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2. LITERATURE REVIEW

2.1 Liposomes

2.1.1 Introduction

Liposomes are spherical vesicles composed of lipid bilayers arranged around a central’
aqueous core. They can be composed of phospholipids, liposomes have the ability to
incorporate lipophilic and amphiphilic drugs within their phospholipid membrane or
they can encapsulate hydrophilic compounds within the aqueous core as shown in
Figure 1.2. Liposome formulations can therefore increase safety and efficiency of
drugs in bio-environment and could also help in site specific drug delivery (Brandl,
2001; Massing and Fuxius, 2000; New, 1990). |
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Figure 2.1 A schematic representation of incorporation and encapsulation of
drugs into a liposome (Massing and Fuxius, 2000)

2.1.2 Liposome composition ,
A phospholipid exists of a hydrophilic head group and lipophilic tails. The polar head
can be charged or uncharged and the lipophilic tails are composed of fatty acids

chains (Figure 2.2).
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Figure 2.2 A schematic representation of a phospholipid (http://www.bioteach.
ube.ca/Bio-industry/Inex/)

2.1.3 Relevance of liposome size

The sizes of liposomes can be divided into large, intermediate and small and display
different features depending on their size (Brandl, 2001). Even though large
liposomes have the largest entrapped volume they are not ideal for intravenous
administration since they are téo big for escaping the macrophages during circulation
in the blood pool. Intermediate liposomes can escape macrophages and stay in the
blood pool long enough for reaching targets close to the circulation. Small liposomes
have the smallest captured volume and a shorter circulation time compared to
intermediate liposomes due to capillary extravasation. However, this gives them the
unique ability to reach targets outside the blood pool such as solid tumors (Brandl,

2001; New, 1990). One possible classification according to size is listed in Table 1.1.
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Table 2.1 Classification of liposomes according to size

Liposomes Classification | Size (nm) No. of lamellae

Multilamellar vesicles 100-1000 nm >5

Small unilamellar vesicles | <200.nm, Lowest possible size | 1

Large unilamellar vesicles | >200 nm B 1

Liposomes can change in shape during storage of dispersions. There are two different
types of alterations increasing the size of liposomes, aggregation and fusion (Brandl,
2001). This alters the liposomal features. Aggregation is a process where liposomes
are linked together without breaking the membranes. This process is reversible.
However, fusion is an irreversible process, where liposome membranes are broken
and melted together with other liposomes forming bigger particles. An increase in size

is thus a direct result of a change in shape.

2.1.4 The rationale for using liposomes‘ in chemotherapy

Intravenous route of administration is considered as the most promising route for
liposomal formulation. The role of the liposome (containing the drug) is to circulate in
the blood in order fo reach the desired organ or tissue. The liposomal membrane acts
as a barrier protecting the drug from premature elimination or metabolism. At the
same time, the liposome membrane is controlling the release of the cytotoxic agent.
The liposome carrier may also direct drugs to the tumor site. Thereby, the therapeutic
window and toxicity profile of drug compoﬁnds can be improved (Brandl, 2001). The
liposomal accumulation at tumor site is referred to as the enhanced permeability and
retention effect and is based on dissimilarities of heélthy and cancerous tissues. The
endothelial walls of blood vessels in tumors are leakier than those in healthy tissues
because of an increased number of bigger gaps. Thus, small liposomes are able to
extravasate and penetrate into solid tumors. At the same time, the liposomes stay
longer within the tumor site since the removal by the lymphatic system is greatly
reduced in cancerous tissue. These special characteristics of cancerous tissue facilitate
an éccumulation and retention of small liposomes at tumor site, respectively shown in
figure 2.3 (Brandl, 2001; Massing and Fuxius, 2000).
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Figure 2.3 The enhanced permeability and retention effect (Massing and Fuxius,
2000) ‘

2.1.5 Challenges with liposome formulations

Upon entering the general circulation the liposomes must be able to aveid uptake by
macrophages. Once plasma proteins adsorb to the liposomal surface the liposomes are
easily taken up by macrophages resulting in a decrease in liposomal elimination half
life (t,). Adsorption of plasma proteins to liposomes can be reduced by producing
small liposomes with rigid uncharged membranes, such as HSPC and cholesterol. The
stability of liposomes can also be affected prior to administrating the drug. The shelf
life of the product is dependant upon the chemical and physical stability. The different
components in the final liposomal product can interact with each other resuiting in
degradation. In addition, hydrophilic drugs with a low molecular weight (MW) are
prone to diffuse through the liposomal membrane, reducing the shelf life of the
product. In this case a tightly packed membrane is essential. Thus, the liposomal
membrane composition, i.e. lipid composition and lamellarity is important since it
together with the physiochemical characteristics of the drug determines the retention

of the active ingredient within the liposome (Brandl, 2001; Massing, 2000).
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2.2. Gemcitabine

The drug replaces one of the building blocks of nucleic acids, in this case cytidine,
during DNA replication. The process arrests tumor growth, as new nucleosides cannot
be attached to the "faulty" nucleoside, resulting in apoptosis (cellular "suicide"). They
prevent these substances becoming incorporated in to DNA during the "S" phase (or
DNA synthesis phase of the cell cycle), stopping normal development and division.
Gemcitabine HCI blocks an enzyme which ébnverts the cytosine nucleotide into the
deoxy derivative. In addition, DNA synthesis is further inhibited because gemcitabine

HCI blocks the incorporation of the thymidine nucleotide into the DNA strand.

2.2.1 Therapeutic indications

Table 2.2 Therapeutic indications of Gemcitabine

Cancer Type Combination | Stage in Cancer

Breast cance-2" line Paclitaxel Metastatic

NSCLC-1* line Cisplatin HIA & IIIB (inoperable locally
advanced), IV (metastatic)

NSCLC-palliative .| NIL ’

treatment

Pancreatic Cancer: 1™ and | NIL 11 & III (inoperable locally advanced), IV

2™ line* (metastatic)

Bladder Cancer Cisplatin IV (Muscle invasive)

Epithelial Ovarian Cancer | Carboplatin | III (Locally advanced),

IV (metastatic)

* for patients previously treated with 5-FU

2.2.2 Mechanism of action _

The prodrug gemcitabine is converted intracellularly via deoxycytidine kinase to
difluoro deoxycytidine monophosphate, which is further converted to two active
metabolites, dFACDP and "dFdCTP, di~ and ftriphosphate, respectively. Firstly,
dFdCDP inhibits the catalysing enzyme ribonucleotfde reductase restlting in a
reduced amount of deoxynucleotide, deoxycytidine triphosphate (dCTP), available for
'DNA synthesis. Secondly, dFdCTP competes with dCTP for incvorporation into DNA.
Incorporating dFACTP results in chain termination afier the further addition of one

more nucleotide and thus to apoptosis. Thus dFdC affects the synthesis phase of cell
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metabolism in two different ways and exhibits a self potentiating effect (Noble and

Goa, 1997; http://www.cancer.gov/Templates/drugdictionary.aspx?CdrID=41213).

2.2.3 Pharmacokinetics

After intravenous doses gemcitabine is rapidly cleared from the blood and
metabolised by cytidine deaminase in the liver, kidney, blood and other tissues.
Clearance is about 25% lower in women than in men. Almost the entire dose is
excreted in urine as 2'-deoxy-2",2'-difluorouridine (dFdU), only about 1% being found
in the faeces. Intracellular metabolism produces mono-, di- and triphosphate
metabolites, the latter two are active. The haif-life of gemcitabine ranges from 32 to
94 minutes depending on age and gender. The intracellular half life of the
triphosphate is stated to range from 0.7 to 12 hours (Johnson, 2000; Shamseddine et
al., 2005). ‘

2.2.4 Toxicity
The cytotoxic activity of gemcitabine in vivo is dose and dosage regimen dependent
(Noble and Goé, 1997; Moog, 2002). This means the activity and the toxicity are
~related to the dose given and the dosage interval of the treatment. The problem with
gemcitabine is its short plasma ty, and its quick metabolism into dFdU followed by
elimination from the body. Therefore high doses of dFAC are required in order to
achieve sufficient cytotoxic concentrations of dFdCTP (Moog, 2002). Due to the
narrow therapeutic window, high administered doses increase the possibility of
toxicities and concentration dependent side effects for patients. According to clinical
studies the primary dose limiting toxic effect is myelosuppression, neutropenia,
leucopenia, anaemia and thrombocytopenia. In addition, together with other side
effects such as hepatic abnormalities, nausea and vomiting, 10 % of patients ceased
treatment (Noble and Goa, 1997).

2.2.5 Prevention of problem associated with drug
A high amount of dFdC in the aqueous compartment of liposomes with a negligible
amount of dFAC outside the liposomes could increase the potency and decrease the

toxicity associated with gemcitabine treatment.

L ]
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2.3 Folate Delivery

2.3.1 Introduction

Current efforts to selectively deliver chemotherapeutic agents to their sites of action
have focused on éxploiting the natural endocytosis pathway by targeting an over-
expressed receptor or antigen on the surface of target cell. Receptor-mediated
targeting of long circulating carriers has been accomplished by attachment of ligands
to the distal end of the polymer chains. Interaction between the targeting ligands and
the cell surface receptors allows the carrier to be bound to the cell surface for a time
sufficient to facilitate internalization of the vehicle and the drug that it contains. A
number of ligand-presenting delivery systems targeting differentially expressed
receptors on tumor cells have been studied to promote increased drug uptake
(Eavarone et al., 2000; Gabizon et al., 1999; Kurihara et al., 1999; Lappi, 1995; Lee
and Low, 1995). o

2.3.2 Internalization of folate-bearing drug carriers

Ligand-bearing drug carriers enter the cell through receptdr—mediated endocytosis, a
process which invdlves binding of ligand-bearing carriers with receptors expressed on
the surface of the cell followed by internélization of the complex. Lipid rafts represent
the major pathway for int@malization of many glycosyl phosphatidylinositol-anchored
(GP]) proteins. The rafts are normally 50-300 nm in size and comprise a minor
fraction of the cell membrane (Jacobson et al., 1999; Mayor and Varma, 1998; Sheets
et al., 1997). Folate receptor, a GPI-anchored protein over-expressed on a number of
cancer cells is internalized through this pathway. Several studies have shown that GPI
anchored proteins are | found to be clustered in specialized lipid rafts called
microdomains. It has been reported that GPI-anchored folate receptors are clustered in
microdomains of around 70 nm in size containing approximately 50 folate receptors
(Mayor and Varma, 1998; Sabharanjak et al., 2002; Friedrichson and Kurzchalia,
1998). -

Several drug carriers targeting the folate receptor have been studied. However, none
of the studies published have accounted for the spatial distribution of receptors in

designing optimal drug carriers. For instance, one would envision that folate-bearing

®fiarmacy Department, The Maharaja Sayafivao university of Baroda Page 17



Literature Review
[ e e S S S e e T e e ey

carriers that target cancer cells over-expressing folate receptors should be designed
such that sufficient numbers of carriers bind on the cell surface to allow increased
numbers of carriers to be internalized. Thus in the case of C6 and KB cell lines which
both express folate receptors, one could hypothesize that an optimal design of the
targeted liposomes would be such that each liposome binds to a single cluster.
Therefore, depending on the density and distribution of receptors, one could design
the targeted carrier to have an optimum tether length and an optimum number of
ligands to allow the carrier to form sufficient bonds with receptors on the surface to

prevent detachment and thus gain entry into the cell.

2.3.3 Folate conjugates are not rapidly degraded following internalization

Most of the ligands delivered into cells by endocytic pathways are internalized for the
purpose of destruction. That is hormones that have already transduced their signals, as
well as foreign particles that could be harmful to a cell if allowed to remain are
endocytosed and rapidly trafficked to lysosomes where they are digested. In cohtrast,
folic acid is internalized not for destruction, but rather for consumption. Not
surprisingly, folate conjugates have been observed to remain stable and functional for
hours following uptake by cancer cells (Leamon and Low, 1991). Thus, proteins and
nucleic acids remain undigested, enzymes retain their activities, and liposomes resist
disruption (unless engineered to disintegrate atendosomal pH) following uptake by
FBP. Where sensitivity to hydro}yiic enzymes such as nucleases, proteases,
glycosidases and lipases is a concern, vitamin-mediated delivery may constitute a
more protected pathway for intracellular delivery (Leamon and Low, 1991; Lee and
Low, 1994; Wang et al., 1995), |

2.3.4 Tumor cells overexpress folate receptors

The folate receptor as a tumor marker and simultanéously suggested that the folate-

mediated delivery technology that we had been studying in cultured cells might be

useful to target agents to cancer cells in vivo. Those cancers that were found to most
» proxhinently overexpress the a-isoform of the folate receptor included carcinoma’s of

the ovary, kidney, uterus, testis, brain, colon, and adeno carcinomas of the lung
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(Campbell et al., 1991; Holm et al., 1994; Rettig et al., 1988; Ross et al., 1994;
Weitman et al., 1992).

2.3.5 Folate-conjugated liposomes can be targeted to folate receptor-bearing cells
Liposomes are attractive as drug carriers because of their large cargo capacity and
their compatibility. However, liposomes can also suffer from short blood circulation
times and low tissue specificity. Lee and Low attempted to solve both of these
_problems by using stable, naturally occurring membrane lipids and linking of these N
lipids to folic acid via a polyethylene glycol (PEG) bridge. The resulting liposomes
are both stable in serum and tumor-specific. Folate-PEG-liposomes display no
tendency to fuse with or otherwise enter FBP-negative cells. However, the same
liposomes are avidly internalized by receptor-bearing tumor cells, accumulating 5 to
10 liposomes/ cell within 1 h incubation. In fact, because each liposome is derivatized
with several hundred molecules of folic acid, multiple tethg:rs to each cancer cell are
possible, generating an essentially irreversible binding interaction. In contrast,
liposomes similarly derivatized with PEG alone (no folate) showed no tendency to

B

enter the same cancer cells (Lee and Low, 1994; Wang and Low, 1998).

Folate Receptor Mediated Endocytosis

AntiCancar Agent
Merabrane

Folate Targeting Agent

Folata
Raceptor

Figure 2.4 Diagrammatic representation of the folate receptor mediated
endocytosis pathway. Covalent conjugates of delivery system linked to folic acid
via the Folate’s y-carboxyl group bind to the folate receptor with equal affinity to
free folic acid (Kp ~50pM). Following endocytosis and vesicular trafficking, much
of the material is released into the cell cytoplasm. The unligated folate receptor
may then recycle to the cell surface. (Wang and Low, 1998)
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2.3.6 Challenges for site-specific delivery

To successfully access target tissues, liposomes must be able to overcome several
factors limiting their biodistribution and uptake. These limitations include short
circulation half-lives, slow extravasation into target tissues and penetration into sites
of action. Liposomes can enhance circulation half-life by decreasing glomerular
filtration rate and protecting the active agent from metabolism and degradation while
in the circulation. The choice of suitable lipid components can reduce MPS uptake
while selection of the correct particle size can increase exiravasation. Adhesion at the
desired site of action (either within the tissue or at the surface of the targeted cells)
can provide high local concentrations of active agent for uptake into target cells as

shown in Fig. 2.5.
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Figure 2.5 Challenges for site-specific liposomal drug delivery systems (Eric
Forssena and Michael Willisb, 1998)
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2.3.7 Uptake and interaction between liposomes and cells

Figure 2.6 Principal modes of uptake and interaction between liposomes and
cells, (a) Following surface absorption, liposomes may remain bound to the outer
cell membrane where they may breakdown, releasing their entrapped contents to
be absorbed as free drug, (b) Alternatively, surface absorbed liposomes may fuse
with cells, delivering their contents directly to the cytoplasm. Active liposome
internalization by cells can involve either receptor-mediated endocytosis or
phagocytosis, (c) In receptor-mediated endocytosis, smaller particles (less than
ISO nm diameter) bind to cell surface receptors (i) and are taken up into
clathrin-coated pits, forming coated vesicles (ii). Following internalization, the
clathrin coat is removed (iii). This is followed by fusion (iv) with lysosomes (v),
breakdown of the lipids and release of entrapped contents (vi). (d) Larger
particles (greater than 150 nm diameter) are taken up principally by
phagocytosis (vii). Phagocytosis is usually limited to specific cells such as
macrophages but can be induced in many other cell types with the appropriate
ligand (Eric Forssena and Michael Willisb, 1998)

2.3.8 Summary

High tumor selectivity has been achieved both in vitro and in vivo experiments with
folate-targeted antineoplastic drugs; compared to the more commonly exploited
tumor-specific monoclonal antibodies, the vitamin, folic acid has many advantages as
a tumor targeting agent. These include its low cost, high chemical and biological
stability, compatibility with organic solvents, non-immunogenicity, stronger affinity
for its receptor, and small size for fast tumor extravasation and thorough intercellular
infiltration. Folate-mediated targeting systems should consequently have significant
clinical potential, since overexpression of folate receptors has been found in a large
fraction of human cancers but rarely in normal tissues, allowing high tumor

specificity in the diagnosis and treatment of cancer.
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2.4 Cervieal Cancer

2.4.1 Introduction

The most important risk factor for cervical cancer, and abnormal pap smears, is
infection with human papilloma virus (HPV). HPVs are a group or more than 100
types of viruses transmitted by skin to skin contact. A subset of 15 ‘high-risk” HPVs
are associated with the occurrence of cervical cancer and pre-cancers. Most people
clear their HPV infection, however chronic persistent infection with certain high-risk
HPV infection is the strongest risk factor for developing cervical cancer. The United
States Food and Drug Administration (FDA) approved the drug, Gardasil as a vaccine
to prevent four types of the HPV virus.

Cervical cancer was once a major killer of women. The National Cancer Institute
estimates the 80% decrease in incidence and mortality from cervical cancer can be
attributed to the use of the Papanicolaou test or Pap test. Regular screening with a Pap
test and other tools can detect abnormal cell changes in the cervix before they turn in
to cancer. The Pap test allows gynecologists to find abnormal cells and destroy them
before they become invasive cancer, women should have regular cervical cancer

screenings to maintain their gynecological health.

2.4.2 Signs and Symptoms
Early-stage cervical cancer has no symptoms. When symptoms do develop, they may
include painful intercourse, bleeding after intercourse, irregular bleeding between

periods, heavy menstrual flow and abnormal vaginal discharge.

2.4.3 Screening and Diagnosis

An anﬁual Pap test is the' screening test for cancer of the cervix. If the Pap test detects
abnormal cells, a biopsy of the cervix is done with the use of a colposcope (a
magnifying glass) where the walls of the vagina and cervix are examined to determine

if cancer is present.

N S O —
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2.4.4 Treatment

The choice of treatment depends upon precancerous or cancerous conditions and stage
of the cancer. The precancerous condition called dysplasia or carcinoma in situ is
treated with laser, LEEP or cryosurgery treatment. It is important for patients to be
aware of their condition so they can be actively involved in the decision making
process with their doctor. Cancer confined to the cervix is usually treated by radical
surgery with removal of lymph nodes and advanced cancers are treated with radiation
therapy. Chemotherapy is used along with radiation for patients who have cancer that

has spread to other organs.

]
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2.5 Lung Cancer

2.5.1 Introduction

Lung cancer is a disease of uncontrolled cell growth in tissues of the lung. This
growth may lead to metastasis, which is the invasion of adjacent tissue and infiltration
beyond the lungs. The vast majority of primary lung cancers are carcinomas of the
lung derived from epithelial cells. Lung cancér, the most common cause of cancer-
related death in men and women, is responsible for 1.3 million deaths worldwide
annually as of 2004. The most common symptoms are shortness of breath, coughing

(including coughing up blood) and weight loss (Minna and Schiller, 2008).

The main types of lung cancer are small cell lung carcinoma and non-small cell lung
carcinoma. This distinction is important, because the treatment varies; non-small cell
lung carcinoma (NSCLC) is sometimes treated with surgery, while small cell lung
carcinoma (SCLC) usually responds better to chemotherapy and radiation. The most
common cause of lung cancer is long-term exposure to tobacco smoke (Vaporciyan et
al., 2000). The occurrence of lung cancer in nonsmokers, who ac¢ount for as many as
15% of cases, is often attributed to a combination of genetic factors, radon gas,

asbestos and air pollution, including second hand smoke.

Lung cancer may be seen on chest radiograph and computed tomography (CT scan).
The diagnosis is confirmed with a biopsy. This is usually perférrned by -bronchoscopy
or CT-guided biopsy. Treatment and prognosis depend upon the histological type of
cancer, the stage (degree of spread) and the patient's performance status. Possible
treatments include surgery, chemotherapy and radiotherapy. Depending on the stage
and treatment the five-year survival rate is 14% (Gorlova et al., 2007; Catelinois et al.,
2006; Coyle et al., 2006).

2.5.2 Non-Small Cell Lung Carcinoma (NSCLC)

" The non-small cell lung carcinomas are grouped together because their prognosis and
management are similar. There are three main sub-types: squamous cell lung
carcinoma, adenocarcinoma and large cell lung carcinoma. Accounting for 25% of
lung cancers squamous cell lung carcinoma usually starts near a central bronchus. A

hollow cavity and associated necrosis are commonly found at the center of the tumor.
e
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Well—differentiated squamous cell lung cancers often grow more slowly thdn other
cancer types (Travi, 2002; Vaporciyan et al., 2000). Adenocarcinoma accounts for
40% of lung cancers (Travi, 2002). It usually originates in peripheral lung tissue.
Most cases of adenocarcinoma are associated with smoking; however, among people
who have never smoked (v"never-smokers"), adenocarcinoma is the most common
form of lung cancer (Subramanian and Govindan, 2007). A subtype of.
adenocarcinoma the bronchioloalveolar carcino:ﬁa is more common in female; never-

smokers may have different responses to treatment (Raz et al., 2006).

2.5.3 Small Cell Lung Carcinoma (SCLC)

Small cell lung carcinoma is less common. Also called oat cell cancer, it tends to arise
in the larger airways (primary and secondary bronchi) and grows rapidly becoming
quite large (Collins et al., 2007). The small cells contains dense neurosecretory
granules (vesicles containing neuroendocrine hormones) which give this an
endocrine/paraneoplastic syndrome assoéiation (Rosti et al.,, 2006). While initially
more sensitive to chemotherapy, it ultimately cai‘ries a worse prognosis and is often

| metastatic at presentation. Small cell lung cancers,_ére divided into limited stage and
extensive stage disease. This type of lung cancer is strongly associated with smoking
(Barbone et al., 1997). ‘

254 Staging

Lung cancer staging is an assessment of the degree of spread of the cancer from its
original source. It is an important factor affecting the prognosis and potential
treatment of lung cancer. Non-small cell lung carcino}na is staged from 1A ("one A";
best prognosis) to IV ("four"; worst prognosis). Small cell lung carcinoma is
classified as limited stage if it is confined to one half of the chest and within the scope

of a single radidthe;apy field; otherwise it is extensive stage (Collins et al., 2007).

2.5.5 Symptoms (Hamilton et al., 2005)
v Dyspnea (shortness of breath)
v~ Hemoptysis (coughing up blood)
v Chronic coughing or change in regular coughing pattern

Pharmacy Department, e Maharaja Sayafirao university of Baroda Page 25



Literature Review

Wheezing

Chest Pain or pain in the abdomen

Cachexia (weight loss), fatigue, and loss of appetite
Dysphonia (hoarse voice)

Clubbing of the fingernails (uncommon)

AN N N T

Dysphagia (difficulty swallowing).

2.5.6 Causes

The main causes of any cancer include carcinogens (such as those in tobacco smoke),
ionizing radiation and viral infection. This exposure causes cumulative changes to
the DNA in the tissue lining the bronchi of the lungs (the bronchial epithelium). As
more tissue becomes damaged, eventually a cancer develops (Vaporciyan et al.,
2000).

v" Smoking, particularly of cigarettes is by far the main contributor to lung
cancer. Cigarette smoke contains over 60 known carcinogens, including
radioisotopes from the radon decay sequence, nitrosamine and benzopyrene.
Additionally nicotine appears to depress the immune response to malignant
growths in exposed tissue. Across the developed world almost 90% of lung
cancer deaths are caused by smoking. In the United States smoking is
estimated to account for 87% of lung cancer cases (90% in men and 85% in
women). Among male smokers the lifetime risk of developing lung cancer is
17.2%; among female smokers the risk is 11.6%. This risk is significantly
lower in nonsmokers: 1.3% in men and 1.4% in women (Hecht, 2003; Sopori,
2002; Peto et al., 2006; Samet, 2006).

Radonis a colorless and odorless gas genérated by the breakdown of
radioactive radium, which in turn is the decay product of uranium found in the
Earth's crust. The radiation decay products ionize genetic material causing
mutations that sometimes turn cancerous. Radon exposure is the second major

cause of lung cancer after smoking (Catelinois et al., 2006).
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v' Asbestos can cause a variety of lung diseases including lung cancer. There is
a synergistic effect between tobacco smoking and asbestos in the formation of

lung cancer (O'Reilly et al., 2007).

v' Viruses are known to cause lung cancer in animals and recent evidence
suggests similar potential in humans. Implicated viruses include human
papilloma virus, JC virus, simian virus 40 (SV40), BK virus and cytomegalo
virus. These viruses may affect the cell cycle and inhibit apoptosis allowing

uncontrolled cell division (Leroux et al., 2007; Palmarini and Fan. 2001).

’

2.5.7 Treatment
Treatment for lung cancer depends on the cancer's specific cell type, how far it
has spread. and the patient's performance status. Common treatments include surgery,

chemotherapy and radiation therapy (Clegg et al., 2002).

2.5.8 Chemotherapy

Small cell lung carcinoma is treated primarily with chemotherapy and radiation, as
. surgery has no demonstrable influence on survival. Primary chemotherapy is also
given in metastatic non-small cell lung carcinoma. The combination regimen depends
on the tumor type. Non-small cell luﬁg carcinoma is often treate;i with cisplatin or
carboplatin, in combination with gemcitabine, paclitaxel, docetaxel, etoposide or
vinorelbine. In small cell lung carcinoma, cisplatin and etoposide are most commonly
used. Combinations with carboplatin, gemcitabine, paclitaxel, vinorelbine, topotecan,
and irinotecan are also used in extensive-stage smali-cell lung cancer, celecoxib may
safely be combined with etoposide this combination showed improve outcomes
(Clegg et al., 2002; Murray and Turrisi., 2006; Azim and Ganti., 2007; MacCallum
and Gillenwater, 2006).

L e I
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