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Introduction
Cancer is the second leading cause of death in economically developed countries (WHO'

2008). It is a group of diseases that cause body cells to change and grow uncontrollably.

There are different types of cancer which all start with uncontrollable growth and instead of

dying start proliferating to form new abnormal cells. Cancer cell possess uncontrolled growth

and invades other tissues. (Abeloff et al., 2008).

Tumors are either benign or malignant. Benign tumors can't invade or metastasize to other

tissues of the body and never life threatening (Wolff et al., 2008). Malignant word comes

from Latin which means "bom to be bad" this implies that cancer is unavoidable production

of cells and fated to death (Pories et al., 2009). It contain cells that have several aberrant

properties like uncontrolled proliferation, resistance to cell death signals, inappropriate

migratory and invasive capability, capacity to alter the tissue microenvironment to promote

angiogenesis and evasion of immune surveillance (Rodier etal.,2007).

Cancerous cells are unable to perform regular function and spread to nearby organs or to

whole body by a process known as metastasis which leads them towards death.

Transformation of normal cell into malignant occurs in different stages. These are biological

(parasites,bacteria,viruses), physical (ultraviolet radiation) and chemical carcinogens (arsenic,

aflatoxin) (Stewart and Wild, 2014). DNA is the genetic material in all living organisms and

in every cell directs all its actions. Whenever DNA gets damaged in a normal cell, the cell

repairs the darnage. ln cancer cells, damaged DNA is not repaired and start proliferating

abnormally. Like first cell all new cells will have same damaged DNA (Lichter et al., 2008).

The production of DNA lesions and the resulting activation of DNA damage response (DDR)

pathways are both pretentious by the chromatin status at the site of damaged DNA. As a

result, DDR activation affects the chromatin both at the damaged site and across the whole

genome.

Cellular senescence and cancer are linked with the arrangement of the DDR pathways and

chromatin changes (Sulli et al., 2012). Other mechanisms involved in the carcinogenesis

process is loss of tumor suppressor gene function, which normally acts as a negative regulator

of cell proliferation and conferring certain advantages to growth that lead to tumor

progression (Caldeira et al., 2006).

Romon Spectroscopy: Non-lnvosive Technique For Cancer Detection



Generally cancers are the result from the accumulation of multiple clonal changes in genes

that regulate cell growth and differentiation (Osborne et al., 2004). Since tumors with similar

histopathological diagnosis can follow different clinrcal courses and show different responses

to therapy. One of the leading causes of morbidity and mortality worldwide also includes

cancer (Shackney et al., 2003; Beckmann etal.,1997).

There are over l0 million new cases of cancer annually (4.7 million in developed countries;

5.5 million in less developed countries) and more than 6 million cancer deaths. It is estimated

that there will be 15 million new cancer cases every year by 2020, and 10 million cancer

deaths (Joumal of cancer prevention, 2OO4).In the US about 575000 people die because of

cancer and more than 1.5 million are diagonosed with cancer. The incidence rates for all

cancers combined were 80.5 per 100,000 for males and 91.8 per 100,000 for females

(Bhurgri, 2006). World Health Organization (WHO) has stated that cancer status will

increase by70% in the next 20 years.

Ageing is an irnportant risk factor for the development of cancer. Other risk factors may

include unhealthy diet, alcohol, drugs, low physical activity, tobacco, genetic and non-genetic

factors. Canccr is result of interaction between person's genetics and cancer causing agents

(WHO, 2Ol2). The burden of cancer is increasing in economically developing countries as a

result of population aging and growth as well. In addition to inherited mutations, single

nucleotide polymorphisms (SNPs) of various genes are defined to be related with cancer risk

and disease progression as well as the treatment response.

Cancer is classified on the basis of cell affected first and now there are more than 100

different types of cancer. Lung, prostate, colon, rectum, stomach, liver, breast, colon, rectum,

lung, cervix and stomach are most affected areas with cancer (Bhurgri, 2004).

Head and neck cancer is the second leading cause of cancer in Pakistan. It is also due to the

abnormal growth of cells in the regions like Oral cavity, nasal cavity, paranasal sinuses,

larlmx, trachea, hypopharynx, nasopharynx and oropharynx (Masood et 41., 2012).

Approximately 42 % of head & neck cancer are due to factors like smoking, tobacco, alcohol

consumption and human papilloma virus (Cmelak,2012).

Colorectal cancer is a major cause of morbidity and mortality and the third leading cause of

cancer related deaths in the United States (American Cancer Society, 2008). Worldwide, L2

Romon Spectroscopy: Non-lnvasive Technique For Cancer Detection



million new colorectal cancer cases and 609,000 deaths were expected to occur in 2008

(parkin et al., 2000). Major risk factors for CRC are obesity, diet with high rate of fats and

low vegetables, non physical activity and smoking (Fernandez el al', 2002; Hjarlaker et al''

2013; Robsahm et al., 2013). Evidence showed that CRC is a genetic disease and l0- 15 V" of

CRC cases have genetic cause so that one out of 200 individuals has genetic high risk allele

for CRC (Fernandez eta1.,2002;Turati et aI.,2013;Han et al',2014)'

Breast Cancer is the mOSt common cancer among AmeriCan women, exCept for Skin cancers'

About I in 8 (12%) women in the US will develop invasive breast cancer during their

lifetime. The American Cancer Society's estimates for breast cancer in the United States are

for 2013; About 232,340 new cases of invasive breast cancer will be diagnosed in women.

About 64,640 new cases of carcinoma in situ (CIS) will be diagnosed and about 39,620

deaths of women are expected from breast cancer (Breast Cancer Facts and Figures 2011-

2012).

Liver cancer in men is the fifth most frequently diagnosed cancer worldwide. In women, it is

the seventh most commonly diagnosed cancer and the sixth leading cause of cancer death. An

estimated 748,300 new liver cancer cases and 695,900 cancer deaths occurred worldwide in

2008 (Armstrong et al., 2006). Prostate cancer is the second most frequently diagnosed

cancer and the sixth leading cause of cancer death in males, accounting for l4oh of the total

new cancer cases and 60/o of the total cancer deaths in males (Ferlay et al., 2010).

Doctors and scientists are always looking for better ways to treat people with cancer. To do

this, they are constantly developing and studying new techniques. Actually, as with all kinds

of cancers, the early detection of cancer is fundamental for the fast and successful treatment

of the disease. Despite these interventions, more than 50o/o of patients with cancer will

experience local relapse and distant metastasis. Recurrences and distant metastases are

associated with poorer prognosis (Khuri et al., 2000). Furthermore, surgical intervention

causes facial contour defects and can lead to functional impairment and psychological trauma

in cancer patients. This is disappointing and points to the need for novel therapeutic

approaches. International public health agencies and private and govemment donors can play

significant roles in strengthening existing cancer control programs and/or implementing new

programs to arrest the growing burden of cancer in economically developing countries

(Anderson et al., 2008).
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Introduction

There has been some slight progress recently with recent studies showing a decrease

cancer incidence of 1.7Y, during the recent period of 2001-2005; and some cancers such

breast cancer have shown a reduction in cancer related mortality over the last l0 years.

Significant development has been observed in computed tomography (CT), magnetic

resonance imaging (MRI) and positron emission tomography (PET) in recent decades. To

decrease cancer related difficulties and deaths much more development is needed in the areas

of diagnosis and treatment. Advancement in imaging technologies, radiation therapy,

chemotherapy and surgical procedures is needed (Keereweer et al., 2011). Early neoplasia or

subtle lesions cannot be identified with conventional screening methods. Multiple suspicious

lesions cannot be diagnosed with excisional biopsies because this method is invasive and

impractical. Greater cost and inconvenience has been observed in case of colonoscopy

screening (Mcl-oughlin and Morain, 2006).

Identification at different stages of cancer in tissue and for differentiation of cancerous and

normal tissue, a nondestructive diagnostic tool named as Raman spectroscopy has emerged.

This is being used for identification of cancer at various body sites like cervix, bladder,

stomach, parathyroid, Iung, prostate and breast (Utzinger et al., 2001).

Raman spectroscopy maybe preferred over other techniques since, it is noninvasive and

requires no complex instrumentation or sample preparation. Since the power and wavelength

of the laser required in Raman spectroscopy as an excitation source do not cause injury to

patients, therefore, it is preferred for in vivo analysis. Raman spectroscopy have been used in

biomedical analysis of tissue, serum and plasma samples to confirm the presence of

macromolecules including proteins, nucleic acid, and lipids to assess several diseases

including Atherosclerosis, Diabetes, and Alzheimer's in addition to cancer (Ellis et al., 2013).

The purpose of the present study is to use Raman spectroscopy combined with multivariate

analysis as a screening method to detect Head and Neck cancer in early stages. The difference

between the control and cancerous blood samples were assessed by recording the spectra

from Raman spectrometer with laser excitation wavelength 532 nm. The spectra from

cancerous blood samples were then compared with the spectra from control samples with and

wrthout using multivariate statistical tool i.e. Principle Component Analysis (PCA) and

Linear Discrirnination Analysis (LDA).

ln
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The main objectives of the current research are:

Plasma screening of Head and Neck cancer using Raman shifts produced by Raman

spectroscopy in selected Pakistani patients'

Analysis of changes in molecular and chemical composition of molecules in the

sample.

correlation of biological molecules in diseased and control samples.

Romon Spectroscopy: Non-lnvasive Technique For Concer Detection



Chapter 2

LITERATURE REVIEW

t



Chopter 2 Literoture Revrew

Literature review

Cancer is a potentially lethal disease that poses a major challenge to longevity,in organisms

with renewable tissues. Cancers, or malignant tumors, contain cells that have acquired several

aberrant properties, often by somatic mutation or epigenetic changes in gene expression. These

properties include uncontrolled proliferation, resistance to cell death signals, inappropriate

migratory and invasive capability, and the capacity to alter the tissue microenvironment to

promote angiogenesis and evasion of immune surveillance. A number of mammalian genes

functions to prevent the development of cancer, some of which are directly implicated in

longevity assurance (Rodier et aL.,2007).

Most types of cancer cells eventually form a lump or mass called a tumor, and are named after

the part of the body where the tumor originates (American Cancer Society,20ll). Not all

tumors are cancerous. Tumors that aren't cancer are called benign. Benign tumors can cause

problems - they can grow very large and press on healthy organs and tissues. But they cannot

grow into (invade) other tissues. Because they can't invade, they also can't spread to other

parts of the body (metastasize). These tumors are almost never life threatening (Wolff et a1.,

2008).

2.1 Mechanism of Cancer Formation

Cancer is a complex disease that is very variable in its presentation, development and outcome

from one patient to the other. The same heterogeneity and variability exist at the cellular and

molecular level. Cancer is a multi-step process during which cells undergo profound metabolic

and behavioral changes, leading them to proliferate in an excessive and untimely way, to

escape surveillance by the immune system, and ultimately to invade distant tissues to form

metastases (Reid et al., 2006). It is now clear that there are thousands of point mutations,

translocations, amplifications and deletions that may contribute to cancer development, and

that the mutational range can differ even among histopathologically identical tumors (Cairns

et al., 201l).

t Romon Spectroscopy. Non-lnvosrve Technrque For Concer Detectton
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One of the mechanisms involved in the carcinogenesis process is loss of tumor suppressor gene

function, which normally acts as a negative regulator of cell proliferation. Tumor suppressor

gene inactivation contributes to carcinogenesis by conferring certain advantages to growth that

lead to tumor progtession (Caldeira et al., 2006).

Cells become cancer cells because of damage to DNA. DNA is in every cell and directs all its

actions. In a normal cell, when DNA gets damaged the cell either repairs the damage or the

cell dies. In cancer cells, the damaged DNA is not repaired, but the cell doesn't die tike it

should. Instead, this cell goes on making new cells that the body does not need. These new

cells will all have the same damaged DNA as the first cell does (Lichter et al., 2008).

The generation of DNA lesions and the resulting activation of DNA damage response (DDR)

pathways are both affected by the chromatin status at the site of damaged DNA. In turn, DDR

activation affects the chromatin at both the damaged site and across the whole genome. Cellular

senescence and cancer are associated with the engagement of the DDR pathways and with

profound chromatin changes (Sulli et aL.,2012).

Cancer cell attains an independent survival advantage by escaping the laws and rules goveming

cell life and becomes a rogue cell by adopting an aggressive and invasive behavior. These cells

are so good at adapting themselves to new conditions that they resist many attempts at killing

including cytotoxic drugs or radiation treatments. This is the reason that most cancers are best

treated at an early stage, at a time when cancer cells still have limited adaptive capacity and

are thus unable to bypass the effects of treatment (Weinberg et al., 2000).

2.2 Types of Cancer

There are over 100 different types of cancer, and each is classified by the type of cell that is

initially affected. The incidence rates for all cancers combined were 80.5 per 100,000 for males

and 91.8 per 100,000 for females (Bhurgri, 2006). Cancer continues to persist as one of the

most common causes of death throughout the world and remains the second leading cause of

death in the United States (Richardson et a1.,2010). This rise in cost coincides with estimates

J Romon Spectroscopy' Non-lnvosrve Techntque For Concer Detectton
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that 1,529,560 new cases of cancer were diagnosed, and 569,490 cancer-related deaths had

occurred in 2010 in the US alone (Siegel et a1.,2010)'

According to the world Health organization (wHo), the numbers of new cancer cases ls

expected to rise by about 7\oh over the next 20 years. The most common sites of cancer among

men are lung, prostate, colon, rectum, stomach and liver and the most common sites of cancer

among women are breast, colon, rectum, lung, cervix and stomach'

This section provides basic information on risk factors, symptoms, early detection, and

treatment, as well as statistics on incidence, mortality, and survival, for the most commonly

diagnosed cancers.

2.2.1Head and Neck Cancer

Head and neck cancer (HNC) also result from abnormal growth of cells in the regions like oral

cavity, nasal cavity, paranasal sinuses, larynx, trachea, hypopharynx, nasopharynx and

oropharynx. HNC is sixth common cancer worldwide and in Pakistan it is the second leading

cancer (Masood et a1.,2012).

2.2.1.1Global incidence of Head and Neck Cancer

Head and neck cancer is the 6th leading cancer in humans (Marcu et al., 2009). Under

developed countries tike India, Brazll and Thailand are most affected regions (Jemal et al.,

2OO4).75,000 head and neck cancer cases are reported and3o/o ofall cancers are head and neck

cancer in USA. Frequency of larynx, hypopharynx, oropharymgeal mucosa, cervical esophagus

and lip has been decreased. On the other hand frequency ofcancers ofnose, tongue, soft tissues,

bone. tonsil, salivary and bone has been increasing (Bruce and Everett, 201l). Occurrence of

cancers in the regions of oropharynx among females has been increased in Japan while cancers

of tongue, hypopharynx and oropharynx have been increased in males (Akiko et al., 2005).

Most prevalent form of head and neck cancers in India is oral cancer. Increased frequency of

head and neck cancer in young adults was not found in India (Elango et al., 2006). In Pakistan

there is a striking increase in HNC in males and females. In males increase in tongue cancer is

observed while decrease in lip cancer. Disease onset at early age is evident in Pakistani

Romon Spectroscopy Non-lnvosrve Technique For Concer Detection
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patients. 65 years and older patients' accounts for 23 % while 40 years and younger HNC

patients account for 30 %. (Chaudhry et al., 2008).

2.2.1.2 Risk Factors

Smoking and tobacco products, alcohol use, and infection with human papilloma virus (HPV)

are among the major risk factors for head and neck cancer; globally, smoking and alcohol have

historically been aetiologies for approximately 42%o of head and neck cancer. (Cmelak, 2012).

Malignant and benign oral lesions are also caused by human papillomavirus (HPV) (Gillison

et al., 2000). Red chilli and meat are considered risk factors for head and neck cancer while

dietry iron vegetables and fruits rich in vitamin C and A play protective role (Negri et al.,

2000).

Many genes play role in altered pathways in head and neck cancer leading towards malignancy.

Collectively these changes in tumor suppressor genes, oncogenes and proto oncogenes can

lead towards cancer. Protein expression can decrease and increase due to genetic and

epigenetic changes. Genes being altered in head and neck caltcer pathways can serve as

therapeutic targets e.g. signal transducer and activator of transcription 3 (STAT3), epidermal

growth factor receptor (EGFR), vascular endothelial growth factor receptor (VEGFR) and p53

(Jonah and Jennifer, 2010).

2.2.1.3 Diagnostic Methods for Head and Neck Cancer

o Fine-Needle Aspiration Biopsy

For this test mostly fine or thin needles are used (22 to 27 gage). The FNA biopsy technique

uses aspiration to obtain cells or fluid from a mass as compared to large needle biopsy,that

obtain tissue specimen and requires histologic fixation (Gharib et al., 2007). The needle is

passed into the lesion and multiple fast jabbing movements in and out of the lesion as well as

in different directions are performed. Once the material is seen in the hub of the needle, there

is usually sufficient material (Kulkarni et aL.,2002).

Romon Spectroscopy: Non-lnvosive Technique For Concer Detectton
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o Computed Tomography

CT was developed by Hounsfield et al in 1967, driven in part by the improvement in computer

processing power along with volumetric x-ray imaging (Saif et al., 2008). Using available

computing technology, CT generated high resolution three dimensional reconstructions of

patient anatomy using multi-plane x-ray imaging and mathematical computer image

reconstruction algorithms. Non-specific iodinated contrast agents are routinely used to

visualize blood flow and washout, often delineating areas of abnormal enhancement and uptake

which can be used as a surrogate for neoplasm or infection/inflammation (Sharma et al.,

2005).Despite the exquisite anatomic details CT provides, it imparts little to no information

regarding functional or metabolic activity of tissues.

Malignant potential is construed from lesion size, and distortions and displacements of normal

tissue. As a result, benign and malignant lesions can overlap in appearance (Sharma et a1.,

2005).Early metastatic lymph nodes are often too small to be accurately characterized by CT,

resulting in frequent false negative results. Post-surgical changes can distort normal anatomy

and may change the structure and morphology of the anatomy sufficiently to mask remaining

tumor; these findings on CT scan incorrectly suggest areas of abnormal growth or disguise

areas of true malignant disease (Delbeke et a1.,2009).

o MRI

MRI is an accurate test for the diagnosis of Nasopharyngyeal cancer. MRI depicts subclinical

cancers missed at endoscopy and endoscopic biopsy and identifies patients who do not have

NPC and who therefore do not need to undergo invasive sampling biopsies (Bhatia et al.,

201l). NPCs usually present with intermediate signal intensity, higher than the muscle signal,

on T2-weighted irnages, low signal intensity on Tl- weighted images, and enhance to a lesser

degree than does normal mucosa. Eighty-two percent of NPCs arise in the posterolateral recess

of the pharimgeal wall (Rosenmtiller fossa), and l2%o arise in the midline. In 6-10% of patients,

the nasopharyngeal mucosa appears normal at endoscopy (Glastonbr,ry,2007).

Romon Spectroscopy Non-lnvosive Technrque For Concer Detection 10
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2.3 Different optical tools used for differential diagnosis of cancer

There has been some slight progress recently with recent studies showing a decrease in cancer

incidence of l.7Yo during the recent period of 2001-2005; and some cancers such as breast

cancer have shown a reduction in cancer related mortality over the last 10 years. However,

much more progress is needed to improve diagnosis and treatment of cancer in order to

ultimately reduce cancer-related suffering and death. Research for cancer diagnosis and

treatment has continued to yield advances in chemotherapy regimens, radiation therapy,

surgical procedures, and imaging technologies. Biomedical imaging modalities such as

Magnetic Resonance lmaging (MRI), Positron Emission Tomography (PET), and Computed

Tomography (CT) for cancer diagnosis have progressed significantly in recent decades

(Keereweer et al., 2011).

Screening methods are available which can reduce the incidence by removal of adenomas and

can reduce deaths in diagnosed cancer cases by earlier stage detection. However, there are

many disadvantages in conventional cancer screening methods. For instance, colonoscopy

screening method involves greater cost and inconvenience to the patient (whole bowel

cleansing). Excisional biopsies currently remain the standard approach for cancer diagnosis,

though this method is invasive and impractical for mass screening of high-risk patients with

multiple suspicious lesions. In brief, using the conventional cancer screening tools it is difficult

to identify early neoplasia or subtle lesions (Mcloughlin and Morain, 2006).

2.3.1 Spectroscopy

Spectroscopy is basically the study of radiation interaction with the matter to perform an

analysrs. The matter can be solid or liquid rvhich can cithcr absorb. rcllcct or rc-ctttit irtcidcrtt

radration. lnitially it originatcs tl'orn thc study of visiblc light lvhcn dispcrscd according to rts

rvavelength by a prisrn. Later on, the concept was further generalized to interaction of all type

radiation with matter as a tunction of rvavelength or fiequency (Harvey, 2010). The data that

is obtaincd front spcctroscopy is called a spcctrum. A spcctrum is a plot of thc intensity of

euergy detected versus the wavelength of the energy. A spectrunr cau be used to obtain

Romon Spectroscopy Non-lnvosrve Technque For Concer Detectrcn 11



Chopter 2 Lrteroture Revtew

intbrrnation about atornic and molecular energy levels, molecular geometries, chemical borrds.

interactions of urolecules, and related processes (Pecsok et al., 1994).

There are many different types of spectroscopy depending on the nature of interaction and

types of energy used. When radiations impinge upon sample, it will either be absorbed, pass

through. Different types of interaction leads to various types spectroscopic techniques. Some

of these te chniques are absorption spectroscopy, fluorescence spectroscopy, Raman

spectroscopy, arid surface-euhauced Raman spectroscopy. All these techniques use laser light

as an encrgy sourcc. Sincc in curcnt rcsearch Raman spcctroscopy is uscd for early diagnosis

of canccr'. It is therefore necessary to understand the nature of interaction and more specifically

in the scattering before describing the basic mechanistn of Raman spectroscopy.

2.3.2 Scattcring Process

As mentioned before that when the light interact with the material, it will absorb, reflect or

scattered. Scattering refers to the change in the direction of light as a result of its interaction

with matter. Scattering may or may not be associated with energy transfer. Various physical

properties of a substance can be studied by the amount of light scattered at different angles,

wavelengths and polarization angles by that substance.

There are three different types of scattering, i.e., Rayleigh scattering, anti-strokes and strokes

scattering. Most of the radiations scattered from a sample comprised Rayleigh scattered

radiations.

An interaction where the energy of the radiation remain same after an interaction with the

matter is termed as Rayleigh or elastic scattering. In contrast a situation where energy is

transferred either from the molecule to the photon or vice versa, the scattered photon has less

or more energy than that of incident photon. Such scattering is called inelastic scattering. There

two of types of inelastic scattering i.e. Stokes and Anti-Stokes. (Zeng et al., 2003).

An inelastically scattered photons can be either of higher or lower energy, depending upon the

vibrational state of the target molecule. If the scattered photon has higher wavelength, i.e.,

lower energy than the incident light, this is known as Stokes-Radiation. Unlike Stokes an anti-
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Stokes radiation have high energy and lower wavelength than the incident radiation. This

decrease or increase in the energy is directly related to the initial vibrational energy levels in

the ground state of the molecule. The difference in the initial and final energy of the photon is

known as Raman shift. Raman shift (wave numbers) is expressed in unit of cm-1. This Raman

shift provides a finger prints from the molecular composition of contributing molecules can be

determined. The schematic diagram of different types of scattering is illustrated in Figure 2.1

(Ferraro et al., 2003).

2.3.3 Raman Spectroscopy

Rarlan spcctroscopy was first observed in 1928 by Sir Chandrasekhara Venkata Ramatr, an

Incliarr physicist, who received the Nobel Prize 2 years later fbr rvork in the field of light

scattcring (Garclincr, 1989). Raman spectroscopy, a molecular and chemical detective, can be

used to optically probe the molecular changes associated with diseased tissues (Singh et al.,

I e98).

Raman spectroscopy is a promising technique in biomedical studies due to its non-invasive

character and high specificity. It is based on inelastic scattering of monochromatic light,

usually from a laser source by the sample. In addition to provide unique finger print

information about a sample, Raman spectroscopy offers several advantages than other

techniques including:

Sample preparation is very easy and can be prepared directly through glass containers

Non-destructive technique and requires minimum interference of water

No interference from atmospheric parameters such as carbon dioxide and water (Itzkan

et al., 1999).
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Fig.2.1 Energy level diagram for Rayleigh and Raman scattering (Ferraro et al., 2003).
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2.3.3.1 Basic Principal

When light is scattered from a molecule, most photons are elastically scattered. The scattered

photons, therefore, have the same energy (frequency) and wavelength as the incident photons.

However, a small fraction of light (approximately I in 107 photons) is scattered at optical

frequencies different from, and usually lower than, the frequency of the incident photons. The

process which leads to this inelastic scatter is termed the Raman Effect. Raman scattering can

occur due to a change in vibrational, rotational or electronic energy of a molecule. If )' incidenr

is the wavelength of the incident photon and 1, r"u11.r"6 is the wavelength of the scattered photon.

The mathematically the energy difference between the initial and final vibrational levels, which

termed as Raman shift (o), can be calculated as

0: li I incident- l/I scattered .......... (1)

The relative intensities of Raman signal depends on the number of the molecule in different

states. Inside sample there are different tlpes of molecules. For example in biological sample

(body fluids) there are lot of Raman active molecules such as proteins, lipids etc. Each of these

molecules give rise a specific peak or peaks in the Raman spectrum. Sometime different

molecules contribute to the same peak. In such a situation other peaks is alos considered for

the exact molecular assignment. The peak height in the spectrum represents the relative

concentration of that particular type of molecule in the sample. The intensity of Raman signal

is very weak as compared to (Durdevic et a1., 2013).

Classically Raman Effect can be explained on the basis of polaizability of a molecule. When

a molecule is placed in a static electric field, the electric field polarizes the molecule by

attracting the positive charged nucleus towards the negative pole and negatively charged

electrons cloud towards the positive pole. This separation of charged centers an induced dipole

moment is directly related to the applied electric field as long as the field is not too strong;
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Where o is the polarizability of the molecule that decreases with increasing electron density,

increasing bond strength and decreasing bond length.

Light is considered as electromagnetic radiation, which contains an oscillating electric field

component. When light is impinged on a sample, the electric field component of the incident

polarizes the molecules in the sample and they behave as an oscillating dipole, the oscillating

dipole is the source of different types of scattering signals including Raman signals;

The Raman Effect arises when a photon is incident on a molecule and interacts with the electric

dipole of the molecule. In quantum mechanics, the scattering is described as an excitation to a

virtual state lower in energy than a real electronic transition with nearly coincident de-

excitation and a change in vibrational energy. The scattering event occurs in l0-14 seconds or

less. When the sample is de-excited to the ground state, a Raman signal is emitted with a shift

in wavelength (Derek, 2002).

2.4 Raman Instrumentation

All Raman spectrometer consists of three main components (Motz ,2012):

Excitation source, usually a laser

Sample holder and light collection system

Detection and computer control system
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2.4.1 Excitation Source

Raman spectrometer consists of excitation source for sample illumination. All modern system

are using laser as an excitation source. Similarly it is also necessary for the laser to have sharp

bandwidth and stable frequency. Three different wavelength are normally used, i.e. 532,785

and 1064 nm. Each wavelength has its own advantages and disadvantages. For example

shorter wavelength produces a powerful Raman signal but have the problem of fluorescence

in case of organic molecules. Most of the time the fluorescence single overwhelm the weak

Raman signal. In contrast to 532nm, for 785 lasers the fluorescence signal decreases

prominently, making detection of the weak Raman signal easier. In present system, excitation

source is diode laser emittingatTS5 nm (Brown et al., 2003).

2.4.2 Sample holder and Light collection system

Like an excitation source, sample holder and light focusing and collecting system are also an

important part of Raman spectrometer. Normally there is a proper stage for keeping the sample.

Normally a droplet of samples is put on aluminum substrate or glass slide. The light from laser

source is usually focused on the surface of the sample through an objective lens. In most cases

the same objective is used for the collection Raman scattered light. In our laboratory we have

(Peak Seeker PRO-785) Raman system. The system coupled with microscope (RSM-785,

Agiltron, USA). Light from diode laser is focused on the sample's surface through the

microscope objective lens and the lens is used for collecting the Raman scattered light. There

is dichroic mirror in the optical path for the separation of scattered light from the excitation

light. The main function of dichroic mirror is that, it reflect one wave length while transmit

other wavelength (Dinh, 2003).

2.4.3 Detection System

The detection system mainly comprises spectrometer coupled with computer. The fundamental

c function of a spectrometer is break an incoming light into its spectral components, convert it

to digital signal as a function of wavelength and readout the digitize signal. The final result is

then and display through a computer. The light enter the spectrometer through a narrow slit

called entrance slit. The role of the slit is critical to spectrometer's pertbrrnance as it determines
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number photons (photon flux) and is important for the determination of spectral of the spectral

resolution. The divergent light is then collimated through concave mirror and imaged onto

grating. The diffraction grating disperses the incident light into its components at different

angle. The selection of an accurate grating is a key factor in optimizing your spectrometer for

the best spectral results in your application. The diffracted light is then imaged onto the detector

via second concave mirror. Once the light is imaged onto the detector the photons are then

converted into electrons which are digitized and read out through a serial port to a computer.

The spectrum, which the plot of intensity as a function of wavelength is computed through

inbuilt software, and finally display through computer (Motz, 2003).

2.5 Analytical Techniques for Raman data classification

Raman spectroscopy recently shows advancement in capability of distinguishing difference

between RNA/DNA, lipids and proteins which makes it unique technique for measuring

changes at cellular level as well as segregating between different tissue and cells types which

provides extensive variety of biomedical uses. Raman spectroscopy as a spectral and

nondestructive method, gives enormous data on chemical configuration of probed material that

usually aided well-known technique for inspecting most challenging biological systems (Zhu

et al.,2013). However, the Raman spectrum usually comprised many overlapping bands, so

its interpretation cannot be simply made by visual observation for changes in tissue pathology

(Hanlon et al., 2000). Hence, different statistical techniques would need to be applied on the

Raman data in order to use the biomolecular Raman signal for tissue analysis and classification.

The Raman spectrum data usually comprised the results of observations of many different

variables (i.e. Raman shift) for different cases (i.e., normal and malignant). Each of these

variables represents a different dimension. It is natural that we should seek to design and build

machine which can recognize pattem and for the comfort of human (Duda et al., 2000).

Classification is a binary process which involves the building, the testing and the use of

classification model. [t maps the data into some groups or samples which is called classifying

the data (Duda et al., 2000). Brief description of different algorithms commonly applied for

tissue diagnosis in Raman spectroscopy describes below:
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2.5.1 Feature Extraction

Feature extraction is used to find the peaks and valleys of the intensity. It just gathers the

necessary information which is used to describe the complete target of interest and to lose the

irrelevant information of the target. In short, it is fundamentally an information reduction

process (Duda et al., 2000). There are two techniques for feature classification and dimension

reduction i.e, Principal Component Analysis (PCA) and Linear Discrimination Analysis

(LDA) (Balakrishnama et al., 1998). The major applications of PCA and LDA are face

recognition, image retrieval and microanay data classification. The major difference is that

LDA maximizes the ratio of between-class variance to the within-class variance in any

particular data set thus achieving maximum Discrimination (Ye et al., 2005) while PCA

analyzes a data set representing observations which are described by several dependent

variables, which are inter-correlated (William et al., 2010).

2.5.2 Principal Component Analysis (PCA)

Principal component analysis (PCA) is the multivariate statistical technique and is used by

almost all scientific disciplines. It is an unsupervised learning technique. The aim of PCA is to

extract the important information from the data table and to express this information as a set

of new orthogonal variables called principal components. Basically PCA is used for feature

classification means to find the peaks and valleys of the intensity (William et al., 2010: Duda

et al., 2000). It analyzes the data matrix which can be explained by several dependent variables

and these variables are inter-correlated (William et al., 2010).

The quality of the PCA model can be evaluated using cross-validation techniques such as the

jackknife. PCA generalized the correspondence analysis (CA) and multiple factor analysis

(MFA). CA used to handle the qualitative variables while MFA used to handle heterogenous

sets of variables. Mathematically, PCA depends upon the Eigen-decomposition of positive

semi-deflnite matrices and upon the singular value decomposition (SVD) of rectangular

matrices (William et a1., 2010).
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2.5.2.1Aims of PCA

The aims of PCA are:

To extract the important information from the data table.

To compress the size of the data table by keeping only this important information.

To simplifo the detail of the data set.

o To analyze the structure of the observation and the variables.

For achieving these goals, PCA calculates new variables called principal components and these

components are obtained as linear combinations of the original variables. The first principal

component is required to have the largest possible variance. The second component is

computed under the constraint of being orthogonal to the first component and to have the

largest possible inertia. And the other components are calculated as same. The value of these

new variables for the observations called factor scores, these factor scores can be interpreted

geometrically as the projection of the observation onto the principal components (William et

a1.,2010).

2.6 Clinical Applications of Raman Spectroscopy

Raman spectroscopy is a promising technique in biomedical studies due to its non-invasive

character and high specificity. The use of multivariate analysis can improve their applicability

and extract the useful information that Raman spectroscopy can provide to biomedicine. It has

emerged as a novel diagnostic tool for cancer detection and identification of malignancy at

different stages of the evolution of neoplasia in tissue. (rJtzinger et al., 2001).

It can provide a wealth of spectrally narrow features that are related to the structural and

biochemical composition of the sample (Huang et al., 2O03).Spectrum of tissue and blood

samples is generated and compared with the spectrum of healthy tissues. Difference between

these spectras provide an information about the abnormalities.

In biomedical research Raman spectroscopy has been recognized as a valuable analytical tool

and depends on energy shift due to interaction with vibrational modes of molecules. The
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Raman spectrum is a direct function of the molecular composition of the tissue and provides a

fingerprint of the tissue (Crow et al.2003; Stone etal.2004).

It can also provide useful biochemical information regarding cells, without the need of

fixatives, markers or stains (Kraft et al., 2003). Our approach is based on the hypothesis that

the biochemical composition of each body fluid is unique and Raman spectroscopy can easily

recognize the difference (Sikirzhytski et al., 2010).

Raman spectroscopy was extensively used to study atherosclerosis (Laarce et al., 2000).

Raman fiber-optical probes are under development to classify normal breast tissue, benign

disease and malignant breast cancer in vivo during breast lumpectomy surgeries (Motz et al.,

2005). The instrument is capable of collecting and processing Raman spectra in less than 2s.

Raman spectroscopy can be used for microstructural characterization of drug delivery systems,

as well as to understand drug-excipient interactions in the formulation (Bleye et al., 2014).

Tablets and capsules are still considered the preferred dosage forms. The manufacture of

tablets involves several unit operations such as milling, powder blending, granulation, drying,

compaction and coating. It is crucial to control the quality of the intermediate products

generated during various unit operations to manufacture the final quality product. Raman

spectroscopy has been found to be a very useful PAT tool for in-process monitoring to test for

the desired intermediate product after each unit operation (Remon et al., 2011).

Raman spectroscopy enabled in-line and real-time monitoring of the blend homogeneity and

also led to a better understanding of the process. The effect of particle size, shape, density and

light absorption capability on the Raman sampling depth during in situ monitoring of API-

excipient blending by wide area illumination (WAI) ( Allan et al., 2013).

Raman spectroscopy has been used to measure the concentrations of chemicals in blood serum

(glucose, urea, proteins, cholesterol, triglycerides etc.), with results in good correlation with

reference values (Berger et al., 2007). A recent study employed Raman spectroscopy for

diagnosis of type II diabetes by detecting molecular changes in the membranes of erythrocytes

(Lin et a1.,2014).
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Raman spectroscopy was used to establish reliable biomarkers that can be used to distinguish

between non-infectious systemic inflammatory response syndrome (SIRS) and sepsis

(Bocklitz et al., 2014).
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Materials and Methods

3.1 Study Approval

The present study was approved by Ethical Review Committee of International Islamic

University and Ethical Committee of Nuclear Oncology and Radiotherapy Institute

(NORI), lslamabad, before conducting the research.

3.2 Blood Samples

Before the start of the study proper informed consent from the patients were obtained. 50

Blood samples of Head and Neck cancer patients along with equal number of age matched

healthy controls were collected at different days from Nuclear Oncology & Radiotherapy

Institute (NORD Hospital, Islamabad through proper questionnaire (Annexl) which

includes different parameters like name, age, sex, stage of the cancer, past medical history,

biopsy report and hormonal report etc. Blood samples (5cc) were collected in EDTA filled

vacutainers ( HebeiXinle, Sci&Tech Co. Ltd., China) using disposable BD syringes, after

collection each sample has been transported to National lnstitute for Laser and Optronics

(NILOP) for preparation and stored at -16"C in the refrigerator till use for spectroscopic

technique.

3.3 Subjects and Protocol

The present study comprised two groups: 50 H&N cancer patients with a confirmed clinical

and pathological diagnosis from Nuclear Oncology & Radiotherapy Institute (NORI). The

second group includes equal number of healthy control volunteers comprised both female

and male with normal history.

3.4 Serum Preparation

Serum from both cancer patients and control group were extracted according to the standard

protocols. The blood was centrifuged at 3500 rpm for l0-20 minutes to obtain the fine sera
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of the samples. The serum samples after extraction were stored at -160C refrigerator at

National Institute of Laser and Optronics (NILOP) before performing Raman Spectroscopy

analysis.

3.5 Materials

In this study following materials were used;

Serum samples from Cancer patients

Serum samples from healthy persons

A peak-seeker PRO-785 Agiltron, Raman Spectrometer

. MathWorks - MATLAB 2015a Software for digital signals processing.

3.6 Methods

3.6.1 Optimizations for Seeking Spectra

The Raman Spectrometer made by Agiltron model peak seeker pro, with fixed wave length

785nm, was used to collect the spectra. This model uses a Helium Neon super cold (-20'C)

laser to excite samples. This system is attached to microscope to view and focus the point

of target for laser excitation.

3.6.2 Optimization of Integration Time

Minimal excitation time of 5s and maximum time 60s with a gradual increase of 5s each

was selected. Three spectra were recorded on each integration time. Mean plot of each

group was taken and peaks in graph were compared. Results showed that integration time

of 15s is best suitable for recording the spectra and its further analysis. AIl further samples

were then set to be excited for time of 15s.
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3.6.3 Optimization of Laser Power

Second critical point was to optimize the laser power because if more laser power is

provided the sample will heat up and results in denaturation. But in case of reduced laser

power low or no signal will be omitted. For optimization range of 150mv was selected.

On each step 10 spectra for each sample were recorded and then later analyzed. Mean plot

of each group was taken and results showed that best spectra can be recorded on 150 mv

laser. Further all steps were set to be analyzed on 150 mv laser power.

3.6.4 Optimizing the Focusing Lens

There were three optical zoom ranges 5X, l0X and 50X available in microscope to focus

the laser excitation point. All of three were checked one after another and results showed

that optical zoom of l0X is best suitable to focus on sample and determine the point of
excitation for laser. All of the samples were then set to be focused on 10X optical zoom.

3.6.5 Choosing the Surface and Shape

A number of type of surfaces and shapes, for example glass slide and aluminum surface

and then shapes like oval and round were analyzed. Using previously optimized conditions,

a criteria was to take spectra of a 15-20pldrop of same sample. The purpose was to check

where we can get the best signal. Analysis showed that sample on an aluminum surface

which omits the best signals with least noise. All further samples were then set to analyze

on the same shape on aluminum base slide.

3.6.6 Seeking The Spectra

After conformation of positive samples, sample and control

Laboratory NILOP for spectra collection. A drop of l5
Aluminium base slide as specified earlier. Slide was then

focusing where focus was set in the middle of moving

were brought to Biophotonics

micro liter was dropped on

placed under microscope for

layers in a droplet. Minimal
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l0spectra were recorded for each sample with laser power 150 mv and integration time of

l5s as optimized earlier.

3.6.7 Spectral processing

After recording the spectra next step was processing of the data, in which Math Works -
MATLAB version 2015a was used. A special code running PCA was developed in
collaboration with statistician and software experts. Spectral processing is a complex work
and include following steps further,

3.6.7 .l Background Removal

Some of the background light is added in process of recording any spectra of a sample.

That creates problems in analysis and comparison to original references and recognition of

any new spectral feature. Because true peaks that are resulting from vibrational moments

of biomolecules are either hindered or altered. So for that it is necessary to remove all the

background. It was removed by taking a dark view and subtracting that dark view forms

the recorded spectra leaving original spectra behind.

3.6.7 .2 Substrate Removal

In raw spectra some portion of the signal is produced by aluminum base itself. These

spectral lines deform the spectral signatures. So for that it must be removed from it. All the

substrate background was removed by taking spectra of aluminum surface and subtracting

that from the spectra of sample.

3.6.7 .3 Baseline Correction

Raman spectroscopy plots a graph that is not always smooth in accordance with baseline.

So for that base line correction is applied which makes the entire graph straight along with

x-axis.
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3.6.8 Analysis and Plotting

To make results more applicabte and representable mean of all the $oups were taken.

Graphs were plotted for the results. Scatter plots were also made and Principle Component

Analysis (PCA) was performed on the data. It is an unsupervised learning technique and

used in all scientific disciplines for multivariate statistical analysis. Important information

is extracted from the data table and expresses as a set ofnew orthogonal variables called

Principle Components. Basically this analysis is used for feature classification means to

find the peaks and valleys of the intensity. It analyzes the data matrix which can be

explained by several dependent variables and these variables are inter-correlated.

3.6.9 Acquiring spectra

All the upper mentioned conditions were applied and 10 spectra for each sample were taken

to avoid any variation or change, mean of all spectra were taken and then for one by one

comparison of cancer and healthy samples, mean of all cancer and healthy spectra was

taken.

3.6.10 Statistical Analysis

The demographic and clinical characteristics of patients like age, sex, stage of cancer, past

medical history, biopsy report and, hormonal report were also recorded. The mean and

percentages were calculated for Head and Neck cancer and graphs were plotted.
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RESULTS

Head and neck cancer is the second leading cause of death in Pakistan. It is also due to the

abnormal growth of cells in the regions like Oral cavity, nasal cavity, paranasal sinuses, larynx,

trachea, hypopharynx, nasopharynx and oropharynx (Masood et a1.,2012). Approximately 42 oh

of head & neck cancer are due to factors like smoking, tobacco, alcohol consumption and human

papilloma virus (Cmel ak, 20 12).

In the present study, sefl;m samples of Head and Neck cancer patients were analyzed through

Raman spectrometer using wavelength 785nm, integration time l0-15 seconds and power 150

milli-watts, the results showed multiple Raman shifts. Of these multiple shifts the main focus

was mainly on some of the particular shifts which differ in healthy and diseased samples in order

to make a good comparison. This project looks for strong, weak, conformational or additional

peaks that can give us good key of comparison.

The Raman Shifts in the selected samples show some changes in the molecular conformations

and chemical composition of molecules at some points which could be analyzed further in

diseased and healthy blood samples. Pre-processing of spectrum that was obtained can be done

by following methods:

4.1 D ata, pre-p rocessing

Raman spectra of both normal as well as diseased samples were illustrated in figure 4.1. The

spectra from normal sera have been shown in green color whereas; spectra from the callcerous

samples have been shown in red color. These entire samples are almost overlapped, so for the

purpose of clarity a space has been intentionally created using a self-written MATLAB code. All
these sample looks quite noisy. The reason is that there is always exists different fypes of noise

in the Raman spectra of biological samples. So one cannot get useful information from using

noisy spectra. It is therefore imperative to first clean (de-noised) all spectrums. First step in the

pre-processing was smoothing of the Raman spectra. Raman spectra shown in figure 4.1 were

noisy, so these spectra were smoothed by using sgolay function in MATLAB. Figure 4.2 shows

the smoothed Raman spectra.
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Apart from noise there exists florescence background. Inside biological samples there exists

natural fluorophores. These molecules produce fluorescence when illuminated with the laser.
a

This property is inherent to all biological samples. This fluorescence background is always very

strong and most of the time overwhelm the weak Raman signal. Before making an analysis it is

necessary to remove this fluorescence background. This is done by using msbackadj command in

self written code in MATLAB. From figure 4.2 it was obvious that each spectrum has different

background i.e. Different starting point. This adjusts by using the above mentioned command in

MATLAB. The fluorescence background adjusted (background subtracted) Raman spectra both

for healthy and diseased samples shown in figure 4.3.

As mentioned earlier, the vertical separation between these two types of samples has been

intentionally created for the purpose of clarity. Finally this separation has been removed. So the

final de-noised and background subtracted Raman spectra shown in figure 4.4.

4.2 Raman spectral analysis

Raman spectra of biological samples (serum) contain large numbers of peaks. Each of these peak

represents a specific molecule inside the sample, whereas the peak concentration shows the

intensity of molecules in the sample. The first spectra of the Head and Neck cancer samples and

lrealthy Samples ranging from 450cm-r to 1650cm-r Raman shifts as illustrated in Figure 4.4. All

these Raman shifts corresponds to some chemical composition but mainly focus on those shifts

which show deviation from normal behavior.

o Raman shift at 622 cm-t and 95lcm-l shows that Phenylalanine is higher in diseased

samples as compared to normal samples.

o Raman shift at 802 cm-l and 840 cm-r shows that Tryptophan and l2-methyl

tetradecanoic acid is higher in diseased samples but lower in normal samples.

Raman Shift at 1020 cm-l depicts that Galactosamine and N-Acetylglucoseamine are

higher in cancer blood samples but lower in normal samples.

Raman shift at 700 cm-r and712 cm-r shows that lactose and Amylose is higher in cancer

samples as compared to normal samples.
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o Raman Shift at 1222 cm-r and 1270 cm-l depicts that lactose and l4-methyl

:- pentadecanoic acid is higher in diseased samples but lower in normalblood samples.

o Raman shift 1325 cm-l shows that Coenzyme A is lower in cancer samples but higher in

normal blood samples.

o Raman shift at 1410 cm-lshows that Proline is lower in diseased samples but higher in

normal samples.

o Raman shift 1440 cm-l shows that Oleic acid is lower in cancer samples but higher in

normal blood samples.

o Raman shift at 1463 cm-ldepicts that Stearic acid is lower in diseased samples but higher

in normal samples.

Raman spectroscopy analysis of Head and Neck cancer patients and healthy control are

illustrated in table 4.l.

4.3 Correlation calculations

t 
Correlation of biological molecules in cancer samples was calculated by the following method:

1- For Tryptophan molecule deviation of Tryptophan was observed in 4 samples out of I 1.

Correlation : No. of Samples - Total Samples x 100

Correlation :4- ll x 100:36oh

2- For Phenylalanine molecule deviation of this molecule was observed in 2 samples out of
I l.

Correlation : No. of Samples + Total Samples x 100

Correlation:2- 7lx 100: 18 %
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Table 4.1 Comparison of Raman peaks of Normal and Head and Neck cancer patient's

Peak(cm-1) Healthy Raman

shifts

Diseased Raman

shifts (Increased)

Diseased Raman

shifts (Decreased)

622 cm'l Phcnylalaninc Phenylalaninc

700 cm-r Lactose Lactose

712 cm'l Arnylosc Amylosc

802 cm-' Tlyptophan Tryptophan

840 cm-' Iryptophan Tryptophan

951 cm-t Phcnylalaninc Phcnylalaninc

1020 cm-r Calactosamine and

Gtucosarnine

Galactosamine and

Glucosamine

1222 cm'l Lactose Lactose

1270 cm'l l4-Methyl

Pcntadccanoic acid

l4-Mcthyl

Pcntadccanoic acicl

1325 cm-l Coenzyne A Coenz)zme A

1410 cm-l Proline Proline

1440 cm-l Oleic acid Oleic acid

1463 cm'l Stcaric acid Stcaric acid
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\;

4.4 Principal Component Analysis

PCA is a statistical technique which transforms a large number of correlated variables into a few

uncorrelated variables called PCA. These new uncorrelated variables (PCs) describe the greatest

variance of the spectral data. The aim of PCA is to extract the important information from the

data table and to express this information as a set of new orthogonal variables called principal

components (William et aL.,2010). Basically PCA is used for feature classification means to find

the peaks and valleys of the intensity (William et al., 2010: Duda et al., 2000). It analyzes the

data matrix which can be explained by several dependent variables and these variables are inter-

correlated (William et al., 2010).

4.5 Data classification and analysis

Figure 4.5 shows the plot of the data set in the PCA domain. It is clearly visible that by

considering only two dimensions in PCA domain, the data set can be easily split into two classes

(normally and abnormal). The plot of PC1 vs. PC2 makes a clear distinction between these two

types of data points. In the diseased data points the spread is comparatively more as compared to

normal data points.

4.6 Statistical analysis of clinical and demographic parameters

The demographic and clinical characteristics of patients like age, sex, stage of cancer, past

medical history, biopsy report and, hormonal report were also recorded. The mean and

percentages were calculated for Head and Neck cancer and graphs were plotted shown in figures

4.6,4.7,4.8 and 4.9.
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Distribution of Gender Based Age Groups in
Head & Neck Cancer Patients
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Chapter 5 Discussion

DISCUSSION

Head and neck cancer (HNC) results from abnormal growth of cells in the regions like oral

cavity, nasal cavity, paranasal sinuses, larynx, trachea, hypopharynx, nasopharynx and

oropharynx HNC is sixth common cancer worldwide and in Pakistan it is second leading

cancer (Masood et al., 2012). Head and neck cancer is a complex disease and full

understanding has not yet been developed due to multiple factors (environmental and genetic)

involved in disease. Clinical presentation of patients with small differences in different

patients can mislead in diagnosis of disease.

The results obtained with reference to the chemical changes in the chemistry of blood that

were studied and analyzed may provide a way to rapidly diagnose HNC cancer by Raman

spectroscopic technique. All groups from diseased and normal samples presented the same

characteristic features and set of bands that could differentiate normal samples (Hanlon et al.,

2000) from pathological tissues in accord with the relative intensity increase or decrease of

some bands, absence or appearance of some weak peaks (Shami et a1.,2002).

Characteristic peaks appeared at 622 cm-r shows that Phenylalanine is significantly increased

in cancer cells as compared to normal cells of blood. Experimental data of Raman

Spectroscopy on blood shows that this peak is associated with the presence of Phenylalanine

in blood. A sharp, intense and typical peak at 622 cm-t and 951 cm-r is attributed to symmetric

ring breathing mode of phenylalanine (C-C skeletal stretch) which is a protein assignment and

plays a vital role in terms of differentiation between normal and pathological conditions and

can also be used as a potential molecular marker in cancer biology. Protein metabolism in

terms of metastasis, which includes transcription (RNA synthesis) and translation (protein

synthesis), can be obtained through biochemical information acquired by Raman spectrum.

Several studies have demonstrated that phenylalanine concentration is increased in patients

with malignancy, HIV infections, trauma, burn and sepsis (Chang et al., 1983, Roth et al.,

1985, Rath et al., 1987, Ollenschliiger et al., 1988). ln malignant tissues an increased intensity

of phenylalanine was significant and reflects an increased amount of protein associated with
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tumor. It was found that the as the tissue changes ftom normal to malignant, intensity of

protein dominant peaks also increased.

Similarly Raman shift at 802 cm-r and 840 cm-l shows higher concentrartion of Tryptophan

(Trp) which is an indispensable amino acid required for biosynthesis of proteins, serotonin

and niacin and is needed for rapidly dividing malignant cells. Malignant tissue samples

possess relative increase in peak intensities of tryptophan (Devpura et a1.,2011, Tankiewicz

et a1., 2006). Tumor growth is associated with a number of metabolic abnormalities like

protein metabolism is deranged in cancer patients, as revealed by changes of plasma amino

acid profile. Tlie increased plasma free tryptophan levels are a frequent finding in cancer

patients. Plasma free tryptophan concentrations were found to be significantly elevated with

respect to healthy controls in patients with breast, lung, colon, stomach, and cancer from

various origin. The sensitivity of this marker in predicting the presence of the tumor was

highest for stomach and lung cancer patients. High plasma free tryptophan concentrations

seem to be directly related to the presence of the tumor. The increase of plasma free

tryptophan concentrations is a common feature of both human solid and hematologic

malignancies and some experimental tumors. lncreased plasma tryptophan facilitates transport

into the brain, hypothalamic serotonergic activity is in fact stimulated in the presence of

anorexia of cancer (Laviano et a1.,2003).

Raman shift at 1020 cm-r shows that galatosamine and glucosamine is higher in cancer

samples but lower in normal blood samples because tumor tissue are by far the most active in

accumulating radioactive glucosamine in vivo. It is the accumulation of glucosamine

derivatives which results in the toxic effect of glucosamine, as well as tumors should be most

sensitive to glucosamine (Molnar et al., 1965). It is possible that the capacity of neoplastic

tissues to accumulate large quantities of glucosamine and its phosphorylated derivatives

coupled with a relatively slow removal of glycoproteins results in selective cytotoxicity of D-

glucosamine to cancer cells (Winzler et al., 1964).

Characteristic peaks at 7OO cm-r and 712 cm't and 1222 cm-r shows that different forms of

glucose like lactose, amylase are increased in concentration in cancer samples as compared to

normal blood samples of healthy patient. It has long been assumed that the primary function
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of glucose is to provide energy to the cell in the form of ATP as an alternative to

mitochondrial respiration. The availability of oxygen is a major regulator of glucose

consumption, which was first described by Pasteur in 1856 (Krebs et al., 1972). Thus, in

hypoxic tissues glucose consumption is higher (Racker et a1., 1958). An effect was first

described by Warburg in 1930 that Cancers continue to consume glucose at high rates, even in

the presence of adequate oxygen (Warburg et al., 1930). Thus, "aerobic glycolysis" can be

described as a cancer hallmark (Hanahan et al., 2000) and elevated glucose consumption may

play an essential role in cancer progression. Genes of glycolysis are ubiquitously

overexpressed in cancers (Mikuriya et al., 2007). The dominant perception of energy

metabolism in cancer has been that ATP production is fueled by oxidative metabolism of

glutamine and glucose and by the anaerobic metabolism of glucose through the Embden-

Meyerhof pathway (EMP) of glycolysis, and that this ATP is needed to support a high level of

oncogene-induced proliferation.

Experimental data of Raman Spectroscopy on blood shows that Raman shift at 1440 is

associated with the presence of Oleic acid in blood. So decrease level of this peak in diseased

samples leads to a cancer risk in humans, because OA was found to significantly down-

regulate the expression of Her-2lneu (Vellon et al., 2005) a well-characteized oncogene that

plays a key role in the etiology, progression and chemosensitivity of various types of human

cancer. So the ability of OA to down-regulate Her-2lneu promoter activity and to suppress

Her-2lneu protein over expression. The intake of oleic acid rich diet specifically olive oil may

have a potential role in lowering the risk of malignant neoplasms especially breast and

stomach cancer and also in ovary, colon and endometrium cancer (Simonsen et al., 1998).

Raman shift at 1410 cm-r shows that proline is lower head and neck cancer patient sample as

compared to normal samples and leads to increased risk of cancer. Proline plays a special role

in cancer metabolism. Proline oxidase (POX), also known as proline dehydrogenase

(PRODH), is among a few genes induced rapidly and robustly by P53, the tumor suppressor.

ln human tumors of the digestive tract and kidney, POX was markedly decreased, suggesting

that the suppressive effect of POX was downregulated (Frederick, 2012). Downregulation of

proline catabolism is complementary to its biosynthesis and commonly observed in a number

of tumor types. The first step of this process is catalyzed in the mitochondria by proline
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oxidase (POX), and the expression of this errzpe is markedly reduced in many cancers

compared to normal tissue from the same patient (Diwan et al., 2009). POX expression is

inhibited by MYC via miR-23b* in lymphoma, renal, and prostate cancers (Wang et al., 2010;

Hancock et aL.,2012} The widespread repression of POX in cancer indicates that this enzyme

may act as a tumor suppressor; however, the specific mechanisms through which POX

deficiency promotes tumorigenesis are not yet clear.

Raman shift at 1463 cm-t shows lower Stearic acid in diseased samples as compared to

normal samples. Stearic acid is a saturated fatty acid that is fwo carbon atoms longer than

palmitic acid and is similarly cholesterogenic. Low level gives increased fluidity which is

associated with active tumor proliferation (Apostolov et al., 1985).

Despite many advantageous features of Raman spectroscopy could offer, there exists some

problem usually in cancer diagnosis with this technique. The spectral difference between

normal and neoplastic tissues is normally very small. One cannot differentiate them just by

visual observation inspite of small variations in intensity. For the interpretation of such a

conrplicated data a powerful data processing algorithms are needed in order to get an effective

diagnostic information. Multivariate statistical techniques such as principal component

analysis (PCA), linear discriminant analysis (LDA) and partial least squares-discriminant

analysis (PLS-DA) have been widely applied to the diagnosis and classification of various

tissues Raman spectroscopy. By using multivariate analysis technique can resolve above-

mentioned difficulties with a simplified by removing irrelevant or redundant variables from

the spectral data set. In this research, principal component analysis has used for the spectral

data analysis and data classification of cancer and normal patients.

In the present study a total number of 50 Head and Neck cancer patients with equal number of

age matched healthy controls were assessed for gender, age, stage and type of cancer. 70 % of

patients in the study were above age of 66 and 60 % of patients were above age of 44.

Percentage of Oral cavity cancer or oropharynx was highest, i.e.,22Yo.lnthe present study,

the sex ratio was found to be 2:1. This means that males and females are not equally affected

by HNC. This finding is matched with the findings from earlier studies in other populations

which reported a 2:l male to female ratio (Toefil et al., 2007). However, Abdulamir et al.,
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2008 found no association of age with sex ratio and areas of Head and Neck cancer in Asian

patients. Data from this study shows that cancer of oral cavity was most frequently affected

area of Head and Neck cancer followed by cancer of pharynx and larynx. Higher incidence

for oral cancer compared to other cancers of Head and Neck had also been reported in many

countries like England (Llewellyn et al., 2004) and Taiwan (Ping et al., 2007). Major risk

factors may include infection of human papilloma virus (HPV), alcohol, tobacco and

smoking. 42%o of head and neck cancers are caused by smoking and alcohol (Cmelak, 2012).

Many genes also play role in altered pathways in head and neck cancer leading towards

malignancy. Collectively these changes in tumor suppressor genes, oncogenes and proto

oncogenes can lead towards cancer (Jonah and Jennifer, 2010).

Biochemical information obtained by Raman spectra can be extremely sensitive and may

identify specific biomolecules which can be used as biomarkers for cancer detection non-

invasively and in a very short time. This study demonstrates the use of Raman spectroscopy

combined with Support Vector Machine SVM technique for the classification of the spectral

data acquired from the sera of Head and Neck cancer patients. Raman spectroscopy coupled

with statisttcal tools has great potential to contribute significantly in the diagnosis and

research of cancer patients in an effective way.

!
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PROFORNIA

Raman Spectroscopv: Non-Invasive Technique for Cancer Detection

Patient Information

lnformed Consent:

I am rnformed that I am participating in a study which may or may not benefit me directly, but will provide
new knowledge which could benefit other patients with similar conditions to mine in the future. I understand
that I will give a blood sample about 5 ml which will be used in this study. I am donating blood for research
purpose only and not for commercial use. Giving this blood sample will not adversely affect health of the

participants of the study in any way.
.+Li jS ur"+J. -+ z_)-y d ul y &-r. \*3.'1r -15 6-*_t ,el gF ql * SA S U 4f. -*.-
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Patient:

Guardian:
Date:

Name:

Age: Sex: L!41 LE__l

Mar al status: Spouse's name: No. of Children:

City: Phone #

Hospital: Patient's PRN number:



Type of
Cancer

Lung Cancer Head & Neck
Cancer

Colorectal Cancer

Stage/Grade

Charaterizati
on/ Subtypes
of Cancers

Non-Small Cell Lung
Cancer (NSCLC)
l. Adenocarcinoma

2. Squamous Cell
Carcinoma

(Epidermoid

Carcinoma)

Small Cell Lung
Cancer (SCLC)

o Oral Cavity
o Larynx
o Trachea

o Oropharynx

o Nasopharynx

o Hypopharyn

x

o Adenocarcinom

a

o Lymphomas

o Gastrointestinal

stromal Tumors
(GSTs)

o Carcinoid
Tumors

o Sarcomas

l) Any experience of working in Plastic /dye/ chemicals/ asbestos/ radiation based industrv?

(Yes / No)

2) Case status: Newly diagnosed / old case

3) Does the person smoke? (yes / No)

If yes, then specify duration of smoking _ years

Specify type: cigarettes (packs/day)\Flookah\cigar\Naswar\Biri\pan\Gutka

4) Does person have any history of HB\A HC\A Hp\ EBV viral infection?

(HPV\HBV\HCV\EBV)

5) Does patient have any other health problem like diabetes, high./low blood pressure? (yes / No)

6) Does the patient have any other type ofcancer? (yes/ No)

Ifyes, then specifu cancer type

7) Age of onset of disease years.

8) Does patient have family history of cancer? (yes/i.{o)



26. MCV:

27 , MCH:

28. MCHC:

29. Platelet count:

30. Reticulocyte count:
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