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Mini Review

Introduction
According to estimates from the World Health Organization in 
2019,1 cancer is the first or second leading cause of death before 
the age of 70 years in 112 of 183 countries and ranks third or 
fourth in a further 23 countries. The rising prominence of cancer 
partly reflects marked declines in mortality rates of stroke and 
coronary heart disease, relative to cancer, in many countries.2–4 
Despite the continuous rise in the number of diagnostic cases, the 
overall cancer mortality rate has been steadily decreasing since 
the early 1990s.4 This trend may be attributed to the implementa-
tion of advanced technologies and nanotechnology across vari-
ous medical fields.

Breast cancer (BCA) is the most common type of cancer, 
predominantly impacting women, and ranks as the second most 
common cancer type following lung cancer, contributing to a 
significant number of fatalities globally, irrespective of gender. 
It represents 30% of all cancer cases and 15% of cancer-related 
deaths in women.1,4–7 Scientific research has demonstrated that 
the intracellular signaling pathway (PI3K/AKT/mTOR) is crucial 
in the development and progression of BCA, influencing essen-
tial cellular functions such as cell growth, proliferation, angio-
genesis, and metastasis. BCA cases also have significant heredi-

tary implications.8,9 Nanomedicine is a branch of medicine that 
deals with applications of nanomaterials (NMs), nanoparticles 
(NPs), or nanodevices in medicine. Nanoscience and nanotech-
nology are growing in various sectors of medicine, resulting in 
significant changes in the quality and duration of life. Different 
research subjects, including preparation, properties, characteriza-
tion, and applications of NMs in vitro and in vivo, have been un-
der investigation since 2000.10–12 Nanotechnology could be used 
in prevention, diagnostics, and various types of treatment for 
BCA.13 Abbreviations along with their full names are provided 
prior to the reference list.

The innovation presented in this manuscript addresses the fol-
lowing: (a) the issues and challenges of coarse-sized materials 
and conventional technology in the treatment of BCA; (b) the 
advantages of NMs over bulk materials and nanotechnology over 
conventional approaches; and (c) the solutions that overcome the 
limitations, achieving adequate efficacy using NMs and nanotech-
nology in BCA treatments. The present review aims to discuss 
applications of nanotechnology and NMs in BCA, encompassing 
diagnosis and therapy, including in vitro and in vivo (pre-clinical 
and clinical) studies.

General aspects of NMs and NPs

Characteristics and properties of NMs and NPs
NMs exhibit the following characteristics: (i) one dimension in the 
nanometer-length scale (1–100 nm); and (ii) a large surface area 
per volume, giving rise to novel properties and phenomena that 
differ from the corresponding counterparts for bulk materials with 
the same composition.14 The most defining feature of NMs is their 
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size. The shape and architecture of NMs also significantly influ-
ence their properties. Nano-sized materials demonstrate superior 
chemical, biological, physical, and mechanical properties when 
compared to their bulk counterparts, leading to notable interac-
tions and effects.

A key physicochemical property of a drug for clinical use is its 
solubility in water. The solubility of numerous promising drugs 
in water is insufficient. It is estimated that over half of all drugs 
exhibit poor water solubility. Most drugs have been discarded due 
to their inadequate water solubility. Poor water solubility of a drug 
requires the use of higher amounts, which in turn may result in 
higher adverse effects.12,15,16 Reducing particle size results in en-
hanced surface interactions and increased solubility.17

Applications of NMs and nanotechnology in the cancer sector
Nanoscience and nanotechnology have been used in various 
branches of cancer practice, including prevention, detection, diag-
nosis, and treatment of cancers. The applications of nanotechnol-
ogy in the cancer sector result in: (a) NMs remain in the body for 
a longer duration than larger-sized materials, facilitating sustained 
therapeutic effects. Thus, the use of NMs improves pharmacoki-
netic effects; (b) NPs can penetrate the animal or human body 
through essential organs (such as the skin, lungs, and gastrointes-
tinal tract) more easily and rapidly than larger particles. Generally, 
the skin serves as an effective barrier against foreign substances, 
while the lungs and gastrointestinal tract are more vulnerable; (c) 
NPs enhance the proportion of the administered dose that suc-
cessfully reaches the tumors, facilitating targeted delivery and ab-
sorption, which ultimately reduces the required dosage; and (d) 
NMs serve as effective agents for the prevention of cancer through 
chemotherapy, attributed to their enhanced permeability and reten-
tion effects. These effects refer to the ability of NPs to preferen-
tially accumulate in tumor tissues rather than in normal tissues.13,17 
The targeted delivery of drugs delivers more anticancer drugs to 
cancer cells than non-targeted ones.18 Table 1 describes the advan-
tages and disadvantages of conventional and nanotechnologies in 
cancer treatment.

Different aspects of BCA

Statistical data on BCA
The global incidence and mortality of BCA in 2022 were presented 
in Table 2. The data were collected from GLOBOCAN 2022, in-
cluding new incidence and mortality cases (the age-standardized 
incidence rate and the age-standardized mortality rate) of BCA 
across 21 United Nations regions and 185 countries. The incidence 
and mortality rates of BCA differ considerably between coun-
tries.4,21–23

Molecular subtypes of BCA
In 1994 and 1995, two genes linked to hereditary BCA (BRCA1, 
BRCA2), found on human chromosomes 13 and 17, were dis-
covered. The clinical implications of mutations in BRCA1 and 
BRCA2, along with the crucial role of DNA repair in BCA sus-
ceptibility, were examined from 1994 to 2004 and documented in 
a report.24 These two genes play a significant role in maintaining 
genomic integrity and facilitate DNA repair. Mutations in these 
genes are correlated with aggressive forms of both breast and ovar-
ian cancers.

Clinically, BCA is categorized into three primary subtypes 
based on the status of progesterone receptor, estrogen receptor, and 
human epidermal growth factor receptor 2 (HER2).8,9 Molecular 
subtypes of BCA are presented in Table 3. Major subtypes of BCA 
are classified by hormone receptors and HER2. BCA tumors that 
overexpress the protein HER2 are associated with the epidermal 
growth factor receptor. Triple-negative breast cancer (TNBCA) 
tends to occur in younger women, with a mortality rate as high 
as 40% in advanced stages within the first five years after diagno-
sis.25–27 Approximately 45% of patients diagnosed with advanced 
TNBCA will experience distant metastasis to the brain, with a me-
dian survival time of 13.3 months.28 Due to the lack of expression 
of targetable proteins, TNBCA patients, who have poorer progno-
ses than other BCA types, primarily rely on surgery, radiotherapy, 
and chemotherapy.29 TNBCA has a recurrence rate of up to 25%, 
and the presence of residual micrometastatic disease after neoad-

Table 1.  Comparison between conventional and nanotechnologies for cancer treatments

Item Advantages Disadvantages References

Conven-
tional

Surgery, chemotherapy, and radiotherapy 
have improved survival compared with no 
treatment.. A major advantage of conven-
tional therapies over innovative therapies is 
that they are relatively easy to perform

Conventional therapies are often limited by: (i) lack 
of target specificity; (ii) nonspecific drug delivery; 
(iii) development of drug resistance; (iv) high 
adverse effect; (v) collateral damage to healthy 
tissues; (vi) systemic toxicity; and (vii) the need 
for separate imaging and monitoring procedures

19,20

Innovative 
technology 
based on 
nanotech-
nology

improve bioavailability; (b) enhance drug targeting; 
(c) facilitate controlled release; (d) deliver higher drug 
concentration at target sites; (e) can combine differ-
ent therapies; (f) reduce adverse effects; (g) combat 
drug resistance; and (h) enhance treatment outcomes

Nano-sized particles can penetrate cell mem-
branes. Their safety in vitro and in vivo should 
be confirmed before clinical practices

19,20

Table 2.  The incidence and mortality of breast cancer worldwide in 2022

Age range
Incidence Mortality

Case (number) ASIR (per 105 person) Case (number) ASMR (per 105 person)

All ages 2,296,840 46.80 666,103 12.70

<40 years 246,060 8.10 48,700 1.60

ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate.
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juvant chemotherapy is associated with an increased risk of tumor 
recurrence and mortality, while options for routine postoperative 
adjuvant chemotherapy are limited.30,31 Various risk factors have 
been associated with the incidence of BCA, including obesity, dia-
betes, age, increased hormone production, genetic predisposition, 
and familial history of BCA.32

Challenges in BCA after diagnosis
Challenges in BCA after diagnosis and subsequent treatment in-
clude: (a) treatment resistance; (b) recurrence; and (c) persistence 
of adverse effects.39 Traditional cancer therapies have challenges 
such as low cellular absorption, multidrug resistance, and limited 
bioavailability. Therefore, many patients seek complementary and 
alternative therapies that can enhance treatment efficacy, alleviate 
adverse effects, and improve overall quality of life.40 Surgery is an 
effective treatment; however, it is associated with certain limita-
tions, such as metastasis and recurrence, which restrict its utiliza-
tion in the clinical setting.41 Current innovations in nanotechnolo-
gy, such as nanocarriers for drug delivery systems (DDSs), provide 
a promising approach to address some of these limitations.10,42–44

Various therapies for BCA treatment
Among various treatment options available for BCA (surgery, chem-
otherapy, radiotherapy, chemoradiotherapy, and immunotherapy), 
chemotherapy stands out as one of the most effective approaches. It 
has primarily been utilized in the early stages of BCA treatment.45,46 
Multiple therapeutic strategies are available for the management of 
BCA. Clinically, BCA treatment is managed through a combina-

tion of chemotherapy, radiation therapy, hormonal therapy, and sur-
gery.47 Figure 1 illustrates conventional therapies versus innovative 
therapies utilizing nanotechnology and NMs.

Carriers and nanocarriers for delivery of drugs to different 
cancers, including BCA
Conventional carriers exhibit a limited response to tumors and can 
adversely affect normal cells.30,40,48 Table 4 describes major nano-
carriers for delivery of drugs to different cancer types, including 
BCA. Figure 2 shows different carriers for conventional and in-
novative BCA treatments. The latter carriers were developed using 
nanotechnology.

Oral delivery of a nanoemulsion (NE) formulation is beneficial 
due to the direct delivery of a medication to a targeted organ and its 
associated cells. NEs are utilized across a wide array of biomedical 
fields, including the development of pharmaceutical formulations 
for topical, ocular, intravenous drug delivery (DD), as well as bio-
medical aids and vehicles that demonstrate significant potential for 
diagnostics, drug therapies, and biotechnologies. Additionally, NE 
formulations can enhance the oral delivery of poorly soluble drugs. 
NEs act as a framework to generate hydrophobic active pharma-
ceutical ingredients for biomedical use.13,64 The toxicity of drugs is 
minimized by their encapsulation in NEs, and their delivery to tar-
geted tumors is improved. General information on the applications 
of emulsions, NEs, and micelles in different aspects of medicine, 
including various cancers, can be found in elsewhere.65

Nanocarriers for delivery of drugs to BCA cells
A detailed description of nanocarriers for delivery of drugs to BCA 
cells, both in vitro and in vivo (pre-clinical and clinical trials), is 
provided in Table 5. The content of Table 5 differs from Table 4 as 
follows: (1) Table 4 describes nanocarriers for DD for all types of 
cancers, including BCA, whereas Table 5 describes nanocarriers 
specifically for BCA; and (2) Table 5 presents reported experimen-
tal results from pre-clinical and clinical trials of nanocarriers for 
DD to BCA cells.

Nanocarriers transport chemotherapeutic agents, increase cy-
totoxicity towards BCA cells, and inhibit the emergence of drug 
resistance. Additionally, nanocarriers enhance the effectiveness 
of gene therapy and support regulation of gene expression. The 
simultaneous delivery of drugs and genes by nanocarriers can pro-
duce a synergistic impact on BCA cells and alter the tumor micro-
environment.30

Natural polymers such as chitosan present significant potential 
as versatile and effective materials in the creation of DDSs, provid-

Table 3.  Subtypes of breast cancer cell lines

Breast cancer sub-
type (Percent, %) Cell lines References

TNBCA (∼15-20%)
HR- (ER-, PR-), HER2-

MDA-MB-231
MDA-MB-468; BT-549

20,25,32,33

Luminal A (∼40%)
HR + (ER+, PR+), HER2-

MCF-7, T-47D 25,34–37

Luminal B (∼20%)
HR + (ER+, PR+), HER2+/−

BT-47, ZR-75-1 25,32,37,38

HER2-enriched (∼10-15%)
HR − (ER-, PR-), HER2+/−

HCCC-1954, SK-BR-3 25,32,37,38

ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hor-
mone receptor; PR, progesterone receptor; TNBCA, triple-negative breast cancer.

Fig. 1. Conventional therapies versus innovative therapies utilizing nanotechnology and nanomaterials. (a) Conventional therapies; (b) Innovative thera-
pies utilizing nanotechnology.
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ing numerous benefits.[56,59.60] The interactions between posi-
tively charged groups of chitosan and negatively charged groups 
of cancer cells facilitate the targeted delivery of chemotherapeutic 
agents encapsulated in chitosan. These interactions enhance the 
cellular uptake of the nano-micelles, resulting in a higher rate of 
internalization of drug-loaded nano-micelles into cancer cells.58,62 
The electrostatic interactions of chitosan-based DDSs can open 
tight junctions in cancer cell membranes, thereby promoting the 
entry of chemotherapeutic agents into the cells.73 The mecha-
nisms associated with chitosan can be enhanced by increasing the 
positive charge groups on the native chitosan backbone through 
the formation of quaternary ammonium chitosan. The additional 
positive charge groups present in quaternary ammonium chitosan 
derivatives render them more favorable than the original chitosan 
for the delivery of chemotherapeutic agents. Quaternary ammo-
nium chitosan improves penetration and permeability into cancer 
cells, along with enhanced biocompatibility, mucoadhesive prop-
erties, and controlled release of drugs.74,75 Chitosan nanocarriers 
can also induce phototherapy-mediated tumor ablation. Smart and 
multifunctional types of chitosan NPs, including pH-, light-, and 
redox-responsive NPs, can be used to improve the potential for 
BCA tumor removal. Additionally, the acceleration of immuno-

therapy has been achieved by employing chitosan NPs. Chitosan-
NPs in hydrogel forms can also be used to suppress tumorigene-
sis.42 In conclusion, chitosan-based NPs can be used: (a) to deliver 
genes, drugs, and natural bioactive compounds (like curcumin, 
ellagic acid, and phenolic antioxidants possessing pro-apoptotic 
effects) in BCA treatment; (b) to induce phototherapy-mediated 
tumor ablation; (c) to fight against BCA tumor cells; (d) to medi-
ate combination therapy of phototherapy with either chemother-
apy or immunotherapy; and (e) to participate synergistically in 
BCA therapy.57

Major metallic nanocarriers for delivery of drugs to BCA cells
A detailed description of major metallic nanocarriers [gold (Au) 
NPs, silver (Ag) NPs, copper (Cu) NPs, and iron oxide (Fe3O4) 
NPs] for DD to BCA cells, both in vitro and in vivo (pre-clinical 
and clinical trials), is provided in Table 6.

Clinical results for BCA treatment using nanotechnology
Numerous clinical trials have compared the utilization of existing 
and registered medications within various combination regimens, 
occasionally yielding improved treatment outcomes. The intro-
duction of NPs as a DDS has demonstrated significant potential 

Fig. 2. Conventional and innovative carriers for breast cancer treatments. (a) Conventional carriers; (b) Innovative carriers employing nanotechnology 
(nanocarriers).

Table 4.  Major nanocarriers for delivery of drugs to different cancer types, including breast cancer

Nanocarriers Functions and applications References

NPs The addition of a small amount of functionalized NPs leads to a major change in the 
properties of final pharmaceutical formulations or commercial medical products

13,17

LNPs (a) LNPs enhanced drug stability, drug absorption and encapsulation efficiency for hydro-
phobic and hydrophilic drugs; (b) chemotherapeutic agents encapsulated in LNPs serve as 
optimal delivery systems for cancer treatments, particularly beneficial for chronic patients 
or patients are under short-term metronomic treatment; and (c) LNPs can be designed 
to deliver both hydrophilic and hydrophobic drugs concurrently in cancer therapies

49–51

Nanoemulsions NE formulations present numerous advantages over CEs as follows: (a) increase absorption; (b) 
improve clinical efficacy, (c) NE formulations are more effective than that of CEs for cancer therapy.; 
(d) NEs can be delivered in the deepest of tissues; (e) NEs serve as good carrier systems for chemo-
therapeutic drugs; and (f) NEs can be used in target cancer therapy to deliver active ingredients

52–55

Polymer-
based NMs

Enhanced penetration and bioavailability, reduced toxicity, and extended duration of drug releasing 13,42,56–62

Metallic NPs The metallic NPs have potential for diagnosis of cancers and monitoring cancer therapies 10,13,48,63

CEs, conventional emulsions; LNPs, lipid nanoparticles; NEs, nanoemulsions; NMs, nanomaterials; NPs, nanoparticles.
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to serve as a foundation for diagnosis and treatment due to their 
distinctive properties that ensure enhanced efficacy and patient 
safety.83 NPs occupy a crucial role in TNBCA therapy, particularly 
in advanced and metastatic stages, where conventional treatment 
regimens often fail to deliver satisfactory results. Exemestane drug 
was encapsulated in polymer-lipid hybrid nanoparticles. Alpha-to-
copheryl polyethylene glycol succinate was used as an emulsifier/
stabilizer for polymer-lipid hybrid nanoparticles. Oral administra-
tion of the encapsulated drug to Balb/c mice was evaluated as a 
function of time course. Clinical experimental results demonstrat-
ed that DD was targeted to MCF-7 BCA cells. Tumor volume was 
significantly reduced after 21 days of treatment.71

Summary of findings in this study
A schematic of conventional findings versus innovative findings in 
vitro and clinical practice is presented in Figure 3.

Future perspectives
Traditional technologies with low efficacy result in inconvenience 
and difficulties for patients who suffer from BCA, whereas many 
potential benefits are expected from nanotechnology and NMs. 
Their major advantages are summarized in the conclusion section. 
Despite these benefits, NMs and NPs may induce potential toxicity 

Table 5.  Preclinical and clinical results for the effects of various nanocarriers for delivery of drugs to breast cancer cells

Nanocarriers Results in BCA Remarks Refer-
ences

Nanocarri-
ers for BCA 
clinical trial

Nanocarriers enhanced both the effectiveness of drug de-
livery, and overall outcomes for BCA treatment

They overcame the limita-
tion of traditional therapy

19

Photothermal 
nanomaterials

Preclinical and early clinical trials showed that the nanomaterial-assisted 
photothermal therapy (PTT) improved therapeutic efficacy against meta-
static BCA. The PTT facilitated the targeted ablation of tumor tissues, 
reduced damage to adjacent healthy cells. Additionally, the combination 
of PTT with chemotherapy, immunotherapy, gene therapy, or imaging 
techniques has shown to produce synergistic therapeutic benefits in 
preclinical models of BCA metastasis. The efficiency, targeting specificity, 
and safety were significantly improved using nanotechnology and PTT-
based methods, either alone or in combination with other treatments, by 
facilitating deep tissue penetration, and inducing immunogenic cell death

The combination of nanotech-
nology and PTT has potential to 
eliminate primary tumors and 
control or eradicate metastases

66–70

Nanoemul-
sions (NEs)

(a) 7,12-dimethylbenzanthracene (DMBA) was encapsulated into 
cyclophosphamide NEs. In vivo, breast organ of rats was treated with 
the developed encapsulated drug system. The results demonstrated 
remarkable tumor reduction; and surpassed the results of conventional 
lyophilized cyclophosphamide injection; and (b) these therapeutic results 
can be attributed to improved bioavailability, sustained release, and 
targeted intracellular delivery, and facilitated by the nano-carrier system

(a) The results signified a 
notable progress in utilizing 
nanocarrier systems for effec-
tive BCA treatment; and (b) the 
results confirmed the efficacy 
of NEs for drug delivery, offered 
a clinically viable approach 
to enhance cyclophospha-
mide effectiveness, while 
reduced systemic toxicity

44

Metallic NPs Metallic NPs enhanced drug delivery to the tumor cells via penetration 
to the tumor cells, reduced systemic toxicity; improved target specific-
ity with both active and passive therapies; and reduced adverse effect

Drug delivery by various metal-
lic (Au, Ag, Cu) NPs enhanced 
the efficacy of treatment 
by destroying tumor cells

10,20

Polymer-
lipid hybrid 
nanoparticles 
(PLHNPs)

Exemestane is an irreversible aromatase inhibitor for estrogen receptor-
positive BCA therapy with a limit of both its oral bioavailability (<10%) 
and anti-breast cancer efficacy in free form. It was encapsulated in 
PLHNPs as a nanocarrier in the presence of an emulsifier/ stabilizer, 
alpha-tocopheryl polyethylene glycol succinate (TPGS). In the animal 
clinical model (Balb/c mice), the oral bioavailability, safety, and anti-BCA 
efficacy of exemestane were improved in the encapsulated system. The 
encapsulated exemestane in the hybrid nanocarrier showed significantly 
superior intestinal permeation in comparison to the free form. The oral 
bioavailability of the encapsulated exemestane in Wistar rat was at least 
3.5 times greater than that of the conventional suspension. The results of 
the toxicity experiment suggested that the developed nanocarrier system 
was safe for oral administration. The exemestane-PLHNPs system repre-
sented much better anti-breast cancer activity in Balb/c mice, The tumor 
(in MCF-7 cells) inhibition rate was 62%, after 21 days of oral chemo-
therapy, whereas in the conventional exemestane suspension was 31%

The encapsulation of exemes-
tane in PLHNPs can be a 
promising approach for oral 
chemotherapy of BCA

71,72

Ag, silver; Au, gold; BCA, breast cancer; Cu, copper; LNPs, lipid nanoparticles; NMs, nanomaterials; NPs, nanoparticles.
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in humans. There exists a critical knowledge gap regarding their 
safety. The toxicity of NMs should be experimentally determined 
both in vitro and in vivo. The results can lead to the identification 
of safe dosage levels, a defined range of safety, and the potential 
risks linked to the application of certain nano-sized NMs. Thus, the 
range of safety for each component should be confirmed in vitro 
and in pre-clinical trials before clinical trials. Therefore, toxicity 
assessment, risk evaluation of NMs, and the migration of nano-
sized materials into specific human organs are needed to ensure 
that these materials can be safely utilized in clinical practice. Ad-
ditionally, there is a gap and a lack of knowledge regarding the 
potential interactions of NMs and NPs with each body organ.

Conclusions
This review focused on applications of nanotechnology and NMs 
in BCA, encompassing diagnosis and therapy. Nanotechnologies, 

nanocarriers, and nano-encapsulations versus their corresponding 
conventional counterparts for BCA diagnosis and therapy have 
been discussed. Studies conducted in vitro and in vivo have demon-
strated that diagnosis and treatment using nanotechnologies, NMs, 
nanocarriers, and nano-encapsulation techniques were more effec-
tive than traditional technologies and bulk materials. The DD tar-
geting BCA cells and the release of medications within the cancer 
cells can be substantially enhanced by reducing drug particle size. 
The anticancer efficacy of the free form of drugs was improved by 
their encapsulation in nanocarriers. The kinetic release of drugs 
to cancer cells over a longer duration compared to conventional 
technology resulted in superior efficacy. Various formulations of 
drugs into different nanocarriers [lipid NPs, NEs, polymeric NPs, 
polymer-lipid hybrid NPs, and metal-based (Au, Ag, Cu, Fe) NPs] 
enhanced their bioavailability and efficiency, overcoming the ob-
stacles presented by their conventional forms. Clinical specialists 
have achieved enhanced outcomes in detection and monitoring of 

Table 6.  The effects of major metallic nanocarriers for delivery of drugs to breast cancer cells

Item General characteristics Advantages Remarks References

Au NPs Biocompatible; Stable 
structurally; Easy for 
surface modification; 
Possess adequate col-
loidal, optical, quantum, 
magnetic, mechanical, and 
electrical properties.; The 
high atomic number of Au 
provides advantages for 
diagnosis and (photother-
mal-, radio-) therapies

a) Effective in treating TNBCA; (b) Au NPs enhanced 
treatment efficacy by destroying tumor cells; (c) Au 
NPs-Rad6 conjugated system significantly inhibited 
TNBCA cells by inducing mitochondrial dysfunc-
tion and PARP-1 hyperactivation; The conjugated 
system exhibited cytotoxicity against all TNBCA 
cells. while preserving normal cells. However, the 
therapeutic effectiveness of the system is hin-
dered by its low solubility. The chemically modi-
fied molecule improved its solubility and facili-
tated its conjugation and process of hydrolysis

Although pre-
clinical and clinical 
data are promis-
ing for Au NPs, 
their clinical trans-
lation is restricted 
by toxicity signs 
in major organs 
(liver, kidneys 
and spleen)

10,13,48,63,76–
79

Ag NPs The high atomic num-
ber and high significant 
photon attenuation 
provide advantages for 
diagnosis and therapies

Ag NPs coated by ethyl cellulose inhibited tumor 
necrosis factor-α (TNF-α) in human BCA cell lines. The 
nano- formulations of ethyl cellulose- Ag NPs had an 
inhibitory effect on protein expression and cytokine 
messenger ribonucleic acid (mRNA). Ag NPs enhanced 
treatment efficacy by destroying tumor cells Ag NPs- 
ethyl cellulose were spherical with an average size of 
150 ± 5.1 nm and a zeta-potential of −41.4 ± 0.98 mV

10,76,80

Cu NPs Similar to Au NPs and 
Ag NPs, Cu NPs provide 
advantages for diagnosis 
and therapies. Cu NPs 
are bioactive agents

5-Fluorouracil encapsulated in β-Cyclodextrin-Cu 
NPs demonstrated anticancer activity against TNBCA 
(MDA-MB-231) cell lines. The encapsulation effi-
ciency of 5-fluorouracil, into β-cyclodextrin-citrate-
Cu NPs was 94%. The nanocarrier (β-cyclodextrin-
citrate-Cu NPs) represents a low-toxicity and 
sustained-release drug delivery agent. The 5-fluo-
rouracil-loaded nanocarrier released slowly

81

Mag-
netic 
Fe3O4 
NPs

Fe3O4 NPs with various char-
acteristics and properties 
can be a part of nanocarriers

Fe3O4-poly(N-isopropylacrylamide) grafted with 
chitosan was a nanocarrier for methotrexate as an an-
ticancer drug. The nanocarrier exhibited 94% drug en-
trapment efficiency and 32% drug loading capacity for 
methotrexate as an anticancer drug. The nanocarrier 
enhanced antitumor activity against MCF7 BCA cell 
line compared to free form of methotrexate in vitro 
cytotoxicity assay. The highest methotrexate release 
was observed at 40 °C and pH 5.5. The conditions 
were similar to those of cancerous cells. The core-shell 
structure and size of final NPs were determined by 
transmission electron microscopy (TEM) as 85 nm

82

Ag, silver; Au, gold; Cu, copper; NMs, nanomaterials; NPs, nanoparticles; TNBCA, triple-negative breast cancer.
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BCA at various stages using nanotechnology and nanocarriers, 
ultimately leading to an improved quality of life for patients and 
more effective prolongation of patient survival. Based on in vitro 
and in vivo experimental results reported in this study, evidence 
suggests that TNBCA is more aggressive than other subtypes of 
BCA and occurs mostly in young women. Nanotechnology and 
nanocarriers are promising strategies for treating TNBCA using 
various therapies.

Acknowledgments
None.

Funding
This study did not receive any specific grants from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Conflict of interest
The author declares that there are no conflicts of interest regarding 
the publication of this manuscript.

Author contributions
MRK is the sole author of the manuscript.

References
[1]	 World Health Organization (WHO). Global Health Estimates 2020: 

Deaths by Cause, Age, Sex, by Country and by Region, 2000-2019. 
WHO. 2020. Available from: who.int/data/gho/data/themes/mortal-
ity-and-global-health-estimates/ghe-leading-causes-of-death.

[2]	 Bray F, Laversanne M, Weiderpass E, Soerjomataram I. The ever-
increasing importance of cancer as a leading cause of premature 
death worldwide. Cancer 2021;127(16):3029–3030. doi:10.1002/
cncr.33587, PMID:34086348.

[3]	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin 
2019;69(1):7–34. doi:10.3322/CAAC.21551, PMID:30620402.

[4]	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 
A, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of In-
cidence and Mortality Worldwide for 36 Cancers in 185 Countries. 
CA Cancer J Clin 2021;71(3):209–249. doi:10.3322/caac.21660, 
PMID:33538338.

[5]	 Akram M, Iqbal M, Daniyal M, Khan AU. Awareness and current 
knowledge of breast cancer. Biol Res 2017;50(1):33. doi:10.1186/
s40659-017-0140-9, PMID:28969709.

[6]	 Cuthrell KM, Tzenios N. Breast cancer: updated and deep insights. Int 
Res J Oncol 2023;6(1):104–118.

[7]	 Momenimovahed Z, Salehiniya H. Epidemiological characteristics 
of and risk factors for breast cancer in the world. Breast Cancer 
(Dove Med Press) 2019;11:151–164. doi:10.2147/BCTT.S176070, 
PMID:31040712.

[8]	 Anastasiadi Z, Lianos GD, Ignatiadou E, Harissis HV, Mitsis M. Breast 
cancer in young women: an overview. Updates Surg 2017;69(3):313–
317. doi:10.1007/s13304-017-0424-1, PMID:28260181.

[9]	 Wali AF, Talath S, El Tanani M, Rashid Rangraze I, Babiker R, Shafi 
S, et al. PI3K/AKT/mTOR Pathway in Breast Cancer Pathogenesis 
and Therapy: Insights into Phytochemical-Based Therapeutics. Nutr 
Cancer 2025;77(9):938–958. doi:10.1080/01635581.2025.2521884, 
PMID:40549363.

[10]	 Hadri SH, Riaz A, Abid J, Shaheen R, Nadeem S, Ghumman Z, et al. 
Emerging nanostructure-based strategies for breast cancer ther-
apy: innovations, challenges, and future directions. Med Oncol 
2025;42(6):188. doi:10.1007/s12032-025-02743-z, PMID:40307624.

[11]	 Kong X, Xie X, Wu J, Wang X, Zhang W, Wang S, et al. Combating can-
cer immunotherapy resistance: a nano-medicine perspective. Can-
cer Commun (Lond) 2025;45(7):813–840. doi:10.1002/cac2.70025, 
PMID:40207650.

[12]	 Selvakumar P, Seenivasan S, Bhattacharya S, Sudha D, Akila A, TCM. 
Applications in nanomedicine and beyond. In: Bhatt K (ed). Demys-

Fig. 3. A summary of conventional findings versus innovative findings in vitro and clinical practice. (a) Conventional treatments; (b) Innovative results in 
vitro using nanotechnology; (c) Clinical results on BCA using nanotechnology. BCA, breast cancer; DD, drug delivery; DMBA, 7,12-dimethylbenzanthracene; 
NEs, nanoemulsions; NMs, nanomaterials; PLHNPs, polymer-lipid hybrid nanoparticles; PTT, photothermal therapy.

https://doi.org/10.14218/OnA.2025.00027
www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://doi.org/10.1002/cncr.33587
https://doi.org/10.1002/cncr.33587
http://www.ncbi.nlm.nih.gov/pubmed/34086348
https://doi.org/10.3322/CAAC.21551
http://www.ncbi.nlm.nih.gov/pubmed/30620402
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1186/s40659-017-0140-9
https://doi.org/10.1186/s40659-017-0140-9
http://www.ncbi.nlm.nih.gov/pubmed/28969709
https://doi.org/10.2147/BCTT.S176070
http://www.ncbi.nlm.nih.gov/pubmed/31040712
https://doi.org/10.1007/s13304-017-0424-1
http://www.ncbi.nlm.nih.gov/pubmed/28260181
https://doi.org/10.1080/01635581.2025.2521884
http://www.ncbi.nlm.nih.gov/pubmed/40549363
https://doi.org/10.1007/s12032-025-02743-z
http://www.ncbi.nlm.nih.gov/pubmed/40307624
https://doi.org/10.1002/cac2.70025
http://www.ncbi.nlm.nih.gov/pubmed/40207650


8

Kasaai M.R.: Nanotechnology-based strategies in breast cancerOncol Adv

tifying the complexities of supramolecular systems: real world ap-
plications. Hershey (PA): IGI Global Scientific Publishing; 2026:21–34. 
doi:10.4018/979-8-3693-2774-6.ch002.

[13]	 Torchilin V. Handbook of materials for nanomedicine: polymeric na-
nomaterials. 1st ed. Singapore: Jenny Stanford Publishing Pte. Ltd; 
2020. doi:10.1201/9781003045113.

[14]	 Kasaai MR. Nano-sized clays, graphene, and inorganic oxides as fill-
ers of nanocomposites for their mechanical and barrier properties 
improvement. In: Mallakpour S, Hussain CM (eds). Handbook of 
nanofillers. Singapore: Springer; 2025:3101–3114. doi:10.1007/978-
981-96-2407-2_149.

[15]	 Lombardo D, Kiselev MA, Caccamo MT. Smart Nanoparticles for 
Drug Delivery Application: Development of Versatile Nanocar-
rier Platforms in Biotechnology and Nanomedicine. J Nanomater 
2019;2019(1):3702518. doi:10.1155/2019/3702518.

[16]	 Ainurofiq A, Putro DS, Ramadhani DA, Putra GM, Do Espirito Santo 
LDC. A review on solubility enhancement methods for poorly water-
soluble drugs. J Rep Pharm Sci 2021;10:137–147. doi:10.4103/jrptps.
JRPTPS_134_19.

[17]	 Kumar N, Kumbhat S. Essentials in nanoscience and nanotechnology. 
New Jersey: John Wiley & Sons; 2016. doi:10.1002/9781119096122.

[18]	 Kasaai MR. Applications of nanoscience and nanotechnology in oral 
cancer: a review. In: Thomas S, Baiju RM (eds). Nanomaterials in 
dental medicine. Singapore: Springer; 2023. doi:10.1007/978-981-
19-8718-2_10.

[19]	 Siddiqui SN, Haider MF, Rahman MA. Innovative approaches in breast 
cancer therapy: repurposing nanocarriers for enhanced outcomes. 
Naunyn Schmiedebergs Arch Pharmacol 2025;398(9):11421–11461. 
doi:10.1007/s00210-025-04012-2, PMID:40167629.

[20]	 Vikal A, Maurya R, Patel P, Narang RK, Kurmi BD. From resistance to 
response: metallic nanoparticles as game changers in triple negative 
breast cancer therapy. J Drug Deliv Sci Technol 2025;113:107322. 
doi:10.1016/j.jddst.2025.107322.

[21]	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 
A, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of In-
cidence and Mortality Worldwide for 36 Cancers in 185 Countries. 
CA Cancer J Clin 2021;71(3):209–249. doi:10.3322/caac.21660, 
PMID:33538338.

[22]	 Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin DM, 
Piñeros M, et al. Estimating the global cancer incidence and mor-
tality in 2018: GLOBOCAN sources and methods. Int J Cancer 
2019;144(8):1941–1953. doi:10.1002/ijc.31937, PMID:30350310.

[23]	 Zhang Y, Ji Y, Liu S, Li J, Wu J, Jin Q, et al. Global burden of female breast 
cancer: new estimates in 2022, temporal trend and future projec-
tions up to 2050 based on the latest release from GLOBOCAN. J Natl 
Cancer Cent 2025;5(3):287–296. doi:10.1016/j.jncc.2025.02.002, 
PMID:40693239.

[24]	 Narod SA, Foulkes WD. BRCA1 and BRCA2: 1994 and beyond. Nat Rev 
Cancer 2004;4(9):665–676. doi:10.1038/nrc1431, PMID:15343273.

[25]	 Chauhan M, Almoyad MAA, Wahab S, Goh KW, Gupta G, Saheb-
kar A, et al. Exploring the efficacy and mechanisms of exemes-
tane-loaded nanoparticles in targeted breast cancer therapy. Bio-
mater Adv 2026;179:214519. doi:10.1016/j.bioadv.2025.214519, 
PMID:41014894.

[26]	 Li Y, Zhang H, Merkher Y, Chen L, Liu N, Leonov S, et al. Recent ad-
vances in therapeutic strategies for triple-negative breast cancer. J 
Hematol Oncol 2022;15(1):121. doi:10.1186/s13045-022-01341-0, 
PMID:36038913.

[27]	 Reeves G, Pirie K, Floud S, Black J, Baker K, Gathani T. The aetiology 
of breast cancer subtypes: results from the Million Women Study. 
Breast Cancer Res 2025;28(1):30. doi:10.1186/s13058-025-02197-1, 
PMID:41457233.

[28]	 Nakhjavani M, Samarasinghe RM, Shigdar S. Triple-negative breast 
cancer brain metastasis: An update on druggable targets, current 
clinical trials, and future treatment options. Drug Discov Today 
2022;27(5):1298–1314. doi:10.1016/j.drudis.2022.01.010, PMID:351 
01641.

[29]	 Leon-Ferre RA, Goetz MP. Advances in systemic therapies for triple 
negative breast cancer. BMJ 2023;381:e071674. doi:10.1136/bmj-
2022-071674, PMID:37253507.

[30]	 Liu M, Wang Y, Li Y, Zhang Y, Zhou B, Yang L, et al. Beyond conven-

tional approaches: the revolutionary role of nanoparticles in breast 
cancer. MedComm Biomater Appl 2025;4:e70012. doi:10.1002/
mba2.70012.

[31]	 Karim AM, Eun Kwon J, Ali T, Jang J, Ullah I, Lee YG, et al. Triple-
negative breast cancer: epidemiology, molecular mechanisms, and 
modern vaccine-based treatment strategies. Biochem Pharmacol 
2023;212:115545. doi:10.1016/j.bcp.2023.115545, PMID:37044296.

[32]	 Łukasiewicz S, Czeczelewski M, Forma A, Baj J, Sitarz R, Stanisławek 
A. Breast Cancer-Epidemiology, Risk Factors, Classification, Prognos-
tic Markers, and Current Treatment Strategies-An Updated Review. 
Cancers (Basel) 2021;13(17):4287. doi:10.3390/cancers13174287, 
PMID:34503097.

[33]	 Kefayat A, Hosseini M, Ghahremani F, Jolfaie NA, Rafienia M. Bio-
degradable and biocompatible subcutaneous implants consisted of 
pH-sensitive mebendazole-loaded/folic acid-targeted chitosan nano-
particles for murine triple-negative breast cancer treatment. J Na-
nobiotechnology 2022;20(1):169. doi:10.1186/s12951-022-01380-2, 
PMID:35361226.

[34]	 Barcelos KA, Mendonça CR, Noll M, Botelho AF, Francischini CRD, 
Silva MAM. Antitumor Properties of Curcumin in Breast Cancer 
Based on Preclinical Studies: A Systematic Review. Cancers (Basel) 
2022;14(9):2165. doi:10.3390/cancers14092165, PMID:35565294.

[35]	 Giaquinto AN, Sung H, Miller KD, Kramer JL, Newman LA, Minihan A, 
et al. Breast Cancer Statistics, 2022. CA Cancer J Clin 2022;72(6):524–
541. doi:10.3322/caac.21754, PMID:36190501.

[36]	 Guneydas G, Topcul MR. Antiproliferative Effects of Curcumin Differ-
ent Types of Breast Cancer. Asian Pac J Cancer Prev 2022;23(3):911–
917. doi:10.31557/APJCP.2022.23.3.911, PMID:35345363.

[37]	 Smolarz B, Nowak AZ, Romanowicz H. Breast Cancer-Epidemiology, 
Classification, Pathogenesis and Treatment (Review of Literature). 
Cancers (Basel) 2022;14(10):2569. doi:10.3390/cancers14102569, 
PMID:35626173.

[38]	 Ahmadi M, Ritter CA, von Woedtke T, Bekeschus S, Wende K. Pack-
age delivered: folate receptor-mediated transporters in cancer ther-
apy and diagnosis. Chem Sci 2024;15(6):1966–2006. doi:10.1039/
d3sc05539f, PMID:38332833.

[39]	 Xiong X, Zheng LW, Ding Y, Chen YF, Cai YW, Wang LP, et al. Breast 
cancer: pathogenesis and treatments. Signal Transduct Target Ther 
2025;10(1):49. doi:10.1038/s41392-024-02108-4, PMID:39966355.

[40]	 Feng RQ, Li DH, Liu XK, Zhao XH, Wen QE, Yang Y. Traditional Chinese 
Medicine for Breast Cancer: A Review. Breast Cancer (Dove Med Press) 
2023;15:747–759. doi:10.2147/BCTT.S429530, PMID:37915543.

[41]	 Louie AD, Botty van den Bruele AM. Surgical controversies in man-
agement of advanced and metastatic breast cancer. Curr Breast Can-
cer Rep 2026;18:1. doi:10.1007/s12609-025-00624-y.

[42]	 Li T, Ashrafizadeh M, Shang Y, Nuri Ertas Y, Orive G. Chitosan-
functionalized bioplatforms and hydrogels in breast cancer: im-
munotherapy, phototherapy and clinical perspectives. Drug Dis-
cov Today 2024;29(1):103851. doi:10.1016/j.drudis.2023.103851, 
PMID:38092146.

[43]	 Shiridokht F, Kehtari P, Eskandani M, Farajollahi A, Vandghanooni 
S. Advancing cancer radiotherapy: Harnessing radiosensitizers 
and nanotechnology for enhanced tumor control. Int J Pharm X 
2025;10:100419. doi:10.1016/j.ijpx.2025.100419, PMID:41189671.

[44]	 Vankani AK, Sawant KK. A novel cyclophosphamide microemul-
sion exhibits enhanced efficacy: Formulation development, evalu-
ation, in-vitro cytotoxicity and in-vivo efficacy studies. J Pharm Sci 
2025;114(10):103954. doi:10.1016/j.xphs.2025.103954, PMID:408 
16506.

[45]	 Sharma G, Panwar R, Saini S, Tuli HS, Wadhwa K, Pahwa R. Emerg-
ing phytochemical-based nanocarriers: redefining the perspectives 
of breast cancer therapy. Naunyn Schmiedebergs Arch Pharmacol 
2025;398(9):11199–11227. doi:10.1007/s00210-025-04003-3, PMID: 
40137964.

[46]	 Sohel M, Aktar S, Biswas P, Amin MA, Hossain MA, Ahmed N, et al. 
Exploring the anti-cancer potential of dietary phytochemicals for 
the patients with breast cancer: A comprehensive review. Cancer 
Med 2023;12(13):14556–14583. doi:10.1002/cam4.5984, PMID:371 
32286.

[47]	 Tong CWS, Wu M, Cho WCS, To KKW. Recent Advances in the Treat-
ment of Breast Cancer. Front Oncol 2018;8:227. doi:10.3389/

   DOI: 10.14218/OnA.2025.00027  |  Volume 4 Issue 1, March 2026

https://doi.org/10.14218/OnA.2025.00027
https://doi.org/10.4018/979-8-3693-2774-6.ch002
https://doi.org/10.1201/9781003045113
https://doi.org/10.1007/978-981-96-2407-2_149
https://doi.org/10.1007/978-981-96-2407-2_149
https://doi.org/10.1155/2019/3702518
https://doi.org/10.4103/jrptps.JRPTPS_134_19
https://doi.org/10.4103/jrptps.JRPTPS_134_19
https://doi.org/10.1002/9781119096122
https://doi.org/10.1007/978-981-19-8718-2_10
https://doi.org/10.1007/978-981-19-8718-2_10
https://doi.org/10.1007/s00210-025-04012-2
http://www.ncbi.nlm.nih.gov/pubmed/40167629
https://doi.org/10.1016/j.jddst.2025.107322
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1002/ijc.31937
http://www.ncbi.nlm.nih.gov/pubmed/30350310
https://doi.org/10.1016/j.jncc.2025.02.002
http://www.ncbi.nlm.nih.gov/pubmed/40693239
https://doi.org/10.1038/nrc1431
http://www.ncbi.nlm.nih.gov/pubmed/15343273
https://doi.org/10.1016/j.bioadv.2025.214519
http://www.ncbi.nlm.nih.gov/pubmed/41014894
https://doi.org/10.1186/s13045-022-01341-0
http://www.ncbi.nlm.nih.gov/pubmed/36038913
https://doi.org/10.1186/s13058-025-02197-1
http://www.ncbi.nlm.nih.gov/pubmed/41457233
https://doi.org/10.1016/j.drudis.2022.01.010
http://www.ncbi.nlm.nih.gov/pubmed/35101641
http://www.ncbi.nlm.nih.gov/pubmed/35101641
https://doi.org/10.1136/bmj-2022-071674
https://doi.org/10.1136/bmj-2022-071674
http://www.ncbi.nlm.nih.gov/pubmed/37253507
https://doi.org/10.1002/mba2.70012
https://doi.org/10.1002/mba2.70012
https://doi.org/10.1016/j.bcp.2023.115545
http://www.ncbi.nlm.nih.gov/pubmed/37044296
https://doi.org/10.3390/cancers13174287
http://www.ncbi.nlm.nih.gov/pubmed/34503097
https://doi.org/10.1186/s12951-022-01380-2
http://www.ncbi.nlm.nih.gov/pubmed/35361226
https://doi.org/10.3390/cancers14092165
http://www.ncbi.nlm.nih.gov/pubmed/35565294
https://doi.org/10.3322/caac.21754
http://www.ncbi.nlm.nih.gov/pubmed/36190501
https://doi.org/10.31557/APJCP.2022.23.3.911
http://www.ncbi.nlm.nih.gov/pubmed/35345363
https://doi.org/10.3390/cancers14102569
http://www.ncbi.nlm.nih.gov/pubmed/35626173
https://doi.org/10.1039/d3sc05539f
https://doi.org/10.1039/d3sc05539f
http://www.ncbi.nlm.nih.gov/pubmed/38332833
https://doi.org/10.1038/s41392-024-02108-4
http://www.ncbi.nlm.nih.gov/pubmed/39966355
https://doi.org/10.2147/BCTT.S429530
http://www.ncbi.nlm.nih.gov/pubmed/37915543
https://doi.org/10.1007/s12609-025-00624-y
https://doi.org/10.1016/j.drudis.2023.103851
http://www.ncbi.nlm.nih.gov/pubmed/38092146
https://doi.org/10.1016/j.ijpx.2025.100419
http://www.ncbi.nlm.nih.gov/pubmed/41189671
https://doi.org/10.1016/j.xphs.2025.103954
http://www.ncbi.nlm.nih.gov/pubmed/40816506
http://www.ncbi.nlm.nih.gov/pubmed/40816506
https://doi.org/10.1007/s00210-025-04003-3
http://www.ncbi.nlm.nih.gov/pubmed/40137964
https://doi.org/10.1002/cam4.5984
http://www.ncbi.nlm.nih.gov/pubmed/37132286
http://www.ncbi.nlm.nih.gov/pubmed/37132286
https://doi.org/10.3389/fonc.2018.00227


9

Kasaai M.R.: Nanotechnology-based strategies in breast cancer Oncol Adv

fonc.2018.00227, PMID:29963498.
[48]	 Kumar G, Virmani T, Chhabra V, Virmani R, Pathak K, Akhtar MS, 

et al. Transforming cancer treatment: The potential of nanonutra-
ceuticals. Int J Pharm 2024;667(Pt B):124919. doi:10.1016/j.ijp-
harm.2024.124919, PMID:39515676.

[49]	 El Moukhtari SH, Rodríguez-Nogales C, Blanco-Prieto MJ. Oral lipid 
nanomedicines: Current status and future perspectives in cancer 
treatment. Adv Drug Deliv Rev 2021;173:238–251. doi:10.1016/j.
addr.2021.03.004, PMID:33774117.

[50]	 Nasirizadeh S, Malaekeh-Nikouei B. Solid lipid nanoparticles and na-
nostructured lipid carriers in oral cancer drug delivery. J Drug Deliv 
Sci Technol 2020;55:101458. doi:10.1016/j.jddst.2019.101458.

[51]	 Salah E, Abouelfetouh MM, Pan Y, Chen D, Xie S. Solid lipid nanoparti-
cles for enhanced oral absorption: A review. Colloids Surf B Biointer-
faces 2020;196:111305. doi:10.1016/j.colsurfb.2020.111305, PMID: 
32795844.

[52]	 Kumar A, Kumar Singh A, Chaudhary RP, Sharma A, Yadav JP, Pathak 
P, et al. Unraveling the multifaceted role of nano-emulsions as drug 
delivery system for the management of cancer. J Drug Deliv Sci Tech-
nol 2024;100:106056. doi:10.1016/j.jddst.2024.106056.

[53]	 Sánchez-López E, Guerra M, Dias-Ferreira J, Lopez-Machado A, Ettch-
eto M, Cano A, et al. Current Applications of Nanoemulsions in Can-
cer Therapeutics. Nanomaterials (Basel) 2019;9(6):821. doi:10.3390/
nano9060821, PMID:31159219.

[54]	 Shi J, Kantoff PW, Wooster R, Farokhzad OC. Cancer nanomedi-
cine: progress, challenges and opportunities. Nat Rev Cancer 
2017;17(1):20–37. doi:10.1038/nrc.2016.108, PMID:27834398.

[55]	 Upadhyay T, Ansari VA, Ahmad U, Sultana N, Akhtar J. Explor-
ing nano-emulsion for liver cancer therapy. Curr Cancer Ther Rev 
2020;16(4):260–268. doi:10.2174/1573394716666200302123336.

[56]	 Bernkop-Schnürch A, Dünnhaupt S. Chitosan-based drug delivery 
systems. Eur J Pharm Biopharm 2012;81(3):463–469. doi:10.1016/j.
ejpb.2012.04.007, PMID:22561955.

[57]	 Chimento A, D’Amico M, De Luca A, Conforti FL, Pezzi V, De Amicis 
F. Resveratrol, Epigallocatechin Gallate and Curcumin for Cancer 
Therapy: Challenges from Their Pro-Apoptotic Properties. Life (Basel) 
2023;13(2):261. doi:10.3390/life13020261, PMID:36836619.

[58]	 de Oliveira Pedro R, Ribeiro Pereira A, Oliveira ON, Barbeitas Miran-
da P. Interaction of chitosan derivatives with cell membrane mod-
els in a biologically relevant medium. Colloids Surf B Biointerfaces 
2020;192:111048. doi:10.1016/j.colsurfb.2020.111048, PMID:323 
61502.

[59]	 Desai N, Rana D, Salave S, Gupta R, Patel P, Karunakaran B, et al. 
Chitosan: A Potential Biopolymer in Drug Delivery and Biomedical 
Applications. Pharmaceutics 2023;15(4):1313. doi:10.3390/pharma-
ceutics15041313, PMID:37111795.

[60]	 Naskar S, Koutsu K, Sharma S. Chitosan-based nanoparticles as drug 
delivery systems: a review on two decades of research. J Drug Target 
2019;27(4):379–393. doi:10.1080/1061186X.2018.1512112, PMID: 
30103626.

[61]	 Salomon C, Goycoolea FM, Moerschbacher B. Recent Trends in 
the Development of Chitosan-Based Drug Delivery Systems. AAPS 
PharmSciTech 2017;18(4):933–935. doi:10.1208/s12249-017-0764-
7, PMID:28353173.

[62]	 Sripetthong S, Nalinbenjapun S, Basit A, Surassmo S, Sajomsang W, 
Ovatlarnporn C. Preparation of Self-Assembled, Curcumin-Loaded 
Nano-Micelles Using Quaternized Chitosan-Vanillin Imine (QCS-
Vani Imine) Conjugate and Evaluation of Synergistic Anticancer Ef-
fect with Cisplatin. J Funct Biomater 2023;14(10):525. doi:10.3390/
jfb14100525, PMID:37888190.

[63]	 Mal S, Chakraborty S, Mahapatra M, Pakeeraiah K, Das S, Paidesetty 
SK, et al. Tackling breast cancer with gold nanoparticles: twinning 
synthesis and particle engineering with efficacy. Nanoscale Adv 
2024;6(11):2766–2812. doi:10.1039/d3na00988b, PMID:38817429.

[64]	 Gupta A. Nano-emulsions. In: Chung EJ, Lorraine L, Rinaldi C (eds). 
Nanoparticles for biomedical applications: fundamental concepts, 
biological interactions and clinical applications. Amsterdam: Elsevier; 
2020:371–384. doi:10.1016/B978-0-12-816662-8.00021-7.

[65]	 Kasaai MK. Nano-emulsions in comparison with conventional emul-

sterdam: Elsevier; 2024:77–106. doi:10.1016/B978-0-323-90047-
8.00010-8.

[66]	

sions for biomedical applications: an overview. In: Jha M, Hussain 
CM, Kailasam K (eds). Industrial applications of nanoemulsion. Am-

DOI: 10.14218/OnA.2025.00027  |  Volume 4 Issue 1, March 2026

Giaquinto AN, Sung H, Newman LA, Freedman RA, Smith RA, Star J, 
et al. Breast cancer statistics 2024. CA Cancer J Clin 2024;74(6):477–
495. doi:10.3322/caac.21863, PMID:39352042.

[67]	 Lee G, Wong C, Cho A, West JJ, Crawford AJ, Russo GC, et al. E-
Cadherin Induces Serine Synthesis to Support Progression and 
Metastasis of Breast Cancer. Cancer Res 2024;84(17):2820–2835. 
doi:10.1158/0008-5472.CAN-23-3082, PMID:38959339.

[68]	 Park HB, An EK, Kim SJ, Ryu D, Zhang W, Pack CG, et al. Anti-PD-L1 An-
tibody Fragment Linked to Tumor-Targeting Lipid Nanoparticle Can 
Eliminate Cancer and Its Metastasis via Photoimmunotherapy. ACS 
Nano 2024;18(49):33366–33380. doi:10.1021/acsnano.4c08448, 
PMID:39603816.

[69]	 Wang Z, Hasan I, Zhang Y, Peng T, Guo B. Photothermal Combination 
Therapy for Metastatic Breast Cancer: A New Strategy and Future 
Perspectives. Biomedicines 2025;13(10):2558. doi:10.3390/biomedi-
cines13102558, PMID:41153838.

[70]	 Yuan H, Qiu C, Wang X, Wang P, Yi L, Peng X, et al. Engineering Semi-
conducting Polymeric Nanoagonists Potentiate cGAS-STING Path-
way Activation and Elicit Long Term Memory Against Recurrence 
in Breast Cancer. Adv Mater 2025;37(4):e2406662. doi:10.1002/
adma.202406662, PMID:39629527.

[71]	 Rizwanullah M, Perwez A, Alam M, Ahmad S, Mir SR, Rizvi MMA, et 
al. Polymer-lipid hybrid nanoparticles of exemestane for improved 
oral bioavailability and anti-tumor efficacy: An extensive preclini-
cal investigation. Int J Pharm 2023;642:123136. doi:10.1016/j.ijp-
harm.2023.123136, PMID:37311498.

[72]	 Rizwanullah M, Alam M, Harshita, Mir SR, Rizvi MMA, Amin S. 
Polymer-Lipid Hybrid Nanoparticles: A Next-Generation Nano-
carrier for Targeted Treatment of Solid Tumors. Curr Pharm Des 
2020;26(11):1206–1215. doi:10.2174/13816128266662001161504
26, PMID:31951163.

[73]	 Mu Y, Fu Y, Li J, Yu X, Li Y, Wang Y, et al. Multifunctional quercetin con-
jugated chitosan nano-micelles with P-gp inhibition and permeation 
enhancement of anticancer drug. Carbohydr Polym 2019;203:10–18. 
doi:10.1016/j.carbpol.2018.09.020, PMID:30318192.

[74]	 Peng N, Yang M, Tang Y, Zou T, Guo F, Wu K, et al. Amphiphilic hexa-
decyl-quaternized chitin micelles for doxorubicin delivery. Int J Biol 
Macromol 2019;130:615–621. doi:10.1016/j.ijbiomac.2019.02.170, 
PMID:30831169.

[75]	 Phuangkaew T, Booranabunyat N, Kiatkamjornwong S, Thanyas-
risung P, Hoven VP. Amphiphilic quaternized chitosan: Synthesis, 
characterization, and anti-cariogenic biofilm property. Carbohydr 
Polym 2022;277:118882. doi:10.1016/j.carbpol.2021.118882, PMID: 
34893285.

[76]	 Chen Y, Yang J, Fu S, Wu J. Gold Nanoparticles as Radiosensitizers 
in Cancer Radiotherapy. Int J Nanomedicine 2020;15:9407–9430. 
doi:10.2147/IJN.S272902, PMID:33262595.

[77]	 Delong RK, Reynolds CM, Malcolm Y, Schaeffer A, Severs T, Wanekaya 
A. Functionalized gold nanoparticles for the binding, stabilization, 
and delivery of therapeutic DNA, RNA, and other biological macro-
molecules. Nanotechnol Sci Appl 2010;3:53–63. doi:10.2147/NSA.
S8984, PMID:24198471.

[78]	 Haynes B, Zhang Y, Liu F, Li J, Petit S, Kothayer H, et al. Gold na-
noparticle conjugated Rad6 inhibitor induces cell death in triple 
negative breast cancer cells by inducing mitochondrial dysfunction 
and PARP-1 hyperactivation: Synthesis and characterization. Nano-
medicine 2016;12(3):745–757. doi:10.1016/j.nano.2015.10.010, 
PMID:26563438.

[79]	 Zhou S, Li J, Yu J, Wang Y, Liu H, Lin G, et al. Unique flower-like Cur-
metal complexes loaded liposomes for primary and metastatic breast 
cancer therapy. Mater Sci Eng C Mater Biol Appl 2021;121:111835. 
doi:10.1016/j.msec.2020.111835, PMID:33579473.

[80]	 Abdellatif AAH, Alsharidah M, Al Rugaie O, Tawfeek HM, Tolba NS. 
Silver Nanoparticle-Coated Ethyl Cellulose Inhibits Tumor Necrosis 
Factor-α of Breast Cancer Cells. Drug Des Devel Ther 2021;15:2035–
2046. doi:10.2147/DDDT.S310760, PMID:34012256.

[81]	 Akash BA, Kanagaraj S, Sundaravadivelu S, Varalakshmi GS, Mani-
kantan V, Pillai AS, et al. Cytotoxicity of 5-fluorouracil-loaded, 
β-cyclodextrin-tethered metallic copper nanoparticles on triple-

https://doi.org/10.14218/OnA.2025.00027
https://doi.org/10.3389/fonc.2018.00227
http://www.ncbi.nlm.nih.gov/pubmed/29963498
https://doi.org/10.1016/j.ijpharm.2024.124919
https://doi.org/10.1016/j.ijpharm.2024.124919
http://www.ncbi.nlm.nih.gov/pubmed/39515676
https://doi.org/10.1016/j.addr.2021.03.004
https://doi.org/10.1016/j.addr.2021.03.004
http://www.ncbi.nlm.nih.gov/pubmed/33774117
https://doi.org/10.1016/j.jddst.2019.101458
https://doi.org/10.1016/j.colsurfb.2020.111305
http://www.ncbi.nlm.nih.gov/pubmed/32795844
https://doi.org/10.1016/j.jddst.2024.106056
https://doi.org/10.3390/nano9060821
https://doi.org/10.3390/nano9060821
http://www.ncbi.nlm.nih.gov/pubmed/31159219
https://doi.org/10.1038/nrc.2016.108
http://www.ncbi.nlm.nih.gov/pubmed/27834398
https://doi.org/10.2174/1573394716666200302123336
https://doi.org/10.1016/j.ejpb.2012.04.007
https://doi.org/10.1016/j.ejpb.2012.04.007
http://www.ncbi.nlm.nih.gov/pubmed/22561955
https://doi.org/10.3390/life13020261
http://www.ncbi.nlm.nih.gov/pubmed/36836619
https://doi.org/10.1016/j.colsurfb.2020.111048
http://www.ncbi.nlm.nih.gov/pubmed/32361502
http://www.ncbi.nlm.nih.gov/pubmed/32361502
https://doi.org/10.3390/pharmaceutics15041313
https://doi.org/10.3390/pharmaceutics15041313
http://www.ncbi.nlm.nih.gov/pubmed/37111795
https://doi.org/10.1080/1061186X.2018.1512112
http://www.ncbi.nlm.nih.gov/pubmed/30103626
https://doi.org/10.1208/s12249-017-0764-7
https://doi.org/10.1208/s12249-017-0764-7
http://www.ncbi.nlm.nih.gov/pubmed/28353173
https://doi.org/10.3390/jfb14100525
https://doi.org/10.3390/jfb14100525
http://www.ncbi.nlm.nih.gov/pubmed/37888190
https://doi.org/10.1039/d3na00988b
http://www.ncbi.nlm.nih.gov/pubmed/38817429
https://doi.org/10.1016/B978-0-12-816662-8.00021-7
https://doi.org/10.1016/B978-0-323-90047-8.00010-8
https://doi.org/10.1016/B978-0-323-90047-8.00010-8
https://doi.org/10.3322/caac.21863
http://www.ncbi.nlm.nih.gov/pubmed/39352042
https://doi.org/10.1158/0008-5472.CAN-23-3082
http://www.ncbi.nlm.nih.gov/pubmed/38959339
https://doi.org/10.1021/acsnano.4c08448
http://www.ncbi.nlm.nih.gov/pubmed/39603816
https://doi.org/10.3390/biomedicines13102558
https://doi.org/10.3390/biomedicines13102558
http://www.ncbi.nlm.nih.gov/pubmed/41153838
https://doi.org/10.1002/adma.202406662
https://doi.org/10.1002/adma.202406662
http://www.ncbi.nlm.nih.gov/pubmed/39629527
https://doi.org/10.1016/j.ijpharm.2023.123136
https://doi.org/10.1016/j.ijpharm.2023.123136
http://www.ncbi.nlm.nih.gov/pubmed/37311498
https://doi.org/10.2174/1381612826666200116150426
https://doi.org/10.2174/1381612826666200116150426
http://www.ncbi.nlm.nih.gov/pubmed/31951163
https://doi.org/10.1016/j.carbpol.2018.09.020
http://www.ncbi.nlm.nih.gov/pubmed/30318192
https://doi.org/10.1016/j.ijbiomac.2019.02.170
http://www.ncbi.nlm.nih.gov/pubmed/30831169
https://doi.org/10.1016/j.carbpol.2021.118882
http://www.ncbi.nlm.nih.gov/pubmed/34893285
https://doi.org/10.2147/IJN.S272902
http://www.ncbi.nlm.nih.gov/pubmed/33262595
https://doi.org/10.2147/NSA.S8984
https://doi.org/10.2147/NSA.S8984
http://www.ncbi.nlm.nih.gov/pubmed/24198471
https://doi.org/10.1016/j.nano.2015.10.010
http://www.ncbi.nlm.nih.gov/pubmed/26563438
https://doi.org/10.1016/j.msec.2020.111835
http://www.ncbi.nlm.nih.gov/pubmed/33579473
https://doi.org/10.2147/DDDT.S310760
http://www.ncbi.nlm.nih.gov/pubmed/34012256


10

Kasaai M.R.: Nanotechnology-based strategies in breast cancerOncol Adv

negative breast cancer cells. J Mol Struct 2024;1295(Pt 1):136530. 
doi:10.1016/j.molstruc.2023.136530.

[82]	 Moradi S, Najjar R, Hamishehkar H, Lotfi A. Triple-responsive 
drug nanocarrier: Magnetic core-shell nanoparticles of Fe3O4@
poly(N-isopropylacrylamide)-grafted-chitosan, synthesis and in 
vitro cytotoxicity evaluation against human lung and breast can-

cer cells. J Drug Deliv Sci Technol 2022;72:103426. doi:10.1016/j.
jddst.2022.103426.

[83]	 Dynarowicz K, Bartusik-Aebisher D, Koszarska K, Kotlińska A, Aebish-
er D. Breast Cancer Treatments: Drugs Targeting the PI3K/AKT/mTOR 
Pathway, TNBC Therapy and Future Directions: A Review. Life (Basel) 
2025;15(10):1583. doi:10.3390/life15101583, PMID:41157256.

    DOI: 10.14218/OnA.2025.00027  |  Volume 4 Issue 1, March 2026

https://doi.org/10.14218/OnA.2025.00027
https://doi.org/10.1016/j.molstruc.2023.136530
https://doi.org/10.1016/j.jddst.2022.103426
https://doi.org/10.1016/j.jddst.2022.103426
https://doi.org/10.3390/life15101583
http://www.ncbi.nlm.nih.gov/pubmed/41157256

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿General aspects of NMs and NPs﻿

	﻿﻿Characteristics and properties of NMs and NPs﻿

	﻿﻿﻿Applications of NMs and nanotechnology in the cancer sector﻿


	﻿﻿﻿﻿﻿Different aspects of BCA﻿

	﻿﻿Statistical data on BCA﻿

	﻿﻿﻿﻿Molecular subtypes of BCA﻿

	﻿﻿﻿﻿Challenges in BCA after diagnosis﻿

	﻿﻿﻿Various therapies for BCA treatment﻿

	﻿﻿﻿﻿Carriers and nanocarriers for delivery of drugs to different cancers, including BCA﻿

	﻿﻿﻿Nanocarriers for delivery of drugs to BCA cells﻿

	﻿﻿﻿Major metallic nanocarriers for delivery of drugs to BCA cells﻿

	﻿﻿﻿﻿Clinical results for BCA treatment using nanotechnology﻿

	﻿﻿﻿Summary of findings in this study﻿


	﻿﻿﻿﻿﻿Future perspectives﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


