutting in the both chromosome

and only one fragment with 525bp will be obtained and this is considered as normal homozygote.

The figure of this fragmentation is included in the appendix portion.

When X=T in one of the sister chromosome: (HETEROZYGOTE) (C/T)

When X=T in one of the sister chromosome, there will be one cutting site at 368bp. So, there

will be 3 fragments (156, 369 and 525bp) for two sister chromosomes. The figure of this

fragmentation is included in the appendix portion.

When X=T in both of the sister chromosomes: (Mutant Homozygote) (T/T)

When X=T in both of the sister chromosomes, there will be one cutting between at 369 bp in

both of the chromosomes and two fragments with 156  and 369 bpwill be obtained. The figure of

this fragmentation is included in the appendix portion.

Figure 2.8 Restriction Enzyme (BsrDI) digestion fragment of ERCC1 (3% agarose gel)

525bp
369bp
156bp
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2.19 Statistical Analysis

The statistical significance of differences in genotype frequencies between patientswith different

treatment outcomes and toxicities were determined by the Chi-squaretest. Binary logistic

regression was applied for all analysis variables to evaluate risk asodds ratios (AORs) with 95 %

confidence intervals (95 % CIs). All statistical analyseswere done applying the SPSS software,

version 17.0 (SPSS, Chicago, IL, USA).
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3. Results

3.1 Demographic and clinicopathological characteristics of patients

The demographic andclinicopathological characteristics of all the recruited patients receiving

platinum based chemotherapy (n= 285) including patient’s age, TNM staging, lymph node status,

histology, tumor gradewere recorded and a chi square test was done toanalyze these recorded

values in terms of response and toxicity.

Table 3.1: Demographic data and clinicaopathological characteristics of  NSCLC patients

Characteristics Number of patients Percentage (%)

Age (years)

<50 113 39.65

>50 172 60.35

Body Weight (Kg)

< 55 107 37.54

>55 178 62.46

Body max  index (kg/m2)

Underweight  (<18.5) 133 46.67

Normal  (18.5-24.9) 112 39.30

Overweight (>25) 29 10.18

Obese (> 30) 11 3.86

Gender

Male 221 77.54

Female 64 22.46

Socioeconomic status

Poor 31 10.88

Lower-Middle 97 34.04

Upper-Middle 95 33.33



Chapter Three: Result

97

Rich 62 21.75

Family History

Yes 150 52.63

No 135 47.37

Residence

Urban 212 74.39

Rural 73 25.61

Tobacco smoking

Smoker 187 65.61

Non-smoker 98 34.38

TNM stage

IIIB 214 75.09

IV 71 24.91

Histology

Adenocarcinoma 121 42.45

Squamous carcinoma 103 36.14

Other 61 21.40

3.2 Response evaluation

The patients were required to complete at least two cycles of chemotherapy to evaluate treatment

response according to RECIST criteria. Patients with complete response (CR) and partial

response (PR) after treatment were considered as responders, and patients with stable disease

(SD) and progressive disease (PD) were regarded as non-responders. In response evaluation

study, we prospectively recruited 150 NSCLC patients from different hospitals for whom the CT

scan reports of before and after chemotherapy were found.

3.2.1 Association of responseto chemotherapywithclinic-pathological
characteristic of patients

We found that patients with younger age (<50 years) had less response rate thanthe older aged

patients (> 50 years) (n= 23, 15.33%).The response rate to chemotherapy in patients with more
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weight (>55kg) had greater response rate than less weighted patients (<55kg)(n=47,

31.33%).Male patients were more responder compared to female patients (n =47, 31.33%).

Patients of economically lower middle class had elevated response rate than the poor (n= 29,

19.33%) (Table 3.2).No significant association ofresponse to chemotherapy was found with

demographic and clinicopathological characteristic of patients in our study (p > 0.05) (Table 3.2).

Table 3.2:Association of response to chemotherapy with demographic and clinicopathological
characteristics of patients

Characteristics
No. of Patients

(150)
Responder

(65)
Non responder

(85)
OR (95% CI) P Value

Age

<50 54 23 (15.33%) 31
(20.67%)

Ref. -

>50 96 42

(28%)

54
(36%)

1.04 (0.53 -2.05) 0.89

Body Weight

< 55 45 18
(12%)

27
(18%)

Ref. -

>55 105 47 (31.33%) 58
(38.67%)

1.22 (0.60 - 2.47) 0.59

Body max  index (kg/m2)

Underweight  (<18.5) 78 38 (25.33%) 40
(26.67%)

Ref. -

Normal  (18.5-24.9) 65 25 (16.67%) 40
(26.67%)

0.66 (0.34 -1.28) 0.22

Overweight (>25) 5 1
(0.67%)

4
(2.67%)

0.26(0.03 -2.47) 0.24

Obese (> 30) 2 1
(0.67%)

1
(0.67%)

1.05 (0.06 -1.74) 0.97

Gender

Male 102 47 (31.33%) 55
(36.67%)

Ref. -

Female 48 18
(12%)

30
(20%)

1.18 (0.58 – 2.29) 0.66

Socioeconomic status

Poor 12 4
(2.67%)

8 (5.33%) Ref. -

Lower-Middle 62 29 (19.33%) 33
(22%)

1.76 (0.48 -6.45) 0.40



Chapter Three: Result

99

Upper-Middle 58 26 (17.33%) 32
(21.33%)

1.63 (0.44 -6.01) 0.47

Rich 18 6
(4.0%)

12
(8.0%)

1.0 (0.212 -4.7) 1.00

Family History

Yes 85 34 (22.67%) 51
(34%)

Ref. -

No 65 31 (20.67%) 34
(22.67%)

1.36  (0.71 -2.62) 0.35

Residence

Urban 111 50 (33.33%) 61
(40.67%)

Ref. -

Rural 39 15
(10%)

24
(16%)

0.76 (0.36 -1.61) 0.48

Smoking Habit

Smoker 103 44 (29.33%) 64
(42.67%)

Ref. -

Non-smoker 47 21

(14%)

26
(17.33%)

1.17 (0.59 – 2.35 ) 0.65

TNM stage

IIIB 128 50 (33.33%) 73
(48.67%)

Ref. -

IV 22 10 (6.67%) 12
(8.0%)

1.11 (0.45 – 2.75 ) 0.83

Histology

Adenocarcinoma 77 34 (22.67%) 43
(28.67%)

Ref. -

Squamous carcinoma 68 30

(20%)

38
(25.33%)

0.99 (0.52 – 1.93) 1.0

Other 5 1

(0.67%)

4
(2.67%)

0.32 (0.03 – 2.96 ) 0.31
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3.2.2Association of GSTP1 (rs1695) polymorphism with response to
chemotherapy

The response rate to chemotherapy in patients withAG, AA and GG allele of GSTP1

was48%,41% and 11% respectively. Patients carrying AG and (AG+GG) genotype of GSTP1

showed a significant response to chemotherapy than did those carrying AA genotype (OR = 2.12,

95% Cl = 1.06 -4.27, p = 0.034 and OR = 2.01, 95% Cl = 1.04-3.87, p = 0.037, respectively)

(Table 3.4).

Table3.3: Response variation of patients with GSTP1 (rs1695) polymorphism

GSTP1 (rs1695)

Total Responder (65) Total Non responder (85)

Genotype
Complete
Response

(8)

Partial
Response

(57)

Total
responder

(65)

Stable
Disease

(78)

Progressive
Disease

(7)

Total non
responder

(85)

AA (77) 5 22 27 46 4 50

AG (58) 2 29 31 25 2 27

GG (15) 1 6 7 7 1 8

AG+GG
(73)

3 36 39 32 3 35
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Figure 3.1: Percentage of responder of different genotypes in case of GSTP1 (rs1695)
polymorphism

Table 3.4: Association of GSTP1 (rs1695) polymorphism with response to platinum-based
chemotherapy

GSTP1 (rs1695)

Genotype
Responder
(CR + PR)

(n = 65)

Non responder
(SD + PD)

(n = 85)

Odds Ratio
(95% CI)

P value

AA (77)
27 50 Reference -

AG (58)
31

27 2.12 (1.06 - 4.27) 0.034

GG (15)
7

8 1.62 (0.53 -4.95) 0.397

AG+GG (73)
38

35 2.01 (1.04 -3.87) 0.037

48%

Percentage of responder in case of  GSTP1 (rs1695)

AA (77)
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41%
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Figure 3.2: Effect of GSTP1 (rs1695) polymorphism on chemotherapy response

3.2.3. Association of XRCC1 (rs25487) polymorphism withresponse to
chemotherapy

From the variation of response among the different XRCC1 (rs25487) genotype carriers, it

wasobservedthat patients carrying GG genotype showed poorer response rate comparedthat of

theAG genotype(49%).Individual carrying AG genotype and carrying at least one A allele (AA +

AG) of XRCC1polymorphism had significantly elevated response compared to those withGG

genotype (OR = 2.16, 95% Cl = 1.09 -4.28, p = 0.027; OR = 2.18, 95% Cl = 1.13 -4.22, p =

0.002, respectively) (Table 3.6).
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3.2.3. Association of XRCC1 (rs25487) polymorphism withresponse to
chemotherapy

From the variation of response among the different XRCC1 (rs25487) genotype carriers, it

wasobservedthat patients carrying GG genotype showed poorer response rate comparedthat of

theAG genotype(49%).Individual carrying AG genotype and carrying at least one A allele (AA +

AG) of XRCC1polymorphism had significantly elevated response compared to those withGG

genotype (OR = 2.16, 95% Cl = 1.09 -4.28, p = 0.027; OR = 2.18, 95% Cl = 1.13 -4.22, p =
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Table3.5: Response variation of patients with XRCC1 (rs25487) polymorphism

XRCC1 (rs25487)

Total Responder (65) Total Non responder (85)

Genotype
Complete
Response

(8)

Partial
Response

(57)

Total
responder

(65)

Stable
Disease

(78)

Progressive
Disease

(7)

Total non
responder

(85)

GG (81) 3 25 28 51 2 53

AG (60) 2 30 32 25 3 28

AA (9) 3 2 5 2 2 4

AA+AG
(69)

5 32 37 25 5 32

Percentage of responder in case of XRCC1 (rs25487)
polymorphism
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Figure 3.3: Percentage of responder of different genotypes in case of XRCC1 (rs25487)
polymorphism

Table3.6: Association of XRCC1 (rs25487) polymorphism with response to platinum-based
chemotherapy

XRCC1 (rs25487)

Genotype Responder
(CR + PR)

(n = 65)

Non responder
(SD + PD)

(n = 85)
Odds Ratio (95% CI)

P value

GG (81) 28 53 Reference -

AG (60) 32 28 2.16 (1.09 -4.28) 0.027

AA (9) 5 4 2.36 (0.58 -9.52) 0.225

AA+AG (69) 37 32 2.18 (1.13 -4.22) 0.002
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chemotherapy

XRCC1 (rs25487)

Genotype Responder
(CR + PR)

(n = 65)

Non responder
(SD + PD)

(n = 85)
Odds Ratio (95% CI)

P value

GG (81) 28 53 Reference -

AG (60) 32 28 2.16 (1.09 -4.28) 0.027

AA (9) 5 4 2.36 (0.58 -9.52) 0.225

AA+AG (69) 37 32 2.18 (1.13 -4.22) 0.002

GG (81) AG (60) AA (9) AA + AG
(69)

Effect of XRCC1 (rs25487) polymorphism on
chemotherapy response

Responder

Non responder

Chapter Three: Result

104

Figure 3.3: Percentage of responder of different genotypes in case of XRCC1 (rs25487)
polymorphism

Table3.6: Association of XRCC1 (rs25487) polymorphism with response to platinum-based
chemotherapy

XRCC1 (rs25487)

Genotype Responder
(CR + PR)

(n = 65)

Non responder
(SD + PD)

(n = 85)
Odds Ratio (95% CI)

P value

GG (81) 28 53 Reference -

AG (60) 32 28 2.16 (1.09 -4.28) 0.027

AA (9) 5 4 2.36 (0.58 -9.52) 0.225

AA+AG (69) 37 32 2.18 (1.13 -4.22) 0.002

Responder

Non responder
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Figure 3.4: Effect of XRCC1 (rs25487) polymorphism on chemotherapy response

3.2.4Association of XPC (rs2228001) polymorphism with response to
chemotherapy

From the variation of response among the different XPC (rs2228001) genotype carriers, an

increased chance of treatment response was found in patients with AA genotype versus AC

genotype (45%, 29responders).There was no significant association of XPC polymorphism in

response to chemotherapy in this study (Table 3.8).

Table3.7: Response variation of patients with XPC (rs2228001) polymorphism

XPC (rs2228001)

Total Responder (65) Total Non responder (85)

Genotype
Complete
Response

(8)

Partial
Response

(57)

Total
responder

(65)

Stable
Disease

(78)

Progressive
Disease

(7)

Total non
responder

(85)

AA (61) 3 26 29 29 3 32

AC (72) 2 23 25 44 3 47

CC (17) 3 8 11 5 1 6

AC+CC
(89)

6 31 36 49 4 53
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Figure 3.5: Percentage of responder of different genotypes in case ofXPC (rs2228001)

Table3.8: Association of XPC (rs2228001) polymorphism with response to platinum-based
chemotherapy

Percentage of responder in case of XPC (rs2228001)
polymorphism

XPC (rs2228001)

Genotype

Responder
(CR + PR)

(n = 65)

Non responder
(SD + PD)

(n = 85)

Odds ratio
(95%CI)

P value

AA (61) 29 32 Reference -

AC (72) 25 47 0.59 (0.29 -1.18) 0.135

CC (17) 11 6 2.02 (0.66 - 6.17) 0.215

AC+CC (89) 36 53 0.75 (0.39 – 1.45) 0.390
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3.2.5Association of ERCC1 (rs11615) polymorphism with response to
chemotherapy

In our study, patients carrying the CC genotype of ERCC1 showed poorer response to

chemotherapy than did those carrying the CT or TT genotype(n=32, 49%).We found no

significant association between that polymorphism and response to a platinum based regimen in

this study (Table 3.10).

Table3.9: Response variation of patients with ERCC1 (rs11615) polymorphism

ERCC1 (rs11615)

Total Responder (65) Total Non responder (85)

Genotype
Complete
Response

(8)

Partial
Response

(57)

Total
responder

(65)

Stable
Disease

(78)

Progressive
Disease

(7)

Total non
responder

(85)

CC (83) 2 30
32

49 2 51

CT (52) 3 21
24

25 3 28

TT (15) 3 6
9

4 2 6

CT+TT (67) 6 27
33

29 5 34
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Figure 3.6: Percentage of responder of different genotypes in case ofERCC1 (rs11615)
polymorphism

Table3.10: Association of ERCC1 (rs11615) polymorphism with response to platinum-based
chemotherapy

ERCC1 (rs11615)

Genotype

Responder
(CR + PR)

(n = 65)

Non responder
(SD + PD)

(n = 85)
Odds Ratio (95% CI) P value

CC (83)
32 51 Ref -

CT (52)
24 28 1.37 (0.68 – 2.76) 0.387

TT (15) 9 6 2.39 (0.78 -7.35) 0.128

CT+TT (67) 33 34 1.55 (0.81 -2.97) 0.190

37%

Percentage of responder in case of ERCC1 (rs11615)
polymorphism
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3.3 Toxicity evaluation

Platinum based chemotherapy induced toxic reaction was assessed according to the Common

Terminology Criteria for Adverse Events (CTCAE v4.0) (Cancer Therapy Evaluation Program,

Common Terminology Criteria for Adverse Events, Version 4.0, DCTD, NCI, NIH, DHHS

2003.In the case of toxicity evaluation study, we prospectively recruited 285 NSCLC patients

from different hospitals.We divided the patients into two categories: mild plus moderate toxicity

(grade < II) and severe toxicity (grade III + grade IV) according to the National Cancer Institute

as wellas clinical chemotherapeutic guideline.

3.3.1Association of anemia with demographic and

clinicopathologicalcharacteristic of patients

Hematological toxicity such as anemia is the most common types of all adverse events.Off the

285 patients, 96 (28.42%) patientswere found with severe (grade III + grade IV) anemia

whereasmore patients were found with mild and moderate(grade < II) anemia(189, 71.57%).We

found that older patients (>50 years) had increased risk of severe anemia than younger patients

(<50 years) (n= 62, 21.73%). Male patients had higher risk of severe anemia compared to female

patients (n=78, 27.37%). Smokers were found more with severe anemia compared to non-

smokers (n =68, 23.86%).No significant association of anemia was found between demographic

and clinicopathological characteristic of patients in our study (p > 0.05) (Table 3.11).

Table 3.11.:Association of different grade of anemiawith demographic andclinicopathological

characteristic of patients

Characteristics
No. of

Patients

Severe Anemia
Grade III + IV

(96)

Mild and moderate
Anemia

Grade <
II(189)

OR (95% CI) P Value

Age
<50 113 34 (11.93%) 79 (27.72%) Ref. -

>50 172 62 (21.75%) 110 (38.60%) 1.31 (0.78 – 2.17) 0.29
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Body Weight
< 55 107 35

(12.87%)
72 (25.26%) Ref. -

>55 178 61
(21.40%)

117 (41.05%) 1.07 (0.64 – 1.78) 0.79

Body max  index (kg/m2)

Underweight  (<18.5) 133 51
(17.89%)

82 (28.77%) Ref. -

Normal  (18.5-24.9) 112 33
(11.58%)

79 (27.72%) 0.67 (0.39 – 1.15) 0.15

Overweight (>25) 29 8
(2.81%)

21
(7.37%)

0.61 (0.25 -1.49) 0.28

Obese (> 30) 11 4
(1.40%)

7
(2.46%)

0.92 (0.26 – 3.30) 0.90

Gender
Male 221 78 (27.37%) 143 (50.18%) Ref. -

Female 64 18
(6.32%)

46 (16.14%) 0.72 (0.39 – 1.32) 0.29

Socioeconomic status

Poor 31 11
(3.86%)

20
(7.02%)

Ref. -

Lower-Middle 97 35 (12.28%) 62 (21.75%) 1.03 (0.44 – 2.39) 0.95

Upper-Middle 95 32 (11.23%) 63 (22.11%) 0.92 (0.39 -2.16) 0.85

Rich 62 18
(6.32%)

44 (15.44%) 0.74 (0.30 – 1.86) 0.53

Family History

Yes 150 56 (19.65%) 94 (32.98%) Ref. -

No 135 40 (14.04%) 95 (33.33%) 0.71 (0.43 – 1.16) 0.17

Residence

Urban 212 67 (23.51%) 145 (50.88%) Ref. -

Rural 73 29 (10.18%) 44 (15.44%) 1.43 (0.82 – 2.47) 0.21

Smoking Habit
Smoker 187 68 (23.86%) 117 (41.05%) Ref. -
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Non-smoker 98 28(9.82%) 70 (24.56%) 0.70 ( 0.41 – 1.18) 0.19

TNM stage

IIIB 214 71(24.91%) 143 (50.18%) Ref. -

IV 71 25(8.77%) 46 (16.14%) 1.09 (0.62 – 1.92) 0.75

Histology

Adenocarcinoma 121 46 (16.14%) 75 (26.32%) Ref. -

Squamous carcinoma 103 33 (11.57%) 70 (24.56%) 0.77 (0.44 – 1.34) 0.35

Other 61 17(5.96%) 44 (15.44%) 0.63 (0.32 – 1.23) 0.18

3.3.1.2 Association between GSTP1 (rs1695) polymorphism and platinum
induced anemia

The percentage ofgrade < II anemia in patients carrying AA, AG and GG genotype of

GSTP1was48%, 39% and 13% respectively. No significant association was found between

GSTP1polymorphism and the platinum induced anemia in this study(p>0.05) (Table 3.13).

Table3.12: Different grades of anemia caused by platinum based chemotherapy in patients
carrying GSTP1(rs1695) polymorphism

Anemia

Allele Genotype
Grade < II

(189)

Grade III

(81)

Grade IV

(15)

GSTP1
(rs1695)

AA (138)
90 40 8

AG (117) 74 37 6

GG (30) 25 4 1
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AG+GG (147) 99 41 7

Figure 3.7: Percentage of grade < II of anemia of different genotypes in case of GSTP1 (rs1695)

Table 3.13: Association between GSTP1 (rs1695) and platinum induced anemia

Anemia

Allele Genotype

Grade III +

Grade IV

(96)

Grade ≤II

(189)

Odds Ratio (95%

CI)
P value

GSTP1
(rs1695)

AA (138)
48 90 Reference -

AG (117) 43 74 1.09 (0.65 – 1.82 ) 0.744

GG (30) 5 25 0.38 (0.14 – 1.04) 0.060

AG+GG (147) 48 0.91 ( 0.56 – 1.49) 0.702

39%

Percentage of grade < II of anemia in case of GSTP1
(rs1695) polymorphism
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Figure 3.8: Association between GSTP1 (rs1695) and platinum induced anemia

3.3.1.3 Association between XRCC1 (rs25487) polymorphism and platinum
induced anemia

In our study, the percentage of grade < II anemiain patients carrying GG, AG and AA genotype

of XRCC1 was 63%, 30% and 7% respectively. Patients with AG genotype and (AA+AG)

genotypeof XRCC1hadsignificantlyincreased risk of developing anemia compared tothose with

GG genotype.(OR = 2.39, 95% Cl=1.42 – 4.02, p = 0.001 and OR = 2.14, 95% Cl = 1.30-3.53, p

= 0.003, respectively) (Table 3.15).
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Table3.14: Different grades of anemia caused by platinum based chemotherapy in
patientscarrying XRCC1 (rs25487) polymorphism

Anemia

Allele Genotype
Grade < II

(189)

Grade III

(81)

Grade IV

(15)

XRCC1
(rs25487)

GG (163) 120 36 7

AG (104) 56 42 6

AA (18) 13 3 2

AA+AG (122) 69 45 8

30%

Percentage of grade < II of anemia in case of XRCC1
(rs25487) polymorphism
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Figure 3.9: Percentage of different grades of anemia caused by platinum based chemotherapy in
patients carrying XRCC1 (rs25487) polymorphism

Table 3.15: Association between XRCC1 (rs25487) polymorphism and platinum induced anemia

Anemia

Allele Genotype

Grade III +

Grade IV

(96)

Grade ≤II

(189)
Odds Ratio (95% CI) P value

XRCC1
(rs25487)

GG (163) 43 120 Reference -

AG (104) 48 56 2.39 (1.42 – 4.02) 0.001

AA (18) 5 13 1.07 (0.361 – 3.18) 0.898

AA+AG (122) 53 69 2.14 (1.30 – 3.53) 0.003
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Figure 3.9: Percentage of different grades of anemia caused by platinum based chemotherapy in
patients carrying XRCC1 (rs25487) polymorphism

Table 3.15: Association between XRCC1 (rs25487) polymorphism and platinum induced anemia
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Table 3.15: Association between XRCC1 (rs25487) polymorphism and platinum induced anemia
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Figure 3.10: Association between XRCC1 (rs25487) polymorphism and platinum induced
anemia

3.3.1.4 Association between XPC (rs2228001) polymorphism and platinum
induced anemia

In case of XPC polymorphism, grade < II anemia was found in 46% of patients carrying AA

genotype, 43% of those AC genotype and 11% of those CC genotype.In this study, there was no

statistically significant association between XPC polymorphism and the risk of

developinganemia (p=0.054 for the AC genotype and p= 0.051 for the CC genotype, when

compared with the AA genotype) (Table 3.17).

Table3.16: Different grades of anemia caused by platinum based chemotherapy in patients
carryingXPC (rs2228001)

Anemia

Allele
Genotype

Grade < II

(189)

Grade III

(81)

Grade IV

(15)

XPC
(rs2228001)

AA (124) 87 29 8

AC  (138) 81 50 7

CC  (23) 21 2 0

AC+CC (161) 102 52 7
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Figure 3.11: Percentage of different grades of anemia caused by platinum based chemotherapy in
patients carrying XPC (rs2228001) polymorphism

Table 3.17: Association between XPC (rs2228001) polymorphism and platinum induced anemia

Anemia

Allele
Genotype

Grade III +

Grade IV

(96)

Grade ≤II

(189)
Odds Ratio (95% CI) P value

XPC
(rs2228001)

AA (124) 37 87 Reference -

AC  (138) 57 81 1.65 (0.99 – 2.76) 0.054

CC  (23) 2 21 0.22 (0.05 – 1.00) 0.051

AC+CC (161) 59 102 1.36 (0.82 – 2.24 ) 0.229

Percentage of grade < II of anemia in case of XPC
(rs2228001) polymorphism
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Table 3.17: Association between XPC (rs2228001) polymorphism and platinum induced anemia
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Table 3.17: Association between XPC (rs2228001) polymorphism and platinum induced anemia
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Figure 3.12: Association between XPC (rs2228001) polymorphism and platinum induced anemia

3.3.1.5 Association between ERCC1 (rs11615) polymorphism and platinum
induced anemia

In case of ERCC1 polymorphism, the percentage of grade < II anemiaof patients carrying CC,

CT and TT genotype was 55%, 33% and 12% respectively. No significant association was found

between this polymorphism and platinum induced anemia in this study (Table 3.19).

Table3.18: Different grades of anemia caused by platinum based chemotherapy in patients
carryingERCC1 (rs11615)

Anemia

Allele Genotype
Grade < II

(189)

Grade III

(81)

Grade IV

(15)

CC (156)
104 47 5
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ERCC1
(rs11615)

CT  (97) 62 28 7

TT (32) 23 6 3

CT+TT (129) 85 34 10

Figure 3.13: Percentage of different grades of anemia caused by platinum based chemotherapy in
patients carrying ERCC1 (rs11615)
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Table 3.19: Association between ERCC1 (rs11615) and platinum induced anemia

Anemia

Allele
Genotype

Grade III +

Grade IV

(96)

Grade ≤II

(189)
Odds Ratio (95% CI) P value

ERCC1
(rs11615)

CC (156) 52 104 Reference -

CT  (97) 35 62 1.13 (0.66 – 1.92) 0.655

TT (32) 9 23 0.78 (0.34 – 1.81) 0.567

CT+TT (129) 44 85 1.03 (0.63 -1.69) 0.890

3.3.2Association of neutropenia with demographic and clinicopathological
characteristic of patients

Neutropenia is one of the most common hematological toxicity found inNSCLC patients, when

treated with platinum based chemotherapy.Off 285 patients, 89 (31.22%) patients were found

with severe neutropenia (grade III + grade IV) and 196 (68.77%) patients were found withmild

and moderate neutropenia (grade I and grade II).We found that older patients (>50 years) had

increased risk of severe neutropenia than younger patients (<50 years) (n= 58, 20.53%). Male

patients had higher risk of severe neutropeniacompared to female patients (n=74, 25.96%).

Elevated risk of severe neutropenia was observed with those who had a family history of NSCLC

compared to those who had not any family history (n=53, 18.59%). Patients living in urban area

were found more with severe neutropenia compared to those living in rural area(n= 63,

22.11%)(Table 3.20).No significant association of neutropenia was found between demographic

and clinicopathological characteristic of patients in our study (p > 0.05) (Table 3.20).
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Table 3.20:Association of different grade of neutropeniawith demographic and

clinicopathological characteristic of patients

Characteristics
No. of

Patients

Severe
Neutropenia
Grade III+IV

(89)

Moderate
Neutropenia
Grade < II

(196)

OR (95% CI) P Value

Age
<50 113 31(10.87%) 82 (28.77%) Ref. -

>50 172 58 (20.35%) 114 (40%) 1.34 (0.80 – 2.26) 0.26

Body Weight
< 55 107 31 (10.87%) 76 (26.67%) Ref. -

>55 178 58 (20.35%) 120 (42.11%) 1.18 (0.70 – 1.99) 0.52

Body max

index(kg/m2)

Underweight  (<18.5) 133 49 (17.19%) 84 (29.47%) Ref. -

Normal  (18.5-24.9) 112 32 (11.23%) 80 (28.07%) 0.69 (0.40 -1.17) 0.17

Overweight (>25) 29 7(2.46%) 22 (7.72%) 0.55 (0.22 – 1.37) 0.20

Obese (> 30) 11 3 (1.05%) 8 (2.81%) 0.64 (0.16 – 2.54) 0.53

Gender
Male 221 74 (25.96%) 147 (51.58%) Ref. -

Female 64 15 (5.26%) 49 (17.19%) 0.61 (0.32 -1.16) 0.13

Socioeconomic status

Poor 31 9 (3.16%) 22 (7.72%) Ref. -

Lower-Middle 97 34 (11.93%) 63 (22.11%) 1.32 (0.55 – 3.18) 0.54

Upper-Middle 95 30 (10.53%) 65 (22.81%) 1.13 (0.46 – 2.74) 0.79

Rich 62 16 (5.61%) 46 (16.14%) 0.85 (0.33 – 2.22) 0.74

Family History
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Yes 150 53 (18.59%) 97 (34.04%) Ref. -

No 135 36 (12.63%) 99 (34.74%) 0.67 (0.40 – 1.11) 0.12

Residence

Urban 212 63 (22.11%) 149 (52.28%) Ref. -

Rural 73 26 (9.12%) 47 (16.49%) 1.31 (0.75 – 2.30) 0.35

Smoking Habit
Smoker 187 65 (22.81%) 122 (42.81%) Ref. -

Non-smoker 98 24 (8.42%) 74 (25.96%) 0.61 (0.35 – 1.06) 0.08

TNM stage

IIIB 214 68 (23.86%) 146 (51.23%) Ref. -

IV 71 21 (7.37%) 50 (17.54%) 0.90 (0.50 -1.62) 0.73

Histology

Adenocarcinoma 121 44 (15.44%) 77 (27.02%) Ref. -

Squamous carcinoma 103 31 (10.88%) 72 (25.26%) 0.75 (0.43 – 1.32) 0.32

Other 61 14 (4.91%) 47 (16.49%) 0.52 (0.26 -1.05) 0.07

3.3.2.1 Association between GSTP1 (rs1695) polymorphism and platinum
induced neutropenia

The percentage of grade < II neutropeniain patients carrying AA, AG and GG genotype of

GSTP1 was 48%, 39% and 13% respectively. Patients with GG genotypeof GSTP1 hadhigher

risk for the development of neutropenia compared to those with AA genotype(OR = 0.32, 95%

Cl =0.11 -0.97, p = 0.043) (Table 3.22).
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Table3.21: Different grades of neutropenia caused by platinum based chemotherapy in patients
carryingGSTP1 (rs1695)

Neutropenia

Allele
Genotype

Grade < II

(196)

Grade III

(77)

Grade IV

(12)

GSTP1
(rs1695)

AA (138) 93 40 5

AG (117) 77 35 5

GG (30) 26 2 2

AG+GG (147) 103 37 7

Figure 3.14: Percentage of different grades of neutropenia caused by platinum based
chemotherapy in patients carrying GSTP1 (rs1695)
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Table 3.22: Association between GSTP1 (rs1695) and platinum induced neutropenia

Neutropenia

Allele Genotype

Grade III +

Grade IV

(89)

Grade

≤II

(196)

Odds Ratio (95% CI) P value

GSTP1
(rs1695)

AA (138) 45 93 Reference -

AG (117) 40 77 1.07 (0.64 – 1.80) 0.789

GG (30) 4 26 0.32 (0.11 – 0.97) 0.043

AG+GG (147) 44 103 0.883 (0.535 – 1.46) 0.626
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Figure 3.15: Association between GSTP1 (rs1695) polymorphism and platinum induced
neutropenia

3.3.2.2 Association between XRCC1 (rs25487) polymorphism and platinum
induced neutropenia

The percentage of grade < II  neutropenia in patients carrying GG,  AG and AA genotype of

XRCC1 was 62%, 30% and 8% respectively. Patients with XRCC1 399 variant allele AG

and(AA + AG) had higher risk of neutropeniacompared to those with GG genotype(OR = 2.26,

95% Cl =1.34 - 3.84, p = 0.002 and OR = 1.93, 95% Cl = 1.16 - 3.20, p = 0.011

respectively)(Table 3.24).

Table3.23: Different grades of neutropenia caused by platinum based chemotherapy in patients
carryingXRCC1 (rs25487) polymorphism

Neutropenia

Allele
Genotype

Grade < II

(196)

Grade III

(77)

Grade IV

(12)

XRCC1
(rs25487)

GG (163)
122 35 6

AG (104)
59 40 5

AA (18)
15 2 1

AA+AG (122) 74 42 6
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Figure 3.16: Percentage of different grades of neutropenia caused by platinum based
chemotherapy in patients carrying XRCC1 (rs25487) polymorphism

Table 3.24: Association between XRCC1 (rs25487) polymorphism and platinum induced
neutropenia

Neutropenia

Allele
Genotype

Grade III +

Grade IV

(89)

Grade ≤II

(196)
Odds Ratio (95% CI) P value

XRCC1
(rs25487)

GG (163)
41 122 Reference -

AG (104)
45 59 2.26 (1.34 – 3.84) 0.002

AA (18)
3 15 0.59 (0.16 – 2.16) 0.430

AA+AG (122) 48 74 1.93 (1.16 – 3.20) 0.011
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Figure 3.17: Association between XRCC1 (rs25487) polymorphism and platinum induced
neutropenia

3.3.2.3 Association between XPC (rs2228001) polymorphism and platinum
induced neutropenia

In case of XPC polymorphism, grade < II neutropenia was found in 47% of patients

homozygous for the wild-type AA genotype, in contrast to 42% of those heterozygous AC

genotype  and 11% of those homozygous CC genotype. Patients carrying AC genotype of XPC

had significantly higher risk of neutropenia than did those carrying AA genotype (OR = 1.91,

95% Cl =1.13 -3.23, p = 0.016) (Table 3.26).
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Table 3.25: Different grades of neutropenia caused by platinum based chemotherapy in patients
carryingXPC (rs2228001)

Neutropenia

Allele
Genotype

Grade < II

(196)

Grade III

(77)

Grade IV

(12)

XPC
(rs2228001)

AA (124) 92 25 7

AC  (138) 83 51 4

CC  (23) 21 1 1

AC+CC (161) 104 52 5

Figure 3.18: Percentage of different grades of neutropenia caused by platinum based
chemotherapy in patients carryingXPC (rs2228001)
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Table 3.26: Association between XPC (rs2228001) and platinum induced neutropenia

Neutropenia

Allele
Genotype

Grade III +

Grade IV

(89)

Grade ≤II

(196)
Odds Ratio (95% CI) P value

XPC
(rs2228001)

AA (124) 32 92 Reference
-

AC (138)
55 83 1.91 (1.13 – 3.23) 0.016

CC  (23)
2 21 0.27 (0.06 – 1.23) 0.092

AC+CC (161)
57 104 1.58 (0.94 – 2.64) 0.084

Figure 3.19: Association between XPC (rs2228001) polymorphism and platinum induced
neutropenia
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3.3.2.4 Association between ERCC1 (rs11615) polymorphism and platinum
induced neutropenia

In case of ERCC1 C118T, the percentage of grade < II neutropeniain patients carrying wild-type

CC genotype,heterozygous CT genotype and homozygous TT genotype was 55%, 32% and 13%

respectively. In this study, there was no statistically significant association between ERCC1

polymorphism and the risk of developing neutropenia for the CT and TT genotype, when

compared with the CC genotype (p =0.38 and 0.176 respectively) (Table 3.28).

Table 3.27: Different grades of neutropenia caused by platinum based chemotherapy in patients
carryingERCC1 (rs11615)

Neutropenia

Allele
Genotype

Grade < II

(196)

Grade III

(77)

Grade IV

(12)

ERCC1
(rs11615)

CC (156)
108 41 7

CT  (97)
62 31 4

TT (32)
26 5 1

CT+TT (129)
88 36 5
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Figure 3.20: Percentage of different grades of neutropenia caused by platinum based
chemotherapy in patients carryingERCC1 (rs11615)

Table 3.28: Association between ERCC1 (rs11615) and platinum induced neutropenia

Neutropenia

Allele
Genotype

Grade III +

Grade IV

(89)

Grade

≤II

(196)

Odds Ratio (95% CI) P value

ERCC1
(rs11615)

CC (156) 48 108 Reference
-

CT  (97)
35 62 1.27 (0.74 – 2.17) 0.382

TT (32)
6 26 0.52 (0.20 – 1.34) 0.176

CT+TT (129)
41 88 1.05 (0.63 – 1.73) 0.854

32%

Percentage of grade < II of neutropenia in case of ERCC1
(rs11615) polymorphism
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3.3.3 Association of leukopenia with demographic and clinicopathological
characteristic of patients

Leukopenia is another type of hematological toxicity caused by theplatinum based

chemotherapy. Out of 285 patients, 24.91% patients were found with severe leukopenia and

75.09% patients were found with mild and moderateleukopenia.We found that older patients

(>50 years) had increased risk of severe leukopenia than younger patients (<50 years) (n= 45,

15.79%). Male patients had higher risk of severe leukopeniacompared to female patients (n=60,

21.05%). Elevated risk of severe leukopenia was observed with those who had a family history

of NSCLC compared to those who had not any family history(n=39, 13.68%). Patients living in

urban area were found more with severe leukopenia compared to those living in rural area(n= 56,

19.65%)(Table 3.29).No significant association of leukopenia was found between demographic

and clinicopathological characteristic of patients in our study (p > 0.05) (Table 3.29).

Table 3.29: Association of different grade of  leukopeniawith demographic and clinicopathological
characteristic of patients

Characteristics No. of Patients
Severe Leukopenia

Grade III + IV
(71)

Mild and moderate
Leukopenia
Grade < II

(214)

OR (95% CI) P Value

Age
<50 113 26 (9.12%) 87 (30.53%) Ref. -

>50 172 45 (15.79%) 127 (44.56%) 1.19 (0.68 – 2.06) 0.55

Body Weight
< 55 107 22 (7.72%) 85 (29.82%) Ref. -

>55 178 49 (17.19%) 129 (45.26%) 1.47 (0.83 – 2.60) 0.19

Body max  index

(kg/m2)

Underweight  (<18.5) 133 39 (13.68%) 94 (32.98%) Ref. -

Normal  (18.5-24.9) 112 25 (8.77%) 85 (29.82%) 0.71 (0.40 – 1.27) 0.25

Overweight (>25) 29 5 (1.75%) 24 (8.42%) 0.50 (0.18 – 1.41) 0.19
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Obese (> 30) 11 2 (0.70%) 9 (3.16%) 0.54 (0.11 – 2.59) 0.44

Gender
Male 221 60 (21.05%) 161 (56.49%) Ref. -

Female 64 11 (3.86%) 53 (18.60%) 0.56 ( 0.27 – 1.14) 0.11

Socioeconomic status

Poor 31 6 (2.11%) 25 (8.77%) Ref. -

Lower-Middle 97 27 (9.47%) 70 (24.56%) 1.61 (0.59 – 4.34) 0.35

Upper-Middle 95 27 (9.47%) 68 (23.86%) 1.65 (0.61 -4.48) 0.32

Rich 62 11 (3.86%) 51 (17.89%) 0.94 (0.30 -2.71) 0.85

Family History

Yes 150 39 (13.68%) 111 (38.95%) Ref. -

No 135 32 (11.23%) 103 (36.14%) 0.88 (0.52 – 1.52) 0.65

Residence

Urban 212 56 (19.65%) 156 (54.74%) Ref. -

Rural 73 15 (5.26%) 58 (20.35%) 0.72 ( 0.38 – 1.37) 0.32

Smoking Habit
Smoker 187 52 (18.25%) 135 (47.37%) Ref. -

Non-smoker 98 19 (6.67%) 79 (27.72%) 0.62 (0.34 -1.13) 0.12

TNM stage

IIIB 214 58 (20.35%) 156 (54.74%) Ref. -

IV 71 13 (4.56%) 58 (20.35%) 0.60 (0.31 – 1.18) 0.14

Histology

Adenocarcinoma 121 36 (12.63%) 85 (29.82%) Ref. -

Squamous carcinoma 103 23 (8.07%) 80 (28.07%) 0.68 (0.37 – 1.24) 0.21
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Other 61 12 (4.21%) 49 (17.19%) 0.58 (0.28 -1.21) 0.15

3.3.3.1 Association between GSTP1 (rs1695) polymorphism and platinum
induced leukopenia

In case of GSTP1 polymorphism, grade < II leukopenia was found in 49% of patients

homozygous for the wild-type AA genotype, in contrast to 39% of those heterozygous AG

genotype and 12% of those homozygous GG genotype. No significant association was found

between GSTP1 polymorphism and leukopeniafor the patients carrying AG and GG genotype

compared to those with AA genotype in this study (p =0.353 and 0.213 respectively)(Table

3.31).

Table 3.30: Different grades of leukopenia caused by platinum based chemotherapy in patients
carryingGSTP1(rs1695)

Leukopenia

Allele
Genotype

Grade < II

(214)

Grade III

(63)

Grade IV

(8)

GSTP1
(rs1695)

AA (138)
105 28 5

AG (117)
83 32 2

GG (30)
26 3 1

AG+GG (147)
109 35 3
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Figure 3.21: Percentage of different grades of leukopenia caused by platinum based
chemotherapy in patients carrying GSTP1 (rs1695)

Table 3.31: Association between GSTP1 (rs1695) polymorphismand platinum induced
leukopenia

Leukopenia

Allele
Genotype

Grade III +

Grade IV

(71)

Grade

≤II

(214)

Odds Ratio (95% CI) P value

GSTP1
(rs1695)

AA (138) 33 105 Reference
-

AG (117)
34 83 1.30 (0.75 -2.28) 0.353

GG (30)
4 26 0.49 (0.16 – 1.51) 0.213

AG+GG (147)
38 109 1.11 (0.65 – 1.89) 0.706

39%

Percentage of grade < II of leukopenia in case of GSTP1
(rs1695)
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3.3.3.2 Association between XRCC1 (rs25487) polymorphism and platinum
induced leukopenia

The percentage of grade < II leukopeniain patients carrying GG, AG and AA genotypeof

XRCC1 was 61%, 32% and 7% respectively. In this study, there was no statistically significant

association between XRCC1 polymorphism and the risk of developingleukopeniafor the patients

with AG and AA genotypecompared to those with GG genotype (p =0.07 and 0.54 respectively)

(Table 3.33).

Table 3.32: Different grades of leukopenia caused by platinum based chemotherapy in patients
carryingXRCC1 (rs25487)

Leukopenia

Allele
Genotype

Grade < II

(214)

Grade III

(63)

Grade IV

(8)

XRCC1
(rs25487)

GG (163)
130 29 4

AG (104)
69 32 3

AA (18)
15 2 1

AA+AG (122) 84 34 4
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Figure 3.22: Percentage of different grades of leukopenia caused by platinum based
chemotherapy in patients carrying XRCC1 (rs25487) polymorphism

Table 3.33: Association between XRCC1 (rs25487) and platinum induced leukopenia

Leukopenia

Allele
Genotype

Grade III +

Grade IV

(71)

Grade

≤II

(214)

Odds Ratio (95% CI) P value

XRCC1
(rs25487)

GG (163) 33 130 Reference
-

AG (104)
35 69 1.69 (0.96 – 2.97) 0.07

AA (18)
3 15 0.67 (0.18 – 2.44) 0.540

AA+AG (122)
38 84 1.51 (0.87 – 2.60) 0.140

32%

Percentage of grade < II of leukopenia in case of XRCC1
(rs25487)
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Figure 3.22: Percentage of different grades of leukopenia caused by platinum based
chemotherapy in patients carrying XRCC1 (rs25487) polymorphism

Table 3.33: Association between XRCC1 (rs25487) and platinum induced leukopenia
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Figure 3.22: Percentage of different grades of leukopenia caused by platinum based
chemotherapy in patients carrying XRCC1 (rs25487) polymorphism

Table 3.33: Association between XRCC1 (rs25487) and platinum induced leukopenia
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Figure 3.23: Association between XRCC1 (rs25487) and platinum induced leukopenia

3.3.3.3 Association between XPC (rs2228001) polymorphism and platinum
induced leukopenia

In case of XPC, grade < II leukopenia was found in 46% of patients homozygous for the wild-

type AA genotype, in contrast to 44% of those heterozygous AC genotype  and 10% of those

homozygous CC genotype. Patients carrying AC genotype of XPC polymorphism had

significantlyincreased risk of leukopenia than did those carrying AA genotype (OR = 1.85, 95%

Cl =1.05 -3.27, p = 0.033) (Table 3.35)
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Figure 3.23: Association between XRCC1 (rs25487) and platinum induced leukopenia

3.3.3.3 Association between XPC (rs2228001) polymorphism and platinum
induced leukopenia

In case of XPC, grade < II leukopenia was found in 46% of patients homozygous for the wild-

type AA genotype, in contrast to 44% of those heterozygous AC genotype  and 10% of those

homozygous CC genotype. Patients carrying AC genotype of XPC polymorphism had

significantlyincreased risk of leukopenia than did those carrying AA genotype (OR = 1.85, 95%

Cl =1.05 -3.27, p = 0.033) (Table 3.35)

Association between  XRCC1 (rs25487) and platinum induced leukopenia

Grade III +
Grade IV

Grade ≤II



Chapter Three: Result

139

Table 3.34: Different grades of leukopenia caused by platinum based chemotherapy in patients
carrying XPC (2228001)

Leukopenia

Allele
Genotype

Grade < II

(214)

Grade III

(63)

Grade IV

(8)

XPC
(rs2228001)

AA (124) 99 21 4

AC  (138) 94 40 4

CC  (23) 21 2 0

AC+CC (161) 115 42 4

Figure 3.24: Percentage of different grades of leukopenia caused by platinum based
chemotherapy in patients carrying XPC (rs2228001)
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Table 3.35: Association between XPC (rs2228001) and platinum induced leukopenia

Leukopenia

Allele Genotype

Grade III +

Grade IV

(71)

Grade ≤II

(214)
Odds Ratio (95% CI) P value

XPC
(rs2228001)

AA (124) 25 99 Reference
-

AC  (138) 44 94 1.85 (1.05 – 3.27 ) 0.033

CC  (23) 2 21 0.38 (0.03 -1.72) 0.207

AC+CC (161) 46 115 1.58 (0.91 – 2.76) 0.105

Figure 3.25: Association between XPC (rs2228001) and platinum induced leukopenia
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3.3.3.4 Association between ERCC1 (rs11615) polymorphism and platinum
induced leukopenia

The percentage of grade < II leukopeniain patients carrying CC, CT and TT genotype of ERCC1

was 53%, 35% and 12% respectively. In this study, there was no statistically significant

association between ERCC1 polymorphism and the risk of developingleukopeniafor the patients

with CT and TT genotypecompared to those with CC genotype (p =0.57 and 0.34 respectively)

(Table 3.37).

Table 3.36: Different grades of leukopenia caused by platinum based chemotherapy in patients
carryingERCC1 (rs11615)

Leukopenia

Allele Genotype
Grade < II

(214)

Grade III

(63)

Grade IV

(8)

ERCC1
(rs11615)

CC (156) 114 37
5

CT  (97) 74 21
2

TT (32) 26 5
1

CT+TT (129) 100 26
3
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Figure 3.26: Percentage of different grades of leukopenia caused by platinum based
chemotherapy in patients carrying ERCC1 (rs11615)

Table 3.37: Association between ERCC1 (rs11615) and platinum induced leukopenia

Leukopenia

Allele
Genotype

Grade III +

Grade IV

(71)

Grade ≤II

(214)
Odds Ratio (95% CI) P value

ERCC1
(rs11615)

CC (156) 42 114 Reference
-

CT  (97) 23 74 0.84 (0.47 - 1.52 ) 0.57

TT (32) 6 26 0.63 (0.24 – 1.62) 0.34

CT+TT (129) 29 100 0.79 (0.46 – 1.36) 0.39

35%

Percentage of grade < II of leukopenia in case of
ERCC1(rs11615)
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3.3.4Association of thrombocytopenia with demographic and clinicopathological
characteristics of patients

Thrombocytopenia is another hematological toxicity caused by the platinum based

chemotherapy. Out of 285 patients, 16.49% patients were found withsevere thrombocytopenia

and 83.51% patients were found with mild and moderate thrombocytopenia. We found that older

patients (>50 years) had increased risk of severe thrombocytopenia than younger patients (<50

years) (n= 34, 11.93%). Male patients had higher risk of severe thrombocytopeniacompared to

female patients (n=40, 14.04%). Patients living in urban area were found more with severe

thrombocytopenia compared to those living in rural area(n= 40, 14.04%)(Table 3.38).No

significant association of thrombocytopenia was found between demographic and

clinicopathological characteristic of patients in our study (p > 0.05) (Table 3.38).

Table 3.38: Association of different grade of thrombocytopeniawith demographic and
clinicopathological characteristics of patients

Characteristics
No. of

Patients

Severe
Thrombocytopenia

Grade III + IV
(47)

Mild and moderate
Thrombocytopenia

Grade <II
(238)

OR (95% CI) P Value

Age
<50 113 13 (4.56%) 100 (35.09%) Ref. -

>50 172 34 (11.93%) 138 (48.42%) 1.90 (0.95 -3.77) 0.07

Body Weight

< 55 107 12 (4.21%) 95 (33.33%) Ref. -

>55 178 35 (12.28%) 143 (50.18%) 1.94 (0.96 – 3.92) 0.07

Body max  index

(kg/m2)

Underweight  (<18.5) 133 29 (10.18%) 104 (36.49%) Ref. -

Normal  (18.5-24.9) 112 15 (5.26%) 97 (34.04%) 0.55 (0.28 -1.10) 0.09
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Overweight (>25) 29 2 (0.70%) 27 (9.47%) 0.27 (0.06 – 1.18) 0.08

Obese (> 30) 11 1 (0.35%) 10 (3.51%) 0.36 (0.04 – 2.92) 0.34

Gender
Male 221 40 (14.04%) 181 (63.51%) Ref. -

Female 64 7 (2.46%) 57 (20%) 0.56 (0.24 -1.31) 0.18

Socioeconomic status

Poor 31 4 (1.40%) 27 (9.47%) Ref. -

Lower-Middle 97 17 (5.96%) 80 (28.07%) 1.43 (0.44 -4.63) 0.55

Upper-Middle 95 19 (6.67%) 76 (26.67%) 1.63 (0.53 – 5.40) 0.38

Rich 62 7 (2.46%) 55 (19.30%) 0.86 (0.23 – 3.19) 0.82

Family History

Yes 150 21 (7.37%) 129 (45.26%) Ref. -

No 135 26 (9.12%) 109 (38.25%) 0.68 (0.36 – 1.28) 0.23

Residence

Urban 212 40 (14.04%) 172 (60.35%) Ref. -

Rural 73 7 (2.46%) 66 (23.16%) 0.46 (0.19 -1.07) 0.07

Smoking Habit
Smoker 187 36 (12.63%) 151 (52.98%) Ref. -

Non-smoker 98 11 (3.86%) 87 (52.53%) 0.53 (0.26 -1.09) 0.09

TNM stage

IIIB 214 39 (13.68%) 175 (61.40%) Ref. -

IV 71 8 (2.81%) 63 (22.11%) 0.57 (0.25 -1.29) 0.18

Histology

Adenocarcinoma 121 21 (7.37%) 100 (35.09%) Ref. -
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Squamous carcinoma 103 19 (6.67%) 84 (29.47%) 1.07 (0.54 – 2.14) 0.83

Other 61 7 (2.46%) 54 (18.95%) 0.62 (0.25 – 1.54) 0.30

3.3.4.1 Association between GSTP1 (rs1695) polymorphism and platinum
induced thrombocytopenia

In case of GSTP1 polymorphism, grade < IIthrombocytopenia was observed in 50% of patients

homozygous forthe wild-type AA genotype, in contrast to 39% ofthose heterozygous AG

genotype and 11% of those homozygous GG genotype. We did not find significant association

between GSTP1 polymorphism and platinum induced thrombocytopenia (Table 3.40).

Table 3.39: Different grades of thrombocytopenia caused by platinum based chemotherapy in
patientscarrying GSTP1 (rs1695)

Thrombocytopenia

Allele
Genotype

Grade < II

(238)

Grade III

(42)

Grade IV

(5)

GSTP1
(rs1695)

AA (138) 120 16 2

AG (117) 92 22 3

GG (30) 26 4 0

AG+GG (147) 118 26 2
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Figure 3.27: Percentage of different grades of thrombocytopenia caused by platinum based
chemotherapy in patients carrying GSTP1 (rs1695)

Table 3.40: Association between GSTP1 (rs1695) and platinum induced thrombocytopenia

Thrombocytopenia

Allele
Genotype

Grade III +

Grade IV

(47)

Grade ≤II

(238)
Odds Ratio (95% CI) P value

GSTP1
(rs1695)

AA (138) 18 120 Reference -

AG (117) 25 92 1.81 (0.93 – 3.52) 0.079

GG (30) 4 26 1.03 (0.32 – 3.28) 0.966

AG+GG (147) 29 118 1.64 (0.86 – 3.11) 0.131

Percentage of grade < II of thrombocytopenia in case of
GSTP1 genotype
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3.3.4.2 Association between XRCC1 (rs25487) polymorphism and platinum
induced thrombocytopenia

The percentage of grade < II thrombocytopenia in patients carrying GG, AG and AA genotypes

of XRCC1 polymorphism was 60%, 34% and 6% respectively. Patients carrying AG genotype

and (AA + AG) genotypesof XRCC1 polymorphism had higher risk of developing

thrombocytopenia compared with that of the GG genotype (OR = 2.14, 95% Cl =1.12 - 4.12, p =

0.022 and OR = 2.03, 95% Cl = 1.08 - 3.83, p = 0.028 respectively) (Table 3.42).

Table 3.41: Different grades of thrombocytopenia caused by platinum based chemotherapy in
patientscarrying XRCC1 (rs25487) polymorphism

Thrombocytopenia

Allele
Genotype

Grade < II

(238)

Grade III

(42)

Grade IV

(5)

XRCC1
(rs25487)

GG (163) 143 19 1

AG (104)
80

20 4

AA (18)
15

3 0

AA+AG (122)
95

23 4
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Figure 3.28: Percentage of different grades of thrombocytopenia caused by platinum based
chemotherapy in patients carrying XRCC1 (rs25487) polymorphism

Table 3.42: Association between XRCC1 (rs25487) and platinum induced thrombocytopenia

Thrombocytopenia

Allele
Genotype

Grade III +

Grade IV

(47)

Grade ≤II

(238)

Odds Ratio (95%

CI)
P value

XRCC1
(rs25487)

GG (163) 20 143
Reference

-

AG (104) 24
80

2.14 (1.12 – 4.12) 0.022

AA (18) 3
15

1.43 (0.38 – 5.38) 0.597

AA+AG (122) 27
95

2.03 (1.08 – 3.83) 0.028
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Figure 3.28: Percentage of different grades of thrombocytopenia caused by platinum based
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GG (163) 20 143
Reference

-

AG (104) 24
80

2.14 (1.12 – 4.12) 0.022

AA (18) 3
15

1.43 (0.38 – 5.38) 0.597

AA+AG (122) 27
95

2.03 (1.08 – 3.83) 0.028

Percentage of grade < II of thrombocytopenia in case of
XRCC1 genotype
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Figure 3.29: Association between XRCC1 (rs25487) and platinum induced thrombocytopenia

3.3.4.3 Association between XPC (rs2228001) polymorphism and platinum
induced thrombocytopenia

In case of XPC polymorphism, grade < II thrombocytopenia was found in 46% of patients

homozygous for the wild-type AA genotype, in contrast to 45% of those heterozygous AC

genotype and 9% of those homozygous CC genotype. In this study, there was no statistically

significant association between XPC polymorphism and the risk of

developingthrombocytopeniafor the patients with AC and CC genotype compared to those with

AA genotype (p =0.16 and 0.51 respectively) (Table 3.44).
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Table 3.43: Different grades of thrombocytopenia caused by platinum based chemotherapy in
patients carrying XPC (rs2228001)

Thrombocytopenia

Allele
Genotype

Grade < II

(238)

Grade III

(42)

Grade IV

(5)

XPC
(rs2228001)

AA (124) 107 16 1

AC  (138) 110 24 4

CC  (23) 21 2 0

AC+CC (161) 131 26 4

Figure 3.30: Percentage of different grades of thrombocytopenia caused by platinum based
chemotherapy in patients carrying XPC (rs2228001)
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Table 3.44: Association between XPC (rs2228001) and platinum induced thrombocytopenia

Thrombocytopenia

Allele
Genotype

Grade III +

Grade IV

(47)

Grade ≤II

(238)
Odds Ratio (95% CI) P value

XPC
(rs2228001)

AA (124) 17 107 Reference -

AC  (138) 28 110 1.60 (0.83 – 3.10) 0.161

CC  (23) 2 21 0.60 (0.13 – 2.79) 0.514

AC+CC (161) 30 131 1.44 (0.75 – 2.75) 0.268
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Figure 3.31: Association between XPC (rs2228001) and platinum induced thrombocytopenia

3.3.4.4 Association between ERCC1 (rs11615) polymorphism and platinum
induced thrombocytopenia

In case of ERCC1 C118T, grade < II thrombocytopenia was observed in 56% of patients

homozygous for the wild-type CC genotype, in contrast to 33% of those heterozygous CT

genotype and 11% of those homozygous TT genotype.No statistically significant association

between ERCC1 polymorphism and the risk of developingthrombocytopeniawas found for the

patients with CT and TT genotypecompared to those with CC genotype (p =0.251 and 0.503

respectively) (Table 3.46).

Table 3.45: Different grades of thrombocytopenia caused by platinum based chemotherapy in
patientscarrying ERCC1 (rs11615)

Thrombocytopenia

Allele
Genotype

Grade < II

(238)

Grade III

(42)

Grade IV

(5)

ERCC1
(rs11615)

CC (156) 134 19 3

CT  (97) 78 17 2

TT (32) 26 6 0

CT+TT (129) 104 23 2
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Figure 3.32: Percentage of different grades of thrombocytopenia caused by platinum based
chemotherapy in patients carrying ERCC1 (rs11615)

Table 3.46: Association between ERCC1 (rs11615) and platinum induced thrombocytopenia

Thrombocytopenia

Allele
Genotype

Grade III +

Grade IV

(47)

Grade ≤II

(238)

Odds Ratio (95%

CI)
P value

ERCC1
(rs11615)

CC (156) 22 134 Reference -

CT  (97) 19 78 1.48 (0.76 – 2.91) 0.251

TT (32) 6 26 1.41 (0.52 – 3.80) 0.503

CT+TT (129) 25 104 1.46 (0.78 – 2.74) 0.234
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3.3.5 Association of different grade of GI toxicity with demographic data and
clinicopathological characteristics of patients

Gastrointestinal toxicity is very common in NSCLC patients among platinum-based

chemotherapy induced toxicities. Off the 285 patients, 18.20% patients were found with severe

GI toxicity (grade III + grade IV) whereasmore patients, 81.80% were found with mild and

moderate GI toxicity (grade < II). We found that older patients (>50 years) had increased risk of

GI toxicity than younger patients (<50 years) (n= 32, 12.98%). Male patients had higher risk of

severe GI toxicitycompared to female patients (n=45, 15.79%). No significant association of GI

toxicity was found between demographic and clinicopathological characteristic of patients in our

study (p > 0.05) (Table 3.47).

Table 3.47: Association of different grade of GI toxicitywith demographic data and
clinicopathological characteristics of patients

Characteristics
No. of

Patients

Severe GI
Toxicity

Grade III +
IV(53)

Mild & moderate GI
Toxicity

Grade < II
(232)

OR (95% CI) P Value

Age
<50 113 16 (5.61%) 97 (34.04%) Ref. -

>50 172 37 (12.98%) 135 (47.37%) 1.66 (0.87 – 3.16) 0.12

Body Weight
< 55 107 14 (4.91%) 93 (32.63%) Ref. -

>55 178 39 (13.68%) 139 (48.77%) 1.86 (0.96 -3.62) 0.07

Body max  index (kg/m2)

Underweight  (<18.5) 133 32 (11.23%) 101 (35.44%) Ref. -

Normal  (18.5-24.9) 112 18 (6.32%) 94 (32.98%) 0.60 (0.32 -1.15) 0.12

Overweight (>25) 29 2 (0.70%) 27 (9.47%) 0.23 (0.05 -1.04) 0.06

Obese (> 30) 11 1 (0.35%) 10 (3.51%) 0.32 (0.04 -2.56) 0.28

Gender
Male 221 45 (15.79%) 176 (61.75%) Ref. -
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Female 64 8 (2.81%) 56 (19.65%) 0.56 (0.25 -1.26) 0.16

Socioeconomic status

Poor 31 5 (1.75%) 26 (9.12%) Ref. -

Lower-Middle 97 21 (7.37%) 76 (26.67%) 1.44 (0.49 -4.20) 0.51

Upper-Middle 95 19 (6.67%) 76 (26.67%) 1.30 (0.44 – 3.83) 0.63

Rich 62 8 (2.81%) 54 (18.95%) 0.77 (0.23 – 2.59) 0.67

Family History

Yes 150 29 (10.18%) 121 (42.46%) Ref. -

No 135 24 (8.42%) 111 (38.95%) 0.90 (0.50 – 1.64) 0.74

Residence

Urban 212 45 (15.79%) 167 (58.60%) Ref. -

Rural 73 8 (2.81%) 65 (22.81%) 0.46 (0.20 – 1.02) 0.06

Smoking Habit
Smoker 187 39 (13.68%) 148 (51.93%) Ref. -

Non-smoker 98 14 (4.91%) 84 (29.47%) 0.63 (0.32 – 1.23) 0.18

TNM stage

IIIB 214 44 (15.44%) 170 (59.65%) Ref. -

IV 71 9 (3.16%) 62 (21.75%) 0.56 (0.26 -1.22) 0.14

Histology

Adenocarcinoma 121 24 (8.42%) 97 (34.04%) Ref. -

Squamous carcinoma 103 21 (7.37%) 82 (28.77%) 1.04 (0.54 -1.99) 0.92

Other 61 8 (2.81%) 53 (18.60%) 0.61 (0.26 -1.45) 0.26
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3.3.5.1 Association between GSTP1 (rs1695) polymorphism and platinum
induced gastrointestinal toxicity

The percentage of grade < II GI toxicity in patients carrying wild-type AA, heterozygous AG

and homozygous GG genotype of GSTP1 was 51%, 38% and 11% respectively. There was no

statistically significant association between GSTP1 polymorphism and the risk of developingGI

toxicityfor the patients with AG and GG genotypecompared to those with AA genotype (p

=0.081 and 0.793 respectively) in this study (Table 3.49).

Table 3.48: Different grades of gastrointestinal toxicity caused by platinum based chemotherapy
in patientscarrying GSTP1 (rs1695)

Gastrointestinal toxicity

Allele
Genotype

Grade < II

(232)

Grade III

(47)

Grade IV

(6)

GSTP1
(rs1695)

AA (138) 117 18 3

AG (117) 89 16 2

GG (30) 26 3 1

AG+GG (147) 115 19 3
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Figure 3.33: Percentage of different grades of gastrointestinal toxicity caused by platinum based
chemotherapy in patients carrying GSTP1 (rs1695)

Table 3.49: Association between GSTP1 (rs1695) and platinum induced gastrointestinal toxicity

Gastrointestinal Toxicity

Allele
Genotype

Grade III

+ Grade

IV

(53)

Grade ≤II

(232)

Odds Ratio (95%

CI)
P value

GSTP1
(rs1695)

AA (138) 21 117 Reference -

AG (117) 28 89 1.75 (0.93 – 3.29) 0.081

GG (30) 4 26 0.857 (0.27 – 2.71) 0.793

AG+GG (147) 32 115 1.55 (0.84 – 2.85) 0.157

38%

Percentage of grade < II of gastrointestinal toxicity in
case of GSTP1 (rs1695)
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3.3.5.2 Association between XRCC1 (rs25487) polymorphism and platinum
induced gastrointestinal toxicity

In case of XRCC1, grade < II GI toxicity was found in 62% of patients homozygous for the wild-

type GG genotype, in contrast to 32% of those heterozygous AG genotype and 6% of those

homozygous AA genotype. Patients carrying AG genotype of XRCC1 had increasedrisk of

gastrointestinal toxicity than did those carrying GG genotype (OR=2.89,95%CI =1.54-5.45,

p=0.001). Furthermore, individuals carrying at least one A allele (AA+AG) of XRCC1had

statistically increased risk of gastrointestinal toxicity when compared with that of theGG

genotype (OR=2.65, 95%CI=1.43 -4.90, p=0.002) (Table 3.51).

Table 3.50: Different grades of gastrointestinal toxicity caused by platinum based chemotherapy
in patientscarrying XRCC1 (rs25487) polymorphism

Gastrointestinal toxicity

Allele
Genotype

Grade < II

(232)

Grade III

(47)

Grade IV

(6)

XRCC1
(rs25487)

GG (163) 143 18 2

AG (104) 74 26 4

AA (18) 15 3 0

AA+AG (122) 89 29 4
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Figure 3.34: Percentage of different grades of neutropenia caused by platinum based
chemotherapy in patients carrying XRCC1 (rs25487) polymorphism

Table 3.51: Association between XRCC1 (rs25487) polymorphism and platinum induced
gastrointestinal toxicity

Gastrointestinal Toxicity

Allele
Genotype

Grade III +

Grade IV

(53)

Grade ≤II

(232)
Odds Ratio (95% CI) P value

XRCC1
(rs25487)

GG (163) 20 143 Reference -

AG (104) 30 74 2.89 (1.54 -5.45) 0.001

AA (18) 3 15 1.43 (0.38 -5.38) 0.597

AA+AG
(122)

33 89
2.65 (1.43 -4.90) 0.002

32%

Percentage of grade < II of gastrointestinal toxicity in
case of XRCC1 (rs25487)
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Figure 3.35: Association between XRCC1 (rs25487) polymorphism and platinum induced
gastrointestinal toxicity

3.3.5.3 Association between XPC (rs2228001) polymorphism and platinum
induced gastrointestinal toxicity

The percentage of grade < II GI toxicity in patients carrying AA, AC and CC genotype of XPC

was 47%, 44% and 9% respectively. There was no statistically significant association between

XPC polymorphism and the risk of developing GI toxicityfor the patients with AC and CC

genotype compared to those with AA genotype in our study (p =0.722 and 0.261 respectively)

(Table 3.53).

0
20
40
60
80

100
120
140
160

GG (163)

Association between  XRCC1 (rs25487) and platinum
induced gastrointestinal toxicity

N
um

be
r

Chapter Three: Result

160

Figure 3.35: Association between XRCC1 (rs25487) polymorphism and platinum induced
gastrointestinal toxicity
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The percentage of grade < II GI toxicity in patients carrying AA, AC and CC genotype of XPC

was 47%, 44% and 9% respectively. There was no statistically significant association between

XPC polymorphism and the risk of developing GI toxicityfor the patients with AC and CC

genotype compared to those with AA genotype in our study (p =0.722 and 0.261 respectively)
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Table 3.52: Different grades of gastrointestinal toxicity caused by platinum based chemotherapy
in patientscarrying XPC (rs2228001)

Gastrointestinal toxicity

Allele
Genotype

Grade < II

(232)

Grade III

(47)

Grade IV

(6)

XPC
(rs2228001)

AA (124) 101 20 3

AC  (138) 110 25 3

CC  (23) 21 2 0

AC+CC (161) 131 27 3

Figure 3.36: Percentage of different grades of gastrointestinal toxicity caused by platinum based
chemotherapy in patients carrying XPC (rs2228001)
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Table 3.53: Association between XPC (rs2228001) and platinum induced gastrointestinal
toxicity

Gastrointestinal Toxicity

Allele
Genotype

Grade III +

Grade IV

(53)

Grade

≤II

(232)

Odds Ratio (95% CI) P value

XPC
(rs2228001)

AA (124)
23

101 Reference -

AC  (138) 28 110 1.12 (0.61 – 2.07) 0.722

CC  (23) 2 21 0.42 (0.09 - 1.91) 0.261

AC+CC (161) 30 131 1.01 (0.55 - 1.84) 0.985

3.3.5.4 Association between ERCC1 (rs11615)polymorphism and platinum
induced gastrointestinal toxicity

In case of ERCC1 C118T, grade < II GI toxicity was found in 55% of patients homozygous for

the wild-type CC genotype, in contrast to 34% of those heterozygous CT genotype and 11% of

those homozygous TT genotype.No statistically significant association between ERCC1

polymorphism and the risk of developingGI toxicity was foundfor the patients with CT and TT

genotype compared to those with CC genotype in our study (p =0.745 and 0.915

respectively)(Table 3.55).
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Table 3.54: Different grades of gastrointestinal toxicity caused by platinum based chemotherapy
in patientscarrying ERCC1 (rs11615)

Gastrointestinal toxicity

Allele
Genotype

Grade < II

(232)

Grade III

(47)

Grade IV

(6)

ERCC1
(rs11615)

CC (156) 128 25 3

CT  (97) 78 17 2

TT (32) 26 5 1

CT+TT (129) 104 22 3

Figure 3.37: Percentage of different grades of gastrointestinal toxicity caused by platinum based
chemotherapy in patients carrying ERCC1 (rs11615)

34%

Percentage of grade < II of gastrointestinal toxicity in
case of  ERCC1(rs11615)

Chapter Three: Result

163

Table 3.54: Different grades of gastrointestinal toxicity caused by platinum based chemotherapy
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Table 3.54: Different grades of gastrointestinal toxicity caused by platinum based chemotherapy
in patientscarrying ERCC1 (rs11615)

Gastrointestinal toxicity

Allele
Genotype

Grade < II

(232)

Grade III

(47)

Grade IV

(6)

ERCC1
(rs11615)

CC (156) 128 25 3

CT  (97) 78 17 2

TT (32) 26 5 1

CT+TT (129) 104 22 3

Figure 3.37: Percentage of different grades of gastrointestinal toxicity caused by platinum based
chemotherapy in patients carrying ERCC1 (rs11615)
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Table 3.55: Association between ERCC1 (rs11615) and platinum induced gastrointestinal
toxicity

Gastrointestinal Toxicity

Allele
Genotype

Grade III +

Grade IV

(53)

Grade ≤II

(232)
Odds Ratio (95% CI) P value

ERCC1
(rs11615)

CC (156) 28 128 Reference -

CT  (97) 19 78 1.11 (0.58 – 2.13) 0.745

TT (32) 6 26 1.05 (0.39 - 2.80) 0.915

CT+TT (129) 25 104 1.09 (0.60 – 1.99) 0.757
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4. Discussion

Treatment response and chemotherapy induced toxicities are important issue in the treatment of

cancer patients. Individualized drug dosage can reduce unnecessary toxicity and improve

therapeutic efficacy.Oncologists could predict the efficacy and toxicity according to the

pharmacological effects and drug dosage regimen, patient’s KPS, organ functions, and previous

treatments, etc.But the toxicity may be quite different for the same drug dosage. We believe that

the treatment efficacy and toxicity could vary for patients with different genotypes. In this study,

we examined 285 patients receiving platinum based chemotherapy to establish the relationship

between GSTP1 (rs1695), XRCC1 (rs25487), XPC (rs2228001) and ERCC1 (rs11615) gene

polymorphisms and toxicity produced by this chemotherapy as well as we assessed the

association of chemotherapy response with mentioned genetic polymorphisms of 150 patients for

whom the CT scan reports of before and after chemotherapy were available.

The demographic and clinicopathological characteristics of all the recruited patients were

recorded and a chi square test was done toanalyze these recorded values in terms of response and

toxicity.Out of 285, aged over 50 years of patients was found more (60.35%) than younger (<50

years). This might be due to that ageing is a process associated with chronic respiratory disease

like lung cancer. 77.54% patients were male whereas 22.46% patientswere female. The highest

incidence in male might be due to higher rates of smoking and to the occupational factors to

which males were more often exposed. Sometimes females were reluctant to consult doctors.

Perhaps, for this reason, the number of female patients was found less in our study.

Economically poor class patients were less available compared to other classes (10.88%). This

might be due to the expensive platinum based treatment. It might be one of the reasons of low

availability of poor patients in our study. So, this picture might not represent the actual

situation.52.63% patients had the family history of lung cancer.This might be due to genetic

predisposition.Out of 285 patients, 65.61% was smokers and 34.38% was non-smokers. This

might be due to the association of lung cancer with smoking. Most of the patients (78.6%) came

from urban area in this study. This might be due to unhealthier lifestyles and the urban air

pollution (Table 3.1).
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Glutathione S-transferases (GSTs) are phase II metabolic enzymes that are involved in the

detoxification of mutagenic and cytotoxic DNA-reactive molecules mediated by glutathione

conjugation. Glutathione S-transferase P1 (GSTP1) is a subclass of GSTs, which plays a role in

detoxification of platinum compounds. This enzyme is also an important mediator of both

intrinsic and acquired resistance to platinum (Peklak-Scott et al., 2008). Previous studies showed

a single nucleotide substitution (A to G) at position 313 induces replacement of isoleucine (IIe)

with valine (Val) at codon 105, has been found to modify enzyme activity and affinity for

electrophilic substrates (Watson et al., 1998), and previous epidemiologic studies have shownthe

polymorphism of GSTP1 has a profound impact on chemotherapy for NSCLC, especially for

platinum (Zhou et al.,2011).

Several previous studies have reported the association of this polymorphism withplatinum

induced toxicity and treatment response of patients with advanced NSCLC (Stoehlmacher et al.,

2004; Kalikaki et al., 2009; Ada et al., 2010; Ke et al., 2012). Sun et al. found that the A→G

change of GSTP1 A313G polymorphism significantly increased platinum-based chemotherapy

response in advanced NSCLC patients (Sun et al.,2010).However, a few studies conducted in

Chinese population suggested GSTP1 was associated inversely with response to chemotherapy

(Xu et al., 2010; Zhou et al., 2011).

Patients carrying AG and AG+GG genotypes of GSTP1 polymorphism showed a significantly

good response to platinum based chemotherapy than did those carrying AA genotype (p = 0.034

and  p = 0.037 respectively) in our study (Table 3.4). Furthermore,patients with GG genotype of

GSTP1 had higher risk for the development of neutropenia compared with those carrying AA

genotype (p = 0.043) (Table 3.22).

The possible explanation as GSTP1, the major type of detoxifying enzyme plays a vital role in

activation and detoxification of platinum based drugs and its metabolites. It is found in many

normal and malignant tissues and has the significant role in the metabolic pathway of this drug

(Fuertes et. al, 2003). Polymorphism of single-nucleotide substitution in the coding sequence of

GSTP1 (rs1695 A>G) give rise to Ile105Val and amino acid substitutions present within the

substrate-binding site of GSTP1 are reported to have the differences in its catalytic activity



[Type text]
Chapter Four: Discussion

167

(Zhang et al.,2011).The GSTP1 105Val variant is known to have the relationship with a lower

thermalstability and altered catalytic activity to a wide range of substrates in comparison

withGSTP1105Ile (Yang and Xian, 2014).Patients with homozygous AA (Ile/Ile) areknown to

have the highest level of GSTP1 activity and it reduced in heterozygotes AG (Ile/Val) to some

extent and further reduction in activity is observed in those patients who have mutant

homozygotes GG and contain two copies of valine (Val/Val) (Watson et al.,1998; Sunet. al,

2010). In case of G (Val) carriers, plasma drug level will be increased as drug metabolism

becomes slow leading to more response. Again patients carrying GG genotype of GSTP1

polymorphism had higher risk for the development of neutropenia compared to those with AA

genotype. This might be due to differential capacities of normal and malignant cells in dealing

with drug cytotoxicity, which could be further attributed to somatic changes incurred during

tumorigenesis in cancer cells.

The X-ray repair cross complementing group 1 (XRCC1) gene is a major member of the base

excision repair (BER) pathway. The XRCC1 gene product plays an important role in the BER

pathway by acting as a scaffold for other DNA repair proteins, such as DNA polymerase β and

DNA ligase III. It is well known that this gene has a prominent function in the pathway of

efficiently repairing DNA damage induced by DNA alkylating agents like platinum based drug.

So the capacity of repairing the damaged cancer cell would also be changed by the

polymorphisms of XRCC1, and the cytotoxic effects and response to chemotherapy would be

altered (Zhou et al., 2011).

Currently, several studies have assessed the association between XRCC1 polymorphism and

response to platinum based drug of patients with NSCLC ( Xu et al., 2011;  Liao et al., 2012;

Zhao et al., 2013; Du et al., 2014;  Zhang et al., 2014). But chemotherapy toxicity was focused

by only a few studies (Giachino et al., 2007; Tibaldi et al., 2008). Wang et al found that patients

carrying at least one variant XRCC1 Arg399Gln allele have a 2.5-fold increased risk of grade 3

or 4 gastrointestinal toxicity when treated with first-line cisplatin-based chemotherapy in lung

cancer (Wang et al., 2008). Yu et al found that patients carrying the AA genotype had shown a

good response to platinum based treatment compare to those with the GG genotype (Yu et al.,

2014).
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In case of XRCC1, we found that patients carrying AG genotype and at least one variant A allele

(AA + AG) showed a significantly good response to chemotherapy than did those carrying the

GG genotype ( p = 0.027, p = 0.002) (Table 3.6). Patients with AG genotype and patients

carrying at least one variant A (AA+AG) genotype of XRCC1 were found to be significantly

associated with anemia, neutropenia, thrombocytopenia and gastrointestinal toxicity compared to

those with GG genotype( p = 0.001, p = 0.003) (Table 3.15); ( p = 0.002 and  p = 0.011) (Table

3.24) ; ( p = 0.022 and p = 0.028) (Table 3.42) and ( p=0.001 and p=0.002) (Table 3.51)

respectively.

Patients carrying AG genotype and at least one variant A allele (AA + AG) of XRCC1

polymorphism showed an elevated response compared to those with GG. The possible cause

might be that XRCC1 polymorphism was considered of increasing chemotherapy sensitivity

which would reduce the function of DNA repair and would lead to the effect of increased DNA

damage. It has been demonstrated that cells with a switch from arginine to glutamine, such as the

Arg/Gln or Gln/Gln would make a negative effect on the DNA repair activity. Theoretically,

cells with substitution of arginine to glutamine would show larger amounts of DNA damage, and

the response of platinum-based chemotherapy should be turn better (Lunn et al., 1999).

Patients with AG genotype and patients carrying at least one variant A (AA+AG) genotype were

found to be significantly associated with different types of toxicities compared to those with GG

genotype. This might be that XRCC1 was involved in DNA single-strand break repair, and also

played an important role in the BER pathway; the polymorphisms of this gene might alleviate

DNA repair capacity. Thus the capacity of repairing the damaged cancer cell would also be

alleviated by the polymorphism of XRCC1 and the cytotoxic effects of chemotherapy would be

enhanced.

XPC is one of the genes in the nucleotide excision repair (NER) pathway and is involved in the

damage recognition, open complex formation and reparation. This pathway is primarily

responsible for eliminating a wide variety of DNA lesions, and thus is an important defense

mechanism against structurally unrelated DNA lesions. Functional SNPs in protein coding

regions may alter amino acids sequence and even protein function. Polymorphism of XPC occurs

in the protein coding regions and cause amino acids substitution in functional domain, thus it is
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reasonablethat the functional polymorphisms of XPC will alter DNA repair capacity and

susceptibility to lung cancer. In vitro and in vivo studies have demonstrated that XPC in the NER

pathway is involved in the pharmacokinetics of platinum-based drugs and platinum resistance of

cancer patients (Rosell et al., 2003; Azuma et al., 2007). Thus XPC may modulate DRC and alter

outcome of platinum based chemotherapy.

XPC polymorphism was associated with an increased risk for lung cancer in several studies

(Shen, 2005; Hu, 2005). Sakanoet al found that XPC was shown to increase the susceptibility to

severe toxicities and was significantly associated with grade 3/4 neutropeniainduced by platinum

based chemotherapy (Sakanoet al., 2010). Zhu et al demonstrated that in stage III, an A-C

transition of the XPC gene was significantly associated with the response to a platinum-based

regimen. The heterozygous A/C genotype had a much poorer response than the wild A/A

genotype by 0.074 times (Zhu et al., 2010).

In our study, we found no statistically significant association of XPC (rs2228001) gene

polymorphism in response to chemotherapy (p >0.05) (Table 3.8).Patients carrying AC genotype

of XPC had significantly higher risk of neutropenia than did those carrying AA genotype ( p =

0.016) (Table 3.26).

No significant association between XPC polymorphism and response to chemotherapy was

found in our study. The one possible cause might be due to inadequate sample size or other

causes yet to be determined. Patients with AC genotype were found to be associated with

neutropenia. This might be due to thatXPC polymorphism might potentially influence the acute

hematological toxicity in platinum based chemotherapy, owing to the decreased repair capacity

of DNA damaged by platinum based drug in myelocytes.

ERCC1 is a major component of the NER pathway. It encodes a subunit for the NER pathway

and is involved in repairing the interstrand and intrastrand cross-links induced by platinum based

chemotherapy (Liang et al., 2010).The DNA repair capacity of ERCC1 was considered to be a

critical mechanism of resistance to platinum-based drugs (Goode et al., 2002). Therefore,
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variants of ERCC1 rs11615 may have an impact on the clinical outcome of non- small cell lung

patients receiving platinum-based chemotherapy.

Many studies found no significant association between ERCC1 rs1695 and response to platinum

based chemotherapy (Lord et al., 2002; Azuma et al., 2007; Booten et al., 2007; Fujii et al.,

2008; Hwang et al., 2008; Azuma et al., 2009; Lee et al., 2009; Ota et al., 2009; Wang et al.,

2010; Ozdemir et al., 2013) which was similar to our result. Again some previous studies on

ERCC1 found significant relationship with treatment response ( Isla et al., 2004; Ryu et al.,

2004; Zhou et al., 2004; Kalikaki et al., 2009; Chen et al., 2010; Li et al., 2010; Wei et al., 2010)

which was contradictory with our result and many other results.

In the case oftoxicity evaluation, many studies failed to find a significant association between

this polymorphism and any platinum-induced toxicity (Ryu et al.,2004; Suk et al., 2005; Tibaldi

et al., 2008; Gandara et al., 2009; Kalikaki et al., 2009; Chen et al., 2010; Ludovini et al., 2011;

Vinolus et al., 2011).

There was no statistically significant relationship of ERCC1 polymorphism with any platinum

induced toxicity and response in our study(p > 0.05). The lack of getting such association in this

study might reflect a true finding, or inadequate sample size, differential mediation of

myelosuppression by treatment which was not fully understood or other causes yet to be

determined.

Although we have some limitations, our study has contributed significant information on the

prognostic and predictive value of these polymorphisms and may prove to be useful tools whilst

working towards individualizing NSCLC treatment strategies. So it may help us to identify those

patients who will get more benefit from the platinum based therapy and those who are at risk of

platinum-induced ADRs leading to a better prognosis and quality of life for patients with non -

small cell lung cancer.
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5. Conclusion

Lung cancer is the second most leading cause of death in cancer patients and continues to be a

serious global problem.In lung cancer, approximately 85% of patients are

histologicallydiagnosed with non-small cell lung cancer (NSCLC) in which most of the patients

are confirmed during theadvanced stages presenting with stage IIIB or IV due to thedelay in

clinical diagnosis. It is an aggressive malignant carcinoma which presents with a high growth

rate, widespreadmetastases, poor prognosis and disappointing estimated. The survival rate is 5

year rates of about 15%. Platinum-basedchemotherapy, such as cisplatin or carboplatin in

combinationwith gemcitabine, paclitaxel, docetaxel and etoposide,is considered as the standard

first line treatment forNSCLC patients. However, platinum resistance is one of the major

obstaclesfor successful chemotherapy.

In our study, we found statistically significant association between GSTP1 rs1695 and XRCC1

rs25487 polymorphisms with response to platinum based chemotherapy. Furthermore, in the case

of toxicity study, we found significant association between GSTP1 rs1695, XRCC1 rs25487 and

XPC rs2228001 polymorphisms with platinum induced toxicities.

Our study suggests that GSTP1 rs1695,XRCC1 rs25487 and XPC rs2228001polymorphisms

might affect the clinical outcome of patients with advanced NSCLC receiving platinum-based

chemotherapy. This observation could be used in personalized chemotherapy strategies to

increase the response rate and prolonged survival time. On the basis of these findings, it may be

possible to use these polymorphisms in the further as a biomarker to predict the outcomes of

personalized platinum based chemotherapy.
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DATA COLLECTION FORM
Questionnaires

Genetic polymorphisms of GSTP1, XRCC1, XPC and ERCC1: prediction of clinical outcome

of platinum-based chemotherapy in advanced non-small cell lung cancer patients of Bangladesh

1. Identification
1.1 ID. Code:

1.2 Name:                                                                        1.3 Age (yrs) :

1.4 Marital Status: Married/Unmarried                     1.5. Sex: Male/ Female

1.6. Mailing address: 1.7Telephone No.:

2 Personal History

2.1 Area of residence Rural Urban S-Urban Others

2.2 Where have you spent at least ¾th or more of your life time?

2.3 Education level: Illiterate SSC or
equivalent

HSC or
equivalent

Graduate

2.4 Occupation: Student Professional Technical Other

2.5 Family expense/month:

2.6 Impression about
social class:

Rich Upper middle Lower middle Poor

2.7 Smoking habit : Never Ex- smoker Current smoker
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3. Biophysical Characteristics

3.1 Height (cm):

3.2 Weight (kg):

3.4 Temperature (0F):

3.3 Pulses/min: 3.5 BP (Sys/Dias):

3.4 BMI 3.6 BSA

4. Type of lung cancer

4.1. NSCLC

a)Adenocarcinoma b) Squamous cell carcinoma c) Bronchoalveolarcarcinoma

d) Large cell carcinoma e) Adenosquamous

4.2. Treatment period :

4.3 TNM stage:

4.4 Tumor position:

4.5 Initial Tumor volume (cm3):

4.6 Tumor volume after 4 weeks of chemotherapy(cm3)

4.7 Cycles
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5. Prescribed drugs

Drugs Dose (mg) Drugs Dose (mg)

a) Cycplatin/Carboplatin f) Pacitaxel

b) Docetaxel g) Topotecan

c) Gemcitabine h) Irinotecan

d) Vinorelbine i) Etoposide

e) Premetexed

6. Toxic effects:

Toxicity Grades

1 2 3 4

Hematological toxicity

Gastointestinal toxicity

Diarrhoea

Constipation

Allopecia

Others

Name of the investigator:

Signature:
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PATIENT CONSENT FORM

I, the undersigned, authorize the research student to consider me as a patient for his/her research
work. I understand that I can change my mind at any time to withdraw myself as patient during
this research work.

Patient’s consent to study treatment

Please tick as appropriate

1. Do you have complete idea about the type, ultimate goal and

methodology of the research? Yes No

2. Are you aware that you don’t have to face any physical, mental and

social risk for this? Yes No

3. There will be no chance of injury in any of your organs; are you

aware of this? Yes No

4. Have you got any idea about the outcome of this experiment?                                   Yes No

5. Have you decided intentionally to participate in this experiment?                             Yes No

6. Do you think this experiment violate your human rights? Yes No

7. Are you sure that all the information regarding you will be kept

confidentially? Yes No

8. No remuneration will be provided for this experiment, are you aware
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of this? Yes No

After reading the above mentioned points, I am expressing my consent to participate in this
experiment as a patient.

Patient’s signature and Date:_______________________________

Patient’s Name:________________________________________

Address:________________________________________________

Witness:________________________________________________

Please return the signed copy to the research student and keep an extra copy for yourself.

_______________________

Signature of the researcher

Department of Clinical Pharmacy and Pharmacology

Faculty of Pharmacy

University of Dhaka
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Instruments

Instruments Sources

UNIVERSAL 240V 50i60Hz
Refrigerated Bench-Top Centrifuge

Hettich GmbH & Co., Germany

MJ Mini Gradient Thermal Cycler Bio-Rad Laboratories, USA

Alpha Imager HP (Gel Doc. System) Alpha Innotech Corporation, USA

Gel Electrophoresis Machine (Elite) Wealtech, Germany

UV Probe V.2.1 Spectrophotometer Shimadzu, USA

P
H

Meter (Cyber Scan 500) Eutech ,Singapore

Water Bath Siemens, USA

Micropipette Bio-Rad Laboratories, USA

Distillation Plant (Distinction D4000) BibbySterlin Ltd., UK

Ultrapure Water System (Arium  611) Sartorius, Germany

Microcentrifuge Machine (Mikro 20) Hettich GmbH & Co., Germany

Freeze (− 400 C) Siemens, USA

Vortex Mixer Machine (Rotamixer-9590) Hook & Tucker Instruments Ltd., UK

Autoclave Machine Yongfeng Enterprise Co., UK

Heidolph Unimax-2010 Incubator Wolf Laboratories Ltd., UK

Freeze (− 800 C) DAIREI,Sweden
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Consumable materials

Materials Sources

Reagent Bottle (250, 500, 1000 ml) Schott GL-45, German

Conical Flasks Schott GL-45, Germany

Pipettes (Precicolor) HBG, Germany

Eppendorf Tube (1.5 ml) Hamburg, Germany

Pipette Tips ALA, USA

PCR Tubes (0.2/0.5 ml) Bio-Rad Laboratories, USA

Falcon Tubes (50 ml) Hamburg, Germany

Polypropylene Tubes (15 ml) Hamburg, Germany

Chemicals and reagents

Agarose

Type DNA Size (kbp)
Gel Strength
(gm/cm2)

HS 0.5-30 2000 (1.5%)

H 1-200 2800 (1.5%)

X 0.01-1.0 1000 (3.0%)



Appendix

Dhaka University Institutional Repository 200

1600 0.01-1.0 1400 (1.5%)

Other Reagents

Reagents Sources

Triton-X 100 Sigma Chemical Company, USA

Sodium Lauryl Sulphate Sigma Chemical Company, USA

Ethanol Sigma Chemical Company, USA

Chloroform Sigma Chemical Company, USA

Sodium Perchlorate Sigma Chemical Company, USA

Glacial Acetic Acid Sigma Chemical Company, USA

Sodium Chloride Sigma Chemical Company, USA

Sucrose Sigma Chemical Company, USA

Magnesium Chloride Sigma Chemical Company, USA

Tris-HCl Sigma Chemical Company, USA

EDTA-Na2 Sigma Chemical Company, USA

Nuclease Free Water Promega Corporation, USA

Ethidium Bromide BDH, UK

Sample Loading Dye, 6X Promega Corporation, USA

Taq DNA polymerase NEB, USA

Standard Reaction Buffer NEB, USA

MgCl2 Solution NEB, USA

Deoxyribonucleotide Solution Mix (dNTP) NEB, USA

Quick-Load® 50bp DNA Ladder NEB, USA

100 bp DNA ladder NEB, USA
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Restriction enzymes

Allele RE Recognition sites

GSTP1
(rs1695)

BsmAI
5’…….....GTCTC(N)1………3’

3’.………CAGAG(N)5………5’

XRCC1
(rs25487)

HpAII
5’…..…..C CGG….…..3’

3’………GGC C………5’

XPC
(rs2228001)

PvuII
5'... C A G C T G ... 3'

3'... G T C G A C ... 5'

ERCC1

(rs11615)
BsrD1

5'... G C A A T G (N)2 ... 3'

3'... C G T T A C ... 5'

Cutting site

Solutions

Name Composition

TAE Buffer (10x)

0.4 M Tris-Base (Tris (Hydroxymethyl)-amino methane),  11.4 %

( v/v) /0.2 M Glacial acetic acid

0.01 M EDTA-Na2,p
H to 7.6 with Glacial acetic acid or Tris.

TBE Buffer(10x)

0.89 M Tris-Base Boric acid, 20 mMEDTA-Na2,

pH to 8.0 with Boric acid or Tris.
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TE Buffer(1x)
10 mM (Tris-HCl (Tris (Hydroxymethyl) amino methane

hydrochloride), 0.001M EDTA-Na2, p
H to 8.0 withTris.

Cell Lysis Buffer

To prepare 1 L buffer, 10 mMTris-(hydroxymethyl)-amino methane, 320 mM Sucrose, 5 mM

MgCl2   were taken in a 1L buffer container and it was diluted to 850 ml with Milli-Q water.

pH was adjusted to 8.0 by adding Glacial acetic acid. After autoclaving 1% Triton X-100 was

added to it and the total solution was made up to 1L by Milli-Q water and it was stored at 4˚C.

Nuclear Lysis Buffer

400 mMTris-(hydroxymethyl)-amino methane, 60 mM EDTA-Na2 , 150 mM Sodium chloride

were taken in a 1L buffer container and it was added to 850 ml with Milli-Q water. pH was

adjusted to 8.0 by adding Glacial acetic acid. After autoclaving, 1% Sodium lauryl sulphate was

added to it and the total solution was made up to 1L by adding Milli-Q water and stored at room

temperature.

Sodium Perchlorate (5 M)

61.22 gm of Sodium perchlorate was dissolved in 100 ml Milli-Q water and stored at 4˚C.

Tris-EDTA (TE) Buffer (1x)

10 ml of 1M Tris - (Hydroxymethyl) - amino methane and  2 ml of 500 mM EDTA-Na2 were

mixed in buffer container and then diluted to 1L by adjusting  pH to 8.0 and stored at 4˚C. The

final concentration of Tris - (Hydroxymethyl) - amino methane and EDTA-Na2 were 10Mm and

1mM respectively.

TAE buffer (10x)

0.4 M Tris -(Hydroxymethyl)-amino methane, 11.4 %( v/v)/0.2 M Glacial acetic acid  and 0.01

M EDTA-Na were taken in a buffer container and diluted to 1L after adjusted pH to 7.6 and

stored at room temperature.
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Procedure of agarose gel electrophoresis

A. Casting a gel

An appropriate volume of 1X Tris-acetate-EDTA (TAE) buffer with an appropriate amount of

agarose (these values are determined based on the gel dimensions and the desired percentage of

agarose) was mixed in a conical flask. The flask was swirled to evenly distribute the agarose.

2. The solution was then heated in the microwave oven for 1 minute. Protective gloves were

worn and the flask was removed from the microwave oven (before it boiled over), swirled, and

reheated while keeping constant watch to be sure it did not boil over. When it started to boil,

boiling was stopped and swirled again repeating the process until all of the agarose went into

solution.

3. The flask was allowed to cool. The gel was poured when the temperature of the solution was

55-65° C.

4. The gel apparatus was prepared for casting the gel while the agarose was cooling.

5. Prior to pouring the gel, Ethidium bromide was added to the dissolved agarose and swirled to

mix.

6. The gel was poured into the casting tray and the comb was adjusted to keep the wells

perpendicular. The gel was allowed to cool and was hardened (20-30 minutes) prior to use.

B. Preparing the gel for electrophoresis

8. A few ml of 1X TAE buffer was added to the well area of the gel and the comb was carefully

removed by pulling straight up.

9. The electrophoresis tank was filled with buffer solution (1X TAE) and the gel was placed (In

the casting tray) on the tank platform.

C. Preparing samples for loading/running the gel
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10. An appropriate volume of loading dye (6X) was added to the sample (1 μl of 6X sample dye

for every 5 μl of sample).

11. The sample was loaded using a 1-10 μl micropipette. The marker was also loaded at   Lane-

1.

12. After the gel had been loaded, the cover was gently placed on the apparatus and the

Power leads were hooked up. The power was adjusted to 80 volts (constant voltage). The gel

was run until the first dye front (bromophenol blue) had migrated about two-thirds

the length of the gel and the second dye front (xylene cyanol) had migrated approximatelyone-

third of the length of the gel.

13. The power was turned off before removing the gel for photographing.

14. The gel was placed on the UV transilluminator to visualize the DNA.
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2.15.1 Fragmentation Pattern of GSTP1 (rs1695)

When X= A in both of the sister chromosomes: (NORMAL HOMOZYGOTE) (A/A)

When X=A in both of the sister chromosomes, there will be no cutting in the both chromosome

and only one fragment with 176 bp will be obtained and this is considered as normal

homozygote.

ACCCCAGGGCTCTATGGGAAGGACCAKCAGGAGGCAGCCCYGGTGGACAYGGTGAATGACG

GCRTGGAGGACCTCCGCTGCAAATACXTCTCCCTCWTCTAYASCAACTATGWRAGCATCTG

CACCAGGGTTGGGCACKGGGRGCTGAACAAAGAAAGGGGCTTCTTGTGCCCTCA

5’…….....GTCTC(N)1………3’
3’.……..CAGAG(N)5………5’

ACCCCAGGGCTCTATGGGAAGGACCAKCAGGAGGCAGCCCYGGTGGACAYGGTGAATGACG

GCRTGGAGGACCTCCGCTGCAAATACXTCTCCCTCWTCTAYASCAACTATGWRAGCATCTG

CACCAGGGTTGGGCACKGGGRGCTGAACAAAGAAAGGGGCTTCTTGTGCCCTCA

(No digestion, one fragment 176bp)

Restriction enzyme BsmA1

BsmA1 recognition site
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When X=G in one of the sister chromosome: (HETEROZYGOTE) (A/G)

When X=G in one of the sister chromosome, there will be one cutting site at 93 bp. So, there

will be 3 fragments (83, 93 and 176 bp) for two sister chromosomes.

ACCCCAGGGCTCTATGGGAAGGACCAKCAGGAGGCAGCCCYGGTGGACAYGGTGAATGACG

GCRTGGAGGACCTCCGCTGCAAATACXTCTCCCTCWTCTAYASCAACTATGWRAGCATCTG

CACCAGGGTTGGGCACKGGGRGCTGAACAAAGAAAGGGGCTTCTTGTGCCCTCA

5’…….. GTCTC(N)1………3
3’.……..CAGAG(N)5………5’

ACCCCAGGGCTCTATGGGAAGGACCAKCAGGAGGCAGCCCYGGTGGACAYGGTGAATGACG

GCRTGGAGGACCTCCGCTGCAAATACGTCTCC

(Fragment 1: 93bp)

CTCWTCTAYASCAACTATGWRAGCATCTGCACCAGGGTTGGGCACKGGGRGCTGAACAAAG

AAAGGGGCTTCTTGTGCCCTCA

(Fragment 2: 83 bp)

(Fragment 3: 176 bp uncut sister chromosome)

BsmA1 recognition site

Restriction enzyme BsmA1
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When X=G in both of the sister chromosomes: (Mutant Homozygote) (G/G)

When X=G in both of the sister chromosomes, there will be one cutting between at 93 bp in

both of the chromosomes and two fragments with 93 and 83 bp will be obtained.

ACCCCAGGGCTCTATGGGAAGGACCAKCAGGAGGCAGCCCYGGTGGACAYGGTGAATGACG

GCRTGGAGGACCTCCGCTGCAAATACXTCTCCCTCWTCTAYASCAACTATGWRAGCATCTG

CACCAGGGTTGGGCACKGGGRGCTGAACAAAGAAAGGGGCTTCTTGTGCCCTCA

5’……...GTCTC(N)1………3’
3’.……..CAGAG(N)5………5’

ACCCCAGGGCTCTATGGGAAGGACCAKCAGGAGGCAGCCCYGGTGGACAYGGTGAATGACG

GCRTGGAGGACCTCCGCTGCAAATACGTCTCC

(fragment 1 : 93bp)

CTCWTCTAYASCAACTATGWRAGCATCTGCACCAGGGTTGGGCACKGGGRGCTGAACAAAG

AAAGGGGCTTCTTGTGCCCTCA

(fragment 2 : 83bp)

Restriction enzyme BsmA1

BsmA1 recognition site
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Figure 2.2: Restriction Enzyme (BsmAI) digestion fragment of GSTP1 (rs1695) (3% agarose
gel)

2.16.1 Fragmentation Pattern of XRCC1 (rs25487)

When X= G in both of the sister chromosomes: (NORMAL HOMOZYGOTE) (G/G)

When X=G in both of the sister chromosomes, there will be no cutting in the both chromosome

and only one fragment with 615 bp will be obtained and this is considered as normal

homozygote.

TTGTGCTTTCTCTGTGTCCACTATGCTGCATGCTTTCTCTCTCTCTCACTTGCTTTCTTTCTCACTGCATTCTGTAGCC

TTTGTCTTCTCTCTGATTTTTGCATCTCTCCCTTGGTCTCCAACCTCTTTTTGTTTCTCCCACCTCAATCTCATGATCT

GTCTGTCTGTCTGTCTCTCTCTCTCTCTGTCTGTCTCCCCTGTCTCGTTCCCCTTTGCCCCTCAGATCACACCTAACTG

GCATCTTCACTTCTGCCCCCCACCAGCTGTGCCTTTGCCAACACCCCCAAGTACAGCCAGGTCCTAGGCCTGGGAGGCC

GCATCGTGCGTAAGGAGTGGGTGCTGGACTGTCACCGCA

TGCGTCGGCGGCTGCCCTCCCRGAGGTAAGGCCTCACACGCCAACCCTGCTCCTTATCCTGTGCTGGGCAATGCCAGGA

ATCTGGAGGGGAGTCAGACTGGGGCCTGCCAGCGGAGAACACAGGTGGTCCCAGCCCAGAGCCAGCAGACTACTGAGAG

GAGCGGGGCAGGGGCTGGGGTACTCCAGATGAGGGAAGGAGGACCTGCCTGGGAGGTCACAGAGGGCTCTGTGAAGCCT

GCTTATCAGAAAAGGCTGGAGGA

5'... C C G G ... 3'

3'... G G C C ... 5'

TTGTGCTTTCTCTGTGTCCACTATGCTGCATGCTTTCTCTCTCTCTCACTTGCTTTCTTTCTCACTGCATTCTGTAGCC

TTTGTCTTCTCTCTGATTTTTGCATCTCTCCCTTGGTCTCCAACCTCTTTTTGTTTCTCCCACCTCAATCTCATGATCT

GTCTGTCTGTCTGTCTCTCTCTCTCTCTGTCTGTCTCCCCTGTCTCGTTCCCCTTTGCCCCTCAGATCACACCTAACTG

GCATCTTCACTTCTGCCCCCCACCAGCTGTGCCTTTGCCAACACCCCCAAGTACAGCCAGGTCCTAGGCCTGGGAGGCC

GCATCGTGCGTAAGGAGTGGGTGCTGGACTGTCACCGCATGCGTCGGCGGCTGCCCTCCCRGAGGTAAGGCCTCACACG

CCAACCCTGCTCCTTATCCTGTGCTGGGCAATGCCAGGAATCTGGAGGGGAGTCAGACTGGGGCCTGCCAGCGGAGAAC

ACAGGTGGTCCCAGCCCAGAGCCAGCAGACTACTGAGAGGAGCGGGGCAGGGGCTGGGGTACTCCAGATGAGGGAAGGA

GGACCTGCCTGGGAGGTCACAGAGGGCTCTGTGAAGCCTGCTTATCAGAAAAGGCTGGAGGA

(No digestion, one fragment 615bp)

Restriction enzyme HpAII

No HpAII recognition site
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When X=A in one of the sister chromosome: (HETEROZYGOTE) (A/G)

When X=A in one of the sister chromosome, there will be one cutting site at 315 bp. So, there

will be 3 fragments (375, 270 and 615 bp) for two sister chromosomes.

TTGTGCTTTCTCTGTGTCCACTATGCTGCATGCTTTCTCTCTCTCTCACTTGCTTTCTTTCTCACTGCATTCTGTAG

CCTTTGTCTTCTCTCTGATTTTTGCATCTCTCCCTTGGTCTCCAACCTCTTTTTGTTTCTCCCACCTCAATCTCATG

ATCTGTCTGTCTGTCTGTCTCTCTCTCTCTCTGTCTGTCTCCCCTGTCTCGTTCCCCTTTGCCCCTCAGATCACACC

TAACTGGCATCTTCACTTCTGCCCCCCACCAGCTGTGCCTTTGCCAACACCCCCAAGTACAGCCAGGTCCTAGGCCT

GGGAGGCCGCATCGTGCGTAAGGAGTGGGTGCTGGACTGT

CACCGCATGCGTCGGCGGCTGCCCTCCCRGAGGTAAGGCCTCACACGCCAACCCTGCTCCTTATCCTGTGCTGGGCA

ATGCCAGGAATCTGGAGGGGAGTCAGACTGGGGCCTGCCAGCGGAGAACACAGGTGGTCCCAGCCCAGAGCCAGCAG

ACTACTGAGAGGAGCGGGGCAGGGGCTGGGGTACTCCAGATGAGGGAAGGAGGACCTGCCTGGGAGGTCACAGAGGG

CTCTGTGAAGCCTGCTTATCAGAAAAGGCTGGAGGA

5'... C C G G ... 3'

3'... G G C C ... 5'

TTGTGCTTTCTCTGTGTCCACTATGCTGCATGCTTTCTCTCTCTCTCACTTGCTTTCTTTCTCACTGCATTCTGTAG

CCTTTGTCTTCTCTCTGATTTTTGCATCTCTCCCTTGGTCTCCAACCTCTTTTTGTTTCTCCCACCTCAATCTCATG

ATCTGTCTGTCTGTCTGTCTCTCTCTCTCTCTGTCTGTCTCCCCTGTCTCGTTCCCCTTTGCCCCTCAGATCACACC

TAACTGGCATCTTCACTTCTGCCCCCCACCAGCTGTGCCTTTGCCAACACCCCCAAGTACAGCCAGGTCCTAGGCCT

GGGAGGCCGCATCGTGCGTAAGGAGTGGGTGCTGGACTGTCACCGCATGCGTCGGCGGCTGCCCTCC

(Fragment 1: 375bp)

CRGAGGTAAGGCCTCACACGCCAACCCTGCTCCTTATCCTGTGCTGGGCAATGCCAGGAATCTGGAGGGGAGTCAGA

CTGGGGCCTGCCAGCGGAGAACACAGGTGGTCCCAGCCCAGAGCCAGCAGACTACTGAGAGGAGCGGGGCAGGGGCT

GGGGTACTCCAGATGAGGGAAGGAGGACCTGCCTGGGAGGTCACAGAGGGCTCTGTGAAGCCTGCTTATCAGAAAAG

HpAII recognition site

Restriction enzyme HpAII
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When X=G in both of the sister chromosomes: (Mutant Homozygote) (G/G)

When X=G in both of the sister chromosomes, there will be one cutting between at 375 bp in

both of the chromosomes and two fragments with 375 bp and 240 bp will be obtained.

TTGTGCTTTCTCTGTGTCCACTATGCTGCATGCTTTCTCTCTCTCTCACTTGCTTTCTTTCTCACTGCATTCTG

TAGCCTTTGTCTTCTCTCTGATTTTTGCATCTCTCCCTTGGTCTCCAACCTCTTTTTGTTTCTCCCACCTCAAT

CTCATGATCTGTCTGTCTGTCTGTCTCTCTCTCTCTCTGTCTGTCTCCCCTGTCTCGTTCCCCTTTGCCCCTCA

GATCACACCTAACTGGCATCTTCACTTCTGCCCCCCACCAGCTGTGCCTTTGCCAACACCCCCAAGTACAGCCA

GGTCCTAGGCCTGGGAGGCCGCATCGTGCGTAAGGAGTGGGTGCTGGACTGT

CACCGCATGCGTCGGCGGCTGCCCTCCCRGAGGTAAGGCCTCACACGCCAACCCTGCTCCTTATCCTGTGCTGG

GCAATGCCAGGAATCTGGAGGGGAGTCAGACTGGGGCCTGCCAGCGGAGAACACAGGTGGTCCCAGCCCAGAGC

CAGCAGACTACTGAGAGGAGCGGGGCAGGGGCTGGGGTACTCCAGATGAGGGAAGGAGGACCTGCCTGGGAGGT

CACAGAGGGCTCTGTGAAGCCTGCTTATCAGAAAAGGCTGGAGGA

5'... C C G G ... 3'

3'... G G C C ... 5'

TTGTGCTTTCTCTGTGTCCACTATGCTGCATGCTTTCTCTCTCTCTCACTTGCTTTCTTTCTCACTGCATTCTG

TAGCCTTTGTCTTCTCTCTGATTTTTGCATCTCTCCCTTGGTCTCCAACCTCTTTTTGTTTCTCCCACCTCAAT

CTCATGATCTGTCTGTCTGTCTGTCTCTCTCTCTCTCTGTCTGTCTCCCCTGTCTCGTTCCCCTTTGCCCCTCA

GATCACACCTAACTGGCATCTTCACTTCTGCCCCCCACCAGCTGTGCCTTTGCCAACACCCCCAAGTACAGCCA

GGTCCTAGGCCTGGGAGGCCGCATCGTGCGTAAGGAGTGGGTGCTGGACTGTCACCGCATGCGTCGGCGGCTGC

CCTCC

(Fragment 1: 375 bp)

CRGAGGTAAGGCCTCACACGCCAACCCTGCTCCTTATCCTGTGCTGGGCAATGCCAGGAATCTGGAGGGGAGTC

AGACTGGGGCCTGCCAGCGGAGAACACAGGTGGTCCCAGCCCAGAGCCAGCAGACTACTGAGAGGAGCGGGGCA

GGGGCTGGGGTACTCCAGATGAGGGAAGGAGGACCTGCCTGGGAGGTCACAGAGGGCTCTGTGAAGCCTGCTTA

TCAGAAAAGGCTGGAGGA

HpAII recognition site

Restriction enzyme HpAII
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2.17.1 Fragmentation Pattern of XPC (rs2228001)

When X= A in both of the sister chromosomes: (NORMAL HOMOZYGOTE) (A/A)

When X=A in both of the sister chromosomes, there will be no cutting in the both chromosome

and only one fragment with 453 bp will be obtained and this is considered as normal

homozygote.

GGAGGTGGACTCTCTTCTGATGAAGAGGAGGGGACCAGCTCTCAAGCAGAAGCGGCCAGGAT
ACTGGCTGCCTCCTGGCCTCAAAACCGAGAAGATGAAGAAAAGCAGAAGCTGAAGGGTGGGC
CC

AAGAAGACCAAAAGGGAAAAGAAAGCAGCAGCTTCCCACCTGTTCCCATTTGAGMAGCTGTG
AGCTGAGCGCCCACTAGAGGGGCACCCACCAGTTGCTGCTGCCCCACTACAGGCCCCACACC
TGCCCTGGGCATGCCCAGCCCCTGGTGGTGGGGGCTTCTCTGCTGAGAAGGCAAACTGAGGC
AGCATGCACGGAGGCGGGGTCAGGGGAGACGAGGCCAAGCTGAGGAGGTGCTGCAGGTCCCG
TCTGGCTCCAGCCCTTGTCAGATTCACCCAGGGTGAAGCCTTCAAAGCTTTTTGCTACCAAA
GCCCACTCACCCTTTGA

5'... C A G C T G ... 3'

3'... G T C G A C ... 5'

GGAGGTGGACTCTCTTCTGATGAAGAGGAGGGGACCAGCTCTCAAGCAGAAGCGGCCAGGAT
ACTGGCTGCCTCCTGGCCTCAAAACCGAGAAGATGAAGAAAAGCAGAAGCTGAAGGGTGGGC
CCAAGAAGACCAAAAGGGAAAAGAAAGCAGCAGCTTCCCACCTGTTCCCATTTGAGMAGCTG
TGAGCTGAGCGCCCACTAGAGGGGCACCCACCAGTTGCTGCTGCCCCACTACAGGCCCCACA
CCTGCCCTGGGCATGCCCAGCCCCTGGTGGTGGGGGCTTCTCTGCTGAGAAGGCAAACTGAG
GCAGCATGCACGGAGGCGGGGTCAGGGGAGACGAGGCCAAGCTGAGGAGGTGCTGCAGGTCC
CGTCTGGCTCCAGCCCTTGTCAGATTCACCCAGGGTGAAGCCTTCAAAGCTTTTTGCTACCA
AAGCCCACTCACCCTTTGA

No PvuII recognition site

Restriction enzyme PvuII
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When X=C in one of the sister chromosome: (HETEROZYGOTE) (A/C)

When X=C in one of the sister chromosome, there will be one cutting site at 183 bp. So, there

will be 3 fragments (183, 270 and 453 bp) for two sister chromosomes.

GGAGGTGGACTCTCTTCTGATGAAGAGGAGGGGACCAGCTCTCAAGCAGAAGCGGCCAGGATAC
TGGCTGCCTCCTGGCCTCAAAACCGAGAAGATGAAGAAAAGCAGAAGCTGAAGGGTGGGCCC

AAGAAGACCAAAAGGGAAAAGAAAGCAGCAGCTTCCCACCTGTTCCCATTTGAGMAGCTGTGAG
CTGAGCGCCCACTAGAGGGGCACCCACCAGTTGCTGCTGCCCCACTACAGGCCCCACACCTGCC
CTGGGCATGCCCAGCCCCTGGTGGTGGGGGCTTCTCTGCTGAGAAGGCAAACTGAGGCAGCATG
CACGGAGGCGGGGTCAGGGGAGACGAGGCCAAGCTGAGGAGGTGCTGCAGGTCCCGTCTGGCTC
CAGCCCTTGTCAGATTCACCCAGGGTGAAGCCTTCAAAGCTTTTTGCTACCAAAGCCCACTCAC
CCTTTGA

5'... C A G C T G ... 3'

3'... G T C G A C ... 5'

GGAGGTGGACTCTCTTCTGATGAAGAGGAGGGGACCAGCTCTCAAGCAGAAGCGGCCAGGATAC
TGGCTGCCTCCTGGCCTCAAAACCGAGAAGATGAAGAAAAGCAGAAGCTGAAGGGTGGGCCCAA
GAAGACCAAAAGGGAAAAGAAAGCAGCAGCTTCCCACCTGTTCCCATTTGAGMAG

(Fragment 1: 183 bp)

CTGTGAGCTGAGCGCCCACTAGAGGGGCACCCACCAGTTGCTGCTGCCCCACTACAGGCCCCAC
ACCTGCCCTGGGCATGCCCAGCCCCTGGTGGTGGGGGCTTCTCTGCTGAGAAGGCAAACTGAGG
CAGCATGCACGGAGGCGGGGTCAGGGGAGACGAGGCCAAGCTGAGGAGGTGCTGCAGGTCCCGT
CTGGCTCCAGCCCTTGTCAGATTCACCCAGGGTGAAGCCTTCAAAGCTTTTTGCTACCAAAGCC
CACTCACCCTTTGA

PvuII recognition site

Restriction enzyme PvuII
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When X=C in both of the sister chromosomes: (Mutant Homozygote) (C/C)

When X=G in both of the sister chromosomes, there will be one cutting between at 183 bp in

both of the chromosomes and two fragments with 183 and 270 bp will be obtained.

GGAGGTGGACTCTCTTCTGATGAAGAGGAGGGGACCAGCTCTCAAGCAGAAGCGGCCAGGATA
CTGGCTGCCTCCTGGCCTCAAAACCGAGAAGATGAAGAAAAGCAGAAGCTGAAGGGTGGGCCC

AAGAAGACCAAAAGGGAAAAGAAAGCAGCAGCTTCCCACCTGTTCCCATTTGAGMAGCTGTGA
GCTGAGCGCCCACTAGAGGGGCACCCACCAGTTGCTGCTGCCCCACTACAGGCCCCACACCTG
CCCTGGGCATGCCCAGCCCCTGGTGGTGGGGGCTTCTCTGCTGAGAAGGCAAACTGAGGCAGC
ATGCACGGAGGCGGGGTCAGGGGAGACGAGGCCAAGCTGAGGAGGTGCTGCAGGTCCCGTCTG
GCTCCAGCCCTTGTCAGATTCACCCAGGGTGAAGCCTTCAAAGCTTTTTGCTACCAAAGCCCA
CTCACCCTTTGA

5'... C A G C T G ... 3'

3'... G T C G A C ... 5'

GGAGGTGGACTCTCTTCTGATGAAGAGGAGGGGACCAGCTCTCAAGCAGAAGCGGCCAGGATA
CTGGCTGCCTCCTGGCCTCAAAACCGAGAAGATGAAGAAAAGCAGAAGCTGAAGGGTGGGCCC
AAGAAGACCAAAAGGGAAAAGAAAGCAGCAGCTTCCCACCTGTTCCCATTTGAGMAG

(Fragment 1: 183 bp)

CTGTGAGCTGAGCGCCCACTAGAGGGGCACCCACCAGTTGCTGCTGCCCCACTACAGGCCCCA
CACCTGCCCTGGGCATGCCCAGCCCCTGGTGGTGGGGGCTTCTCTGCTGAGAAGGCAAACTGA
GGCAGCATGCACGGAGGCGGGGTCAGGGGAGACGAGGCCAAGCTGAGGAGGTGCTGCAGGTCC
CGTCTGGCTCCAGCCCTTGTCAGATTCACCCAGGGTGAAGCCTTCAAAGCTTTTTGCTACCAA
AGCCCACTCACCCTTTGA

Restriction enzyme PvuII

PvuII recognition site
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Figure 2.6 Restriction Enzyme (pvuII) digestion fragment of XPC (rs2228001) (3% agarose gel)

2.18.1 Fragmentation Pattern of ERCC1 (rs11615)

When X= C in both of the sister chromosomes: (NORMAL HOMOZYGOTE) (C/C)

When X=C in both of the sister chromosomes, there will be no cutting in the both chromosome

and only one fragment with 525 bp will be obtained and this is considered as normal

homozygote.

No BsrD1 recognition site

Restriction enzyme BsrD1

AGGACCACAGGACACGCAGACTGGGGCTGGAGGGAGAGGGCTGAGCTGGAGACAGACCCGGG
GACCCTTTAGGAAAGGCCTGGTGCCAGTGGGCATGGAGGGGAGGAGCCTGGATCAGAGGATC
AGGGACTGTCCAGGGTTAGGAGGAGAGAGAAGCTGGAAAAGACCCTGCCACAGGTGGGAGGA
GGGAGGAGGTGTGGGAAGAGGTGCGAGGAGGCAGGAGGTGTGGGAAGAGGTGGGAGGAGGGA
GGAGGTGCAAGAAGAGGTGGAGGAGGGCCCTGTGGTTATCAAGGGTCATCCCTATTGATGGC
TTCTGCC

CTTCGTCCCTCCCCAGAGGGGCAATCCCGTACTGAAGTTCGTGCGCAAYGTGCCCTGGGAAT
TTGGCGACGTAATTCCCGACTATGTGCTGGGCCAGAGCACCTGTGCCCTGTTCCTCAGGTGA
GCTCTGCGGCGCCACCCCAGACTTCAGGAAGGGCACCCCACTGGCCTGGGAGGGTCATGTCC
CAGTGTTCTGGACTGTTCTATG

5'... G C A A T G (N)2 ... 3'
3'... C G T T A C ... 5'

AGGACCACAGGACACGCAGACTGGGGCTGGAGGGAGAGGGCTGAGCTGGAGACAGACCCGGG
GACCCTTTAGGAAAGGCCTGGTGCCAGTGGGCATGGAGGGGAGGAGCCTGGATCAGAGGATC
AGGGACTGTCCAGGGTTAGGAGGAGAGAGAAGCTGGAAAAGACCCTGCCACAGGTGGGAGGA
GGGAGGAGGTGTGGGAAGAGGTGCGAGGAGGCAGGAGGTGTGGGAAGAGGTGGGAGGAGGGA
GGAGGTGCAAGAAGAGGTGGAGGAGGGCCCTGTGGTTATCAAGGGTCATCCCTATTGATGGC
TTCTGCCCTTCGTCCCTCCCCAGAGGGGCAATCCCGTACTGAAGTTCGTGCGCAAYGTGCCC
TGGGAATTTGGCGACGTAATTCCCGACTATGTGCTGGGCCAGAGCACCTGTGCCCTGTTCCT
CAGGTGAGCTCTGCGGCGCCACCCCAGACTTCAGGAAGGGCACCCCACTGGCCTGGGAGGGT
CATGTCCCAGTGTTCTGGACTGTTCTATG

BsrDI recognition site

Restriction enzyme BsrDI
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When X=T in one of the sister chromosome: (HETEROZYGOTE) (C/T)

When X=T in one of the sister chromosome, there will be one cutting site at 368 bp. So, there

will be 3 fragments (156, 369 and 525 bp) for two sister chromosomes.

AGGACCACAGGACACGCAGACTGGGGCTGGAGGGAGAGGGCTGAGCTGGAGACAGACCCGGG
GACCCTTTAGGAAAGGCCTGGTGCCAGTGGGCATGGAGGGGAGGAGCCTGGATCAGAGGATC
AGGGACTGTCCAGGGTTAGGAGGAGAGAGAAGCTGGAAAAGACCCTGCCACAGGTGGGAGGA
GGGAGGAGGTGTGGGAAGAGGTGCGAGGAGGCAGGAGGTGTGGGAAGAGGTGGGAGGAGGGA
GGAGGTGCAAGAAGAGGTGGAGGAGGGCCCTGTGGTTATCAAGGGTCATCCCTATTGATGGC
TTCTGCC

CTTCGTCCCTCCCCAGAGGGGCAATCCCGTACTGAAGTTCGTGCGCAAYGTGCCCTGGGAAT
TTGGCGACGTAATTCCCGACTATGTGCTGGGCCAGAGCACCTGTGCCCTGTTCCTCAGGTGA
GCTCTGCGGCGCCACCCCAGACTTCAGGAAGGGCACCCCACTGGCCTGGGAGGGTCATGTCC
CAGTGTTCTGGACTGTTCTATG

5'... G C A A T G (N)2 ... 3'
3'... C G T T A C ... 5'

AGGACCACAGGACACGCAGACTGGGGCTGGAGGGAGAGGGCTGAGCTGGAGACAGACCCGGG
GACCCTTTAGGAAAGGCCTGGTGCCAGTGGGCATGGAGGGGAGGAGCCTGGATCAGAGGATC
AGGGACTGTCCAGGGTTAGGAGGAGAGAGAAGCTGGAAAAGACCCTGCCACAGGTGGGAGGA
GGGAGGAGGTGTGGGAAGAGGTGCGAGGAGGCAGGAGGTGTGGGAAGAGGTGGGAGGAGGGA
GGAGGTGCAAGAAGAGGTGGAGGAGGGCCCTGTGGTTATCAAGGGTCATCCCTATTGATGGC
TTCTGCCCTTCGTCCCTCCCCAGAGGGGCAATCCCGTACTGAAGTTCGTGCGCAAYGTG

(Fragment 1: 369 bp)

CCCTGGGAATTTGGCGACGTAATTCCCGACTATGTGCTGGGCCAGAGCACCTGTGCCCTGTT
CCTCAGGTGAGCTCTGCGGCGCCACCCCAGACTTCAGGAAGGGCACCCCACTGGCCTGGGAG
GGTCATGTCCCAGTGTTCTGGACTGTTCTATG

(Fragment 2: 156bp)

BsrDI recognition site

Restriction enzyme BsrDI
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When X=T in both of the sister chromosomes: (Mutant Homozygote) (T/T)

When X=T in both of the sister chromosomes, there will be one cutting between at 369 bp in

both of the chromosomes and two fragments with 156  and 369 bp will be obtained.

AGGACCACAGGACACGCAGACTGGGGCTGGAGGGAGAGGGCTGAGCTGGAGACAGACCCGGG
GACCCTTTAGGAAAGGCCTGGTGCCAGTGGGCATGGAGGGGAGGAGCCTGGATCAGAGGATC
AGGGACTGTCCAGGGTTAGGAGGAGAGAGAAGCTGGAAAAGACCCTGCCACAGGTGGGAGGA
GGGAGGAGGTGTGGGAAGAGGTGCGAGGAGGCAGGAGGTGTGGGAAGAGGTGGGAGGAGGGA
GGAGGTGCAAGAAGAGGTGGAGGAGGGCCCTGTGGTTATCAAGGGTCATCCCTATTGATGGC
TTCTGCC

CTTCGTCCCTCCCCAGAGGGGCAATCCCGTACTGAAGTTCGTGCGCAAYGTGCCCTGGGAAT
TTGGCGACGTAATTCCCGACTATGTGCTGGGCCAGAGCACCTGTGCCCTGTTCCTCAGGTGA
GCTCTGCGGCGCCACCCCAGACTTCAGGAAGGGCACCCCACTGGCCTGGGAGGGTCATGTCC
CAGTGTTCTGGACTGTTCTATG

5'... G C A A T G (N)2 ... 3'

3'... C G T T A C ... 5'

AGGACCACAGGACACGCAGACTGGGGCTGGAGGGAGAGGGCTGAGCTGGAGACAGACCCGGG
GACCCTTTAGGAAAGGCCTGGTGCCAGTGGGCATGGAGGGGAGGAGCCTGGATCAGAGGATC
AGGGACTGTCCAGGGTTAGGAGGAGAGAGAAGCTGGAAAAGACCCTGCCACAGGTGGGAGGA
GGGAGGAGGTGTGGGAAGAGGTGCGAGGAGGCAGGAGGTGTGGGAAGAGGTGGGAGGAGGGA
GGAGGTGCAAGAAGAGGTGGAGGAGGGCCCTGTGGTTATCAAGGGTCATCCCTATTGATGGC
TTCTGCCCTTCGTCCCTCCCCAGAGGGGCAATCCCGTACTGAAGTTCGTGCGCAAYGTG

(Fragment 1: 369 bp)

BsrDI recognition site

Restriction enzyme BsrDI
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