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Abstract. Cancer is the most serious disease threatening human health at present, and the incidence and 
mortality of cancer in China ranks first in the world. Chemotherapy is an important means to treat cancer in 
clinic. However, many traditional small molecule chemotherapy drugs have some defects such as poor 
solubility, low bioavailability and great toxic and side effects. Small molecule drugs have the disadvantages 
of low bioavailability, such as rapid metabolism in vivo, short half-life and rapid decrease of in vivo 
concentration, which affects the therapeutic effect. Therefore, repeated administration is needed to improve 
the drug concentration. (NDS) can deliver drugs to cancer sites to improve distribution specificity, increase 
internalization and intracellular drug delivery, minimize adverse side effects and improve drug efficacy. In 
this paper, the concept, types and drug release of nano-drug carriers are expounded, and the application of 
nano-drug carriers in cancer treatment is analyzed by taking polymer micelle drug carriers as an example. 

Key words: Tumor microenvironment; Nano drug carrier; Nano-delivery systems. 

1. Introduction 

At present, the main methods used for cancer treatment 
are surgery, radiotherapy, chemotherapy or their 
combination therapy. Although these traditional tumor 
treatment methods can hinder the development of tumors, 
prolong the survival time of patients and improve the 
quality of life of patients to a certain extent, there are still 
defects that cannot be ignored [1]. Cancer is a big killer 
threatening human health, and it is the main reason 
leading to the increase of global mortality. Cell 
proliferation is uncontrolled, and the cells produced will 
not die. Except hematological cancer, it will produce 
abnormal cell clusters or tumors [2]. The rising 
prevalence of malignant tumor has become a serious 
social problem. At present, the treatment of cancer mainly 
depends on surgical resection, radiotherapy and 
chemotherapy [3]. Among them, chemotherapy still 
occupies an important position. Small-molecule drugs 
have the disadvantages of low bioavailability, such as fast 
metabolism, short half-life and rapid decrease of in-vivo 
concentration, which affects the therapeutic effect. 
Therefore, repeated administration is needed to improve 
the drug concentration, but too high drug concentration 
will increase the toxic and side effects of drugs on human 
body [4]. There are some shortcomings in the treatment of 
cancer, such as difficult to cure, easy to relapse and large 
side effects, so it is urgent to develop strategies with high 
efficiency and low side effects to treat tumors [5]. 
With the development of nanotechnology and the in-depth 
study of tumor microenvironment, stimulus-responsive 

intelligent nano-drug carriers designed based on tumor 
microenvironment have attracted wide attention in anti-
tumor drug delivery systems. As a common local 
treatment method of tumor, surgical treatment mainly 
hopes to completely remove tumor tissue in order to 
achieve the success of surgery and cure cancer [6]. 
However, in the complicated surgical procedure, only the 
in-situ tumor tissue with obvious boundaries can be 
removed, and the lesion sites that have spread and 
metastasized but have not formed obvious tissue blocks 
cannot be completely removed. NDS is generally 
constructed by using nanoparticles as drug carriers and 
integrating strategies such as stimulus-responsive release 
mechanism and targeting molecules through 
multifunctional modification [7]. NDS can deliver drugs 
to cancer sites, improve distribution specificity, increase 
internalization and intracellular drug delivery, minimize 
adverse side effects and improve drug efficacy [8]. 
Nanoparticle drug carriers play an important role in 
improving the bioavailability, enhancing the curative 
effect and reducing the toxic and side effects of anti-tumor 
drugs because of their unique enhanced permeability and 
retention (EPR) effects. In this paper, the concept, types 
and drug release of nano-drug carriers are expounded, and 
the application of nano-drug carriers in cancer treatment 
is analyzed by taking polymer micelle drug carriers as an 
example. 
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2. Advantages and disadvantages of 
nano-drugs in clinical trials 

Nano-drug carriers are colloidal nano-systems that can 
transport anticancer drugs. Cancer has become the main 
cause of death for people all over the world. Therefore, on 
the basis of traditional small molecular drugs in the 
treatment of tumors, the introduction of polymer nano-
drug-carrying system can give priority to maximizing the 
cell killing effect and minimizing the systemic side effects. 
The carrier system and ultrasonic technology have made 
great progress in improving several drugs, and drugs can 
selectively interact with tumors. The development of 
nanotechnology has laid the foundation for the clinical 
transformation of nano-drugs [9]. SiRNA is easy to 
degrade in vivo, which makes drug molecules escape 
from inclusion bodies and reduces the therapeutic effect. 
The combination of nucleotide drug siRNA and liposome 
to prepare nano drug ATU027 targeting PKN3 can reduce 
the degradation of siRNA in vivo, inhibit the expression 
of protein kinase N3 in vascular endothelium, and then 
inhibit the spread of metastatic tumor cells [10]. 
Colloidal nano-system is an indirect targeted therapy for 
cancer, which requires these anticancer drugs to avoid 
damaging normal tissues and accumulating in tumors. 
Compared with free drugs, the cytotoxic concentration of 
anticancer drugs in tumors is several times higher than 
that in other parts of the body, so as to get better 
therapeutic effects [11]. Nanoparticles have special 
advantages in targeting tumor cells. First, they can interact 
with tumor cells by using different strategies. Secondly, 
due to their nano-size, these colloidal systems penetrate 
into rapidly growing tumor masses and concentrate 
preferentially, which can serve as drug reservoirs for 
long-term control of the supply of encapsulated 
therapeutic compounds to tumors [12]. Nano-drug 
carriers can effectively increase the half-life of drugs, 
reduce the side effects of drugs, and alleviate the pain of 
patients taking drugs for a long time to some extent. 
Although nano-drugs prepared from chemotherapy drugs, 
nucleic acid drugs and nano-carriers can be used in 
clinical tumor treatment, which can reduce the in-vivo 
degradation of drugs and promote the enrichment of drugs 
in tumor tissues, only about 0.7% of the injection dose 
enters the tumor focus, and 90% of nano-drugs eventually 
enter the liver or spleen, which is easy to cause systemic 
adverse reactions and lead to poor treatment effect [13]. 
Compared with conventional preparations, nano-size also 
makes them suitable for intravenous injection, 
intramuscular and subcutaneous applications, and has 
lower irritation at the injection site [14]. Targeting 
includes modifying or designing the molecular weight and 
size of the system, changing the surface hydrophobicity 
and surface charge of the system, so as to make it circulate 
in the blood for a long time and target it to the desired site. 
Nano-drugs combined with other components in the body 
can reduce the therapeutic effect of drugs. After nano-
drugs enter the body, they will still produce side effects 
such as skin toxicity [15]. At present, the nano-drugs in 
transformation still can't achieve the safe and efficient 
treatment effect of malignant tumors, and it is still urgent 

to research and develop new anti-tumor nano-drugs. 
Nanocarriers can also increase the local drug 
concentration by wrapping drugs, and achieve the effect 
of controlled release when combined with target tumor 
cells. 
Chemotherapy has been widely used in tumor treatment, 
and a large number of anticancer drugs have been used in 
clinic. These drugs have shown certain curative effects on 
different tumors and patients bear less trauma and risk 
[16]. However, because most chemotherapy drugs are 
administered systemically, the specificity of drugs to 
tumor tissues is small, and an ultra-high drug dosage is 
needed when they are administered, so that they can kill 
cancer cells and inhibit tumor growth, but also have strong 
toxicity to normal organs in the body, and long-term use 
will also cause drug resistance [17]. Polymers chemically 
bound to drugs are usually considered as new chemical 
entities (NCEs) because of their different 
pharmacokinetic characteristics [18]. Some small-
molecule chemotherapy drugs are easy to be removed in 
the process of blood circulation, which makes the 
accumulation of drugs in tumor sites less, leading to poor 
anticancer effect [19]. The problems of incomplete 
treatment, great toxic and side effects, lack of tumor 
specificity, easy recurrence and metastasis are still the 
main barriers to tumor treatment at present, and it is urgent 
to explore new treatment strategies to overcome these 
problems. 

3. Application of nano-drug delivery 
system in tumor treatment 

At present, although nano-drug carriers preferentially 
accumulate in tumor sites due to targeting or receptor-
mediated active targeting, the inefficient release of drugs 
in tumor cells may be an obstacle to reducing drug 
efficacy. Among different types of environmental stimuli, 
pH-responsive nanosystems have a wide range of 
practical application values in drug delivery for cancer 
treatment. Over the years, people have made some in-
depth research on the drug release system stimulated by 
pH. The drug delivery system is made by using polymers 
as carriers to connect with drugs or encapsulate anticancer 
drugs. Because these polymers are generally responsive, 
the drug release can be controlled, thus treating diseases 
[20]. At present, the deficiency of available treatment 
methods stimulates the demand for improvement of 
treatment technology. Tumor diseases seriously endanger 
human life and health, and its morbidity and mortality are 
second only to cardiovascular and cerebrovascular 
diseases and infectious diseases. Chemotherapy is one of 
the main methods to treat tumor diseases at present [21]. 
However, many anticancer drugs used in clinic usually 
have strong cytotoxicity and lack of specificity, which can 
kill normal tissue cells as well as tumor cells, so they have 
great toxic and side effects. Due to the rapid metabolism 
of cancer cells, insufficient utilization of oxygen and 
nutrients, and excessive lactic acid produced by ATP 
hydrolysis, the pH value of tumor sites is always lower 
than that of normal tissues, ranging from 5.7 to 7.8. 
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It is difficult for drugs to cross the physiological barrier to 
reach the tumor site in blood circulation, thus reducing the 
bioavailability of drugs. The efficiency and side effects of 
chemotherapy are mainly related to the dosage form, 
distribution in vivo, toxicity to normal cells and drug 
resistance of tumor cells [22]. The gradient of pH value 
has a very important influence on the internalization of 
drugs and carriers, and the pH of inclusions or lysosomes 
is about 4.5-6.0 [23]. Therefore, for the controlled release 
of some hydrophobic anticancer drugs, pH-sensitive drug 
delivery system has a good application prospect. The 
surface of nanocarriers can be modified by related ligands, 
and the specific binding between ligands and high-
expression receptors in tumor tissues gives nanocarriers 
active targeting ability [24]. However, under the passive 
and active two-stage targeting, nanocarriers can further 
increase the drug concentration in tumor sites, improve 
the uptake of tumor cells and improve the anti-tumor 
effect [25]. 
Nanodrug based on polymer nanocarriers is a new kind of 
drug dosage form, which can change the distribution and 
metabolism of drugs in the body and improve the 
bioavailability of drugs, so it shows great advantages in 
the field of tumor treatment. In practical application, 
temperature and pH change are two important factors, and 
they are also the most easily available polymers for 
designing and synthesizing responsive drug carriers [26]. 
Temperature-responsive segments can carry drugs in the 
extended state, and form a core-shell-crown structure 
when they collapse. The stability of the carrier is 
improved, and the release of drugs in normal tissues is 
inhibited. The pH-sensitive connection between core and 
shell can realize the intelligent release of drugs. The ideal 
polymer nano-drug carrier should have the advantages of 
low toxicity and good stability, which can protect the 
biological activity of drugs, change the distribution of 
drugs in the body, and deliver drugs in the boot direction. 
The application of nanotechnology in drug delivery is a 
rapidly developing field, which can not only realize the 
controlled release of drugs, but also reduce the side effects 
of drugs and increase the stability of drugs. Now more and 
more research focuses on developing a drug delivery 
system with good structural stability, high biological 
applicability and little toxic and side effects to realize the 
controlled release of certain drug molecules [27]. 
Understanding the characteristics of human tumor tissue 
is very necessary for designing ideal drug carriers. 
Therefore, it is necessary to introduce the characteristics 
of tumor tissue properly and make full use of the 
differences between tumor tissue and normal tissue in 
order to design and synthesize polymer nano-drug carriers 
that meet the requirements. Among different types of 
nanoparticles, magnetic nanoparticles are famous for their 
great potential in drug delivery. Magnetic liposomes can 
accumulate in target tumors by applying magnetic 
orientation, and have been used as drug carriers [28]. In 
the field of biological applications, such as gene or drug 
delivery, Fe3O4 is considered as an ideal magnetic 
nanoparticle with promising application prospects due to 
its unique magnetic properties. At present, magnetic 
nanoparticles have also been successfully used in the 
treatment of cancer by magnetic hyperthermia. 

4. Conclusion 

Tumor is one of the main diseases that endanger human 
health and threaten human life, and chemotherapy is one 
of the main methods to treat tumor diseases at present. 
However, small molecule anti-tumor drugs have great 
toxic and side effects, which can kill normal tissue cells 
as well as tumor cells. Nanocarriers can protect drugs 
from degradation, reduce the renal clearance rate and 
prolong their half-life in blood, increase the effective 
concentration of cellular drugs, control the release 
kinetics of anticancer drugs, and improve the solubility of 
drugs. Polymer micelle drug carrier assembles drugs and 
micelles by chemical bonding and physical embedding, 
which can obtain high drug loading rate and target tumor 
cells, and achieve better results than drugs themselves. 
These polymer nano-drug carriers have good 
biocompatibility, can effectively load anti-tumor drugs 
and control the release of drugs, and do not release or 
release a small amount of drugs in normal physiological 
environment, but release drug molecules quickly and in 
large quantities when they reach the tumor cell 
environment, effectively killing tumor cells. Studying the 
intracellular mechanism of nano-drugs and clarifying the 
release and killing mechanism of nano-drugs in vivo will 
help to design and develop nano-drugs better. 
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