Introduction

1.1. Introduction

Non-small cell lung cancer (NSCLC) is any type of epithelial lung cancer other than small cell
lung cancer (SCLC). The most common types of NSCLC are squamous cell carcinoma, large cell
carcinoma, and adenocarcinoma. The American Cancer Society’s estimates for lung cancer in the
United States for 2016 are:(1-4)

About 224,390 new cases of lung cancer (117,920 in men and 106,470 in women)

About158,080 deaths from lung cancer (85,920 in men and 72,160 in women)

Lung cancer is by far the leading cause of cancer death among both men and women; about 1 out
of 4 cancer deaths are from lung cancer. Each year, more people die of lung cancer than of colon,
breast, and prostate cancers combined.(5—7)

Anatomy

NSCLC arises from the epithelial cells of the lung of the central bronchi to terminal alveoli. The
histological type of NSCLC correlates with site of origin, reflecting the variation in respiratory
tract epithelium of the bronchi to alveoli. Squamous cell carcinoma usually starts near a central
bronchus. Adenocarcinoma and bronchioloalveolar carcinoma usually originate in peripheral

lung tissue.(6,8,9)
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Figure 1.1 Anatomy of the respiratory system.
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Non-Small-Cell Lung Cancer(7,10)

Lung cancers can start in the cells lining the bronchi and parts of the lung such as the bronchioles
or alveoli. Lung cancers are thought to start as areas of pre-cancerous changes in the lung. The
first changes in the genes (DNA) inside the lung cells may cause the cells to grow faster.(11)
Over time, the abnormal cells may acquire other gene changes, which cause them to progress to
cancer. As a cancer develops, the cancer cells may make chemicals that cause new blood vessels
to form nearby. These blood vessels nourish the cancer cells, which can continue to grow and
form a tumor large enough to be seen on imaging tests such as x-rays.(12) At some point, cells
from the cancer may break away from the original tumor and spread (metastasize) to other parts
of the body. Lung cancer is often a life-threatening disease because it tends to spread in this way

even before it can be detected on an imaging test such as a chest x-ray.

Types of lung cancer
There are two major types of lung cancer:

e Small cell lung cancer (SCLC)

e Non-small cell lung cancer (NSCLC)(13,14)
About 85% to 90% of lung cancers are non-small cell lung cancer (NSCLC). There are three
main subtypes of NSCLC. The cells in these subtypes differ in size, shape, and chemical make-
up when looked at under a microscope. But they are grouped together because the approach to
treatment and prognosis (outlook) are often very similar.(6,4)
Squamous cell (epidermoid) carcinoma: About 25% to 30% of all lung cancers are squamous
cell carcinomas. These cancers start in early versions of squamous cells, which are flat cells that
line the inside of the airways in the lungs. They are often linked to a history of smoking and tend
to be found in the middle of the lungs, near a bronchus.
Adenocarcinoma: About 40% of lung cancers are adenocarcinomas. These cancers start in early
versions of the cells that would normally secrete substances such as mucus. This type of lung
cancer occurs mainly in current or former smokers, but it is also the most common type of lung
cancer seen in non-smokers. It is more common in women than in men, and it is more likely to

occur in younger people than other types of lung cancer. Adenocarcinoma is usually found in
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outer parts of the lung. It tends to grow slower than other types of lung cancer, and is more likely
to be found before it has spread outside of the lung.

People with a type of adenocarcinoma called adenocarcinoma in situ (previously called
bronchioloalveolar carcinoma) tend to have a better outlook (prognosis) than those with other
types of lung cancer.

Large cell (undifferentiated) carcinoma: This type of cancer accounts for about 10% to 15% of
lung cancers. It can appear in any part of the lung. It tends to grow and spread quickly, which can
make it harder to treat. A subtype of large cell carcinoma, known as large cell neuroendocrine

carcinoma, is a fast-growing cancer that is very similar to small cell lung cancer.

Causes of the Lung Cancer(7,14,15)

Smoking

Tobacco smoking is by far the leading cause of lung cancer. At least 80% of lung cancer deaths
are caused by smoking, and many others are caused by exposure to secondhand smoke. Smoking
is clearly the strongest risk factor for lung cancer, but it often interacts with other factors.
Smokers exposed to other known risk factors such as radon and asbestos are at even higher risk.
Not everyone who smokes gets lung cancer, so other factors like genetics likely play a role as
well.

Lung cancer in non-smokers

Not all people who get lung cancer are smokers. Many people with lung cancer are former
smokers, but many others never smoked at all. Lung cancer in non-smokers can be caused by
exposure to radon, secondhand smoke, air pollution, or other factors. Workplace exposures to
asbestos, diesel exhaust or certain other chemicals can also cause lung cancers in some people
who do not smoke. Lung cancers in non-smokers are often different in some ways from those
that occur in smokers. They tend to occur at younger ages. Lung cancers in non-smokers often
have certain gene changes that are different from those in tumors from smokers.

Gene changes that may lead to lung cancer

The risk factors for lung cancer can cause certain changes in the DNA of lung cells. These

changes can lead to abnormal cell growth and, sometimes, cancer. DNA is the chemical in each
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of our cells that makes up our genes — the instructions for how our cells function. We usually
look like our parents because they are the source of our DNA.

Some genes contain instructions for controlling when cells grow, divide to make new cells, and
die. Genes that help cells grow, divide, or stay alive are called oncogenes. Genes that slow down
cell division or cause cells to die at the right time are called tumor suppressor genes.

Inherited gene changes

Some people inherit DNA mutations (changes) from their parents that greatly increase their risk
for developing certain cancers. But inherited mutations alone are not thought to cause very many
lung cancers. Still, genes do seem to play a role in some families with a history of lung cancer.
Acquired gene changes

Gene changes related to lung cancer are usually acquired during life rather than inherited.
Acquired mutations in lung cells often result from exposure to factors in the environment, such
as cancer-causing chemicals in tobacco smoke. But some gene changes may just be random

events that sometimes happen inside a cell, without having an outside cause.(8)

Treatment Options for Non-Small Cell Lung Cancer(11,16-18)

Surgery provides the best chance of a cure for lung cancer. This is the general approach for
stages I and II, and sometimes for stage Il and IV. Surgery may be followed by a course of
radiation or chemotherapy.(5,14,19-22)

Radiation is used instead of surgery for lung cancer patients who are not as healthy or whose
tumors can’t be removed surgically. Radiation combined with chemotherapy is generally used to
treat Stage III lung cancers.

Chemotherapy alone will not cure lung cancer.(17,20) But used with radiation therapy and
surgery, it improves the rates of cure. “Chemo is the icing on the cake when it comes to NSCLC
treatment,” says Azzoli. When chemotherapy is used in addition to surgery, it is called adjuvant
therapy. The goal of adjuvant therapy is to lower the chance of cancer returning. For Stage IV
lung cancers, the goal of chemotherapy usually is not to cure the lung cancer, but to relieve

symptoms to make the patient more comfortable.(23,24)
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Lung Cancer Surgery(10,16,22)
Some or all of the lung, or sections of the lung called lobes, may be removed depending on the
size and location of the tumor:

e Segmentectomy or wedge resection removes part of a lobe

e Lobectomy removes an entire lobe

e Pneumonectomy removes an entire lung.
Lung cancer surgery is a serious operation. In most cases, surgeons need to open the rib cage in
order to remove the cancer and some surrounding tissue. Most patients spend 5 to 7 days in the
hospital after lung cancer surgery, and recovery takes 4 to 8 weeks. A new type of surgery called
video-assisted thoracic surgery is less invasive. In this procedure, a small video camera is
inserted through a small hole in the chest to help surgeons remove small tumors near the outside
of the lung. If you are generally in good health, you should be able to return to normal activities
after you recover from lung cancer surgery, even if you had a lung removed. However, if you
have a lung disease such as emphysema, you may become short of breath more often after
surgery.(13)
If the cancer has spread to another part of your body, or if your cancer recurs, you may have
surgery or other procedures to help control it. In people with late stage cancer, surgery may be
used to help relieve symptoms and make the patient more comfortable. For example, if a tumor is
blocking an airway, laser surgery may be used to make it smaller. In this instance, surgery will
not cure the cancer, but can help relieve discomfort or pain. This is called palliative surgery.
Radiation Therapy for Lung Cancer
Radiation therapy can be external or internal. Both use high-energy X-rays or other types of
radiation to kill cancer cells or to help keep them from growing. External radiation therapy is
delivered from a machine. Internal radiation therapy requires small radioactive “seeds” to be
placed in or near a cancerous tumor to help shrink it. Most people with NSCLC receive external
radiation therapy. External radiation may be used to treat NSCLC in several ways, depending on
the type and stage of the lung cancer.(13)
It can be used in place of surgery for patients who are not healthy enough for surgery or if the
tumor can’t be removed by surgery. It may be used with chemotherapy to treat Stage III cancers.

Chemotherapy and radiation therapy may be given at the same time.
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It can also be used as palliative therapy in late stage cancer to lessen symptoms and relieve pain.
External beam radiation therapy will not make you radioactive. However, some healthy tissue
may be harmed along with cancer cells during treatment, so you may notice some side effects.
These include:

e Sunburn-like redness on the skin where the radiation is focused

e [Irritation of the esophagus

e Fatigue
A new form of radiation therapy, called stereotactic body radiation (SBRT), is becoming widely
used in patients with early stage cancer who are not able to have surgery. This treatment uses
highly targeted, high-dose radiation that kills cancer cells while sparing normal tissue. “SBRT is
a more precise therapy, and it has few side effects.
Chemotherapy for Lung Cancer(13,25)
Chemotherapy uses drugs to kill cancer cells. Usually given by injection, the drugs travel
throughout the body in the bloodstream, so chemo is useful for metastasized cancers. “In the last
6 or 7 years, there has been a revolution in how chemotherapy is used for treatment of NSCLC.”
“In 2003, studies first reported the benefits of using chemotherapy as adjuvant therapy. Prior to
that, chemotherapy was not routinely given to patients with stage I or stage II cancer. Now
medical oncologists see more early stage lung cancer patients. We discovered that by adding
chemotherapy to surgery or to radiation treatment at earlier stages, more patients can be cured.”
Depending upon a person’s health, the stage of lung cancer, and the type of cancer,
chemotherapy may be used in several ways:

e After surgery as adjuvant therapy to help kill any remaining cancer cells

e Before surgery to control the disease prior to surgery. This is called neoadjuvant therapy.

e With radiation therapy, either one after another or at the same time. Chemotherapy given

simultaneously with radiation therapy is called chemoradiation.

e As asingle therapy
Chemotherapy treatment should begin within two months after lung cancer surgery. The decision
about which chemotherapy drugs to use is based on a number of factors. Usually, two chemo
drugs are used together. This is called combination chemotherapy. For people in poor health,

only one drug may be used. (11,16,24)
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Chemotherapy works by killing rapidly growing cancer cells. But the drugs can’t tell the
difference between cancer cells and other cells in the body that also divides quickly. These types
of cells occur in hair follicles, bone marrow, and the lining of the intestines and mouth. As a
result, these healthy cells may become damaged, leading to side effects such as:

e Loss of appetite

e Nausea

e Fatigue

e Increased risk of infection
Advances in chemotherapy drugs and in the drugs used to treat side effects have eliminated
certain side effects for people receiving chemotherapy for NSCLC. In many cases, you won’t

lose your hair.(23,26)

Targeted Cancer Therapy(16-18,27-31)

As noted above, most current anticancer agents do not greatly differentiate between cancerous
and normal cells, leading to systemic toxicity and adverse effects. Consequently, systemic
applications of these drugs often cause severe side effects in other tissues (such as bone marrow
suppression, cardiomyopathy, and neurotoxicity), which greatly limits the maximal allowable
dose of the drug. In addition, rapid elimination and widespread distribution into nontargeted
organs and tissues require the administration of a drug in large quantities, which is not
economical and often complicated owing to nonspecific toxicity.(28,32)

Nanotechnology offers a more targeted approach and could thus provide significant benefits to
cancer patients. In fact, the use of nanoparticles for drug delivery and targeting is likely one of
the most exciting and clinically important applications of cancer nanotechnology.(27,33—-38)
Passive Targeting(39,40,32)

Rapid vascularization in fast-growing cancerous tissues is known to result in leaky, defective
architecture and impaired lymphatic drainage. This structure allows an EPR effect, resulting in
the accumulation of nanoparticles at the tumor site. For such a passive targeting mechanism to
work, the size and surface properties of drug delivery nanoparticles must be controlled to avoid
uptake by the reticuloendothelial system (RES). To maximize circulation times and targeting

ability, the optimal size should be less than 100 nm in diameter and the surface should be
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hydrophilic to circumvent clearance by macrophages. A hydrophilic surface of the nanoparticles
safeguards against plasma protein adsorption and can be achieved through hydrophilic polymer
coatings such as PEG, poloxamines, poloxamers, polysaccharides, or through the use of
branched or block amphiphilic copolymers.

Active Targeting(11,28,40,32,41-45)

Active targeting is usually achieved by conjugating to the nanoparticle a targeting component
that provides preferential accumulation of nanoparticles in the tumor bearing organ, in the tumor
itself, individual cancer cells, or intracellular organelles inside cancer cells. This approach is
based on specific interactions, such as lectin carbohydrate, ligand-receptor, and antibody-antigen.
Nanoparticle drug delivery and targeting using receptor-mediated endocytosis.(46,47) The
nanoparticle drug is internalized by tumor cells through ligand-receptor interaction. Depending
on the design of the cleavable bond, the drug will be released intracellularly on exposure to
lysosomal enzymes or lower pH.(36,48)

Over-expression of EGFR has been associated with angiogenesis and poor prognosis in NSCLC.
Cetuximab is a chimeric mAb that targets the EGFR pathway by binding to the extracellular
domain of the receptor and in this way inhibiting the receptor-associated tyrosine kinase (TK)
activity. Furthermore, inhibitors of TK activity of EGFR have been used for targeting the
receptor pathway. Small molecule, such as erlotinib and gefitinib, compete reversibly with ATP
to bind to the intracellular catalytic domain of EGFR TK and, thus, inhibit EGFR
autophosphorylation and downstream signaling.(28)(49,50)

Nanoparticle Drugs(43,51-53)

Nanotechnology is beginning to change the scale and methods of drug delivery (Figure 1.2).
Therapeutic and diagnostic agents can be encapsulated, covalently attached, or adsorbed onto
nanoparticles. These approaches can easily overcome drug solubility issues, which has
significant implications because more than 40% of active substances being identified through
combinatorial screening programs are poorly soluble in water. Conventional and most current
formulations of such drugs are frequently plagued with problems such as poor and inconsistent

bioavailability.(11,54,46)
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Figure 1.2 Delivery of the nanoparticle drugs by receptor-mediated endocytosis and

controlled drug release inside the cytoplasm.

For decades, researchers have been developing new anticancer agents and new formulations for
delivering chemotherapy drugs. Docetaxel is one of the most widely used anticancer drugs in the
clinic. It is a microtubule-stabilizing agent that promotes tubulin polymerization, disrupting cell
division and leading to cell death. It displays neoplastic activity against primary epithelial
ovarian carcinoma and breast, colon, and lung cancers. Because it is poorly soluble in aqueous

solution, the formulation available currently is Chremophor EL and Ethanol.(55-57)
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1.2. Objective of the Proposed Work
The objective of the proposed investigation was to develop nanoparticles of docetaxel and active

targeting with Cetuximab mAb to EGFR over expressed cell.

1.3. Rationale

To improve efficacy, safety and reduce the toxicity of docetaxel drug by directly targeting
cancerous cell using EGFR receptor specific conjugation approach to achieve specific targeting.
The current cure chemotherapy for lung cancer has limitation being non-selective and manifests

in dose related toxicity.

1.4. Hypothesis
It is hypothesized that conjugation of receptor specific antibody cetuximab to docetaxel-
encapsulated nanoparticles will enhance the localization effect of the anticancer drugs and

thereby minimizing drug related peripheral side effects.

1.5. Research Design and Method
1. Development and characterization of Docetaxel-encapsulated nanoparticles
2. Development and characterization of Cetuximab conjugated Docetaxel nanoparticles
3. Selectivity and efficacy of Cetuximab conjugated Docetaxel nanoparticles using in-vitro

cell line studies and In-vivo model

1.6. Expected Results

The scientific literature refers to the enhanced selectivity and cytotoxic effects of anticancer
agents with a ligand attachment like antibodies. The exposure of the tumor cells selective to
antibody may show anticancer effects at lower doses of the drug with antibody conjuageted

nanoparticles.

10
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1.7. Work Plan

1.
2.
3.

Development and Characterization of Docetaxel-encapsulated nanoparticles.
Development and Characterization of Cetuximab conjugated Docetaxel nanoparticles.
Cell line studies, including intracellular uptake studies, cytotoxicity study, cell cycle
analysis in lung cancer cell lines.

Tumor suppression studies to assess the safety profile of developed Cetuximab
conjugated Docetaxel nanoparticles.

Stability studies of developed formulations at storage and accelerated conditions.

11
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