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2.0 Introduction

2.1 Introduction

Cancer as a broad cluster of disorders may be defined as the abnormal uncontrolled growth of
the cells with inherent ability to spread to other tissues of the human body facilitated majorly
through the components of haematic systems. Amongst all cancers affecting the human system,
American Cancer Society (ACS) estimates indicate lung cancer and breast cancer to be
amongst the most plausible causes of newer cases and deaths for the year 2020 (1). The basal
subtype of breast cancer, Triple negative breast cancer (TNBC) is characterized by the lack of
expression of hormonal receptors (estrogen receptor and progesterone receptor) and tyrosine-
protein receptor kinase human epidermal growth factor (HER2). This aggressive form is often
associated with poor prognosis and lack of effective therapeutic treatments than the other
subtypes while accounting for approximately 15% of the newly diagnosed breast cancer (BC)
patients (2). When compared to others forms of BC, TNBC has often been associated with low
overall survival rates, median progression free survival (PFS: 3-4 months) and high recurrence
within the first three years of diagnosis. The enhanced possibility of delayed detection coupled
with reduced survival rates and metastatic potential through lymphatic system has resulted in
lung cancer being associated with a quarter of the cancer associated deaths (3). The most
common type of lung cancer, non-small cell lung cancer (NSCLC) comprises of
adenocarcinoma, large-cell carcinoma and squamous-cell carcinoma while having etiological
presence in constituents of respiratory tract and presenting a low median survival time of 8.0
months (4). The low rates of early stage tumor detection, metastatic potential along with
chemoresistance have reported for reduced rates of curability of these aggressive forms of
cancers (5). While TNBC has been reported to have tumor cross-talk resulting in the
development of secondary NSCLC, metastasis of NSCLC has been associated with bone, brain
cancer, hepatocellular carcinoma and adrenocarcinoma (6, 7). Clinical research associated
with NSCLC and TNBC indicate that late detection has often been associated with dysregulated
autophagy, tumor heterogenicity, genetic mutations, alterations of intended drug targets
resulting in lack of desirable therapeutic outcomes (8, 9). Importantly, stage of the neoplasm
has been the major determinant of the type of the treatment option being used for these two

cancers including surgery, radiation, conventional chemotherapy, targeted and immune-
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therapeutics. The current chemotherapeutic treatment options for these diseases involve the
usage of a cocktail of drugs with the approach of having multiple agents acting through multiple
mechanistic pathways on the tumor cells (10). The treatment of such of cancers entail usage of
multiagent-mechanistic treatment approach using free drug cocktail treatment options (10).
These drugs act through different cellular pathways acting on multiple targets during different
cell cycle phases ensuring a more efficient reduction in tumor cell survival (Figure 5) (10).
While anthracycline and taxane based neo-adjuvant/adjuvant chemotherapeutic combination
regimens have often been used for treatment of TNBC, the systemic delivery of lipophilic platin
and taxane based cocktail of drugs have been one of the mainstays of NSCLC treatment
regimen. Immune check point inhibitors along with drugs targeted against specific genes as
well as biomarkers of NSCLC have also been used in combination with the conventional
chemotherapeutic agents. Although, this conventional approach has provided some benefits in
the therapy, it is saddled with the un-coordinated pharmacodynamic (PD) and pharmacokinetic
(PK) profiles of these individual drugs being used. Consequently, the current therapeutic
regimens have exhibited limited therapeutic efficacy, increased drug resistance and increased
toxicity profile presenting low overall survival rates along with poor quality of life (11).

Additionally, the problem of lack of desired efficacy and the co-presence of all
chemotherapeutic agents indicated for the chemotherapy in the desired synergistic ratio cannot
be ascertained using the conventional combination therapy (13). Importantly, a rationalistic
approach to selection from available naive and controlled release formulations need to be
considered while designing the therapeutic regimen. The evaluation of clinical risk-to-benefit
ratio needs to be adopted for developing such effective therapies intended for eliciting the
favourable response in TNBC and NSCLC (14). Further research activities indicate that
strategies to improve the efficacy of TNBC and NSCLC treatment would encompass
chemotherapy, gene therapy, immunotherapy, targeted therapy along with nanocarrier based
delivery approaches (15, 16) . The current chapter intends to identify the clinical unmet need
in these cancers and evaluation of potential benefits offered by the tested nano-formulation
approaches. The effect of administration of single drug as well as combinatorial lipid and
polymer-based nanocarriers against both neoplasms delivering multiple chemotherapeutics

simultaneously to desired site of action has been mentioned. Finally, need of identification of
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newer specific biomarkers, potential formulation design and challenges along with suitable

opportunities for effective treatment of both cancers has been mentioned.
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Figure 5: Advantages of Combinatorial approach over Single drug regimens (The figure has

been reproduced with permission (12))

2.2 Current treatment regimens and options

Based on the stage of the carcinoma and degree of metastasis, the current therapeutic regimens
may be subdivided into localized treatments (surgery, radiation) and systemic treatments
(chemotherapy, immunotherapy, gene therapy, targeted therapy). Importantly, use of
multidisciplinary approach to cancer treatments have presented a significant improvement in
quality of lifestyle of cancer patient (17). Further, the treatment modalities of NSCLC and
TNBC require integration of the conventional therapies with personalised medicine to target
the specific biomarkers (18). The various treatment approaches for both these neoplasms have
been indicated in Table 2. The classic treatment approach for localized therapy for both these

neoplasms have been surgery and/or radiation therapy or combination. The prognostic effects
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of mastectomy (TNBC) and pneumonectomy (NSCLC) have been identified by various
researchers as being less invasive while preserving the aesthetics of the organs (19). External
beam radiation therapy (EBRT) and radiofrequency ablation (RFA) have been used as
components of radiotherapy for these cancers (20). The systemic treatments for both NSCLC
and TNBC include the use of conventional chemotherapies along with immunotherapy and

targeted therapy against the specific biomarker and oncogenes (Table 2).

Metastatic tumours have reported to have poor response rates and chemo-resistance generates
the declining in treatment response (21). Apart from traditional surgery and radiation therapy,
neoadjuvant chemotherapy have often been advised for TNBC (22). Amongst the widely used
neoadjuvant therapy, anthracycline—cyclophosphamide (AC-scheme) chemotherapy has
reported to be highly effective (23). In presence of BRCA mutations, the AC therapy, has
presented an improvement in pathological complete response rate (pCR) with reduction in the
relapse (24). Platins as components of neoadjuvant therapies have further enhanced the
prognosis with higher pCR rates as compared with AC (25). The biomarker based molecular
therapies commonly used including poly (ADP-ribose) polymerase (PARP) inhibitors,
vascular endothelial growth factor (VEGF) inhibitors and epidermal growth factor receptor
(EGFR) inhibitors have shown higher efficacy in reducing side effects (26). Importantly,
VEGF and EGFR targeted therapeutics have shown better efficacies then PARP inhibitors and
have often been combined with chemotherapeutic agents (27). The advent of adjuvant therapy
has been based on genomic, proteomic profiles and clinical histopathological staging
conditions of the patient post-surgery to prevent the occurrence of metastasis. Clinically, the
incorporation of neoadjuvant therapy has presented with improved pCR rates and quality of
life as compared to adjuvant chemotherapy (25). Taxane based therapies with capecitabine or
ixabepilone have been approved for use in advanced and metastasised stages. However, the use
of these agents has been associated with systemic and peripheral toxicity. Recently approved
immunotherapy and gene therapy-based therapeutics such as ipilimumab (anti-CTLA-4),
pembrolizumab (anti-PD-1) and atezolizumab (anti PD-L1) have been included in first line
therapy with taxane based regimens.

The lack of diagnosis of NSCLC at early stages has been one of the potential reasons for its
low overall survival time. Platin and taxane based chemotherapeutic regimens have often been

used for the treatment of squamous and non-squamous NSCLC (28). Similar to TNBC,
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specificity and selectivity to neoplasms have proved to be detrimental to effective treatment of
NSCLC. Incorporation of monoclonal antibody-based therapies ipilimumab, pembrolizumab,
nivolumab or atezolizumab in chemotherapy have been reported to have improved the
treatment outcomes with increase overall survival and reduction in metastasis. Importantly, the
use of immunotherapeutics have often been associated with the inherent immune-mediated
toxicities such as pneumonitis, hepatitis, endocrinopathies, life-threatening opportunistic
infections as well as embryo-fetal Toxicity (29).

Despite the advances in the immunotherapy and gene therapeutic options in both these cancers,
the lack of specificity and selectivity towards the tumor cells along with toxicity necessitates
the development of nanocarrier based passive and active targeted drug delivery systems for

better effective management of the tumors.
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2.3 Treatment issues of current therapeutics in NSCLC and TNBC

Drug resistance is one of the major reasons for the failure of treatment regimens. Identification
of appropriate host and the epigenetic factors are central to the development of effective
therapies against these cancers. Host changes would encompass the lack of drug bioavailability,
effective carrier for transfer and temporospatial presence at the tumor site, tumor angiogenesis,
interactions with interstitium as well as multi-drug resistance (MDR) (31). Genetic aberrations
leading to faulty generation/accumulation of important proteins, includes resistance to
chemotherapies prior (intrinsic) and post (acquired) administration of the drugs. Acquired
resistance has often been associated with most of the anticancer therapies and have led to

remission and relapse of the carcinomas leading to reduced survival times (32).

2.3.1 Treatment issues of current therapeutics in NSCLC

NSCLC accounts for 85% of total lung cancer cases detected and has presented very low 5-
year survival rate (17.8%) amongst all cancers (33). Based on the physiological site of the
tumor, this carcinoma may be broadly categorised as adenocarcinoma, squamous cell
carcinoma, large cell carcinoma, adenosquamous carcinoma and sarcomatoid carcinoma
subtypes of cancer. The ineffective treatment of NSCLC has been associated with lack of early
detection as well as intrinsic properties of these carcinomas to develop in the bronchial
squamous epithelium and alveolar epithelium while spreading to the adjoint lymph nodes of
the lungs (34). Importantly, determination of effective treatment needs to be known based on
identification of cancer stage, the tumor size, molecular pathophysiology, epidemiology, extent
of lymphatic spread and its metastatic potential (35). NSCLC have been known to metastasize
to brain and bones tissues among other organs (36). Current efforts towards improving of the
overall survival of NSCLC patients have been oriented towards early diagnosis coupled with
development of therapies against molecular targets or having personalized medicine. However,
the availability of the effective treatment options has been riddled with development of
chemotherapeutic resistance (37). Another issue associated with the failure of the NSCLC
therapy is the tumor heterogeneity associated with these tumors (38). Point mutations as well

as dysregulated chromosomal aberrations have led to the development of drug resistant cancer
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stem-cells (CSC) leading to formation of multiple types of neoplastic cells (39). These
heterogenous population of tumor cells when acted upon by a specific chemotherapeutic agent
present resistance to structurally similar drugs, often referred to as MDR. This phenotypic
response to exposure of tumor cells to chemotherapeutic agents often has been mediated
through P-glycoprotein efflux transporter (P-gp), multidrug resistance protein (MRP) and lung-
resistance protein (LRP) (40). Importantly, the cellular location and density of these ABC
transporter proteins (ATP-binding cassette) often play an important role in determination of
the pharmacokinetic-pharmacodynamic profile of the drugs along with resistance profile.
While P-gp and MRP has been associated with reduced accumulation of neutral and charged
therapeutic agents, the vault protein LRP has been found to effect redistribution of active agents
from inside the cells (41).

The upregulation of three protein families (Pgp, LRP, MRP) have been implicated intrinsically
for the failure of the chemotherapeutic treatments in NSCLC patients. Downregulation and
mutation of the transporter proteins associated with the non-specific pinocytosis of the
therapeutic agents have also been implicated for the drug resistance. Additionally, deregulated
topoisomerase and glutathione (GSH) enzymes expression; p53 and NOTCH genetic
aberrations as well as enhanced anti-apoptotic bcl-2 gene expression have been associated with
NSCLC treatment failures (42, 43). Further, enhanced tumoral cell migration, invasion and
generation of extracellular matrix components along with reduced apoptosis mediated through
epithelial-mesenchymal transition (EMT) has been correlated with the chemoresistance to
tyrosine kinase inhibitors (TKI) (44). Platinum based drug resistance in NSCLC have been
associated with upregulation of efflux transporters, intracellular GSH with reduction in
Na+K+ATPase and CTR1 gene expression. Mutated expression of tubulin protein, histone
deacetylase (HDACG6) and suppression of mitotic chromosomal checkpoint have resulted in
poor overall survival of patients receiving taxane based therapies (45). Gemcitabine resistance
has been mediated to neoplasms lacking the drug transporter hENT-1 (46). Similarly, the
overexpression of vault protein RLIP76 leading to reduced tumoral cell accumulation has been

associated with the MDR to anthracyclines, taxanes and vinca alkaloids (47).

The upregulation of oncogenes responsible for activation of tyrosine kinases has been

implicated in the NSCLC. The mutation of EGFR (constitutive to the normal cellular
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proliferation and angiogenesis) at exonl9/exon21 has been associated with the NSCLC
initiation and progression (48). Consequently, TKI targeted against EGFR such as gefitinib and
erlotinib have been widely used in NSCLC treatment. However, prolonged usage of TKIs and
tumor heterogeneity has been associated with intrinsic drug resistant exon 20-T790M
mutations leading to relapse of the disease (49). Additionally, suppression of the pro-apoptotic
protein BIM and cross resistance mediated through other gene mutations have also been
associated with treatment failures. NSCLC treatment failures are further associated with re-
arrangements of ALK (anaplastic lymphoma kinase) gene, ROS proto-oncogene (ROS1) and
RET (rearranged during transfection) which are associated with downstream cellular
migration, proliferation and apoptosis resistance (50-52). Mutations of the protooncogene
BRAF (constitutively activates the downstream activities of mitogen-activated protein kinase
(MAPK) pathway) leads to unregulated cellular growth and has been found in 7-10% NSCLC
patients. RAS independent V600D/E/K/R mutations and RAS dependent non-V600 mutations
leads to BRAF activation, MAPK/ERK upregulation and subsequent tumor growth. The drug
resistance to BRAF inhibitors have been attributed to CDK4 (cyclin dependent kinase 4)
mutation, negative feedback on neurofibromin 1(NF1) and phosphatase-tensin homolog
(PTEN) as well as MAPK alterations (53). NTRK gene (Neurotrophic Receptor Kinase) family
encoding for the controlled activity of TRK, has been found to undergo splicing, codon
deletion, fusion and overexpression in patients with NSCLC. Such re-arrangements lead to
overexpression of TRKs resulting in increased oncogenic activity while on-target and off-target
mutations associated with upregulation of other pathways lead to treatment failures (54). HER2
(human epidermal growth factor receptor) mutations at exon 20 have been implicated in
NSCLC as it increases the cellular levels of downstream proteins in MAPK pathway. HER2
amplifications have been indicated for the EGFR independent and dependent drug resistance
(55). Similarly, the amplifications of receptor tyrosine kinase, MET at exon 14 and fibroblast
growth factor receptor (FGFR) has been observed to potentiate the EGFR mediated drug
resistance and metastasis progression (56, 57). KRAS (Kirsten rat-sarcoma) oncogene mutation
has been found to be the most common (at G12C and G12V) and targeted genetic alteration in
advanced as well as metastatic NSCLC. The treatment efficacy of patients diagnosed with
KRAS mutations have been very low owing to the heterogeneity amongst the tumor cells

undergoing such alterations. Viable approaches to modulation for such mutations included the
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targeting the receptor, its cellular association or reduction in expression of downstream
proteins. Interestingly, neoplastic cells with KRAS mutations have shown improved sensitivity
to taxanes in combination with MEK inhibitors (58). The downstream signal transducer protein
MEK has been associated with nuclear cellular programming and MAPK pathway checkpoint.
The MEK mutations K57N/Q56P have been found to increase the tumor cell sensitivity to
chemotherapeutics and improve the cellular death outcomes(59). Importantly, many of these
genetic alterations have been found to be mutually inclusive and drug treatment failures have
often have been associated with multiple such oncogenetic factors (60). Additionally, the
downstream amplifications of the MAPK/JAK/STAT pathway afforded by these genetic

mutations have led to increased EMT, angiogenesis and tumor survival (61).
2.3.2 Treatment issues of current therapeutics in TNBC

TNBC has been highlighted by the reduced expression/amplification of three biomarker
proteins ER, HER2 as well as PR and has been detected in 15-20% of breast cancer patients
(62). Similar to NSCLC, early detection of TNBC presents a major challenge to treatment
opportunities. Physiologically, the aggressive neoplasm has shown characteristic geographic
invasion, infiltration, necrosis in breast cells surrounded by lymphocytic stroma with high rates
of' metastasis and relapse. Historically, this carcinoma has presented heterogenous morphology,
genomic mutations and altered signalling/cross-talk among the tumor cells (63).
Morphologically, the disease has been classified as MES (mesenchymal), MSC (mesenchymal
stem-cell like), immunomodulatory, LAR (lumen-androgen receptor), BL1 (basal cell-like-1),
BL2 (basal cell-like 2) and CLT (claudin-low tumor) subtypes. Chemotherapeutic TNBC
treatment options are dependent on the type of the physiology presented these heterogenous
tumors (64). While antimitotic and DNA damaging agents have been found to be effective
against BL1 tumors, tyrosine kinase inhibitors and agents targeted against downstream
activities of genetic alteration were effective against BL2 tumors (65). Mesenchymal subtype
of TNBC have shown increased levels of EMT and are treated using inhibitors against sarcoma
kinases (SRC), PI3K (phosphoinositide-3-kinase) as well as mTOR (mammalian-target of
rapamycin). TGF (transforming-growth factor) and receptor proteins have been implicated in
invasiveness and migration of these subtypes (66). However, the major clinical challenge for

pathological complete reponse (pCR) has been the heterogeneity exhibited amongst these
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tumors and the lack of suitable oncogentic targets against the same. Although, the use of neo-
adjuvant traditional chemotherapeutic agents has been associated with higher pCR, the
treatment efficiencies have been affected by the emergence of MDR, genetic alterations and
immune-resistance (67). Abnormal expression of genes responsible for p53 protein (associated
with tumor suppression-TP53) as well as breast cancer gene BRCA1/2 (important for DNA
repair) have been implicated in TNBC with the altered chemosensitivity to platinum and taxane
based therapies (68). Surface overexpression of CD73 protein has been found to affect the
anthracycline efficacy (69). Post neo-adjuvant chemotherapy, the treatment failures and relapse
of disease have been found to be affected by altered expression of genes such as proto-
oncogene Myc, p53, PIK3, PTEN, retinoblastoma (RB1), cyclin-dependent CDK4/CDKN2A,
janus kinase-2 (JAK2), BRCA1/2, EGFR and anti-apoptotic MCLI1 (70).

It is important to understand the biomarkers associated with the heterogeneity as well as
chemoresistance of TNBC and the plausible ways of effective targeting. BRCA signalling
pathway has been associated with the DNA repair in the normal cellular functioning and this
gene has been noted for its mutation in TNBC while being responsible for resistance to DNA
damaging chemotherapeutic and metastasis. Drugs mediated inhibition of PARP1 (constituent
of downstream-signalling leading to DNA damage) may help in reducing the tumor load and
drug-resistance reversal (for taxanes and anthracyclines) (71). Further, the overexpression of
receptor proteins like EGFR and VEGFR have been implicated in the growth, invasion, spread
and the angiogenesis of TNBC (72). Interestingly, drugs targeted against these surface proteins
have been able to only improve the PFS with no effect on pCR and OS. Similarly, the inhibition
of LAR protein improves tumor regression and prevents TNBC metastasis (73). Immune-
resistance in TNBC has been proved to be conferred by upregulation of transmembrane protein
PDI1 (programmed cell-death 1) and its ligand (PDL1) by the malignant cells. Overexpression
of these components have been known for inhibition of apoptosis and conversion of Tefrector-to-
Treg cells as well as increased cellular death of Tefrector cells. Consequently, drugs targeted
against PD-1, PDL1 and CTLA-4 showing modest statistically significant changes in PFS, have
been included in the combinatorial therapeutic regimens in TNBC (74). Additionally, treatment
failures of conventional anticancer agents, MDR, disease relapse, proliferation and metastasis
in TNBC has been attributed to the presence of quiescent as well as proliferative breast CSC

(BCSC) (75). The heterogenous regulation with genetic/epigentic alterations has been shown
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to generate niche colonies of BCSC with surface overexpression of CD44/CD24, STAT3 and
ALDHI. These proteins and BCSC have been shown to be responsible for the treatment failure
of BL1/BL2 subtype TNBC (76). Further, the TNBC MDR has been affected by presence of
multiple tumor microenvironment (TME) factors such as CAF (cancer-associated fibroblasts),
TAM (tumor-associated macrophages), mesenchymal stromal cells (MSC) and extracellular
matrix (ECM) (77). BCSC secretion of cytokines like IL6/IL8 and CXCL12/CXCL7 has
potentiated the MDR. CAF signalling has been found to activate STATI/NOTCH3 and
immune cells leading to reduced drug uptake in neoplasms. MSC immunomodulation through
PI3K/Akt and proto-oncogene Src enhances the MDR of TNBC to platins and taxanes.
Overexpression of Tenascin C in ECM has been shown to upregulate the Wnt/NOTCH
mediated signal transduction leading to stabilization of BCSC and improved MDR (78).
Similar to NSCLC, MDR in TNBC has been further upregulated by the overexpression of genes
encoding the efflux proteins like Pgp/MDRI1 (ABCBI1), MRP1 and breast cancer-resistant
protein (BCRP). These three protein families have been implicated with the MDR of
anthracyclines and DNA-damaging agents (79). Notably, research in TNBC MDR suggests the
presence of interrelationship between ABC eftlux proteins, induction of EMT and stabilization
of quiescent BCSC. EMT mediated through TWIST/SNAIL/FOXC2 has been shown to
improve the immune-resistance, stemness, quiescence and drug resistance in TNBC (80).
Further, the tumor reprogramming of these neoplasms with subsequent proliferation, metastais
as well as MDR have been modulated by the altered transcription of genes of cellular HIF-1
(hypoxia-inducible factor), ROS and ALDH (81).

The mutation/downregulation of apoptosis regulatory genes such as p53, SNAIL have resulted
in EMT resulting in ZEBI/CHK1 mediated reduced efficiency of DNA damaging agents
against the BCSC and treatment failures. Consequently, it is important to identify and target
BCSC specific molecular proteins to improve the therapeutic efficacy of the current
chemotherapeutic regimens (82). Targeting of CSC signalling pathways associated with MDR
TNBC such as Hedgehog, Src tyrosine kinase, NOTCH and Wnt are being explored clinically
to improve ensure improved regression and removal of stem cell-niche (83). Further,
modulation of oncogenetic/epigenetic targets such as ERK, CDK4, GAS6, IGF-1R, BMP4/
BMP7, KRAS and TGF-2 associated with BCSC quiescence, metabolism, proliferation and

resistance have been explored for reduction of chemoresistance as well as improved BCSC cell
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death (84). The cross talk between upregulated autophagic proteins (BECLIN1, ATG4), EMT,
TME as well as cellular chromosomal stability has further enhanced the survival of BCSC cells

and their inhibitors are being explored clinically for better efficacy (85).

A paradigm shift in landscape of NSCLC and TNBC treatment has been observed with the
identification of novel disease targets and chemotherapeutics having single/multitargeting
capabilities. Although, these newer agents have been added to conventional combination
chemotherapy, the unmet need for effective controlled delivery of these agents to tumor sites
having temporospatial presence and reduced toxicity profiles has remained unsolved (86).
These necessitate the need of delivery of therapeutic agents through nanocarrier systems to

lacunae of action (26).

2.4 Nanocarrier alternatives to conventional therapy

Nanocarrier based drug delivery has been synonymous with the treatment of cancer and has
been widely explored for the amelioration of the various unmet clinical needs associated with
each of the neoplasms. The effective translation of the conventional combination drug therapy
having enhanced PK-PD profiles with spatial and temporal presence at tumor site may be
achieved using nanocarrier based delivery of the agents (87). Importantly, the controlled
delivery of the drugs during transit to the tumor cells and within the tumor cells needs to be
ascertained for desirable therapeutic outcomes post systemic administration. The use of
nanocarriers for the delivery of anticancer agents may invariably exhibit increased the
circulation half-life along with bioavailability leading to more effective presentation of the
drugs at the intended sites of action. PEGylation based surface modulation of these nanocarriers
has presented the controlled delivery of therapeutics with stealth mediated passive targeting
opportunities to the tumor cells with reduced systemic exposure to the normal tissues. Various
biodegradable as well as biocompatible lipid and polymer based passively targeted
nanoparticulate formulations have been tested preclinically and clinically as part of the
combination therapies. Based on the controlled release, improved safety and efficacy profiles,
a plethora of nanosized drug delivery vehicles have replaced the naive drugs as a part of the

established conventional therapeutic against various solid tumors (88). Clinically, these nano-
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formulations have been tested for delivery of chemotherapeutics providing altered PK-PD
profiles resulting in EPR (enhanced permeation and retention) mediated specific controlled
drug delivery to the desired loci of action with reduced dose and toxicity profiles (89).
Pegylated liposomal Doxorubicin (Doxil™, Lipodox™), and nanoparticulate albumin-based
paclitaxel therapeutic (Abraxane™) have been clinically used as a component of established
combination chemotherapies against TNBC and NSCLC in place of the conventional drug
solutions. The various polymeric and lipidic nano-formulation approaches against TNBC and
NSCLC are presented in Figure 6. Additionally, stimuli sensitized (thermal/magnetic) and
surface engineering of the nanocarriers for active targeting to overexpressed surface receptors
or proteins specifically associated with these tumor may help in site specific drug delivery (90)
(91, 92). Such approaches may help in site specific actions against the pulmonary epithelium
(NSCLC) and epithelial-mesenchymal transition (TNBC) which has been associated with the
poor clinical outcomes in these diseases (93). Tailored fabrication of nanocarriers to exploit
the conditions of tumor microenvironment such as pH, redox potential, proteins, internalization
mechamisms among others may be utilized for improving the therapeutic outcomes with
reduced toxicity. Importantly, as opposed to the use of naive drugs. nanocarrier based delivery
of therapeutics may help in the suppression of the NSCLC and TNBC associated oncogenes
(94).
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Figure 6: The lipid and polymer based nanocarrier approaches against NSCLC and TNBC
(Adapted with permission from (12)).

2.5 Conventional nanocarriers

Conventional nanocarriers may be referred to as polymeric and lipidic constructs intended for
controlled delivery of hydrophilic, hydrophobic or amphiphilic drugs with particle size tuned
to less than 200 nm and surface properties modulated according to the physiological conditions
at the intended site. These physicochemical modifications enable the attainment of the desired
PK-PD profile of therapeutic agents targeted to tumor sites besides evading the components of
reticulo-endothelial system (RES) post systemic administration. Such targeting to tumor cells
has often being achieved using passive or active means (95). Passive targeting of nanocarriers
mediated through the diffusion mediated cellular transport have been primarily affected by the
physiological conditions of the tumor (96). The growth of neoplasms has been reported to be

associated with deficient lymphatic drainage and enhanced vasculature leading to enhanced
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permeation and retention (EPR) of the nanocarriers into the tumor cells (97).
Neovascularization of newer cancer cells may lead to differences of angiogenic regulators and
matrix metalloproteinases generating tumor vessels that are enlarged and expands the gap
junctions in endothelial cells and deficiency in lymphatic drainage (98). Cancerous tissues have
been categorised by rapid cell proliferation, enhanced levels of pro-angiogenic growth factors,
active neovascularisation and excessive deposition of ECM. Hypoperfusion along with
insufficient levels of oxygen and nutrients during neovascularisation stage leads to alteration
of TME and may lead to metastasis (99). Traditionally, prototype nanocarrier systems like
liposomes, polymeric nanoparticles among others have often being developed to utilize the
EPR for improving the risk to benefit ratio of efficacy to toxicity. However, significant clinical
intrasubject and inter-subject EPR variability has been observed due to heterogeneity in TMEs
leading to reduced efficacy (98). Further, the pre-clinical to clinical translational potential of
the EPR mediated passive targeting of nanocarriers are affected physiological conditions such
as tumor-stromal ratio, degree of perfusion, stromal architecture (dysplastic as observed in both
TNBC and NSCLC), vascular architecture, efficiency of lymphatic drainage, level of vasogenic
permeability affecting factors (eg. cytokines, VEGF among others) and vascular obstructions
offered by resident fibroblasts/pericytes (95). It is important to note that clinical effectiveness
of EPR mediated passive uptake have often being affected by the combination of the
aforementioned factors and such uptake has been debated widely in case of both these cancers
(100). The lack of therapeutic effectiveness of passive targeted nanocarriers are further affected
by the pathophysiology of the lung tissue and inherent stripping of such drug delivery prior to
reaching their intended sites of application (101). Active targeting of the nanocarriers via
receptor mediated-transport can be achieved by functionalization/decoration with specific
targeting moieties i.e. receptor ligands, monoclonal antibodies, Fab’ fragments,
peptide/aptamer functionalization, etc. for tumor cell thus facilitates site-specific delivery of
the cytotoxic agent within the tumor microenvironment, decreases the undesirable side effects
and distribution to the non-target tissues (102, 103). These targeting moieties have a greater
affinity for these specific targets (cancer cells, TME) and accumulate there. Basically, this
active targeting approach has specific requirements such as higher level of overexpressed
receptors in the TME compared to normal tissue, targeting can be easily accessible by

nanocarriers (target surface receptors), expression levels of overexpressed receptors should be
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linked with the malignant behaviors (drug resistance or aggressiveness) and efficient

uptake/endocytosis of nanocarriers into the cancer cells, etc. (104, 105).

2.5.1 Passive targeted nanocarriers in NSCLC and TNBC

Taxanes, platins and anthracycline based combination regimens have often been identified as
first line of chemotherapy in NSCLC and TNBC. However, the delivery of these agents in form
of drug solutions have been associated with high toxicity and poor quality of life for the patients
(106). Lipid-based nanocarriers with their intrinsic capabilities of high loading capacity,
thermal stability, reduced adverse effects, drug resistance and increased drug accumulation at
tumor site (107). The alleviation of the toxicities has often been achieved using nanocarrier
based passive targeted delivery of these potent therapeutics. The high affinity of doxorubicin
towards cardiac phospholipid cardiolipin has been associated with specific accumulation in
mitochondria, disruption of components of electron transport chain and subsequent irreversible
cardiomyopathy (108). Surface coating of lipid and polymer surface with polyethylene glycol
(PEG) has resulted in the increased blood circulation time while presenting reduced uptake by
the components of the reticulo-endothelial system. These second-generation stealth
nanocarriers present suitable opportunities for delivery of various therapeutic agents to desired
targets with the modulation of the surface charge, hydrodynamic diameter and the fixed
aqueous layer thickness for EPR mediated uptake and reduced toxicity (109). PEGylated
liposomal Doxorubicin (Doxil™, Lipodox™) has presented controlled delivery of the drug,
reduced toxicity and similar efficacy to the drug solution (Adriamycin™) when tested clinically
in NSCLC and TNBC. Importantly, the nanocarrier has replaced the drug solution in the
established drug regimens and has been widely tested in clinical studies as a part of
combination therapy. However, the use of PEGylated nanocarriers has been associated
clinically with palmar-plantar erythrodysesthesia (PPE), complement activation related
pseudoallergy (CARPA) and accelerated blood clearence (ABC) (110, 111). The non-
Pegylated liposome, Myocet liposomal™ has been approved for use along with
cyclophosphamide or vinorelbine in metastatic breast cancer forms including TNBC (96). The
carrier free paclitaxel solution (Taxol™) containing Cremophor EL has been approved for use
in combination therapy against TNBC and NSCLC. However, this microtubule stabilizing

agent which inhibits the growth of neoplastic endothelium, in the solution form has been
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associated with non-linear pharmacokinetics, severe neurotoxicity, hyperlipidemia and
hypersensitivity reactions (112). Lipid based paclitaxel nano-formulations such as LEP-ETU™
(cationic nanosome of 150 nm size), EndoTAG™-1 (vascular targeting cationic lipid
encapsulated paclitaxel), Lipusu™ and stealth liposomal paclitaxel have been tested in-vivo
and clinically (113, 114). These lipidic nanocarriers have presented reduced drug resistance,
side effects with significantly improved efficacy against both these diseases as compared to the
conventional paclitaxel solution (115, 116). Topotecan solution in chemotherapeutic
combinations for both these cancers have presented hematological toxicities when used at
maximal tolerated dose (117). Metronomic chemotherapy in low doses and surface engineering
with PEGylation of liposomal topotecan have exhibited significantly improved properties of
tumor uptake, efficacy with desired pharmacokinetics and reduced toxicity when tested in-vitro

as well in-vivo (118, 119).

Further, delivery of chemotherapeutic agents using lipidic carriers have been often associated
with improved efficacy at reduced drug concentrations. Liposomal delivery of Cisplatin
(Lipoplatin™) has exhibited improved clinical characteristics of partial response (PR), reduced
progressive disease (PD) and adverse effects as compared to cisplatin (120). Clinically used
liposomal irinotecan (Onivyde™) presented 4.9-fold increase in median survival time at a 5-
fold reduced concentration as compared to free irinotecan in orthotropic model of advanced
metastatic in female SCID mice (121). Similarly liposomal delivery of vinorelbine
(Alocrest™), has been evaluated preclinically and clinically comparative efficacy against
NSCLC and TNBC (122). Additionally, stimuli sensitive lipid carriers have been tested for the
passive targeting of therapeutics to NSCLC and TNBC tumor micrometastasis (123).
Themosensitive long circulating liposome (ThermoDOXT™) has been investigated for the
delivery of Doxorubicin to tumors in response to heat (>40°C) mediated through
radiofrequency thermal ablation (RFA) have exhibited encouraging results in preclinical setup
(124). Despite being associated with improved overall survival in the clinical set up, the
thermosensitive liposomes have presented promising yet variable results associated with the

metastasis and clinical study design (125).

Natural, semi-synthetic or synthetic polymers have often been used for the development of

polymeric nanoparticles (nanocapsules or nanospheres) or drug-polymer conjugates (126).
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Similar to the lipidic nanocarriers, the polymeric nanoformulations have presented exciting
opportunities for controlled delivery of chemotherapeutic agents associated with improved
plasma circulation, reduction of RES induced opsonization and dose induced side effects (127).
Poly(lactic-co-glycolic acid) (PLGA) based nanoconstructs have been widely evaluated for the
controlled delivery of paclitaxel, cisplatin, doxorubicin, campothecins in both NSCLC and
TNBC. These formulations have presented increased passive targeting mediated improved
efficacy as compared to the free drug solutions in case of TNBC and NSCLC (128). The
toxicity associated with solvent based paclitaxel formulation, has been further circumvented
by the development of the drug albumin-bound nanoparticles (Abraxane™) (102). This
polymeric formulation utilizes the reversible human albumin binding properties of the drug
before administration and during systemic transit leading to the transport across cellular
endothelium and high concentration in tumor. This preferential transcytosis into tumor cells is
mediated by glycoprotein-60 with increased tumoral accumulation due to specific albumin
binding to surface SPARC (Secreted Protein Acidic Rich in Cysteine) protein and helps in
reduction of paclitaxel resistance (129). This paclitaxel nanocarrier has been clinically used as
a part of various combination therapies against NSCLC as well as TNBC and has presented
significant improvement in terms of PK-PD profile, response rates, progression free survival,
overall survival with reduced reversible toxicity profiles as compared to the free drug (130).
Poly-ion complex (PIC) micelle may be designed to incorporate negatively charged molecule
by electrostatic interaction with positively charged block copolymers and may be used for
reducing the dose dependent toxicity. Genexol™, the polymeric micelle of monomethoxy poly
(ethylene glycol)-block-poly(D,L-lactide) (mPEG-PDLLA) loaded with paclitaxel exhibited
much lower toxicity with very high maximal tolerated dose. The polymeric formulation when
tested pre-clinically showed significantly improved efficacy and reduced toxicity in NSCLC
and TNBC as compared to Taxol™. This paclitaxel formulation has been approved for use in
NSCLC and being tested clinically for TNBC (131). Further, biodegradable and biocompatible
polyester-polyether block copolymers may be used for the controlled delivery of the
hydrophilic as well as hydrophobic drugs with improved efficacy, reduction of drug resistance
and toxicity (132). PEGylated polycaprolactone copolymer-based delivery of campothecin
have provided improved stability of the drug in the plasma and presented improved efficacy as

compared to naive drug in NSCLC (133). Triblock co-polymer PCL-PEG-PCL based
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paclitaxel formulation presented for the chrono-modulated circadian release of the drug with
significantly lower toxicity and improved tumor regression than free drug injection when tested

in A549 based Balb/c mice (Figure 7) (134).

Further, nanoconstructs using polymer-drug conjugates have been tested for overcoming drug
resistance and improved efficacy in NSCLC and TNBC (135). These composites present
intrinsic ability to form self-assembled nanocarriers while presenting the opportunities for
tumor microenvironment-based drug release. The pH, hypoxia and enzyme dependent
degradation of high molecular weight polymeric chains to low molecular weight components
inside the tumor cells resulted in the drug release with reduced systemic side effects (136).
Paclitaxel conjugated with N-(2-hydroxypropyl methyl) acrylamide presented significantly
improved drug uptake and residence in the tumor cells while presenting improved tumor cell

killing and induction of apoptosis when tested in 4T1 murine tumor model (137).
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Inhibition of tumor growth (%) of injection and nanoparticles (level of significance: *P<0.05,

*#P<0.01) (The figures have been reproduced with permission (134)).

N-(2-hydroxypropyl methyl) acrylamide conjugated doxorubicin exhibited increased apoptosis
and significantly improved tumoricidal activity in 4T1 TNBC mice model on intravenous
delivery (138). Similarly, doxorubicin conjugated with Polyethylene glycol-Beta-cyclodextrin,
poly(oligoethylene glycol acrylate) and N-(1,3-dihydroxypropan-2-yl) methacrylamide have
presented improved circulation time, enhanced tumor accumulation, improved anti-angiogenic
profile, reduction in tumor growth and metastasis in 4T1 TNBC animal models as compared to
the free drug solution (139-141). Systemic administration of the PEGylated Poly (B-L-malic
acid)-Trastuzumab conjugate presented enhanced tumor inhibition as compared to free

trastuzumab in-vivo in TNBC model (142).

In addition to the delivery of the drug substances, lipid and polymeric nanocarriers have been
tested for the delivery of the active drug metabolites. Lipidic and polymeric nanocarriers
encapsulated with highly toxic and active metabolite of irinotecan, 7-ethyl-10-hydroxy-
camptothecin (SN-38) have been tested in-vivo against TNBC. Serum albumin loaded
nanoparticles and palmitate conjugated SN-38 prodrug loaded PEGylated liposomes have
exhibited improved half-life, enhanced cytotoxic potential with modulated PK-PD profile,

reduced haemolysis and toxicity as compared to free SN-38 as well as irinotecan (143-145).

The clinical status of the various tested lipid and polymer based nanocarriers are highlighted
in Table 3. Passive targeted nanocarriers have presented promising in-vivo and clinical results
by replacing the carrier free drug solutions in the combination chemotherapy. However, one of
the major issues with treatment failures of these two aggressive tumors are the need of
specificity of the targets associated with the tumor heterogeneity and drug resistance (146).
The specific targeting of the overexpressed surface proteins on these tumor cells may be

achieved using the active targeting of the surface engineered nanocarriers (147).
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2.5.2 Active targeting nanocarriers in TNBC and NSCLC

The etiology of TNBC and NSCLC indicates the presence of various overexpressed/mutated
surface and genetic biomarkers which may be targeted for the efficient delivery of the
therapeutics. Ligand conjugated nanocarriers targeted against the surface overexpressed
receptors on TNBC and NSCLC have been explored for the receptor-mediated site-specific
endocytosis of the chemotherapeutic agents. TNBC has been characterized as HER2 negative,
progesterone receptor-negative, and estrogen receptor-negative aggressive type of breast
cancer with reduced responsiveness to chemotherapeutics (30). Several novel neoplasm
specific receptor targets have been identified for active targeting of nanocarriers in TNBC such
as EGFR, VEGF receptor, Folate receptor, BRCA1/2 mutation, FGFR, Androgen receptor,
CD-44, and C-X-C chemokine receptor type 4 (CXCR4) amongst others (148, 149). EBP-1
(EGFR-binding peptide 1; sequence: KDKEFVVWEYGC), having high affinity and
specificity for EGFR receptor was conjugated to poly(amidoamine)-doxorubicin dendrimer
and was further conjugated to cell-penetrating peptide. This multifunctional nanocarrier
demonstrated a significantly enhanced anti-proliferation effect in human breast cancer cell line
(MDA-MB-231). Furthermore, superior anti-tumor efficacy and prolonged survival time were
observed in BALB/c xenografts (bearing MDA-MB-231 cells) with this functionalized
nanocarrier (150). Fibronectin-mimicking peptide PR b coated PEGylated liposomal
doxorubicin were targeted against surface overexpressed integrin a5f1 on MDA-MB 231 cells.
The formulation resulted in significantly improved cellular uptake, tumor regression and

reduced toxicity in animal model as compared to free drug and non-targeted liposome (151).

Interestingly, the folate receptor is also known to be 50-86 % expressed in metastatic TNBC
patients. Recently, Hassan and co-workers have formulated folate targeted human serum
albumin NPs loaded with Artemether via the desolvation method (152). Furthermore, folate
conjugated NPs demonstrated higher in-vitro cytotoxicity and enhanced cellular uptake
compared to non-targeted NPs in MDA-MB-231 breast cancer cells. Besides, the novel PARP
poly(ADP-ribose) polymerase inhibitors such as Olaparib, Talazoparib, Veliparib, etc.
represents a promising treatment approach in TNBC with BRCA mutations (30). Corsi and co-
workers have formulated nano-liposomes loaded with Talazoparib via nanoprecipitation by

using NanoAssemblr Benchtop (153). The developed nanocarriers have demonstrated a
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significant increase in the survival rate of BRCA-deficient mice along with enhanced anti-
tumor effect and cellular uptake. Similarly, CD44 receptors are also overexpressed in the
TNBC for example, 80-90% TNBC cell lines are CD44 +ve, offer alternative targeting
approach in the TNBC (154). Hyaluronic acid (HA) has high affinity for CD44 receptors and
had been widely investigated polymer for CD44 targeting (155-158). Recently, Qin and co-
workers have formulated Doxorubicin loaded hybrid micelles functionalized with HA for
CD44 receptor targeting in TNBC cell lines (159). These HA modified hybrid micelles
demonstrated multiple anti-metastatic effects via the downregulation of MMP-9 and inhibition
of platelet adhesion. Apart from these receptors, Wu and co-workers have formulated novel
dual-targeting liposomes having active recognition of both overexpressed avp3 and GLUT;s
targets. (160). They functionalized liposomes by using fructose and RGD peptide molecules
for specific targeting to GLUTs and ayf3 respectively. Notably, more than 90 % fructose is
transported by these hexose transporters; more specifically by GLUTS5 transporters whereas
awvP3 integrin receptors can easily recognize RGD peptides (161, 162). Additionally, these dual-
targeted liposomes exhibited enhanced anti-proliferation effect along with increased cellular

uptake and anti-tumor efficacy.

The cell cycle transcription regulator Forkhead Box M1 (FoxM1) controlling the cellular
transitions of G1S / G2M have been found to be overexpressed in metastatic TNBC and NSCLC
besides being contributing to the neoplastic progression (163). FOXMI1 targeted siRNA lipid
nanoparticles when tested in MDA-MB 231 xenograft model in nude mice exhibited the
downregulation of transcriptional expression and subsequent tumor load regression. In-vitro
mechanistic evaluation indicated the reduced neoplastic reduction was associated with
downstream inhibition of cyclin D1 and Src (Y416)/Erk activation (164). Further, targeting of
the overexpressed cyclin and casein dependent kinases CDK 11/ CK2 implicated with enhanced
cellular proliferation, metastasis, suppression of apoptosis, downstream transcription and
protein synthesis in TNBC have been tested (165). Tenfigben coated polyamine micellar
formulation co-encapsulated with siRNAs targeting CDK11/ CK2 was tested in TNBC tumor
model in mice. The protein coating was targeted against the stromal cells associated with
TNBC neoplasm and the formulation presented significant reduction of primary tumors (166).

Overexpression of oncoprotein Myc has been associated with metastasis and drug resistance in
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TNBC (167). PEGylated PLA cationic lipid hybrid nanoparticles loaded with siRNA against
CDK-1 exhibited improved apoptosis, significantly reduced cellular viability, tumor load, and
decreased Myc expression in TNBC animal model (168). Alterations in the normal
physiological EMT have been implicated in the drug resistance, neoplastic-microenvironment
remodelling, increased metastasis and immunogenicity of the neoplasms in TNBC (169).
Modulators of EMT such as TWIST, Zeb as well as Snail have been targeted for improved
efficacy in TNBC. Arginine coated amphiphilic dendrimer loaded with siRNA were targeted
against TWIST in SUM1315 cell line. This targeted delivery resulted in significant reduction
in the TWIST expression, N-cadherin/vimentin EMT markers and neoplastic invasive
migration. The delivery of this formulation resulted in preferential uptake in the tumor cells as
compared to normal cells (170). EMT mediated remodelling of microenvironment associated
with B3 integrin and downstream TGF- (transforming growth factor) have been targeted in
TNBC (171). Prolonged in-vitro gene silencing of B3 integrin and reduced cellular proliferation
was achieved using lipidic siRNA carrier ECO (172). Further, active targeting and enhanced
tumor uptake was achieved by surface functionalization with RGD peptide and PEGylation of
the lipid carrier in MDA-MB 231 tumors in nude mice. Such presentation significantly
decreased the expression of B3 integrin, tumor regression, angiogenesis and metastasis as

compared to control group (173).

Drug delivery targeted against neoplastic surface overexpressed proteins such as EGFR,
mTOR, VEGFR, FGFR1, HGF, ALK, BRAF, PI3K, DDR2, PLK-1, RET and ROS
rearrangements, P53 gene and KRAS mutations have been explored for improvements in
therapeutic efficacy in NSCLC. Among these targets, EGFR, and KRAS mutations are most
frequently observed and have been investigated to improve the anti-tumor and cytotoxic effect
of targeted nanocarriers in NSCLC. Multifunctional nanocomplexes prepared by co-
incorporating erlotinib, survivin shRNA expressing plasmid and Cy7 (near-infrared
heptamethine cyanine dye) demonstrated dual stimuli responsiveness (near-infrared and pH)
on in-vivo testing. Such treatment showed synergistic photosensitization and downregulation
of survivin expressions together with improved anti-tumor efficacy of nanocomplexes against
Erlotinib sensitive/resistant EGFR-mutated PC-9 cells (174). Similarly, Moataz and co-

workers formulated dual-targeted nanoparticles loaded with cetuximab and siRNA for specific
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targeting to PLK-1 and EGFR (175). Notably, PLK-1 plays an important role in mitotic
regulation and is found to be overexpressed in a variety of cancers including NSCLC. The
formulation showed substantial inhibition of overexpressed PLK-1, which may lead to G2/M
cell cycle arrest along with apoptotic death of cells and specifically targets EGFR receptors.
Moreover, the inhibition of PLK-1 also results in improved radiation sensitivity in A-549 flank
tumors. Surface engineering with cell penetrating peptides present suitable opportunities for
enhanced active transport of therapeutics across the cell membranes in NSCLC and TNBC.
These have been evaluated for improving the efficacy and tumoral uptake of liposomal
doxorubicin against NSCLC. Octa-arginine modification of pegylated carrier improved
accumulation in A549 cells, increased levels of caspase3/7, apoptosis and subsequent tumor
regression in A549 xenograft model in nude mice when compared with the non-targeted
nanoliposome (Figure 8) (90). As discussed earlier, KRAS mutations have been found to be
overexpressed in NSCLC (approximately 27%) at codons 12 and 13. KRAS as a member of
the RAS family that encodes a GTPase, the regulator of fundamental cell processes (176).
Merkel and co-workers have demonstrated an active targeting approach by formulating bovine
serum albumin NPs encapsulating siRNA having target specificity towards KRAS G12S
mutation. These NPs showed 85% entrapment efficiency of siRNA and 13.4 % loading
efficiency by NPs having particle size and zeta potential of 132 nm and -20.5 mV respectively
(177). Furthermore, the NPs showed a significant reduction in migratory ability (53% with
siIKRAS G128 and 47% with siKRAS) compared to control cells along with target-specific
knockdown of KRAS by NPs. Apart from these, recently Zhong and co-workers have
formulated novel as3f; integrin receptor-targeted Docetaxel loaded polymersomes
functionalized with cyclic cNGQGEQc peptide for receptor-specific targeting (Figure 9) (178).
These polymersomes carry 8.1 wt % Docetaxel and have an average diameter of 93 nm.
Moreover, these polymersomes have demonstrated increased in-vitro cytotoxicity and high
tolerability (8 times higher than free drug) along with significant tumor accumulation (14
times) and anti-tumor efficacy in A-549 xenografts. The various tested active targeted

approaches against TNBC and NSCLC are presented in Table 4.
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Figure 8: Comparative evaluation of in-vivo efficacy of octa-arginine modified pegylated
liposomal doxorubicin against unmodified liposome: (A) tumor volume and tumor weight, (B)
apoptosis assay, (C) Caspase 3/7 assay as indicator of apoptosis. (The figures have been
reproduced with permission (90))
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Figure 9: Evaluation of the anti-tumor effect of cyclic peptide conjugated polymerosome
loaded docetaxel in A549 tumor in mice (dose 10 mg/Kg administered on days: 0,4,8,12). (A)
change in tumor volume with time (B) Mean values of tumor inhibition of the treatments (C)
Changes in bodyweight (D) Survival curves with treatments (Kaplan—Meier curves) (Adapted
with permission from (178). Copyright (2021) American Chemical Society).
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2.5.3 Ongoing clinical studies of conventional nanocarriers in NSCLC and TNBC

The current therapeutic regimen for the treatment of triple negative breast cancer and non-small
cell lung cancer includes the usage of nanocarriers such albumin bound paclitaxel
(Abraxane™) and pegylated liposomal doxorubicin (Doxil™). Traditionally, these
nanocarriers have been evaluated against established treatment regimens replacing the drug
solutions with the nanocarrier based drug delivery based on improved efficacy and reduced
toxicity associated with carrier free treatments (207). Abraxane™ (Celgene Corp. USA)
replaced Taxol™ (Bristol-Myers Squibb, USA) for treatment of advanced NSCLC in the
clinical combination of paclitaxel and carboplatin based on the improved overall response,
progression free survival (10% improvement in both), patient compliance and reduced
neuropathy (208). Similarly, pegylated liposomal doxorubin (Doxil®) was approved as
monotherapy for metastatic breast cancer due to reduced toxicity profile of the nanocarrier in
place of drug solution (209). Holistically, newer clinical trials for the improvement in the
treatment efficacy of NSCLC and TNBC have been based on the incorporation of newer agents
in the established nanocarrier based-regimens (Table 5) (13). The anti-programmed death
ligand-1 (PD-L1) antibody, Atezolizumab (Tecentriq™, Roche, Switzerland) was approved as
a treatment option for both NSCLC and TNBC in nab-paclitaxel based regimens in patients
with expression of PD-L1 (210, 211). The median overall survival and median progression free
survival increased 4-fold over the drug treatment regimens without it. However, the use of
Atezolizumab in NSCLC and TNBC treatment therapy has been associated with severe
immune sensitivity against one’s own system leading to life threatening conditions (212). Such
manifestations require a careful evaluation of the risk-to-benefit ratio when considering the
combination therapy for the treatment of these cancers. Currently, nab-paclitaxel as an
interventional treatment is being evaluated with various other therapeutic agents with 149 and
93 clinical trials in NSCLC and TNBC respectively being registered at United states national
library of medicine (www.clincial trial.gov). Similarly, pegylated liposomal doxorubicin is
being tested as combinatorial regimen in 13 and 54 clinical trials in NSCLC and TNBC
respectively. Some of the nanocarrier based clinical evaluation of therapeutic regimens have

been presented in Table 5.
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Chemotherapies activating multiple signalling pathways can lead to different cell death
outcomes. However, a detailed understanding of how the pathways cooperate and interfere is
essential for the design of rationally-based chemotherapeutic combinations. A paradigm shift
in the cancer treatment occurred with the approval of Vyxeos (Duanorubucin and cytarabine
liposome injection, Jazz Pharmaceuticals, USA) for treatment of acute myeloid leukemia
(AML). This combinatorial nanocarrier translated the benefits of synergistic combination
therapy of cytarabine and daunorubicin into more efficient therapeutic outcomes with reduced
toxicity (213). The clinical translation of in-vivo efficacies of ratio-metric potent drug
combinations like irinotecan-cisplatin in NSCLC may elicit similar responses in the solid

tumors (214).
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2.6 Combinatorial nanocarriers
2.6.1 Synergism and MTD for combination therapy

Current chemotherapeutic regimens of NSCLC and TNBC are based on dosage of MTD based
drug concentrations assuming the hypothesis of maximum therapeutic efficacy being achieved
from maximum dosing of individual drugs. However, this hypothesis does not consider the
combined cumulative toxicities which may be presented by the usage of multiple drugs along
with the temporospatial presence of the agents at therapeutically effective concentrations at the
tumor loci (Figure 5) (215). Considering the heterogenic nature of these neoplasms, these
treatments present lesser than perfect options with moderate improvements in efficacy and
additive toxicities. Thus, selection of appropriate chemotherapeutic regimens involves
rationale based integrative approach (216). Such integrative approaches would include the
determination of property (synergism, additive and synergism) and corresponding dose of
treatment for the effective treatment of the disease. This approach is based on the determination
of the combinatorial index between the drugs being used for the treatment of the disease based
on Chou-Talalay method (217). The method determines the combinatorial index (CI) which
presents a correlation between multiple drugs when acting on the tumor cells as discrete entities
and in combination. The CI values quantitatively summarises the effects of the drugs as
synergistic, additive and antagonistic while encompassing the Henderson-Hasselberg,

Scatchard as well as Micahelis-Menton equations (217).

2.6.2 Need of combinatorial nanocarriers

Chemotherapeutic treatment for aggressive solid tumors like NSCLC and TNBC currently
includes non-personalized conventional combination of drugs often acting on multiple cellular
targets leading to improved tumor cell death. The components of such therapies are based on
metastatic, drug resistance and aggressive potential of both carcinomas (95). The current trend
of regulatory drug approvals has focussed on novel therapeutic agents providing improved
control against the barriers to effective management of these diseases. The heterogenicity of
these tumors have shifted the treatment focus to use of multiple agents targeting non-
overlapping mechanisms to effect improved therapeutic effectiveness against disease

progression and relapse (72, 218). The design of effective combination therapies would require
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rationalistic choice of agents acting on disease specific pharmacologic targets being added to
the conventional agents to ensure optimal effect on tumor dynamics (219). However, absence
of antagonistic mechanisms leading to enhanced tumor growth and drug resistance with
additive toxicities need to be ascertained prior to adoption of such combinatorial regimens
(220). Currently, most of the neo-adjuvant and adjuvant therapeutic regimens for NSCLC and
TNBC include the usage of nanoarriers such as Abraxane™ and Doxil™ in combination with
naive agents at their maximum tolerated dose (MTD) levels (148, 221). Since NSCLC and
TNBC conventional therapies are based on specific cell cycle agents, the presentation of drugs
to cell cycle transition phases along with presence of efflux pumps shall be detrimental to the
efficacy of such therapies (106). Further, the non-synchronised pharmacokinetic and
pharmacodynamic profiles of individual agents, result in varied distribution and elimination
leading to non-uniformity in co-delivery at the intended sites. Consequently, novel
combinatorial nanotechnology platforms need to be adopted for synchronized controlled
delivery of therapeutic agents with improved bioavailability (222). Nanocarrier based
combinatorial approaches for multiple agents would include delivery using combination of
single nanocarriers or having the drugs co-loaded in a single nanocarrier. The earlier
nanocarrier combination would require either sequential systemic administration or in a
mixture depending on the components used. Although, this approach enables the clinician with
patient dosing flexibilities, the simultaneous co-presence of both the carriers at the tumor site
cannot be ascertained (223). This approach diminishes the nanocarrier based therapeutic
opportunity of optimum synergism of drug combination while presenting with increased
immunological potential (89). Thus, presentation of potential combinations (drug-drug, drug-
gene) co-encapsulated in a nanocarrier may ensure controlled synergistic co-delivery of these
combinations to tumor cells with improved efficacy as compared to combination of single

component nanocarriers as well as free drug cocktail (Figure 10) (12).
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Figure 10: The need and potential advantages of combinatorial nanocarriers over single
nanocarriers as well as free drug cocktail for chemotherapy in clinic. The use of ratiomimetic
dose of synergistic combination of drugs through nanocarriers results in co-ordinated PK-PD
profiles of the agents to site of action with reduced toxicity (A). Combinatorial nanocarriers on
intravenous administration presents synergistic temporospatial presence of agents at tumor site
resulting in improved chances of effective treatment (B). (The figures have been reproduced
with permission (215)).

2.6.3 Dual Drug Combination nanocarriers

Delivery of the combinatorial nanocarriers encompassing multiple agents present suitable
opportunities for the delivery of therapeutics targeting multiple pathways to provide more
efficient tumor cell killing. Importantly, the combination of such chemotherapeutic agents may

be achieved by locking the combination in suitable nanocarriers for passive or active targeted
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delivery. These combinations may be comprised of two therapeutic agents or adjuvants

improving the therapeutic efficacy of the active chemotherapeutic.

One rationalistic approach for efficient delivery of active drug-drug combinations involves the
determination of the synergism between two agents for improving the antitumor efficacy and
providing a better control over the disease conditions. Ratiometric evaluation of the potent drug
combination of irinotecan and cisplatin was carried out in-vitro in cell lines of TNBC and
NSCLC. The combination presented potential synergistic ratios in both carcinomas. The
synergistic molar ratio of irinotecan:cisplatin (7:1) was co-loaded in negatively charged low
cholesterol liposomes using the COMBIPLEX™ platform and evaluated at maximum tolerated
dose in human NSCLC cell line H460 xenograft model in nude CD-1 mice in comparison with
the free drug cocktail (Q4DX schedule). The results indicated significant improvement in
tumor regression and disease progression with the ratio being maintained for atleast 24 hours

in plasma (214).

Reports suggest significant role of microtubule destabilizing agents as potential mitotic cell
cycle arresting agents indicated in both TNBC and NSCLC potentiating the action of non-cell
cycle specific anthracyclines. The drug combination of Doxorubicin hydrochloride (DOX) and
Vincristine sulphate (VCR) acting on multiple targets during different cell cycle phases present
improved chances of reduction in tumor cell load and have been indicated in combination
together in low doses for these cancers (224). While DOX arrests the cell cycle majorly at
G2/M phases, VCR has been reported as mitotic inhibitor of the cell cycle. Additionally,
patients suffering from TNBC have shown clinically favourable secondary prognostic factor
for NSCLC development. The synergistic co-delivery of vincristine with doxorubicin in
PEGylated liposome, improved the efficacy of the clinical standard liposomal doxorubicin
when tested against A549 and MDA-MB 231 models in female nude athymic mice (Figure 11).
The prepared nanocarrier presented improved cellular uptake, apoptotic potential while having
physico-chemical and biochemical properties, tissue distribution and pharmacokinetic profiles

similar to the approved liposomal formulation (224, 225).
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Figure 11: Synergistic combination of Doxorubicin and Vincristine co-loaded in single
liposome: (A) Acute toxicity at various concentrations (B) Tumor regression against MDA-
MB 231 (TNBC); Tumor regression study against A549 (NSCLC). (The figures have been
reproduced with permission (225)).

Radiotherapy with combination chemotherapy indicated for advanced NSCLC has often been
associated with localized recurrence and reduced overall survival. The co-delivery of cisplatin
and paclitaxel with radiotherapy was attempted using PEGylated PLGA nanoparticles for
improving the therapeutic efficacy with reduced toxicity to normal tissues. The dual drug
nanocarrier with radiotherapy presented significantly improved tumor regression as compared
to free drug combination, combination of single drug nanocarriers when tested in H460 tumor
model in female athymic mice (226). Active targeting of the overexpressed integrin a3 on
tumor cells of TNBC may be achieved by surface engineering nanocarriers with the peptides
to ensure enhanced cellular uptake. The synergistic active codelivery of doxorubicin and
rapamycin was attempted using cyclic octapeptide conjugated liposomes. The formulation
presented significantly enhanced tumor cell uptake, regression with preferential distribution to
the neoplastic cells as compared to the drug solutions and non-targeted liposomal delivery.

Presentation of rapamycin in such targeted nanocarrier enhanced the inhibition of HIF-1a
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protein. The overexpression of this protein has been associated with increased angiogenesis,

drug resistance, neoplastic growth and delayed prognosis (227).

The active therapeutic agents have often been combined with adjuvant drugs for overcoming
the drug resistance in NSCLC and TNBC. The delivery of these drug combinations may be
facilitated using passive or active targeted nanocarriers and have been explored for
improvement in the efficacy of established therapeutic regimens. Polymeric metformin was co-
encapsulated with cisplatin polyglutamic acid complex in self-assembled cationic DOTAP
liposome. This nanocarrier presented significantly enhanced tumor accumulation, apoptosis
and regression without nephrotoxicity as compared to free cisplatin when tested in H460 tumor
model in female nude athymic mice. Mechanistically the synergistic drug combination was
found to have inhibited mMTOR(mammalian target rapamycin) and AMPKa (activated protein
kinase a) which have been associated with the cisplatin toxicity in NSCLC (228). Similarly,
gemcitabine hyaluronate complex co-loaded with cisplatin-chitosan conjugate in layer-by-
layer nanoparticles were prepared. This self-assembling nanocarrier significantly improved
cytotoxicity in-vitro as well as anti-neoplastic effect in-vivo in H460 BALB/c mice model as

compared to free drug and single drug nanocarrier (229).

Tumor specific targeting may be achieved by surface modulation of the nanocarriers using
ligands against single or multiple surface overexpressed proteins on the surface of these
neoplastic cells (147). The co-delivery of docetaxel and curcumin using folate targeted PLGA
nanoparticles showed improved cytotoxicity in A549 cell line with enhanced anti-tumor
efficacy in C57BL/6 mice bearing S180 cell line as compared to untargeted nanoparticles
(230). The ratio-metric delivery of docetaxel and curcumin was achieved using lipidic
nanocarriers surfaced engineered to target folate receptors in NSCLC. This formulation
presently significantly improved relative bioavailability and tumor regression as compared to
Taxotere®. The presentation of such combination targeted to the overexpressed folate
receptors in NSCLC exhibited improved apoptotic, tumor regression and anti-angiogenic
potential with reduced toxicity as compared to the marketed docetaxel formulation (231).
Doxorubicin co-loaded with astragaloside in folate and octa-arginine (R8) surface moditied
liposome showed improved cellular uptake and tumor targeting. The use of R8 penetrating

peptide and folate receptor provided targeted tumor cell uptake while the use of astragaloside
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reduced the doxorubicin resistance leading to significanly improved the tumor regression in

MDA-MB 231 model in nude mice when compared to the free drug cocktail (182).

Additionally, delivery of synergistic drug/ prodrug combination targeted to tumor
microenvironment may provide site specific delivery of the therapeutic agents while
modulating the conditions associated with the migration and nutrition of tumor cells.
Glutathione and pH sensitive delivery of conjugated prodrug of cisplatin and doxorubicin
loaded in glyceryl monostearate with soya lecithin nanocarrier presented strong synergistic
antitumor efficiency (approximately 80%of tumor reduction as compared to free drug
combination) in A549 model in female BABL/c mice model (232). R8 surface modified
liposomes co-loaded with epirubicin and dihydroartemisinin were prepared for targeting
vasculogenic mimicry (VM) associated with NSCLC neoplasms. R8 engineered liposomes
improved selective accumulation, in-vitro cytotoxicity, destruction of VM channels and
reduction in cellular migration related to A549 cells. This may be mechanistically associated
with the down regulation of transforming growth factor-f 1, matrix metalloproteinase-2, CD144
and hypoxia-inducible factor la. The nanocarrier exhibited significantly improved tumor
regression and reduced metastasis as compared to single drug liposomes and non-surface
modified dual liposomes in A549 model in BALB/c mice (233). Similar results were obtained
when RPV peptide modified epirubicin and dioscin co-loaded liposomes were tested in A549
model in male BALB/c mice in comparison with free drugs, single liposomes and RPV free

dual liposome (figure 12) (234).
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Figure 12: Antitumor efficacy of active targeted RPV peptide modified epirubicin- dioscin
liposome in NSCLC (A) changes in bodyweight (B) Changes in tumor volume (C) Pathological
images of neoplastic tissue (H&E staining) (D) Apoptosis pictographs of tumor cells by
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TUNEL assay (E) Quantitative estimation of apoptotic index (1- control, 2- free drug
epirubicin, 3- free drug epirubicin+dioscin, 4-liposomal epirubicin, 5- dual
(epirubicint+dioscin) liposome, 6- RPV modified dual liposome. Data has been represented as
meanzSD (n=8). [ Adopted with permission from (Open access under Creative Commons
Attribution-NonCommercial-NoDerivs License) (234)]

The use of lipidic-polymeric hybrid nanocarriers provide the combined advantages of both the
delivery systems for improved delivery of the agents to the targeted sites, improved therapeutic
efficacy with minimised toxicity and resistance to therapeutic agents. Active targeting for co-
delivery of drugs to surface EGFR overexpressed in NSCLC may present suitable opportunities
for improvement in tumor specific drug delivery and accumulation (235). PEGylated hybrid
nanocarrier of polylactic acid prepared for the synergistic co-delivery of cisplatin and
doxorubicin showed improved tumor regression and reduced systemic toxicity when tested in
A549 model in male C57BL/6 mice when compared to free drug combination (236). Active
co-delivery of docetaxel and reservatrol through PEGylated stearic acid hybrid nanocarrier to
surface EGFR overexpressed and ROS sensitive NSCLC tumor model was attempted. The
nanocarrier showed improved uptake and cytotoxicity when tested in-vitro in HCC827 and
NCIH2135 cell lines while showing significantly improved synergistic antitumor efficacy in
HCC827 model in BALB/c mice and reduced systemic toxicity when compared to free drug as
well as non-targeted hybrid carrier (237).

The systemic toxicity associated with combination chemotherapy may also be reduced by the
use of drug polymer conjugates. The temporospatial co- delivery of the doxorubicin and
gemcitabine using hyaluronic acid conjugates exhibited improved tumor regression of the 4T
orthotropic TNBC model when compared to free drugs and single conjugated drugs (238). The
combination chemotherapy may be further enhanced using co-delivery of genes along with
drugs. Consequently, presentation of suitable drug combinations in nanocarriers effective
against both these carcinomas may prove to be beneficial in increasing the efficacy, overall
survival rates and improving quality of life of the patients while reducing the toxicity and
associated drug resistance. Further effective combinatorial nanodelivery may further be

achieved by combining drugs with genetic components.
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2.6.4 Drug Gene Combination nanocarriers

The tumor heterogenicity associated with TNBC and NSCLC have often been associated with
the failure in the effective management of these carcinomas. Combinatorial approach of
delivering gene therapeutics with chemotherapeutics may present suitable opportunities in
efficient treatment of both cancers (239). Numerous genetic targets have been identified as
potential targets for gene therapeutics with siRNA, miRNA and dsRNA have been studied
extensively for the gene therapy in various disease including triple negative breast cancer and
non-small cell lung cancer. RNA based carrier delivery has been studied extensively nowadays
due to clear advantage over DNA based carriers. First of all, target location of the RNA delivery
has been only cytoplasm rather than nuclease in DNA delivery system which makes RNA very
efficient for the targeting. Even higher levels of protein transcription have been mediated
through RNA compare to DNA which broads its scope (240). Most importantly incorporation
of RNA molecule in to cells has been obsoleting the host DNA mutation hence gene
amplification or suppression with RNA is safer compare to DNA (241). Currently, amino lipid
loaded paclitaxel nanoparticles have been developed for the entrapment of the P53 gene
mRNA. The developed nanoparticles have possessed mRNA loading efficiency of 88.7 %
along with enhanced loading of paclitaxel ~94% compared to registered paclitaxel advanced
formulations. Improved cytotoxicity has been noticed for the developed combinatorial
nanoparticles in MTT essay. Even results of In-vivo tumor inhibition study has been suggested
less tumor volume in miRNA loaded nanoparticles compare to paclitaxel nanoparticles (242).
Similarly, lipid nanoparticles have developed for the successtul entrapment of siRNA targeting
polo-like kinase 1(PLK 1) gene which is responsible for the neoplastic proliferation in cells.
Surface of the nanoparticles have been decorated with antibody against EGF. Biodistribution
study using radio-isotope loaded nanoparticles along with fluorescent probe loaded siRNA
have shown improved intracellular siRNA concentration in MB-231 carcinoma bearing mice.
Expression of PLK-1 is suppressed after treatment with developed formulation and it is
confirmed with RT-PCR (243). Another immunotherapeutic agent anti-CLTA4 has been
combined with mRNA for the downregulation of the MUC1 tumor antigen gene in the dendritic
cells. The developed nano vaccines are able to delivered combinatorial therapeutic to the

dendritic cells and activates the production of tumor specific T-cells. The cytotoxicity studies
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suggested higher cellular toxicity of the TNBC 4 T1 cell in cell lines. Even in-vivo tumor
inhibition study in mice has suggested higher tumor inhibition in combinatorial therapy
compare to monoclonal antibody treatment alone. Hence above two study confirms the
potential of the RNA and immunotherapy approach as outstanding combination treatment for
the TNBC (244). Role of siRNA in combination with photodynamic agent was evaluated using
multifunctional porphyrin grafted cationic lipids along with siRNA HIF (hypoxia inducible
factor)-1a. HIF-1a induced proteins are responsible for the energy metabolism, angiogenesis
and apoptosis of tumor cells. The amphiphilic nature of lipids it can be self-assembles as
microbubbles and cationic groups of lipids are responsible for High siRNA loading due to
electrostatic interaction. Distribution of the microbubble can be easily monitored using
ultrasound imaging with range of 3-12 MHz and it could be self-converted in to nanocarriers
which can accumulate siRNA and porphyrin at tumor cells with external effect of ultrasound
(due to cavitation). The developed microbubbles have been evaluated for in-vivo tumor
suppression which shows dramatically reduction in tumor volume after treatment. In-vitro
efficacy of formulation for siRNA delivery has been confirmed by RT-PCR which shows

down-regulation of HIF levels in cell line (245).

Targeted co-delivery of cisplatin and human antigen R siRNA was achieved using
polyamidoamine dendrimers surface decorated with folic acid. This nanoconstruct exhibited
significantly improved cytotoxicity in H1229 NSCLC cells overexpressing folate receptors as
compared with the individual treatments. Additionally, these nanocarriers exhibited

significantly reduced toxicity against the lung fibroblast MRC9 cells (246).

Similarly, drug-gene combinatorial approach has been proved beneficial for the reversal of the
drug resistance in non-small cell lung cancer. The increase in the chemo sensitization of A549
cells in the presence of the siRNA targeted for ribonucleotide reductase subunit 1 was
attempted. Level of the ribonucleotide reductase has been fallen significantly when siRNA has
been delivered through the nanoconstructs. And cell line studies suggest that preexposure of
A549 cells with siRNA nanoconstructs has been shown to increase chemo-sensitization of the
gemcitabine up to 5 folds (247). The cisplatin efflux promoting ABCC3 gene was silenced
using lipid and poly(lactic acid-polyethylene glycol) co-polymer nanocomposite which

delivered ABCC3-siRNA along with cisplatin. These composite hybrid carriers showed
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improved cisplatin loading as well as in-vitro uptake, cytotoxicity in A549 cell line and
disruption of the cell cycle at G2-M phase. The in-vitro gene knockdown studies showed
improved silencing of the gene while presenting significantly improved tumor suppression in
A549 xenograft tumor in BALB/c nude mice. This hybrid formulation presented significantly
improvement in efficacy and reduction in cisplatin resistance as compared to currently

marketed formulations (248).

Co-delivery of therapeutic agents with the antisense siRNA targeted against antiapoptosis
protein Bel-2 may improve the apoptosis potential of the drug in the drug resistant NSCLC.
Doxorubicin and Bcl-2-siRNA were co-loaded in pegylated PLGA complexed with poly I-
lysine (PEAL polymer) nanoparticles and surface engineered with epidermal growth factor
ligand for evaluation against DOX resistant NSCLC. These polymeric nanoparticles presented
improved tumor cell uptake, controlled release profile of the agents, reduced toxicity and
significant change in apoptosis as compared to single component nanocarriers and non-targeted
nanocarriers. Further, the nanocarrier presented enhanced DOX accumulation in neoplasms,
tumor regression with reduction in the expression of Bel-2 when tested in H1299 xenograft

model in BALB/c nu/nu mice (249).

Layer-by-layer nanoparticles may be used for the co-delivery of siRNA along with
chemotherapy agents for the knockdown of genes associated with drug resistance. Such
preparations improve the loading capacity of the siRNA while providing enhanced stability in
in-vitro and in-vivo settings. The nanocarriers were prepared by kneading poly-l-arginine
layers with MDRI(multidrug resistance protein-1) targeted si-RNA on the Doxorubicin
liposome with entire assembly being surface pegylated and coated with hyaluronic acid for
targeting CD44 overexpressed on TNBC cells. When tested against MDA-MB-468 xenograft
model in NCR nude mice, the nanocarrier presented 80% reduction in expression of targeted
gene, 4-fold increase in doxorubicin uptake as well as 8-fold reduction in the neoplastic volume
with non-significant toxicity profile as compared to the naive agents and drug combination
with scramble siRNA (250). Further, co-delivery with siRNA targeted against IKBKE
(inhibitory kB kinases €) oncogene responsible for enhanced neoplastic migration, invasiveness
and aggressive growth of TNBC may improve the efficacy of the chemotherapeutics. Self-

assembling nanocarrier made of cholesterol peptide micelles when loaded with cabazitaxel,
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IKBKE siRNA and surface modified with hyaluronic acid presented improved cellular uptake
and tumor accumulation in CD44 overexpressed TNBC cells. This nanocarrier showed
improved silencing of the IKBKE oncogene, reduced angiogenesis, invasiveness and enhanced
anti-tumor activity in orthotropic model of MDA-MB 231 in nude mice as compared to the

naive drugs (251).

In non-small cell lung cancer cells mutation of the KRAS (Kirsten ras sarcoma viral oncogene
homolog) mutation along with lost p53 function has been found prominent. Hence combining
chemotherapeutics with gene targeting of both can be proved beneficial for the reversal of the
mutation with increased therapeutic efficacy of drug. Liposomal formulation of cisplatin has
been developed including multiple layers of polyelectrolytes which possess siRNA for KRAS
and miRNA for p53 gene by group of researchers to evaluate on orthotropic lung cancer model.
They developed formulation have shown enhance cytotoxicity in A549 cell lines as well as on
KP cell lines. Even prolonged survival of the mice has been noticed with the combination
treatment. In-vivo studies are provide the source for the future clinical trials on the combination
treatments (252). Triple combinatorial approach combining gene delivery along with
chemotherapy and phototherapy by formulating nanohydrogels was further attempted. Three
strains of miRNA including let-7a, microRNA 34a and microRNA 145 were incorporated with
chemotherapeutic agent doxorubicin along with photosensitive agent 5,10,15,20-tetrakis (1-
methylpyridinium-4-yl) porphyrin to delivery drug at non-small cell lung cancer cells. The
results indicated that microRNAs integrated with DOX and TMPyP4 played significant
synergistic role (as presented by in-vivo studies) in reversal of multi-drug resistance in non-
small cell lung cancer cells. Even the simultaneous delivery of the three different miRNAs are
able to silence pump as well as non-pump mediated drug resistance in chemoresistance cells
and significantly inhibit target cells proliferation (253). A chitosan-based delivery system has
been established using shRNA plasmid for surviving, erlotinib (EGFR-TKI) and heptamethine
cyanine dye (photothermal agent) for the treatment of EGFR mutated non-small cell lung
cancer. The obtained nanocomplex have shown high DNA binding efficiency along with
increased heptamethine cyanine delivery to EGFR mutated NSCLC cell due to targeting
properties of erlotinib. The results of in-vivo and in-vitro proved reduced expression of

survivin and signifies the synergistic photothermal effect with erlotinib for anticancer effect in
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erlotinib sensitive or resistant EGFR mutated NSCLC. Hence, the downregulation of survivin
along with the photothermal therapy acts synergistically with erlotinib which helped in reversal
of erlotinib resistance (174). The effect of co-delivery of the gene therapeutics with
chemotherapy drugs in TNBC may be further improved by construction of nanocarriers
responsive to phototherapy. Laser irradiation of thermosensitive PLGA-polymethacrylate co-
polymer based nanocarrier encompassing paclitaxel and survivin siRNA resulted in highly
significant tumor regression at reduced drug concentrations in MDA-MB 231 xenograft model

in BALB/c nude mice as compared to the free drugs and single nanocarriers (254).

These studies indicate that drug-drug and drug-gene combination therapy when delivered using
effective nanocarrier system were able to overcome multi-drug resistance and improved the

sensitivity of chemotherapeutic agents.

2.7 Clinical challenges and formulation approaches

2.7.1 Preclinical-to-clinical translation

Despite all the advances in the nanocarrier based therapies in NSCLC and TNBC, the
translation from pre-clinical to effective clinical outcomes have presented limited success.
Consequently, it is important to explore potential factors which may be responsible for
treatment failures in clinical set up despite exhibiting promise in pre-clinical models (255). it
is important to map the potential factors affecting the efficient transport of the nanocarriers
post injection through blood to the tumor (256). The formation of protein corona by serum
proteins on nanoparticle post administration have been clinically found to alter the transit
properties of the carrier (257). The presence of inner tightly bound corona and outer
interchangeable soft corona have been known to affect the stability of the nanocarrier and the
biodistribution profiles. The biomolecular corona formation further complicates and reduces
the efficiency of the targeted delivery using surface functionalized nanocarriers (258). Protein
corona formation has been observed in case of clinically used PEGylated doxorubicin and have
been implicated in its altered bio-distribution towards various cancers (259). Such opsonization
of the nanocarriers results in immunorecognition by the components of MPS (mononuclear
phagocyte system) and increased blood clearance. PEGylation based surface passivation of the

nanocarrier have been utilized for the reduction in opsonization and increasing the blood
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residence time leading to EPR mediated presentation of the drugs at the tumor. However, it
should be noted that pegylation of the surface serves to alter kinetics of opsonization with
increased generation of the anti-PEG antibodies upon repeated injections of the nanocarrier
(260). Such immune-activation results in the alteration of the pharmacokinetic profile of the
nanocarriers and increased clearance referred as ABC (accelerated blood clearance)
phenomenon (261). Additionally, the innate immunity activation in response to PEGylated
carriers results in clinically observed complement activation-pseudo allergy (CARPA) and
treatment failures (262). Clinically tested PEGylated liposomal doxorubicin (Doxil™) presents
an excellent example demonstrating the issues associated with such surface engineering
approaches. The presentation of doxorubicin in passive targeted nanocarrier results in reduced
cardiotoxicity while having improved bio-distribution to intended site and enhanced toxicity

due to peripheral deposition in skin (palmar-plantar erythrodysesthesia) (209).

The effective translation of the performance of nanocarriers into clinical realities has been often
affected by the EPR effect (98). It is important to note that significant difference has been
observed in case of clinical EPR as compared to pre-clinical EPR. The tumor heterogeneity,
degree of genetic alterations, surface overexpression of proteins and role of epigenetic activities
have been found to modulate clinical EPR associated with these aggressive neoplasms (97).
Additionally, the level of angiogenesis, presence of CSC, tumor fibrosis, presence of pro-
immunity factors and degree of EMT affects the EPR mediated uptake of the nano-formulations
(263). Consequently, modulation of the vasculature, alteration of tumor microenvironment,
overcoming the positive tumoral pressure, stimuli-based sensitization and identification of
exclusive pharmacological targets need to be evaluated to improve the EPR of nanoparticulate

formulations for improved therapeutic outcomes (264).

The efficiency of passive accumulation has been affected by additional barrier presented by
tumor microenvironment to nanocarrier uptake in tumors after EPR mediated accumulation in
endothelial cells (265). The presence of extracellular matrix (ECM) fibroblasts has been
associated with the macrophage mediated uptake of the nanocarriers and prevention of the
tumor internalization (266). PEGylated liposomal doxorubicin has been found to present PEG-
induced steric hindrance to tumor cell uptake and preferential affinity towards the ECM as

compared to neoplastic cells (267). Further, both NSCLC and TNBC exhibit inter-subunit
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variability at macro/micro levels of cellular organization which has been implicated for
improved survival of the tumor cells (268). Such tumor heterogeneity is associated with
modulation of the cellular surface, altered molecular targets and reduced recognition by the
therapeutic agents along with increased multidrug resistance (269). The heterogenous tumor
remodelling leads to variability in the intended therapeutic outcomes, necessitating the need of
identification suitable surface engineering and evaluation of combinatorial targeting of
multifunctional components (270, 271). The ineffective clinical treatment using Doxil™ in
TNBC and NSCLC have been associated with aforementioned factors and necessitate the need
of further modifications for improved nanocarrier mediated delivery of drugs (267, 272).
Despite, the shortcomings associated with the liposomal doxorubicin treatment in both these
diseases, the nanocarrier has been widely explored in combination with older/newer drugs in

clinical studies as indicated in Table 5.

An important aspect in pre-clinical translation failures has been the development of efficient
design of the nanocarriers customized for the drug delivery to NSCLC and TNBC tumors.
Liposomal Cisplatin formulations (SPI-077-Alza corporation and Lipoplatin- Regulon) had
exhibited superior pre-clinical efficacy profiles and improved safety/toxicity profiles in phase
I/I1 clinical trials. However, both formulations failed to elicit the desired therapeutic outcomes
when tested as single agent or in combination in Phase III clinical trials. Such therapeutic
outcomes have been attributed to failure of the drug release with the desired pharmacokinetics

to meet the primary end point (273, 274).

The effective translation of therapeutic efficacy in pre-clinical set up to clinical usage has been
observed in case of albumin bound paclitaxel nanoparticles. As detailed earlier, the efficacy of
the formulation has been potentiated due to the non-covalent reversible binding of human
albumin prior to administration along with the exchange between the nanocarrier and plasma
albumin during systemic transit (129). This albumin exchange results in reduction of the
hydrodynamic diameter of the formulation from 130 nm to 10-24nm leading to improved
transcytosis across tumor cellular endothelium (275). The increased accumulation in TNBC
and NSCLC cells have been attributed to the active albumin transport mediated through
albondin receptor along enhanced interaction with overexpressed SPARC protein (276). The

albumin-based accumulation of paclitaxel has decreased the Pgp mediated MDR of the active
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drug along with reduction in the levels of cancer-stem cells leading to improved efficacy in

metastatic conditions of these cancers (277, 278).

2.7.2 Challenges and Opportunities

The treatment landscape for TNBC and NSCLC has seen radical change in the last decade with
the emergence of immunotherapeutics and target-specific drugs. Although, these newer agents
have presented a plethora of options to the clinicians for the treatment of these cancers, the
newer drugs have been tested/approved for usage along with the traditionally used Abraxane™
and Doxil™ in the therapeutic regimens. The most recent regulatory approval of immune
checkpoint inhibitor atezolizumab indicates the usage in NSCLC and TNBC in combination
with Abraxane™ (279). Importantly, the use of nanocarriers to deliver the drug payload to
intended sites have been included as a part of multiple clinical trials and have been
mechanistically implicated to provide an integrative tumor kill approach (280). Further, the
challenges and opportunities offered by the nanotechnology-based therapeutics in better

alleviations of the disease conditions of NSCLC and TNBC need to be evaluated.
2.7.2.1 Challenges in design and manufacturing

As illustrated in the previous sections, the delivery of various therapeutic agents has been
modulated using promising nanocarrier platforms to present tailored pharmacokinetic and
suitable tumor distribution profile. The translation of single and combinatorial nano-drone
approach for effective delivery of the agents to the lacunae of action requires establishment
between of molecular balance between tumor conditions and nanocarrier properties (281). It is
important to note that there can be no single nanocarrier design which can provide same
therapeutic effect for different drugs in both NSCLC and TNBC (256). Consequently, it is
important to understand the challenges to the development of suitable nanocarrier based drug
delivery systems. The design and choice of appropriate nanocarrier for controlled delivery of
the single as well as combinatorial (dual/ multiple) drugs at sub-cellular sites would require an
understanding of the biophysiological characteristics of both these tumors (282). The intended
physicochemical characteristics of such nanocarriers would depend on component factors such
as lipophilicity of the drug(s), possibility of interactions between drugs and excipients

(lipids/polymers/stabilizers); molecular weight of polymers and degree of saturation/ chain
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length of lipids; and intended drug positional arrangements (surface or embedded in
matrix/aqueous or lipid layer) (283). For nanocarrier designing against specific molecular
targets, the assessment of intended surface properties such as zeta potential, morphology,
hydrodynamic size, engineering using targeting moieties and generation of drug-component
conjugates need to be done (284). Further, formulation properties for clinically relevant
nanocarrier design would include encapsulation efficiency; intended release profiles and
temporospatial presence and stability of the formulations (285). The various important
considerations for nanocarrier design and different polymeric as well as lipidic nanocarrier

platforms are depicted in Figure 13.

Additionally, the in-transit biopharmaceutical properties of the nanocarrier would affect
efficient delivery of the therapeutics to tumor site. Careful consideration of the properties such
as preferential localization sites, plasma circulation time (presence of PEGylation- long or short
circulation), elimination kinetics and dissemination potential to extremities in human system
needs to be evaluated (265). Evaluation of intended biological properties for appropriate
nanocarrier design would include non-opsonization; reduced uptake by organs of RES; EPR
mediated passive targeting potential; feasibility of ligand mediated active targeting of tumor
surface proteins and relative specificity/density of such receptors on tumors in comparison with
normal cells (286). The potential reasons of the failure in effective pre-clinical to clinical
translations has been assigned to lack of sufficient pharmacological evaluation, improper
identification of potential biomarkers and clinical design (287). These necessitate the
establishment of in-vitro 2D/3D tumor models, in-vivo animal models simulating the NSCLC
and TNBC disease conditions including the surface overexpression of the receptors and the
components of the tumor microenvironment which may prevent the efficient uptake of the
nanocarriers (288). Additionally, identification of the potential ways for overcoming the
pathophysiological heterogeneity of TNBC and NSCLC for enhancing the EPR mediated
uptake need to be done. Further, the immunological and the toxicity profiles (known/un-
intended) of the nanocarrier mediated drug delivery needs to be evaluated considering the
pathophysiology associated with these tumors (89). Consequently, a balanced rationalistic
approach for incorporating the aforementioned factors needs to be taken while considering the

risk-benefit ratio of nanocarrier based drug against these cancers. The passive targeted single
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drug nanocarriers (Abraxane™, Doxil™) provide suitable insights in establishing the
correlation between the choice of suitable nano-constructs for individual drugs and their
therapeutic efficacy. The effective design of siRNA based nanocarrier therapeutic necessitate
the choice of components which ensure properties such as long blood circulation for enhanced
tumor accumulation; target specific delivery, high encapsulation, endosomal escape and

reduced toxicity potential.

The design of combinatorial (drug-drug/drug-gene) nanocarriers require establishment of
synergism between the therapeutics along with choice of appropriate components which can
ensure sufficient encapsulation and stability of the nanocarrier during storage and the during
transit to the tumor site. As detailed in previous sections, NSCLC and TNBC have presented
specific overexpression of surface biomarkers/proteins. The development of such active
targeting nanocarriers further present additional surface engineering challenges (289). The
levels of surface overexpression of such receptors along with identification of specific ligands
with validated targeting capabilities are necessary prior to nanoparticulate design. Surface
engineering parameters such as conjugation chemistry, choice of spacer subunits and insertion
techniques are important when selecting the matrix components (290). Importantly, such nano-
design should ensure non-interaction with structural components of long circulation and
suitable surface presentation to the receptor while avoiding opsonization by MPS during transit
(291). Presentation of the ligand for receptor binding and efficient receptor-mediated cellular
uptake are affected by the conjugation chemistry as well as incorporation techniques of the
surface ligands. Further, the development of validated physicochemical and pharmacological
quantification techniques needs to be done for effective design of such active targeted

nanocarriers (292).

Thus, identification of suitable CPP (critical process parameters) and CMA (critical material
attributes) present significant challenges for the development of scalable/reproducible
manufacturing of nanocarriers. Establishing a suitable correlation between CPP and CMA may
help in achieving the QTPP (quality target product profile) of effective clinical usage in
NSCLC and TNBC.
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Figure 13: Important characteristics and properties to be considered for design of nanocarriers
(a) including charge (A), drug location (B), hydrodynamic size (C) and targeting moieties (D).
Different types of passive/ active targeted, single drug/combinatorial polymeric and hybrid
lipid/polymer nanocarrier (b); polymeric micelles (c¢) and liposomes (d). [Adapted with

permission from (12, 147)]

2.7.2.2 Opportunities

The landscape of NSCLC and TNBC therapy has been obliterated by the increased chances of
mutations and the loss of therapeutic activity leading to heterogenous immune-resistant
neoplasms to drug monotherapy. Consequently, a frequent strategy adopted by the clinicians
involve the use of synergistic combination of the drugs acting against newer targets with
traditional therapeutics to eliminate the cancer survival pathways (293). Nanocarrier based
passive and active targeted controlled delivery of therapeutics present suitable opportunities
for improving the treatment efficacy of such drug combinations in these cancers (294). QSAR
(Quantitative-structural activity relationship) and artificial intelligence (Al) based drug

discovery with improved activity against the specific cellular biomarkers of these neoplasms
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may help in improving the therapeutic outcomes. Identification of newer drug targets such as
immune check point inhibitors, upstream-downstream modulators of cellular kinases as well
as epigenetic drugs among others having specificity to the NSCLC and TNBC present suitable
opportunities for effective treatment (295, 296). Systemic poly-pharmacology based
identification and validation of synergistic drug combinations against newer targets Aurora B
and ZAK kinase have presented suitable personalized targets in p53/p38 cross talk network
pharmacology of TNBC (297). Similar poly-pharmacology based identification of suitable
drug candidates against MET, ALK, EGFR, HER2 mutations have improved the efficacy of
drug combinations against NSCLC (298). Bioengineered alteration of gene expression
mediated through gene delivery presents opportunities for drug resistance reversal and
conditioning of the apoptotic as well as necrotic pathways leading to improved tumor cell
reduction (299). The single-guide RNA (sgRNA) based genomic modulation of specific
targeted loci mediated through CRISPR-Cas9 (clustered regularly-interspaced short-
palindromic repeat associated protein 9) has emerged as a powerful tool for the knockdown of
multiple genes affecting the disease outcomes of NSCLC and TNBC. Engineered cationic
DOTAP lipid-based nanoparticle delivery of such sgRNA presented superior knockout of
mutated genes in transgenic mice resulting improved NSCLC tumor regression and prevention
of metastasis (300). Similar efficacy results were obtained in case of TNBC with genome
editing of mutations of BRCA1/PARP1 (associated with chemoresistance) and CXC4/CXC7
(known for disease progression and metastasis); growth promoting Lipocalin 2 (Lnc2) as well
as cellular progression of MSC when presented using nanocarriers (301-304). Further, lessons
learnt from the liposome mediated delivery of RNA interferance (RNAi- Onpattro™) may be
implemented in development of successful gene-based drug delivery systems against these two

cancers (305).

Additionally, epigenetic de-regulation has been implicated in TNBC as well as NSCLC for
tumor growth, invasion and immune-resistance leading to altered disease outcomes (306).
DNA methyltransferase and Histone deactylase inhibitors (HDAC) loaded single as well as
combinatorial targeted nanocarriers present promising strategies for the improved efficacy in
TNBC and NSCLC while circumventing the issue associated with the delivery of naive agents

to the solid tumors (307). Lysophosphatidic acid surface protein (LPAR1) and lymphocyte
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expressed G protein (G2A) have been implicated for the development of the autoimmunity of
TNBC cells. Lysophatidic acid and lyophosphatidylcholine surface modified nanoemulsion co-
loaded with decitabine and panobinostat on systemic targeting against these receptors showed
improved tumoral uptake, enhanced distribution and tumor regression in MDA-MB 231 model
in athymic nude mice as compared to free drugs. Further, the nanocarrier targeted the growth
of mesenchymal TNBC cells by alleviation of CDH1/E-cadherin expression and suppression
of FOXMI1 (forkhead box M1) while having no such effects on the epithelial cells (308). Drug
resistance of NSCLC cells against gefitinib has been associated with the mutation of
EGFR'"™M, The delivery of dual ligand functionalized liposomal delivery of vorinostat with
gefetinib against HER-2 overexpressed NSCLC cells and mannose proteins on TAM was
attempted. The nanocarrier presentation resulted in the reprogramming of the tumor cell death
cascade, reversal of gefitinib resistance and improved tumor regression (309). Similarly, co-
delivery of 4-phenylbutyric acid with curcumin in hyaluronic acid nanocarrier showed

improved apoptosis and tumor cell death in CD44 overexpressed A549 model in mice (310)

As illustrated earlier, passive as well as active targeted lipid and polymeric nanocarriers have
exhibited good promise on the pre-clinical set up in improving the effectiveness of TNBC and
NSCLC treatment. Further exploration of such opportunities while incorporating the learnings
of success/failure of EPR mediated approved therapeutics (Abraxane™, Doxil™) may help in
improving the clinical outcomes (311). Generation of multifaceted engineered immune-
nanocarriers may present enhanced targeting against surface epitope and cellular uptake
leading to reduced drug resistance as well as metastasis (312). Combinatorial nanocarrier
approach has provided new platform to integrate conventional chemotherapy with futuristic

drug/gene therapy generating personalized medicine to ensure tumor specific treatment (313).

Another emerging approach for improving the chemotherapeutic efficacy against these cancers
would include localised and stimuli-responsive delivery of drugs. Drug-device combination
delivering aerosolized lipid and polymer-based nano-formulations similar to that of liposomal
amikacin (Arikayce™) may be explored for more efficient delivery of chemotherapeutics
(314). The delivery of doxorubicin, paclitaxel, cisplatin and docetaxel through non-targeted
and targeted aerosolized nanocarriers have shown promising results in pre-clinical set up

against NSCLC. However, the effective translation of such therapies for clinical usage would
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depend on the stage specific pathophysiology of NSCLC, physicochemical properties of the
formulation, choice of appropriate device and availability of in-vitro-in-vivo correlation
methods (315, 316). Localized stimuli-sensitive nano carrier delivery of chemotherapeutic
drugs may be accomplished by careful evaluation of pre-clinical to clinical failures of

Thermodox™ (125).

Thus, nanocarrier based delivery of single/multiple chemotherapeutic agents have opened
newer avenues for exploration of the physiological conditions and genomic composition of
both these cancers. This has led to the promising development of passive/active targeted

emerging opportunities for effective treatment of both NSCLC and TNBC.

2.8 Conclusion

TNBC and NSCLC as a group of neoplasms present two of the most aggressive forms of cancer
highlighted by treatment failures, low overall survival and progression-free survival with
patients having poor-quality-of-life. The late detection of these neoplasms has been coupled
with lack of efficient therapeutic response due to genetic mutations, immune-resistance,
chemotherapeutic resistance, EMT as well as cancer-stem cells leading to disease relapse and
progression. Owing to the pathophysiology of these diseases, various newer agents have been
identified to target specific surface overexpressed proteins and CSC. Current treatment regimen
involving the use of such new therapeutics in combination with conventional agents have met
with limited clinical success in improving the efficacy against these neoplasms. Nanocarrier
based conventional drug delivery have formed an integral part of any such newer regimens
being tested and used clinically. Active and passive targeted single/ combinatorial nanocarriers
have presented suitable controlled platform for effective as well as dynamic delivery of
anticancer agents against the issues of treatment failure in NSCLC and TNBC. Although these
target-based nano-formulation therapies have borne minimal translation from pre-clinical
research to clinical usage, they have provided enumerable opportunities for improved
transfection potential with minimal toxicity. Despite, the presence of multiple unexplored areas
and challenges to building clinically effective nanocarrier therapies for leveraging the

maximum benefits of combination therapy, we believe nano-formulation approaches may

Thesis The Maharaja Sayajirao University of Baroda

85



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

PHARMA

3
g
E

present more efficient treatment options against NSCLC as well as TNBC to clinicians and

oncologists.

The above-mentioned sections have been published in the review article, Ghosh et al. (2021),
“Triple negative breast cancer and non-small cell lung cancer: Clinical challenges and nano-

formulation approaches” in Journal of Controlled Release, Volume 337, Pages 27-58 (317).

2.9 References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin.
20205;70(1):7-30.

2. Collignon J, Lousberg L, Schroeder H, Jerusalem G. Triple-negative breast cancer:
treatment challenges and solutions. Breast Cancer: Targets and Therapy. 2016;8:93.

3. Varlotto J, Voland R, DeCamp M, Rava P, Fitzgerald T, Maxfield M, et al. The rates
of second lung cancers and the survival of surgically-resected second primary lung cancers in
patients undergoing resection of an initial primary lung cancer. Lung Cancer. 2020.

4. Ferrer L, Levra MG, Brevet M, Antoine M, Mazieres J, Rossi G, et al. A brief report of
transformation from NSCLC to SCLC: molecular and therapeutic characteristics. Journal of
Thoracic Oncology. 2019;14(1):130-4.

5. Skupin-Mrugalska P. Liposome-Based Drug Delivery for Lung Cancer.
Nanotechnology-Based Targeted Drug Delivery Systems for Lung Cancer: Elsevier; 2019. p.
123-60.

6. Tamura T, Kurishima K, Nakazawa K, Kagohashi K, Ishikawa H, Satoh H, et al.
Specific organ metastases and survival in metastatic non-small-cell lung cancer. Molecular and
clinical oncology. 2015;3(1):217-21.

7. Wang R, Yin Z, Liu L, Gao W, Li W, Shu Y, et al. Second primary lung cancer after
breast cancer: a population-based study of 6,269 women. Frontiers in oncology. 2018;8:427.
8. O’Reilly EA, Gubbins L, Sharma S, Tully R, Guang MHZ, Weiner-Gorzel K, et al. The
fate of chemoresistance in triple negative breast cancer (TNBC). BBA clinical. 2015;3:257-75.

Thesis The Maharaja Sayajirao University of Baroda

86



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

9. Upadhya A, Yadav KS, Misra A. Targeted drug therapy in non-small cell lung cancer:
Clinical significance and possible solutions-Part I. Expert Opinion on Drug Delivery. 2020:1-
30.

10. Mokhtari RB, Homayouni TS, Baluch N, Morgatskaya E, Kumar S, Das B, et al.
Combination therapy in combating cancer. Oncotarget. 2017;8(23):38022.

11.  Leary M, Heerboth S, Lapinska K, Sarkar S. Sensitization of drug resistant cancer cells:
a matter of combination therapy. Cancers. 2018;10(12):483.

12. Ghosh S, Lalani R, Patel V, Bardoliwala D, Maiti K, Banerjee S, et al. Combinatorial
nanocarriers against drug resistance in hematological cancers: Opportunities and emerging
strategies. Journal of controlled release : official journal of the Controlled Release Society.
2019;296:114-39.

13.  Beltran-Gracia E, Lopez-Camacho A, Higuera-Ciapara I, Veldzquez-Fernandez JB,
Vallejo-Cardona AA. Nanomedicine review: clinical developments in liposomal applications.
Cancer Nanotechnology. 2019;10(1):11.

14.  Hu Q, Sun W, Wang C, Gu Z. Recent advances of cocktail chemotherapy by

combination drug delivery systems. Advanced drug delivery reviews. 2016;98:19-34.

15.  Marra A, Viale G, Curigliano G. Recent advances in triple negative breast cancer: the
immunotherapy era. BMC medicine. 2019;17(1):90.
16. Garcia-Fernandez C, Fornaguera C, Borros S. Nanomedicine in Non-Small Cell Lung

Cancer: From Conventional Treatments to Immunotherapy. Cancers. 2020;12(6):1609.

17.  Pestana RC, Ibrahim NK. Cancer Treatment Modalities Systemic and Locoregional
Approaches: Challenges and Opportunities of Multidisciplinary Approaches. Locoregional
Radionuclide Cancer Therapy: Springer; 2021. p. 17-37.

18.  Fernandes C, Suares D, Yergeri MC. Tumor microenvironment targeted nanotherapy.
Frontiers in pharmacology. 2018;9:1230.

19.  Pan X-B, Qu S, Jiang Y-M, Zhu X-D. Triple negative breast cancer versus non-triple
negative breast cancer treated with breast conservation surgery followed by radiotherapy: a
systematic review and meta-analysis. Breast Care. 2015;10(6):413-6.

20. Panoft J, Hurley J, Takita C, Reis I, Zhao W, Sujoy V, et al. Risk of locoregional
recurrence by receptor status in breast cancer patients receiving modern systemic therapy and

post-mastectomy radiation. Breast cancer research and treatment. 2011;128(3):899-906.

Thesis The Maharaja Sayajirao University of Baroda

87



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

21.  Wong ST, Goodin S. Overcoming drug resistance in patients with metastatic breast
cancer. Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy.
2009;29(8):954-65.

22. Rouzier R, Perou CM, Symmans WF, Ibrahim N, Cristofanilli M, Anderson K, et al.
Breast cancer molecular subtypes respond difterently to preoperative chemotherapy. Clinical
cancer research. 2005;11(16):5678-85.

23. Ntellas P, Spathas N, Agelaki S, Zintzaras E, Saloustros E. Taxane &
cyclophosphamide vs anthracycline & taxane-based chemotherapy as adjuvant treatment for
breast cancer: a pooled analysis of randomized controlled trials by the Hellenic Academy of
Oncology. Oncotarget. 2019;10(11):1209.

24. Vetter M, Fokas S, Biskup E, Schmid T, Schwab F, Schoetzau A, et al. Efficacy of
adjuvant chemotherapy with carboplatin for early triple negative breast cancer: a single center
experience. Oncotarget. 2017;8(43):75617.

25.  LeelJS, Yost SE, Yuan Y. Neoadjuvant Treatment for Triple Negative Breast Cancer:
Recent Progresses and Challenges. Cancers. 2020;12(6):1404.

26. Jain V, Kumar H, Anod HV, Chand P, Gupta NV, Dey S, et al. A review of
nanotechnology-based approaches for breast cancer and triple-negative breast cancer. Journal
of Controlled Release. 2020.

27.  Wahba HA, El-Hadaad HA. Current approaches in treatment of triple-negative breast
cancer. Cancer biology & medicine. 2015;12(2):106.

28.  Hussain S. Nanomedicine for treatment of lung cancer. Lung Cancer and Personalized
Medicine: Novel Therapies and Clinical Management: Springer; 2016. p. 137-47.

29. Corraliza-Gorjon I, Somovilla-Crespo B, Santamaria S, Garcia-Sanz JA, Kremer L.
New strategies using antibody combinations to increase cancer treatment effectiveness.
Frontiers in Immunology. 2017;8:1804.

30. Medina MA, Oza G, Sharma A, Arriaga L, Hernandez Hernandez JM, Rotello VM, et
al. Triple-Negative Breast Cancer: A Review of Conventional and Advanced Therapeutic
Strategies. International Journal of Environmental Research and Public Health.
2020;17(6):2078.

31.  Vasan N, Baselga J, Hyman DM. A view on drug resistance in cancer. Nature.

2019:575(7782):299-309.

Thesis The Maharaja Sayajirao University of Baroda

88



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

32. Chen Y, Tang WY, Tong X, Ji H. Pathological transition as the arising mechanism for
drug resistance in lung cancer. Cancer Communications. 2019;39(1):1-13.

33.  Alhajj N, Chee CF, Wong TW, Rahman NA, Abu Kasim NH, Colombo P. Lung cancer:
active therapeutic targeting and inhalational nanoproduct design. Expert opinion on drug
delivery. 2018;15(12):1223-47.

34. Duma N, Santana-Davila R, Molina JR, editors. Non—small cell lung cancer:
epidemiology, screening, diagnosis, and treatment. Mayo Clinic Proceedings; 2019: Elsevier.

35. Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin JH, Beasley MB, et al. The
2015 World Health Organization classification of lung tumors: impact of genetic, clinical and
radiologic advances since the 2004 classification. Journal of thoracic oncology.
2015;10(9):1243-60.

36. Jiang WG, Sanders AJ, Katoh M, Ungefroren H, Gieseler F, Prince M, et al., editors.
Tissue invasion and metastasis: Molecular, biological and clinical perspectives. Seminars in
cancer biology; 2015: Elsevier.

37. Planchard D, Popat S, Kerr K, Novello S, Smit E, Faivre-Finn C, et al. Metastatic non-
small cell lung cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Annals of Oncology. 2018;29:iv192-iv237.

38.  Dagogo-Jack I, Shaw AT. Tumour heterogeneity and resistance to cancer therapies.
Nature reviews Clinical oncology. 2018;15(2):81.

39.  Prasetyanti PR, Medema JP. Intra-tumor heterogeneity from a cancer stem cell
perspective. Molecular cancer. 2017;16(1):1-9.

40. Chen Z, Le H, Zhang Y, Qian L, Sekhar KR, Li W. Lung resistance protein and
multidrug resistance protein in non-small cell lung cancer and their clinical significance.
Journal of International Medical Research. 2011;39(5):1693-700.

41.  Berger W, Elbling L, Micksche M. Expression of the major vault protein LRP in human
non-small-cell lung cancer cells: Activation by short-term exposure to antineoplastic drugs.
International journal of cancer. 2000;88(2):293-300.

42.  Bansal A, Simon MC. Glutathione metabolism in cancer progression and treatment
resistance. Journal of Cell Biology. 2018;217(7):2291-8.

43. Cheong HT, Xu F, Choy CT, Hui CWC, Mok TSK, Wong CH. Upregulation of Bcl2
in NSCLC with acquired resistance to EGFR-TKI. Oncology letters. 2018;15(1):901-7.

Thesis The Maharaja Sayajirao University of Baroda

89



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

44, Nurwidya F, Takahashi F, Murakami A, Takahashi K. Epithelial mesenchymal
transition in drug resistance and metastasis of lung cancer. Cancer research and treatment:
official journal of Korean Cancer Association. 2012;44(3):151.

45. LiT, Zhang C, Hassan S, Liu X, Song F, Chen K, et al. Histone deacetylase 6 in cancer.
Journal of hematology & oncology. 2018;11(1):1-10.

46. Sosa Iglesias V, Giuranno L, Dubois LJ, Theys J, Vooijs M. Drug resistance in non-
small cell lung cancer: a potential for NOTCH targeting? Frontiers in oncology. 2018;8:267.
47. Mlak R, Krawczyk P, Ciesielka M, Homa I, Powrdzek T, Prendecka M, et al. Predictive
value of STMNI1 gene promoter polymorphism (= 2166T> C) in patients with advanced
NSCLC treated with the combination of platinum compounds and vinorelbine. Cancer
chemotherapy and pharmacology. 2015;76(3):621-9.

48.  GaoJ, Li H-R, Jin C, Jiang J-H, Ding J-Y. Strategies to overcome acquired resistance
to EGFR TKI in the treatment of non-small cell lung cancer. Clinical and Translational
Oncology. 2019;21(10):1287-301.

49. Santoni-Rugiu E, Melchior LC, Urbanska EM, Jakobsen JN, de Stricker K, Grauslund
M, et al. Intrinsic resistance to EGFR-tyrosine kinase inhibitors in EGFR-mutant non-small
cell lung cancer: differences and similarities with acquired resistance. Cancers.
2019;11(7):923.

50. Rosas G, Ruiz R, Araujo JM, Pinto JA, Mas L. ALK rearrangements: biology, detection
and opportunities of therapy in non-small cell lung cancer. Critical reviews in
oncology/hematology. 2019;136:48-55.

51.  Gainor JF, Shaw AT. Novel targets in non-small cell lung cancer: ROS1 and RET
fusions. The oncologist. 2013;18(7):865.

52. Drilon A, Hu ZI, Lai GG, Tan DS. Targeting RET-driven cancers: lessons from
evolving preclinical and clinical landscapes. Nature Reviews Clinical Oncology.
2018;15(3):151.

53. Zaman A, Wu W, Bivona TG. Targeting oncogenic BRAF: Past, present, and future.
Cancers. 2019;11(8):1197.

54. Ricciuti B, Brambilla M, Metro G, Baglivo S, Matocci R, Pirro M, et al. Targeting
NTRK fusion in non-small cell lung cancer: rationale and clinical evidence. Medical Oncology.

2017;34(6):105.

Thesis The Maharaja Sayajirao University of Baroda

90



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

PHARMA

3
g
E

55.  Cappuzzo F, Landi L. HER2 deregulation in lung cancer: right time to adopt an orphan?
Clinical Cancer Research. 2018;24(11):2470-2.

56. Reungwetwattana T, Liang Y, Zhu V, Ou S-HI. The race to target MET exon 14
skipping alterations in non-small cell lung cancer: the why, the how, the who, the unknown,
and the inevitable. Lung cancer. 2017;103:27-37.

57. Chae YK, Ranganath K, Hammerman PS, Vaklavas C, Mohindra N, Kalyan A, et al.
Inhibition of the fibroblast growth factor receptor (FGFR) pathway: the current landscape and
barriers to clinical application. Oncotarget. 2017;8(9):16052.

58. Ferrer [, Zugazagoitia J, Herbertz S, John W, Paz-Ares L, Schmid-Bindert G. KRAS-
Mutant non-small cell lung cancer: From biology to therapy. Lung cancer. 2018;124:53-64.
59.  Kim C, Giaccone G. MEK inhibitors under development for treatment of non-small-
cell lung cancer. Expert opinion on investigational drugs. 2018;27(1):17-30.

60.  Zhang C, Leighl NB, Wu Y-L, Zhong W-Z. Emerging therapies for non-small cell lung
cancer. Journal of hematology & oncology. 2019;12(1):1-24.

61. Lim Z-F, Ma PC. Emerging insights of tumor heterogeneity and drug resistance
mechanisms in lung cancer targeted therapy. Journal of hematology & oncology. 2019;12(1):1-
18.

62. Lee K-L, Kuo Y-C, Ho Y-S, Huang Y-H. Triple-negative breast cancer: current
understanding and future therapeutic breakthrough targeting cancer stemness. Cancers.
2019;11(9):1334.

63. Liu Y, Qiu N, Shen L, Liu Q, Zhang J, Cheng Y-Y, et al. Nanocarrier-mediated
immunogenic chemotherapy for triple negative breast cancer. Journal of Controlled Release.
2020;323:431-41.

64.  Garrido-Castro AC, Lin NU, Polyak K. Insights into molecular classifications of triple-
negative breast cancer: improving patient selection for treatment. Cancer discovery.
2019;9(2):176-98.

65. Lehmann BD, Jovanovi¢ B, Chen X, Estrada MV, Johnson KN, Shyr Y, et al.
Refinement of triple-negative breast cancer molecular subtypes: implications for neoadjuvant
chemotherapy selection. PloS one. 2016;11(6):¢0157368.

66. Prado-Vazquez G, Gamez-Pozo A, Trilla-Fuertes L, Arevalillo JM, Zapater-Moros A,

Ferrer-Gémez M, et al. A novel approach to triple-negative breast cancer molecular

Thesis The Maharaja Sayajirao University of Baroda

91



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

classification reveals a luminal immune-positive subgroup with good prognoses. Scientific
reports. 2019;9(1):1-12.

67. Von Minckwitz G, Untch M, Blohmer J-U, Costa SD, Eidtmann H, Fasching PA, et al.
Definition and impact of pathologic complete response on prognosis after neoadjuvant
chemotherapy in various intrinsic breast cancer subtypes. J Clin oncol. 2012;30(15):1796-804.
68. Shah SP, Roth A, Goya R, Oloumi A, Ha G, Zhao Y, et al. The clonal and mutational
evolution spectrum of primary triple-negative breast cancers. Nature. 2012;486(7403):395-9.
69. Loi S, Pommey S, Haibe-Kains B, Beavis PA, Darcy PK, Smyth MJ, et al. CD73
promotes anthracycline resistance and poor prognosis in triple negative breast cancer.
Proceedings of the National Academy of Sciences. 2013;110(27):11091-6.

70. Carey L, Winer E, Viale G, Cameron D, Gianni L. Triple-negative breast cancer:
disease entity or title of convenience? Nature reviews Clinical oncology. 2010;7(12):683-92.
71. Geenen JJ, Linn SC, Beijnen JH, Schellens JH. PARP inhibitors in the treatment of
triple-negative breast cancer. Clinical pharmacokinetics. 2018;57(4):427-37.

72.  Nakhjavani M, Hardingham JE, Palethorpe HM, Price TJ, Townsend AR. Druggable
molecular targets for the treatment of triple negative breast cancer. Journal of breast cancer.
2019;22(3):341-61.

73.  Astvatsaturyan K, Yue Y, Walts AE, Bose S. Androgen receptor positive triple negative
breast cancer: Clinicopathologic, prognostic, and predictive features. PLoS One.
2018;13(6):e0197827.

74. Marinelli D, Mazzotta M, Pizzuti L, Krasniqi E, Gamucci T, Natoli C, et al.
Neoadjuvant Immune-Checkpoint Blockade in Triple-Negative Breast Cancer: Current
Evidence and Literature-Based Meta-Analysis of Randomized Trials. Cancers (Basel).
2020;12(9).

75. Garcia-Mayea Y, Mir C, Masson F, Paciucci R, ME LL. Insights into new mechanisms
and models of cancer stem cell multidrug resistance. Seminars in cancer biology. 2020;60:166-
80.

76. Talukdar S, Bhoopathi P, Emdad L, Das S, Sarkar D, Fisher PB. Dormancy and cancer
stem cells: An enigma for cancer therapeutic targeting. Advances in cancer research.

2019:;141:43-84.

Thesis The Maharaja Sayajirao University of Baroda

92



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

77.  Deepak K, Vempati R, Nagaraju GP, Dasari VR, Nagini S, Rao D, et al. Tumor
microenvironment: Challenges and opportunities in targeting metastasis of triple negative
breast cancer. Pharmacological research. 2020;153:104683.

78.  Neophytou C, Boutsikos P, Papageorgis P. Molecular mechanisms and emerging
therapeutic targets of triple-negative breast cancer metastasis. Frontiers in oncology.
2018;8:31.

79. Prieto-Vila M, Takahashi R-u, Usuba W, Kohama I, Ochiya T. Drug resistance driven
by cancer stem cells and their niche. International journal of molecular sciences.
2017;18(12):2574.

80.  Nedeljkovi¢ M, Damjanovi¢ A. Mechanisms of chemotherapy resistance in triple-
negative breast cancer—how we can rise to the challenge. Cells. 2019;8(9):957.

81. Sun X, Wang M, Wang M, Yu X, Guo J, Sun T, et al. Metabolic Reprogramming in
Triple-Negative Breast Cancer. Front Oncol. 2020;10:428.

82.  Park S-Y, Choi J-H, Nam J-S. Targeting cancer stem cells in triple-negative breast
cancer. Cancers. 2019;11(7):965.

83.  Recasens A, Munoz L. Targeting cancer cell dormancy. Trends in pharmacological
sciences. 2019;40(2):128-41.

84.  Nazio F, Bordi M, Cianfanelli V, Locatelli F, Cecconi F. Autophagy and cancer stem
cells: molecular mechanisms and therapeutic applications. Cell Death & Differentiation.
2019;26(4):690-702.

85.  Vera-Ramirez L., Vodnala SK, Nini R, Hunter KW, Green JE. Autophagy promotes the
survival of dormant breast cancer cells and metastatic tumour recurrence. Nature
communications. 2018;9(1):1-12.

86. Kalimutho M, Parsons K, Mittal D, Lopez JA, Srihari S, Khanna KK. Targeted
therapies for triple-negative breast cancer: combating a stubborn disease. Trends in
pharmacological sciences. 2015;36(12):822-46.

87.  Gowda R, Jones NR, Banerjee S, Robertson GP. Use of nanotechnology to develop
multi-drug inhibitors for cancer therapy. Journal of nanomedicine & nanotechnology.
2013;4(6).

88.  Desai N. Nanoparticle albumin-bound paclitaxel (Abraxane®). Albumin in Medicine:

Springer; 2016. p. 101-19.

Thesis The Maharaja Sayajirao University of Baroda

93



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

89.  Mukherjee B, Maji R, Roychowdhury S, Ghosh S. Toxicological concerns of
engineered nanosize drug delivery systems. American journal of therapeutics.
2016;23(1):e139-e50.

90. Biswas S, Deshpande PP, Perche F, Dodwadkar NS, Sane SD, Torchilin VP. Octa-
arginine-modified pegylated liposomal doxorubicin: an effective treatment strategy for non-
small cell lung cancer. Cancer letters. 2013;335(1):191-200.

91. LiM,LiZ, Yang Y, Wang Z, Yang Z, Li B, et al. Thermo-sensitive liposome co-loaded
of vincristine and doxorubicin based on their similar physicochemical properties had synergism
on tumor treatment. Pharmaceutical research. 2016;33(8):1881-98.

92. Shen S, Huang D, Cao J, Chen Y, Zhang X, Guo S, et al. Magnetic liposomes for light-
sensitive drug delivery and combined photothermal-chemotherapy of tumors. Journal of
materials chemistry B. 2019;7(7):1096-106.

93.  Jang MH, Kim HJ, Kim EJ, Chung YR, Park SY. Expression of epithelial-mesenchymal
transition—related markers in triple-negative breast cancer: ZEBI as a potential biomarker for
poor clinical outcome. Human pathology. 2015:;46(9):1267-74.

94.  Garbuzenko OB, Kuzmov A, Taratula O, Pine SR, Minko T. Strategy to enhance lung
cancer treatment by five essential elements: inhalation delivery, nanotechnology, tumor-
receptor targeting, chemo-and gene therapy. Theranostics. 2019;9(26):8362.

95.  Rosenblum D, Joshi N, Tao W, Karp JM, Peer D. Progress and challenges towards
targeted delivery of cancer therapeutics. Nature communications. 2018;9(1):1-12.

96. Garcia-Pinel B, Porras-Alcala C, Ortega-Rodriguez A, Sarabia F, Prados J, Melguizo
C, et al. Lipid-based nanoparticles: application and recent advances in cancer treatment.
Nanomaterials. 2019;9(4):638.

97. Golombek SK, May J-N, Theek B, Appold L, Drude N, Kiessling F, et al. Tumor
targeting via EPR: Strategies to enhance patient responses. Advanced drug delivery reviews.
2018;130:17-38.

98. Ojha T, Pathak V, Shi Y, Hennink WE, Moonen CT, Storm G, et al. Pharmacological
and physical vessel modulation strategies to improve EPR-mediated drug targeting to tumors.
Advanced drug delivery reviews. 2017;119:44-60.

99.  Jain RK. Normalizing tumor microenvironment to treat cancer: bench to bedside to

biomarkers. Journal of Clinical Oncology. 2013;31(17):2205.

Thesis The Maharaja Sayajirao University of Baroda

94



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

PHARMA

3
g
E

100. Maheshwari N, Atneriya UK, Tekade M, Sharma MC, Elhissi A, Tekade RK. Guiding
factors and surface modification strategies for biomaterials in pharmaceutical product
development. Biomaterials and Bionanotechnology: Elsevier; 2019. p. 57-87.

101. Barron L, Gharib SA, Duffield JS. Lung pericytes and resident fibroblasts: busy
multitaskers. The American journal of pathology. 2016;186(10):2519-31.

102. Pérez-Herrero E, Fernandez-Medarde A. Advanced targeted therapies in cancer: drug
nanocarriers, the future of chemotherapy. European journal of pharmaceutics and
biopharmaceutics. 2015;93:52-79.

103. Bazak R, Houri M, El Achy S, Kamel S, Refaat T. Cancer active targeting by
nanoparticles: a comprehensive review of literature. Journal of cancer research and clinical
oncology. 2015;141(5):769-84.

104. Pearce AK, O’Reilly RK. Insights into active targeting of nanoparticles in drug
delivery: advances in clinical studies and design considerations for cancer nanomedicine.
Bioconjugate chemistry. 2019;30(9):2300-11.

105.  Yan W, Leung SS, To KK. Updates on the use of liposomes for active tumor targeting
in cancer therapy. Nanomedicine. 2020;15(3):303-18.

106. Shi J, Kantoff PW, Wooster R, Farokhzad OC. Cancer nanomedicine: progress,
challenges and opportunities. Nature Reviews Cancer. 2017;17(1):20.

107. Alavi M, Hamidi M. Passive and active targeting in cancer therapy by liposomes and
lipid nanoparticles. Drug metabolism and personalized therapy. 2019;34(1).

108. Wallace KB, Sarddo VA, Oliveira PJ. Mitochondrial determinants of doxorubicin-
induced cardiomyopathy. Circulation research. 2020;126(7):926-41.

109. Haider M, Abdin SM, Kamal L, Orive G. Nanostructured lipid carriers for delivery of
chemotherapeutics: A review. Pharmaceutics. 2020;12(3):288.

110.  SzebeniJ, Beddcs P, Rozsnyay Z, Weiszhar Z, Urbanics R, Rosivall L, et al. Liposome-
induced complement activation and related cardiopulmonary distress in pigs: factors promoting
reactogenicity of Doxil and AmBisome. Nanomedicine: Nanotechnology, Biology and
Medicine. 2012;8(2):176-84.

111.  Wang X, Song Y, Su 'Y, Tian Q, Li B, Quan J, et al. Are PEGylated liposomes better
than conventional liposomes? A special case for vincristine. Drug delivery. 2016;23(4):1092-

100.

Thesis The Maharaja Sayajirao University of Baroda

95



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

112.  Marupudi NI, Han JE, Li KW, Renard VM, Tyler BM, Brem H. Paclitaxel: a review of
adverse toxicities and novel delivery strategies. Expert opinion on drug safety. 2007;6(5):609-
21.

113.  Slingerland M, Guchelaar H-J, Rosing H, Scheulen ME, van Warmerdam LJ, Beijnen
JH, et al. Bioequivalence of Liposome-Entrapped Paclitaxel Easy-To-Use (LEP-ETU)
formulation and paclitaxel in polyethoxylated castor oil: a randomized, two-period crossover
study in patients with advanced cancer. Clinical therapeutics. 2013;35(12):1946-54.

114. Xu Y, Meng H. Paclitaxel-loaded stealth liposomes: development, characterization,
pharmacokinetics, and biodistribution. Artificial cells, nanomedicine, and biotechnology.
2016;44(1):350-5.

115. Ignatiadis M, Zardavas D, Lemort M, Wilke C, Vanderbeeken M-C, D’Hondt V, et al.
Feasibility study of EndoTAG-1, a tumor endothelial targeting agent, in combination with
paclitaxel followed by FEC as induction therapy in HER2-negative breast cancer. PloS one.
2016;11(7):e01540009.

116. Awada A, Bondarenko I, Bonneterre J, Nowara E, Ferrero J, Bakshi A, et al. A
randomized controlled phase II trial of a novel composition of paclitaxel embedded into neutral
and cationic lipids targeting tumor endothelial cells in advanced triple-negative breast cancer
(TNBC). Annals of oncology. 2014;25(4):824-31.

117. Saraf' S, Jain A, Hurkat P, Jain SK. Topotecan liposomes: a visit from a molecular to a
therapeutic platform. Critical Reviews™ in Therapeutic Drug Carrier Systems. 2016;33(5).
118. LiC, Wang C, Yang H, Zhao X, Wei N, Cui J. Liposomal topotecan formulation with
a low polyethylene glycol grafting density: pharmacokinetics and antitumour activity. Journal
of Pharmacy and Pharmacology. 2012;64(3):372-82.

119. Jyoti A, Fugit KD, Sethi P, McGarry RC, Anderson BD, Upreti M. An in vitro
assessment of liposomal topotecan simulating metronomic chemotherapy in combination with
radiation in tumor-endothelial spheroids. Scientific reports. 2015;5(1):1-16.

120. Xu B, Zeng M, Zeng J, Feng J, Yu L. Meta-analysis of clinical trials comparing the
efficacy and safety of liposomal cisplatin versus conventional nonliposomal cisplatin in
nonsmall cell lung cancer (NSCLC) and squamous cell carcinoma of the head and neck

(SCCHN). Medicine. 2018;97(46).

Thesis The Maharaja Sayajirao University of Baroda

96



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

121.  Bernards N, Ventura M, Fricke IB, Hendriks BS, Fitzgerald J, Lee H, et al. Liposomal
irinotecan achieves significant survival and tumor burden control in a triple negative breast
cancer model of spontaneous metastasis. Molecular pharmaceutics. 2018;15(9):4132-8.

122.  Bulbake U, Doppalapudi S, Kommineni N, Khan W. Liposomal formulations in clinical
use: an updated review. Pharmaceutics. 2017;9(2):12.

123. Nardecchia S, Sanchez-Moreno P, de Vicente J, Marchal JA, Boulaiz H. Clinical trials
of thermosensitive nanomaterials: an overview. Nanomaterials. 2019;9(2):191.

124.  Rossmann C, McCrackin M, Armeson KE, Haemmerich D. Temperature sensitive
liposomes combined with thermal ablation: effects of duration and timing of heating in
mathematical models and in vivo. PLoS One. 2017;12(6):¢0179131.

125. DouY, Hynynen K, Allen C. To heat or not to heat: Challenges with clinical translation
of thermosensitive liposomes. Journal of controlled release. 2017;249:63-73.

126. Silva CO, Pinho JO, Lopes JM, Almeida AJ, Gaspar MM, Reis C. Current trends in
cancer nanotheranostics: metallic, polymeric, and lipid-based systems. Pharmaceutics.
2019;11(1):22.

127.  Kim K-T, Lee J-Y, Kim D-D, Yoon I-S, Cho H-J. Recent progress in the development
of poly (lactic-co-glycolic acid)-based nanostructures for cancer imaging and therapy.
Pharmaceutics. 2019;11(6):280.

128. Rezvantalab S, Drude NI, Moraveji MK, Giivener N, Koons EK, Shi Y, et al. PLGA-
based nanoparticles in cancer treatment. Frontiers in pharmacology. 2018;9:1260.

129. Ma P, Mumper RJ. Paclitaxel nano-delivery systems: a comprehensive review. Journal
of nanomedicine & nanotechnology. 2013:4(2):1000164.

130. Saw WS, Anasamy T, Foo YY, Kwa YC, Kue CS, Yeong CH, et al. Delivery of
Nanoconstructs in Cancer Therapy: Challenges and Therapeutic Opportunities. Advanced
Therapeutics.2000206.

131.  Werner ME, Cummings ND, Sethi M, Wang EC, Sukumar R, Moore DT, et al.
Preclinical evaluation of Genexol-PM, a nanoparticle formulation of paclitaxel, as a novel
radiosensitizer for the treatment of non-small cell lung cancer. International Journal of
Radiation Oncology* Biology* Physics. 2013;86(3):463-8.

132.  Avramovi¢ N, Mandi¢ B, Savi¢-Radojevi¢ A, Simi¢ T. Polymeric nanocarriers of drug

delivery systems in cancer therapy. Pharmaceutics. 2020;12(4):298.

Thesis The Maharaja Sayajirao University of Baroda

97



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

133.  Cirpanli Y, Allard E, Passirani C, Bilensoy E, Lemaire L, Calis S, et al. Antitumoral
activity of camptothecin-loaded nanoparticles in 9L rat glioma model. International journal of
pharmaceutics. 2011;403(1-2):201-6.

134. Hu J, Fu S, Peng Q, Han Y, Xie J, Zan N, et al. Paclitaxel-loaded polymeric
nanoparticles combined with chronomodulated chemotherapy on lung cancer: In vitro and in
vivo evaluation. International journal of pharmaceutics. 2017;516(1-2):313-22.

135.  Alven S, Nqoro X, Buyana B, Aderibigbe BA. Polymer-drug conjugate, a potential
therapeutic to combat breast and lung Cancer. Pharmaceutics. 2020;12(5):406.

136. Amgoth C, Dharmapuri G. Synthesis and characterization of polymeric nanoparticles
and capsules as payload for anticancer drugs and nanomedicines. Materials Today:
Proceedings. 2016;3(10):3833-7.

137. Cai H, Wang X, Zhang H, Sun L, Pan D, Gong Q, et al. Enzyme-sensitive
biodegradable and multifunctional polymeric conjugate as theranostic nanomedicine. Applied
materials today. 2018;11:207-18.

138.  Armifian A, Palomino-Schétzlein M, Deladriere C, Arroyo-Crespo JJ, Vicente-Ruiz S,
Vicent MJ, et al. Metabolomics facilitates the discrimination of the specific anti-cancer effects
of free-and polymer-conjugated doxorubicin in breast cancer models. Biomaterials.
2018;162:144-53.

139. Chen K, Cai H, Zhang H, Zhu H, Gu Z, Gong Q, et al. Stimuli-responsive polymer-
doxorubicin conjugate: Antitumor mechanism and potential as nano-prodrug. Acta
biomaterialia. 2019;84:339-55.

140. HyunH, Lee S, Lim W, Jo D, Jung JS, Jo G, et al. Engineered beta-cyclodextrin-based
carrier for targeted doxorubicin delivery in breast cancer therapy in vivo. Journal of Industrial
and Engineering Chemistry. 2019;70:145-51.

141. HelJ, Wang W, Zhou H, She P, Zhang P, Cao Y, et al. A novel pH-sensitive polymeric
prodrug was prepared by SPAAC click chemistry for intracellular delivery of doxorubicin and
evaluation of its anti-cancer activity in vitro. Journal of Drug Delivery Science and
Technology. 2019;53:101130.

142. Ding H, Gangalum PR, Galstyan A, Fox I, Patil R, Hubbard P, et al. HER2-positive
breast cancer targeting and treatment by a peptide-conjugated mini nanodrug. Nanomedicine:

Nanotechnology, Biology and Medicine. 2017;13(2):631-9.

Thesis The Maharaja Sayajirao University of Baroda

98



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

143. Lin H-C, Chuang C-H, Cheng M-H, Lin Y-C, Fang Y-P. High potency of SN-38-loaded
bovine serum albumin nanoparticles against triple-negative breast cancer. Pharmaceutics.
2019;11(11):569.

144. Fang Y-P, Chuang C-H, Wu Y-J, Lin H-C, Lu Y-C. SN38-loaded< 100 nm targeted
liposomes for improving poor solubility and minimizing burst release and toxicity: in vitro and
in vivo study. International journal of nanomedicine. 2018;13:2789.

145. WuC, Zhang Y, Yang D, Zhang J, Ma J, Cheng D, et al. Novel SN38 derivative-based
liposome as anticancer prodrug: an in vitro and in vivo study. International journal of
nanomedicine. 2019;14:75.

146. Attia MF, Anton N, Wallyn J, Omran Z, Vandamme TF. An overview of active and
passive targeting strategies to improve the nanocarriers efficiency to tumour sites. Journal of
Pharmacy and Pharmacology. 2019;71(8):1185-98.

147. Ghosh S, Lalani R, Patel V, Bhowmick S, Misra A. Surface engineered liposomal
delivery of therapeutics across the blood brain barrier: recent advances, challenges and
opportunities. Expert opinion on drug delivery. 2019;16(12):1287-311.

148. Hwang S-Y, Park S, Kwon Y. Recent therapeutic trends and promising targets in triple
negative breast cancer. Pharmacology & therapeutics. 2019;199:30-57.

149. Di WuMS, Xue H-Y, Wong H-L. Nanomedicine applications in the treatment of breast
cancer: current state of the art. International journal of nanomedicine. 2017;12:5879.

150. LiuC, Gao H, Zhao Z, Rostami I, Wang C, Zhu L, et al. Improved tumor targeting and
penetration by a dual-functional poly (amidoamine) dendrimer for the therapy of triple-
negative breast cancer. Journal of Materials Chemistry B. 2019;7(23):3724-36.

151.  Shroff K, Kokkoli E. PEGylated liposomal doxorubicin targeted to a5p1-expressing
MDA-MB-231 breast cancer cells. Langmuir. 2012;28(10):4729-36.

152. Akbarian A, Ebtekar M, Pakravan N, Hassan ZM. Folate receptor alpha targeted
delivery of artemether to breast cancer cells with folate-decorated human serum albumin
nanoparticles. International Journal of Biological Macromolecules. 2020;152:90-101.

153. Di Zhang PB, Leal AS, Carapellucci S, Sridhar S, Liby KT. A nano-liposome
formulation of the PARP inhibitor Talazoparib enhances treatment efficacy and modulates
immune cell populations in mammary tumors of BRCA-deficient mice. Theranostics.

2019:9(21):6224.

Thesis The Maharaja Sayajirao University of Baroda

99



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

PHARMA

3
g
E

154. Wang Z, Sau S, Alsaab HO, Iyer AK. CD44 directed nanomicellar payload delivery
platform for selective anticancer effect and tumor specific imaging of triple negative breast
cancer. Nanomedicine: nanotechnology, biology and medicine. 2018;14(4):1441-54.

155. Wang S, Zhang J, Wang Y, Chen M. Hyaluronic acid-coated PEI-PLGA nanoparticles
mediated co-delivery of doxorubicin and miR-542-3p for triple negative breast cancer therapy.
Nanomedicine: Nanotechnology, Biology and Medicine. 2016;12(2):411-20.

156.  Wickens JM, Alsaab HO, Kesharwani P, Bhise K, Amin MCIM, Tekade RK, et al.
Recent advances in hyaluronic acid-decorated nanocarriers for targeted cancer therapy. Drug
discovery today. 2017;22(4):665-80.

157. Mattheolabakis G, Milane L, Singh A, Amiji MM. Hyaluronic acid targeting of CD44
for cancer therapy: from receptor biology to nanomedicine. Journal of drug targeting.
2015;23(7-8):605-18.

158. Cerqueira BBS, Lasham A, Shelling AN, Al-Kassas R. Development of biodegradable
PLGA nanoparticles surface engineered with hyaluronic acid for targeted delivery of paclitaxel
to triple negative breast cancer cells. Materials Science and Engineering: C. 2017;76:593-600.
159. YangY, LongY, Wang Y, Ren K, Li M, Zhang Z, et al. Enhanced anti-tumor and anti-
metastasis therapy for triple negative breast cancer by CD44 receptor-targeted hybrid self-
delivery micelles. International Journal of Pharmaceutics. 2020;577:119085.

160. PuY, Zhang H, Peng Y, Fu Q, Yue Q, Zhao Y, et al. Dual-targeting liposomes with
active recognition of GLUTS5 and avf3 for triple-negative breast cancer. European journal of
medicinal chemistry. 2019;183:111720.

161. Bauer K, Mierke C, Behrens J. Expression profiling reveals genes associated with
transendothelial migration of tumor cells: a functional role for avp3 integrin. International
journal of cancer. 2007;121(9):1910-8.

162. Manolescu AR, Witkowska K, Kinnaird A, Cessford T, Cheeseman C. Facilitated
hexose transporters: new perspectives on form and function. Physiology. 2007;22(4):234-40.
163. O'Regan RM, Nahta R. Targeting forkhead box M1 transcription factor in breast cancer.
Biochemical pharmacology. 2018;154:407-13.

164. Hamurcu Z, Ashour A, Kahraman N, Ozpolat B. FOXMI1 regulates expression of
eukaryotic elongation factor 2 kinase and promotes proliferation, invasion and tumorgenesis of

human triple negative breast cancer cells. Oncotarget. 2016;7(13):16619.

Thesis The Maharaja Sayajirao University of Baroda

100



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

165. Zhou Y, Shen JK, Hornicek FJ, Kan Q, Duan Z. The emerging roles and therapeutic
potential of cyclin-dependent kinase 11 (CDKI11) in human cancer. Oncotarget.
2016;7(26):40846.

166. Kren BT, Unger GM, Abedin MJ, Vogel RI, Henzler CM, Ahmed K, et al. Preclinical
evaluation of cyclin dependent kinase 11 and casein kinase 2 survival kinases as RNA
interference targets for triple negative breast cancer therapy. Breast cancer research.
2015;17(1):1-21.

167. Schafer JM, Lehmann BD, Gonzalez-Ericsson PI, Marshall CB, Beeler JS, Redman
LN, et al. Targeting MYCN-expressing triple-negative breast cancer with BET and MEK
inhibitors. Science translational medicine. 2020;12(534).

168. LiuY, ZhuY-H, Mao C-Q, Dou S, Shen S, Tan Z-B, et al. Triple negative breast cancer
therapy with CDK1 siRNA delivered by cationic lipid assisted PEG-PLA nanoparticles.
Journal of controlled release. 2014;192:114-21.

169. Liao T-T, Yang M-H. Hybrid epithelial/mesenchymal state in cancer metastasis:
clinical significance and regulatory mechanisms. Cells. 2020;9(3):623.

170. Finlay J, Roberts CM, Lowe G, Loeza J, Rossi JJ, Glackin CA. RNA-based TWISTI
inhibition via dendrimer complex to reduce breast cancer cell metastasis. BioMed research
international. 2015;2015.

171.  Kesharwani P, Banerjee S, Gupta U, Amin MCIM, Padhye S, Sarkar FH, et al.
PAMAM dendrimers as promising nanocarriers for RNAi therapeutics. Materials Today.
2015;18(10):565-72.

172.  Parvani JG, Davuluri G, Wendt MK, Espinosa C, Tian M, Danielpour D, et al. Deptor
enhances triple-negative breast cancer metastasis and chemoresistance through coupling to
survivin expression. Neoplasia. 2015;17(3):317-28.

173.  Parvani JG, Gujrati MD, Mack MA, Schiemann WP, Lu Z-R. Silencing 3 integrin by
targeted ECO/siRNA nanoparticles inhibits EMT and metastasis of triple-negative breast
cancer. Cancer research. 2015;75(11):2316-25.

174. Li Z, Zhu L, Liu W, Zheng Y, Li X, Ye J, et al. Near-infrared/pH dual-responsive
nanocomplexes for targeted imaging and chemo/gene/photothermal tri-therapies of non-small

cell lung cancer. Acta Biomaterialia. 2020.

Thesis The Maharaja Sayajirao University of Baroda

101



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

175. Reda M, Ngamcherdtrakul W, Gu S, Bejan DS, Siriwon N, Gray JW, et al. PLK1 and
EGFR targeted nanoparticle as a radiation sensitizer for non-small cell lung cancer. Cancer
Letters. 2019;467:9-18.

176. Malumbres M, Barbacid M. RAS oncogenes: the first 30 years. Nature Reviews Cancer.
2003;3(6):459-65.

177. Mehta A, Dalle Vedove E, Isert L, Merkel OM. Targeting KRAS mutant lung cancer
cells with siRNA-loaded bovine serum albumin nanoparticles. Pharmaceutical research.
2019;36(9):133.

178. Zou Y, Sun Y, Guo B, Wei Y, Xia Y, Huangfu Z, et al. a3B1 integrin-targeting
polymersomal docetaxel as an advanced nanotherapeutic for nonsmall cell lung cancer
treatment. ACS applied materials & interfaces. 2020;12(13):14905-13.

179. Burande AS, Viswanadh MK, Jha A, Mehata AK, Shaik A, Agrawal N, et al. EGFR
Targeted Paclitaxel and Piperine Co-loaded Liposomes for the Treatment of Triple Negative
Breast Cancer. AAPS PharmSciTech. 2020;21:151.

180. Jana P, Ghosh S, Sarkar K. Low molecular weight polyethyleneimine conjugated guar
gum for targeted gene delivery to triple negative breast cancer. International journal of
biological macromolecules. 2020.

181. Brinkman AM, Chen G, Wang Y, Hedman CJ, Sherer NM, Havighurst TC, et al.
Aminoflavone-loaded EGFR-targeted unimolecular micelle nanoparticles exhibit anti-cancer
effects in triple negative breast cancer. Biomaterials. 2016;101:20-31.

182. Yue G, Wang C, Liu B, Wu M, Huang Y, Guo Y, et al. Liposomes co-delivery system
of doxorubicin and astragaloside IV co-modified by folate ligand and octa-arginine polypeptide
for anti-breast cancer. RSC Advances. 2020;10(20):11573-81.

183. Laha D, Pal K, Chowdhuri AR, Parida PK, Sahu SK, Jana K, et al. Fabrication of
curcumin-loaded folic acid-tagged metal organic framework for triple negative breast cancer
therapy in in vitro and in vivo systems. New Journal of Chemistry. 2019;43(1):217-29.

184. Paulmurugan R, Bhethanabotla R, Mishra K, Devulapally R, Foygel K, Sekar TV, et
al. Folate receptor—targeted polymeric micellar nanocarriers for delivery of orlistat as a
repurposed drug against triple-negative breast cancer. Molecular cancer therapeutics.

2016;15(2):221-31.

Thesis The Maharaja Sayajirao University of Baroda

102



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

185. ZhaoZ,LiY, ShuklaR, Liu H, Jain A, Barve A, et al. Development of a biocompatible
copolymer nanocomplex to deliver VEGF siRNA for triple negative breast cancer.
Theranostics. 2019;9(15):4508.

186. Bakrania AK, Variya BC, Rathod LV, Patel SS. DEAE-Dextran coated paclitaxel
nanoparticles act as multifunctional nano system for intranuclear delivery to triple negative
breast cancer through VEGF and NOTCHI1 inhibition. European Journal of Pharmaceutics and
Biopharmaceutics. 2018;122:37-48.

187.  Eskiler GG, Cecener G, Egeli U, Tunca B. Synthetically lethal BMN 673 (Talazoparib)
loaded solid lipid nanoparticles for BRCA1 mutant triple negative breast cancer.
Pharmaceutical research. 2018;35(11):218.

188. Mazzucchelli S, Truffi M, Baccarini F, Beretta M, Sorrentino L, Bellini M, et al. H-
Ferritin-nanocaged olaparib: a promising choice for both BRCA-mutated and sporadic triple
negative breast cancer. Scientific reports. 2017;7(1):1-15.

189. Asik E, Akpinar Y, Caner A, Kahraman N, Guray T, Volkan M, et al. EF2-kinase
targeted cobalt-ferrite siRNA-nanotherapy suppresses BRCAl-mutated breast cancer.
Nanomedicine. 2019;14(17):2315-38.

190. Xu Y, Liu D, Hu J, Ding P, Chen M. Hyaluronic acid-coated pH sensitive poly (-
amino ester) nanoparticles for co-delivery of embelin and TRAIL plasmid for triple negative
breast cancer treatment. International Journal of Pharmaceutics. 2020;573:118637.

191. Lee SY, Cho H-J. Mitochondria targeting and destabilizing hyaluronic acid derivative-
based nanoparticles for the delivery of lapatinib to triple-negative breast cancer.
Biomacromolecules. 2018;20(2):835-45.

192.  FanY, Wang Q, Lin G, Shi Y, Gu Z, Ding T. Combination of using prodrug-modified
cationic liposome nanocomplexes and a potentiating strategy via targeted co-delivery of
gemcitabine and docetaxel for CD44-overexpressed triple negative breast cancer therapy. Acta
biomaterialia. 2017;62:257-72.

193.  Siddhartha VT, Pindiprolu SKS, Chintamaneni PK, Tummala S, Nandha Kumar S.
RAGE receptor targeted bioconjuguate lipid nanoparticles of diallyl disulfide for improved
apoptotic activity in triple negative breast cancer: in vitro studies. Artificial cells,

nanomedicine, and biotechnology. 2018;46(2):387-97.

Thesis The Maharaja Sayajirao University of Baroda

103



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

194. Bailey CM, Liu Y, Peng G, Zhang H, He M, Sun D, et al. Liposomal formulation of
HIF-1a inhibitor Echinomycin eliminates established metastases of triple-negative breast
Cancer. Nanomedicine: Nanotechnology, Biology and Medicine. 2020:102278.

195. WangJ, SuG, Yin X, Luo J, Gu R, Wang S, et al. Non-small cell lung cancer-targeted,
redox-sensitive lipid-polymer hybrid nanoparticles for the delivery of a second-generation
irreversible epidermal growth factor inhibitor—Afatinib: In vitro and in vivo evaluation.
Biomedicine & Pharmacotherapy. 2019;120:109493.

196. Zhang Q, Liu Q, Du M, Vermorken A, Cui Y, Zhang L, et al. Cetuximab and
Doxorubicin loaded dextran-coated Fe304 magnetic nanoparticles as novel targeted
nanocarriers for non-small cell lung cancer. Journal of Magnetism and Magnetic Materials.
2019:481:122-8.

197. Hu X, Chen S, Yin H, Wang Q, Duan Y, Jiang L, et al. Chitooligosaccharides-modified
PLGA nanoparticles enhance the antitumor efficacy of AZD9291 (Osimertinib) by promoting
apoptosis. International journal of biological macromolecules. 2020.

198. Patel J, Amrutiya J, Bhatt P, Javia A, Jain M, Misra A. Targeted delivery of monoclonal
antibody conjugated docetaxel loaded PLGA nanoparticles into EGFR overexpressed lung
tumour cells. Journal of microencapsulation. 2018;35(2):204-17.

199. Rasha SE, Vineela P, Nishant SK, Snehal KS, Gautam C, Nitesh KK, et al. Afatinib-
loaded Inhalable PLGA Nanoparticles for Localized Therapy of Non-Small Cell Lung Cancer
(NSCLC)-development and In-Vitro Efficacy. Drug delivery and translational research.

200. Lu S, Bao X, Hai W, Shi S, Chen Y, Yu Q, et al. Multi-functional self-assembled
nanoparticles for pVEGF-shRNA loading and anti-tumor targeted therapy. International
Journal of Pharmaceutics. 2020;575:118898.

201. Sacko K, Thangavel K, Shoyele SA. Codelivery of genistein and miRNA-29b to A549
cells using aptamer-hybrid nanoparticle bioconjugates. Nanomaterials. 2019;9(7):1052.

202. Zheng K, Chen R, Sun Y, Tan Z, Liu Y, Cheng X, et al. Cantharidin-loaded functional
mesoporous titanium peroxide nanoparticles for non-small cell lung cancer targeted
chemotherapy combined with high effective photodynamic therapy. Thoracic cancer. 2020.
203. Zhang M, Zhang X, Cai S, Mei H, He Y, Huang D, et al. Photo-induced specific

intracellular release EGFR inhibitor from enzyme/ROS-dual sensitive nano-platforms for

Thesis The Maharaja Sayajirao University of Baroda

104



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

molecular targeted-photodynamic combinational therapy of non-small cell lung cancer. Journal
of Materials Chemistry B. 2020.

204. Parayath NN, Parikh A, Amiji MM. Repolarization of tumor-associated macrophages
in a genetically engineered nonsmall cell lung cancer model by intraperitoneal administration
of hyaluronic acid-based nanoparticles encapsulating microRNA-125b. Nano letters.
2018;18(6):3571-9.

205. Lee R, Choi Y], Jeong MS, Park YI, Motoyama K, Kim MW, et al. Hyaluronic Acid-
Decorated Glycol Chitosan Nanoparticles for pH-Sensitive Controlled Release of Doxorubicin
and Celecoxib in Nonsmall Cell Lung Cancer. Bioconjugate Chemistry. 2020;31(3):923-32.
206. Moro M, Di Paolo D, Milione M, Centonze G, Bornaghi V, Borzi C, et al. Coated
cationic lipid-nanoparticles entrapping miR-660 inhibit tumor growth in patient-derived
xenografts lung cancer models. Journal of Controlled Release. 2019;308:44-56.

207. Miele E, Spinelli GP, Miele E, Tomao F, Tomao S. Albumin-bound formulation of
paclitaxel (Abraxane® ABI-007) in the treatment of breast cancer. International journal of
nanomedicine. 2009;4:99.

208. Socinski MA, Bondarenko I, Karaseva NA, Makhson AM, Vynnychenko I, Okamoto
I, et al. Weekly nab-paclitaxel in combination with carboplatin versus solvent-based paclitaxel
plus carboplatin as first-line therapy in patients with advanced non-small-cell lung cancer: final
results of a phase III trial. J Clin Oncol. 2012;30(17):2055-62.

209. Barenholz YC. Doxil®—the first FDA-approved nano-drug: lessons learned. Journal
of controlled release. 2012;160(2):117-34.

210.  Socinski MA, Jotte RM, Cappuzzo F, Orlandi F, Stroyakovskiy D, Nogami N, et al.
Atezolizumab for first-line treatment of metastatic nonsquamous NSCLC. New England
Journal of Medicine. 2018;378(24):2288-301.

211. Narayan P, Wahby S, Gao JJ, Amiri-Kordestani L, Ibrahim A, Bloomquist E, et al.
FDA Approval Summary: Atezolizumab plus paclitaxel protein-bound for the treatment of
patients with advanced or metastatic TNBC whose tumors express PD-L1. Clinical Cancer
Research. 2020;26(10):2284-9.

212. Tie Y, Yang H, Zhao R, Zheng H, Yang D, Zhao J, et al. Safety and efficacy of
atezolizumab in the treatment of cancers: a systematic review and pooled-analysis. Drug

design, development and therapy. 2019;13:523.

Thesis The Maharaja Sayajirao University of Baroda

105



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

213. Tolcher AW, Mayer LD. Improving combination cancer therapy: the CombiPlex®
development platform. Future Oncology. 2018;14(13):1317-32.

214. Tardi PG, Dos Santos N, Harasym TO, Johnstone SA, Zisman N, Tsang AW, et al.
Drug ratio—dependent antitumor activity of irinotecan and cisplatin combinations in vitro and
in vivo. Molecular cancer therapeutics. 2009;8(8):2266-75.

215.  Zhang RX, Wong HL, Xue HY, Eoh JY, Wu XY. Nanomedicine of synergistic drug
combinations for cancer therapy—Strategies and perspectives. Journal of Controlled Release.
2016:;240:489-503.

216. Elwakeel A, Soudan H, Eldoksh A, Shalaby M, Eldemellawy M, Ghareeb D, et al.
Implementation of the Chou-Talalay method for studying the in vitro pharmacodynamic
interactions of binary and ternary drug combinations on MDA-MB-231 triple negative breast
cancer cells. Synergy. 2019;8:100047.

217.  Chou T-C. Drug combination studies and their synergy quantification using the Chou-
Talalay method. Cancer research. 2010;70(2):440-6.

218.  Schrank Z, Chhabra G, Lin L, Iderzorig T, Osude C, Khan N, et al. Current molecular-
targeted therapies in NSCLC and their mechanism of resistance. Cancers. 2018;10(7):224.
219. Mayer LD, Harasym TO, Tardi PG, Harasym NL, Shew CR, Johnstone SA, et al.
Ratiometric dosing of anticancer drug combinations: controlling drug ratios after systemic
administration regulates therapeutic activity in tumor-bearing mice. Molecular cancer
therapeutics. 2006;5(7):1854-63.

220. Mayer LD, Janoff AS. Optimizing combination chemotherapy by controlling drug
ratios. Molecular interventions. 2007;7(4):216.

221.  Yuan M, Huang L-L, Chen J-H, Wu J, Xu Q. The emerging treatment landscape of
targeted therapy in non-small-cell lung cancer. Signal Transduction and Targeted Therapy.
2019:4(1):1-14.

222. Chauhan VP, Stylianopoulos T, Boucher Y, Jain RK. Delivery of molecular and
nanoscale medicine to tumors: transport barriers and strategies. Annual review of chemical and
biomolecular engineering. 2011;2:281-98.

223.  Xu X, Ho W, Zhang X, Bertrand N, Farokhzad O. Cancer nanomedicine: from targeted
delivery to combination therapy. Trends in molecular medicine. 2015;21(4):223-32.

Thesis The Maharaja Sayajirao University of Baroda

106



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

224. Ghosh S, Lalani R, Maiti K, Banerjee S, Patel V, Bhowmick S, et al. Optimization and
efficacy study of synergistic vincristine coloaded liposomal doxorubicin against breast and
lung cancer. Nanomedicine (London, England). 2020;15(26):2585-607.

225. Ghosh S, Lalani R, Maiti K, Banerjee S, Bhatt H, Bobde YS, et al. Synergistic co-
loading of vincristine improved chemotherapeutic potential of pegylated liposomal
doxorubicin against triple negative breast cancer and non-small cell lung cancer.
Nanomedicine: Nanotechnology, Biology and Medicine. 2021;31:102320.

226. TianJ, Min Y, Rodgers Z, Au KM, Hagan CT, Zhang M, et al. Co-delivery of paclitaxel
and cisplatin with biocompatible PLGA—PEG nanoparticles enhances chemoradiotherapy in
non-small cell lung cancer models. Journal of Materials Chemistry B. 2017;5(30):6049-57.
227. Dai W, Yang F, Ma L, Fan Y, He B, He Q, et al. Combined mTOR inhibitor rapamycin
and doxorubicin-loaded cyclic octapeptide modified liposomes for targeting integrin a3 in
triple-negative breast cancer. Biomaterials. 2014;35(20):5347-58.

228. Xiong Y, Zhao Y, Miao L, Lin CM, Huang L. Co-delivery of polymeric metformin and
cisplatin by self-assembled core-membrane nanoparticles to treat non-small cell lung cancer.
Journal of Controlled Release. 2016;244:63-73.

229. Zhang R, Ru Y, Gao Y, Li J, Mao S. Layer-by-layer nanoparticles co-loading
gemcitabine and platinum (IV) prodrugs for synergistic combination therapy of lung cancer.
Drug design, development and therapy. 2017;11:2631.

230. Hu L, Pang S, Hu Q, Gu D, Kong D, Xiong X, et al. Enhanced antitumor efficacy of
folate targeted nanoparticles co-loaded with docetaxel and curcumin. Biomedicine &
Pharmacotherapy. 2015;75:26-32.

231. Rawal S, Bora V, Patel B, Patel M. Surface-engineered nanostructured lipid carrier
systems for synergistic combination oncotherapy of non-small cell lung cancer. Drug delivery
and translational research. 2020:1-22.

232. Jin Y, Wang Y, Liu X, Zhou J, Wang X, Feng H, et al. Synergistic Combination
Chemotherapy of Lung Cancer: Cisplatin and Doxorubicin Conjugated Prodrug Loaded,
Glutathione and pH Sensitive Nanocarriers. Drug Design, Development and Therapy.

2020;14:5205-15.

Thesis The Maharaja Sayajirao University of Baroda

107



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

233. Liu J-J, Tang W, Fu M, Gong X-Q, Kong L, Yao X-M, et al. Development of R8
modified epirubicin—dihydroartemisinin liposomes for treatment of non-small-cell lung cancer.
Artificial cells, nanomedicine, and biotechnology. 2019;47(1):1947-60.

234. Kong L, Cai Fy, Yao Xm, Jing M, Fu M, Liu Jj, et al. RPV-modified epirubicin and
dioscin co-delivery liposomes suppress non-small cell lung cancer growth by limiting nutrition
supply. Cancer science. 2020;111(2):621.

235. Hadinoto K, Sundaresan A, Cheow WS. Lipid—polymer hybrid nanoparticles as a new
generation therapeutic delivery platform: a review. European journal of pharmaceutics and
biopharmaceutics. 2013;85(3):427-43.

236. Nan Y. Lung carcinoma therapy using epidermal growth factor receptor-targeted lipid
polymeric nanoparticles co-loaded with cisplatin and doxorubicin. Oncology reports.
2019;42(5):2087-96.

237.  Song Z, Shi Y, Han Q, Dai G. Endothelial growth factor receptor-targeted and reactive
oxygen species-responsive lung cancer therapy by docetaxel and resveratrol encapsulated lipid-
polymer hybrid nanoparticles. Biomedicine & Pharmacotherapy. 2018;105:18-26.

238. Vogus DR, Evans MA, Pusuluri A, Barajas A, Zhang M, Krishnan V, et al. A
hyaluronic acid conjugate engineered to synergistically and sequentially deliver gemcitabine
and doxorubicin to treat triple negative breast cancer. Journal of Controlled Release.
2017;267:191-202.

239. Amreddy N, Babu A, Muralidharan R, Munshi A, Ramesh R. Polymeric nanoparticle-
mediated gene delivery for lung cancer treatment. Polymeric Gene Delivery Systems:
Springer; 2017. p. 233-55.

240. Lieberman J. Tapping the RNA world for therapeutics. Nature structural & molecular
biology. 2018:;25(5):357-64.

241. Guo P, Haque F, Hallahan B, Reif R, Li H. Uniqueness, advantages, challenges,
solutions, and perspectives in therapeutics applying RNA nanotechnology. Nucleic acid
therapeutics. 2012;22(4):226-45.

242. Zhang C, Zhang X, Zhao W, Zeng C, Li W, Li B, et al. Chemotherapy drugs derived
nanoparticles encapsulating mRNA encoding tumor suppressor proteins to treat triple-negative

breast cancer. Nano research. 2019;12(4):855-61.

Thesis The Maharaja Sayajirao University of Baroda

108



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

243.  Okamoto A, Asai T, Hirai Y, Shimizu K, Koide H, Minamino T, et al. Systemic
administration of siRNA with anti-HB-EGF antibody-modified lipid nanoparticles for the
treatment of triple-negative breast cancer. Molecular pharmaceutics. 2018;15(4):1495-504.
244. Liu L, Wang Y, Miao L, Liu Q, Musetti S, Li J, et al. Combination immunotherapy of
MUC1 mRNA nano-vaccine and CTLA-4 blockade effectively inhibits growth of triple
negative breast cancer. Molecular Therapy. 2018;26(1):45-55.

245. Sun S, Xu Y, Fu P, Chen M, Sun S, Zhao R, et al. Ultrasound-targeted photodynamic
and gene dual therapy for effectively inhibiting triple negative breast cancer by cationic
porphyrin lipid microbubbles loaded with HIF1a-siRNA. Nanoscale. 2018;10(42):19945-56.
246. Amreddy N, Babu A, Panneerselvam J, Srivastava A, Muralidharan R, Chen A, et al.
Chemo-biologic combinatorial drug delivery using folate receptor-targeted dendrimer
nanoparticles for lung cancer treatment. Nanomedicine: Nanotechnology, Biology and
Medicine. 2018;14(2):373-84.

247. Khatri N, Rathi M, Baradia D, Misra A. cRGD grafted siRNA nano-constructs for
chemosensitization of gemcitabine hydrochloride in lung cancer treatment. Pharmaceutical
research. 2015;32(3):806-18.

248. Patel V, Lalani R, Vhora I, Bardoliwala D, Patel A, Ghosh S, et al. Co-delivery of
cisplatin and siRNA through hybrid nanocarrier platform for masking resistance to
chemotherapy in lung cancer. Drug delivery and translational research. 2020:1-20.

249. Zhang X, Wang Q, Qin L, Fu H, Fang Y, Han B, et al. EGF-modified mPEG-PLGA-
PLL nanoparticle for delivering doxorubicin combined with Bcl-2 siRNA as a potential
treatment strategy for lung cancer. Drug delivery. 2016;23(8):2936-45.

250. Deng ZJ, Morton SW, Ben-Akiva E, Dreaden EC, Shopsowitz KE, Hammond PT.
Layer-by-layer nanoparticles for systemic codelivery of an anticancer drug and siRNA for
potential triple-negative breast cancer treatment. ACS nano. 2013;7(11):9571-84.

251. Zhao Z, Li Y, Liu H, Jain A, Patel PV, Cheng K. Co-delivery of IKBKE siRNA and
cabazitaxel by hybrid nanocomplex inhibits invasiveness and growth of triple-negative breast
cancer. Science advances. 2020;6(29):eabb0616.

252.  Gurturk Z, Tezcaner A, Dalgic AD, Korkmaz S, Keskin D. Maltodextrin modified
liposomes for drug delivery through the blood-brain barrier. Medchemcomm. 2017;8(6):1337-
45.

Thesis The Maharaja Sayajirao University of Baroda

109



WWRAO Uy,
o5 %,

Z

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 \nAHA;;,,'/
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

253. LiJ, Yuan D, Zheng X, Zhang X, Li X, Zhang S. A triple-combination nanotechnology
platform based on multifunctional RNA hydrogel for lung cancer therapy. Science China
Chemistry. 2020:1-8.

254. Su S, Tian Y, Li Y, Ding Y, Ji T, Wu M, et al. “Triple-punch” strategy for triple
negative breast cancer therapy with minimized drug dosage and improved antitumor efficacy.
ACS nano. 2015;9(2):1367-78.

255.  Wilhelm S, Tavares AJ, Dai Q, Ohta S, Audet J, Dvorak HF, et al. Analysis of
nanoparticle delivery to tumours. Nature reviews materials. 2016;1(5):1-12.

256. Varela I, Menendez P, Sanjuan-Pla A. Intratumoral heterogeneity and clonal evolution
in blood malignancies and solid tumors. Oncotarget. 2017;8(39):66742.

257.  Monopoli MP, Aberg C, Salvati A, Dawson KA. Biomolecular coronas provide the
biological identity of nanosized materials. Nature nanotechnology. 2012;7(12):779-86.

258. Sharifi S, Caracciolo G, Mahmoudi M. Biomolecular corona affects controlled release
of drug payloads from nanocarriers. Trends in Pharmacological Sciences. 2020.

259. Caracciolo G, Palchetti S, Digiacomo L, Chiozzi RZ, Capriotti AL, Amenitsch H, et al.
Human biomolecular corona of liposomal doxorubicin: the overlooked factor in anticancer
drug delivery. ACS applied materials & interfaces. 2018;10(27):22951-62.

260. Ruenraroengsak P, Cook JM, Florence AT. Nanosystem drug targeting: facing up to
complex realities. Journal of controlled Release. 2010;141(3):265-76.

261. Lila ASA, Kiwada H, Ishida T. The accelerated blood clearance (ABC) phenomenon:
clinical challenge and approaches to manage. Journal of Controlled Release. 2013;172(1):38-
47.

262. Szebeni J. Complement activation-related pseudoallergy: a stress reaction in blood
triggered by nanomedicines and biologicals. Molecular immunology. 2014;61(2):163-73.
263. Jiang H, Hegde S, DeNardo DG. Tumor-associated fibrosis as a regulator of tumor
immunity and response to immunotherapy. Cancer Immunology, Immunotherapy.
2017;66(8):1037-48.

264. lzci M, Maksoudian C, Manshian BB, Soenen SJ. The Use of Alternative Strategies for
Enhanced Nanoparticle Delivery to Solid Tumors. Chemical Reviews. 2021;121(3):1746-803.
265. Nel AE, Médler L, Velegol D, Xia T, Hoek EM, Somasundaran P, et al. Understanding

biophysicochemical interactions at the nano—bio interface. Nature materials. 2009;8(7):543-57.

Thesis The Maharaja Sayajirao University of Baroda

110



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

266. Gustafson HH, Holt-Casper D, Grainger DW, Ghandehari H. Nanoparticle uptake: the
phagocyte problem. Nano today. 2015;10(4):487-510.

267. Khan DR, Webb MN, Cadotte TH, Gavette MN. Use of targeted liposome-based
chemotherapeutics to treat breast cancer. Breast cancer: basic and clinical research.
2015;9:BCBCR. S29421.

268. Chiu AM, Mitra M, Boymoushakian L, Coller HA. Integrative analysis of the inter-
tumoral heterogeneity of triple-negative breast cancer. Scientific reports. 2018;8(1):1-14.

269. Chen Z, Fillmore CM, Hammerman PS, Kim CF, Wong K-K. Non-small-cell lung
cancers: a heterogeneous set of diseases. Nature Reviews Cancer. 2014;14(8):535-46.

270. Cazet AS, Hui MN, Elsworth BL, Wu SZ, Roden D, Chan C-L, et al. Targeting stromal
remodeling and cancer stem cell plasticity overcomes chemoresistance in triple negative breast
cancer. Nature communications. 2018;9(1):1-18.

271. Hipolito A, Mendes C, Serpa J. The Metabolic Remodelling in Lung Cancer and Its
Putative Consequence in Therapy Response. Tumor Microenvironment. 2020:311-33.

272.  Numico G, Castiglione F, Granetto C, Garrone O, Mariani G, Di Costanzo G, et al.
Single-agent pegylated liposomal doxorubicin (Caelix®) in chemotherapy pretreated non-
small cell lung cancer patients: a pilot trial. Lung Cancer. 2002;35(1):59-64.

273.  Stathopoulos G, Antoniou D, Dimitroulis J, Stathopoulos J, Marosis K, Michalopoulou
P. Comparison of liposomal cisplatin versus cisplatin in non-squamous cell non-small-cell lung
cancer. Cancer chemotherapy and pharmacology. 2011;68(4):945-50.

274. Boulikas T. Clinical overview on Lipoplatin™: a successful liposomal formulation of
cisplatin. Expert opinion on investigational drugs. 2009;18(8):1197-218.

275.  Chauhan VP, Stylianopoulos T, Martin JD, Popovi¢ Z, Chen O, Kamoun WS, et al.
Normalization of tumour blood vessels improves the delivery of nanomedicines in a size-
dependent manner. Nature nanotechnology. 2012;7(6):383-8.

276. Yardley DA. nab-Paclitaxel mechanisms of action and delivery. Journal of Controlled
Release. 2013;170(3):365-72.

277. Zhao M, Lei C, Yang Y, Bu X, Ma H, Gong H, et al. Abraxane, the nanoparticle
formulation of paclitaxel can induce drug resistance by up-regulation of P-gp. PloS one.

2015;10(7):e0131429.

Thesis The Maharaja Sayajirao University of Baroda

111



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

278.  Yuan H, Guo H, Luan X, He M, Li F, Burnett J, et al. Albumin nanoparticle of paclitaxel
(Abraxane) decreases while taxol increases breast cancer stem cells in treatment of triple
negative breast cancer. Molecular Pharmaceutics. 2020;17(7):2275-86.

279. Shi Y. Clinical translation of nanomedicine and biomaterials for cancer
immunotherapy: progress and perspectives. Advanced Therapeutics. 2020;3(9):1900215.

280. Lammers T, Kiessling F, Ashford M, Hennink W, Crommelin D, Storm G. Cancer
nanomedicine: is targeting our target? Nature Reviews Materials. 2016;1(9):1-2.

281. Tong R, Kohane DS. New strategies in cancer nanomedicine. Annual review of
pharmacology and toxicology. 2016;56:41-57.

282. Hobbs SK, Monsky WL, Yuan F, Roberts WG, Griffith L, Torchilin VP, et al.
Regulation of transport pathways in tumor vessels: role of tumor type and microenvironment.
Proc Natl Acad Sci U S A. 1998;95(8):4607-12.

283. Singh A, Amiji MM. Combinatorial Approach in Rationale Design of Polymeric
Nanomedicines for Cancer. Biomedical Applications of Functionalized Nanomaterials:
Elsevier; 2018. p. 371-98.

284. ShiC, Guo D, Xiao K, Wang X, Wang L, Luo J. A drug-specific nanocarrier design for
efficient anticancer therapy. Nature communications. 2015;6:7449.

285. Shi J, Kantoff PW, Wooster R, Farokhzad OC. Cancer nanomedicine: progress,
challenges and opportunities. Nature Reviews Cancer. 2016;17:20.

286. Wang AZ, Gu F, Zhang L, Chan JM, Radovic-Moreno A, Shaikh MR, et al.
Biofunctionalized targeted nanoparticles for therapeutic applications. Expert opinion on
biological therapy. 2008;8(8):1063-70.

287. Wang C, Cheng X, Su Y, Pei Y, Song Y, Jiao J, et al. Accelerated blood clearance
phenomenon upon cross-administration of PEGylated nanocarriers in beagle dogs.
International journal of nanomedicine. 2015;10:3533.

288. Gao H, Korn JM, Ferretti S, Monahan JE, Wang Y, Singh M, et al. High-throughput
screening using patient-derived tumor xenografts to predict clinical trial drug response. Nat
Med. 2015;21(11):1318-25.

289. Ruenraroengsak P, Cook JM, Florence AT. Nanosystem drug targeting: Facing up to
complex realities. J] Control Release. 2010;141(3):265-76.

Thesis The Maharaja Sayajirao University of Baroda

112



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

3
g
E

PHARMA

290. Bae YH, Park K. Targeted drug delivery to tumors: myths, reality and possibility.
Journal of controlled release. 2011;153(3):198.

291. Eastman A. Improving anticancer drug development begins with cell culture:
misinformation perpetrated by the misuse of cytotoxicity assays. Oncotarget. 2017;8(5):8854.

292. Venditto VJ, Szoka Jr FC. Cancer nanomedicines: so many papers and so few drugs!

Advanced drug delivery reviews. 2013;65(1):80-8.

293,  Arruebo M, Vilaboa N, Saez-Gutierrez B, Lambea J, Tres A, Valladares M, et al.
Assessment of the evolution of cancer treatment therapies. Cancers. 2011;3(3):3279-330.

294. Gao Z, Zhang L, Sun Y. Nanotechnology applied to overcome tumor drug resistance. J
Control Release. 2012;162(1):45-55.

295. Nakhjavani M, Hardingham JE, Palethorpe HM, Price TJ, Townsend AR. Druggable
molecular targets for the treatment of triple negative breast cancer. Journal of breast cancer.
2019;22(3):341.

296. Dong J, Li B, Lin D, Zhou Q, Huang D. Advances in targeted therapy and
immunotherapy for non-small cell lung cancer based on accurate molecular typing. Frontiers
in pharmacology. 2019;10:230.

297. TangJ, Gautam P, Gupta A, He L, Timonen S, Akimov Y, et al. Network pharmacology
modeling identifies synergistic Aurora B and ZAK interaction in triple-negative breast cancer.
NPJ systems biology and applications. 2019;5(1):1-11.

298. Karuppasamy R, Veerappapillai S, Maiti S, Shin W-H, Kihara D, editors. Current
progress and future perspectives of polypharmacology: From the view of non-small cell lung
cancer. Seminars in cancer biology; 2019: Elsevier.

299. Hattab D, Bakhtiar A. Bioengineered siRNA-Based Nanoplatforms Targeting
Molecular Signaling Pathways for the Treatment of Triple Negative Breast Cancer: Preclinical
and Clinical Advancements. Pharmaceutics. 2020;12(10):929.

300. Wei T, Cheng Q, Min Y-L, Olson EN, Siegwart DJ. Systemic nanoparticle delivery of
CRISPR-Cas9 ribonucleoproteins for effective tissue specific genome editing. Nature
communications. 2020;11(1):1-12.

301. Guo P, Yang J, Huang J, Auguste DT, Moses MA. Therapeutic genome editing of
triple-negative breast tumors using a noncationic and deformable nanolipogel. Proceedings of

the National Academy of Sciences. 2019;116(37):18295-303.

Thesis The Maharaja Sayajirao University of Baroda

113



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

gi

3
g
E

PHARMA

302. Mintz RL, Lao YH, Chi CW, He S, Li M, Quek CH, et al. CRISPR/Cas9-mediated
mutagenesis to validate the synergy between PARP1 inhibition and chemotherapy in BRCA1-
mutated breast cancer cells. Bioengineering & translational medicine. 2020;5(1):e10152.

303. Grant CV, Cai S, Risinger AL, Liang H, O’Keefe BR, Doench JG, et al. CRISPR-Cas9
Genome-Wide Knockout Screen Identifies Mechanism of Selective Activity of
Dehydrofalcarinol in Mesenchymal Stem-like Triple-Negative Breast Cancer Cells. Journal of
Natural Products. 2020;83(10):3080-92.

304. Yang M, Zeng C, Li P, Qian L, Ding B, Huang L, et al. Impact of CXCR4 and CXCR7
knockout by CRISPR/Cas9 on the function of triple-negative breast cancer cells. OncoTargets
and therapy. 2019;12:3849.

305. Akinc A, Maier MA, Manoharan M, Fitzgerald K, Jayaraman M, Barros S, et al. The
Onpattro story and the clinical translation of nanomedicines containing nucleic acid-based
drugs. Nature nanotechnology. 2019;14(12):1084-7.

306. Morel D, Jeffery D, Aspeslagh S, Almouzni G, Postel-Vinay S. Combining epigenetic
drugs with other therapies for solid tumours—past lessons and future promise. Nature Reviews
Clinical Oncology. 2020;17(2):91-107.

307. TuB, Zhang M, Liu T, Huang Y. Nanotechnology-based histone deacetylase inhibitors
for cancer therapy. Frontiers in Cell and Developmental Biology. 2020;8.

308. Kim B, Pena CD, Auguste DT. Targeted Lipid Nanoemulsions Encapsulating
Epigenetic Drugs Exhibit Selective Cytotoxicity on CDHI1-/FOXM 1+ Triple Negative Breast
Cancer Cells. Molecular pharmaceutics. 2019;16(5):1813-26.

309. Peng H, Chen B, Huang W, Tang Y, Jiang Y, Zhang W, et al. Reprogramming tumor-
associated macrophages to reverse EGFRT790M resistance by dual-targeting codelivery of
gefitinib/vorinostat. Nano letters. 2017;17(12):7684-90.

310. Lee SY, Hong E-H, Jeong JY, Cho J, Seo J-H, Ko H-J, et al. Esterase-sensitive
cleavable histone deacetylase inhibitor-coupled hyaluronic acid nanoparticles for boosting
anticancer activities against lung adenocarcinoma. Biomaterials science. 2019;7(11):4624-35.
311. Beltran-Gracia E, Lopez-Camacho A, Higuera-Ciapara I, Veldzquez-Fernandez JB,
Vallejo-Cardona AA. Nanomedicine review: clinical developments in liposomal applications.

Cancer Nanotechnology. 2019;10(1):1-40.

Thesis The Maharaja Sayajirao University of Baroda

114



WWRAO Uy,
o5 %,

g

Dual Drug Loaded Liposomes for Controlled Delivery of Anticancer
Agents/ Chapter 2/ Literature review

3 WAHAR,
L7 W
Tyyg 30 ™

PHARMA

3
g
E

312. Cheng W, Allen T. The use of single chain Fv as targeting agents for
immunoliposomes: an update on immunoliposomal drugs for cancer treatment. Expert opinion
on drug delivery. 2010;7(4):461-78.

313. Babu A, Munshi A, Ramesh R. Combinatorial therapeutic approaches with RNAi and
anticancer drugs using nanodrug delivery systems. Drug development and industrial pharmacy.
2017;43(9):1391-401.

314. Shirley M. Amikacin liposome inhalation suspension: a review in Mycobacterium
avium complex lung disease. Drugs. 2019;79(5):555-62.

315. Xu C, Wang Y, Guo Z, Chen J, Lin L, Wu J, et al. Pulmonary delivery by exploiting
doxorubicin and cisplatin co-loaded nanoparticles for metastatic lung cancer therapy. Journal
of Controlled Release. 2019;295:153-63.

316. Roa WH, Azarmi S, Al-Hallak MK, Finlay WH, Magliocco AM, Ld&benberg R.
Inhalable nanoparticles, a non-invasive approach to treat lung cancer in a mouse model. Journal
of controlled release. 2011;150(1):49-55.

317. Ghosh S, Javia A, Shetty S, Bardoliwala D, Maiti K, Banerjee S, et al. Triple negative
breast cancer and non-small cell lung cancer: Clinical challenges and nano-formulation

approaches. Journal of Controlled Release. 2021.

Thesis The Maharaja Sayajirao University of Baroda

115



