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One of the leading causes of death for women globally is breast cancer. Surgery, 

chemotherapy, and radiation therapy are the three primary therapeutic approaches used 

to treat breast cancer, while chemotherapy is the treatment of choice for the majority of 

malignancies. Applications of nanotechnology in cancer treatment have garnered a lot 

of interest in recent years. The several forms of nanoparticles including liposomes, 

micelles, polymeric nanoparticles, solid lipid nanoparticles, and gold nanoparticles and 

their usage in the treatment of breast cancer are the main topics of this review. 

Nanotechnology has advanced in the last few decades and been used to treat cancer. The 

targeted delivery of medications for the treatment of cancer, especially breast cancer, is 

currently greatly aided by nanotechnology. Drugs' therapeutic efficacy can be increased 

and their toxicity to healthy tissues or organs reduced by using nanoparticles to target 

tumors and regulate the delivery of medications to specific locations. Furthermore, 

immune cells can be stimulated to fight malignancies by nanoparticles. As a result, 

nanoparticles hold promise for use in upcoming studies and treatments of cancer. 
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INTRODUCTION 

Currently, the most frequent cancer diagnosed 

worldwide is breast cancer (BC). One in nine 

women will have breast cancer at some point in 

their lives, with an estimated 2.3 million women 

were diagnosed with BC annually. With about 

6,70,000 deaths annually, it is also the second most 

common cause of cancer-related mortality in 

women, after lung cancer. Thankfully, mortality 

has dropped, with 80% of patients living for five 

years. [1,2] A variety of cancers of the mammary 

glands are referred to as breast cancer (BC). It was 

the most prevalent neoplasm among women in 

2022, according to GLOBCAN, and one of the 

most often diagnosed cancers globally. Based on 

immunohistochemical characteristics, BC exhibits 

significant heterogeneity and can be divided into 

four subtypes: triple negative breast cancer 

https://www.ijpsjournal.com/
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(TNBC), which lacks expression of any of the 

aforementioned receptors; human epidermal 

growth factor receptor positive (HER2+); 

progesterone receptor positive (PR+); and estrogen 

receptor positive (ER+). PR and ER are both 

prognostic and diagnostic variables. Women with 

an ER+ BC have a higher overall survival rate in 

relation to the ER, and 70–75% of invasive breast 

carcinomas have high expression of ER. [3-6] 

Because it can predict prognosis and the 

responsiveness to endocrine therapy, ER 

expression is frequently utilized to choose the best 

course of treatment. Higher PR levels are positively 

correlated with overall survival, whereas lower PR 

levels are typically associated with more severe 

forms and a worse prognosis. [7] However, even 

after accounting for the additional detection rate 

from screening, the incidence of breast cancer 

keeps rising. In order to detect breast cancer, 

invasive biopsy is performed for the histological 

confirmation of invasive disease after self- and 

clinical assessment, radiography (including MRI, 

mammography, and ultrasound), and radiography. 
[8] For the treatment of breast cancer, numerous 

anticancer medications, including doxorubicin, 

methotrexate, paclitaxel, docetaxel, and tamoxifen, 

have received approval. Since drug-loaded 

nanoparticles have a high loading capacity and are 

less toxic, stable, effective, specific, and tolerable 

than traditional chemotherapy drugs, they are 

regarded as a promising tool for cancer treatments. 

Nanotechnology has been used extensively in 

recent decades. [9–11] Breast cancer has been treated 

with a variety of treatment approaches, such as 

chemotherapy and radiation therapy, which 

prevents the tumor from growing and recurring. 

However, these drugs' poor target and affinity are 

the cause of their low therapeutic efficacy. [12] Thus, 

there is a need for novel and efficient techniques to 

identify and treat breast cancer. Nanoparticles, 

which vary in size from 1 to 100 nm, can interact 

with a wide spectrum of organelles and 

biomolecules. [13] These characteristics make them 

appropriate for a range of uses, including 

biomedicine and chemical reactions. Gold 

nanoparticles and quantum dots (QDs) are 

employed at the molecular level to diagnose cancer. 

Nanoparticle-based molecular diagnostic methods 

can be applied to the quick diagnosis of tumors and 

the identification of biomarkers. The epidermal cell 

gap of intra-tumor blood vessels is larger than that 

of normal blood vessels due to the tumor's rapid 

growth, and because the tumor lacks a lymphatic 

system, it is simple for nanoparticles to "leak" into 

the tumor from the gap in the tumor blood vessels 

and build up there. According to certain studies, 

nanomaterials can be directed against the tumor 

blood vessel endothelial cells, releasing anti-

angiogenic medications that effectively inhibit 

tumor blood vessel growth and lower oxygen 

delivery. [14] Additionally, nanotechnology takes 

advantage of the unique chemical and physical 

properties of the tumor microenvironment, 

including hypoxia, abnormal temperature 

gradients, weak acidity, overexpressed proteins and 

enzymes, and a reduced environment. These 

special characteristics allow for precise regulation 

of the drug delivery rate of loaded drugs from 

nanocarriers. Nanoparticles are sufficiently large to 

hold several small molecules while still being small 

in relation to cells.  Aptamers, peptides, antibodies, 

DNA or RNA strands, and other ligands can also 

functionalize the comparatively vast surface area of 

nanoparticles. These ligands can be used as 

medicinal agents or to control how nanoparticles 

behave in vivo. The administration of many drugs, 

theragnostic action, and multimodal therapy are 

made possible by these characteristics. Applying 

nanoparticles to diseased tissues can make use of 

their physical characteristics of energy absorption 

and reradiation, much like those of laser ablation. 

Therefore, the purpose of this review is to 

investigate several novel strategies for using 

nanotechnology to fight breast cancer. An outline 
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of breast cancer classification, conventional breast 

cancer treatments, the important characteristics of 

conventional breast cancer medications, and 

nanomedicine as a possible alternative drug 

delivery option for breast cancer therapy are all 

covered. [15] 

1.1 Classification of Breast Cancer: 

A variety of criteria, including as histology, 

molecular traits, and the expression of particular 

biomarkers, have been used to classify breast 

cancer. [16] The best course of treatment can be 

chosen once the unique features of breast cancer 

tumors have been identified. [17] From a molecular 

standpoint, there are several subtypes of breast 

cancer, including basal-like, HER2-enriched, 

normal-like, triple-negative, luminal A, and 

luminal B. Ten to twenty percent of all cases of 

breast cancer are of the triple-negative subtype. 

This condition is more common in women under 

40, Afro-descendants, and/or individuals with a 

BCRA1 gene mutation. [18–20] 

 

 Figure 1: Types of Breast cancer 

1.2 Types of Nanoparticles 

As of right now, nanotechnology has advanced 

quickly to create some of the most significant 

cancer therapy approaches. Liposomes, micelles, 

polymeric nanoparticles, solid lipid nanoparticles, 

and gold nanoparticles are the most often utilized 

types of nanoparticles in the treatment of breast 

cancer. [21] 

1.2.1 Liposome: One of the most popular 

nanocarriers for medication delivery is liposomes. 

Liposomes are concentric spheres of phospholipid 

bilayers that range in size from nano to micro. They 

are divided by aqueous compartments. In order to 

protect phospholipids' hydrophobic tails from 

watery surroundings, liposomes adopt this bilayer 

structure. [22] 

Stable formulation, enhanced pharmacokinetics, 

and some "passive" or "physiological" targeting to 

tumor tissue are all advantages of liposomal drug 

delivery methods. Nevertheless, tumor cells are not 

the direct target of these carriers. In addition to 

shielding liposomes from unwanted interactions 

with cell membranes and plasma proteins, the 

design changes that set them apart from reactive 

carriers like cationic liposomes also stop 

interactions with tumor cells. As a drug-loaded 

depot, liposomes instead stay in the tumor stroma 

after extravasating into tumor tissue.  Eventually, 

liposomes are attacked by phagocytes and/or 

enzymes, which releases the medication for later 

diffusion to tumor cells. Direct molecular targeting 

of cancer cells through antibody-mediated or other 

ligand-mediated interactions is a hallmark of the 

upcoming generation of drug carriers. [23, 24] 

Immunoliposomes are a method of molecularly 

targeted drug administration in which mAb 

fragments are attached to liposomes. Either Fab' or 

scFv fragments connected to long-circulating 
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liposomes have been used to create anti-HER2 

immunoliposomes. Anti-HER2 immunoliposomes 

effectively adhered to and absorbed in HER2-

overexpressing cells in preclinical investigations, 

enabling effective intracellular delivery of 

encapsulated drugs.  Polymer systems are also 

being developed in conjunction with antibody-

based targeting. Similarly, liposomes and polymers 

are being used in conjunction with ligand-based 

targeting that uses growth factors, hormones, 

vitamins (including folate), peptides, or other 

particular ligands. [25, 26] 

1.2.2 Micelles: It is known that polymeric micelles 

are "well-formed auto-assemblies" that form in a 

liquid matrix made up of amphiphilic 

macromolecules. Typically, di- or tri-block 

copolymers with both solvophilic and solvophobic 

blocks comprise these amphiphilic 

macromolecules. [27] Polymeric micelles are 

typically between 10 to 100 nm in size. The 

hydrophilic chain of the polymeric micelles covers 

the hydrophobic center. Self-assembling micellar 

structures of the plant-based polymer inulin 

(Inutec-SP1®, INT) were created by Kesharwani et 

al. [28] The anticancer effects on breast cancer were 

investigated by loading these nanocarriers with a 

combination of doxorubicin and paclitaxel (DOX 

and/or PTX). Superior drug loading efficiency and 

sustained drug release were exhibited by the INT-

formed micelles. [29]  Through the clathrin-mediated 

process of endocytosis, the micelles entered tumor 

cells and were subsequently carried to lysosomes, 

where they released medicines. Comparing this 

system to other systems, the combination of DOX 

and PTX shown improved antitumor potential. 

These micelles also demonstrated targeted delivery 

at the tumor site and a longer in vivo circulation 

duration. [30]  This novel approach shows promise 

in treating breast cancer more effectively than free 

drugs. [31] 

1.2.3 Polymeric nanoparticles 

Third-generation polymeric nanocarriers became 

available with unique properties. These third-

generation nanocarriers are functionalized with a 

special ligand that may attach to the overexpressed 

receptor and use the active mechanism to deliver 

drugs. Recently, PNPs have emerged as one of the 

most viable and promising technology platforms 

for achieving multifunctional, environment-

responsive, targeted, and controlled drug delivery 

systems. [32] Because of their nanoscale size and 

capacity for regulated drug release and selective 

targeting, polymeric nanoparticles (NPs) seem to 

be the most promising drug carriers. It has been 

extensively documented that NPs in the 100–400 

nm range accumulate at the tumor site via the 

increased permeability and retention (EPR) effect. 

[33]  This promotes high drug accumulation, which 

makes it easier for convection and diffusion 

mechanisms to deliver the medication to the target 

region while also reducing tissue harm. The NPs' 

surface charge and size have a significant impact 

on passive targeting. Both characteristics are 

crucial for the NP's circulation duration and 

retention in the tumour. [34] The so-called active 

targeting can even boost drug efficiency after it has 

accumulated in the tumor area. NPs can actively 

target tumour cells by binding to overexpressed 

receptors on target cells that are either weakly 

expressed or not expressed at all on normal cells. 

By avoiding healthy tissues and delivering the 

medication to the intended site, actively targeted 

nanoparticles (NPs) improve therapeutic efficacy. 

[35] For instance, it is anticipated that NPs 

containing the monoclonal antibody trastuzumab, 

which interacts with the surface protein HER2, will 

gather at locations where HER2 is overexpressed, 

such as in cancers of the breast or stomach. These 

particles can be loaded with additional substances, 

such taxanes, which work in concert with 

trastuzumab to treat breast cancer. [36, 37] 

1.2.4 Solid lipid nanoparticles 
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For oral administration, SLNs were presented as a 

unique drug carrier system. SLNs have garnered 

particular attention in the treatment of cancer over 

time. SLNs in particular offer a number of benefits, 

including as high drug content 

capacity, exceptional physical stability, an 

excellent release profile and biocompatibility.[38] 

Cell proliferation was successfully reduced by 

MCF-7 cells treated with cisplatin-SLN. When 

compared to free cisplatin, which had an IC50 

value of 10 µg/mL, cisplatin-SLNs demonstrated 

strong cytotoxic effects in MCF-7 cells (6.51 ± 0.39 

µg/mL), but not in normal cells. [39] These findings 

show that cisplatin-loaded SLNs have successfully 

circumvented the toxicity and restrictions of 

conventional delivery techniques in breast cancer 

patients. [40–43] 

1.2.5 Gold Nanoparticle: 

Applications for gold nanoparticles in breast cancer 

detection are numerous and include non-invasive in 

vivo imaging and pathology specimen evaluation. 

Park et al. discovered that tumor cells embedded 

with gold may be seen in vivo using two-photon-

induced photoluminescence (TPIP). Normal breast 

cells were not visible after trastuzumab-PEG-

AuNS therapy, while HER-2 positive SK-BR-3 cell 

lines were visible with 10% of the highest laser 

power in TPIP imaging. [44]  Furthermore, Bickford 

et al. discovered that reflectance confocal 

microscopy images of tissue treated with AuNS 

conjugated with PEG and an anti-HER-2 antibody 

produced results that matched those of 

hematoxylin-and-eosin staining and classical 

immunohistochemistry in an investigation of the ex 

vivo assessment of the surgical resection margins 

of breast-conserving surgery. It reduced the 

imaging preparation time to five minutes, 

increasing the possibility of clinical translation by 

enabling real-time frozen section examination 

during surgery. [45,48] 

2. Nanoparticles used in breast cancer 

Sr No. Type of 

nanoparticle 

used 

Drug used Author year Conclusion References 

1 Polylactide-co-

glycolide 

(PLGA) based 

nanoparticles 

Tamoxifen citrate Ruma Maji et 

al. 

2014 In vitro, the MCF-7 breast cancer 

cell line absorbed tamoxifen 

nanoparticles well, exhibited the 

maximum drug loading, and 

released the drug continuously 

for an extended length of time. 

[49] 

2 solid lipid 

nanoparticles 

Quercetin 

 

Firoozeh 

Niazvand et al. 

2019 In MCF-7 cells, SLN efficiently 

enhanced the cytotoxic effects of 

QT by triggering oxidative stress 

and activating the intrinsic 

apoptotic pathway. 

[50] 

3 polymer-based 

nanoparticles 

Letrozole Bayan 

Alemrayat et al. 

 

2018 The formulation's LTZ 

concentration affects the 

physiochemical characteristics, 

among other things. The 

possibility of producing novel 

LTZ formulations for monthly 

administration—possibly as IT 

or IM injections—was suggested 

by the in-vitro release study. 

Future in vivo research is 

unquestionably required to 

examine the viability of this idea. 

[51] 

4 PLGA 

Nanoparticle 

paclitaxel and 

thymoquinone 

Parth Soni et al. 2014 The effective uptake of 

nanoparticles in MCF-7 cells 

also implies that the drug will be 

[52] 
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released by the nanoparticles 

inside the cells rather than 

outside, raising the drug's 

intracellular concentration. 

5 Liposome gemcitabine 

(GEM) and 

tamoxifen 

D. Cosco et al. 2012 Liposomes embedded with 

tamoxifen and gemcitabine 

(GEM) enhanced the antitumoral 

impact. 

[53] 

6 polymeric 

micelles 

 

Resveratrol 

 

Yiota 

Gregoriou et al. 

2021 The resultant nanoparticle did 

not significantly absorb into 

immortalized healthy epithelial 

cells, but it was successful in 

specifically targeting aggressive 

forms of breast cancer. 

Furthermore, the nanoparticle 

significantly decreased the 

viability of breast cancer cells 

while having no discernible 

harmful effects on immortalized 

breast cells. 

[54] 

7. Self-assembled 

polymeric 

micelles 

Teniposide Bingyang Chu 

et al. 

2016 Additionally, teniposide micelles 

improved the dispersion in 

tumors in vivo and the cellular 

absorption by MCF-7 breast 

cancer cells in vitro. 

[55] 

3. Marketed Formulation 

Sr. No Product Company 

Name 

Therapeutic agent Nanotechnology Route of 

administration 

1 Abraxane American 

Bioscience Inc. 

paclitaxel Nanocrystal 

formulation 

IV 

2 Myocet CHEPLAPHA

RM 

Doxorubicin Liposome IV 

3 Caelyx Johnson & 

Johnson 

doxorubicin 

hydrochloride 

pegylated 

liposomal 

formulation 

IV 

4 Genexol-PM Lupin Ltd Paclitaxel Polymeric micelle IV 

4. Future Perspective: 

The most prevalent malignancy among women is 

breast cancer. Since breast cancer is a diverse 

disease, various treatment plans are now employed 

based on patient compliance, stage, and breast 

cancer subtype. However, not all patients respond 

well to the existing treatments; Triple negative 

breast cancer (TNBC) is the less responsive 

subtype. As a result, patients may eventually have 

recurrences with severe health issues. The scientific 

community has recently worked hard to discover 

more effective methods. However, few 

nanotherapeutics make it to clinical usage despite 

the promising promise of nanoparticles in breast 

cancer therapy because of complicated designs, 

manufacturing difficulties, regulatory barriers, 

prices, and testing limitations. To get beyond these 

obstacles, new regulations must be put in place as 

nanotherapeutics play a bigger role in diagnosis and 

treatment. [53] Although targeted cancer therapy 

with nanoparticles has a lot of potential, there are a 

few obstacles that need to be overcome. These 

include the possible toxicity of nanoparticles, the 

challenge of managing drug release, and the 

possibility of nanoparticle clearance by the immune 

system. Nonetheless, it is projected that 
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nanoparticle-based cancer treatments will play a 

significant role in oncology in the future with 

continued study and development. To sum up, 

tailored nanoparticles present a novel and 

promising strategy for targeted breast cancer 

treatment that could significantly improve patient 

outcomes. However, more research and clinical 

trials are necessary to fully understand their 

potential and constraints. [55] 

5.CONCLUSION: 

Research on using nanoparticles to treat breast 

cancer has grown significantly in recent years, with 

a primary focus on employing targeting ligands to 

obtain high accumulation with tumors. HER2 is 

one of the most prevalent cell surface receptors on 

breast cancer cells, and conventional anticancer 

medications like doxorubicin, docetaxel, and 

paclitaxel work well against this receptor. 

Compared to nanoparticles without targeting 

ligands, treatment efficiency is raised and toxicity 

in healthy cells is prevented when targeting ligands 

are used in the nanoparticle production process. 

Enhancing drug transport, release, and targeting 

with nanotechnology has great promise for 

increasing therapeutic efficacy and reducing side 

effects. Targeting medications based on 

nanomaterials may benefit patients with breast 

cancer and mark a significant advancement in the 

disease's detection and therapy. 

Declaration by authors: 

Ethnical approval: Not Applicable 

Acknowledgement: None 

Source of funding: None 

Conflict of interest: The authors declare no 

conflict of interest. 

REFERENCES 

1. Serpico L, Zhu Y, Renata Faria Maia, 

Sumedha Sumedha, Shahbazi MA, Santos 

HA. Lipid nanoparticles-based RNA 

therapies for breast cancer treatment. Drug 

Delivery and Translational Research. 2024 

Jun 3; 

2. World Health organization. Breast Cancer. 

WHO. 2022. Available from: https:// www. 

who. int/ news- room/ fact- sheets/ detail/ 

breast- cancer. 

3. Rakha EA, Green AR. Molecular 

classification of breast cancer: what the 

pathologist needs to know. Pathology. 2017 

Feb 1;49(2):111-9. 

4. Orrantia-Borunda E, Anchondo-Nuñez P, 

Acuña-Aguilar LE, Gómez-Valles FO, 

Ramírez-Valdespino CA. Subtypes of breast 

cancer. Breast Cancer [Internet]. 2022 Aug 6. 

5. O'Shaughnessy JA, Kaufmann M, Siedentopf 

F, Dalivoust P, Debled M, Robert NJ, 

Harbeck N. Capecitabine monotherapy: 

review of studies in first-line HER-2-negative 

metastatic breast cancer. The oncologist. 

2012 Apr 1;17(4):476-84. 

6. Mackey JR, Martin M, Pienkowski T, Rolski 

J, Guastalla JP, Sami A, Glaspy J, Juhos E, 

Wardley A, Fornander T, Hainsworth J. 

Adjuvant docetaxel, doxorubicin, and 

cyclophosphamide in node-positive breast 

cancer: 10-year follow-up of the phase 3 

randomised BCIRG 001 trial. The Lancet 

Oncology. 2013 Jan 1;14(1):72-80. 

7. Liu M, Mo QG, Wei CY, Qin QH, Huang Z, 

He JI. Platinum-based chemotherapy in triple-

negative breast cancer: A meta-analysis. 

Oncology letters. 2013 Mar;5(3):983-91. 

8. Lauring J, Park BH, Wolff AC. The 

phosphoinositide-3-kinase-Akt-mTOR 

pathway as a therapeutic target in breast 

cancer. Journal of the National 

Comprehensive Cancer Network. 2013 Jun 

1;11(6):670-8. 

9. Wang X, Yang L, Chen Z, Shin DM. 

Application of nanotechnology in cancer 

therapy and imaging. CA: a cancer journal for 

clinicians. 2008 Mar;58(2):97-110. 

10. Song KH, Kim C, Maslov K, Wang LV. 

Noninvasive in vivo spectroscopic nanorod-



Nikita Mane, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 01, 137-146 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               144 | P a g e  

contrast photoacoustic mapping of sentinel 

lymph nodes. European journal of radiology. 

2009 May 1;70(2):227-31. 

11. Pan D, Lanza GM, Wickline SA, Caruthers 

SD. Nanomedicine: perspective and promises 

with ligand-directed molecular imaging. 

European journal of radiology. 2009 May 

1;70(2):274-85. 

12. Tanaka T, Decuzzi P, Cristofanilli M, 

Sakamoto JH, Tasciotti E, Robertson FM, 

Ferrari M. Nanotechnology for breast cancer 

therapy. Biomedical microdevices. 2009 

Feb;11:49-63. 

13. Rui X, Zhao H, Xiao X, Wang L, Mo L, Yao 

Y. MicroRNA 34a suppresses breast cancer 

cell proliferation and invasion by targeting 

Notch1. Experimental and Therapeutic 

Medicine. 2018 Dec 1;16(6):4387-92. 

14. Mussallem D. Lifestyle for breast cancer risk 

reduction. Menopause. 2022 Aug 

1;29(8):979-81. 

15. Llaguno-Munive M, Vazquez-Lopez MI, 

Garcia-Lopez P. Solid Lipid Nanoparticles, 

an Alternative for the Treatment of Triple-

Negative Breast Cancer. International Journal 

of Molecular Sciences. 2024 Oct 

5;25(19):10712. 

16. Rakha EA, Tse GM, Quinn CM. An update on 

the pathological classification of breast 

cancer. Histopathology. 2023 Jan;82(1):5-16. 

17. Hanif EA, Shah SA. Overview on epigenetic 

re-programming: a potential therapeutic 

intervention in triple negative breast cancers. 

Asian Pacific Journal of Cancer Prevention: 

APJCP. 2018;19(12):3341. 

18. Diana A, Carlino F, Franzese E, 

Oikonomidou O, Criscitiello C, De Vita F, 

Ciardiello F, Orditura M. Early triple negative 

breast cancer: conventional treatment and 

emerging therapeutic landscapes. Cancers. 

2020 Mar 29;12(4):819. 

19. Khadela A, Chavda VP, Soni S, Megha K, 

Pandya AJ, Vora L. Anti-androgenic 

therapies targeting the luminal androgen 

receptor of a typical triple-negative breast 

cancer. Cancers. 2022 Dec 30;15(1):233. 

20. Ma Y, Cai F, Li Y, Chen J, Han F, Lin W. A 

review of the application of nanoparticles in 

the diagnosis and treatment of chronic kidney 

disease. Bioactive Materials. 2020 Sep 

1;5(3):732-43. 

21. Balamurugan K, Chintamani P. Lipid nano 

particulate drug delivery: An overview of the 

emerging trend. Pharma Innov. J. 2018;7:779-

89. 

22. Silva LP, Reis IG, Bonatto CC. Green 

synthesis of metal nanoparticles by plants: 

current trends and challenges. Green 

processes for nanotechnology: from inorganic 

to bioinspired nanomaterials. 2015 Mar 

25:259-75. 

23. Elamir A, Ajith S, Sawaftah NA, Abuwatfa 

W, Mukhopadhyay D, Paul V, Al-Sayah MH, 

Awad N, Husseini GA. Ultrasound-triggered 

herceptin liposomes for breast cancer therapy. 

Scientific reports. 2021 Apr 6;11(1):7545. 

24. Azamjah N, Soltan-Zadeh Y, Zayeri F. 

Global trend of breast cancer mortality rate: a 

25-year study. Asian Pacific journal of cancer 

prevention: APJCP. 2019;20(7):2015. 

25. Ahmed AE. Ultrasound triggered release of 

Trastuzumab-conjugated immunoliposomes 

targeting breast cancer (Doctoral 

dissertation). 

26. Suk JS, Xu Q, Kim N, Hanes J, Ensign LM. 

PEGylation as a strategy for improving 

nanoparticle-based drug and gene delivery. 

Advanced drug delivery reviews. 2016 Apr 

1;99:28-51. 

27. Junnuthula, V.; Kolimi, P.; Nyavanandi, D.; 

Sampathi, S.; Vora, L. K.; Dyawanapelly, S. 

Polymeric Micelles for Breast Cancer 

Therapy: Recent Updates, Clinical 



Nikita Mane, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 01, 137-146 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               145 | P a g e  

Translation and Regulatory Considerations. 

Pharmaceutics 2022, 14 (9), 1860. 

28. Ridolfo R, Tavakoli S, Junnuthula V, 

Williams DS, Urtti A, van Hest JC. Exploring 

the impact of morphology on the properties of 

biodegradable nanoparticles and their 

diffusion in complex biological medium. 

Biomacromolecules. 2020 Jun 8;22(1):126-

33. 

29. Pailla SR, Sampathi S, Junnuthula V, 

Maddukuri S, Dodoala S, Dyawanapelly S. 

Brain-targeted intranasal delivery of zotepine 

microemulsion: Pharmacokinetics and 

pharmacodynamics. Pharmaceutics. 2022 

Apr 30;14(5):978. 

30. Yadav D, Sandeep K, Pandey D, Dutta RK. 

Liposomes for drug delivery. J. Biotechnol. 

Biomater. 2017;7(04):276. 

31. Shete MB, Patil TS, Deshpande AS, Saraogi 

G, Vasdev N, Deshpande M, Rajpoot K, 

Tekade RK. Current trends in theranostic 

nanomedicines. Journal of Drug Delivery 

Science and Technology. 2022 May 

1;71:103280. 

32. Sarkar A, Sodha SJ, Junnuthula V, Kolimi P, 

Dyawanapelly S. Novel and investigational 

therapies for wet and dry age-related macular 

degeneration. Drug discovery today. 2022 

Aug 1;27(8):2322-32. 

33. Chaudhuri A, Ramesh K, Kumar DN, Dehari 

D, Singh S, Kumar D, Agrawal AK. 

Polymeric micelles: A novel drug delivery 

system for the treatment of breast cancer. 

Journal of Drug Delivery Science and 

Technology. 2022 Nov 1;77:103886. 

34. Ramachandran R, Junnuthula VR, Gowd GS, 

Ashokan A, Thomas J, Peethambaran R, 

Thomas A, Unni AK, Panikar D, Nair SV, 

Koyakutty M. Theranostic 3-Dimensional 

nano brain-implant for prolonged and 

localized treatment of recurrent glioma. 

Scientific reports. 2017 Mar 6;7(1):43271. 

35. Basak D, Arrighi S, Darwiche Y, Deb S. 

Comparison of anticancer drug toxicities: 

paradigm shift in adverse effect profile. Life. 

2021 Dec 29;12(1):48. 

36. Li ZY, Zhang Z, Cao XZ, Feng Y, Ren SS. 

Platinum-based neoadjuvant chemotherapy 

for triple-negative breast cancer: a systematic 

review and meta-analysis. Journal of 

International Medical Research. 2020 

Oct;48(10):0300060520964340. 

37. Junnuthula V, Sadeghi Boroujeni A, Cao S, 

Tavakoli S, Ridolfo R, Toropainen E, 

Ruponen M, van Hest JC, Urtti A. Intravitreal 

polymeric nanocarriers with long ocular 

retention and targeted delivery to the retina 

and optic nerve head region. Pharmaceutics. 

2021 Mar 26;13(4):445. 

38. Mo K, Kim A, Choe S, Shin M, Yoon H. 

Overview of solid lipid nanoparticles in breast 

cancer therapy. Pharmaceutics. 2023 Jul 

31;15(8):2065. 

39. Chaudhuri A, Kumar DN, Shaik RA, Eid BG, 

Abdel-Naim AB, Md S, Ahmad A, Agrawal 

AK. Lipid-based nanoparticles as a pivotal 

delivery approach in triple negative breast 

cancer (TNBC) therapy. International journal 

of molecular sciences. 2022 Sep 

3;23(17):10068. 

40. Mendoza-Muñoz N, Urbán-Morlán Z, Leyva-

Gómez G, de la Luz Zambrano-Zaragoza M, 

Quintanar-Guerrero D. Solid lipid 

nanoparticles: an approach to improve oral 

drug delivery. Journal of Pharmacy & 

Pharmaceutical Sciences. 2021 Oct 

13;24:509-32. 

41. Collignon J, Lousberg L, Schroeder H, 

Jerusalem G. Triple-negative breast cancer: 

treatment challenges and solutions. Breast 

Cancer: Targets and Therapy. 2016 May 

20:93-107. 

42. Bayón-Cordero L, Alkorta I, Arana L. 

Application of solid lipid nanoparticles to 



Nikita Mane, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 01, 137-146 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               146 | P a g e  

improve the efficiency of anticancer drugs. 

Nanomaterials. 2019 Mar 22;9(3):474. 

43. Kiaie SH, Majidi Zolbanin N, Ahmadi A, 

Bagherifar R, Valizadeh H, Kashanchi F, 

Jafari R. Recent advances in mRNA-LNP 

therapeutics: immunological and 

pharmacological aspects. Journal of 

nanobiotechnology. 2022 Jun 14;20(1):276. 

44. Lee J, Chatterjee DK, Lee MH, Krishnan S. 

Gold nanoparticles in breast cancer treatment: 

promise and potential pitfalls. Cancer letters. 

2014 May 28;347(1):46-53. 

45. Hainfeld JF, Smilowitz HM, O ‘Connor MJ, 

Dilmanian FA, Slatkin DN. Gold nanoparticle 

imaging and radiotherapy of brain tumors in 

mice. Nanomedicine. 2013 Oct 1;8(10):1601-

9. 

46. Zhang W, Ji Y, Wu X, Xu H. Trafficking of 

gold nanorods in breast cancer cells: uptake, 

lysosome maturation, and elimination. ACS 

applied materials & interfaces. 2013 Oct 

9;5(19):9856-65. 

47. Kennedy LC, Bickford LR, Lewinski NA, 

Coughlin AJ, Hu Y, Day ES, West JL, Drezek 

RA. A new era for cancer treatment: gold‐

nanoparticle‐mediated thermal therapies. 

Small. 2011 Jan 17;7(2):169-83. 

48. Cheng L, Yang K, Li Y, Zeng X, Shao M, Lee 

ST, Liu Z. Multifunctional nanoparticles for 

upconversion luminescence/MR multimodal 

imaging and magnetically targeted 

photothermal therapy. Biomaterials. 2012 

Mar 1;33(7):2215-22. 

49. Maji R, Dey NS, Satapathy BS, Mukherjee B, 

Mondal S. Preparation and characterization of 

Tamoxifen citrate loaded nanoparticles for 

breast cancer therapy. International journal of 

nanomedicine. 2014 Jun 25:3107-18. 

50. Niazvand F, Orazizadeh M, Khorsandi L, 

Abbaspour M, Mansouri E, Khodadadi A. 

Effects of quercetin-loaded nanoparticles on 

MCF-7 human breast cancer cells. Medicina. 

2019 Apr 22;55(4):114. 

51. Alemrayat B, Elhissi A, Younes HM. 

Preparation and characterization of letrozole-

loaded poly (d, l-lactide) nanoparticles for 

drug delivery in breast cancer therapy. 

Pharmaceutical development and technology. 

2019 Feb 7;24(2):235-42. 

52. Soni P, Kaur J, Tikoo K. Dual drug-loaded 

paclitaxel–thymoquinone nanoparticles for 

effective breast cancer therapy. Journal of 

nanoparticle research. 2015 Jan;17:1-2. 

53. Cosco D, Paolino D, Cilurzo F, Casale F, 

Fresta M. Gemcitabine and tamoxifen-loaded 

liposomes as multidrug carriers for the 

treatment of breast cancer diseases. 

International journal of pharmaceutics. 2012 

Jan 17;422(1-2):229-37. 

54. Gregoriou Y, Gregoriou G, Yilmaz V, 

Kapnisis K, Prokopi M, Anayiotos A, Strati 

K, Dietis N, Constantinou AI, Andreou C. 

Resveratrol loaded polymeric micelles for 

theranostic targeting of breast cancer cells. 

Nanotheranostics. 2021;5(1):113. 

55. Chu B, Shi S, Li X, Hu L, Shi L, Zhang H, Xu 

Q, Ye L, Lin G, Zhang N, Zhang X. 

Preparation and evaluation of teniposide-

loaded polymeric micelles for breast cancer 

therapy. International Journal of 

Pharmaceutics. 2016 Nov 20;513(1-2):118-

29 

 

HOW TO CITE: Nikita Mane, Pankaj Mandpe, Neeraj 

Kotian, Princy Singh, Innovations In Nanotechnology 

and Advances in Breast Cancer Treatment, Int. J. of 

Pharm. Sci., 2025, Vol 3, Issue 01, 137-146. 

https://doi.org/10.5281/zenodo.14587463 

 

 


