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Abstract: Nanotechnology has recently gained increased attention for its capability to effec-

tively diagnose and treat various tumors. Nanocarriers have been used to circumvent the problems 

associated with conventional antitumor drug delivery systems, including their nonspecificity, 

severe side effects, burst release and damaging the normal cells. Nanocarriers improve the 

bioavailability and therapeutic efficiency of antitumor drugs, while providing preferential accu-

mulation at the target site. A number of nanocarriers have been developed; however, only a few 

of them are clinically approved for the delivery of antitumor drugs for their intended actions at 

the targeted sites. The present review is divided into three main parts: first part presents intro-

duction of various nanocarriers and their relevance in the delivery of anticancer drugs, second 

part encompasses targeting mechanisms and surface functionalization on nanocarriers and third 

part covers the description of selected tumors, including breast, lungs, colorectal and pancreatic 

tumors, and applications of relative nanocarriers in these tumors. This review increases the 

understanding of tumor treatment with the promising use of nanotechnology.

Keywords: nanocarriers, drug delivery, solid lipid nanoparticles, liposomes, polymeric 

nanoparticles, dendrimers, breast tumor, lungs tumor, colorectal tumor, prostate tumor

Introduction to nanocarriers
Nanocarriers are colloidal drug carrier systems having submicron particle size 

typically ,500 nm.1 Nanocarriers have been extensively investigated in the past few 

decades as they showed great promise in the area of drug delivery. Nanocarriers, owing 

to their high surface area to volume ratio, have the ability to alter basic properties 

and bioactivity of drugs. Improved pharmacokinetics and biodistribution, decreased 

toxicities, improved solubility and stability, controlled release and site-specific delivery 

of therapeutic agents are some of the features that nanocarriers can incorporate in drug 

delivery systems.2,3 Moreover, the physiochemical properties of nanocarriers can be 

tuned by altering their compositions (organic, inorganic or hybrid), sizes (small or 

large), shapes (sphere, rod or cube) and surface properties (surface charge, functional 

groups, PEGylation or other coating, attachment of targeting moieties).4 The overall 

goal of utilizing nanocarriers in drug delivery is to treat a disease effectively with 

minimum side effects.2

Anticancer chemotherapeutics when delivered via conventional drug delivery 

systems present a number of unique problems, including poor specificity, high 

toxicity and induction of drug resistance.5 These obstacles decrease the therapeutic 

value of many anticancer drugs. Nanocarrier-based platforms have enabled effective 

delivery of anticancer drugs into the tumors by exploiting the pathophysiology of 

tumor microenvironment, thereby significantly improving the therapeutic outcomes 
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for oncological conditions.6 Furthermore, the overexpressed 

receptors on tumor cells surface have also been targeted with 

nanocarriers platforms decorated with targeting ligands. 

A number of nanocarrier-based products have been approved 

for the treatment of various tumors, and many others are in 

different phases of clinical trials.4 In the current review, we 

first discussed features of different types of nanocarriers 

(organic, inorganic and hybrid) along with their relevance in 

cancer therapy. We then elaborated the targeting mechanisms 

and surface functionalization on nanocarriers to improve 

their targetability. Finally, we discussed selected tumors 

and application of nanocarriers in the respective tumor.

Organic nanocarriers
Solid lipid nanoparticles (SLNs)
SLNs, developed in early 1990s, are nanosized colloidal 

drug carriers in the size range of 50–1,000 nm.7 SLNs are 

prepared by dispersing melted solid lipid(s) in water, whereas 

emulsifier(s) are used to stabilize the dispersion. The two most 

commonly used methods for preparing SLNs are high pres-

sure homogenization and microemulsification. SLNs provide 

a highly lipophilic lipid matrix for drugs to be dispersed or 

dissolved.8 A wide variety of solid lipids including mono-, 

di- and triglycerides; free fatty acids; free fatty alcohols; 

waxes and steroids have been utilized for the preparation of 

SLNs. SLNs are quite similar to nanoemulsions except that 

different kinds of lipids are used in both the formulations. 

Lipids that are solid at room temperature are used in SLNs 

instead of liquid lipids (oils) used in nanoemulsions.9

SLNs as nanocarriers offer a number of advantages 

over their colloidal counterparts, including nanoemulsions, 

liposomes and polymeric nanoparticles (PNPs). Some of the 

areas where SLNs score better than their counterparts include 

controlled drug delivery, lack of biotoxicity, high drug pay-

load, improved bioavailability of poorly water-soluble drugs, 

better stability and easy as well as economical large-scale 

production.10,11 Various models have been proposed to incor-

porate drugs into SLNs. Depending upon the composition of 

SLNs (lipid, drug and surfactant) and production conditions 

(hot or cold homogenization), drug can either be dispersed 

homogeneously in lipid matrix (solid solution/homogeneous 

matrix model) of SLNs (Figure 1), incorporated into the shell 

surrounding the lipid core (drug-enriched shell model) or 

incorporated into the core surrounded by a lipid shell (drug-

enriched core model).12

Since their development, SLNs have been extensively 

used as a carrier for numerous antitumor chemotherapeutic 

moieties. The versatile and favorable properties of SLNs 

make them promising nanocarriers to overcome or at least 

minimize the drawbacks of conventional chemotherapy. 

SLNs provide a natural platform to incorporate lipophilic 

anticancer drugs. Moreover, recent advances in the field of 

SLNs (eg, polymer–lipid hybrid type of SLNs, lipid–drug 

conjugate nanoparticles [NPs]) made it possible to incorpo-

rate hydrophilic and ionic anticancer drugs as well. However, 

quick elimination of SLNs from the blood flow by reticule 

endothelial system (RES), encapsulation of hydrophilic 

and ionic anticancer drugs and controlling the rate and 

extent of drug release from SLNs are the major obstacles 

faced by SLNs that restrain them from becoming effective 

nanocarriers in anticancer drug delivery. All of these aspects 

of SLNs as anticancer drug carriers have been excellently 

reviewed by Wong et al.5 Few examples where SLN systems 

have been utilized for the delivery of anticancer drugs are 

docetaxel,13 doxorubicin,14 paclitaxel,15 methotrexate16 and 

5-fluorouracil (5-FU).17

Liposomes
Liposomes attained a great attention during the last few 

decades in biomedicine, especially as a drug delivery system 

for antitumor drugs.18 They showed a number of advantages 

over conventional systems which are, but not limited to, 

enhanced delivery of drug, protection of active drug from 

environmental factors, improved performance features of the 

product, preventing early degradation of the encapsulated 

drug, cost-effective formulations of expensive drugs and effi-

cient treatment with reduced systemic toxicity.19 Moreover, 

drugs associated with liposomes have markedly altered phar-

macokinetic properties compared to free drugs in solution.8 

They can be covered with polymers such as polyethylene 

glycol (PEG; PEGylated or stealth liposomes) to exhibit pro-

longed half-life in blood circulation. Liposomes are spherical 

Figure 1 Schematics of SLN.
Abbreviation: SLN, solid lipid nanoparticle.
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vesicles having an aqueous core enclosed by lipid bilayers. 

They have single or multiple bilayered membrane assembly 

formed of natural or synthetic lipids (Figure 2). Those con-

taining one bilayer membrane are termed as small unilamellar 

vesicles or large unilamellar vesicles based on their sizes. 

If more than one bilayer is present, then they are called as 

multilamellar vesicles. Liposomes vary with respect to com-

position, size, surface charge and method of preparation.20 

Liposomes are commonly used as model cells or carriers for 

various bioactive agents including drugs, vaccines, cosmetics 

and nutraceuticals.19

The biodegradable and biocompatible composition of 

liposomes made them excellent therapeutic carriers. More-

over, their distinctive capacity to accommodate both water-

soluble and lipid-soluble agents, correspondingly in their 

aqueous central part and lamellae, has increased their use in 

biomedicine formulations.20 Different polymers are used to 

enhance their stability and half-life, which include PEG and 

poly(lactic-co-glycolic acid) (PLGA).19 Drug-loaded liposome 

preparations control the drug distribution within plasma, thus 

leading to improved biodistribution and pharmacokinetics of 

drugs. For instance, doxorubicin-loaded PEGylated liposome 

decreases the volume of doxorubicin distribution from 1,000 

to 2.8 L/m2 in plasma as compared to free drugs in solution.6 

Moreover, it leads to a higher drug concentration inside tumor 

but reduces drug concentration in normal tissues. Liposomes 

can also be conjugated to antibodies or ligands in order to 

enhance target specificity.20

Dendrimers
Dendrimers are frequently branched macromolecules with 

various arms originating from the central core.21 Usually, they 

are produced by using natural or synthetic components, which 

include sugars, nucleotides and amino acids. Their stepwise 

synthesis enables them to adjust molecules with exceedingly 

regular branching pattern, a distinctive molecular weight and 

a distinct number of peripheral groups. Dendrimers obtained 

by stepwise synthetic techniques are distinctive as compared 

to those produced by polymerization processes because 

of the well-arranged and irregular branching patterns, 

respectively.21

Dendrimers are the most likely drug delivery systems 

owing to their inimitable characteristics, including distinctive 

molecular weight, increased number of branching, multiva-

lency, spherical shapes and monodispersed macromolecules 

with an average diameter of 1.5–14.5 nm.22 A typical den-

drimer molecule comprises exceedingly branched layers 

consisting of reiterating units, numerous active terminal 

groups and an initiator core. Their architectural design offers 

an extraordinary control over the dendrimer shape, size, 

branching length and surface functionality. The geographi-

cally remote core located inside the dendrimer is a fascinating 

characteristic of dendrimers, which indicates the site isola-

tion in biomolecules. Drugs can be loaded to the cavities 

in the dendrimers cores through hydrogen bonds, chemical 

linkages or hydrophobic interactions. Each level of added 

branches to the core throughout the synthesis process is 

called as a generation. The exceedingly branched structure 

of dendrimers results in bulky exterior groups. The drugs and 

targeting ligands can be attached to transform the surface 

functionalities in order to obtain specific objectives, which 

usually implicate precise contact at cell walls and biologically 

active sites. The preclinical development of dendrimers has 

been focused largely on forming dendrimer–drug conjugates. 

Recently, dendrimers have been extensively used in fields of 

biomedicine, including gene delivery, immunology, magnetic 

resonance imaging, vaccines and antiviral, antibacterial 

and anticancer drug delivery.23 A descriptive structure of 

dendrimers composed of core, halfway layers and exterior 

groups is shown in Figure 3.

Dendrimer–drug conjugate is formed when the drug is 

covalently bonded to a dendrimer at the core or on the terminal 

Figure 2 Diagrammatic representation of liposome structure. Figure 3 Structure of dendrimers.
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groups and very infrequently in the inner layers, ie, at the 

branching points. The effective concentration of a drug is 

prominently amplified at the targeted site, if the drug is linked 

to numerous peripheral groups in a dendrimer. Primarily, this 

is beneficial for the use of prodrugs. Being monodispersed, 

structurally controlled macromolecules with a definite size 

and molecular weight, dendrimers–drug conjugate is a carrier 

of choice over conventional polymeric drug delivery carriers. 

The drug and dendrimer linker is of prime significance if the 

drug is attached to exterior groups of a dendrimer. This is 

because the drug is required to be released in an active form 

at the site of action. The drug is attached to the dendritic 

boundary with the help of acid labile or disulphide (susceptible 

to reduction) linkers. Usually, benefits are taken from acidic 

or reducing atmosphere adjacent to the cancerous cell. Thus, 

every drug molecule is distinctly cleaved over an extended 

period of time. In this respect, a sophisticated architecture/

design was described in which a single generating event at 

the core resulted in disassociation of the dendrimer leading 

to the release of all the attached paclitaxel molecules to the 

periphery.24 The drug release in these dendrimers is triggered 

by introducing a masked 4-aminocinnamyl alcohol linker that 

resulted in the reduction of the nitro group to amino group 

in a slightly acidic tumor environment.

Dendrimers were successfully used to enhance the effi-

ciency of doxorubicin as described by Lai et al. They used 

photochemical internalization (PCI) technology, which 

is famous for abolishing the cytoplasmic membrane and 

enabling the proclamation of macromolecules trapped in 

cytoplasmic vesicles, leading to the increased cytotoxicity 

to cancerous tissue.25 Cisplatin–dendrimer conjugation was 

reported to have enhanced activity in vitro and in vivo as com-

pared to free cisplatin after intraperitoneal administration into 

mice having B16F10 tumor cells. Similarly, after intravenous 

administration, dendrimer–platinate conjugation resulted in 

increased antitumor activity as compared to cisplatin alone.26 

In an another attempt, Zhuo et al27 prepared 5-FU–dendrimer 

conjugates of different generations (0.5–5.5) using time-

sequenced propagation technique. These conjugates were 

found to have favorable controlled release characteristic for 

anticancer drugs. PEGylated-based dendrimers in conjuga-

tion with doxorubicin showed an enhancement in the blood 

circulation time, reduced toxicity and less accumulation 

of drug. Moreover, they prevent the development of Dox-

unresponsive C-26 tumor when administered subcutaneously 

into mice.28 Similarly, in another study, it was observed 

that PEGylated polyamidoamine (PAMAM) dendrimers 

in conjugation with 5-FU resulted in sustained release of 

antitumor drugs both in vitro and in vivo in albino rats. 

Additionally, this study resulted in abridged leakage and 

hemolytic toxicity.29

PNPs
In the last few decades, polymers have gained a great deal 

of attention in the area of drug delivery since they offer a 

number of attractive features in drug delivery. PNPs are 

solid, nanosized (10–1,000  nm) colloidal particles made 

up of biodegradable polymers.30,31 Based on their structural 

organization, PNPs can either be categorized as nanospheres 

(matrix type) or nanocapsules (reservoir type; Figure 4). 

Nanospheres type of PNPs disperse/entrap the drug in the 

polymer matrix, while in case of nanocapsules type of PNPs, 

the drug is dissolved/dispersed in liquid core of oil or water 

encapsulated by a solid polymeric membrane. In both types 

of PNPs, the adsorption or chemical conjugation of drug on 

to the surface (of the matrix or capsule) is also possible.32 

A number of methods have been developed to prepare PNPs 

depending upon the composition and the desired properties of 

PNPs. These methods can be conveniently classified into two 

categories, namely, dispersion of preformed polymers and 

direct polymerization of monomers. The methods involving 

the dispersion of preformed polymers include solvent 

evaporation, salting out, nanoprecipitation, dialysis and 

supercritical fluid technology. The methods involving direct 

polymerization of monomers include emulsification polym-

erization, miniemulsion polymerization, microemulsion 

polymerization, interfacial polymerization and controlled/

living radical polymerization. All of these methods have 

been reviewed in detail by Rao and Geckeler.30

A number of biocompatible and biodegradable, both 

natural and synthetic, polymers have been utilized for the 

preparation of PNPs. Being biodegradable, these polymers 

are degraded into individual monomers inside the body and 

hence are removed from the body through normal metabolic 

pathways.2 Most commonly used synthetic polymers include 

Figure 4 Schematics of PNPs.
Abbreviation: PNP, polymeric nanoparticle.
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polylactic acid (PLA), polyglycolic acid (PGA), PLGA, 

PEG, polycaprolactone (PCL), N-(2-hydroxypropyl)meth-

acrylamide (HPMA) copolymer, polyaspartic acid (PAA) 

and polyglutamic acid. However, mostly used natural 

polymers include albumin, alginate, chitosan, collagen, 

dextran, gelatin and heparin.33 Apart from the general salient 

features shared by all the nanocarriers in cancer therapy, 

PNPs offer better stability on storage and in vivo (in the 

blood), higher drug payload, more homogeneous particle 

size distribution, better and controllable physicochemical 

properties, higher drug circulation times and more controlled 

drug release compared with their colloidal counterparts 

such as polymeric micelles (PMs) and liposomes.34 All of 

these characteristics are highly desirable in the context of 

cancer treatment.

The earliest attempt to deliver an anticancer drug, doxo-

rubicin, using PNPs was made in 1979. Since then a number 

of reports have been published for the delivery of anticancer 

chemotherapeutic agent via PNPs. PNPs are highly versatile 

with their design because they can be made with a wide range 

of polymers from natural and synthetic sources. Moreover, 

by controlling the physicochemical properties of polymers 

(eg, molecular weight, dispersity index, hydrophobicity 

and crystallinity), the degradation of PNPs and hence drug 

release can be accurately controlled.35 It is also possible to 

make multifunctional PNPs for cancer treatment having the 

desired sizes, shapes and surface modifications.36 Thanks 

to the advances in polymer sciences and engineering that 

made the development of smart polymer (stimuli-sensitive 

polymer) possible. These polymers are capable to alter 

their physicochemical characteristics in response to certain 

environmental signals, leading to more accurate and pro-

grammable drug delivery in cancer treatment.31 All these 

developments have given a new direction to the cancer treat-

ment. Currently, a number of PNPs loaded with anticancer 

drugs are in the different phases of clinical trials.37 A plethora 

of articles are being published describing the positive aspects 

of PNPs encapsulating anticancer drugs. A few representative 

examples of studies using PNPs as a carrier for anticancer 

molecules include PLGA NPs,38,39 PLA NPs,40 PCL NPs,39 

chitosan NPs41 and alginate NPs.42

PMs
PMs are nanosized (10–100 nm) colloidal particles formed 

by the self-assembly of synthetic amphiphilic di- or tri-block 

copolymers in an aqueous milieu.36 Being amphiphilic in 

nature, di- or tri-block copolymers thus contain both hydro-

phobic and hydrophilic segments. These block copolymers 

when exposed to an aqueous environment, above certain 

concentration (called critical micelle concentration [CMC]), 

form micelles. The hydrophobic segment of block copolymer 

constitutes the core of micelle, while hydrophilic segment 

forms the shell of micelles. Therefore, PMs have a core/shell 

structure with a hydrophobic core and a hydrophilic shell 

(Figure 5).43 The hydrophobic core of PMs allows the entrap-

ment of hydrophobic drugs and controls the drug release 

properties of PMs. However, the hydrophilic shell of PMs 

serves to stabilize the core, ensures the PMs’ solubility in 

the aqueous milieu and controls in vivo pharmacokinetics.44 

The drugs can either be incorporated into the PMs by 

physical entrapment or via chemical attachment.45 Some 

commonly used methods for the preparation of PMs are 

dialysis method, oil-in-water emulsion method, solvent 

evaporation method, co-solvent evaporation method and 

freeze-drying method.46

PMs offer promising nanocarriers for the anticancer drug 

delivery. As many of the anticancer drugs tend to be poorly 

water soluble (hydrophobic), PMs allow such hydrophobic 

anticancer drugs to be entrapped into their cores, thus sig-

nificantly increasing their water solubility. Moreover, the 

hydrophilic shell of PMs causes them to have increased 

circulation times in blood by preventing the recognition and 

subsequent uptake of PMs by the RES. Thus, the smaller size 

(10–100 nm) and prolonged in vivo circulation times cause 

the PMs to preferentially accumulate in the tumor site by 

the enhanced permeability and retention (EPR) effect (passive 

targeting).43 All of these effects improve the bioavailability 

and therapeutic effectiveness of hydrophobic anticancer 

drugs. Apart from passive targeting, the active targeting of 

cancers with PMs is also possible by designing the smarter 

PMs (environment/stimulus-responsive PMs, ie, responsive 

to changes in pH, temperature, etc.) or by surface modifi-

cation of PMs with tumor-targeting ligand.46 Advances in 

polymer sciences and versatility of PMs forming block copo-

lymers make them an attractive carrier in the cancer therapy. 

Figure 5 Structure of PMs.
Abbreviation: PM, polymeric micelle.
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A few commonly used block copolymers for PMs are polox-

amers, PEGylated polylactic acid (PEG-PLA), PEGylated 

polyaspartic acid (PEG-PAA), PEGylated polyglutamic 

acid, PEGylated polycaprolactone (PEG-PCL) and PEGy-

lated poly(lactic-co-glycolic acid) (PEG-PLGA). A number 

of PMs carrying anticancer drugs are currently in different 

phases of clinical trials.43 Many chemotherapeutic agents for 

cancer, including methotrexate, cisplatin, paclitaxel, doc-

etaxel and doxorubicin, have successfully been formulated in 

PMs. A few representative studies describing PMs for drug 

delivery applications of cancer include poloxamer-based 

micelles,47 PEG-PLA micelles,48 PEGylated polyglutamic 

acid micelles49 and PEG-PAA micelles.45

Virus-based nanoparticles (VNPs)
VNPs or virus-like particles (VLPs) are nanosized (approxi-

mately ,100  nm), self-assembled robust protein cages 

having uniform nanostructures and well-defined geometry 

(Figure 6).50,51 Recently, VNPs (viruses as nanocontainers) 

have been widely explored for nanotechnological purposes, 

including drug delivery, gene therapy, vaccination, imaging 

and targeting.52 VNPs or protein cages (ie, viruses) from 

different sources including plant viruses (cowpea chlorotic 

mottle virus [CCMV], cowpea mosaic virus [CPMV], red 

clover necrotic mosaic virus [RCNMV], tobacco mosaic 

virus [TMV]), insect viruses (flock house virus), bacterial 

viruses or bacteriophages (MS2, M13, Qβ) and animal viruses 

(adenovirus, polyomavirus) have been investigated for nano-

technology and drug delivery applications.50,51,53 As an arising 

nanocarrier platform, VNPs offer several attractive features 

including morphological uniformity, biocompatibility, easy 

surface functionalization and availability in a variety of sizes 

and shapes.53 Possibility of versatile chemical and genetic 

modifications on their surface enables VNPs to meet the 

requirements of drug nanocarriers including biocompatibility, 

hydrophilicity and enhanced drug entrapment proficiency. 

Additionally, PEGylating the surface of VNPs can improve 

their circulation time in the host.53,54

For drug delivery applications, drugs can either be physi-

cally entrapped in VNPs or chemically attached to the surface 

of VNPs.55 In the physical entrapment, a simple and natural 

process of supramolecular self-assembly/reassembly of viral 

protein capsid is utilized to load the drug cargo in VNPs. 

While in the chemical attachment, drug cargo is loaded onto 

VNPs via covalent attachment of drug molecules to certain 

(naturally existing or engineered) reactive sites on the capsid 

proteins. As a drug carrying nanocontainers, VNPs can be 

directed toward specific cancer targets either by exploiting 

the natural affinity of some viruses for receptors that are over-

expressed in various tumors (eg, transferrin receptor [TfR]) 

or by modifying the exterior surface of virus nanocarriers 

through chemical or genetic procedures.56 VNPs loaded with 

chemotherapeutic agents have been investigated for tumor 

targeting in various studies.57,58

Inorganic nanocarriers
Carbon nanotubes (CNTs)
CNTs are nanosized, hollow, tube-like assemblies of carbon 

atoms discovered by Iijima59 in 1991. CNTs belong to the 

family of fullerenes (a third allotropic form of carbon) and 

are formed by rolling up of graphene sheet(s) into a tube-like 

structure.60 CNTs can be classified as single-walled carbon 

nanotubes (SWCNTs) formed by rolling up a single graphene 

sheet or multi-walled carbon nanotubes (MWCNTs) formed 

by rolling up several concentric graphene sheets into a tube-

like assembly (Figure 7A and B). CNTs have cross-sectional 

dimensions in nanometer range and lengths that can extend 

over a thousand times their diameters. Typically, the outer 

diameters of SWCNTs and MWCNTs are in the range of 

0.4–2 nm and 2–100 nm, respectively.61 Some commonly 

Figure 6 Structure of VNPs.
Abbreviation: VNP, virus-based nanoparticle.

Figure 7 Graphical representation of SWCNTs (A) and double-walled CNTs (B).
Abbreviations: CNT, carbon nanotube; SWCNT, single-walled carbon nanotube.
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used techniques for the production of CNTs include arc 

discharge, laser ablation and thermal or plasma-enhanced 

chemical vapor deposition.62

CNTs possess some distinctive physicochemical and 

biological characteristics that make them a promising 

carrier for drug delivery. Some of these characteristics 

include nanoneedle shape, hollow monolithic structure, 

high aspect ratio (length: diameter .200:1), ultrahigh sur-

face area, ultralight weight, high mechanical strength, high 

electrical and thermal conductivities and their ability for 

surface modifications.61,63 The needle-like shape of CNTs 

allows them to cross the cell membrane via endocytosis or 

“needle-like penetration” and subsequently enter into the 

cell.37 The major problems with CNTs as a drug carrier are 

their poor water solubility and toxicity. However, CNTs 

have the ability to be surface functionalized, which render 

them water soluble, biocompatible, non/less toxic and as a 

serum-stable carrier.64

Owing to their cell penetration abilities, unique physi-

cochemical characteristics, high drug payload, intrinsic 

stability, structural flexibility and appropriate surface 

functionalization (for different purposes), CNTs are one of 

the ideal nanocarriers for cancer therapy. CNTs have been 

extensively studied in the past 2 decades as a carrier for 

anticancer drug delivery.65 Anticancer drugs can either be 

encapsulated in the inner cavity of CNTs66 or can be attached, 

either covalently or noncovalently, to the surface of CNTs.67 

Furthermore, the attachment of different targeting agents to 

the surface-functionalized CNTs allow targeted delivery of 

anticancer drug to the area of interest.68 A few examples of 

applications of CNTs in anticancer drug delivery include 

methotrexate,69 paclitaxel,70 doxorubicin,71,72 cisplatin,73,74 

carboplatin75 and mitomycin C.76

Mesoporous silica nanoparticles (MSNs)
Silica (SiO

2
) materials have got increased applications in the 

field of biomedicine owing to their simple synthesis proce-

dures and availability for mass production. Among silica 

materials, mesoporous silicas are of particular importance in 

drug delivery as they are able to host large amounts of drugs 

by virtue of their honeycomb-like architecture with hundreds 

of pores (Figure 8).77 MSNs possess several attractive features 

such as good biocompatibility, large specific surface area and 

pore volume, high loading capacity, controllable pore diam-

eters ranging from 2 to 50 nm with narrow pore size distribu-

tion, good thermal and chemical stability and versatility of 

loading drugs with hydrophilic and lipophilic characteristics, 

which make them promising nanoscale drug carriers.77,78 

In addition, ease of surface functionalization for controlled 

and targeted drug delivery enables MSNs to enhance thera-

peutic efficacy and reduce the toxicity of drugs.79

Unique architecture and attractive properties of MSNs 

place this class of nanocarriers at an ideal position for 

the delivery of anticancer drugs. Mesoporous structure of 

MSNs enables them to load large amount of anticancer drug, 

nanoscale particle size range aids them to accumulate in 

tumor tissues via passive targeting and convenient surface 

functionalization of MSNs with different site specific target-

ing agents enables them to target tumor tissues via active 

targeting mechanism.79 Many different anticancer drugs, 

including paclitaxel,80 camptothecin,81 doxorubicin82 and 

methotrexate,83 have been effectively delivered via MSNs.

Organic/inorganic hybrid nanocarriers
Organic/inorganic hybrid nanocarriers have been developed 

to combine the advantages of organic and inorganic materials. 

Specific functionalities of organic materials at the surface of 

inorganic NPs have been utilized to enhance the selectivity and 

efficiency of antitumor agents. For instance, surface coating 

with polyethyleneimine (PEI) not only enhances cellular 

uptake of MSNs but also generates cationic surface for effi-

cient nucleic acid delivery.84 In another study, integration of 

hyperbranched PEI with MSNs resulted in a high payload 

and sustained intracellular delivery of short interfering RNA 

(siRNA).85 These MSNs/PEI hybrid nanocarriers successfully 

reached the tumor milieu followed by oozing from endo-

somes to the cytoplasm.

The meticulous construction of systems composed of 

lipid bilayers supported on solid material has attracted 

significant interest owing to their nanotechnological and 

biomaterial applications. MSNs/lipid bilayer hybrid nanocar-

riers are one of such systems where lipid bilayers are used 

to cap the channels of MSNs, in order to prevent premature 

Figure 8 Schematics of MSNs.
Abbreviation: MSN, mesoporous silica nanoparticle.
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release of loaded drug, circumvent multidrug resistance, 

prolong retention of hydrophilic drug cargo and achieve 

stimuli-responsive drug release.86,87 Desai et al86 reported 

the development of MSNs/lipid bilayer hybrid system with 

improved retention and intracellular delivery of zoledronic 

acid in breast cancer. In another study, Han et al87 developed 

doxorubicin-loaded, hybrid, lipid-capped MSNs with pH and 

redox-responsive release of drug cargo. These hybrid nano-

carriers were able to release doxorubicin within the tumor 

cells and showed increased doxorubicin uptake efficiency, 

cytotoxicity and intracellular accumulation as compared to 

the free drug solution.87

Targeting mechanisms and surface 
functionalization on nanocarriers
Passive mechanism
Tumor-bearing blood vessels are leaky in nature, thereby 

permitting the nanocarriers to easily move into the interstitial 

space after crossing the endothelium barrier. Conditional to 

the tumor type, dimension of the tumor endothelial cell linings 

varies from 100 to 700 nm, which is 50- to 70-fold more than 

the normal and distinctive endothelium (up to 10  nm).88 

Furthermore, solid tumors have poor lymphatic drainage 

system; thus, an inadequate circulatory repossession of the 

extravasated molecules occurs leading to the assemblage of 

nanocarriers at the tumor location. This is called as the EPR 

effect,89 which is believed as a great approach in effective 

tumor targeting. However, nanocarriers loaded with low 

molecular weight drugs reenter the blood circulation through 

the diffusion phenomenon and thus cannot stay at the tumor 

location for an extended period of time. The targeting effect 

of such drugs totally depends upon the pathophysiological 

and immunochemical characteristics of the tumor tissues, 

which are also known as “passive targeting” (Figure 9A).89 

The use of nanocarriers not only enhances the systemic circu-

lation of drugs but also improves the targeting of tumor cells 

utilizing the EPR effect.90 Various techniques are utilized to 

obtain the prolonged retention of drugs, including polymeric-

based and pH-dependent nanocarrier systems.

Additionally, passive targeting is contributed by the 

distinctive and dissimilar microenvironment adjacent to the 

tumor cells as compared to normal cells. Quick spreading 

and hyperactive tumors have an extraordinarily increased 

metabolic ratio. Thus, the available oxygen and nutrients 

are not adequate, leading to attain extra energy through gly-

colysis by the tumor cells, causing an acidic environment.91 

Furthermore, tumor cells discharge distinctive enzymes such 

as metalloproteases, which are associated with their move-

ment and existence.92 For targeting these distinctive tumor 

microenvironment, various nanocarriers were used, including 

liposomes, polymers, micelles, NPs and antibodies. More-

over, a number of strategies have been adopted and explained 

for their possible mechanisms of passive and active drug 

targeting to tumor cells and endothelial cells and activated 

drug transport. A meaningful progress has been done in 

this filed as a good number of nanomedicines with passive 

Figure 9 Diagrammatic illustration of passive tumor targeting (A) and active tumor targeting (B) by nanocarriers.
Abbreviation: EPR, enhanced permeability and retention.
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tumor-targeting mechanism got approval for their clinical 

use. However, over or misinterpretation of the EPR effect, 

differences between the animal model and actual patients and 

abridged penetration of the nanomaterials into the targeted 

tissue and tumors are the most devastating drawbacks of 

passive tumor targeting that cannot be neglected.93,94

Active mechanism
Active targeting of specific tumor tissues is accomplished 

by surface modification of nanocarriers with site-specific 

targeting ligand (Figure 9B). The targeting ligands have the 

capability of binding to specific receptors exclusively over-

expressed by tumor cells or tumor vasculature.95 The target-

ing agents commonly used to increase the site specificity of 

nanocarriers include small molecules, antibodies and anti-

body fragments, peptides (arginylglycylaspartic acid [RGD]),  

glycoproteins (transferrin), vitamins (folic acid), growth 

factors and nucleic acids.4,37 A high surface area to volume 

ratio of nanocarriers allows them to effectively attach mul-

tiple targeting moieties, thereby achieving better targeting of 

specific tumor cell types.95 Active tumor targeting is utilized 

not only to reduce the off-target delivery of chemotherapeutic 

agents but also to avoid the drawbacks of passive tumor tar-

geting and overcome the multiple drug resistance.96 For the 

effective utilization of active targeting strategy, the desired 

target receptor must be homogeneously expressed in all target 

cells and the selected targeting moiety must exclusively bind 

to a receptor overexpressed by tumor cells only.

Active targeting is designed either to direct the ligand-

decorated nanocarrier to target the tumor cells or tumor 

microenvironment/vasculature.19 In the field of active target-

ing, both of these cellular targets have gained considerable 

attention in the recent past to improve the efficacy of che-

motherapeutic agents and to reduce their adverse effects. 

Active targeting of tumor cells involves the targeting of over-

expressed cell surface receptors with ligand-anchored nano-

carrier via ligand–receptor interactions.97 The subsequent 

receptor-mediated endocytosis (internalization) improves 

the uptake of nanocarriers by cancer cells, thereby increasing 

intracellular drug concentration with no or only little increase 

in tumor accumulation.98 Most commonly targeted cell sur-

face receptors overexpressed on tumor cells in many types of 

tumors include folate receptor (FR), TfR, epidermal growth 

factor receptor (EGFR) and cell surface glycoproteins.19,95 

Specific tumor type may have one of these tumor markers 

overexpressed on its cells surface. For instance, FR is over-

expressed in breast, lung, ovarian and colorectal cancer cells; 

therefore, these cancer cells can be target with folate-modified 

nanocarriers.99 Likewise, the surface of endothelial cells of 

the blood–brain barrier has highly expressed TfRs, and 

therefore, transferrin can be utilized as a ligand for targeted 

delivery of antitumor drugs into the brain.100 Actively target-

ing the tumor vasculature (tumor endothelium) instead of 

tumor cells in an alternative strategy offers many advantages 

over the aforementioned one. Targeting the tumor vasculature 

involves the destruction of endothelial cells of tumor vessel, 

thereby blocking oxygen and nutrient supply of tumor cells 

with the ultimate result of tumor cells’ death.101 Active 

tumor vascular targeting with ligand-attached nanocarriers 

might be achieved by targeting a number of moieties on the 

vascular wall, including vascular endothelial growth factors 

(VEGFs), vascular cell adhesion molecule (VCAMs), matrix 

metalloproteases (MMPs) and α
v
β

3
 integrins.101,102 A few 

representative examples of active tumor targeting using 

various nanocarriers surface modified with site-specific 

ligands are described here. In a study, Choi and Park103 

reported the development of docetaxel-loaded nanocrystals 

having surface modification with transferrin to endow them 

with active tumor-targeting function. Transferrin-modified 

docetaxel nanocrystals exhibited higher cellular uptake and 

cytotoxicity in human lung A549 cancer cell line as com-

pared to docetaxel nanocrystals and pure drug. In another 

study, apatinib-loaded liposomes were surface modified with 

targeting ligand, cyclic arginylglycylaspartic acid (cRGD), 

to specifically recognize αvβ3 integrin.104 These cRGD-

anchored liposomes, compared with nontargeted liposomes, 

showed improved cellular uptake and inhibition of tumor 

growth in human colon HCT116 cancer cell line. Similarly, 

Wu et al105 investigated the effect of folate targeting on the 

antitumor efficacy of paclitaxel-encapsulated PMs in human 

esophageal cancer cell lines, EC9706. It was demonstrated 

that the folate-modified paclitaxel-loaded micelles were more 

effective in inhibiting tumor growth than free drug solution 

and plain paclitaxel micelles, when administered intrave-

nously to tumor-bearing nude mice at an equivalent dose 

of 20 mg/kg.

Selected tumors and relative 
nanocarriers
Tumor is mainly caused in all cases by mutation or any 

other defect either in the proto-oncogenes responsible for 

regulating cell proliferation and differentiation or in the 

tumor suppressor genes responsible for inhibiting cell growth 

and stimulating programmed cell death (apoptosis).37 These 

mutated genes are responsible for development of cancerous 

cells with unique features of uncontrolled cell growth, 
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inability to switch off the excessive cell division, absence 

of apoptosis and ability to invade the adjacent and distant 

tissues.106 The risk factors for genetic mutations include 

radiation; chemical substances, ie, carcinogens; physical 

irritants; heredity and viruses.107 Tumors are one of the most 

devastating diseases worldwide, increasing with the rate 

of .10 million new cases per annum.108 A report of cancer 

research in the UK showed that the lifetime risk of cancer 

was 25% in 1975, which was increased to 45% till 2009, and 

they concluded that it will reach to 50% by 2027.109 However, 

the mortality rate of cancer has now declined in the past few 

years due to improved understanding of tumor biology and 

enhanced diagnostic procedures and treatments.110

Conventional chemotherapies adapted for the tumor 

management have many toxic side effects, including hepatic, 

renal, bone marrow, pulmonary, gastrointestinal and cardiac 

toxicities.111 Researchers are trying to limit the dose of 

chemotherapeutic drugs by targeting the specific tumor cells 

without exposing the normal cells to the toxic effects of 

drug.112 One of the landmarks in this regard is the develop-

ment of nanocarriers that hold a great promise to enhance the 

therapeutic effectiveness and safety profile of conventional 

chemotherapeutic agents. These drug-loaded nanocarriers 

are capable of delivering antitumor chemotherapeutics to 

the tumor sites either by exploiting the pathophysiology of 

tumors or by decorating them with site-specific ligands.6 

Four distinct types of tumors including breast, pancreatic, 

colorectal and lung tumors are selected and described in this 

review due to their worldwide prevalence and their high 

mortality rates, and the applications of relative nanocarriers 

in these tumors are discussed (Table 1).

Breast tumor
Breast tumor is the most commonly diagnosed tumor with 

the highest number of tumor deaths among females globally. 

Based on the GLOBOCAN report, ~1.7 million fresh breast 

tumor incidents and 522,000 demises occurred in 2012 

worldwide.108 Even though the modern treatments fre-

quently offer exceptional immediate prognoses, ~13% of 

the patients develop locoregional recurrence within 9 years 

of primary treatment, out of which 25% patients have distant 

metastatic syndrome at the time of recurrence.113,114 More-

over, .60% of the patients with localized breast tumor have 

distant, advanced stage tumor.115 For such patients, standard 

treatment comprises neoadjuvant chemotherapy trailed 

by surgical resection, radiation and additional adjuvant 

chemotherapy. One of the many aims of the neoadjuvant 

chemotherapy is to reduce locoregional tumor weight and 

size to reduce surgical process, permitting breast protection 

in various cases. Furthermore, neoadjuvant treatment can 

prevent additional metastatic spread of the disease.

Various chemotherapeutic agents are used to treat breast 

tumor in both neoadjuvant and adjuvant management pro-

cedures, including doxorubicin, paclitaxel and cisplatin. 

Doxorubicin is the first-line agent in breast tumor treatment. 

It reduces growth of tumor cells by preventing deoxyri-

bonucleic acid (DNA) intercalation and macromolecular 

biosynthesis inside tumorous cells. Major problems linked 

with doxorubicin are hair loss, increased neutrophils and 

cardiac problems, which can be attributed to its toxicity 

associated with the increasing dose. Platinum agents that 

include cisplatin or carboplatin along with other combi-

national drugs are usually used as antitumor drugs for the 

management of breast tumor. Cisplatin triggers apoptosis by 

upholding DNA binding and cross-linking, thus preventing 

growth of tumor cells. The most distinguished toxicities 

associated with this drug include its neurotoxicity, neph-

rotoxicity and ototoxicity, which are related to high peak 

plasma concentration levels.116 As a matter of fact, these 

drugs might be rationally efficient in the adjuvant setting, 

but their modest toxicity profiles need to be improved to 

ensure their safety, efficacy and tolerability in combination 

therapies. For this purpose, various antitumor drug-loaded 

nanocarriers were used for their chemotherapeutic action as 

novel techniques for the targeted drug delivery through the 

locoregional lymphatics, leading to improved drug delivery 

and targeting tumorous cells with the lowest systemic toxicity 

while retaining therapeutic systemic levels.117

Tamoxifen-loaded biodegradable poly(o-caprolactone) 

nanocarriers were developed for the treatment of estrogen 

receptor-positive breast tumor.118 This study suggested that 

the NP preparations of selective estrogen receptor modula-

tors, such as tamoxifen, would increase their therapeutic 

efficacy by delivering drug in the area of the estrogen 

receptor. These tamoxifen-loaded NPs were found to have 

a mean particle size of ,300 nm and a narrow size distri-

bution. Similarly, a pH-responsive biodegradable system 

holding poly(ethylene oxide) (PEO)-modified poly(β-amino 

ester) NPs were developed by Potineni et al119 for the 

delivery of paclitaxel as an antitumor agent against breast 

tumor. Controlled solvent–displacement method was used 

to develop the paclitaxel-loaded nanocarriers. This study 

demonstrated that the PEO-modified poly(β-amino ester) 

NPs were in the nanosize range of 100–150 nm with a faster 

degradation profile in association with other synthetic poly-

esters. Moreover, 97% of paclitaxel-loading efficiency was 
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Table 1 Antitumor drug-loaded nanocarriers for the treatment of various tumors

Nanocarrier Drug(s) Tumor Benefits References

SLNs 5-FU, doxorubicin, 
paclitaxel, 
methotrexate

Colon, breast, 
lungs, pancreatic

a)	SLN formulations have been successfully 
prepared using a simple double emulsion 
procedure that offers a better flexibility and least 
process-related stress on the encapsulated drug. 
These formulae represent a platform for the 
preparation of SLNs for water-soluble anticancer 
drugs, including peptides

b)	They have shown higher cytotoxicity than the 
equivalent amount of free-drug treatment as a 
result of the synergetic effect

14–17, 159–161

Liposomes Doxorubicin, cisplatin, 
Doxil

Breast, lungs, colon a)	The therapeutic advantages of targeted liposomes 
compared with their nontargeting counterparts in 
cancer cells have been demonstrated

b)	Enhanced drug entrapment, leading to substantial 
anticancer efficacy and abridged cardiotoxicity

122, 162, 163

Dendrimers Methotrexate, 5-FU, 
cisplatin, doxorubicin

Breast, skin, lungs a)	Internalization of the drug conjugates into the 
tumor cells, resulting in increased antitumor 
activity and reduced toxicity

b)	These conjugates were found to have 
favorable controlled release characteristic for 
anticancer drugs

25, 26, 28, 29, 164, 165

PNPs Doxorubicin, docetaxel, 
paclitaxel, cisplatin, 
imatinib mesylate

Breast, chronic 
myeloid leukemia

a)	A single intravenous injection of doxorubicin 
conjugated to PLGA NP exhibited tumor 
suppression comparable to that by daily injection 
of free doxorubicin over 12 days; thus, the NP 
formulation was much more potent and longer 
lasting than conventional free doxorubicin

b)	Much greater cytotoxic potency to cancer cells 
than Taxotere (current clinical form of docetaxel)

c)	Paclitaxel-loaded PEG-PLGA-based NPs exhibited 
enhanced in vitro and in vivo cytotoxic effects 
compared with the commercial formulation of 
paclitaxel (Taxol)

d)	Cisplatin-loaded glycol chitosan NPs showed 
sustained cisplatin release, improved antitumor 
efficacy and decreased toxicity as compared to 
free drug

31, 35–38, 40, 41

PMs Methotrexate, cisplatin, 
paclitaxel, docetaxel, 
doxorubicin

Breast, skin, lungs a)	PMs increase the anticancer drug circulation time 
in the blood

b)	The smaller size (10–100 nm) and prolonged 
circulation times in vivo cause the PMs to 
preferentially accumulate in the tumor site and 
increase their cytotoxic effect

39, 43, 46–48, 166, 167

CNTs Methotrexate, cisplatin, 
paclitaxel, doxorubicin, 
tripiscian, carboplatin, 
mitomycin C

Lungs, breast, skin a)	The needle-like shape of CNTs allows them 
to cross the cell membrane via endocytosis or 
“needle-like penetration” and subsequently enter 
into the cell

b)	They offer unique physicochemical 
characteristics, great drug entrapment, intrinsic 
stability, mechanical flexibility and suitable surface 
functionalization

68–76, 168–174

VNPs Doxorubicin, paclitaxel, 
methotrexate

Breast, colon, lungs a)	VNPs show numerous striking characters 
comprising biocompatibility, morphological 
consistency, easy surface functionalization and 
availability in a variety of sizes and shapes

b)	PEGylating the surface of VNPs can increase their 
circulation time in the host

53, 54, 57, 58, 175

Abbreviations: 5-FU, 5-fluorouracil; CNT, carbon nanotube; NP, nanoparticle; PEG-PLGA, PEGylated poly(lactic-co-glycolic acid); PLGA, poly(lactic-co-glycolic acid); PM, 
polymeric micelle; PNP, polymeric nanoparticle; SLN, solid lipid nanoparticle; VNP, virus-based nanoparticle.
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found at 1.0% (w/w) drug concentration. They concluded 

that the pH-sensitive solubility of the drug-loaded nanocar-

riers would help in drug release at the core of solid tumors, 

leading to enhanced therapeutic effects by distributing the 

encapsulated drug to solid tumors.119

In another study, hydrophobic anticancer drug was 

successfully loaded to biodegradable PNPs by physical 

adsorption of triblock polymer.120 The authors of this study 

managed to attain specific tumor targeting and circulating 

of drug reservoir for tamoxifen, a drug of choice in the 

treatment of breast tumor. Tamoxifen-loaded PEO-modified 

poly(α-caprolactone) nanocarriers were prepared by the 

solvent–displacement method with a particle size of ~200 nm. 

These antitumor drug-loaded nanocarriers showed tumor 

selective biodistribution with clinically consumable circula-

tion time.

One of the most prominent clinical hindrances today is 

the multidrug-resistant (MDR) characteristics that may result 

in cancer nonresponsive behavior and sometimes its recur-

rence. Nanotechnology-based chemotherapy was used to 

treat these clinical situations. For this purpose, Milane et al121 

developed EGFR-targeted polymer blend nanocarriers loaded 

with paclitaxel and lonidamine to treat human breast cancer. 

Their results demonstrated that the polymeric nanocarriers 

with characteristics of efficient drug loading and sustained 

drug release resulted in improved drug combination therapy 

with proficient EGFR targeting. The electron spectroscopy 

chemical analysis (ESCA) study was used to determine the 

fact that the nanocarrier surfaces were having the targeting 

sites/paradigm. These results were further confirmed by tar-

geting these nanocarriers in the cell lines, which in response 

resulted in an active EGFR targeting. Thus, the combina-

tion of 1 µM paclitaxel with 10 µM lonidamine improved 

5%–10% cell viability as compared to the treatment with 

1 µM paclitaxel alone in the MDR cells.

Nanoconjugation-based combined drug delivery of doxo-

rubicin and cisplatin for the treatment of locally advanced 

breast tumor with enhanced efficiency and reduced toxicity 

was another successful antitumor drug combination study 

performed by Cohen et al.122 Doxorubicin–cisplatin-loaded 

nanocarriers were administered subcutaneously, and their 

therapeutic effect was achieved as a result of the cleavage of 

hyaluronan in the lymph, leading to the transport of free drug 

to targeted sites through active or diffusion mechanism. This 

antitumor drug combination showed considerably enhanced 

efficacy and reduced toxicity as compared to the standard 

agent at all experimental doses, leading to comprehensive 

pathologic tumor response.

An emergent approach for tumor treatment is the effective 

use of nanocarrier-based combination drug delivery systems. 

Such systems, when administered in sustained, targeted and 

controlled drug delivery form, have not only overcome some 

biological and biomedical hurdles but at the same time have 

led to increased therapeutic effects with reduced cytotoxic 

possessions.

Pancreatic tumor
Pancreatic tumor is believed to be the fourth leading reason of 

cancer deaths in both genders, with a projected 53,670 newly 

diagnosed pancreatic tumor cases and 43,090 deaths in the 

US in 2017.123 If diagnosed well in time, only 10% cases of 

the pancreatic tumor patients could be cured through surgical 

procedures.124 In some cases of surgically resectable tumor, 

aggressive metastasis resurgence occurs that promotes resis-

tance to conventional chemotherapy and radiation therapy. 

Instead of the significant improvement in cancer finding, 

surgical removal, chemotherapy and radiation therapy, 

diagnosis of the disease remained deprived with a survival 

rate of 5% per 5 years. Poor management is chiefly because 

of the diagnosis of disease at advanced stages of localized 

tumor or metastatic tumor growth. Patients with an advanced 

stage localized pancreatic tumor demonstrate an average of 

6–10 months survival, whereas those with a metastatic form 

of the disease only have a 3–6 months median survival.125

Chemotherapy is still widely used for the treatment of 

localized advanced stage pancreatic tumor or metastatic 

pancreatic adenocarcinoma. For example, gemcitabine (2′-2′-
difluorodeoxycytidine) is used as a frontline therapeutic 

drug for pancreatic tumor. However, gemcitabine when 

combined with other therapeutic mediators, such as platinum 

analogs,126 antimetabolites127 or topoisomerase inhibitors,93 

did not improve the therapeutic outcome or survival rate. 

FOLFIRINOX replaced gemcitabine-based therapy owing 

to its better average overall survival of 11.1  months in 

comparison to 6.8 months of the former.128 Nevertheless, an 

optimal therapeutic regimen for pancreatic tumor is not yet 

obtained, as a number of chemotherapeutic clinical trials 

were declared unsuccessful in their Phase II or III stage due 

to lake of remarkable results. A recent study demonstrated 

that none of the FOLFIRINOX and gemcitabine-based regi-

men proved a better outcome against advanced or metastatic 

pancreatic tumor in their clinical trials.129 Thus, it is important 

to reconsider the current therapeutic approaches and develop 

novel schemes for the management of pancreatic tumor.

Nanotechnology is extensively utilized for the development 

of particles of nanosize range from biomedically important 
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organic or inorganic resources. The recent improvements in 

nanotechnology proved better results for tumor diagnostics, 

imaging and site specific delivery.130 Nanocarriers are also 

used for increasing the dose-dependent efficacy of therapeutic 

or imaging contrast agents by enhancing their bioavailability. 

Similarly, they are used for selected targeting of tumor cells 

to upsurge image resolution and/or decrease the toxic effects 

of the chemotherapeutic agents.131 These nanocarriers are 

used for treating metastatic tumors such as pancreatic and 

lung tumors. However, for preparing effective nanocarriers 

both as imaging contrast agents or therapeutics mediators, 

complete understanding of the physiological barriers asso-

ciated with the disease is essential. This knowledge would 

help to understand the mechanism and use of nanocarriers, 

particularly the NP release, accretion and infiltration into 

the tumor milieu.93

Nanocarriers such as liposomes and polymeric nanoma-

terials were used to encapsulate, target and deliver a wide 

variety of chemotherapeutic agents. Doxil, the first NP drug 

approved by the US Food and Drug Administration (FDA) in 

1995, was actually liposomal formulation having a diameter 

of 100 nm encapsulating an antitumor drug, doxorubicin. This 

encapsulation of doxorubicin in liposomes largely changed 

the pharmacokinetic and pharmacodynamics characteristics 

of the drug, which in turn led to greater uptake of tumor 

and resulted in an enhanced activity of antitumor drug.125 

Nowadays, Doxil is used for the treatment of a wide range 

of solid tumors and platinum-resistant ovarian cancer.128 

Chemotherapeutic drug oxaliplatin-loaded nanoparticulate 

micelles were prepared by Cabral et al,126 with slow release 

of encapsulated drug once they were in contact with the 

tumor microenvironment, resulting in enhanced antitumor 

effect. Similarly, encapsulated nanocarriers of gemcitabine 

were used as the first-line treatment for the locally advanced 

or metastatic pancreatic tumor.132 Pancreatic tumor was also 

treated with albumin-bound paclitaxel-loaded nanocarriers, 

also called as nab-paclitaxel.133 Iron oxide nanoparticles 

(IONPs) were also prepared for expressing a uPAR-targeted 

moiety on their surface.129 Nanocarriers were also prepared in 

the form of liposomes, lipid polymers and dendrimers, which 

act as a vehicle for the delivery of siRNAs.134,135 These NPs 

were designed in such a way that they can assemble them-

selves with siRNA, leading to its protection from degradation 

and rapid clearance from the body. Furthermore, these NPs 

have the capability to retain multifunctional constituents 

for targeted siRNA delivery and proficient infiltration into 

targeted cell.136 Similarly, nanoparticulate liposomes, con-

sisting of a superficially attached TfR antibody with siRNA 

against HER-2, were used in the treatment of pancreatic 

tumor.137 It was observed in a murine xenograft model that 

TfR-targeting nanocarriers improved the distribution of 

siRNA into pancreatic tumor milieu in comparison to the 

nanocarriers without TfR antibody. Additionally, site-specific 

provision of the NP–siRNA complexes not only were capable 

of quieting HER-2 expression in the pancreatic tumor cells 

but also proliferated sensitivity to gemcitabine.

Colorectal tumor
Colorectal tumor is the third most frequently diagnosed 

tumor in males, accounting for a total 1.4 million new cases 

and 693,900 deaths in 2012 worldwide.108 The risk factors 

associated with colon tumor are both from environment and 

geography. Environmental factors presumably modulate 

the genetic mutation, while geographical location induces 

the colorectal tumor among various countries of the world. 

Mucosal colonic polyps result in colon cancer, which have 

two most common histological types, including hyperplastic 

and adenomatous polyps. Hyperplastic polyps consist of an 

enhanced number of glandular cells but reduced cytoplasmic 

mucus. They lack nuclear hyperchromatism and atypia.138 

Similarly, the adenomatous polyps are typically cigar 

structured, hyperchromatic, inflated and packed in palisade 

shape. A literature study shows that all the tumors result 

from adenomas as described by their clinical, pathological, 

histological and epidemiological demonstrations.138 Colon 

tumor is more probable to develop if the patient has increased 

number of adenomas polyps. This case gets even more severe 

if it is familial adenomatous polyps and if colectomy is not 

done. The colorectal patients may be resected in spite of the 

manifestation of distant metastasis to avoid intestinal hin-

drance and hemorrhage followed by systemic chemotherapy 

for the treatment of metastases. However, many institutions 

prefer systemic chemotherapy as the first treatment followed 

by resection for those patients with symptomatic disease. This 

could be attributed to the postoperative complications, which 

may result in discontinuation of chemotherapy.

Numerous treatment strategies are currently in use to 

fight against this tumorous condition, including surgical pro-

cedure, radiation therapy, radiofrequency ablation, targeted 

rehabilitation, cryosurgery and chemotherapy. The most 

prominent and appropriate of all above is the chemotherapy 

treatment, which has improved the patients’ compliance and 

their quality of life.139 Although it is considered a quality 

treatment approach, yet, conventional chemotherapy results 

in less concentration of drug to be bioavailable at the site of 

tumor, making it less effective approach for tumor treatment. 
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In the recent advanced era of nanotechnology, various 

nanocarriers were successfully used to obtain the desired 

effects of targeted treatment against colorectal tumor. These 

nanocarriers were used to carry the approved colorectal 

anticancer drugs including 5-FU, irinotecan, oxaliplatin, 

bevacizumab and capecitabine.140 One of such studies was 

conducted by Yassin et al in 2010. They prepared 5-FU 

solid lipid nanocarriers using the double emulsion–solvent 

evaporation technique. The SLNs were having nanosize 

(402 nm) with high entrapment efficiency of ~51%. They 

showed extended release profile of 60% in 8 hours in the 

simulated colonic medium. In another study, oxaliplatin- 

loaded PLAGA microspheres were developed with remark-

able entrapment efficiency (up to 90%).141 These micro-

spheres showed diverse release profiles, including (type II) 

zero-order kinetics and the orthodox sigmoid release profile 

with different burst release and plateau sizes. These findings 

improved the efficiency of local tumor treatment.

5-FU-loaded hyaluronic acid (HA)-conjugated silica 

nanocarriers were prepared by Liu et al142 to treat colon tumor. 

They demonstrated the attachment and intracellular accumu-

lation of 5-FU-loaded nanocarriers on the basis of their HA 

surface alterations in colon tumorous cells. The nanocarriers 

were having a size of ~130 nm with spherical shapes. They 

showed sustained release of their incorporated drug over a 

period of 120 hours. 5-FU-loaded HA-conjugated nanocarriers 

resulted in an enhanced antitumor efficacy and decreased 

side effects as compared to the nontargeted nanocarriers. 

Docetaxel-loaded biodegradable dendrimers were prepared 

by Lee et al28 with multiple attachment sites, controlled drug 

loading and release. These drug-loaded dendrimers were 

10 times less toxic than free docetaxel in the treatment of 

colon tumor. They also showed 100% antitumor efficacy 

after a treatment of 60 days.

Lung tumor
Lungs tumor was estimated as the most commonly detected 

tumor and the leading reason of cancer deaths among males, 

with 1.8 million total new cases and 1.5 million deaths occur-

ring in 2012 globally.108 Metastasis of lung tumor cells to a 

secondary location such as breast and vice versa accounts 

for the vast majority of tumor deaths and presents a major 

challenge in cancer treatment.143 One of the main problems 

of existing chemotherapy for lung tumor is its inadequate 

efficiency and specificity. Thus, it is always required to 

develop site-specific and targeted therapies to attain adequate 

efficacy and reduced side effects. The recent advancement 

in nanomedicine technology has attracted a great attention 

as the antitumor medicine of next generation based on inte-

grated imaging and therapeutic responses (eg, image-visible 

nanotherapeutics).

A few of the problems related with the conservative 

diagnostic methods of lungs tumor were their expensive 

procedures and inaccuracy, which make them inappropriate 

choices for tumor screening.144 For this purpose, sensor-

based gold NPs were successfully developed and used to 

diagnose the lung tumor. They were used to differentiate 

the breath of lungs tumor patients from those of healthy 

people in a highly humid atmosphere. These sensor-based 

NPs were cheap and noninvasive diagnostic devices for lung 

tumor.145 Similarly, PLGA-based anticancer drug (TAS-103)-

loaded NPs were prepared with an average particle size of 

200  nm, which resulted in enhanced antitumor efficacy 

in lungs tumor.146 Moreover, doxorubicin contained in 

poly(butylcyanoacrylate) NPs were also effective against 

lung tumor.147 Liposomes were also used as nanocarriers for 

various drugs in the targeting of lung tumor.18 A multicom-

ponent liposomal formulation encapsulating two cytotoxic 

agents (etoposide and docetaxel) was prepared for p53 tumor 

suppressor gene-mediated enhanced cytotoxicity in A549 

and H-1299 lung tumor cell lines.148 Likewise, the liposomal 

formulation of 9-nitrocamptothecin through nebulizers was 

very effective against metastatic lung tumors both in vivo 

and in vitro.149 Furthermore, interleukin (IL)-2 liposomes 

was administered to patients through inhalation with great 

effectiveness against pulmonary metastases.

Gelatin-based nanoparticles (GNPs) were also used for 

the delivery of hydrophilic and hydrophobic antitumor drugs 

such as paclitaxel,150 cisplatin,151 curcumin,152 resveratrol153 

and methotrexate.154 GNPs also showed greater antitumor 

activity, sustained drug release and exerted very low toxicity 

to cells. Recently, doxorubicin-loaded NPs equipped with 

effervescent molecules as excipient were developed.30 These 

effervescent NPs consisting of doxorubicin gained deep lung 

deposition and were scattered primarily in the lung and had 

negligible deposition in other tissues or organs. Additionally, 

Taratula et al155 used MSNs as a carrier for inhalation therapy 

with specific targeting to lungs tumor. This formulation con-

sisted of five chief components, namely, MSN, loaded drugs 

(cisplatin and doxorubicin), pump (MRP1) and non-pump 

suppressors (BCL2) of drug resistance and particular target-

ing ligand (LHRH peptide) for lung tumor. In this experi-

ment, the immediate delivery of chemotherapeutic drugs and 

suppressor proteins via inhalation to A549-bearing NCR nude 

mice resulted in higher accumulation of nanocarriers in the 

lungs. In addition, the delivery route preserved the activities 
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of both chemotherapeutic drugs and siRNA, which in turn 

resulted in enhanced apoptotic actions in lung cells.155,156

Nevertheless, COX-2 inhibitor, celecoxib, was encapsu-

lated into nanostructured lipid carriers by using triglycerides 

such as Compritol and Miglyol, through high pressure homog-

enization method with reduced particle size and enhanced 

antitumor efficacy.157 Similarly, 5-FU-loaded, lipid-coated 

NPs were developed, and their in vivo pharmacokinetics was 

studied in hamsters after inhalation delivery. It was observed 

that these lipid-coated NPs exhibited sustained 5-FU delivery 

and efficient local targeting in the lung tumor sites.158

Future perspective
One of the main challenges of recent advancement in nano-

technology to be effectively used for the treatment of various 

tumors is the expansion of new-generation nanocarrier 

drugs. This expansion would certify the vibrant targeting of 

tumors by interacting with the surface-attached ligand and 

the receptors on the selected cells and tissues. However, it 

requires some hurdles to overcome such as a lack of sufficient 

expertise, difficulty in crossing the cell membrane, narrow 

therapeutic window of drugs, regulatory hurdles and cost-

effectiveness.

Unfortunately, the typical recurrence of formulation-

driven expansion has not attained the projected patient com-

pliance; even then, nanocarriers have the capability to achieve 

the target set for cancer therapeutics, both in case of the 

conventional and next-generation agents. Different targeted 

nanocarriers have established an enhanced therapeutic 

activity in numerous animal models of tumors. More pre-

cisely, ~120 ongoing clinical trials with numerous antibody 

containing nanocarrier formulations are under investigations. 

Similarly, today the scientists are able to image the type and 

location of the tumor, which in turn lead to paradigm the 

appropriate therapeutic regimens. Moreover, if the tumor 

cells are of circulating type as it happened in lymphoma and 

leukemia, a carrier with long circulating half-life and high 

capability of targeting surface antigen are preferred. It is 

also hoped in the near future that the scientists would be able 

to develop targeted molecular composites that may lead to 

enhanced therapeutic results with abridged expenses.

Although researchers have investigated and developed 

a number of new drug delivery systems to achieve drug 

efficiency in patients, yet, only a few of these auspicious 

preclinical drug delivery systems have reached the market. 

This could be attributed to the vital gaps in the transformation 

of anticancer drug-loaded nanocarriers. Thus, it is important 

to modify some of the traditional models to circumvent 

these problems. In this respect, highly sophisticated efforts 

are required to resolve some issues on urgent basis to accom-

plish innocuous usage of the newly developed nanocarriers 

in the clinical studies. These include the development of 

standard nanoformulations validated through in vitro and in 

vivo assay for efficacy, safety and potential toxicities.

Conclusion
Nanotechnology has recently been developed as one of the 

latest approaches for tumor drug delivery. We discussed 

numerous nanocarriers that are used as emerging tools for the 

treatment of various tumors. These nanocarriers have brought 

a revolution in cancer drug delivery by targeting tumor 

explicitly with enriched permeability and withholding effect 

as much as required. These exciting progressions in cancer 

therapy and exclusive development of numerous novel drug 

delivery systems have augmented the hope of those fighting 

against tumors. It is believed that in future, management of 

precise dose of drug with the highest systemic release from 

the nanocarriers and minimum toxic effects will not only 

enhance the use of nanocarrier systems for antitumor drug 

delivery but also improve the patient compliance.
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