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Nanocarriers are added as colloidal nanosystems loaded with therapeutic agents (anticancer agents or any
macromolecules, such as proteins or genes), which allow drugs to selectively accumulate at the site of cancerous
tumors. As a result of their unique nanometer range, 1-1000 nm (drug administration is preferable in the 5-200 nm
range), they are used for cancer treatment. The main and most promising nanocarriers in the literature are iron
oxide, gold, polymers, liposomes, micelles, fullerenes (carbon nanotubes, graphene), dendrimers, quantum dots,

and nanodiamonds.
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| 1. Introduction

Cancer is a major cause of global morbidity and mortality. It is a disease caused by a variety of factors, and its
formation depends on several genetic and epigenetic aspects [X. Malignant tumors have a specificity that affects
other healthy cells in the body . In order to develop more effective methods of diagnosis and treatment without
harming the patient, various resources have been widely explored, and current treatment methods used for cancer

control include chemotherapy, surgery, radiation, and biological therapies (immunotherapy and hormone therapy)
(311415

However, these therapies have certain disadvantages and, being invasive, have side effects before and after
treatment, making the patient uncomfortable. For example, the use of chemotherapeutic drugs can affect the
normal and healthy growth of good cells and bring opportunities for tumor recurrence. In addition, resistance to
various drugs may develop, and poor biodistribution results in a low concentration of these chemotherapeutic
agents at the tumor site, which may reduce the therapeutic effect of anticancer drugs BIEBIE |n this context, it is

necessary to research and develop alternative beneficial and effective therapies for the drug delivery system.

Nanotechnology can increase the pharmacological properties of compounds commonly used in the treatment and
diagnosis of cancer, which is why it has emerged as an innovative possibility for therapeutic intervention in cancer
and in the distribution of drugs 2911 This can usually be achieved by different routes of administration, such as
oral, nasal, transdermal, intravenous, etc. These nanocarriers can improve the effectiveness of the drug and
reduce side effects. They can be encapsulated or used in combination with other drugs 22131 |n addition, nano-
scale transporters can protect drugs or any macromolecules (proteins, peptides, etc.) from degradation, reduce

renal clearance, and provide sustained or controlled release kinetics, thereby increasing drug efficacy at steady-
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state therapeutic levels B4ISIEIAT] Thejr half-life in the blood improves the therapeutic index, solubility, and

stability of the capsules, compared to conventional treatment methods (such as tablets, capsules, and injections)
[18][19]

| 2. Classification of Nanocarriers

Nanocarriers can be classified into three categories based upon the materials that they are made from (A) lipid-

based nanoparticles, (B) inorganic nanopatrticles, and (C) polymeric nanoparticles (Figure 1).
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delivery in cancer therapy. (A) Lipid-based nanocarriers; (B) Inorganic nanoparticles; (C) Polymeric nanoparticles.

2.1. Lipid-Based Nanocarriers

Liposomes were the first nanotransporters advanced by Bangham 201 jn 1965, and they include the first
nanotransporter (DaunoXome ™) that was clinically approved by the FDA (Food and Drug Administration) for the
transport of chemotherapeutic drugs in 1996 1. Lipid-based nanocarriers have emerged as a very promising,
emerging, and rapidly developing tool for the delivery of various drugs with low solubility, bioavailability, and
stability in recent decades 22][23] Lipid nanocarriers allow the therapeutic load to be directed to the deep layers of
the skin or even reach the blood circulation, making them a promising cutting-edge technology. Lipid nanocarriers
refer to a large panel of drug delivery systems [24][25] Lipid vesicles are the most conventional, and they are known
to be capable of transporting lipophilic and hydrophilic active agents 28] Others are designed with the objective of
achieving a higher encapsulation rate and greater stability, such as solid lipid nanoparticles and nanostructured
lipid nanocarriers 27 The formulation of a liposomal drug improves the biodistribution and pharmacokinetics of a
drug. This means that a higher concentration of the drug can be achieved within the tumors, while reducing the
concentration of the drug in normal tissue [28][29] Lipid-based nanocarriers include liposomes, nanoemulsions, solid

lipid nanoparticles, and phospholipid micelles.
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2.2. Polymeric Nanocarriers

Polymeric nanocarriers are synthesized from different types of natural and synthetic polymers that generally have
good biocompatibility and biodegradability BY. The advantages of these polymer nanomaterials compared to other
nanocarriers include stability in various microenvironments, slow release of drugs due to polymer degradation, and
their diversity in the types of polymers and types of drugs to be encapsulated 132, The hydrophobicity and
hydrophilicity within the polymer structure can be controlled to suit a variety of drug molecules B3, Commonly used
natural polymers include gelatin, dextran, albumin, chitosan, and alginate, and synthetic biodegradable polymers
include polylactic acid (PLA), polyglycolic acid (PGA), copolymer of lactic acid and glycolic acid (PLGA), poly (e-
caprolactone) (PCL), polyalkylcyanoacrylate (PACA), poly (ethylene glycol) (PEG), poly (D,L-lactide-co-glycolide)
(PLG), polyethyleneimine (PEI), poly (L-lysine), poly (Tian Particular acid), and others 43338l Gao (2021) B4
evidences the activity of reactive oxygen species (ROS)-responsive polymers for drug delivery systems, which may
include polymers containing thioether, poly (thioketal), polymers containing selenium, tellurium, arylboronic
acid/ester, aryl oxalate, and ferrocene; these are being widely investigated for anticancer therapy. The properties of
polymerized NPs can be beneficial for the treatment of several potentially fatal diseases, including cancer,

neurodegenerative diseases, cardiovascular diseases, and even viral infections and osteoporosis [28I29],

2.3. Inorganic Nanoparticles

Among the nanocarriers that are being developed for the diagnosis and treatment of cancer are inorganic
nanoparticles, which may consist of iron oxide, silica, gold, and graphene, among other compounds 49, There is
greater difficulty in translating these types of nanomaterials (NMs) to clinical application, due to their lower
biocompatibility and the lack of understanding of possible complications caused by their deposition in different
organs, such as greater stability, less hydrophobicity, and non-microbial storage #4142l Despite these difficulties,
the physical properties attributed to the constituent materials of inorganic nanoparticles make it possible to apply
them in a variety of processes, for example, magnetic nanoparticles can be used for magnetic resonance imaging

(MRI) or with magnetic targeting, while gold and silver NM can be used for imaging or heating during targeted
treatment [431144],

Similar to organic nanoparticles, inorganic NMs are also being studied as targeted drug delivery systems 3249,
These important nanoparticles have gained attention in preclinical studies due to their potential for diagnosis and
therapy in anticancer systems, with a variety of applications including tumor imaging, drug administration, and
improvement in radiotherapy. Recent advances in nanotechnology demonstrate the importance of inorganic
nanoparticles, given that they are internalized by cells through the endocytosis process 42! and can be composed

of different materials, some of which are gold, oxide iron, and graphene [2249][41][42]43][44]

Iron oxide nanoparticles (IONPs), composed of magnetite (FezO,) or maghemite (y-Fez0,), were initially
developed and used as contrast agents for the detection of primary tumors and metastasis by magnetic resonance
(451461 pye to the reduced nanometric size, usually varying between 10 and 20 nm, and their responses to

magnetic fields, they have been developed to be associated with different drugs and to work as a drug delivery
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system [321[40][41][42][43][44][45][46][47] |ron oxide nanosystems, once functionalized, have a wide field of biomedical
application, being used preferentially for the treatment and diagnosis of cancer 8. Studies demonstrate
advantages in the use of IONPs for the greater uptake of intratumoral drugs, as shown in a study by Alphandéry et
al. (2019) 47 which observed that the association of doxorubicin (DOX) with IONPs increased the accumulation of
intratumoral drugs, when compared to free drug treatment against ovarian cancer models 9. In another study,
IONPs conjugated to vinblastine led to decreased viability of MCF-7 breast cancer cells when compared to
treatment alone BY. These processes can be improved when these NMs receive a targeting molecule, as in
Nagesh et al. (2016) 5, which combined superparamagnetic iron oxide nanoparticles (SPIONs) with docetaxel, a
chemotherapy, and an antibody against a specific membrane antigen present in prostate cancer (PSMA), and
increased uptake and antitumor effectiveness compared to free drugs BY. Associated with the drug delivery

system, IONPs can also be used together.

Therapies can also be based on increasing local temperature, as in a study by Estelrich et al. (2016) B2 which
used photothermal therapy with IONPs, resulting in the destruction of tumor cells (MCF-7 and MDA-MB-231) 52, or
as contrast agents for imaging carcinomas, such as in Patel et al. (2016) 23, The latter study used SPIONs
associated with the anti-mesothelin antibody, which is a protein expressed in the membrane of different
adenocarcinomas such as pancreas, lung, liver, sarcomas, to identify pancreatic carcinoma in xenographic models

by MRI, which obtained very significant results when compared with the commonly used contrast agent (T2) 52I,

Another group of inorganic nanoparticles that has been developed for the treatment of cancer are those composed
of gold. Gold nanoparticles are being studied as an important mechanism for drug delivery, demonstrating better
tumor targeting and, thus, reducing the adverse effects caused to patients by decreasing the doses of drugs used
to treat various types of cancer 28, In addition to the chemical properties of its surface, physical properties can
also be exploited to act as contrast agents in imaging and as enhancers of anticancer therapy by increasing local
temperature, leading to photothermal destruction of tumors B34l A system proposed by Lee et al. (2017) 53,
composed of doxorubicin linked to oligonucleotides and gold nanoparticles for therapy in cancer, has demonstrated
promise in reducing colorectal cancer tumors 2. In another study, the importance of the photothermal properties
of gold nanoclusters covered by silica (AUNC = SiO,) was demonstrated, showing the potential of these

nanoparticles in the treatment of prostate cancer [58l,

Graphene nanofibers, composed of a single layer of carbon atoms hybridized in sp? have been used in
biomedicine as imaging agents, anticancer therapy, and drug delivery systems 44, The easy functionalization
processes, excellent electrical conductivity, strong mechanical resistance, and high surface area make graphene
an important agent to explore to compose the theragnostic NM used against cancer 4457, A study by Santos et al.
(2018) 57 demonstrated the potential of the association of graphene oxide nanofibers with the methylene blue
photosensitizing agent in the removal of xenographic breast tumors 4T1 through the combination of photodynamic
and photothermal therapies 4. As well as the potential for direct treatment against tumor cells, Deng et al. (2020)
(58 evidenced the activation of antitumor macrophages in vitro and in vivo by means of graphene oxide nanofibers

combined with polyethylene glycol (PEG), which is associated with near-infrared light irradiation (NIR) 281,
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| 3. Conclusions and Future Prospects

Years of research have investigated therapeutic alternatives for treating cancer, including surgery, radiation
therapy, chemotherapy, hormonal therapy, and target therapy, which are provided according to their type, stage,
and location. Currently, it is known that the common therapeutic approaches applied to the treatment of this
disease, despite promoting a good prognosis for the patient, cause damage to healthy tissues, incomplete
eradication of tumor cells, and adverse effects on patients. Observing these various problems associated with
current treatments, new therapies have been sought that are non-invasive and have low systemic toxicity, such as
nanobiotechnology. The nanotechnology field has established recently promoted cancer treatment methods.
Several nanocarriers studied in this field have allowed researchers to overcome the limitations of conventional

therapies, thus increasing their efficiency in guiding the delivery of these therapeutic agents.

The studies reinforced the concept that nanocarriers can be developed to promote the recruitment of immune cells
and overcome the anergy of tumor-specific T cells by blocking immunosuppressive pathways. The use of
nanocarriers is a promising strategy, because it is possible to have a modular response in the TME, activate an
accurate CTL response, and improve antitumor efficacy. In this context, immunotherapy combined with
nanoparticles will have a significant impact on clinical performance to enhance the immune system in cancer
therapy. However, there is still a need for studies to gain a deeper understanding of the mechanisms underlying the
immune system and the safety profiles of nanoparticles, to ensure effective delivery of nanocarriers to the target
tissue and avoid toxicity.
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