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Abstract 

 
Drug resistance is the major cause of drug treatment failure in breast cancer patients. Chemotherapy, as the dominant approach, 

is the mostly used treatment modality nowadays. Classical breast cancer drugs are still widely used however, they are being 

replaced by nanoparticle encapsulation drug formulations, due to their high toxicity. Nanoparticle drug delivery systems have a 

vast contribution in chemotherapy approach nowadays. Contemporary cancer treatment studies are progressively being focused 

on newly designed drug formulations, which exhibit lower toxicity in normal tissues and higher specificity for tumor tissues. 

Novel drug delivery systems are adapted either for delivery of existing, or newly designed anti-cancer agents. They come in 

various sizes, shapes, different encapsulating complexes and diverse drug loading efficiencies. Such drug designs are 

advantageous due to the reduced resistivity of cancer cells to such chemotherapeutic agents, thus increasing the treatment 

efficiencies. In addition, they are delivering anti-cancer agents within the tumor microenvironment, often with cancer cell-

specific receptors. Some nanoparticle drugs are currently also being used for imaging purpose. Herein, we summarize different 

anti-cancer drug modalities and scientific findings acquired both from in vitro and in vivo studies, with a focus on breast cancer 

chemotherapeutic agents. We also introduce very recent nanomedicine-based drug designs, which tend to overcome the 

obstacles of old treatment strategies used to treat breast cancer patients. 
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1. Introduction 

 

One of the major challenges in cancer treatment has been the development of resistance in cancer cell 

towards anticancer agents. The intrinsic ability of cancer cells to resist therapies is comparable to stem cell 

properties. Cancer treatment is made more difficult because of the ability of such cells to induce tumor 

initiation and self-renewal mechanisms. One of the most widely used drugs to treat cancers include 

topoisomerase inhibitors such as camptothecin and doxorubicin. However, these conventional drugs and 

their derivatives have limitations in their usage, even though they have a wide range of application as 

anticancer agents. These drug regimens are now considered toxic due to their toxicity to normal cells, such 

as cardiotoxicity, mainly because of high reactive oxygen species (ROS) production (Meredith and Dass 

2016). In newly designed chemotherapeutic drug delivery systems, nanotechnology has a significant 

contribution, especially during the recent years. The tendency of new anticancer drug design is focused on 

formulations which target specifically the cancer cells, without affecting the normal tissues (Al-lazikani, 

Banerji, and Workman 2012). Recent developments of multifunctional nanoparticle design include 

formulations of compact size, low cytotoxicity, strong photostability, good biocompatibility and high 

sensitization to ROS. By tracking the construction and disassembly of their cargo, their imaging abilities 

have demonstrated good use in observing and managing the delivery process (Bao et al. 2013). Doxorubicin 

and other chemotherapy medications can be delivered simultaneously in liposome-encapsulated 

formulations, as reported in a number of recent in vivo mouse studies and in phase II and phase III trial 

patients (Coltelli et al. 2017) (Harbeck et al. 2017). Nowadays various cancer types and stages are treated 

with nanoparticle drug regimens. 
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2. Body of Manuscript   

 

2.1. Breast cancer drug resistance: 

 

2.1.1. Molecular background in drug resistance: One of the major challenges in cancer treatment is the 

development of resistance in cancer cell towards anticancer agents. The intrinsic ability of cancer cells to 

resist therapies is comparable to stem cell properties. These properties consist of: the loss of expression of 

the target protein due to long and continuous treatment, the overexpression of certain peptides related to 

drug metabolism and efflux, induction of G0 phase, activation of pro-survival signaling, upregulation of 

some proapoptotic genes and regulation of DNA repair mechanism (Borst 2012) (Hassan et al. 2014) 

(Baxter et al. 2022). Additionally, cancer treatment is made more difficult because of the abilities of such 

cells have in inducing tumor initiation and self-renewal mechanisms. It is also observed that drug resistance 

can be caused from the resistance acquired as a selection mechanism from a small population of cells due to 

the molecular heterogeneity of tumors (Holohan et al. 2013).Other factors such as tumor microenvironment 

(consisting of immune cells, fibroblasts, blood vessels in tumors and extracellular matrix proteins) do induce 

drug resistance, growth and motility of metastatic cells in tumor mass (Tiwari, Trivedi, and Lin 2022) 

(Mcmillin et al. 2010). 

 

2.1.2 Drug resistance according to breast cancer subtype: While drug resistance might be the main cause of 

incurability in advanced breast cancer, drug resistance acquired in early-stage breast cancer is of great 

interest because of higher chances of being cured. Resistance to endocrine therapy is categorized as intrinsic 

(not responding at all to endocrine therapy at all) and acquired (developed after a previous response), for the 

ER+ breast cancers (Selli, Dixon, and Sims 2016). However, hormonal therapy seems to depend on the drug, 

while cells develop resistance to one agent, another therapy might be effective to treat the same cancer cells 

(Wang et al. 2023). On the other hand, drug resistance in HER2+ patients include mechanisms that involve 

the loss of HER2 amplification during treatment, activation of other receptors of HER-family as a 

compensatory mechanism, absence of extracellular binding domain and deregulation of many signaling 

pathways (Wang et al. 2016). In order to overcome drug resistance, one of the strategies applied is the 

combination of HER2 inhibitors, which might show synergistic effects (Sirhan, Thyagarajan, and Sahu 

2022) (Wilks 2015). 

 

2.2. Breast cancer treatment by topoisomerase inhibition: 

 

2.2.1. The biological function of topoisomerase enzymes: The double helix DNA needs to be uncoiled during 

the processes of DNA replication and transcription, however its structure restricts free rotation of DNA 

inside the cell nucleus. By the interference of helicase enzymes, the strand separation results in positive and 

negative supercoiling, at the front and back side of DNA transcription and replication (Leroy and James 

1987). DNA replication and transcription is stalled by positive supercoiling, while supercoiling of the back 

side might induce the formation of aberrant DNA structure, which renders DNA unfunctional. The DNA 

tension caused during the processes of DNA replication and transcription is released by the help of large 

proteins/enzymes named as ‘topoisomerases’ (Mazouzi, Velimezi, and Loizou 2014). There are six 

topoisomerases encoded by human genome, classified either as Type I or Type II. Enzyme of Type I makes 

a single strand cut, while type II cleaves both strands of DNA during their catalytic functions (Mazouzi et al. 

2014). Both enzymes function in a similar mode, by cutting the DNA via a nucleophilic attach and binding 

to the phosphate group after which DNA is re-ligated with the DNA sequence unchanged and the 

supercoiling relieved. TOP1mt for mitochondrial DNA, a topoisomerase subtype does perform the similar 

activity with topoisomerase I on DNA while uncoiling the mitochondrial DNA (Pommier et al. 2014).  
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2.2.2. The action of topoisomerase inhibitors: A further division of topoisomerases is based on their mode of 

activity. Topoisomerases show some other functions (such as splicing and promoter regulation of Top1), 

except for their role in DNA relaxation during the processes of transcription and translation (Elton et al. 

2022). Almost all topoisomerases are clinical therapeutic targets, except for topoisomerase IA and IIB. In 

mammals, topoisomerase inhibitors bind to the enzyme and block their action during DNA relegation, 

inducing DNA single and double breaks (Okoro and Fatoki 2023). 

 

2.2.3. Topoisomerase I inhibitors: The types of drugs included in the topoisomerase 1 inhibitor classification 

are camptothecin and non-camptothecin drugs. While attempting to find anticancer drugs by the screening of 

the natural products, M.E. Wall and M.C. Wani (1966), were the first to discover CPT from the wood bark 

of the Chinese tree Camptotheca acuminate. Nowadays there are at least three camptothecin derivatives 

already approved for clinical use, including irinotecan and topotecan (Takagi et al. 2007). The chemical 

instability at physiological pH caused by the presence of E-ring in their molecular structure is the reason 

why CPT derivatives have limitations in their usage, even though they have a wide range of application as 

anticancer drugs. This chemical instability of camptothecins couldn’t be overcome even though some other 

CPT derivatives have been designed to improve its clinical tolerability. Drugs such as indenoisoquinolines, 

dibenzonaphthyridinones and aromathecins, examples of non-camptothecin synthetic topoisomerase I, have 

been developed as alternatives with improved drug stability and as more stable cleavage complexes (Cinelli 

et al. 2009). 

 

2.2.4. Topoisomerase II inhibitors: Topoisomerase II inhibitors are responsible for the poisoning of Top2α 

and Top2β, resulting in the synthesis of TOP2cc (TOP2-DNA complex) which is an obstacle to the normal  

processes of DNA replication and transcription (Tammaro et al. 2013). TOPII inhibitors can also cause 

single strand breaks (SSB) in addition to the double strand breaks (DSB). They are classified into two main 

groups. The “poisons” are members of the first group, which are more frequently used, such as etoposide, 

doxorubicin and mitoxantrone. These agents elevate the level of TOP2-DNA covalent bond (Nitiss 2009). 

The second group members are classified as “catalytic inhibitors” such as bisdioxopiperazines. They do not 

increase the TOP2-DNA complex levels, even though they block the catalytic activity of TOPII. An example 

of a TOP2 poison, Doxorubicin, was firstly isolated from Streptomyces peucetius species. While it is widely 

used for many types of malignancies like breast cancer, leukemias and childhood solid tumors, it is also an 

anthracycline antibiotic. However, nowadays it is considered toxic because of its toxicity to normal cells 

which results frequently in cardiotoxicity because of high reactive oxygen species (ROS) production 

(Meredith and Dass 2016).  

 

2.3. The role of camptothecin and doxorubicin in breast cancer studies and treatment modalities: 

 

2.3.1 Camptothecin activity in in vitro breast cancer studies: The most dominant approach in the treatment 

of cancer is still chemotherapy with the usage of conventional drugs and their derivatives as the most widely 

used agents. In the research related to breast cancer therapy, there are many studies investigating the effect 

of camptothecin and doxorubicin on breast cancer cell lines. Lamparska et al. conducted a study in 2005 

where it was observed that camptothecin treated MCF7 cells underwent apoptosis after 60min, whereas in 

the 24h drug treatment, autophagy was observed, but in a slower rate. Moreover, BID knockdown induced a 

shift from apoptosis to autophagy in the CPT treated MCF7 cells, suggesting the importance of BID in the 

mechanism of death. The same research group conducted another study in which a complex composition of 

cells with distinct morphological characteristics of apoptosis and autophagy was revealed by imaging of 

MCF7 cells after 6h of CPT treatment, by electron microscopy. The 8-16h exposure of MCF7 to 0.15μM 

CPT, resulted in accumulation of p53 protein in the nuclei of cells, with a rapid increase of ~20 fold during 
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S-phase (Deptala et al. 1999). Another study suggested that p53 might not be required for CPT-induced 

apoptosis because of the resistance CPT-treated cells showed to apoptosis as a response in MCF7 breast 

cancer cell lines  which are p53 wild type (Nieves-Neira and Pommier 1999). Another study showed the 

P53-independent mode of action of CPT in several breast cancer cells. In this study CPT treatment induced 

degradation of WRN , which is a helicase enzyme with role in cellular senescence, genomic stability and 

DNA repair (Shamanna et al. 2016). 

 

2.3.2. Doxorubicin activity in in vitro breast cancer studies: Doxorubicin studies, in a similar way to CPT, 

show not a single mechanism of breast cancer cell death induced by this drug. MDA-MB-231 as 

doxorubicin-resistant cell line, became more sensitive to doxorubicin treatment when exposed to an 

autophagy inhibitory molecule, exhibition cell death mode shift from apoptosis to necrosis (Aydinlik et al. 

2016). NF-kB expression, as a metastasis inducer, has been linked to the resistance of MDA-MB-231 cell 

line to doxorubicin treatment (Dalmases et al. 2014). The impairment of NF-kB expression induced by 

doxorubicin, as a response to p53 restoration, implies p53-dependent cytotoxicity of this drug in MDA-MB-

231 (Dalmases et al. 2014). Treatment of MCF7 cells with doxorubicin showed upregulation of p21 level 

and increase in cellular senescence (Mohammadrezaei, Movaghar, and Gharghabi 2016). However, in 

another study p53-status was shown as an independent effect of doxorubicin in inducing apoptosis both in 

MCF7 and MDA-MB-231 cell lines (Nestal et al. 2013). On the other hand, the uptake and drug response to 

doxorubicin in MCF7 cells was correlated to drug formulations as well as with cellular fluidity (Weber, 

Wagner, and Schneckenburger 2013). Several studies have been conducted to study the factors influencing 

efficacy and resistivity of breast cancer cells to chemotherapeutic effects of doxorubicin, including 

combined treatments of this drug with other molecules. When estrogen was coadministered with 

doxorubicin, an increase in apoptotic action was observed in estrogen-indipendent MCF7 cells via the 

suppression of NF-kB signaling (Scherbakov et al. 2011). Similarly, co-treatment with proteasome inhibitor, 

showed increase in the sensitivity to doxorubicin for different breast cancer cell lines (Shi et al. 2016). 

Additionally, in vitro and in vivo studies have reported reduced cardiotoxic effects and/or higher drug 

efficacy of doxorubicin, from many combinatorial treatments with natural products (Muhammad et al. 2016) 

(Muhammad et al. 2016). 

 

2.4 Nanomedicine as a means of breast cancer therapy: 

 

2.4.1 The properties of nanoparticles in cancer treatment : In chemotherapeutic drug delivery system, 

nanotechnology has a significant contribution, especially during the recent years. The tendency of recent 

anticancer drug designs is focused on formulations which target specifically the cancer cells and not 

affecting the normal tissues (Al-lazikani et al. 2012). Novel drug designs include formulations which 

incorporate either the already existing or newly developed drugs. The tendency of such therapeutic designs 

is to bypass the biological barriers (physiological and pharmacological) of classical therapies. Nanomedicine 

considers a good nanoparticle candidate, a formulation with small size, high drug loading efficiency and the 

ability to encapsulate different drug molecules in a single complex (Jin et al. 2016). Improved drug uptake 

by target cells and specificity to cancer cells are also characteristics of highly efficient formulations used for 

cancer therapy purpose (Parhi, Mohanty, and Sahoo 2012). Such nanoparticles are designed in nm 

dimensions since they should cross the gaps between the endothelial cells of tumor vascularization, which 

usually range from 100nm, to around 800nm (Haley and Frenkel 2008). In addition, NPs are usually coated 

by hydrophilic molecules to reduce binding to blood proteins and prevent clearance from the circulatory 

system (Sun, Yarovoy, and Capeling 2017). Different materials have been used to design NPs, including 

polymer, lipid, metal and ceramic. In addition, NPs are formulated in different shapes (i.e, spheres, 

nanotubes, liposomes) according to the purpose of use. They are also categorized into organic (e.g. micelles, 
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spheres) and inorganic NPs (e.g. iron oxide, gold). A good property of NPs used in nanomedicine is their 

degradability after they have released their cargo in cancer cells (Haley and Frenkel 2008). Recent 

nanocapsule designs do also have the advantage of sustained drug release as well as enhanced retention and 

permeability (EPR) and at the same time serving as imaging agents for cancer cells (Prados et al. 2012). 

Nowadays the gold standard of a NP formulation is its EPR effect. There are three approached of NPs 

targeting cancer cells: the active one (targeting the cancer cells by NP ligand), the passive one (passively 

incorporated into tumor cell), or targeting of tumor cells both actively and passively (Yan et al. 2017). Given 

the above characteristics, NPs are considered as formulations with high potential to improve and change 

current anticancer treatment modalities. 

 

2.4.2. Conjugated Polymer Nanoparticles applications in medicine: Another category of nanoparticles is 

represented by conjugated polymer nanoparticles (CPNs), whose equivalent conjugated polymer (CP) is 

generated by reactions of the polymerization process, including oxidative polymerization, and Heck 

coupling, involving the utilization of various associated polymers such as PF, PPV, PPE, PT. Their features 

are influenced by two main factors, including charges in the surface and their functional groups. CNP's 

remarkable features involve light-harvesting and light-emitting qualities, which render them very useful and 

multi-purpose, in particular for the process of fluorescent target imaging, diagnostics, therapy of genes, and 

delivering of drugs (Feng et al. 2013). Recent developments in multifunctional nanoparticle design, exhibit 

compact size, low cytotoxicity, strong photostability, good biocompatibility and high sensitization to ROS. 

By tracking the construction and disassembly of their cargo (such as oligonucleotides), their imaging 

abilities have demonstrated good use in observing and managing the delivery process (Bao et al. 2013). The 

CNPs' recent applications are tightly related to destroying microorganisms, tumor cells, and in vivo and in 

vitro cell tagging. Moreover, conjugated oligomer associated/based nanoparticles (CONs), despite being 

outside of the literature focus, appear similar or superior compared to CPNs. CONs have shown similar 

cellular uptake and higher yields of fluorescent quantum and rapid delivery of cargo in comparison with 

their polymeric equivalents (Chen et al. 2014). The use of CONs as oligonucleotide nanocarriers for future 

drug delivery has also shown encouraging results. Nevertheless, due to their large positive charge, cellular 

toxicity is a significant issue in CON design. Hydrophobic moieties are added to the side chains of 

nanoparticle complexes to increase their interaction with cells, such as a macrocycle made up of glycoluril 

units called Cucurbituril (CB), that has two hydrophilic portals and a hydrophobic cavity (Gürbüz, Idriz, and 

Tuncel 2015). Pennakalathil et al. (2014) produced a CB7-capped, red-emitting CON that demonstrated pH 

responsiveness and had the capacity for both drug delivery and cell imaging (Pennakalathil et al. 2014) 

(Jahja 2017). The oligomeric nanoparticle, which is made up of amine groups, precipitated in human blood 

serum; however, CB7, a water-soluble CB, prevented this from happening, at least for the duration of a 24-

hour incubation. Additionally, CB7-capping barely affected the oligomer NP size, maintaining its size-

dependent characteristics (Cai et al. 2016). A multipurpose fluorescent oligomer with very auspicious results 

in real-time imaging of the sentinel lymph node (SLN) for preliminary identification of breast cancer 

metastasis and for photothermal therapy (PTT) by destroying metastatic cells, in particular, has been 

presented in a current study to show the great capacities of CONs (Pennakalathil et al. 2014)(Cai et al. 

2016). 

 

2.4.3. Nanoparticles as drug carriers in combinatorial formulations: Doxorubicin and other chemotherapy 

medications can be delivered simultaneously in liposome-encapsulated formulations, as reported in a 

number of recent in vivo mouse studies and in phase II and phase III trial patients (Coltelli et al. 2017) 

(Harbeck et al. 2017). Recently created liposomes, such as estrogen-anchored and pH-sensitive 

formulations, can carry and deliver active medicines by utilizing the pathophysiology of the tumor 

microenvironment, in addition to targeting individual receptors of cancer cells (Silva et al. 2016). Over the 
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last few years interest in drug formulations has grown to create drug formulations targeting a particular 

abnormal pathway in tumor cells. RNA interference (RNAi) method provides an option in the treatment of 

cancers since cells have developed highly effective survival mechanisms to withstand drug toxicity. siRNA 

therapy is delivered utilizing non-viral carriers such as NP-based formulations (used alone or in combination 

with other compounds). Studies have shown that siRNA library screens, which include high amount of 

siRNAs targeting cell cycle proteins, can be used in breast cancer therapy in combination with traditional 

anticancer medications in drug-resistant and drug-sensitive breast cancer cell lines as well as mice 

xenografts (Parmar et al. 2015).  

 

2.4.4. Advancements in breast cancer treatment by nanomedicine drugs: NP-based medication formulations 

have undergone substantial investigation, and currently several of them have received FDA approval for 

either therapeutic or diagnostic use (Table 1). During the last years, various cancer types and stages are 

treated with cancer nanoparticle drugs. Additionally, the administration/delivery of small molecule 

medicines for the treatment of cancer via intravenously administered organic nanoparticle compositions has 

demonstrated significant effectiveness (Hald et al. 2022). Liposomal encapsulations of anticancer 

medications make up the majority of licensed nanoparticle medicines. Doxil (PEGylated Liposomal 

Doxorubicin) was the first liposomal cancer nanomedicine to receive FDA approval in 1995, proceeded by 

the medications DaunoXome, Myocet, and Abraxane (Albumin-bound Paclitaxel NP), which have the 

ability to preferentially assemble in the tumor microenvironment because of high retention and permeability, 

when compared to the free medication delivery procedure. Numerous nanoparticles are also being employed 

as imaging agents, including Optison, Definity and SonoVue (as an ultrasound contrast agent), Feridex and 

Resovist (for imaging of liver lesions), Ferumoxtran (for imaging of lymph node metastases). A number of 

additional formulations are recently undergoing human trials for approval (Table 2); most of which will be 

used for cancer treatment purpose (Sobhani et al. 2022) (Ding et al. 2022).  

Novel drug conjugate designs such as Fam-trastuzumab deruxtecan and Sacituzumab govitecan have been 

recently approved by FDA (Table 1). As antibody conjugates, these formulations incorporate monoclonal 

antibodies targeting cancer cell receptors/antigens which overexpression is linked to various breast cancer 

cells. These drug conjugates are chemically linked to topoisomerase inhibitory drugs, which release into 

cancer cells is pH-dependent, inducing DNA breakage. This causes upregulation of several genes which 

result in cell cycle arrest and apoptosis (Fleming, Karpio, and Lombardo 2021). 

In addition to the already approved ones, other drug formulations are on the way of approval (Table 2). An 

example is ThermoDox, which has high potential as chemotherapeutic platform, characterized by heat-

triggered drug release. This drug was designed since 1998, which first clinical trial was in 2005, in 

combination with the radiofrequency ablation, in a patient with hepatocellular carcinoma (Regenold et al. 

2022). Currently the second phase of Phase III clinical trial has terminated. Similarly, Cynviloq IG-001 as a 

temperature-responsive formulation (Nghan Le, Huynh, and Quyen Tran 2018), as well as other 

nanomaterial platforms, have shown successful progress on clinical trials (Anselmo and Mitragotri 2019) 

(Tagde et al. 2022). Novel tools in nanomedicine also include RNA-derived nanoparticles used for RNA 

immunotherapy, an example of which is IVAC_W_bre1_uID. This mRNA cancer vaccine is an 

individualized cancer treatment incorporating patient-specific tumor antigen targeted by on-demand RNA 

(based on tumor-specific mutations), which is embedded into a patient-specific liposomal complex. This 

design is based on the high tumor heterogeneity, thus it is specifically formulated according to each patient’s 

tumor cell properties (Haque et al. 2021). 
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3. Tables 

 
Table 1. Approved nanoparticle drug therapies or imaging agents, with application in breast cancer treatmen 

Nanoparticle 

name / 

Company 

Nanoparticle 

type  

Specifications Institution / 

Year of 

approval  

Applications 

(other than in 

breast cancer) 

Reference 

Fam-

trastuzumab 

deruxtecan / 

AstraZeneca / 

Daiichi Sankyo 

Anti-HER2 

antibody-drug 

conjugate 

Cases with 

prior anti-HER2 

therapies  

FDA / 2022  (Rodriguez et 

al. 2022) 

 

Sacituzumab 

govitecan / 

Immunomedic

s 

Trop-2 directed 

antibody-drug 

conjugate  

Metastatic triple 

negative breast 

cancer  

FDA / 2020  (Rodriguez et 

al. 2022), (Yang 

et al. 2023) 

Pazenir / 

Ratiopharm 

GmbH 

Albumin-bound 

paclitaxel 

Metastatic 

breast cancer  

EMA / 2019 Pancreas & 

lung cancer  

(Rodriguez et 

al. 2022) 

Onivyde MM-

398 / 

Merrimack 

 

 

PEGylated-

Liposomal 

irinotecan 

 FDA / 2015 Various cancers (Anselmo and 

Mitragotri 

2019)  

Cadcyla / 

Roche 

Genentech 

DM1-linked 

trastuzumab  

HER2+ breast 

cancer  

FDA / 2013;  

EMA / 2013 

 

 (Rodriguez et 

al. 2022) 

 

Lipodox / 

Taiwan 

Liposome  

Liposome 

doxorubicin 

 FDA / 2013 Ovarian cancer, 

Kaposi sarcoma 

(Yang et al. 

2023), (Kafle, 

Agrawal, and 

Dash 2022) 

Abraxane / 

Celgene 

 

 

Albumin-

particle bound 

pacitaxel 

Secondary 

metastatic 

breast cancer   

FDA / 2005;  

EMA / 2008 

Various cancers  (Yang et al. 

2023)  

Genexol-PM / 

Samyang 

Biopharmaceu

ticals 

Paclitaxel 

polymeric 

micelle 

nanoparticle 

 FDA / 2007 Head and neck (Anselmo and 

Mitragotri 

2019), (Yang et 

al. 2023) 

Lipusu / 

Nanjing Luye 

Sike 

Pharmaceutica

l 

Paclitaxel 

liposome  

 

 FDA / 2006 Advanced solid 

tumors 

(Yang et al. 

2023) 
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Nanoparticle 

name / 

Company 

Nanoparticle 

type  

Specifications Institution / 

Year of 

approval  

Applications 

(other than in 

breast cancer) 

Reference 

Nanoxel Polymeric 

micelle 

paclitaxel 

 FDA / 2006 Non-small cell 

lung cancer and 

pancreatic 

cancer 

(Yang et al. 

2023) 

Definity / 

Lantheus 

Medical 

Imaging 

Perflutren lipid 

microspheres 

 

Ultrasound 

contrast agent 

 

 

FDA / 2001 Various cancers (Anselmo and 

Mitragotri 

2019) 

SonoVue / 

Bracco 

Imaging 

 

 

Phospholipid 

stabilized 

microbubble 

Ultrasound 

contrast agent 

 

EMA / 2001 Various cancers (Anselmo and 

Mitragotri 

2019) 

Myocet / Teva  

 

 

Non-pegylated 

liposomal 

doxorubicin  

Primary 

metastatic 

breast cancer  

EMA / 2000 Various cancers  (Yang et al. 

2023)  

 

Doxil Ccaelyx / 

Janssen 

 

PEGylated-

Liposomal 

doxorubicin 

 FDA / 1995;  

EMA / 1996 

 

 

Various cancers  (Anselmo and 

Mitragotri 

2019) 

Doxil / Sequus 

Pharmaceutica

ls I  

 

PEGylated-

Liposomal 

doxorubicin 

Advanced stage 

breast cancer  

FDA / 1995  (Tagde et al. 

2022) 

LipoDox / Sun 

Pharmaceutica

l Industries  

 

Doxorubicin 

hydrochloride 

liposome 

Metastatic 

breast cancer 

FDA / 1995 Advanced 

ovarian cancer 

(Tagde et al. 

2022) 

 

 
Table 2. Nanoparticle drug therapies or diagnostic agents not yet approved, with application in breast cancer treatment 

Nanoparticle name 

/ Company 

Nanoparticle type  Specification Applications 

(other than in 

breast cancer) 

Reference 

ThermoDox / 

Celsion 

 

Lyso-

thermosensitive 

liposomal 

doxorubicin 

Breast cancer 

recurrence 

 

 

Various cancers (Regenold et al. 

2022)  

Mitoxantrone 

hydrochloride 

liposome / CSPC 

ZhongQi 

Mitoxantrone 

liposome 

 

 

 Lymphoma 

 

(Anselmo and 

Mitragotri 2019) 
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Nanoparticle name 

/ Company 

Nanoparticle type  Specification Applications 

(other than in 

breast cancer) 

Reference 

Pharmaceutical 

Technology  

MM-302 / 

Merrimack 

Pharmaceuticals 

PEGylated HER2-

targeted liposomal 

doxorubicin  

Breast-cancer 

specific 

 (Anselmo and 

Mitragotri 2019) 

Cynviloq IG-001 / 

Serronto 

Paclitaxel 

polymeric micelle 

nanoparticle 

Breast-cancer 

specific 

 (Nghan Le et al. 

2018)  

NK105 / Nippon 

Kayaku 

Paclitaxel micelle 

nanoparticle 

Breast 

cancer-

specific 

 (Anselmo and 

Mitragotri 2019) 

Anti-EGFR-IL-dox 

/ Swiss Group for 

Clinical Cancer 

Research; 

University Hospital 

Basel 

Doxorubicin-

loaded anti-EGFR 

immunoliposomes 

 

Advanced 

triple 

negative 

EGFR 

positive 

breast cancer 

High grade 

gliomas 

(Anselmo and 

Mitragotri 2019) 

IVAC_W_bre1_uID 

/ BioNTech SE 

 

 

Patient-specific 

liposome (tumor 

antigen-specific) 

complexed RNA 

Triple 

negative 

breast cancer  

 (Anselmo and 

Mitragotri 2019) 

dHER2+AS15 / 

GlaxoSmithKline  

 

 

dHER2 antigen-

Specific 

Immunotherapeutic 

with lapatinib 

Metastatic 

breast cancer 

 (Tagde et al. 

2022) 

Lipoplatin / 

Regulon  

 

 

Liposomal 

cisplatin 

 Non-small cell 

lung cancer, 

pancreatic, 

head and neck 

cancer 

(Tagde et al. 

2022) 

EndoTAG1 / 

MediGene  

 

Liposomal 

paclitaxel 

 Pancreatic 

caner  

(Tagde et al. 

2022) 

DPX-0907 / 

ImmunoVaccine 

Technologies  

 

Multicancer-

incorporated 

antigens 

 Ovarian and 

prostate cancer 

(Karkada, 

Berinstein, and 

Mansour 2014) 

LEM-ETU / 

NeoPharm 

Liposomal 

mitoxantrone 

 

 Leukemia, 

stomach, liver 

and ovarian 

cancer 

(Bulbake et al. 

2017) 

LEP-ETU / 

NeoPharm 

 

Liposomal 

paclitaxel 

 Broad range of 

advanced 

cancer 

(Slingerland et al. 

2017) 
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4. Conclusion 

 

Free drug treatments are now being replaced by nanoparticle drug designs, due to the many advantages they 

offer. On the other hand, nanoparticles as drugs are continuously facing challenges due to technological, 

biological, and clinical limitations, as well as long term potential toxicity and pharmaceutical stability. 

However, nanomedicine is expected to make ongoing breakthroughs in medicine due to their active targeting 

of cancer cells, overpassing drug toxicity and drug resistance to chemotherapeutic agents. Nanomedicine 

alone, or in combination with other therapeutic strategies, are revolutionizing cancer treatment due to their 

significantly lower toxicity compared to the traditionally formulated drugs and their cancer-specific 

treatment efficiency.  
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