Chapter 1 introduction

1 INTRODUCTION

Lung cancer or lung carcinoma in simple terms can be defined as any
abnormal/uncontrolled growth of different types of cells in lungs. Lung cancer can be
engendering from lung cells or due to metastasis from other organ cells which have extensive
replicative potential. Lung cancer arises when healthy living cells present in the lung change
their characteristic which results in uncontrolled growth of cells that form a mass called a
tumor, a lesion, or a nodule (1). Any normal cell present in lung can produce a lung tumor.
Tumors can be benign or cancerous in nature. Once tumor has been formed, some cells might
leak from mass and be carried away by blood or extracellular fluid to lymph which are further
drained in lymph nodes. When cancerous cells travels to lymph node and circulate to different
parts of body it is called metastasis stage (2).

Several types of cancer, i.e., breast, kidney etc, can spread (also called metastasize) to
the lung cells. When metastasis happenS, the resulting cancer is not considered lung cancer.
This is because cancer is named on and treatment is based on the site of origin. For example,
if breast cancer spreads to the lungs, it will be treated as metastatic breast cancer and not lung
cancer (3).

1.1 TYPES OF LUNG CANCER
There are 2 main classifications of lung cancer: small cell lung cancer (SCLC) and non-

small cell lung cancer (NSCLC). Both types of lung cancer are treated differently.
1.1.1 Small cell lung cancer (SCLC)

On an average one out of four malignancies involving the lungs are diagnosed as small
cell lung cancer (SCLC). There are several types of SCLC (also called oat cell cancer) which
includes a mixture of small cellS and other types of cells. SCLC grows aggressively as doubling
time of cells in SCLC is approximately 30 days (4). SCLC can spread quickly to various
lymph nodes (5) and other normal organs than another type. Out of total lung cancer cases,
10% to 15% of people are identified with SCLC (6).

1.1.2 Non-small cell lung cancer (NSCLC)

NSCLC arise from the lung epithelial cells. Near about 85 to 90 percentage of
diagnosed lung cancer are NSCLC. NSCLC are divided in to three types based on the type of

epithelial cells from where cancer starts (7):
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» Adenocarcinoma: Itis the most commonly diagnosed type of NSCLC. It is as common
in non-smokers as often in smokers or former smokers. It tends to grow in the outer
edges of the lungs (8). Growth of adenocarcinoma is slower than other types of cancer.

» Squamous cell carcinoma (epidermoid carcinoma): It is more frequent in chain
smokers or former smokers. Epidermoid carcinoma is developed in the middle lung
near to bronchi (9).

» Large cell (undifferentiated) carcinoma: It is the least common type of NSCLC. It
grows very fast compared to other types of NSCLC and easily spread to other organs.
This can make it difficult to treat (10).

It is very important for doctors to differentiate lung cancer that begins in the squamous cells

of lungs and that begins in other cells of lungs to determine treatment regimen (11). Figure 1-1

shows tissue differentiation during lung cancer.
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Figure 1-1 Tissue differentiation in normal lung, adenocarcinoma and squamous cell
carcinoma. Reference: S.S.G hospital, Vadodara.

A few other subtypes of NSCLC, such as adeno squamous carcinoma and sarcomatoid
carcinoma, are much less common. Along with the 2 main types of lung cancer, other tumors
can occur in lungs. Carcinoid tumors of the lung account for fewer than 5% of lung tumors.
Most of these grow slowly. Other types of lung cancer such as adenoid cystic carcinomas,

lymphomas, and sarcomas, as well as benign lung tumors such as hamartomas are rare (12).

1.2 KEY STATISTICS
Lung cancer is the second most common type of cancer and the leading cause of cancer

death, accounting for about one out of five reported malignancies case in men and one out of

nine reported cases in women (13). In 1940 Approximately seven women in 100,000
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developed lung cancer which rose up to 42 in 100,000 in 2001 and 1 in 17 in late 2020 (14, 15)
. These statistics shows that lung cancer is rising alarmingly in women and all credits goes to
evidence of increasing smoking in women. It is estimated that 135,720 (72,500 men and
63,220 women) deaths resulted from this disease in 2020 (15). The 5-year survival rate for
people with any type of lung cancer is 19%. The 5-year survival rate for men is 16%and that
for women is 23%. The 5-year survival rate for NSCLC is 24% and 6% for SCLC (16). For
people with localized NSCLC, which means the cancer has not spread outside of the lung, the
overall 5-year survival rate is 61%. For regional NSCLC, which means the cancer has spread
outside of the lung to nearby areas, the 5-year survival rate is about 35%. For metastatic lung
cancer, the 5-year survival rate is 6% due to ineffective treatments (17). These numbers are
constantly changing.
1.3 LUNG CANCER STAGING

Lung cancer staging is an assessment of the degree of spread of cancer from its original
source. It is one of the factors affecting the prognosis and potential treatment of lung cancer.
The evaluation of NSCLC staging is done using the TNM (Tumor, lymph node, metastases).
This is based on the size of the primary tumor, lymph node involvement and distant metastasis.
Using the TNM descriptors, a group is assigned, ranging from occult cancer, through stages 0,
IA, 1B, A, 1IB, 1A, I11B, and IV. This stage group assists with choice of treatment and
estimation of prognosis (18). For both NSCLC and SCLC, the two general types of staging
evaluation are clinical and surgical staging. Clinical staging is performed prior to definitive
surgery. It is based on the results of imaging studies (Such as CT scans and PET scans), and
biopsy results. Surgical staging is evaluated either during or after the operation, and is based
on the combined results of surgical and clinical findings, including surgical sampling of
thoracic lymph nodes (19).
1.4 DRUG RESISTANCE IN CANCER

Multidrug resistance (MDR) is a major obstacle in treating cancer in which cancer cells
develops resistance towards ongoing chemotherapy. Mechanisms by which cells develops
MDR can be broadly divided into cellular factors and physiological factors (20). Cellular
factors involve over expressive efflux pump, reduced rate of cell apoptosis, genetic defects
(i.e. gene deletion and polymorphism in gene), increased rate of drug metabolism, etc (21).
Whereas physiological factors responsible for MDR includes interaction at cellular level,
higher pressure of cell interstitial fluid, low pH environment around tumor, presence of hypoxic
region at core of tumor, irregular nature of tumor vasculature, presence of cancer cells in areas
that are difficult to penetrate (22).
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As the MDR has been diagnosed in most of the patients, high doses are required to
continue the treatment leading to increasing adverse effects. Adverse effects are responsible
for the discontinuation of chemotherapy in more than 90% of the patients. Mechanism for the
treatment of the MDR can vary depending on the types of lung cancer and stages of lung cancer.

MDR tumors can be of two types i) intrinsic and ii) acquired. Intrinsic MDR tumors are
developed by inherent increased expression of ABC (ATP Binding Cassette) transporter. On
the contrary, acquired MDR tumors can be developed due to stimulation from drugs that leads
to overexpression of ABC transporters. Over expressive ABC transporter leads to efflux of
chemotherapeutic drug from cell cytoplasm (20).

ABC transporters are the most extensively studied mechanism for the treatment of
MDR cancers. Different ABC transporters are belonging to ATP-binding cassettes
superfamily. Therefore, designing an advanced multifunctional delivery system should be a
priority to reverse MDR in cancer chemotherapy. Thus MDR can be treated by gene knock
down approach to inhibit expression of these ABC family proteins which are responsible for
efflux of oncological therapeutics and reduced therapeutic action. RNA interference, P-gp
inhibitors and few peptides are extensively adopted approaches and gene silencing through
RNA interference technology is most impactful tool now-a-days amongst all approaches.

1.5 DOCETAXEL

Docetaxel is antineoplastic drug which acts by disrupting the microtubular network in
cells that are essential for vital mitotic and interphase cellular functions. Docetaxel promotes
the assembly of tubulin into stable microtubules while simultaneously inhibiting their
disassembly (23). The binding of Docetaxel to microtubules does not alter the number of proto
filaments in the bound microtubules; in fact, it differs from other spindle poisons. Docetaxel
was found to be cytotoxic in in vitro against various murine and human tumor cell lines, and
against freshly excised human tumor cells in clonogenic assays. In addition, Docetaxel was
found to be active on a number of cell lines overexpressing the p- glycoprotein, which is
encoded by the multidrug resistant gene.

» Limitation of marketed formulation:

Docetaxel (DTX) has been used as a primary agent for the treatment of solid tumors such
as in lung, breast and pancreatic cancers. Currently available marketed formulation of
Docetaxel face issues of resistance-development and in-vivo toxicities which are dose limiting
(24). Taxotere is micellar formulation of DTX and used for intravenous therapy of breast, lung,
prostate, gastric, head and neck, ovarian and pancreatic cancer. However, Docetaxel has dose

dependent side effects like neutropenia, alopecia and anemia (25). Hence, a formulation
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strategy is required that can overcome its toxicity while providing better alternative treatment
approach in comparison to those available in the clinic.
1.6 RNAiI MECHANISM

RNA interference (RNAI) is a basic conserved mechanism of cell by which a small
double stranded RNA (dsRNA) directs the degradation mRNA which is eventually responsible
for the inhibition of specific gene expression (26). Soon after its discovery, RNAI has been
studied extensively for the role in gene function in the normal cellular biological process and
protein synthesis (27).

RNA interference (RNAI) is the artificially induced cellular process for the degradation
of particular mRNA and it is induced with the use of double stranded RNA which has a specific
sequence related to target mMRNA. RNAIi mechanism has been observed in all eukaryotes, from
yeast to mammals (28). The mammalian cell contains specific enzymes similar to dicer enzyme
found in Drosophila which identifies the dsSRNA (Double stranded RNA) and breaks it into
smaller fragments having a base pair between length of 21-25. This double stranded RNA can
be shRNA which binds to RISC (RNA induced silencing complex). This RISC complex
detaches distal chain from the shRNA which then binds to mRNA (that is for the specific
protein synthesis). After mRNA binds to the activated RISC complex, it is cleaved hence
production of specific protein in the cells can be inhibited. Exact mechanism of the RNAI is

shown in Figure 1-2.
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Figure 1-2 RNAi mechanism (29)

siRNA and shRNA are the powerful tools that are used to artificially induce RNAI in the
mammalian cells. sSiRNA have been shown promising results in the treatment of influenza,
HIV, cancer and few genetic defects (30). ShRNA has been advantageous over siRNA as it has
nuclear expression rather than siRNA which is artificially made. Expression of the siRNA has
been limited up to 48 hrs or maximum three cell cycle whereas ShRNA is expressed over the
period of three years. Only 5 copies of ShRNA are enough to produce therapeutic concentration.
As it is nuclear expression, it has low stimulation of immune system and low cytotoxicity (31).
Hence shRNA is a new tool for the RNAi which is proved to be better than siRNA in terms of
efficiency, stability and duration of therapy along with safety. It has high potential to become

future of biopharmaceutical medicines.
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In spite of these recent studies on lung cancer there is still wide gap present with
research, diagnosis and its industrial applicability. The targeted delivery and gene delivery for
the lung cancer has enough potential for the betterment of the patients with lung cancer
especially for those having multidrug resistance.

1.7 COMBINATORIAL APPROACH

Treatment with combination therapy depends on the type of the tumor. Platinum
derivatives along with taxens, etoposide, gemcitabine and vinorelbine has been used to treat
non-small cell carcinoma. In worst cases of NSCLC, celecoxib is combined with etoposide
which results in increased 5-year survival rate (32). Combination of drug with gene therapeutic
were useful in the reversal of drug resistance in lung cancer.

As another approach, chemotherapy is often combined with radiotherapy for better
disease management and increases the survival rate of patients especially for those patients
who are not subjected for surgery. This modified high intensity radio therapy has been called
radical therapy and it can also be used for the SCLC and NSCLC. Even smaller doses of
radiation at chest are used at initial stages of cancer as palliative treatment (33).

1.8 TARGETED THERAPY

Nowadays, different molecular targets are being identified as novel approach for
treating various cancers. This concept of targeted drug delivery proved to be very successful in
treating lung malignancies. Higher Folate receptors are present on cancer cells, hence the
ability of the folic acid is used to target with surface modified nanocarriers. Gefitinib (marketed
as Iressa®) is drug from the class of epidermal growth factor receptor inhibitors (commonly
known as EGFR) proved to be very useful against the NSCLC (34). Hence EGFR is distinctly
present on tumor cells whose targeting efficiency can be combined with another anticancer
drug for better targeting. Bevacizumab® is another great example for the targeted delivery. It
is an angiogenesis inhibitors, which can be combined with carboplatin and cisplatin to improve
the survival rate of the patients having NSCLC (35). Other targets i.e. COX-2 inhibitors,
promoter of apoptosis (Exisulind®), Protease inhibitors (Bexarotene®) and another EGFR
inhibitor (Cetuximabv®) along with few vaccines has been researched right now under clinical
studies for the effective targeted therapy.

1.9 ROLE OF NANOCARRIERS AND GENE DELIVERY

Nanotechnology provides an innovative and promising alternative to conventional
small molecule chemotherapeutics, circumventing MDR by encapsulating, attaching, and
conjugating drugs or therapeutic biological products to nanocarriers. Nanocarriers can include

small molecules such as lipids or polymer nanoparticles that target the therapeutic payload to
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tumors or tumor cells. Simultaneously, multifunctional drug-loaded nanocarriers can also
enhance particle penetration of physiological barriers and protect the labile drugs or therapeutic
biological products.

Recent approaches for the targeted therapy are developing surface modified
nanocarriers with specific ligand that bind only to cancer cells have been studied extensively
for targeting approach. Variety of nanocarriers have been studied i.e., Liposomes, Polymeric
nanoparticles, micellar solution for better delivery of anticancer therapeutics with surface
modification with specific ligands. siRNA, p53 gene and MDM inhibitor genes have shown
good results. Even success of the delivering CFTR gene with the help of liposomes has made
great impact on the delivery of gene products using nanocarriers. Lot of viral and non-viral
vectors has been studied extensively for the gene delivery.

Among all the nanocarriers, liposomes and polymeric nanoparticles have been most
widely researched as novel strategy for delivery of variety of therapeutics including genetic
materials due to their biocompatibility and in-vivo drug targeting. Polymeric nanoparticles
possess key attributes i.e., long- term stability and tunability but generally lacking in inherent
biocompatibility and potential toxicity of long-term accumulation of synthetic molecules in the
body (36). On contrary, liposome is biocompatible, non-denaturing interface of liposomal
capsules but unfortunately, the lack of long-term stability (37). PLHNCs has advantages of
both liposomes and polymeric nanoparticles. Some extraordinary advantage performed by
PLHNCSs are listed here. The solid core made up of polymer acts as a cytoskeleton that provides
mechanical stability, controlled released morphology, narrow size distribution, and higher
availability of specific surface area. The outer lipid coat that encapsulates the polymeric core
is biocompatible in nature and mimics the characteristic of cellular membranes. The lipid shell
can interact with a huge variety of drugs and indigenous molecules and surface can be modified
for efficient targeting.

Research in the lung cancer in India has still not reached up to the mark compared to
research in western countries. On the lab scale, a pioneer research has been done by Prof. Misra
and group on gene delivery using various vectors for Lung cancer. They have developed
formulation for anticancer drugs i.e. etoposide and docetaxel for lung cancer along with
delivery of p53 gene liposomes for lung targeting (38). Another RGD grafted modified sSiRNA
liposomes formulated by Prof. Misra et. al. has shown promising results in the preclinical
studies (39) .
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1.9.1 PLHNCGCs (Polymeric Lipid Hybrid Nanocarriers)

In attempt to mitigate certain drawbacks associated with liposomes and polymeric
nanoparticles, novel, integrated structures known as Polymeric Lipid Hybrid Nanocarriers
(PLHNCs) was introduced. Briefly, to create a potentially superior delivery system, the
biomimetic properties of lipids and the architectural benefit of the polymer structure are
combined. PLHNCs are solid, submicron-sized particles composed of minimum two
components: the polymer and the lipid (40). In the developed hybrid system, various bioactive
molecules such as drugs, genes, proteins, and targeting ligands may be entangled, adsorbed, or
covalently bound. Polylactic-co-glycolic acid (PLGA), polycaprolactone (PCL), dextran, or
albumin are likely choices for biodegradable polymers because of their biocompatibility,
biodegradability, non-toxicity and prior use in licensed products (41-43). Zwitterionic,
cationic, anionic, and neutral phospholipids such as lecithin, 1,2-dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC), 1,2-dipalmitoyl-3-trimethylammonium-propane (DPTAP), 1,2-
dipalmitoyl-3-trimethylammonium-propane (DOTAP), or 1,2-dipalmitoyl-sn-glycero-3-
phosphoethanolamine (DOPE) are commonly used lipids (40, 42, 44-46).

1.10 DRY POWDER INHALER TECHNOLOGY

DPI has been formulated as a coarse powder mixture of particles with micronized drug
particles having combined aerodynamic diameters of 1-5 um. Carriers in the DPI are important
to improve the dosage flowability to ensure the accurate dosing and minimum variability.
Carriers are also effective in manufacturing and filling of the dosage form in to DPI capsules.
Carriers particles are also effective for the emission of the dose from the device after
punctuation (47). Therefore, the design of the carrier particle is important for the development
of dry powder inhalations. Carrier particles should have several characteristics such as physico-
chemical stability, biocompatibility and biodegradability, compatible with the drug substance
and must be inert, available and economical. During insufflation, the drug particles are
detached from the surface of the carrier particles by the energy of the inspired air flow that
overcomes the adhesion forces between drug and carrier. Consequently, it has been stated that
the efficiency of a DPI formulation is extremely dependent on the carrier characteristics and
the selection of carrier is a crucial determinant of the overall DPI performance.
1.11 OBJECTIVE OF WORK

The present research was aimed at evaluating effectiveness of novel nanocarriers for
silencing of gene ABCB1 (MDR1) that confers resistance to chemotherapeutic agents in

treatment of lung cancer. Novel nanocarriers: PLHNCs (Polymeric-lipid hybrid nanocarriers)
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comprising of lipids & polymers were formulated for pulmonary route as Dry Powder Inhaler
(DPI).
Objectives:
v To develop Novel Nanocarriers (PLHNCs) for simultaneous delivery of drug and gene
therapeutics.
v" To conjugate developed PLHNCs with folate targeting ligand to impart selectivity
towards cancer cells.
v" To mask the drug resistance in chemotherapy of lung cancer by silencing drug efflux
transporter through delivery of plasmid for sShPRNA pDNA against ABCB1.
v" To potentiate drug efficacy and treatment in cases of drug resistant lung cancer by
formulation & development of PLHNCs that can deliver plasmid for sShRNA against

ABCBL gene along with anti-neoplastic agent Docetaxel.

1.12 RATIONALE

The developed PLHNCs would effectively deliver chemotherapeutic agent; Docetaxel
& Plasmid-shRNA for ABCB1 by attachment with tumor targeted ligand.

Recently role of ABCB1 as multidrug resistant gene and having high level of
upregulation in resistant groups has been identified (48). ABCBL1 is a member of ATP binding
cassette (ABC) transporter family. Among all ABC resistance causing transporter genes,
ABCBL1 transporter genes are highly expressed in tumor cells where they actively efflux a
broad spectrum of anti-cancer drugs and thus contribute to multi-drug resistance (MDR) (49).
To date, platinum-based doublet chemotherapy is first-line therapy in NSCLC. However, these
agents have limited use in patients who have relapsed or have metastatic disease or drug
resistance. Therefore, combinatorial approach is required to improve the clinical outcome
which includes RNAi mechanism (shRNA) to achieve chemo sensitization. RNAI is a
biological mechanism by which a small double stranded RNA (dsRNA) directs the degradation
of complementary mRNA and therefore inhibits expression of specific gene. So sShRNA were
used for silencing gene imparting multidrug resistance which enhances efficiency of
chemotherapy by decreasing the resistance of cancer cells to chemotherapeutic agent (50).
1.13 HYPOTHESIS

Preparation of PLHNCs of therapeutic gene will provide a better and safe delivery
vector for gene delivery as compared to viral delivery vectors. In addition, this will provide
better stability to therapeutic gene (ABCB1 shRNA pDNA) from DNase mediated degradation

and targeted delivery will also ensure followings:
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1.14

This will reduce the exposure of other cells to gene & chemotherapeutic agent.
Targeting shRNA for silencing multi drug resistant gene ABCB1(MDR1) can impart
synergistic therapeutic activity by decreasing the resistance of cell to chemotherapeutic
agents.

Combination delivery will enhance efficiency of chemotherapy to a level that cannot
be achieved by applying its components separately

Anticipating highly selective & targeted anti-tumor activity and low adverse side effects

in healthy organs.

EXPECTED OUTCOMES

This research is expected to result in development of a novel non-viral vector

PLHNC S for gene therapy.

Targeting sShRNA for silencing multi drug resistant gene ABCB1 (MDR1) will
enhance efficiency of chemotherapy by decreasing the resistance of cancer cells
to chemotherapeutic agents & will bridge the gap in the treatment of
chemotherapy resistant lung cancer.

It will enhance efficiency of chemotherapy to a level that cannot be achieved by
applying its components separately in treatment of lung cancer. Moreover,
highly selective & targeted PLHNCs for clinical evaluation as a novel alternative
to currently researched chemotherapeutic strategies is anticipated.

It is also emphasized that the biologicals will be the future drugs or the future
therapeutics for either increasing the efficacy of available treatments or
providing superior treatment for otherwise untreatable diseases such as lung

cancer.

1.15 WORK PLAN

1.

Literature review covering various aspects of cancer, Docetaxel, Lipid Polymer Hybrid
Nanoparticle delivery System, Dry Powder Inhalers.

Procurement of Drug (Docetaxel), gene therapeutics (ABCB1 shRNA pDNA) and
excipients (PEG-PCL, DPPC, DSPE-PEG2000, DOTAP etc.)

Preformulation study including DSC and FTIR analysis.

Analytical Method development of Docetaxel and ShRNA pDNA estimation.
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5. Preliminary studies for development of Docetaxel Polymeric Lipid Hybrid
Nanocarriers (PLHNCs).

6. Optimization of Docetaxel loaded Polymeric Lipid Hybrid Nanocarriers (PLHNCSs) by
Quality by design — design of experiment (QbD-DoE) approach through Placket-
Burman design and Box-behnken design. Formulation of Docetaxel and shRNA pDNA
loaded Polymeric Lipid Hybrid Nanocarriers (PLHNCs).

7. Formulation and optimization of Dry Powder Inhaler of Optimized PLHNCs by
lyophilisation technique.

8. Characterization of formulated PLHNCs:

a) Entrapment efficiency

b) Particle size and { potential

c) SEM, Cryo-TEM & freeze fracture TEM to study internal structures
d) In-vitro drug release study

e) In-vitro endothelial binding capacity of formulation

9. Solid State Characterization and Powder Performance study of DPI

10. In-vitro cytotoxicity study by MTT assay using suitable lung cancer cell line and
cellular uptake studies of formulation on lung adenocarcinoma A549 cell lines through
Flow cytometry and confocal microscopy

11. Evaluation of In-vivo efficacy of the formulation in suitable animal model.

12. Stability study of final DPI Formulation.

The Maharaja Sayajirao University of Baroda Page 12



Chapter 1 introduction

1.16 REFERENCES

1. Rom WN, Hay JG, Lee TC, Jiang Y, Tchou-Wong K-M. Molecular and genetic aspects
of lung cancer. American journal of respiratory and critical care medicine. 2000;161(4):1355-
67.

2. Roepman P, de Jager A, Koerkamp MJG, Kummer JA, Slootweg PJ, Holstege FC.
Maintenance of head and neck tumor gene expression profiles upon lymph node metastasis.
Cancer research. 2006;66(23):11110-4.

3. Olkhanud PB, Baatar D, Bodogai M, Hakim F, Gress R, Anderson RL, et al. Breast
cancer lung metastasis requires expression of chemokine receptor CCR4 and regulatory T cells.
Cancer research. 2009;69(14):5996-6004.

4. Harris K, Khachaturova I, Azab B, Maniatis T, Murukutla S, Chalhoub M, et al. Small
cell lung cancer doubling time and its effect on clinical presentation: a concise review. SAGE
Publications Sage UK: London, England; 2012.

5. Little AG, DeHoyos A, Kirgan DM, Arcomano TR, Murray KD. Intraoperative
lymphatic mapping for non—small cell lung cancer: the sentinel node technique. The Journal of
thoracic and cardiovascular surgery. 1999;117(2):220-4.

6. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics.
CA: A Cancer Journal for Clinicians. 2011;61(2):69-90.

7. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA, editors. Non-small cell lung
cancer: epidemiology, risk factors, treatment, and survivorship. Mayo Clinic Proceedings;
2008: Elsevier.

8. Noguchi M, Morikawa A, Kawasaki M, Matsuno Y, Yamada T, Hirohashi S, et al.
Small adenocarcinoma of the lung. Histologic characteristics and prognosis. Cancer.
1995;75(12):2844-52.

9. Black H, Ackerman LV. The importance of epidermoid carcinoma in situ in the
histogenesis of carcinoma of the lung. Annals of surgery. 1952;136(1):44.

10. Hiroshima K, lyoda A, Shida T, Shibuya K, lizasa T, Kishi H, et al. Distinction of
pulmonary large cell neuroendocrine carcinoma from small cell lung carcinoma: a
morphological, immunohistochemical, and molecular analysis. Modern pathology.
2006;19(10):1358-68.

11. Howington JA, Blum MG, Chang AC, Balekian AA, Murthy SC. Treatment of stage |
and Il non-small cell lung cancer: diagnosis and management of lung cancer: American College
of Chest Physicians evidence-based clinical practice guidelines. Chest. 2013;143(5):e278S-
e313S.

12. Bhatia K, Ellis S. Unusual lung tumours: an illustrated review of CT features suggestive
of this diagnosis. Cancer imaging. 2006;6(1):72.

13.  Cruz CSD, Tanoue LT, Matthay RA. Lung cancer: epidemiology, etiology, and
prevention. Clinics in chest medicine. 2011;32(4):605-44.

14. Howe HL, Wingo PA, Thun MJ, Ries LA, Rosenberg HM, Feigal EG, et al. Annual
report to the nation on the status of cancer (1973 through 1998), featuring cancers with recent
increasing trends. Journal of the National Cancer Institute. 2001;93(11):824-42.

15.  Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA: A Cancer Journal for
Clinicians. 2020;70(1):7-30.

16. Beadsmoore C, Screaton N. Classification, staging and prognosis of lung cancer.
European journal of radiology. 2003;45(1):8-17.

17. Dimopoulou I, Bamias A, Lyberopoulos P, Dimopoulos M. Pulmonary toxicity from
novel antineoplastic agents. Annals of oncology. 2006;17(3):372-9.

18.  Tufman A, Kahnert K, Kauffmann-Guerrero D, Manapov F, Milger K, Muller-Lisse U,
et al. Clinical relevance of the M1lb and M1c descriptors from the proposed TNM 8
classification of lung cancer. Strahlentherapie und Onkologie. 2017;193(5):392-401.

The Maharaja Sayajirao University of Baroda Page 13



Chapter 1 introduction

19. McLoud TC, Bourgouin PM, Greenberg RW, Kosiuk JP, Templeton PA, Shepard J-A,
et al. Bronchogenic carcinoma: analysis of staging in the mediastinum with CT by correlative
lymph node mapping and sampling. Radiology. 1992;182(2):319-23.

20. Lage H. An overview of cancer multidrug resistance: a still unsolved problem. Cellular
and molecular life sciences. 2008;65(20):3145.

21. Ullah MF. Cancer multidrug resistance (MDR): a major impediment to effective
chemotherapy. Asian Pac J Cancer Prev. 2008;9(1):1-6.

22.  Johnstone RW, Ruefli AA, Smyth MJ. Multiple physiological functions for multidrug
transporter P-glycoprotein? Trends in biochemical sciences. 2000;25(1):1-6.

23.  Doménech Cruz E. Molecular mechanisms of mitotic cell death: Universidad
Complutense de Madrid; 2015.

24, Sohail MF, Rehman M, Sarwar HS, Naveed S, Salman O, Bukhari NI, et al.
Advancements in the oral delivery of Docetaxel: challenges, current state-of-the-art and future
trends. International journal of nanomedicine. 2018;13:3145.

25.  Ahmad A, Sheikh S, Taran R, Srivastav SP, Prasad K, Rajappa SJ, et al. Therapeutic
efficacy of a novel nanosomal docetaxel lipid suspension compared with taxotere in locally
advanced or metastatic breast cancer patients. Clinical breast cancer. 2014;14(3):177-81.

26.  Grishok A, Mello CC. RNAI (nematodes: Caenorhabditis elegans). Advances in
genetics: Elsevier; 2002. p. 339-60.

27.  Fire A, Xu S, Montgomery MK, Kostas SA, Driver SE, Mello CC. Potent and specific
genetic interference by double-stranded RNA in Caenorhabditis elegans. nature.
1998;391(6669):806-11.

28.  Agami R. RNAI and related mechanisms and their potential use for therapy. Current
opinion in chemical biology. 2002;6(6):829-34.

29.  Silva JM, Hammond SM, Hannon GJ. RNA interference: a promising approach to
antiviral therapy? Trends in molecular medicine. 2002;8(11):505-8.

30. Goyal BR, Patel MM, Soni MK, Bhadada SV. Therapeutic opportunities of small
interfering RNA. Fundamental & clinical pharmacology. 2009;23(4):367-86.

31. Mansoori B, Shotorbani SS, Baradaran B. RNA interference and its role in cancer
therapy. Advanced pharmaceutical bulletin. 2014;4(4):313.

32. Kasper D, Fauci A, Hauser S, Longo D, Jameson J, Loscalzo J. Harrison's principles of
internal medicine, 19e. 2015.

33. Brunelli A, Charloux A, Bolliger CT, Rocco G, Sculier J-P, Varela G, et al. ERS/ESTS
clinical guidelines on fitness for radical therapy in lung cancer patients (surgery and chemo-
radiotherapy). European Respiratory Journal. 2009;34(1):17-41.

34.  Cohen MH, Williams GA, Sridhara R, Chen G, McGuinn WD, Morse D, et al. United
States Food and Drug Administration drug approval summary: gefitinib (ZD1839; Iressa)
tablets. Clinical Cancer Research. 2004;10(4):1212-8.

35.  Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, et al. Paclitaxel—
carboplatin alone or with bevacizumab for non-small-cell lung cancer. New England Journal
of Medicine. 2006;355(24):2542-50.

36. Lee JS, Feijen J. Polymersomes for drug delivery: design, formation and
characterization. Journal of Controlled Release. 2012;161(2):473-83.

37. Koide H, Okamoto A, Tsuchida H, Ando H, Ariizumi S, Kiyokawa C, et al. One-step
encapsulation of siRNA between lipid-layers of multi-layer polycation liposomes by lipoplex
freeze-thawing. Journal of Controlled Release. 2016;228:1-8.

38.  lJinturkar KA, Anish C, Kumar MK, Bagchi T, Panda AK, Misra AR. Liposomal
formulations of Etoposide and Docetaxel for p53 mediated enhanced cytotoxicity in lung
cancer cell lines. Biomaterials. 2012;33(8):2492-507.

The Maharaja Sayajirao University of Baroda Page 14



Chapter 1 introduction

39.  Khatri N, Baradia D, Vhora I, Rathi M, Misra A. cRGD grafted liposomes containing
inorganic nano-precipitate complexed siRNA for intracellular delivery in cancer cells. Journal
of Controlled Release. 2014,182:45-57.

40.  Zhang L, Chan JM, Gu FX, Rhee J-W, Wang AZ, Radovic-Moreno AF, et al. Self-
assembled lipid— polymer hybrid nanoparticles: a robust drug delivery platform. ACS nano.
2008;2(8):1696-702.

41. Liechty WB, Kryscio DR, Slaughter BV, Peppas NA. Polymers for drug delivery
systems. Annual review of chemical and biomolecular engineering. 2010;1:149-73.

42. Date T, Nimbalkar V, Kamat J, Mittal A, Mahato RI, Chitkara D. Lipid-polymer hybrid
nanocarriers for delivering cancer therapeutics. Journal of Controlled Release. 2018;271:60-
73.

43.  Thevenot J, Troutier A-L, Putaux J-L, Delair T, Ladaviere C. Effect of the polymer
nature on the structural organization of lipid/polymer particle assemblies. The Journal of
Physical Chemistry B. 2008;112(44):13812-22.

44.  Mandal B, Bhattacharjee H, Mittal N, Sah H, Balabathula P, Thoma LA, et al. Core—
shell-type lipid—polymer hybrid nanoparticles as a drug delivery platform. Nanomedicine:
Nanotechnology, Biology and Medicine. 2013;9(4):474-91.

45, Bose RJ, Arai Y, Ahn JC, Park H, Lee S-H. Influence of cationic lipid concentration
on properties of lipid—polymer hybrid nanospheres for gene delivery. International journal of
nanomedicine. 2015;10:5367.

46. Li Y, Taulier N, Rauth AM, Wu XY. Screening of lipid carriers and characterization of
drug-polymer-lipid interactions for the rational design of polymer-lipid hybrid nanoparticles
(PLN). Pharmaceutical research. 2006;23(8):1877-87.

47.  Pilcer G, Wauthoz N, Amighi K. Lactose characteristics and the generation of the
aerosol. Advanced drug delivery reviews. 2012;64(3):233-56.

48.  Vesel M, Rapp J, Feller D, Kiss E, Jaromi L, Meggyes M, et al. ABCB1 and ABCG2
drug transporters are differentially expressed in non-small cell lung cancers (NSCLC) and
expression is modified by cisplatin treatment via altered Wnt signaling. Respiratory research.
2017;18(1):52.

49. Misra A. Challenges in delivery of therapeutic genomics and proteomics: Elsevier;
2010.

50.  Taratula O, Kuzmov A, Shah M, Garbuzenko OB, Minko T. Nanostructured lipid
carriers as multifunctional nanomedicine platform for pulmonary co-delivery of anticancer
drugs and siRNA. Journal of Controlled Release. 2013;171(3):349-57.

The Maharaja Sayajirao University of Baroda Page 15



