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Introduction
Cancer is a leading cause of death, the second most common 

cause in the world, exceeded only by heart disease and is a complex 
group of diseases with many possible causes. The causes of cancer 
include genetic factors; lifestyle factors such as tobacco use, diet, 
and physical activity; certain types of infections; and environmental 
exposures to different types of chemicals and radiation. According to 
the American Cancer Society, about many Americans were expected 
to die in 2011 due to cancer, and that means more than 1,500 deaths 
per day.

There are common types of cancer treatment, such as surgery, 
chemotherapy, radiation therapy, and many others. Learn how 
they work and why they are used, and get an idea of what to expect 
and how they might affect you if you're getting them. Although 
these conventional therapies have improved patients’ survival, they 
also have several limitations. For example, conventional cancer 
chemotherapy has the cancer therapeutic agents distributing non-
specifically in the human body, thus these drugs affect both cancerous 
and normal cells. This non-specific distribution of drugs limits the 
therapeutic dose within cancer cells while providing excessive 
toxicities to normal cells, tissues, and organs; and thereby causing 
several adverse side effects including hair loss, weakness, and organ 
function, leading to a low quality of life for cancer patients [1-7].

Chemotherapy is the use of medicines or drugs to treat cancer. 
The thought of having chemotherapy frightens many people. After 
completion of chemotherapy treatment, it is toxicity of normal cells 
that constrains dose and frequency both important factors in the 
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persistence of cancer cells. Attempts are now focused on efforts to kill 
cancer cells by more specific targeting while sparing normal cells. To 
achieve these goals, the focus is the development of novel carriers for 
both existing and new drugs and defining better therapeutic targets 
relative to the molecular changes in the cancer cells, their vasculature, 
and the related stroma.

A tumor cell mass obtains nutrients for growth by passive 
diffusion until it reaches a size of about 2 mm3. To continue growth, 
new blood vessels are synthesized by tumors in a process known as 
angiogenesis; however, these vessels are abnormal with increased 
numbers of proliferating endothelial cells, increased vessel tortuosity, 
deficient pericytes and abnormalities in the basement membrane 
with large gaps between adjacent endothelial cells ranging between 
380 and 780 nanometers (nm). Importantly, tumor vessels are 
abnormal and have aberrant branching blind loops and tortuosity. 
This results in enhanced permeability for molecule passage through 
the vessel wall into the interstitial surrounding tumor cells. This is in 
contradistinction to the tight endothelial junctions of normal vessels 
typically of 5 to 10 nm size [8-14].

Unlike normal tissues, tumor interstitial pressures are higher 
in the tumor center and lower in the periphery, favoring decreased 
drug diffusion to the center of tumors. Additionally, tumors lack 
well-defined lymphatic networks. Hence, drugs that gain interstitial 
access may have extended retention times in the tumor interstitial. 
This feature is termed the enhanced permeability and retention (EPR) 
effect and favors tumor interstitial drug accumulation [8-11,15,16]. 
Although the EPR effect helps to deliver chemotherapeutic agents to 
well-vascularized parts of the tumor, drugs may not reach the poorly 
vascularized regions, thereby preventing some cancer cells from 
receiving cytotoxic treatment [12].

To overcome these obstacles, current research has focused 
on developing more efficient local drug delivery or drug-
targeted therapies. New strategies are being designed to deliver 
chemotherapeutic drugs to the tumor at higher concentrations with 
minimal damage to normal tissues. Since their advantages include 
enhancing solubility of hydrophobic drugs, prolonging circulation 
time, minimizing non-specific uptake, preventing undesirable off-
target and side effects, improving intracellular penetration, and 
allowing for specific cancer-targeting, nanoparticles (NPs) are used 
for cancer drug delivery, tumor therapy, and tumor follow-up using 
different imaging modalities to overcome these problems [17,18].

Nanoscience and nanotechnology are concerned with materials 
in atomic, molecular and supramolecular levels (on a scale of 1-100 
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nm). Nanotechnology term is derived from "nano" which means are 
one billionth or 10-9 and dwarf in Greek [19-22]. Since everything is 
made of atoms and molecules, nanotechnology is an interdisciplinary 
research field, starting with materials and physics and later extending 
to biology and medicine [2,21,23].

Nanomedicine can be defined as the monitoring, repair, 
construction and control of human biological systems at the molecular 
level, using engineered nanodevices and nanostructures [24]. The 
overall goal of nanomedicine is to diagnose as accurately and early 
as possible, to treat as effectively as possible with minimal side effects 
and to evaluate the efficacy of treatment noninvasively [25].

NPs may be defined as being submicronic (b1 μm) colloidal 
systems. According to the process used for the preparation of the NPs, 
nanospheres or nanocapsules can be obtained. Unlike nanospheres, 
nanocapsules are vesicular systems in which the drug is confined to an 
aqueous or oily cavity surrounded by a single polymeric membrane. 
Thus, nanocapsules may be considered as a ‘reservoir’ system [26,27].

NPs can be prepared with high flexibility for the purpose of 
obtaining various functionalities within the NP matrix and its surface. 
NP has high surface area. This property is making the NPs surface 
and its internal space available for encapsulating with a high amount 
of drugs/contrast agents or targeting moieties. Due to the engineer 
ability, as well as the non-toxic nature of its matrix, NPs have shown 
many advantages when used as drug delivery systems and contrast 
agents and they can be especially suitable for molecular targeted 
approaches [28-31].

The field of drug delivery stands to be significant advances in 
nanotechnology and benefits of novel nanotechnology in oncology 
already starts. The National Cancer Institute (NCI) has identified 
nanotechnology as having the potential to make paradigm-changing 
impacts on the detection, treatment, and prevention of cancer 
[28,32,33].

This review will focus on how NPs are able to function as carriers 
for chemotherapeutic drugs to increase their therapeutic index; 
how can be used as imaging agents to detect and monitor cancer 
progression.

NPs in Clinical Use
NPs have been widely used in clinical practice. Over the last two 

decades, a large number of NP delivery systems have been developed 
for clinical use, including organic and inorganic materials. Many 
polymer-drug conjugates, liposomal systems, micelles systems, NPs 
are examples of formulations used in the clinic. In addition, NPs are 
used in the development of preclinical stages [34]. Many interesting 
in vitro and animal studies have been reported and some NP-based 
products are already in clinical use [35].

NPs offer advantages for clinical use mainly in two areas:

i. Targeted therapeutics: delivering drugs where they are needed.

ii. Tissue engineering: building new tissues to replace defective 
valves, damaged muscle, blood vessels, etc. [36].

The most important clinical applications of nanotechnology are 
in area of pharmaceutical development and pharmaceutical NPs 
have gained great importance for the clinical use. In pharmaceutical 
technology and biomedicine, NPs are typically defined as particles 
with diameter from 1 to 100 nm and have been exploited for both 
diagnostic and therapeutic purposes. The ideal size of NPs used 
as drug delivery systems ranges from 10 to 100 nm. They can be 
classified into several categories, according to their structure (i.e. 
NPs, nanospheres, nanocapsules, nanotubes and colloidal carriers 
such as liposomes or dendrimers), physicochemical properties (i.e., 
pH sensitive, magnetic, stealth NPs) and the materials used for its 
synthesis (i.e. natural, synthetic, hybrid, or gold NPs (AuNPs)). 
NPs can achieve controlled drug release, targeting and increase the 
effectiveness or bioavailability of many therapeutic agents [36-38].

NPs in Cancer Therapy
Nanotechnology is not only a new tool to fight cancer, it is 

also a novel research field in therapy development, from which 
new generations of diagnostics, imaging and drug treatments have 
emerged. Over 20% of the therapeutic nanoparticulate systems already 
in clinics were developed for anticancer applications. Using targeted 
NPs to deliver chemotherapeutic agents in cancer therapy offers 
many advantages to improve drug/gene delivery and to overcome 
many problems associated with conventional chemotherapy [6,7,39-
44].

NPs can enhance the intracellular concentration of drugs in 
cancer cells by using both passive and active targeting strategies, while 
avoiding toxicity in normal cells. Furthermore, when NPs bind to 
specific receptors and then enter the cell, they are usually enveloped 
by endosomes via receptor-mediated endocytosis, thereby by passing 
the recognition of P-glycoprotein, one of the main drug resistance 
mechanisms [30,45,46].

Although NPs offer many advantages as drug delivery systems, 
there are still many limitations to be solved. For instance, NPs might 
change the stability, solubility, and pharmacokinetic properties of 
the carried drugs. However, these aspects have not been extensively 
investigated. The shelf life, aggregation, leakage and toxicity of 
materials used to make NPs are other limitations for their use [47].

Various types of NPs have been studied as drug delivery vehicles 
for anticancer drugs, which includes poly (lactic-co-glycolic acid) 
(PLGA) and its derivatives, chitosan, dendrimer, solid lipid NP 
(SLNP), low density lipoprotein (LDL), polysorbate 80-coated poly 
(butyl cyanoacrylate) NP, layered double hydroxides (LDH) and 
mesoporous silica nanoparticles (MSN) [48-57]. Despite extensive 
research and development, only a few drug delivery NPs are approved 
by ‘Food and Drug Administration (FDA)’ and available for cancer 
treatment. Liposomal anticancer drugs were the first to be approved 
by FDA for cancer therapy [8].

In cancer treatments, NPs can rely on the enhanced permeability 
and retention effect caused by leaky tumor vasculatures for better 
drug accumulation at the tumor sites. These benefits have made 
that therapeutic NPs are promising candidate to replace traditional 
chemotherapy, where intravenous injection of toxic agents poses 
a serious threat to healthy tissues and results in dose-limiting 
side effects. Currently, several NP-based chemotherapeutics have 
emerged on the market, while many of them are undergoing various 
stages of clinical or preclinical development. Notable examples 
of chemotherapeutic NPs include Doxil® (a ~100 nm liposomal 
formulation of doxorubicin) and Abraxane (a ~130 nm paclitaxel-
bound protein particle), both of which are routinely administered as 
first-line treatments in various cancer types [58-62].

The early stage cancer is treatable, in general, and thus the 
prognosis could be good. Cancer diagnosis is thus an important and 
practical way to improve the cure rate. The current practice of cancer 
diagnosis prefers invasive tissue biopsies to confirm the diagnosis 
of cancer as this can also provide information about its histological 
type, classification, grade, and potential aggressiveness. It is useful 
to identify a fully developed cancer, but not so efficient to detect the 
pre-malignant or early lesions (intermediate stages) amenable to 
resection and cure [58-61].

NPs in Diagnosis
Conventional imaging by using plain radiographs, ultrasound, 

computed tomography (CT), and magnetic resonance imaging (MRI) 
has been common in both cancer screening and follow-up. However, 
all these modalities rely on detecting cancer once it becomes a visible 
physical entity, at around 1 cm3 at which point the tumor mass will 
already contain approximately 1 billion cancer cells. Over the past 
decade, there has been a paradigm shift from anatomical imaging, 
which detects macroscopic/gross pathology, to molecular imaging, 
which has the potential to detect cancer much earlier at the molecular 
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level, long before phenotypic changes occur. Molecular imaging 
allows the genetic changes involved in oncogenesis to be characterized 
in vivo, thereby predicting the type of molecular therapy that will 
prove most beneficial for the patient (i.e. personalized medicine). 
It also allows the repeated noninvasive monitoring of the disease 
for response, progression, and transformation following therapy or 
recurrence [12,63].

Molecular imaging is one of the main current focuses of 
research in medical diagnostics, which can facilitate early diagnosis, 
identify the stage of disease, provide fundamental information on 
pathological processes, and can be applied to follow the efficacy of 
therapy [64]. NPs probes have the potential for molecular imaging 
from its current anatomy based level to the molecular level, can travel 
through the human body in the blood and lymphatic vessels. They 
can identify the desired target by specific biological interactions, such 
as antibody antigen, nucleic acid hybridization and gene expression 
[65]. For molecular imaging four classes of NPs are primary interest: 
magnetic NPs, magneto fluorescent NPs, florescent NPs and isotope 
tagged NPs. Nanotechnology-enabled molecular imaging has been 
made in all imaging modalities including optical, ultrasound (US), 
CT, MRI and nuclear imaging. Each imaging modality has its own 
unique advantages and disadvantages. Ultimately the choice will be 
determined by the specific molecular process that is being targeted 
[66-73].

Magnetic NPs were used directly or dispersed in the polymeric 
matrix as cores. The use of magnetic NPs is having a great impact in 
bioassays for separation and pre concentration. Recently, magnetic 
micro/nano-particles have been widely used as signal reporters to 
detect various biomolecules, and to facilitate location of cancerous 
cells [74-76]. They have been used chiefly in the hyperthermia 
treatment of cancer and, in some cases, for magnetic field assisted 
targeting of NPs. For diagnostic purposes, they were used in MRI 
as contrast-enhancing agents for the purpose of cancer diagnosis, 
targeted molecular imaging, hypoperfusion region visualization, cell 
labeling in T cell-based therapy, and for detection of angiogenesis, 
apoptosis and gene expression [66,77-85].

Magnetic and fluorescent inorganic NPs are of particular 
importance due to their broad range of potential applications. It is 
expected that the combination of magnetic and fluorescent properties 
in one nanocomposite would enable the engineering of unique 
multifunctional nanoscale devices, which could be manipulated using 
external magnetic fields. First of all, multi-modal magnetic-fluorescent 
assays would be very beneficial for in vitro- and in vivobioimaging 
applications such as MRI and fluorescence microscopy. Second of 
all, these nanocomposites can be utilised as agents in nanomedicine. 
Fluorescent-magnetic nanocomposites can also serve as an all-in-one 
diagnostic and therapeutic tool, which could be used, for example, to 
visualise and simultaneously treat various diseases [86].

The application of nanotechnology to cancer diagnosis holds 
tremendous promise in enhancing the sensitivity and versatility of 
fluorescence-based methods of detection. In particular, there are 
several structure-defining traits of NPs that enable the development 
of novel cancer detection assays: size, shape, high surface area, and 
unique optical properties.In particular, the optical properties most 
relevant in the design of fluorescence-based biosensors for cancer 
diagnostics, the intensity and stability of fluorescence emission 
as well as the effectiveness of fluorescence quenching in “off-on” 
probes, determine, in part, the sensitivity and dynamic range of a 
particular assay. The four main NP types used in the design of probes 
for the detection of cancer biomarkers, cells, and tissues through 
fluorescence are [1] QDs, which exhibit tunable absorption and high 
quantum yields; [2] pee-dots (PDs), which have high fluorescence 
quantum yields and show no cytotoxicity; [3] up-convertion NPs 
(UCNPs), which exhibit anti-Stokes shifts and are excitable in the 
tissue-transparent near infrared (NIR) window; [4] AuNPs, which 
are excellent fluorescence quenchers and are thus commonly used 
in “off-on” probes; and [5] fluorophore-encapsulating polymeric or 
mesoporous silica NPs, which are useful in theranostic applications 

that simultaneously deliver chemotherapeutics or photosensitizing 
agents to image and treat cancer cells [87,88].

Due to their enormous flexibility, and versatility the radiolabeled 
NPs have shown their potential in the diagnosis and therapy. As 
the matter of fact, these radiolabeled imaging agents enable the 
visualization of the cellular function and the follow-up of the molecular 
process in living organisms. Many different kinds of particles have 
been loaded or labeled with various radionuclides and used in nuclear 
medicine for diagnostic, therapeutic and investigational purposes. 
Nuclear medicine is a branch of medical imaging that uses small 
amounts of radioisotopes to diagnose a wide variety of diseases and 
to treat many disorders. Nuclear medicine imaging differs from other 
radiological imaging techniques in that radiotracers are administrated 
to the patients and the emitted radiation is images relate to the 
function of an organ system or metabolic pathway. Different imaging 
studies include dynamic or static imaging and in vivo function 
tests perform in nuclear medicine. The acquired information is 
useful for both diagnostic purposes, such as detection of functional 
abnormalities or early identification of tumors and therapy planning 
and follow-up. Choosing the radionuclide compounds play a major 
role for medicine and biology (Table 1) [89-93].

Various approaches are used for labeling radionuclides are the 
surface labeling of the NP after encapsulation or encapsulating a 
radiolabeling NP. However, the NPs conjugated with bifunctional 
chelators and targeting ligands are particularly useful because their 
higher surface area which allows a higher number of targeting 
residues and radionuclides per particle.

Conclusion
NPs designed in various ways have been widely investigated 

for application to cancer therapy and diagnosis. This is common 
to chemotherapy, gene therapy and modalities including optical, 
ultrasound, CT, MRI and nuclear imaging. The imaging contrast 
and the therapeutic efficiency of drugs have improved significantly 
due to the high payload of drug/contrast agents per NP and the 
ability for active/passive targeting. NP-based imaging and therapy 
demonstrated reduced side effects, too. Different NPs have been 
elaborated for diagnostic applications with promising results. Since 
nuclear medicine is the most sensitive clinical imaging techniques 
with between nanomole/kilogram and picomole/kilogram sensitivity, 
imaging technique with radioactive NPs is becoming increasingly 
important. Significant advantages of radioactive imaging, other than 
sensitivity are, they are quantitative and there is no tissue penetration 
limit. With these promising advantageous of NP based imaging, it is 
important to understand to design and apply NPs for diagnosis.

Table 1: Radionuclides for diagnosis and therapy.

Radionuclide Half-life Emission type Emax References
DIAGNOSIS

99mTc 6.0 hour ɤ 141 KeV [94]
18F 109.8 min β+ 634 KeV [95]
64Cu 12.7 hour β-, β+ 579, 653 KeV [96]
123I 13.2 hour Auger e-, ɤ 159 KeV [92]
124I 4.18 days β+, ɤ 820, 1543, 2146 KeV [97]
131I 8.0 days ɤ, β 284, 364, 637 KeV [92]
111In 2.8 days ɤ, Auger e- 172, 245 KeV [98]
67Ga 3.3 days ɤ 93, 185, 296 KeV [98]
68Ga 67.7 min β+ 770, 1890 KeV [98]

THERAPY
131I 8.0 days ɤ, β 0.28, 0.36, 0.64 MeV [97]
67Cu 2.6 days β 0.19 MeV [97]
186Re 89.2 hour β, ɤ 1.07 MeV [92]
188Re 17.0 hour β, ɤ 2.12 MeV [92]
177Lu 161.0 hour β 0.49 MeV [97]
90Y 64.1 hour β 2.28 MeV [97]
225Ac 10.0 days α 5.83, 5.79, 5.73 MeV [92]
211At 7.2 hour α 5.87 MeV [92]
111In 67.0 hour Auger e-, ɤ 0.42 MeV [97]
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