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ABSTRACT 

Nanotechnology is an emerging scientific field that allows manipulation of the environment at the atomic and molecular level. The term cancer 

is given to a group of diseases whose main characteristic is the rapid multiplication of abnormal cells. Conventional treatments used for cancer 

are based mainly on the use of chemotherapy, radiotherapy, and surgeries, nonspecific treatments concerning target cells, because antineoplastic 

drugs can reach normal cells, especially those that have constant renewal, causing adverse reactions. Nanomedicine, when focused on cancer 

treatment, offers patients an alternative and less invasive form of treatment. Its mechanism is done utilizing drug nanocarriers, which offer 

flexibility in dosage and release kinetics. Even with several articles demonstrating the potential advantages of nanoparticles over diseases, this 

technique encounters several clinical challenges concerning their development. Thus, the combination of advances in nanotechnology and 

biomaterial development becomes the most promising hope for the survival of cancer patients. This study aimed to explain briefly the factors 

related to cancer by focusing on the applications of nanoparticles in the treatment and diagnosis of the same. It is also important to highlight 

that this study will describe its benefits compared to conventional pharmacotherapy.  
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INTRODUÇÃO 

Nanotechnology is a developing scientific field that 

carries with itself the promise of allowing the manipulation 

of the environment at the atomic and molecular level. When 

focused on the medical area, especially in the treatment of 

cancer, nanomedicine, it is important to reduce social 

expenses because it allows cancer to be detected early, with 

high probabilities of cure through therapeutic methods that 

use nanocarriers at specific points, which minimizes side 

effects and adverse reactions when compared to conventional 

treatments that have high chances of tumor growth return 

with severe adverse reactions and devastating for the lives of 

patients [1]. 

Cancer is defined as a general term for a group that 

reaches more than one hundred diseases. Its main 

characteristic is the rapid multiplication of abnormal cells. 

These cells tend to be aggressive and uncontrolled, which can 

lead to the invasion of parts close to the affected organ and 

disperse to other organs. This process is known as metastasis 

[2]. 

The difficulty in diagnosing cancer early is the most 

significant circumstance about its complications since the 

cells with some alteration are only observed in the blood from 

the moment they are in high concentration. Early diagnosis 

and efficient treatment are essential for lives to be saved [3]. 

Every year 7.6 million people worldwide die from 

cancer. The National Institute of CANCER (INCA) estimates 

that by 2025 the forecast is 6 million deaths from the disease, 

in which 1.5 million deaths per year can be prevented with 

the necessary measures and appropriate treatments [4]. 

Among the forms of conventional antineoplastic 

treatments, we have chemotherapy and radiotherapy that are 

the most used. They are known to cause side effects in 

patients such as fatigue, hair loss, nausea, infections, 

bruising, bleeding, diarrhea, food aversion. 

The intensity of side effects can vary according to 

the individual, which may imply the quality of life and 

causing patients not only physical but also psychological and 

social disorders [5]. 

In addition to the negative factors that patients 

present in conventional therapy, such as lack of specificity 

and toxicity in the body, affect healthy cells of the body, 

increasing their problem's use. But the use of nanoparticles 

enables targeted therapy, accurately reaching only tumor 

cells, enabling a faster form of diagnosis, resulting in a less 

aggressive treatment at the physical and emotional levels 

[6,7]. 

Nanomedicine is one of the most promising branches 

of current science when focused on cancer. It offers patients 

an alternative and less invasive form of treatment. Its 

mechanism is done through drug nanocarriers, which offer 

flexibility in dosage and release kinetics. Therefore, it 

considerably decreases aggression to normal cells and tissues 

that are not sick, which increases treatment efficacy [8]. 

This study aims to briefly explain the factors related 

to cancer by focusing on the applications of nanoparticles in 

the treatment and diagnosis of it, as well as to describe its 

benefits compared to conventional pharmacotherapy.  

 

General aspects of the Genetic and Molecular Bases of 

Cancer  

Studies on molecular cytogenetics enable the 

training of an in-depth approach on the karyotypes of cancer 

variants, amplifying convincing data on the malignant 

disease's progression, involving multiple genetic factors. The 

analysis technique developed to describe tumor 

characteristics is based on the gene's detection 

rearrangements and changes in sequential DNA copies [9].  

Amplification of oncogenes or removal of tumor 

suppressor genes occurs involving cellular mutations, in 

which six biological characteristics for tumor progression in 

humans describe this process. They include the support of 

proliferative cells through proto-oncogenes, evasion of 

growth suppressors undergoing mutations becoming 

oncogenesis. Thus genetic sequences can develop 

carcinogenesis, producing defective proteins called 

oncoproteins, which causes resistance to cell death, allowing 

replicative immortality, inducing angiogenesis, and 

activating invasion and metastasis [10,11]. 

Pro-oncogenes can be converted into oncogenes not 

only by substitution of amino acids but by macroscopic 

chromosomal changes. One of the tumor-specific genes is 

MYCN (N-myc) susceptible to amplification in cancer cells, 

in which it encodes the transcription factor that plays a 

physiological role in stimulating cell proliferation, usually 

increased in cases of neuroblastoma in children [12]. 

Cancer-causing genes, or oncogenes, encode 

proteins directly involved in cell replication, including 

growth factor receptors (platelet-derived growth factor 

receptor, PDGR) ) or the epidermal growth factor receptor 

(EGFR, from the epidermal growth factor receptor). It is 

believed that chemotherapy treatment for patients with these 

mutations does not allow the desired therapeutic effect, 

requiring an inhibitory treatment with a specific target [12]. 

Tumor biomarkers are used to identify the target. 

These biomarkers are substances found in the tumor and 

biological fluids. When found these substances, they are 

associated with the growth of neoplastic cells, which can be 

an indication of the existence of tumors. They can be formed 

by the organism or by the tumor cells themselves. The 
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usefulness of it occurs in the clinical diagnosis of the patients.  

It contributes to the development's evaluation of the 

therapeutic response. It also contributes to the recurrences' 

identification, prognosis, and creating new forms of 

treatment. The quantification can be done through 

immunohistochemical means in the tissues or biochemicals 

in the blood and genetic tests [13]. 

These biomarkers can be of several types of 

molecules, divided into oncofetal antigens, enzymes, and 

isoenzymes, hormones, genetic markers, glycoproteins, and 

mucins. The oncofetal antigens are differentiation antigens 

(Alfafetoproteína - AFP and Carcinoembrionário Antigen - 

CEA) that are expressed by tumor cells, and are found during 

the development of the fetus.  

However, they are not demonstrated during adult 

life. Enzymatic tumor biomarkers are an extremely important 

tool for the differential diagnosis of tumors since their 

increased increase is directly related to a tumor. The tumor 

produces enzymes that accumulate inside organelles also 

inside the cell. 

 After possible tumor necrosis or alteration in the 

cell's permeability, these enzymes are released into the 

bloodstream. Isoenzymes are becoming excellent candidates 

for enzyme markers, as it is believed that they may represent 

products in which synthesis occurs due to a recent activation 

of the malignancy and cell transformation genes. Some 

hormones, depending on the dosage, can be used to detect and 

monitor certain tumors. Its involvement as a tumor marker 

can happen in two different ways: due to high production by 

endocrine tissue or by ectopic production and by some tissue 

where it normally does not have the function of producing 

hormones. 

The adrenocorticotropic hormone (ACTH) is an 

example of these two forms because it is found in pituitary 

tumors and small cell lung tumors. Among the genetic 

markers, the main ones are the suppressor genes, the 

oncogenes, and the protein products of the oncogenes. These 

biomarkers have great diagnostic potential since it is already 

known that, for a normal cell to become neoplastic, it may be 

necessary that several genetic modifications happen.  

Thus, the possible chance of identifying these 

modifications can become a mechanism for establishing the 

risk of cancer early. Glycoproteins and mucins are proteins 

with high molecular weight and rich in carbohydrates, being 

located on the surface of neoplastic cells, being CA 125, CA 

15-3, and CA 19-9. These biomarkers demonstrate greater 

specificity and sensitivity when compared to oncofetal 

antigens [14]. 

Even with the advances that have occurred in recent 

decades, there is no distinction in the patients' treatment who 

have the disease in situ for patients who have advanced 

disease, where the probable heterogeneities that exist 

between patients and the biology of neoplasms are 

disregarded. Bearing this in mind, the identification of tumors 

capable of behaving even more aggressively, leading to early 

metastases, frequent resurgence, and those that may need 

different therapeutic interventions becomes of paramount 

importance [15]. 

  

Conventional treatments available 

The conventional treatment used for cancer is based 

on using three different treatments: chemotherapy, radiation 

therapy, and surgery. Although these methods are the most 

used, the diagnosis and prognosis are insufficient due to their 

nonspecific biodistribution. Pathology also causes physical 

waste. The process of adherence to conventional treatment 

causes psychological and social disorders. The most common 

are nausea, vomiting, hair loss, oral ulcers, amputation, 

sterility, and brain damage, in addition to some procedures 

being invasive and painful. Current treatments are limited, 

there is a deficit in the speed of diagnosis and low survival 

rates [16-19]. 

When using chemotherapy as a treatment, it is 

administered a combination of cytotoxic drugs to act in 

different phases of cell division, eliminating the cells that 

demonstrate some functional change in their growth process. 

Because it is a type of treatment that is not specific to the 

target cells, antineoplastic drugs are capable of reaching 

normal cells, especially those that have constant renewal, 

causing adverse reactions [20] 

Chemotherapy aims to promote the eradication or 

control of micrometastases, which increases the patient's 

survival against the disease. For this reason, chemotherapy is 

performed at intervals defined by cycles, reducing the 

damage of healthy cells during treatment [21]. 

Radiotherapy consists of emitting local ionizing 

radiation in neoplastic cells and healthy cells of soft and hard 

tissues, generating changes in its DNA, causing the cell’s 

apoptosis, and consequently causing collateral damage. This 

treatment is more effective in cases of head and neck cancer, 

but it can have many side effects such as dry mouth sensation, 

inflammation of oral tissues, ischemic bone necrosis, 

radiation decay, among others [22,23]. Radiotherapy is also 

widely used in cases of cancer in the pelvic region and, 

although it has a potent effect, this form of treatment creates 

strong side effects, generating sequelae to the pelvic floor, 

which leads to a series of disorders related to the genital and 

urinary systems [24]. 

Oncological surgery is a procedure that consists of 

extracting the tumor through operations on the patient's body, 
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being a common process that aims to remove the largest 

portion of the tumor with a safety margin. With this in mind, 

the nutritional status of the patient before and after the 

surgery and the organic response to operative trauma is of 

paramount importance, as these factors can determine the 

loss of skeletal muscle function and postoperative functional 

capacity (INCA, This loss in the nutritional part of the 

patient, due to the operation, directly affects the muscle 

fibers, which can cause a gradual loss of mass, reduced 

strength, and as a result, the loss of muscle function.  

All of this impairs the patient's ability to practice 

daily activities, directly impacting the quality of life and early 

mobility in the postoperative period, increasing the risk of 

complications [25,26]. 

 

Use of Nanoparticles (PN) in the treatment of cancer 

 The need to use new technology with specific 

targeting in target cells was first presented in December 1959 

during a lecture to the American Physics Society (APS) by 

physicist Richard Feynman with the concept 

nanotechnology, the term was only used approved in 1974 by 

the Tokyo Scientific University, and its development in 

laboratory tests only started in the year 2000 [27,28]. 

The study of nanotechnology-enabled the 

development of nanoparticles (NPs) that are structured with 

dimensions from 1 to 100mm, in which their size is much 

smaller compared to normal cells in the body. Its application 

in health demonstrates a technique of interaction with the 

immune system, stimulating communication with various 

biological components (cells, receptors, proteins, etc.), 

allowing a quick and accurate diagnosis, in addition to an 

effective treatment for a wide range of diseases [29]. 

Benign tumor tissues have little permeability due to 

an outer layer composed of collagen fibers wrapped around 

the tumor, showing compartments that are quite vascularized 

around their morphology, in which two distinct forms are 

presented: “rare” cancer stem cells and another population 

larger number of normal cells. However, the vascularization 

of malignant tumors contains flow rates greater than normal 

cells, causing a high concentration of macromolecules and 

possible toxicity since the tumors have little lymphatic 

clearance to excrete the drug [16]. 

With the arrival of NPs in the pharmaceutical 

market, it was possible to count on drugs capable of 

specifically targeting organs affected by the disease, showing 

excellent results in therapeutic efficacy. When using both 

together with conventional treatments to decrease toxicity in 

normal tissues and increase their spectrum of action 

involving targeted delivery.  

This process occurs due to the stimulation of the 

immune cells from the body, in which NPs are directed to 

innate immunity, intentionally modulating this system, 

controlling its specific function, its molecular structure (size, 

charge, shape, hydrophobicity, and rigidity), in addition to 

helping in the interaction with pathogens, reducing side 

effects and enhancing therapeutic results, in addition to 

promoting the recognition only of cancer cells and facilitating 

their elimination [30-33]. 

Some scientific data point out advantages in the 

therapeutic and diagnostic functions in the treatment of 

neoplastic cells using NPs, in which the diagnosis includes 

the early identification of tumor markers and the stages of 

cancer, previously not efficiently detected by conventional 

imaging techniques, in addition to treatment intended for the 

use of nanoparticles as carriers of cytotoxic drugs, to infiltrate 

defense cells in a tumor microenvironment, causing pro-

inflammation making it more sensitive for combat [34]. 

However, even with several articles demonstrating 

the potential advantages of PN over diseases, this technique 

encounters several clinical challenges about its development. 

Only a few types of NPs have been approved for clinical use. 

The complexity and physical-chemical characteristics require 

careful and rigorous research regarding the 

nanopharmaceuticals. 

 The challenges in laboratory tests involving a 

nanostructure are specific when compared to conventional 

drugs. The nanopharmaceuticals must cross multiple 

biological barriers and not degrade, maintaining high 

systemic bioavailability in their nanoformulation [35]. 

Chemotherapy treatment destroys most cancer cells 

in a short time. However, cells called metastatic continue to 

generate new cells and reconstitute the tumor. NPs use 

methods capable of reaching micrometastasis, preventing 

tumor recurrence, in which the passive method has the 

Permeability and Retention Effect (RPE), to increase the 

concentration of nanopharmaceuticals in the neoplasia and 

the action has a selective recognition helping the destruction 

of cancer cells [36]. 

In 2018, the Massachusetts Institute of Technology 

proved through research that treatment with NPs could 

choose tumors and prevent them from recurring. With their 

low molecular weight, NPs encompass their functionality, 

absorbing or transporting DNA, RNA, proteins, and probes 

molecules,in addition to having a high carrier capacity to 

incorporate hydrophilic and hydrophobic substances, they 

help in the compatibility of different administration routes. 

With this, the NPs were adapted to treat brain tumors, and 

they have obtained significant results, crossed the blood-
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brain barrier, and went to the tumor to start the degradation 

process [37]. 

With the high complexity involving laboratory 

studies of nano-oncology, computational applications called 

nanoinformatics have been developed. This research area has 

enabled the development of algorithms that anticipate the 

results on cell uptake, toxicity, properties of enzymatic 

activities, absorption, metabolism, and excretion of NPs, 

overcoming barriers in vitro [28]. 

Regarding research areas, technological advances 

are increasingly adhered to by modern society, in which the 

combined techniques of in vitro tests and nanoinformatics 

enable the anticipation of results, demonstrating whether they 

are reliable and of quality. The algorithms evaluate the 

adverse effects of possible treatments and prevent scenarios 

of errors, and this method's use can be applied in several areas 

of science, not only in oncology [38]. 

 

Types of nanoparticles 

Based on some physical-chemical characteristics 

and targeted study platforms, we can divide the nanoparticles 

into basically two groups: naturally-derived nanoparticles 

and synthetic nanoparticles. These groups have subgroups 

with the following specific characteristics: natural accidents 

such as volcanic eruptions and forest fires are included in 

natural NPs, while synthetic nanoparticles are derived from 

gas dispersion (aerosols), diesel combustion, among others 

[31]. 

However, some authors specify NPs as inorganic 

and polymeric, they consist of several forms with multiple 

functions, and some stand out due to their greater clinical use, 

they are lipid NPs (solid or liposomes), nanoemulsions, 

dentin NPs, polymeric micelles, NPs magnetic, gold NPs, and 

carbon nanotubes and fullerenes [39,40]. 

Lipid nanoparticles have liposomes. Liposomes are 

composed of a phospholipid bilayer, they have a spherical 

shape, and stand out for their ability to act as a transporter for 

hydrophilic and hydrophobic drugs covering a wide variety 

of chemo drugs and having low toxic susceptibility. Besides, 

lipidic NPs are included, the solid form, which are new 

specific structures for solid tumors, differing from liposomes 

only by the structural characteristic, they are more fluid and 

lipids having greater rigidity [41]. 

The nanoemulsion is a capsule that does not have a 

polymeric coating, but rather a stable, amorphous, 

transparent, and translucent surface, which can be dispersed 

in water, oil, or both at the same time, has a size of 20 to 500 

mm, one of its advantages is to present improved physical 

stability [42]. 

The trimer's nanoparticles are complex, very 

organized macromolecules, known as cascade molecules, are 

branched like branches of trees, and the drug is fixed between 

the spaces of the branches. It is binding to molecules that 

occur easier, due to its high specificity for a large number of 

functional groups on its surface [43]. 

 Polymeric micelles contain a simple structure called 

amphipathic because they have a nonpolar and a polar layer; 

it allows controlling the drug's distribution and increases its 

permeability, resulting in more direct contact with the site of 

action of neoplastic cells [7]. 

Other types of NPs are the magnetic ones, 

administered intravenously, acting as drug carriers, and being 

used through the magneto-hyperthermia technique. 

Hyperthermia is a process of magnetic healing in the fight 

against cancer, in which a specific region of the body is 

exposed to high temperatures to eliminate tumor cells. 

Magnetic NPs are used to enhance the therapeutic reach of 

hyperthermia in the body's deepest tissues, surpassing 

biological barriers, for example, plasma and blood-brain 

membranes. Besides, they can also be directed to any part of 

the body through an external magnetic field, usable as 

contrast agents in magnetic resonance [44,45]. 

Gold nanoparticles are coated with a biocompatible 

material, which prevents their aggregation. They are most 

used in diagnosis because they can reflect a large amount of 

radiation identifying cancer cells; size less than 100 nm; carry 

drugs across the cell membrane, and can be used in 

conjunction with radiotherapy in the heating process. In this 

context, the application of gold NPs commonly to the 

radiotherapy's heating induces cell suicide in the tumor 

region since the tumor cells have less heat resistance than the 

normal ones [46]. 

Other important nanoparticles are carbon nanotubes 

and fullerenes. They are cylindrical carbon compounds such 

as diamond or graphite they have a great temperature and 

electricity transport capacity, they also have extraordinary 

mechanical properties, being very resistant and can be used 

in several fields of science [7] 

 

CONCLUSION 

Nanotechnology is a field of science in continuous 

development that encompasses several areas of knowledge. 

 Several types of nanoparticles are being created 

aimed at the treatment and diagnosis of cancer. The 

characteristics that comprise the organization and chemical 

composition of these nanoparticles made them become an 

instrument of paramount importance in inducing the cancer 

cells' death, minimizing these effects, and the adverse 

reactions caused by molecular specificity, which can be 
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found in most chemotherapeutic agents and antineoplastic 

agents used in anticancer therapies. Another important 

characteristic is the material used in its manufacture, which, 

depending on the chosen one, can cause the nanoparticles to 

behave in different ways in the human body, changing 

cytotoxicity and specificity. 

With this in mind, the development and use of 

functional nanoparticles containing molecules that allow cell 

recognition and biomarkers, in addition to allowing the 

diagnosis and location of cancer cells to occur early, also 

contributes to improving the orientation of the active 

principle in cancer, which enhances the effectiveness of the 

suggested treatment, due to the characteristic 

pharmacokinetic properties such as a long time of the agent 

within the blood circulation, the volume of distribution, 

absorption, and half-life.  

Even after a lot has been discovered about 

pharmacokinetics and nanoparticles' pharmacodynamics, it is 

still necessary to carry out many studies aimed at limitations 

such as nonspecific phagocytosis and protein absorption on 

the cell surface. Thus, the hope for cancer patients' survival 

became more promising after the combination of the 

advances in nanotechnology and the development of 

biomaterials. 
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