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Abstract
As the incidence of malignant tumors is increasing globally, fighting cancer has become an urgently international issue. Considering that 

traditional therapy as chemotherapy and radiotherapy explored a series of disadvantages in clinic including killing normal cells and reducing 
immunity, a series of new strategies and means are emerged to treat cancers preferably. Among, nanoparticles exhibit their noticeably advantages 
on both cancer early detection and future treatment. In this review, we do an intensive research on nanotechnology-based treatments for cancer.
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Introduction
All along, cancer is considered as an extremely grave threat to 

public health. According to the International Center for Research 
on Cancer, approximately 9 million people worldwide die of 
malignant tumor every year [1]. Generally, accurate and effective 
early detection for cancer will offer patients optimal treatment 
time. At present, poor pharmacokinetic and serious damages 
on human body tremendously limited contrast agents ’clinical 
application for early diagnosis. Nanotechnology, a material with 
remarkably varied and new properties, provides new molecular 
contrast agents and materials to enable earlier and more accurate 
initial diagnosis [2]. In addition, although many chemotherapy 
drugs for cancer treatment are available, their potential toxicity 
is the main point of concern. The good news is that nanoparticles 
offer enormous potential in creating targeted and highly effective 
anti-cancer treatment [3]. Exactly speaking, nanoparticles, as 
drug carriers, increase the targeting of chemotherapeutic drugs 
[4]. In this review, the progress of nanoparticle research in cancer 
diagnosis and treatment is reviewed in detail, and the prospect and 
challenges of its clinical application are prospected.

 
Nanoparticles and Cancer Diagnosis

Contrast agents including gadolinium and sodium iodide 
are vital chemicals that used for CT and fluoroscopic imagining 
which are widely applied for disease diagnosis, especially for 
cancer early detection [5,6]. Nowadays, contrast agents’ poor 
pharmacokinetic properties and low sensitivity hinder and limit 
their further development around cancer imaging. For example, the 
first generation of Gd-based contrast agents which are currently 
used in magnetic resonance imaging (MRI) have been reported 
to cause nephrotoxicity [7]. Here, the advent of nanotechnology 
has revolutionized the traditional contrast agents. Magnetic 
nanoparticles are combined with specific molecular markers 
which were remarkably expressed on the surface of tumor cells 
[8]. Obviously, reformed nanoparticles could specifically identify 
tumors subsequently form magnetic resonance images. This 
means can not only reduce the amount of contrast agent, but also 
increase the sensitivity of the imaging. In addition, superpara 
magneticiron oxidenano particles (SPIONs) [9], another important 
type of nanoparticles, are also modified with specific ligands to 
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identify exclusive tissues and organs. The bioavailability of drugs 
in tumor sites can be improved by double-effect targeting with 
high permeability and external magnetic field, to reduce toxicity 
to normal cells [10]. Nanoparticles, as a new generation contrast 
agent, must have a broad application prospect in cancer diagnosis.

Nanoparticles and Cancer Targeting Therapy

Nanoparticles and Drug Delivery
Despite the lack of specificity and systemic toxicity, 

chemotherapy is still the most commonly used treatment for 
cancer. [11]. Using nanoparticles to carry chemotherapeutic drugs 
to target tumors is a good way to avoid untargeted therapy with 
chemotherapeutic agents. For example, magnetic nanoparticle, 
one important member of the nanoparticle family, gathers to the 
target site under the action of magnetic field, and releases anti-
tumor drugs in the site at a certain rate of drug release. Also, Wu 
et al. encapsulated superparamagnetic iron oxide particles with 
polydopamine to obtain magnetic nanoparticles with an average 
particle size of 80nm. The external magnetic field significantly 
promoted the killing effect of polydopamine on HeLa cells, which 
proved that the external magnetic field had a significant effect on 
the aggregation of magnetic nanoparticles [12]. Besides, Munaweer 
et al. proved that magnetic nanoparticles containing platinum 
chemotherapeutic drugs can be used as effective chemotherapeutic 
and radiotherapy drugs. The surface engineering graphene oxide 
nanoparticles (GO) can be prepared by covalently linking with 
amine-functionalized iron oxide nanoparticles (IONP). IONP can 
be directed to specific organs, tissues or tumors through external 
magnetic fields. GO is non-toxic to normal cells but can have toxic 
effects on tumor cells [13].

Nanoparticles and Thermal Therapy
The rapid development of nanoparticles has led to a new 

technique for treating cancer called hyperthermia [14]. The 
technique is focal and repeatable with a minimally invasive 
application [15]. First, nanoparticles target to bind to tumors. The 
nanoparticles are then heated by an external technique to produce 
heat that kills the tumor. Photothermal therapy, for example, uses 
lasers to heat nanoparticles, selectively killing the cells that contain 
them. Chen et al. reported that 4T-1 cancer cell activity was greatly 
inhibited after nanoparticles treatment and near-infrared radiation 
of Polyethylene glycol (peg) coated nanoparticles [16]. However, 
photothermal therapy is still a challenge in treating tumors 
due to the low light penetration of tissues. Superparamagnetic 
AuNPs cluster showed typical superparamagnetic behavior and 
supernormal magnetic hyperthermia effect, which was more 
beneficial to cancer treatment than photothermal treatment 
alone [17]. It has also been reported that photo hyperthermia 
combined with magnetic hyperthermia for greater effect. In the 

case of multifunctional silver/magnetite nanophere (Ag/Fe3O4), 
the presence of an external magnetic field and simultaneous laser 
irradiation produce more heat to kill cancer cells [9].

Conclusion 
In our study, nanotechnology significantly increases the 

bioavailability of insoluble drugs and improves drug release 
and absorption behaviour. It improves the targeting ability of 
drugs to tumor tissue sites and increases drug distribution and 
accumulation. All the changes can reduce drug toxicity and side 
effects to normal tissues and cells and reduce the toxicity and 
efficacy enhancement. The current condition is that although 
nanotechnology is widely studied, it is not yet ready to be applied 
to the clinical treatment for cancer. Several issues that need to be 
addressed such as whether the particle size and surface properties 
of nanoparticles meet regulatory requirements and so on. Also, the 
emergence of more complex nanoparticle systems requires better 
methods for evaluating the biocompatibility of cells.

Overall, there is still a long way to go for nanoparticles to be 
clinically viable, but their potential advantages will drive them 
towards success.
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