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Cancer is the leading cause of death worldwide. According to WHO
estimates, cancer ranks as the first or second leading cause of death in 183 countries.
Chemotherapy is the most widely used promising treatment for cancer. However,
patients undergoing chemotherapy often suffer from serious side effects due to the
impact of chemo-drugs on normal cells. Targeted delivery of cytotoxic drugs in
chemotherapy presents a major challenge, which can be addressed by using
nanoparticles. Nanoparticles serve as an excellent carrier for cytotoxic drugs to
target tumor cells, resulting in a reduction of side effects. These nanoparticles are
biodegradable and biocompatible. Recent research has demonstrated that nutrient
transporters can improve targeting in tumor cells. Cancer cells often over express
nutrient transporters to fulfill their nutritional requirements for rapid growth.
Albumin binding proteins (ABPs) are more numerous in tumor cells, making them
a good target for tumor-specific drug delivery. Albumin is a plasma protein
characterized by high biocompatibility, biodegradability, and non-immunogenicity.
When drugs are infused with albumin, it helps protect the drugs from elimination
and immune responses. For example: Abraxane is a solvent-free nano version of
Taxol, which is already marketed albumin-based nanoparticles used in the treatment
of breast cancer, pancreatic cancer, and non-small lung cancer. It contains paclitaxel
as an anti-cancer agent. Albumin-based nanoparticles also have the ability to cross
the blood-brain barrier, offering new possibilities for the treatment of brain cancer
and CNS diseases. Therefore, this review focuses on the significance of albumin
nanoparticles in cancer chemotherapy, their advantages, and recent updates in
albumin-based nanoparticles.
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INTRODUCTION

The disease known as cancer is typified by the body's cells growing out of control and spreading to other
parts of the body. Healthy cells and tissues are destroyed when a tumor, which is a clump of malignant cells,
continues to grow 1. So far, over 100 distinct forms of cancer have been found 2. More over 1.5 million new
instances of cancer were reported in India in 2022, and the country' cancer mortality rate also rose during same
year B3,

Therapies of Cancer

Patients with cancer are treated using a variety of clinical techniques, including radiotherapy,
chemotherapy, and surgery. Tumor size, location, and the patient's medical history all have a role in the treatment
plan selection . Patients undergoing radiotherapy are exposed to high levels of radiation, which may harm
neighboring healthy cells and tissues. [,

Chemotherapy

Chemotherapy is a widely used cancer treatment that involves employing one or more cytotoxic or
anticancer drugs to kill rapidly proliferating faulty cancer cells in the body. Most chemotherapy treatments target
cells that are actively reproducing, however other drugs target specific stages of the cell cycle ).Chemotherapeutic
treatments often have a limited ability to reach the active site [°; the majority of the chemicals diffuse throughout
the body, with only a small portion reaching the malignant location. Because of this, patients need large dosage
levels, and the toxicity of the medicine increases with dosage 7. Chemotherapy's primary drawback is that its
cytotoxic chemicals damage both cancerous and healthy cells since they are unable to discriminate between the
two. Damage to healthy organs and tissues may arise from this 1%,
Eg: 5-Fluorouracil - Toxic side effects on bone marrow, liver, cardiac tissue and gastrointestinal tract 51,
Advantages of Nanoparticles in Cancer Therapy

The primary disadvantages of radiation and chemotherapy have been their lack of specificity, which
results in insufficient drug delivery to the intended site, as well as their high toxicity to neighboring healthy cells,
tissues, and organs, which promotes the emergence of drug resistance while the patient is receiving treatment '],
Utilizing nanotechnology as a tactic has a lot of promise to address these issues 2], particularly by improving
drug distribution to target areas, raising efficacy, and lowering side effects [!*!. Recently, nanoparticles have drawn
a lot of attention, and the field of using them to treat cancer is expanding. ['*l. The majority of the time, resistance
arises from the expression of p-glycoprotein, a protein that allows anticancer medications to be pumped out of a
cell as soon as they pass through the outer membrane. According to recent studies, anticancer medications may
be delivered to cells via nanoparticles without activating the p-glycoprotein pump [

Nanoparticles Drug Delivery
The delivery of the drug to the target tissue can be achieved primarily in two ways [1];

Passive Target

A leaking and defective architecture is made possible by the rapid vascularization needed to support the rapidly
growing cancerous tissue. As such, harmful chemotherapy medicines may have easy access to it ', The Enhanced
Permeability and Retention (EPR) effect, which takes use of the features of the delivery method and the tumor
environment, allows for the passive targeting of nanoparticles ['18],

Active Target

Using ligands on the surface of nanoparticles, active targeting enables cancer cells to be identified from healthy
cells by preferentially binding to overexpressed molecules on the cancer cells. This targeted approach enhances
drug delivery precision, increases therapeutic concentration at the tumor site, and minimizes side effects by
sparing normal tissues [%-29],
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DRUG DELIVERY

TUMOR
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VASCULARATE TARGETED

Fig 1: Mechanism of nanoparticle drug delivery via two main mechanisms—passive and active
targeting.

Albumin Nanoparticels in Cancer Treatment
Because the albumin molecule has multiple drug binding sites, one of the main benefits of albumin nanoparticles
is their high binding capacity for a variety of medicines, both soluble and insoluble in water *!l. Commercial
sources of albumin protein include egg white, human serum (HSA), and bovine serum (BSA) 1?2, The most
common types of albumin employed in the manufacturing of micro or nanoparticles are human or bovine. It is a
protein that is both biocompatible and biodegradable 31, Desolvation, emulsification, thermal gelation, nanospray
drying, nab (nanoparticle albumin bound) - technology, and self-assembly are the methods used to create albumin
nanoparticles 2. Albumin nanoparticles have garnered significant interest as drug delivery vehicles due to their
numerous benefits, including high drug binding capacity; high charge amino acid content enabling electrostatic
adsorption of molecules; anticancer drug targeting; and enhanced uptake in solid tumors [?Y. The majority of anti-
cancer medications have low water solubility and are hydrophobic by nature. However, injecting a hydrophobic
substance intravenously (IV) results in major safety problems such as embolizing blood capillaries, which have
major side effects. Numerous intriguing pharmacological candidates never go past the stage of solubility issues
(251 Albumin nanoparticles can help with this problem by increasing the solubility of medications. Both
hydrophilic and hydrophobic medicines can be loaded into albumin NPs.
Albumin NP’s target the cancer cells by both active and passive targeting mechanism:

e Passive by the nano size range due EPR effect

e Active by the ABP receptors present in the cancer cells (261,

Fig 2: Uptake of the albumin nanoparticles mediated by EPR effect and also by the glycoprotein gp60 2!,
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Abraxane Success Story

The anti-cancer medication paclitaxel is sold as an injection under the Taxol brand. In 1992, the US FDA
approved it to treat ovarian cancer, and in 1994, it was approved to treat breast cancer. Its nonspecific and
indiscriminate biodistribution in the body following intravenous treatment has resulted in the documented
occurrence of significant adverse effects, such as nephrotoxicity, neurotoxicity, hypersensitivity responses, and
cardiotoxicity. The drug's hydrophobic properties cause problems with solubility, necessitating the use of more
organic solvents 7],

Abraxane, the first albumin-bound drug delivery system licensed for cancer treatment, is a solvent-free
nano form of Taxol 8. It was created utilizing NAB technology, and American Bioscience began selling it in
2005 to treat breast cancer in the US. In addition, it is undergoing clinical studies in numerous more countries and
has been approved in 41 nations [’ The FDA authorized the use of Abraxane as a first-line treatment for
pancreatic cancer and non-small cell lung cancer in 2012 and 2013 3%, The way that Abraxane works is one of its
most intriguing features. Abraxane quickly dissolves upon intravenous administration, creating soluble albumin-
bound PTX complexes. These complexes accumulate in the tumor through the well-known Enhanced Permeability
and Retention (EPR) effect because of their range of sizes. Moreover, albumin-binding proteins (ABPs) including

gp60 and SPARC, which are found in the endothelial cells at the cancer site, help them get to the cancer site !
32,33

Table 1: Comparison between Abraxane and Taxol 34l

Drug Contents Tolerated Infusion Premedication
dose time
Taxol Paclitaxel 6 mg, Cremophor 537 mg/ml, 175 mg/m? 3-24hrs Required to prevent
Ethanol 396 mg/m hypersensitivity

Abraxane 100 mg paclitaxel, 900 mg albumin, No 300 mg/m? 30 min Not Required
Surfactants/Solvents

Crossing of Blood Brain Barrier (BBB)

Worldwide, brain tumors are the main cause of disability 3> -3, and relatively few medications have
been found to be effective in treating brain tumors. A number of issues also restrict their therapeutic efficacy [4%),
the primary one being the inefficient passage of medications over the blood-brain barrier (' 42l, The blood-brain
barrier (BBB) is a major obstacle to the successful delivery of drugs for brain cancer 3. The BBB, however, is
not a static barrier—instead, it promotes the vast movement of nutrients (4l Serving as the brain's security gate,
it permits the entry of necessary nutrients including sugar, proteins, amino acids, and more while blocking the
entry of undesirable items. These transporters act as a conduit for the transportation of drugs to the brain ). The
human body needs albumin as a source of protein. Tumors consume more albumin when cancer cells grow quickly
because they have a higher need for nutrition %471, ABPs, such as gp60 and SPARC, are overexpressed in tumor
cells 8 and play a critical role in the uptake of albumin by malignancies. The concept of employing albumin
nanoparticles for the effective treatment of brain tumors has been the subject of numerous investigations. The
outcomes show promise: albumin nanoparticles have shown strong intracellular delivery, intratumoral infiltration,
and BBB penetration. Research is currently being conducted to investigate the possibility of treating brain tumors
more successfully by putting two distinct anti-cancer medications into albumin nanoparticles . If the research
is successful, it could represent a significant advancement in the treatment of brain cancer. Additionally, albumin
nanoparticles have been utilized to treat a variety of CNS disorders.

_— LMwWP
@9 SPARC
% Gp60
. PTX
4-HPR

Glioma cells

Fig 3: The BBB penetrating NPs are delivered into brain tumor cells via the mechanisms by targeting the
ABP’s like gp60 and SPARC 15,
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CONCLUSION

Albumin nanoparticles are transforming cancer treatment, overcoming the drawbacks of traditional chemotherapy.
They elevate target precision, minimize side effects, and display remarkable efficiency. The success of Abraxane
stands as a testament to the impact of albumin-bound drug delivery systems in diverse cancer treatments. Ongoing
research developing into dual drug loading sparks hope for breakthroughs in brain cancer treatment. The prospect
of albumin nanoparticles ushering in a more targeted and effective era in cancer therapy.
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