
A Review of Breast Cancer Treatment Advancement Using a Drug Designing Approach 
                      Section A-Review paper 

      

Eur. Chem. Bull. 2023,12(Special issue 12), 901-907                                                                                                              901 

  

A Review of Breast Cancer Treatment Advancement Using a  

Drug Designing Approach 
 

1*Kajal Verma, 2Dr. Lakshmi Pillai      

 
1*Research Scholar 

SAGE Institute of Biological Science, 

SAGE University 

Indore, Madhya Pradesh 
2Assistant Professor 

SAGE Institute of Biological Science, 

SAGE University 

Indore, Madhya Pradesh 

kajalverma28095@gmail.com,Lakshpillai1@gmail.com  
 

  

Abstract— Despite these efforts, the cancer drug development research field continues to be 

incredibly difficult, and therapeutic advancements have not yet produced the desired clinical outcomes. 

Breast cancer (BC) continues to rank among all cancer types as one of the most dangerous diseases, 

accounting for a significant portion of cancer-related deaths among women globally, and the number of 

cases that are identified each year is rising. As a result, a new direction in research has emerged that 

sought to explain how drugs work, predict drug resistance, and identify biomarkers for numerous 

diseases. Drug design aims to locate a molecule with the right chemical and geometric properties to 

stick to a specific site on a protein target. It's difficult to discover new medicines. Structure-based and 

ligand-based drug design are the two main methods used in the pharmaceutical industry today. The key 

to developing drugs was understanding protein structure and function, for which contemporary methods 

based on combinatorial approaches like proteomics, genomics, and bioinformatics were applied. It's 

crucial to determine which cell or tissue the medicine will target in order to properly and profitably 

design a new drug. The main aim of this article is to impart a succinct introduction to computer-aided 

drug design, which is crucial to contemporary medical research and has a bright future in the 

development of novel treatments with less time and financial investment 
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INTRODUCTION 

Breast cancer (BC) is among the most well-known diseases influencing women around the world. In 

2016, there was a sum of 246,660 new instances of BC in the US, representing 14% of all deaths around 

the world [1]. Medication resistance and metastasis to other organs, like the lymph nodes, bone, lungs, 

and liver, are the leading causes of death from breast cancer. It is basically accepted that a protein 

belonging to the ATP-binding cassette takes part a vital role in therapy resistance in certain types of 

cancer. Breast cancer is difficult to diagnose and treat because of multidrug resistance (MDR), which is 

caused by the overexpression of proteins such as P-glycoprotein, ABCG2, and BCRP. Although 

progress in small molecules, proteins, and peptides for immunotherapy, controlled-release medicine 

administration and targeting are not yet feasible. The majority of deaths from breast cancer can be 

attributed to metastasis, as has already been shown [2,3]. Several mechanisms mediate breast cancer 

regulation and metastasis dissemination. Our understanding of the biological roles of ERs, PRs, and 

mailto:kajalverma28095@gmail.com
mailto:Lakshpillai1@gmail.com


A Review of Breast Cancer Treatment Advancement Using a Drug Designing Approach 
                      Section A-Review paper 

      

Eur. Chem. Bull. 2023,12(Special issue 12), 901-907                                                                                                              902 

  

HER-2 in the development of different breast cancer subtypes has increased [4-6] 

DIFFERENT TYPES OF DRUG DELIVERY APPROACHES: 

Drug delivery systemic approach 

Nanocarrier-based chemotherapy works well on many cancer sites. Nanoparticles (NPs') versatile 

surface-modifying capacity leads cells to tumor vasculature. Nanoscale encapsulation of 

chemotherapeutic compounds is the greatest way to reduce side effects and increase breast cancer 

treatment absorption. In order to acquire a deeper and better understanding, the biodistribution and 

pharmacokinetics of EGFR-targeted polymer-blend nanoparticles packed with lonidamine and 

paclitaxel were studied. Certain nanoparticles excelled in drug solutions and nontargeted nanoparticles’ 

pharmacokinetics, enabling new multidrug-resistant cancer treatments [7]. Organic and inorganic 

particles are the most prevalent and commonly used drug delivery methods. 

Drug delivery using an Organic approach: 

 Polymeric micelles consist of a combination of surfactants, phospholipids, long-chain fatty acids, and 

water-soluble polymers. Micelles provide water-insoluble drugs. Paul Ehrlich proposed targeting 

diseased cells with them. Micelles improve retention, permeability, and medication half-life in tumors 

with restricted blood supply [8]. In MCF-7/doxorubicin-resistant cells, they increase intracellular drug 

concentration and cytotoxicity via inhibiting P-gp efflux and activating receptor-mediated endocytosis 

[9,10]. Breast adenocarcinomas have also been successfully treated using artificial immunological 

micelles loaded with antibodies. For HER-2-positive breast cancer, antibody-conjugated lysosomal P 

(LA-co-TMCC)-g-PEG furan micelles proved effective in combination with anti-HER-2 monoclonal 

antibody (mAb) [11-13]. 

Localized drug delivery approaches: 

Recurrent breast cancer therapies include chemotherapy, radiotherapy, and surgery. Early-stage cancers 

benefit more from localized than systemic medication administration-stage cancers benefit more from 

localized than systemic medication administration. Natural (like hyaluronic acid and collagen 

polypeptides) as well as synthetic polymers are utilized for intratumor drug administration in malignant 

tissue. Continuous smart drug delivery therapy, nanofibers with adaptable shapes and strength, and 

intraductal injection of NPs or polymers via a microcatheter are all ways to boost performance [14]. 

Drug delivery using an inorganic approach: 

Chemotherapy with gold nanoparticles (GNPs) is used to treat different cancers. They are capable of 

freely moving between tumor cells thanks to their tiny size (about 130 nm) and high selectivity. 

Biomarkers for cancer diagnosis and antibiotic development both benefit from GNP coatings' usage as 

probes in transmission electron microscopy. The Brust-Schiffrin method as well as the citrate reduction 

of gold in water are the two most prevalent approaches to producing GNP. Cellular absorption of GNP-

attached transferrin molecules was shown to be higher than that of transferrin molecules without GNPs 

in an experiment using breast cancer cells [15, 16].  

Receptor-based drug delivery approaches:  

A network of receptors controls the growth of breast cancer, and each of these receptors could be a 

target for treatment. Clinical trials based on receptor-targeting research are now recruiting patients with 

advanced breast cancer. Despite advancements in cytotoxic medications such as gemcitabine, 

doxorubicin, and vinorelbine, overall survival rates remain dismal. Breast cancer cells have been shown 
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to target several different receptors, including HER-2, EGFR and VEGFR. The studies showed that 

tyrosine kinases regulate IGF-IR, while VEGFR stimulates angiogenesis. In triple-negative breast 

cancer, the EGFR family member HER-2 is poorly differentiated [17]. 

Anti-Cancer drug target prediction: 

Over 30,000 genes in the human genome 6 to 8 thousand have been determined to be potentially useful 

for medicine. Thus far, only about 400 encoded proteins have been found to be useful in creating new 

treatments [18]. In contrast to numerous other human diseases, cancer today offers a rich variety of 

molecular targets on which to focus the creation of new therapies [19]. Even if drug and protein 

interactions are possible, the "one molecule, one target, one disease" approach is still commonly 

adopted in traditional drug development. Yet, the importance of various target proteins in relation to 

several different types of complex disorders has been underestimated [20, 21]. Off-target drug effects 

are undesirable and hard to regulate, and the "poly-pharmacological" properties of some treatments can 

have unintended consequences. These effects are notably noticeable in anti-cancer medications. 

Structure-based drug discovery: 

In a “structure-based method," structural knowledge is used to figure out how bioactive compounds 

interact with the receptors that recognize them [22]. The development of biomolecular spectroscopic 

tools like Crystallography using X-rays and NMR has helped us learn a lot more about the structure of 

the therapeutic target. Both of these tools have made a big difference in the amazing progress that has 

been made in this field. The three-dimensional protein structure can be used to create novel ligands with 

therapeutic benefits. So, structure-based design (SBD), which is the process of finding and improving 

early lead compounds, could give us important information about how to design and make new 

medicines [23, 24]. To get the pharmacological and therapeutic effects that are wanted, the high-affinity 

ligand must first selectively change the activities of cells that are known to be drug targets [25]. 

Captopril, the first ACE inhibitor produced in the 1980s, is often cited as an early and successful 

example of utilising structural knowledge to optimise the design of medication [26]. Since the 

publication of this study, structure-based drug development has developed into a cutting-edge and 

powerful algorithm as well as a strategy that supports quicker, less expensive, and more efficient drug 

development. An escalating number of effective applications have played key roles in cutting-edge 

medical research over the past 10 years, thanks in large part to the enormous efforts that have been 

made to advance the SBD strategy [27-31]. 

Molecular Docking 

In rational drug design, docking is a common structure-based approach. This strategy entails 

investigating the biomolecule binding preferences and interaction strengths of the ligand and the 

receptor, and then formulating predictions based on those findings. 32 Docking can be broken down into 

two categories, rigid and flexible docking, according to the level to which the ligands that are employed 

in the computational approach are flexible [33, 34]. The rigid docking method is a type of binding 

model that does not take into consideration flexibility or the induced-fit theory [35]. Instead, it places 

emphasis on how well the ligand and the target proteins match up physically, chemically, and 

geometrically. For high-throughput virtual screening using a plethora of datasets for very small 

molecules, rigid docking is commonly used because of its speed and efficiency. This is done in order to 

be time-efficient, as rigid docking is both quick and very effective. The flexible docking strategy, on the 

other hand, takes into account data that is more exact and accurate. The rapid increase in computer 

power and efficiency led to a broadening of the availability of flexible docking approaches. These 

techniques have continued to make strides forward. Docking software is available in a wide variety of 
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types, including Glide, FlexX, DOCK and AutoDock amongst others. 

Structure-Based Pharmacophore (SBP) Mapping 

Target-ligand complex-based approaches and target-binding server (without ligand) approaches can be 

distinguished based on the ease with which their respective ligand structures can be accessed [36]. The 

target-ligand complex-based method makes locating the protein's ligand-binding pocket easy and 

evaluates the primary ligand-protein interactions. As an illustration, consider the apps Ligand Scout, 

Pocket v.2, and GBPM [37]. Notably, they are inapplicable as settings when the identities of the ligands 

are unknown. Discovery Studio is a good illustration of a program that takes a macromolecule-based 

approach rather than relying on ligands or receptor-ligand interactions [38]. 

Standard of Care and Emerging Therapies for Breast Cancer Subtypes 

Emerging Therapies like Metastatic HR+ BC may develop resistance to conventional hormone therapy 

if the ER's genetic makeup is altered or if other signalling pathways are upregulated. New medications 

have been developed in an effort to counteract the body's natural resistance to hormone treatment [39, 

40]. As time passes, advancement in the field of medical science and the pharmaceutical sector new 

molecules are identified and are currently in different phases of trial as shown in the table1. 

Table: New medications for breast cancer's many molecular subtypes (BC) with the most recent Stage 

of Clinical Development of Various 

I. For treating HR+ BC 

Palbociclib 

Phase III 

Ribociclib 

Phase III (ongoing) 

Abemaciclib  

Phase III (ongoing) 

Buparlisb 

Phase III 

Pictilisib 

Phase II (will not be 

further pursued) 

Pilaralisib  

Phase I/II (will not be 

further pursued) 

Voxtalisib 

Phase I/II (will not be 

further pursued) 

Alpeisib 

Phase III (ongoing) 

Taselisib 

Phase II (ongoing) 

Entinostat  

Phase III (ongoing) 

Vorinostat  

Phase II 

 

 

II. For treating HER2+ BC III. For treating triple-negative breast cancer 

Buparlisb 

Phase II 

Pilaralisib 

Phase I/II 

MK-2206 

Phase I 

Olaparib 

Phase III 

Talazoparib 

Phase III (ongoing) 

Veliparib 

Phase III (ongoing) 

Niraparib 

Phase III (ongoing) 

Rucaparib 

Phase II (ongoing) 

Glembatumumab 
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Phase II (ongoing) 

Bicalutamide 

Phase II 

Pembrolizumab 

Phase II (ongoing) 

Numerous promising novel drugs and combination techniques are currently being tested in clinical 

trials, and if they prove beneficial, they will offer a glimmer of hope for improving the treatment of BC 

[41]. Furthermore, a specific treatment approach based on the biological and molecular characterization 

of individual patients can further revolutionize BC therapy by allowing for the optimization of dose and 

regimen. Using gene profiling results to find genetic biomarkers, effective treatment options can be 

developed. Yet, the complexity of regulatory permissions and data integrity presents the greatest 

obstacle to the successful healthcare translation of this technique. 

Conclusion 

The use of computational approaches in biological research has become essential. Building new, 

effective methods to create new pharmaceuticals has been made possible by the use of bioinformatics 

and knowledge from the domains of genomes and proteomics. The body of information in these areas 

aids in understanding the genetics of disease, predicting protein structure, and annotating DNA and 

genomes. There has been a shift in pharmaceutical research towards demonstrating how drugs work, 

foreseeing the development of drug resistance, and discovering biomarkers for a wide range of illnesses. 

Drug development is a labour-intensive, expensive, and complex process. In many aspects, 

bioinformatics is a significant help in overcoming cost and time constraints. Numerous drug-related 

databases and pieces of software are made available by bioinformatics, and they can be applied in a 

variety of ways to the process of designing and developing new drugs. Rational drug design has been 

considered ideal because many factors, including bioavailability, toxicity, and metabolism, can impact a 

drug's effectiveness. Rational drug design has become possible thanks to recent important technological 

advances in computer science, molecular biology, and the structural characterization of 

biomacromolecules. 
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ER = estrogen receptor, 

Her2 = human epidermal growth factor receptor 2,  

PR = progesterone receptor 
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