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Abstract 

Breast cancer continues to be one of the most common reasons for hospitalization and mortality 

each year. As time goes on, novel anticancer drug formulations are being released on the 

market, raising the concern of medical professionals due to their superiority, toxicology, and 

cost-effectiveness compared to the traditional formulation of the same drugs. Doxorubicin is 

an effective cancer drug that comes in three forms: pegylated liposomal, nonpegylated 

liposomal, and conventional non-liposomal. Although it is more expensive, liposomal 

doxorubicin has been shown to have a more favorable toxicological profile than conventional. 

The cost-effectiveness of liposomal doxorubicin has not been thoroughly investigated due to 

the small number of research that have been conducted. Apart from that this article highlights 

the use of traditional doxorubicin has been somewhat restricted due to the adverse effects it can 

produce, whereas liposomal formulation has favorable safety profile. In the overall treatment 

of breast cancer, the formation of a liposomal form of doxorubicin, which is less harmful to the 

heart, better tolerated, and just as effective, expands the therapeutic alternatives available. 

 

Keywords: Doxorubicin; breast cancer; liposome; liposomal doxorubicin; cardiotoxicity; 

metastasis.  
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Chapter 1  

Introduction  

Breast cancer is now the most common type of cancer in the world, with 2.3 million new cases 

in both men and women. It has surpassed lung cancer as the most common type of cancer to be 

identified. It was by far among the most common cancer in women in 2020, accounting for 

25% of all female cancer cases, and its burden has been rising globally, especially in 

transitioning nations (Heer et al., 2020).The World Health Organization (WHO) and its 

affiliates are working to reduce the death rate associated with breast cancer by promoting early 

detection of the disease in addition to effective treatment and care of patients. This will be 

accomplished through involving the assistance of international partners and coordinating long-

term initiatives designed to improve results (Arnold et al., 2022). And to treat this fatal disease 

doxorubicin is considered as the most effective therapeutic agents. Because of the importance 

of doxorubicin in the treatment of breast cancer, a considerable amount of research has been 

carried out in an effort to improve the therapeutic index of doxorubicin. In particular, efforts 

have been focused on reducing the cardiac toxicity that is associated with the drug. Doxorubicin 

is widely regarded as the gold-standard anthracycline for treatment of breast cancer, whether it 

is administered as a single agent or as a part of combination regimens (Batist et al., 2002). 

1.1. Cancer 

Cancer termed as “a wound that never heals”, is distinguished by the uncontrolled 

multiplication of abnormal cells and atypical identification of the immune system. The World 

Health Organization estimates that 9.6 million deaths in 2018 were caused by cancer (Yin et 

al., 2021). Generally, the cancer is caused due to a buildup of genetic, epigenetic, and 

transcriptional changes that give cancer cells important traits, such as the ability to keep 

growing, invade, angiogenesis also metastasis and apoptosis and these traits are referred as 
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hallmarks of cancer cells (Hanahan & Weinberg, 2011; Nassar & Blanpain, 2016) . A normal 

cell's genome will acquire mutations in tumor suppressor genes, proto-oncogenes, and other 

genes involved in the regulation of cell growth in the process of developing into a cancer cell. 

These mutations are necessary for the development of cancer. Research on molecular markers 

is ongoing, with the overarching goal of determining how the presence or absence of molecular 

markers promotes the progression of cancer. The protein p53 is an example of a tumor 

suppressor. The p53 tumor suppressor protein, which is one of the most crucial controllers on 

the cell cycle in both types of cells and which is present in normal human cells as well as in 

human cancer cells, is altered in practically every occurrence of the latter. This occurs in both 

normal human cells as well as in human cancer cells. When normal cellular conditions are 

present, p53 is the factor that is responsible for putting a stop to cell growth in the event that 

physiological stress or damage is present. And to eradicate this cancer cell there are several 

treatments has been developed such as chemotherapy, surgery, radiation therapy along with 

recently developed immunotherapy. Despite the fact that these treatments have prolonged 

cancer patients' survival, a large proportion of patients experience its again and are unable to 

achieve long-term survival. Therefore, it is essential to have a comprehensive comprehension 

of cancer from its onset to its metastasis and relapse. 

1.2. Different type of cancer 

The burden of cancer has consistently increased despite advances in our understanding of the 

disease. Cancers have surpassed cardiovascular diseases as the primary cause of death in 

several high-income countries (HICs), causing twice as many deaths as heart disease and stroke 

(Mattiuzzi & Lippi, 2019; Siegel et al., 2020). Cancer is characterized by the rapid production 

of abnormal cells that grow beyond their normal boundaries, invading adjacent body regions 

and spreading to other organs. Metastasis is the leading cause of cancer-related mortality. 

Environmental factors play a significant role in initiating cancer. Cancer is estimated to account 
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for one in six fatalities worldwide. There are numerous varieties of cancer, some of which are 

more prevalent in males and females than others, such as prostate cancer and breast cancer, 

respectively (Bisoyi, 2022). And there is other several common cancers such as bladder cancer, 

thyroid cancer, liver, lung, Melanoma, pancreatic cancer etc. (National Institute for Health, 

2021). 

1.3. Doxorubicin in Cancer: 

Doxorubicin is an antibiotic produced from the bacteria Streptomyces paucities. The 

Streptomyces spp. bacteria were altered genetically by researchers so that they might produce 

a substance formerly known as Adriamycin and now known as doxorubicin. In spite of the fact 

that doxorubicin had a greater therapeutic index, cardiotoxicity remained a significant obstacle. 

These molecules served as models for later research, which has resulted in the discovery of 

approximately more than 2000 different analogs of doxorubicin at this point (Heer et al., 2020). 

Since the 1960s, it has been widely used as a chemotherapeutic agent and it belongs to the 

anthracycline class. The malignancies of the breast, ovarian, bladder, and thyroid can all be 

treated with doxorubicin. It is also a potential treatment for sarcomas of the bone and soft tissue. 

Acute lymphoblastic leukemia and several other leukemia such as acute myeloblastic leukemia, 

Hodgkin lymphoma, and small cell lung carcinoma are some of the other forms of cancer that 

can be treated with this medication (National Cancer Institute, 2018). Adriamycin, 

cyclophosphamide (AC), Taxotere, AC, Adriamycin, and Taxotere are some examples of the 

doxorubicin-containing regimens that are commonly used (Rivankar, 2014a). In the treatment 

of some types of thyroid cancer as well as particular kinds of soft tissue or bone sarcomas 

(cancer that forms in muscles and bones), doxorubicin may be administered on its own or in 

conjunction with other types of therapy. In addition, it is utilized in the treatment of 

neuroblastoma, which is a form of cancer that originates in nerve cells and most commonly 

affects children, as well as Wilms' tumor, which is a form of kidney cancer that affects children. 
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1.4. Aim of the project  

Breast cancer is one of the most frequent types of cancer in women, with one out of every seven 

women being diagnosed with it at some point in their lives. And doxorubicin is recognized as 

one of the potential treatments. Here we will focus comparison of conventional doxorubicin 

with liposomal encapsulated in treatment of breast cancer. Despite the fact that conventional 

doxorubicin can be curative in certain cases, doxorubicin induces toxicity in most of the main 

organs, particularly cardiotoxicity, which can be fatal. A significant step forward in the attempt 

for reducing the cardiotoxicity that is associated with the use of conventional doxorubicin was 

liposomal formulation of doxorubicin. And aim of the research is to show liposomal 

formulation reduce toxicities without compromising the effectiveness of the drug.  

1.5. Objective of the study  

- To give an idea of how liposomal formulation is used to treat breast cancer. 

- In order to make more informed drug selections during breast cancer treatment. 

-To know about comparison of conventional and liposomal formulation of doxorubicin. 
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Chapter 2  

Methodology 

In the treatment of breast cancer, this article offers a comprehensive summary of a comparison 

between conventional doxorubicin and liposomal doxorubicin. This review paper's information 

was obtained from studies that had been published and had been subjected to peer review, as 

well as from news articles, academic papers that had been published, and websites. In addition, 

for the purpose of this investigation, articles published in notable journals such as Springer, 

Nature, Cells, The Lancet, MDPI, Frontiers, Bio pharma etc were analyzed. The pros of 

liposomal formulation, as well as its potential in the future, was determined with the help of 

information and data gathered from a large number of studies. The fact that all of the 

information has been compiled and referenced correctly has led to an increase in 

comprehension. Efforts were undertaken to find information that was missing from the 

accessible literature or that had been withheld. Apart from that information was also taken from 

different clinical studies after thorough studying the all the studies. 
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Chapter 3  

Liposome as a drug delivery system 

 

 

Figure 1. Liposome as a vehicle in drug delivery 

  

The self-assembling phospholipid-based drug vesicle known as a liposome can either form a 

single bilayer (known as a uni-lamellar liposome) or a concentric array of multiple bilayers 

(known as a multi-lamellar liposome), both of which enclose an aqueous compartment in the 

middle (Liu et al., 2022). Liposomes range in size from 30 nm to micrometers, having a 

phospholipid bilayer that is 4-5 nm thick (Mazur et al., 2017). Numerous studies have been 

conducted on the use of liposomes as delivery systems for small-molecule medications, 

proteins, nucleic acids, and imaging agents (Man et al., 2019a, 2019b; Mirzavi et al., 2021; G. 

Wang et al., 2021). Liposomes are effective drug delivery systems because they protect the 

encapsulated compounds from physiological deterioration (Niu et al., 2012), increase the drug's 

half-life, regulate the release of drug molecules (N. Wang et al., 2009), and have good 

biocompatibility and safety. Also, liposomes can deliver the medicine directly to the diseased 

site through passive and/or active targeting, which reduces systemic side effects, raises the 

maximum dose that can be taken, and improves the therapeutic benefits (Zeng et al., 2021). In 



7 
 

contrast to normal tissues, abnormal tissues, such as solid tumors or an inflammatory patch, 

have very permeable capillaries (ranging from 100 nm to 2 m depending on the size and kind 

of tumor tissue). Normal tissues have tight intracellular connections between endothelial cells, 

which measure between 2 and 6 nm. Abnormal tissues, on the other hand, have very porous 

capillaries. Normal tissues also contain tight intracellular junctions between endothelial cells. 

The term "increased permeability and retention" (EPR) refers to the mechanism by which 

liposomes are able to flow across discontinuous neo vasculature and then be passively gathered 

and maintained at aberrant tissues. This process is known as the "EPR effect." When active 

targeting is performed, the chemicals and receptors that are present on the surface of the 

liposomes and the tumor cells interact in a very particular manner. There is a possibility that 

tumor cells have an increased level of expression of certain receptors. These receptors include 

those for the vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), folic 

acid (FA), integrin, and CD44. Liposomes are an efficient mode of drug administration that can 

be used in conjunction with a variety of treatments (Figure1).  

3.1. Structure of liposome 

 

Figure 2. Structure of Liposome 

                  

Liposomes have been divided into four groups based on their size and number of bilayers: 

small unilamellar vesicles (SUV), large unilamellar vesicles (LUV), multilamellar vesicle 
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(MLV), and multivesicular vesicles (MVV)(Nsairat et al., 2022). In their unilamellar structure, 

liposomes have a monophospholipid bilayer, whereas in their multilamellar structure, they have 

an onion-like structure as many unilamellar vesicles are made inside bigger liposomes, MVV 

form a multilamellar structure with concentric phospholipid spheres (Maja et al., 2020). Unlike 

MLVs, MVLs have a structure resembling a honeycomb and are made up of numerous non-

concentric aqueous compartments that are separated from one another by a single bilayer lipid 

membrane (Kim et al., 1993). ULVs are classified into three types based on particle size: small 

unilamellar vesicles range from (30-100 nm), large unilamellar nm vesicles range is greater 

than 100 nm, and giant unilamellar vesicles is greater than 1000 (Fan et al., 2021). Only for 

hydrophilic compounds does the efficacy of liposome encapsulation increase with increasing 

liposome size, while it decreases with the number of bilayers (Ong et al., 2016). The half-life 

of liposomes is affected by many things, but one of the most important is the size of the vesicles. 

The amount of drug inside depends on both the size and the number of bilayers. When 

liposomes are used to deliver drugs, the desired vesicles are generally between 50 nm and 150 

nm in length (Figure2). 

3.2. Basics composition of liposome  

The basics composition of liposomes is lipid (natural lipid, synthetic lipid), phospholipids and 

surfactant. 

3.2.1. Lipid and phospholipids 

Liposomes are made of spherical or multilayered spherical vesicles that form when diacyl-

chain phospholipids (lipid bilayers) in aqueous liquids self-assemble (Wu et al., 2021).A 

hydrophilic head and a hydrophobic tail make up the phospholipid bilayer membrane 

(Akbarzadeh et al., 2013), which makes it an amphiphilic shape. Phospholipids, which can be 

found in nature or made in a lab, can be used to make liposomes (Sahoo & Labhasetwar, 2003). 

A liposome's size, rigidity, fluidity, stability, and electrical charge are all greatly affected by its 
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lipid composition (Calvagno et al., 2007). Lipid hydrophilic groups can be negatively, 

positively, or zwitterionic charged. Through electrostatic repelling, the hydrophilic group's 

charge promotes stability. The length, symmetry, and saturation of the acyl chains in the 

hydrophobic group of lipids vary (Large et al., 2021). 

3.2.2. Surfactant 

In liposome formulations, surfactants were used to change the way liposomes enclose and 

release substances by lowering the surface tension between different phases that don't mix 

phase (Cipolla et al., 2014)s. The lipid bilayer of liposomal nanoparticles is destabilized by 

surfactants, which increases the deformability of nano vessels (Lee et al., 2005). Sodium 

cholate, Span 60 and several other surfactants like Span 80, Tween 60, and Tween 80 are 

frequent surfactants found in liposomes formulations (Bozzuto & Molinari, 2015). In order to 

improve the skin penetration of encapsulated medicinal agents, numerous types of liposomes 

including surfactants have been utilized extensively as carriers in drug delivery studies. Ultra-

deformable liposomes, which are also known as transferosomes, are nanovesicles that are based 

on surfactants and have shown promising results in transdermal medication delivery. Edge 

activator is the most important factor in liposomes' ability to be deformed. The edge activator 

has the ability to change the lipid bilayers of the vesicles, which increases the vesicles' 

deformability. In contrast to traditional liposomes, these nanovesicles have the ability to 

respond to changes in osmotic pressure through the process of fast shape alterations that require 

only a small amount of energy. Furthermore, ultra-deformable liposomes increased the drug's 

trans epidermal flow, making them a better nanovesicle to use for topical application of 

antihypertensive medicines (Paolino et al., 2012). 

3.2.3. Synthetic lipid 

The non-polar and polar sections of natural phospholipids are subjected to particular chemical 

alterations in order to facilitate the production of synthetic phospholipids. Because of the 
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alteration, it is now possible to produce an infinite variety of phospholipids that are clearly 

defined and organized. Stearic or palmitic fatty acids are used as the starting point for the bulk 

of saturated synthetic phospholipids (van Hoogevest & Wendel, 2014). 

3.3. Available liposomal product in the market 

There are 14 types of liposomal product that have been authorized by FDA and EMA and FDA 

had approved the first liposomal product (Table1), called Doxil (doxorubicin HCl liposome 

injection), in 1995. 43% of these products that are now on the market had their permission 

granted prior to the year 2000, while 57% of these items had their approval granted prior to the 

year 2010. The therapeutic field focuses the majority of its attention on the management of 

cancer, yet it also includes a wide range of other subjects, such as the treatment of infections 

and anesthesia, the development of vaccines, the treatment of lung diseases, and photodynamic 

therapy. The lyophilization powder and the sterile suspension make up the majority of the 

available dosage forms (Liu et al., 2022). 

Table 1. List of Liposome-based products with clinical application. 

Reference  Available 

product 

name  

Active 

ingredients  

Clinical Application  Name of the 

company  

(Working & 

Dayan, 1996) 

Doxil® 

 

Doxorubicin  Breast cancer Sequus 

Pharmaceuticals 

(Bulbake et al., 

2017) 

Myocet® 

 

Doxorubicin  Metastatic breast 

cancer combined with 

cyclophosphamide 

Elan 

Pharmaceuticals 

(Balazsovits et 

al., 1989; 

Mepact® 

 

Mifamurtide Osteosarcoma Takeda 

Pharmaceutical 

Limited 
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Bulbake et al., 

2017) 

(Alphandéry et 

al., 2015) 

Marqibo® 

 

Vincristine Acute lymphoblastic 

leukemia 

Talon 

Therapeutics, Inc. 

(Bulbake et al., 

2017) 

Onivyde™ Irinotecan Adenocarcinoma of 

the pancreas 

Merrimack 

Pharmaceuticals 

Inc. 

(Bulbake et al., 

2017) 

Exparel® Bupivacaine In treatment of pain 

management  

Pacira 

Pharmaceuticals, 

Inc. 

(Bulbake et al., 

2017) 

Depocyt® Cytarabine Neoplastic meningitis SkyPharma Inc. 

3.4. Method to prepare a liposome 

The ethanol injection, double emulsion, thin-film hydration and in situ techniques are among 

the frequently employed manufacturing processes (Liu et al., 2022). 

3.4.1. Solvent injection Technique 

In this technique, lipid materials and lipophilic substances are dispersed in an organic solvent 

that is miscible with water, and then they are injected into a substantial amount of an aqueous 

buffer. This causes the formation of small unilamellar liposomes in a spontaneous manner 

 (Sala et al., 2017). Depending on the preparation conditions, the particle size between 80 and 

300 nm can be produced (Schubert & Müller-Goymann, 2003) and no additional energy input 

is required for particulate size reduction techniques such as sonication and extrusion.The 

liposome suspensions can be concentrated to the required volume after the organic solvent has 

been eliminated using various method such evaporation, lyophilization and diafiltration. 
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3.4.2. Film-Hydration Technique  

This method has been used for a long time and is suitable for adding lipophilic drugs. By 

allowing the lipid-solvent solution to evaporate while the flask is rotating under vacuum, a thin 

layer is produced. The lipid film can be hydrated with the aqueous solution, and MLVs can be 

suspended as a result. The drug material may be passively or actively injected prior to or 

following the formation of liposomes, and SUVs may be created by further reducing the 

particle size. AmBisome, Visudyne, and Shingrix commercial products use this production 

process (Liu et al., 2022). 

3.4.3. Double-Emulsification Technique 

This method is additionally referred to as the DepoFoamplatform, and it has been used to make 

products like epoCyte, DepoDur, and Expel for sale. The whole show is made up of the four 

steps below, which happen in order:1) Making a "water-in-oil" emulsion, 2) Making a "water-

in-oil-in-water" emulsion, 3) Implementing stripped gas or vacuum pressure to extract the 

solvent, and 4) Using microfiltration to get rid of free drug, concentrate, and swap external 

solution (Mantripragada, 2002; Ye et al., 2000). 

3.4.4. In situ technique 

"In situ" refers to liposomes that are formed prior to clinical application (Utsugi et al., 1991). 

This production method was employed by Mepacthas for its commercial product. After the 

medication and phospholipids are combined to form a bulk solution, they are filtered for 

sterilization before being sealed and lyophilized. Mepact only has three pharmaceutical 

ingredients: palmitoyl-oleoyl-phosphatidylcholine (POPC), dioleoyl-phosphatidylserine 

(OOPS), and the active ingredient muramyl tripeptide phosphatidyl ethanolamine (MTP-PE) 

and the ration of this active agent is (POPC: OOPS=7:3, MTP-PE: phospholipids = 1:250) 

(Frost, 1992). 
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3.5. Quality attribution of liposomal drug delivery 

When compared to the administration of conventional doxorubicin, the use of Doxil results in 

a marked reduction in the amount of cardiac toxicity that is caused by the drug. This is because 

the circulating liposome particles are unable to pass through the continuous endothelial 

junctions that are found in the heart's blood channels. When compared to traditional drugs, 

DaunoXome increases the delivery of daunorubicin to tumors by roughly 10 times and delivers 

a sustained release in vivo (Forssen, 1997). The quality attributes (QAs) of a product are any 

features or characteristics that have an effect on the pharmacokinetic and pharmacodynamic 

effects of the product. These properties and characteristics might be physical, chemical, 

biological, or microbiological. And based on the mechanism of pharmacokinetics size of 

distribution, surface modification and phase transition are the critical quality attributes. An 

essential tool for liposome modification, extremely flexible PEG chains coated on liposomes 

to generate a hydration layer reduce MPS clearance, extend circulation lifetime, and inhibit 

liposome aggregation. 
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Chapter 4  

Conventional doxorubicin in breast cancer  

Breast cancer is one of the most common malignancies in women, accounting for 20 to 25 

percent of all female cancers. Patients with metastatic breast cancer are generally considered 

incurable; the median survival time after the appearance of metastases is approximately two 

years. However, a portion of patients who receive systemic chemotherapy regimens based on 

doxorubicin continue to live and have no further disease development for an extended length 

of time. Doxorubicin is regarded as one of the most active chemotherapeutic medicines in the 

treatment of metastatic breast cancer, either as a single agent or in combination regimens. In 

the treatment of breast cancer, doxorubicin is frequently administered alongside other 

chemotherapy medications as part of a multidrug regimen. This strategy, known as combination 

chemotherapy, seeks to target cancer cells via multiple mechanisms and improve treatment 

efficacy (Hu et al., 2022).Doxorubicin may be administered intravenously alone or in 

conjunction with other medications. The dosage and duration of treatment may vary based on 

the specific characteristics of the breast cancer and the oncologist-recommended overall 

treatment plan (X. Wang et al., 2021). 

4.1. Mechanism of action  

 

Figure 3. Mechanisms of Doxorubicin 
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Doxorubicin and other anthracyclines exert it cytotoxic effects through various mechanism  

• Firstly, doxorubicin inhibits DNA and RNA synthesis by intercalating between 

DNA/RNA base pairs. 

• Doxorubicin prevents DNA replication by inhibiting the activity of the enzyme 

topoisomerase II. At the replication fork during DNA replication, topoisomerase II is 

in charge of preventing DNA supercoiling. It accomplishes this by making nicks in 

both DNA strands, allowing them to relax, and then resealing them. After the strands 

have been nicked, dox stabilizes the DNA-topoisomerase II complex, further slowing 

the replication process (Renu et al., 2018). 

• Free radicals produced by doxorubicin, including superoxide, hydroxyl, and hydrogen 

peroxide, can cause cell membrane lipid peroxidation as well as the immediate 

oxidation of thiols, amines, and purine or pyrimidine bases causing the DNA strand to 

split or break. Guanine oxidation by ROS, for instance, happens frequently (Koleini et 

al., 2019; Thorn et al., 2011). 

4.2. Administration and dosing frequency of doxorubicin  

Doxorubicin is often given intravenously at intervals of 21 days. The drug's highly pigmented, 

reddish color in liquid form makes it simple to identify. Heparin and fluorouracil are 

incompatible with doxorubicin, which when combined with them can precipitate. To lessen the 

danger of infusion responses, gradual administration of the liposomal formulation is advised 

even if doxorubicin can be given fast (over 15 to 20 minutes). Prior to administration, 

doxorubicin should be kept in a refrigerator and away from light. Doxorubicin enters tissues 

quickly and has an up to 48-hour half-life before it leaves the body. Doxorubicin goes through 

enzymatic reduction and needs to be protected before being excreted by the bile (Sritharan & 

Sivalingam, 2021). 
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Dosing Indication: 

As an adjuvant for axillary node-positive breast cancer: 

• On the first day of a 21-day cycle, administer 60 mg/m2 IV once. Utilize alongside 

cyclophosphamide. Four cycles should be given to patients(Oikonomou et al., 2018a). 

Monotherapy for leukemia: 

• On the first day of a 21-day cycle, provide 60 to 75 mg/m2 IV. The cumulative 

maximum dosage is 550 mg/m2(Oikonomou et al., 2018a).  

Combination therapy for leukemia:  

• 40–75 mg/m2 IV on the first day of a 21-day or 29-day cycle. The cumulative maximum 

dosage is 550 mg/m2. 

4.3. Toxicity associated with conventional doxorubicin  

Doxorubicin, an anthracycline anticancer medication, is a popular and efficient 

chemotherapeutic treatment for treating a variety of cancers. Cardiotoxicity is its main side 

effect, which may restrict its use (Chatterjee et al., 2010). Doxorubicin can cause acute 

cardiotoxicity, which manifests itself within two to three days of being administered. In roughly 

11 percent of cases, patients have acute cardiotoxicity. The most prevalent signs are chest pain 

caused by myopericarditis and/or palpitations caused by sinus tachycardia, paroxysmal no 

persistent supraventricular tachycardia, and early atrium and ventricular pulses. Doxorubicin's 

anticancer mechanism is distinct from its cardiac toxicity mechanism. Doxorubicin induces 

cardiac myocyte apoptosis via increased oxidative stress, down-regulation of heart-specific 

genes, and cell death. With an estimated frequency of about 1.7%, chronic doxorubicin 

cardiotoxicity is substantially less common. It normally manifests within 30 days of the last 

dose being administered, but it can even happen 6 to 10 years afterwards. The incidence of 

doxorubicin cardiomyopathy is largely proportional to the drug's dosage (Takemura & 

Fujiwara, 2007). The incidence is approximately 4% when the doxorubicin dose is between 



17 
 

500 and 550 mg/m2, 18% when the dose is between 551 and 600 mg/m2, and 36% when the 

dose exceeds 600 mg/m2 (Luu et al., 2018).Besides this, there are several side effects that are 

frequent and include oral sores, baldness, exhaustion, and nausea and vomiting. It's possible to 

experience bone marrow suppression and an elevated chance of subsequent cancer diagnosis. 

Extravasation of doxorubicin following intravenous delivery can cause severe tissue necrosis 

and ulceration, which gets worse with time. It has been reported that doxorubicin-induced 

irreversible cardiomyopathy can occur anywhere from a few months to twenty years after the 

completion of treatment. However, the majority of cases occur within a few months after 

treatment's conclusion. In addition to that, congestive heart failure is a possibility (Singal et al., 

1987; Swain et al., 2003). Higher cumulative drug dose, extreme age, chemotherapy combined 

with additional cardiotoxic drugs, and left ventricular dysfunction prior to treatment are risk 

factors for doxorubicin-induced congestive heart failure. Apart from that, high blood pressure, 

and previous radiation to the mediastinum are also the risk factors (Oikonomou et al., 2018b; 

Pipicz et al., 2018). When doxorubicin is given, about half of the people who get chronic heart 

failure die within a year. 

4.4. Novel formulation of doxorubicin 

The reason behind the novel formulation of doxorubicin is its toxicity. The toxicity of 

conventional anthracyclines has been lessened in a number of ways, such as by making new 

anthracycline analogs, using low-dose, long-term, continuous infusion schedules, combining 

the drug with the heart-protective agent dexrazoxane, and using liposomal encapsulation 

technology. The side effect of this drug that stops it from being used is cardiomyopathy, which 

can cause CHF and death. One way to reduce the harmful effects of doxorubicin is to use drug 

carriers, which change the way the drug is distributed in the body and lead to lower drug 

amounts in the heart (Birtle, 2000; Waterhouse et al., 2001). 
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4.4.1. Liposomal Doxorubicin  

It was necessary to develop a liposomal formulation of doxorubicin that was just as effective 

as the conventional treatment but had less adverse effects. This was made possible because to 

the liposomal delivery system. Because the phospholipids that are utilized in the production of 

these vesicles are sourced from natural sources such as egg yolks or soybeans, the use of 

liposomes as a delivery mechanism is completely risk-free. This is one of the key advantages 

of employing liposomes as a delivery method. Furthermore, in addition, the extent of the 

saturation of phospholipid bilayer can be changed in order to modify the rate at which the drug 

is released. After the reticuloendothelial system (RES) gets opsonin’s from the plasma, it takes 

a few minutes to a few hours for Liposomes, which are made of natural phospholipids 

combined with different quantities of cholesterol, to leave the bloodstream. Because of this 

short half-life, standard liposomes are not very useful in clinical settings (Rivankar, 2014b). 

4.4.2. Pegylated liposomal doxorubicin  

Research in liposomal drug-delivery methods has been revived by the capacity of many 

polymers, including polyethylene glycol (PEG), ganglioside, and cerebroside sulfate, to 

prevent liposomal opsonization by proteins in the plasma and enhance the duration of half-life 

of liposomal pharmaceuticals. There may be a connection between the greater accumulation of 

drug-loaded liposomes in tumor tissue and the improved therapeutic efficacy of liposomal 

anthracyclines, which has been connected to prolonged circulation of liposomes. The 

development of this formulation is a unique kind of liposomal doxorubicin that results when 

the liposomes are coated with PEG by a process known as pegylation, such as 

Doxil®/Caelyx®,, represented a subsequent step in the progression of this kind of treatment 

(Hilger et al., 2005; Twelves et al., 1991). This blocks the uptake of the drug by the RES, which 

in turn lengthens the circulation period beyond that conventional formulation and enables the 

drug to remain encapsulated until it reaches the site of the tumor (Gabizon et al., 1994; Gabizon 
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& Martin, 1997). On the other hand, some evidence raises questions about the effectiveness of 

utilizing pegylation to treat cancer. Because PEG is a rather big molecule, the presence of this 

molecule on the surface of liposomes may reduce the interactions of liposomes with cells and 

make it more difficult for liposomes to enter tumor tissue (Hong et al., 1999). This could stop 

liposomal drugs from building up in the tumor cells. A study that looked at how this formulation 

accumulated in murine Lewis lung carcinoma indicate the benefits of PEG liposomal 

doxorubicin, like higher blood levels and longer time in circulation, may not be as important 

as maximizing drug buildup in tumors (Parr et al., 1997). Pegylated liposomal doxorubicin’s, 

on the other hand, have been linked to a condition known as dose-limiting hand-foot syndrome 

(HFS), And it is also referred as palmar-plantar erythrodysesthesia and is distinguished by 

eruptions of the skin on both palms of the hand and/or soles of the feet. This condition causes 

treatment to be halted for at least two weeks and subsequent dosage to be reduced by 25 percent 

(Rivankar, 2014b). 

4.4.3. Nonpegylated liposomal doxorubicin  

There is still a requirement for stable liposomes that have a long half-life in circulation and do 

not produce detrimental side effects like the HFS. Nonpegylated liposomal doxorubicin 

(NPLD) is a new type of liposomal doxorubicin that offers the benefits of pegylated-liposomal 

doxorubicin without its severe side-effects such as HFS. This new formulation of liposomal 

doxorubicin features a novel drug-delivery method and represents a significant advancement 

in the treatment of cancer. Not only does nonpegylated liposomal doxorubicin injection offer a 

superior safety profile to traditional doxorubicin, but it also outperforms both Doxil® and 

Caelyx® in this regard. NPLD decreases the risk of cardiac toxicity caused by doxorubicin, but 

it also lessens the risk of toxicity like dose-limiting toxicity related to the utilization of 

Doxil®/Caelyx®, such as HFS. This is made possible by combining (1) a specific composition 

with (2) a one-of-a-kind manufacturing technique of the NPLD's liposome, whereby provides 
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it with the suitable physicochemical features. This results in the liposome having the required 

physicochemical characteristics. Both of these aspects of the liposome have been granted 

patents. In comparison to the traditional doxorubicin, the NPLDs have a longer circulation 

duration and reduced cardiotoxicity. As this formulation do not have a PEG coating, they are 

not linked to the excruciating HFS that is associated with PEG-doxorubicin, which is an 

adverse event that limits the dose of the drug. Enzon Pharmaceuticals is the company 

responsible for producing the NPLD known as Myocet® on behalf of Cephalon in Europe and 

Sopherion Therapeutics in the United States of America and Canada. In conjunction with 

cyclophosphamide, Myocet® is licensed for the treatment of breast cancer in Europe and 

Canada (Gabizon & Martin, 1997; Rivankar, 2014b). 

4.4.4. Other formulation of doxorubicin 

Stealth liposomes have earned a significant role in the field of cancer treatment; nonetheless, 

the attachment of ligands to these liposomes continues to be the primary method for modifying 

the selectivity of these liposomes for cancers (Immordino et al., 2006). Antibody coated 

liposomes, also known as immunoliposomes, have been the subject of substantial research. In 

this type of liposome, an antibody either connects with the phospholipid head group of the 

liposome or it connects the end of a PEG polymer (Schnyder & Huwyler, 2005). For the 

purpose of tumor targeting, temperature-sensitive liposomes can also be manufactured. In a 

similar vein, studies are being conducted on the release of doxorubicin using acid triggered, 

enzyme prompted, and light induced mechanisms. Sulfatide-mediated liposome targeting 

(Shao et al., 2006) and (Saul et al., 2003)folate receptor targeting are two further examples of 

active targeting. For doxorubicin, block co-polymers comprising poly (ethylene oxide) and 

poly (propylene oxide) block copolymers, sometimes known as Pluronic’s, are also being 

researched. For the treatment of osteogenic sarcoma, hydroxyapatite implants that contain 

doxorubicin have been produced and evaluated using an in vivo model (Itokazu et al., 1996). 
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There has also been research conducted on thermosensitive poly (organophosphazenes) 

hydrogels that contain doxorubicin. Over the course of 20 days, there was a discernible 

continuation of the loaded doxorubicin's release from the polymer hydrogel. It was discovered 

that Caco-2 cells might be inhibited through the use of microgels made of Pluronic’s that were 

administered orally (Bromberg & Alakhov, 2003). 

Just the liposomal forms of doxorubicin have been subjected to extensive study and evaluation 

in clinical trials with cancer patients at various stages.  
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Chapter 5  

Liposome encapsulated doxorubicin in breast cancer  

It is generally agreed upon that doxorubicin serves as one of the chemotherapy medications 

that is most successful at treating breast cancer that has progressed to other areas of the body. 

It can be used alone or with other drugs. When compared to traditional doxorubicin, the 

therapeutic index of a novel liposomal version of doxorubicin (MyocetTM, Elan 

Pharmaceuticals) is much higher (Batist et al., 2002). The discovery of Myocet, a variant of 

doxorubicin that is less harmful to the heart, better tolerated, and just as effective, broadens the 

treatment choices available for the management of breast cancer in its entirety. One of the most 

prevalent types of disease among women is breast cancer, and it accounts for 20–25 percent of 

all malignancies found in women. Patients with breast cancer who have developed secondary 

tumors of the body are largely considered incurable; the median survival time after the 

appearance of metastases is about 2 years (Clark et al., 1987; Mick et al., 1989). However, after 

the initial course of treatment with doxorubicin-based systemic chemotherapy regimens, a 

certain percentage of patients continue to show no signs of disease development and remain 

alive for extended periods of time. It is possible that the major therapeutic goals of raising this 

fraction of long-term disease-free survivors and improving overall survival rates can be 

achieved with the help of improved medicines that have a convincing tumor response and little 

toxicity standard of living (Greenberg et al., 1996). 

5.1. Formulation of liposomal encapsulated doxorubicin  

One way to lessen the adverse effects of doxorubicin is to use drug carriers. These carriers 

change the way the drug works in the body, which lowers the amount of drug in the heart. 

Several of those carrier systems are based on lipids (liposomes), whereas others are based on 

proteins (virions) (Abraham et al., 2005). 
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There are two approved versions that change the way doxorubicin is distributed in the body in 

an effective manner. Liposomes are effective drug delivery vehicles because the 

microvasculature in tumors is often discontinuous. The pore sizes in tumor microvasculature 

range from 100 to 780 nanometers, which allows liposomes to pass from the blood 

compartment into the extravascular area surrounding the tumor cells. Liposomes that are 

between 100 and 200 nm in size easily leak out into the area where a tumor is growing. This is 

one of the main purposes of liposomal formulation, which is to give drugs in a highly 

concentrated form near the tumor. The major goal of encapsulating doxorubicin in liposomes 

has been to reduce nonspecific organ damage. The doxorubicin can be directed away from 

regions with tight capillary connections, such as the heart muscle, using liposomes. Instead, 

they are found in regions of the body that have fenestrations or holes in their vasculature, such 

as the liver, the spleen, and the bone marrow, as well as locations of inflammation and tumors. 

These particle carrier systems can be recognized as ''foreign'' by the phagocytic cells that make 

up the mononuclear phagocyte system (MPS). Since distribution of these cells that phagocyte 

depends on the physical (size) and chemical (charge) characteristics of the liposomes utilized, 

it should be highlighted that the MPS cells are negatively impacted when liposomes include 

doxorubicin. In particular, subsequent uptake by phagocytic cells, the release of doxorubicin 

leads these cells dying, thereby diminishing the MPS's ability to build up the injected 

liposomes(Allen et al., 2002). This, in turn, is reflected by significantly longer liposome 

circulation lifetimes. Following intravenous injection, liposomal formulations that contain poly 

(ethylene glycol) (PEG)-modified lipids have been shown to have a decreased ability to 

assemble, which results in increased circulation time (Papahadjopoulos et al., 1991). 

Nevertheless, these types of formulations also have MPS toxicity (Parr et al., 1993). Doxil (in 

the United States) or Caelyx (in Canada and Europe) and Myocet, which was approved by the 
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European Commission in August 2000 to treat metastatic breast cancer, are two liposomal 

doxorubicin forms that have passed clinical trials (Allen et al., 2002). 

5.2. Pharmacokinetics of liposomal encapsulated doxorubicin 

After administration of Myocet (liposomal doxorubicin), the pharmacokinetics of doxorubicin 

differ significantly from those following administration of standard doxorubicin. The liver is 

responsible for a significant portion of the metabolism of doxorubicin, which results in the 

production of doxorubicinol as the primary, functional metabolite. When compared to the 

pharmacokinetics of traditional doxorubicin, the pharmacokinetics of Myocet resulted in a 

mean clearance of total doxorubicin that was about 9 times lower, a volume of distribution that 

was approximately 25 times lower, and an area under the curve (AUC) that was approximately 

20 times greater (Batist et al., 2002). Doxorubicin had a terminal half-life of 16 hours after 

being given Myocet, but it had a half-life of 43 hours when given as conventional doxorubicin 

(Stewart et al., 1993). It has been estimated that at least 85% of the doxorubicin that is 

circulating in patients is in the form of liposome-encapsulated particles. Doxorubicin and 

doxorubicinol were excreted at comparable rates in the urine following treatment with either 

Myocet or conventional doxorubicin. It has been proposed that doxorubicinol might cause 

doxorubicin-mediated cardiotoxicity; therefore, it is preferable to avoid or reduce high peak 

plasma concentrations of both doxorubicin and doxorubicinol. Tissue distribution studies have 

shown that the drug's therapeutic index is raised when there is more doxorubicin in the 

bloodstream and less at its highest point in the plasma. The amount of radiation (representing 

doxorubicin and/or doxorubicinol) in the myocardium of dogs given Myocet was less than 67% 

of what was seen in the myocardium of animals given conventional doxorubicin. According to 

the findings of two different sets of comparative preclinical research, Myocet is significantly 

less harmful to the heart than the same cumulative dose of conventional doxorubicin. As 

demonstrated in murine tumor models, the antitumor activity of Myocet at equivalent 
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concentrations is at least equivalent to that of conventional doxorubicin. Additional 

investigations in human breast tumor models have demonstrated that doxorubicin is more 

enduring and widespread than conventional doxorubicin, with the same effectiveness in 

inhibiting tumor growth after administration of Myocet (Rossi et al., 1987; Symon et al., 1999). 

5.3. Toxicological profile of liposomal encapsulated doxorubicin  

The goal of the liposome-encapsulated anthracyclines was to change the tissue distribution and 

pharmacokinetics of doxorubicin in order to lessen its toxicity while maintaining its anticancer 

activity. The cardiac muscle and gastrointestinal tract are examples of areas with tight capillary 

connections where intravenously administered liposomes cannot exit the circulatory space. 

Most often, tissues and organs coated with loosely linked cells are where liposomes exit the 

bloodstream as well as in regions where capillaries are disturbed as a result of inflammation or 

tumor growth. Therefore, it is important for liposomes to divert doxorubicin out of potentially 

dangerous areas, but they must nevertheless leave the tumor unprotected. Liposomal 

doxorubicin had much lower cardiac and gastrointestinal toxicity, although anticancer activity 

was at least comparable to the parent molecule. The pharmacokinetics and biodistribution of 

liposomal encapsulated doxorubicin are significantly different from those of conventional 

doxorubicin, which contributes to the drug's distinctive toxicological profile. The liposomal 

formulation makes it possible to manage how much of the medicine is released into the body 

while also allowing for preferential accumulation of the drug in tumor tissues (Rafiyath et al., 

2012). This results in increased therapeutic efficacy and maybe less toxicity. The toxicological 

profile of liposomal encapsulated doxorubicin has some key aspects- 

Cardiotoxicity: The primary problem with traditional doxorubicin is cardiotoxicity. The risk 

of cardiotoxicity can be decreased via liposomal encapsulation, which can lessen the drug's 

buildup in the heart. According to studies, liposomal encapsulated doxorubicin is less likely to 

cause cardiotoxicity than conventional doxorubicin (Rivera, 2003). 
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Hematological Toxicity: It is still possible for liposomal encapsulated doxorubicin to have 

hematological side effects, such as myelosuppression (the suppression of bone marrow 

activity), which can result in lower blood cell counts. On the other hand, in comparison to 

traditional doxorubicin, it typically has a fewer effect (O’Shaughnessy, 2003). 

Infusion related toxicities: Fever, chills, and allergic responses are potentially possible side 

effects of liposomal encapsulated doxorubicin infusions. However, the frequency and severity 

of these reactions are typically lower than those seen with traditional doxorubicin(Rivera, 

2003). 

Other toxicities: Even though liposomal encapsulated doxorubicin is thought to have a better 

toxicity profile, it can still cause stomach problems (like sickness, vomiting, and diarrhea), 

mucositis, and damage to the liver. But compared to regular doxorubicin, these side effects 

happen less often and are often less severe (Rafiyath et al., 2012). 

5.4. Clinical exposure of liposomal encapsulated doxorubicin in breast 

cancer 

A form of chemotherapy known as liposomal encapsulated doxorubicin is one of the drugs that 

is utilized in the process of treating breast cancer. It is crafted to enhance the efficacy of the 

medication while simultaneously reducing the severity of its adverse effects. Utilization of 

liposomal encapsulated doxorubicin in specific patient cases, followed by an analysis of the 

drug's effectiveness and safety (Rafiyath et al., 2012; Rivera, 2003). Liposomal encapsulated 

doxorubicin has been the subject of substantial research and is currently being utilized as a 

method of treatment for breast cancer in clinical settings. There is evidence that liposomal 

doxorubicin is an effective treatment for metastatic breast cancer (O’Shaughnessy, 2003). As a 

component of a treatment plan, it is frequently used in conjunction with a number of other 

chemotherapy medications. Studies conducted in clinical settings have shown that it has the 

ability to reduce the size of tumors and increase patients' chances of surviving metastatic breast 
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cancer. Additionally, liposomal encapsulated doxorubicin has been investigated as a potential 

adjuvant therapy for breast cancer in its early stages. Adjuvant therapy is a type of treatment 

that is administered after the primary treatment, such as surgery, in order to assist lower the 

likelihood of the cancer coming back (Rosati et al., 2011). In clinical trials, the utilization of 

liposomal formulation in combination with other chemotherapeutic drugs or in sequential 

treatment regimens has been investigated with the goal of improving the prognosis of patients 

whose breast cancer was diagnosed at an early stage (Chan et al., 2004). 
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Chapter 6  

Comparison of conventional doxorubicin and liposome encapsulated 

doxorubicin. 

In patients with MBC, it has been demonstrated that liposomal doxorubicin has the same level 

of efficacy as conventional doxorubicin while having a lower level of toxicity. In terms of 

managing metastatic breast cancer (MBC), liposomal formulations have demonstrated efficacy 

as monotherapy or in conjunction with other drugs for the treatment of patients who have 

received anthracycline therapy and experienced a progression-free interval of greater than 6-

12 months (Lao et al., 2013; Rosati et al., 2011). 

A review of the clinical tests that have evaluated safety and efficacy of conventional 

doxorubicin with liposomal formulation both as monotherapy and in combination therapy. We 

are going to look at both the efficacy and the toxicity of the drug, with a particular focus on the 

data relating to its effect on the heart. There have been two Phase III studies that have been 

published in which the researchers directly compared the efficacy and toxicity of liposomal 

doxorubicin to that of conventional doxorubicin. Regarding the response rate, progression-free 

survival (PFS), and overall survival, no statistically significant disparities in efficacy were seen 

between the two treatment modalities (Lao et al., 2013; O’Brien et al., 2004). 
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Table 2. Comparison of liposomal doxorubicin with conventional doxorubicin either in combination therapy or monotherapy 

Reference  Trial 

Phase  

No of 

patients  

Dosage’s regimen 

 

Disease 

stages  

Progression 

free survival  

Overall 

survival  

Response 

rate  

Toxicity 

 

(Harris et al., 

2002) 

III 224 Liposomal 

doxorubicin (75 mg) 

Vs 

Conventional 

doxorubicin ADR 

(75 mg) 

IV (17% 

ADR prior) 

3.8 months vs 

4.3 months 

16 months vs 

20 months  

26% Cardiac: 13% 

Vs 29% 

 

CHF:5.9% vs 

15% 

 

(Chan et al., 

2004) 

III 160 Liposomal 

doxorubicin (75 mg+ 

CTX 600 mg) 

Vs conventional  

EPI (75 mg + CTX 

600 mg) 

IV (no prior 

ADR) 

7.7 month 

Vs 

5.6 month  

18.3 month 

Vs 

16 months 

46 % 

Vs 

39 % 

Cardiac:11% 

Vs 10% 

CRF: No 
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(Batist et al., 

2001; Chan et 

al., 2004) 

III  

297 

Liposomal 

doxorubicin (60 mg+ 

CTX 600 mg) 

Vs  

Conventional 

doxorubicin  

ADR (60 mg+ CTX 

600 mg) 

IV 

(10%prior 

ADR) 

5.1-month Vs 

5.5 month 

19-month Vs 

16 month 

 Cardiac:6% 

Vs 21 vs 

CRF: 0% Vs 

3.2% 

 

In a study with 224 patients who had metastatic breast cancer, Harris (Harris et al., 2002) aimed to evaluate the effectiveness and safety of LD (75 

mg/m2 every 3 weeks) in comparison to the conventional doxorubicin regimen (75 mg/m2 every 3 weeks). From table 2, a total of 14.3% of the 

individuals had received prior treatment with anthracyclines, either in the form of adjuvant therapy or neoadjuvant therapy. The response rate 

observed in both forms of doxorubicin was 26%. The duration of free survival in patients treated with liposomal doxorubicin was found to be 3.8 

months, whereas those treated with conventional doxorubicin saw a slightly longer duration of 4.3 months. Additionally, the overall survival rate 

for patients receiving liposomal doxorubicin was 16 months, compared to 20 months for those receiving conventional doxorubicin. The incidence 

of cardiac toxicity was shown to be 13% in liposomal doxorubicin, but conventional doxorubicin exhibited a higher rate of 29%.
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In a subsequent Phase III study ( Chan et al., 2004), 160 patients were assigned at random to 

receive cyclophosphamide at a dose of 600 mg/m2 in combination with either epirubicin 75 

mg/m2 or liposomal doxorubicin 75 mg/m2. The rate of asymptomatic decline in LVEF was 

observed to be the same in both groups (11 versus 10%), indicating that there was no significant 

difference. During the course of this research, not a single patient experienced clinical 

symptoms of heart failure. It is important to note that the dosage of epirubicin was less than 

that of the equivalent amount of doxorubicin. 

In the study conducted by Batist (Batist et al., 2001), thirty percent of patients exhibited any 

cardiotoxicity risk factor, and ten percent of patients had previously been treated with 

anthracyclines (adjuvant) at a mean cumulative dose of two hundred forty milligrams per 

square meter. Within the scope of this investigation, it was seen that a proportion of 21% of 

individuals who underwent treatment with conventional doxorubicin encountered varying 

degrees of cardiotoxicity. Conversely, a mere 6% of patients belonging to the liposomal 

doxorubicin group displayed similar adverse effects. In the case of conventional doxorubicin, 

a clinical heart failure occurred in 3.2% of patients, but in the case of liposomal doxorubicin, 

this incidence was seen to be 0%. 
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Chapter 7  

Future perspective of doxorubicin in cancer 

In the treatment of breast and ovarian cancers, the traditional drug doxorubicin has been an 

essential component. Recent efforts have significantly improved the drug's safety and 

tolerability, which is significant given that the usage of conventional doxorubicin has been 

somewhat restricted due to the adverse reactions it can cause. To this day, liposomal 

encapsulation has proven to be the most effective method for increasing the therapeutic index 

of conventional formulations of doxorubicin (Rivankar, 2014b). This method leads to 

preferential accumulation of the medication within the tumor site, which in turn maximizes 

efficacy while simultaneously minimizing toxicity. Overall, it appears that there will be an 

extended future for the ongoing application of doxorubicin in clinical settings for the treatment 

of cancer, provided that certain enhancements are made (Greenberg et al., 1996). In the future, 

after the efficacy and safety profiles of novel liposomal doxorubicin formulations have been 

established, ideally the focus of research will shift to assessing the costs of therapy with these 

innovative formulations in order to evaluate their potential for widespread use and robustness 

in the treatment of cancer patients. 
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Chapter 8  

Discussion and findings 

Doxorubicin is widely recognized for its ability to elicit a diverse range of cytotoxic effects 

through its interactions with DNA-associated enzymes, intercalation inside DNA base pairs, 

and selective targeting of many molecular targets. For example, it triggers the activation of a 

variety of molecular signals that are sent by AMPK (AMP-activated protein kinase triggering 

apoptosis), which then have an effect on the Bcl-2/Bax apoptotic pathway. Apoptosis can be 

induced by changing the proportion of Bcl-2 to Bax, which leads to the activation of many 

caspases in the cell's downstream pathway. Doxorubicin is known to cause toxicity in the brain, 

liver, kidneys, and heart. It does this by inducing apoptosis and necrosis in healthy tissue and 

among all this toxicity cardiac toxicity is the main. The primary cause of cardiotoxicity is the 

development of cardiomyopathy as a result of myocyte damage from free radicals. High peak 

plasma anthracycline levels cause more harm. Cumulative cardiomyopathy is thought to be 

caused by free radicals repeatedly damaging the mitochondria of myocytes (Birtle, 2000; 

Waterhouse et al., 2001). Numerous experiments, including those using liposomes, hydrogels, 

and nanoparticulate systems, have been carried out over time to develop a drug delivery system 

that will eradicate these adverse effects and we try to highlight pros of liposomal encapsulated 

doxorubicin compared to conventional doxorubicin. As the goal of the liposome-encapsulated 

doxorubicin was to change distribution and pharmacokinetics of doxorubicin in order to lessen 

its toxicity while maintaining its anticancer activity (Rafiyath et al., 2012). 
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Chapter 9  

Conclusion 

It is possible to alter the pharmacokinetics and pharmacodynamics of cytostatic medicines 

using drug delivery systems that are based on liposomes. This gives us the ability to raise the 

concentration of the medication that is delivered into the neoplastic tissue while simultaneously 

lowering the amount of the drug that is exposed to the normal tissue. Although doxorubicin are 

essential drugs for treating metastatic breast cancer, cardiotoxicity continues to be one of the 

most significant obstacles in the way of their application. Encapsulation of the drug in 

liposomes is one of the ways used to reduce the severity of this adverse effect. There are 

multiple doxorubicin formulations available, each of which demonstrates distinctive 

pharmacological properties. Liposomal doxorubicin (Myocet) and pegylated liposomal 

doxorubicin (Caelyx) are the formulations that are being used most of the time. In patients who 

has metastatic breast cancer liposomal doxorubicin has been shown to be just as effective as 

conventional doxorubicin while causing less side effects. This makes it possible for patients to 

undergo therapy for a longer period of time and receive a larger cumulative dose of the 

doxorubicin. Moreover, liposomal doxorubicin has demonstrated both efficacy and safety when 

combined with other cytotoxic agents in the treatment of advanced as well as early breast 

cancer. 
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