Sharad Dhotre, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 1937-1949 [Review

INTERNATIONAL JOURNAL OF

PHARMACEUTICAL SCIENCES
[ISSN: 0975-4725; CODEN(USA): 1JPS00]

Journal Homepage: https://www.ijpsjournal.com

Review Paper

Targeted Nanoparticle-Based Drug Delivery Systems: Enhancing
Therapeutic Efficacy in Cancer Treatment

Sharad Dhotre*', Achal Dhotre?, Siddhesh Aher?, Kartiki Deshmukh?, Ishika

Dargude®

L345Department of Pharmacology, K. V. N. Naik S. P. Sanstha’s, Institute of Pharmaceutical Education &
Research, Canada Corner, Nashik, 422002, Maharashtra, India

Department of Pharmacology, LATE SMT. Hanjabai Gahlot Charitable Trust’s Ghalot Institute of Pharmacy,
Koparkhairane, Navi Mumbai, 400709, Maharashtra, India

ARTICLE INFO

ABSTRACT

Published: 24 Feb. 2025
Keywords:

Nanoparticles (NPs),
Cancer, tumor, passive
targeting, Active targeting
DOl:
10.5281/zenod0.14918325

Cancer remains a significant cause of illness and death globally, regardless of the level
of human development. One key strategy in cancer treatment is the targeted delivery of
drugs directly to tumor sites. Recent advancements in hanotechnology have opened new
avenues for researchers to enhance cancer therapies. Nanoparticles are defined as
particles with a size smaller than 0.1 pm, or 100 nm. They play a crucial role in
improving the delivery and uptake of medications in targeted cells. There are two
primary methods for synthesizing nanoparticles: the bottom-up method and the top-
down method. When it comes to delivering therapeutic nanoparticles to targeted areas,
two main strategies are utilized: passive targeting and active targeting. Passive targeting
relies on the natural accumulation of nanoparticles within solid tumors, while active
targeting enhances the binding of nanoparticles to specific antigens.

INTRODUCTION
Cancer comprises

range of

the most critical global health issue. Consequently,

disorders  the discourse surrounding cancer treatment has

characterized by atypical cell proliferation, often
leading to metastasis in different regions of the
body. Globally, cancer-associated death rates
come second after the deaths related to
cardiovascular system diseases and are considered

become a collaborative effort among healthcare
professionals and researchers™2. Currently, there
are very few treatment options available for
cancer, primarily limited to therapies like
chemotherapy. One of the widely used treatments
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for cancer faces an issue: its lack of specificity for
tumor cells, which results in challenges and
restrictions. Additionally, the intricate nature of
tumor microenvironments and structures can
complicate the development of new, effective
treatment alternatives®4l, Transporting
pharmaceutical substances to their intended
locations poses a significant challenge in various
cancer treatments. To address this issue, there has
been remarkable advancement in research and
application within the fields of nanoscience and
nanotechnology. These technologies are utilized
for both the diagnosis and treatment of health
conditions®.  Nanoparticles are defined as
particles with dimensions smaller than 0.1 um or
100 nm'®l. In the context of drug delivery, larger
nanoparticles (greater than 100 nm) might be
required to carry an adequate quantity of the drug.
Furthermore, in drug delivery systems, not only
can engineered particles serve as carriers, but the
drug itself can also be designed at the nanoscale,
effectively acting as its own “carrier’l). The
makeup of these engineered nanoparticles can
differ. Source materials can originate from
biological sources such as phospholipids, lipids,
lactic acid, dextran, or chitosan. Alternatively,
they can possess more industrial characteristics,
including various polymers, carbon, silica, and
metalst®l, Nanoparticles (NPs) serve as effective
radiosensitizers in medical fields, particularly in
drug delivery and cancer treatment™®. Depending
on the nanoparticle’s overall shape, these can be
classified as 0D, 1D, 2D or 3D ' For instance,
gold nanoparticles (Au NPs) are noted for their
effectiveness in enhancing radiation therapy in
these medical applications™?l. In this article, we
explore the application of nanoparticles as a
method for delivering drugs in the treatment of
cancer. The goals of using nanoparticles to
encapsulate drugs include improving delivery to
and absorption by target cells, as well as
minimizing the toxicity of the unbound drug to
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non-target organs™*®l. Achieving these objectives
will enhance the therapeutic index, which is the
difference between doses that provide therapeutic
benefits, such as killing tumor cells, and those that
cause damage to other organ systems. To
accomplish these goals, it is essential to develop
nanoparticles that are long-lasting and specifically
targeted [7].

Method of nanoparticles synthesis:

The nanoparticles vary in shape, size, and
structure. To create them, various synthesis
techniques are used, which can be primarily
grouped into two main categories: 1) the bottom-
up approach and 2) the top-down approach. Each
of these methods can be further divided into
different subclasses depending on the specific
reaction conditions [14] and processes involved
listed in Table No. 1 The top-down approach
involves shaping larger materials using either
subtractive or additive techniques to create nano-
sized structures. Various methods exist for
producing nanostructures via this approach [15].
Conversely, the bottom-up method constructs
nanostructures by assembling single atoms or
molecules. This technique allows for the
controlled arrangement of atoms or molecules as
they form the desired nanostructures, typically in
the range of 2 to 10 nanometres [16]. Material
design and size serves as the foundation for
nanotechnology, aiming to develop drug delivery
systems specifically for tumor treatment [17]. We
have broadly classified the materials currently
being developed into several categories: polymeric
nanoparticles (both natural and synthetic),
liposomes, micelles, hydrogels, exosomes, and
other extracellular vesicles. This includes natural
membrane-coated nanoparticles, such as blood cell
nanoparticles, leukocyte-based carriers, and
platelet-derived materials, as well as viruses and
inorganic nanoparticles, like mesoporous silica,
gold nanoparticles, and carbon nanomaterials
[18,19]
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Polymeric nanoparticles:

Polymeric nanoparticle are largely used type of
nanoparticle due to their small size ranging from
10 to 100 nm [20]. These nanoparticles offer
several advantages as drug delivery systems,
including the ability to enable controlled release,
safeguard therapeutic agents and biologically
active molecules from environmental degradation,
enhance bioavailability, and improve the
therapeutic index [21,9]. Typically, polymeric
nanoparticles can be categorized into three main
types: synthetic polymers, natural materials, and
hybrid combinations that integrate both synthetic

and natural elements to full-fill diverse
functionalities [22].
Liposomes:

Liposomes are spherical structures that form
spontaneously and feature membranes made of
phospholipid bilayers. Their size can vary from 25
nm to 10um, depending on the method of
preparation [23]. Investigated as potential drug
delivery vehicles for over five decades since their
discovery by Bangham, liposomes have shown
promise [24]. However, conventional liposome-
based drug delivery systems face limitations due
to their brief circulation time in the bloodstream,
largely because of rapid clearance by macrophages
in the reticuloendothelial system (RES) [25].
Innovations in the form of second-generation
polymer-coated liposomes have significantly
extended blood circulation times, enhancing them
from just a few minutes to as long as three days
[24,25].

Table No. 1 Categories of Bottom-Up and Top-Down Types of Nanoparticle Synthesis [26,27]

Nanoparticls | Bottom-
Synthesis Up

1) Chemical

chemical reduction
Co-precipitation
Sol-Gel
Electrochemistry
Photochemical Reduction
Reverse Micelles

2) Biological

Bacteria
Ex. Fusarium acidovorans
fungi
Ex. Fusarium oxysporum Plant
Plant
Ex. Acalypha indica
Yeast
Ex. Saccharomyces pombe
Virus
Ex. TMV (Tobacco Mosaic Virus)
Algae
Ex. Chlorella vulgaris

Top-
Down

1) Physical

Vaporization
Lithography
Laser Ablation
Spray Pyrolysis
Photoirradiation
Ultrasonication

Polymeric Micelles:

Polymeric micelles arise from the self-assembly of
amphiphilic di- or tri-block copolymers into
nanosized core/shell structures in aqueous
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environments. Recent research has highlighted the
potential of certain micelle-based anticancer
treatments as effective drug carriers in oncology
[28,29]. Genexol-PM (PEG-poly (D, L-lactide)
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paclitaxel) represents the inaugural polymeric
micelle formulation of paclitaxel. Notably, it is
free from Cremophor, a component found in other
paclitaxel formulations containing
polyethoxylated castor oil. Additionally, there is
ongoing  development of  multifunctional
polymeric micelles that incorporate targeting
ligands, as well as imaging and therapeutic agents
[30,31].

Nanogels (Hydrogels):

Nanogels (Hydrogels): Nanogels are three-
dimensional hydrogel substances at the nanoscale
created through cross-linked, swellable polymer
networks [32]. They impressively retain water
without dissolving in the surrounding liquid.
These nano gels merge the properties of
nanoparticles and hydrogels, with sizes ranging
between 20 and 200 nm [33]. Hydrogels are
renowned for their outstanding biocompatibility,
biodegradability, and capabilities in drug loading
and controlled drug release [34]. Consequently,
they find extensive application in treatments such
as radiotherapy, chemotherapy, immunotherapy,
hyperthermia, photodynamic therapy, and
photothermal therapy [35].

Delivery of Therapeutic Nanoparticles at
Targeted Site:

Passive Targeting:

The term "passive targeting" is frequently utilized
in nanomedicine to refer to the observation of
nanoparticle accumulation in solid tumors. In
contrast to passive targeting nanoparticles, active
targeting nanoparticles are engineered with
specific nanoparticle surface ligands [36]. As
tumors expand and begin to exceed the available
oxygen and nutrient supply, they emit cytokines
and various signaling molecules that stimulate the
formation of new blood vessels in a process known
as angiogenesis [37]. The blood vessels formed
during angiogenesis in tumor tissues have gaps
ranging from 600 to 800 nm between neighboring
endothelial cells, unlike the tightly connected

JETTR
{
=<

§Y<4L/

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

R

vessels found in normal tissues [38,36]. This
flawed vascular structure, combined with
inadequate lymphatic drainage, leads to an
enhanced permeability and retention (EPR) effect.
The EPR effect occurs due to the fact that tumors
have a high demand for blood flow to provide the
necessary nutrients and oxygen for their
uncontrolled cell growth [12,39]. They tend to
accumulate  preferentially in  the tumor
interstitium. Generally, the degree of NP
accumulation in tumor tissues is influenced by
several factors, including the properties of the
nanoparticles size, surface properties, circulation
half-life, and the level of angiogenesis present in
the tumor[40]. It is believed that nanoparticles
sized between 10 and 100 nm are most effective
for tumor accumulation. Proper surface properties
and extended circulation times of nanoparticles
can enhance their uptake by tumors, as previously
noted. The unmodified phospholipid surface of
liposomes tends to attract plasma proteins, leading
to their identification by the mononuclear
phagocytic system (MPS) and resulting in quick
removal from the bloodstream. This characteristic
hinders the effective distribution of drugs carried
by liposomes to solid tumors[41,42]. Surface-
modified (stealth) liposomes address the issue of
rapid clearance, resulting in liposomes with a
notably longer half-life in circulation and reduced
clearance rates [43]. Passive targeting leverages
the natural size of nanoparticles along with the
distinct characteristics of tumor blood vessels [44].
Active Targeting:

Active targeting plays a crucial role in the effective
delivery of drugs. This process utilizes affinity
ligands to enhance the binding of nanoparticles
(NPs) to antigens that are overexpressed on the
membranes of diseased cells or to extracellular
matrix proteins present in disease tissue [52].
Actively targeted NPs can be applied in scenarios
where drug release occurs either outside or inside
the cells. This approach markedly increases the
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amount of drug that reaches the target cells
compared to free drugs or passively targeted nano
systems. The first instances of targeted NPs
appeared in the 1980s, focusing on modifying the
surfaces of liposomes with monoclonal antibodies
(mAbs) that specifically recognized antigens on
target cells. To date, 30 mAbs have received
clinical approval, with Muromonab-CD3 (OKT3),
an immunosuppressive agent, being the first to be
authorized in 1986[53]. Although targeted
nanoparticles may not consistently enhance drug
accumulation in tumors relative to non-targeted
nanoparticles, they do offer improved intracellular

drug delivery to cancer cells, resulting in a
significant boost in antitumor effectiveness [54].
The nanoparticles listed in Table No. 2, which
have been utilized clinically, primarily leverage
the enhanced permeability and retention (EPR)
effect of tumors and their microenvironments for
selective delivery [55]. Various targeting elements
have been integrated into drug delivery systems,
including antibody fragments, peptides, phage
display-identified sequences, small molecules, or
aptamers. Below, detailed descriptions of some
actively targeted NPs are provided to illustrate the
ligands involved [55].

Table No.2 List of some Nanoparticles which use clinically

Type of Nanoparticle Name and Refs | Therapeutic agent
Liposomes DaunoXomel*24 Dox
Polymeric micelles Genexol-PM[#6:24] Paclitaxel
Polymer-drug conjugate Xyotax[47:48.49] Paclitaxel
based nanoparticles
Albumin-based nanoparticles Abraxane®°51 Paclitaxel

Antibodies:

Monoclonal antibodies (mAbs) or their fragments,
such as Fab’ and single-chain Fv (scFv), have been
extensively employed as ligands to target cancer
cells that express specific receptors. Poly (lactic-
co-glycolic acid) (PLGA) NPs linked with mAbs
were targeted specifically to MCF10A neo T cells,
while uncoated NPs dispersed randomly [56]. In
another study, mAb 2C5-modified PEGylated
liposomes exhibited a three- to eight-fold increase
in binding and uptake across various cancer cell
lines from different origins, demonstrating higher
cytotoxicity toward multiple cancer cells and
significant therapeutic advantages compared to
control liposomes (those modified with a
nonspecific 1gG). Nonetheless, to reduce
immunogenicity and avoid clearance through Fc
receptor-mediated processes, fragments like Fab’
and scFv are often preferred over whole mADbs.
Kou et al. created PLGA NPs coated with the
SM5-1 monoclonal antibody (scFv), which
improved in vitro cytotoxicity against human
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hepatocellular carcinoma cell lines and led to
significant tumor growth inhibition and regression
[57,58]. Herceptin® is a therapeutic antibody
designed to target the human EGF receptor-2
(HER2), which is often found in excess on the
surfaces of breast cancer cells [59,60]. Research
involving anti-HER2 immunoliposomes, which
are created by linking anti-HER2 antibody
fragments to PEGylated liposomes, has indicated
that these immunoliposomes can effectively
deliver drugs into cells through mAb-mediated
endocytosis. In contrast, nontargeted liposomes
tend to be mainly located in the extracellular
stroma or within macrophages [59]. Additionally,
DOX-loaded anti-HER2  immunoliposomes
demonstrated a considerable antitumor effect in
comparison to nontargeted liposomes [61].
Nevertheless, despite the reported high uptake of
these immunoliposomes, the significance of active
targeting remains uncertain. Indeed, the same
study presented evidence of similar high
accumulation levels in tumor tissue between anti-
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HER2 immunoliposomes and nontargeted
liposomes in HER2-overexpressing breast cancer
xenografts (BT-474). As a result, targeted
nanocarriers did not enhance tumor accumulation
when compared to their nontargeted counterparts.
One factor that may explain the minimal
accumulation observed relates to the model
utilized in the study, which focused on tumor cells
rather than tumor endothelial cells, the intended
target. Another possible reason is the high density
of ligands present on the nanoparticle (NP)
surface. The excessive presence of active ligands
can inhibit the long-circulation capabilities of
PEG, resulting in a quicker removal of NPs from
the bloodstream. Furthermore, several
considerations must be addressed when using
antibodies as targeting agents [62,63], including:

« The method of conjugation for attaching
antibodies to nanocarriers

* The impact of freely circulating antibodies [62].
Advantages of Nanoparticles in Cancer
Therapy

The application of nanotechnology in cancer
diagnosis, treatment, and management has ushered
in a transformative era. Nanoparticles (NPs),
whether through active or passive targeting
methods, enhance the concentration of drugs
within cells while minimizing toxicity to healthy
tissues. These targeted NPs can be engineered to
be pH-sensitive or temperature-sensitive, allowing
for controlled drug release. The pH-sensitive
delivery system is particularly effective in
delivering drugs within the acidic tumor
microenvironment (TME). Likewise, temperature-
sensitive NPs release drugs at the target site due to
temperature changes induced by methods like
magnetic fields and ultrasound [64,65]. Moreover,
the “physicochemical properties” of NPs—such as
their shape, size, molecular weight, and surface
chemistry—play a critical role in drug delivery
targeting. NPs can be customized to suit specific
targets and direct themselves towards particular
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molecules.  Traditional chemotherapy and
radiation treatment come with several limitations,
particularly concerning their effectiveness and
side effects stemming from uneven distribution
and cytotoxicity. Consequently, careful dosing is
necessary to kill cancer cells while keeping
toxicity to a minimum [66,67]. To reach their
target, drugs must navigate through various
barriers. Drug metabolism is complex; under
physiological conditions, a drug must traverse the
TME, the reticuloendothelial system (RES), the
blood-brain barrier (BBB), and undergo kidney
filtration. The RES, which includes “blood
monocytes, macrophages, and other immune
cells,” reacts with drugs in the liver, spleen, or
lungs, activating macrophages and leukocytes that
swiftly eliminate the drug, resulting in a shortened
half-life. To address this, NPs with “surface
modification,” such as polyethylene glycol (PEG),
can circumvent this mechanism, extending the
“drug half-life.” Additionally, kidney filtration
plays a vital role in reducing NP-related toxicity
[68,69]. The blood-brain barrier (BBB) serves as a
specialized protective structure designed to shield
the central nervous system (CNS) from harmful
substances [70]. It comprises “brain capillary
endothelial cells” that form a barrier ensuring
essential nutrients reach the brain while limiting
access to toxic agents. As a result, current
chemotherapy options for brain cancer are
primarily  limited to intraventricular or
intracerebral infusions. In contrast, NPs have the
ability to cross the BBB. Various techniques,
including the enhanced permeability and retention
(EPR) effect, focused ultrasound, peptide-
modified endocytosis, and transcytosis, are
utilized for NP delivery. For instance, glutathione-
PEGylated liposomes loaded with methotrexate
demonstrated improved methotrexate uptake in
rats. Gold NPs (Au-NPs) are commonly employed
due to their effectiveness in drug transport and the
induction of apoptosis [71,72]. Additionally, NPs
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as carriers enhance drug stability by preventing the
degradation of the loaded substances, allowing for
a larger volume of drugs to be encapsulated
without chemical reactions. Dry solid dosage
forms are generally more stable compared to nano
liquid formulations. Stabilizers can further
enhance this stability, and utilizing porous NPs is
another strategy for improving stability [14,73].
Tumors exhibit distinct pathophysiological
features, such as significant angiogenesis,
irregular vascular structures, and poor lymphatic
drainage [74]. Nanoparticles (NPs) take advantage
of these characteristics to effectively target tumor
tissues. Because of reduced venous return and
ineffective lymphatic clearance in tumor regions,
NPs are more readily retained, a phenomenon
known as the EPR effect. Additionally, focusing
on nearby tissues can enhance tumor localization
[39]. NPs can be delivered via various methods,
including oral, nasal, parenteral, and intraocular
routes. With their high surface-to-volume ratios
and capability for cellular uptake, NPs have shown
superior effectiveness compared to microparticles
when used as drug carriers [75].

Significant  Challenges in the Clinical
Application of Nanoparticles:
It is widely recognized that the tumor

microenvironment (TME) contributes
significantly to the unsatisfactory outcomes
observed in nanomedicine therapies [76]. The
TME, which comprises malignant cells, tumor-
associated fibroblasts (CAFs or TAFs), various
immune cells, and the stroma (including blood
vessels and the extravascular matrix), plays a
crucial role in the resistance of cancer to treatment
[77]. Currently, with the rapid advancement of
nanotechnology, there has been a dramatic
increase in the knowledge and research
surrounding nanoparticles. However, only a
limited number of these nanoparticles progress to
clinical trials, with most remaining at the in vivo
and in vitro phases [78]. The approval rate for new
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nano-drugs is below 10%, and concerns regarding
biosafety are rising. Each unique nano formulation
encounters specific hurdles in clinical translation,
yet many nanoparticles face common obstacles
that can be classified into biological,
technological, and study-design-related categories
[79]. Additionally, one intricate challenge is
bypassing the “mononuclear phagocytic system
(MPS).” In biological fluids, nanoparticles adsorb
proteins, forming a protein corona that facilitates
uptake by the MPS. To avoid this, nanoparticles
have been coated with substances intended to
prevent protein corona formation, yet these
methods have not yielded substantial results [80].
Developing nanoparticles that specifically target
macrophages and utilizing them as novel drug
carriers may help address this issue. Presently,
strategies such as preventing macrophage
recruitment, depleting and reprogramming tumor-
associated macrophages (TAMs), and blocking the
“CD47-SIRPac pathways” are  commonly
employed [14]. Another concern includes the
production of nano drugs, as large-scale synthesis
of nanomedicines continues to pose a significant
challenge. While these obstacles may seem
daunting, with focused efforts, progress can be
achieved [81,82].

CONCLUSION:

In conclusion, the use of nanomedicine for cancer
treatment is on the rise, as nanotechnology offers
numerous benefits that align well with the needs of
tumor therapy. Ideally, therapeutic vectors based
on nanotechnology should precisely transport their
payloads directly into tumors and then safely
degrade without causing side effects. To make
better use of nanotechnology in the fight against
cancer, several efforts are necessary, including
establishing foundational principles, designing
suitable materials, creating animal models, and
gaining a deeper understanding of the biological
characteristics of tumors

1943 |[Page



Sharad Dhotre, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 1937-1949 [Review

REFERENCES
1.

=

E\,’/ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

2

Brown JS, Amend SR, Austin RH, Gatenby
RA, Hammarlund EU, Pienta KJ. Updating the
Definition of Cancer. Mol Cancer Res. 2023
Nov 1;21(11):1142-7.

Wu Z, Xia F, Lin R. Global burden of cancer
and associated risk factors in 204 countries and
territories, 1980-2021: a systematic analysis
for the GBD 2021. J Hematol OncolJ Hematol
Oncol. 2024 Nov 29;17(1):119.

SunlL, LiuH, YeY, Lei Y, Islam R, Tan S, et
al. Smart nanoparticles for cancer therapy.
Signal Transduct Target Ther. 2023 Nov
3;8(1):418.

Baghban R, Roshangar L, Jahanban-Esfahlan
R, Seidi K, Ebrahimi-Kalan A, Jaymand M, et
al. Tumor microenvironment complexity and
therapeutic implications at a glance. Cell
Commun Signal. 2020 Dec;18(1):59.
Chehelgerdi M, Chehelgerdi M, Allela OQB,
Pecho RDC, Jayasankar N, Rao DP, et al.
Progressing nanotechnology to improve
targeted cancer treatment: overcoming hurdles
in its clinical implementation. Mol Cancer.
2023 Oct 9;22(1):1609.

Malik S, Muhammad K, Waheed Y. Emerging
Applications of Nanotechnology in Healthcare
and Medicine. Molecules. 2023 Sep
14,28(18):6624.

De Jong. Drug delivery and nanoparticles:
Applications and hazards. Int J Nanomedicine.
2008 Jun;133.

Barhoum A, Garcia-Betancourt ML,
Jeevanandam J, Hussien EA, Mekkawy SA,

Mostafa M, et al. Review on Natural,
Incidental, Bioinspired, and Engineered
Nanomaterials: History, Definitions,

Classifications, Synthesis, Properties, Market,
Toxicities, Risks, and Regulations.
Nanomaterials. 2022 Jan 6;12(2):177.

Patra JK, Das G, Fraceto LF, Campos EVR,
Rodriguez-Torres MDP, Acosta-Torres LS, et

=7~

10.

11.

12.

13.

14.

15.

16.

al. Nano based drug delivery systems: recent
developments and future prospects. J
Nanobiotechnology. 2018 Dec;16(1):71.
Boateng F, Ngwa W. Delivery of
Nanoparticle-Based  Radiosensitizers  for
Radiotherapy Applications. Int J Mol Sci. 2019
Dec 31;21(1):273.

Laurent S, Forge D, Port M, Roch A, Robic C,
Vander Elst L, et al. Magnetic Iron Oxide

Nanoparticles: Synthesis, Stabilization,
Vectorization, Physicochemical
Characterizations, and Biological
Applications. Chem Rev. 2008 Jun

1;108(6):2064-110.

Goddard ZR, Marin MJ, Russell DA, Searcey
M. Active targeting of gold nanoparticles as
cancer therapeutics. Chem Soc Rev.
2020;49(23):8774-89.

Shreffler JW, Pullan JE, Dailey KM, Mallik S,
Brooks AE. Overcoming Hurdles in
Nanoparticle  Clinical Translation: The
Influence of Experimental Design and Surface

Modification. Int J Mol Sci. 2019 Nov
30;20(23):6056.
Gavas S, Quazi S, Karpinski TM.

Nanoparticles for Cancer Therapy: Current
Progress and Challenges. Nanoscale Res Lett.
2021 Dec;16(1):173.

Ninno AD, Gerardino A, Birarda G, Grenci G,

Businaro L. Top-Down Approach to
Nanotechnology for Cell-On-Chip
Applications.

Kumar S, Bhushan P, Bhattacharya S.

Fabrication of Nanostructures with Bottom-up
Approach and Their Utility in Diagnostics,
Therapeutics, and Others. In: Bhattacharya S,
Agarwal AK, Chanda N, Pandey A, Sen AK,
editors. Environmental, Chemical and Medical
Sensors [Internet]. Singapore:  Springer
Singapore; 2018 [cited 2025 Feb 2]. p. 167-98.
(Energy, Environment, and Sustainability).
Available from:

1944 |[Page



17.

18.

19.

20.

21.

22,

23.

24

i
Y\

7

Sharad Dhotre, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 1937-1949 [Review

http://link.springer.com/10.1007/978-981-10-
7751-7 8

Liu Y, Tan J, Thomas A, Ou-Yang D,
Muzykantov VR. The Shape of Things to
Come: Importance  of  Design in
Nanotechnology for Drug Delivery. Ther
Deliv. 2012 Feb;3(2):181-94.

Mekuye B, Abera B. Nanomaterials: An
overview of synthesis, classification,
characterization, and applications. Nano Sel.
2023 Aug;4(8):486-501.

Alshammari BH, Lashin MMA, Mahmood
MA, Al-Mubaddel FS, Ilyas N, Rahman N, et
al. Organic and inorganic nanomaterials:
fabrication, properties and applications. RSC
Adv. 2023;13(20):13735-85.

Altammar KA. A review on nanoparticles:
characteristics, synthesis, applications, and
challenges. Front Microbiol. 2023 Apr 17;
14:1155622.

Chen J, Li X, Zhao X, Wu Q, Zhu H, Mao Z,
et al. Doxorubicin-conjugated pH-responsive
gold nanorods for combined photothermal
therapy and chemotherapy of cancer. Bioact
Mater. 2018 Sep;3(3):347-54.

Yadav HKS, Almokdad AA, Shaluf SIM,
Debe MS. Polymer-Based Nanomaterials for
Drug-Delivery Carriers. In: Nanocarriers for
Drug Delivery [Internet]. Elsevier; 2019 [cited
2025 Feb 2]. p. 531-56. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9
780128140338000175

Cetin M, Aytekin E, Yavuz B, Bozdag-
Pehlivan S. Nanoscience in Targeted Brain
Drug Delivery. In: Nanotechnology Methods
for Neurological Diseases and Brain Tumors
[Internet]. Elsevier; 2017 [cited 2025 Feb 2]. p.
117-47. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9
780128037966000071

.Wang X, Wang Y, Chen ZG, Shin DM.

Advances of Cancer  Therapy

by

E\/" INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

=7~

25.

26.

27.

28.

29.

30.

31.

32.

Nanotechnology.  Cancer Res  Treat.
2009;41(1):1.

Sercombe L, Veerati T, Moheimani F, Wu SY,
Sood AK, Hua S. Advances and Challenges of
Liposome Assisted Drug Delivery. Front

Pharmacol [Internet]. 2015 Dec 1 [cited 2025

Feb 2];6. Available from:
http://journal.frontiersin.org/article/10.3389/f
phar.2015.00286

Arole DVM, Munde Sv. Fabrication of
Nanomaterials by Top-Down And Bottom-Up
Approaches — An Overview. 2014;1(2).

Kumari S, Sarkar L. A Review on
Nanoparticles:  Structure,  Classification,
Synthesis & Applications. J Sci Res.

2021;65(08):42—6.

Bai K, Wang A. Polymeric Micelles:
Morphology, Synthesis, and Pharmaceutical
Application. Sun J, Li Z, Liu X, editors. E3S
Web Conf. 2021; 290:01029.

Ghezzi M, Pescina S, Padula C, Santi P, Del
Favero E, Cantu L, et al. Polymeric micelles in
drug delivery: An insight of the techniques for
their characterization and assessment in
biorelevant conditions. J Controlled Release.
2021 Apr; 332:312-36.

Edis Z, Wang J, Wagas MK, ljaz M, ljaz M.
Nanocarriers-Mediated Drug Delivery
Systems for Anticancer Agents: An Overview
and Perspectives. Int J Nanomedicine. 2021
Feb;Volume 16:1313-30.

Kim TY, Kim DW, Chung JY, Shin SG, Kim
SC, Heo DS, et al. Phase 1 and
Pharmacokinetic Study of Genexol-PM, a
Cremophor-Free, Polymeric Micelle-
Formulated Paclitaxel, in Patients with
Advanced Malignancies. Clin Cancer Res.
2004 Jun 1;10(11):3708-16.

Hussain AL-Mayahy M, Imad Hameed H.
Hydrogels and nanogels as a promising carrier
for drug delivery. In: Umeyor C, Uronnachi E,
Kakade P, editors. Hydrogels and Nanogels -

1945 | Page



33.

34.

35.

36.

37.

38.

39.

=

Sharad Dhotre, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 1937-1949 [Review

Applications in  Medicine  [Internet].
IntechOpen; 2023 [cited 2025 Feb 9].
Available from:

https://www.intechopen.com/chapters/114753
4

Attama AA, Nnamani PO, Onokala OB, Ugwu
AA, Onugwu AL. Nanogels as target drug
delivery systems in cancer therapy: A review
of the last decade. Front Pharmacol. 2022 Sep
8; 13:874510.

Wang X, Hou Y, Lu X, Xie C, Jiang Y. Protein
hydrogels for biomedical applications.
Biosurface Biotribology. 2024 Sep;10(3):106—
31.

Kaur H, Gogoi B, Sharma |, Das DK, Azad
MA, Pramanik DD, et al. Hydrogels as a
Potential ~ Biomaterial for  Multimodal
Therapeutic Applications. Mol Pharm. 2024
Oct 7;21(10):4827-48.

Narum SM, Le T, Le DP, Lee JC, Donahue
ND, Yang W, et al. Passive targeting in
nanomedicine: fundamental concepts, body
interactions, and clinical potential. In:
Nanoparticles for Biomedical Applications
[Internet]. Elsevier; 2020 [cited 2025 Jan 26].
p. 37-53. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9
780128166628000047

Saman H, Raza SS, Uddin S, Rasul K.
Inducing Angiogenesis, a Key Step in Cancer
Vascularization, and Treatment Approaches.
Cancers. 2020 May 6;12(5):1172.

Edens HA, Levi BP, Jaye DL, Walsh S, Reaves
TA, Tumner JR, et al. Neutrophil
Transepithelial  Migration: Evidence for
Sequential, Contact-Dependent  Signaling
Events and Enhanced Paracellular
Permeability Independent of Transjunctional
Migration. J Immunol. 2002 Jul 1;169(1):476—
86.

Wu J. The Enhanced Permeability and
Retention (EPR) Effect: The Significance of

E\," INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

&2

=7~

40.

41.

42.

43.

44,

45.

46.

the Concept and Methods to Enhance Its
Application. J Pers Med. 2021 Aug
6;11(8):771.

Wagner M, Wiig H. Tumor Interstitial Fluid
Formation, Characterization, and Clinical
Implications. Front Oncol [Internet]. 2015
May 26 [cited 2025 Feb 10];5. Available from:
http://www.frontiersin.org/Molecular_and_Ce
llular_Oncology/10.3389/fonc.2015.00115/ab
stract

Hoshyar N, Gray S, Han H, Bao G. The Effect
of Nanoparticle Size on In Vivo
Pharmacokinetics and Cellular Interaction.
Nanomed. 2016 Mar;11(6):673-92.

Panyajai P, Viriyaadhammaa N, Tima S,
Chiampanichayakul S, Dejkriengkraikul P,
Okonogi S, et al. Anticancer activity of
Curcuma aeroginosa essential oil and its nano-
formulations: cytotoxicity, apoptosis and cell
migration effects. BMC Complement Med
Ther. 2024 Jan 2;24(1):16.

Cuenca AG, Jiang H, Hochwald SN, Delano
M, Cance WG, Grobmyer SR. Emerging
implications of nanotechnology on cancer
diagnostics and therapeutics. Cancer. 2006
Aug;107(3):459-66.

Clemons TD, Singh R, Sorolla A, Chaudhari
N, Hubbard A, lyer KS. Distinction Between
Active and Passive Targeting of Nanoparticles
Dictate Their Overall Therapeutic Efficacy.
Langmuir. 2018 Dec 18;34(50):15343-9.
Nsairat H, Khater D, Sayed U, Odeh F, Al
Bawab A, Alshaer W. Liposomes: structure,
composition, types, and clinical applications.
Heliyon. 2022 May;8(5): e09394.

He Z, Wan X, Schulz A, Bludau H,
Dobrovolskaia MA, Stern ST, et al. A high
capacity polymeric micelle of paclitaxel:
Implication of high dose drug therapy to safety
and in vivo anti-cancer activity. Biomaterials.
2016 Sep; 101:296-309.

1946 |Page



47.

48.

49.

50.

51.

52.

=

Sharad Dhotre, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 1937-1949 [Review

Boddy AV, Plummer ER, Todd R, Sludden J,
Griffin M, Robson L, et al. A Phase | and
Pharmacokinetic ~ Study  of  Paclitaxel
Poliglumex (XYOTAX), Investigating Both 3-
Weekly and 2-Weekly Schedules. Clin Cancer
Res. 2005 Nov 1;11(21):7834-40.

Singer JW, Baker B, De Vries P, Kumar A,
Shaffer S, Vawter E, et al. Poly-(L)-Glutamic
Acid-Paclitaxel (CT-2103) [XYOTAXTM], a
Biodegradable Polymeric Drug Conjugate:
Characterization, Preclinical Pharmacology,
and Preliminary Clinical Data. In: Maeda H,
Kabanov A, Kataoka K, Okano T, editors.
Polymer Drugs in the Clinical Stage [Internet].
Boston, MA: Springer US; 2004 [cited 2025
Jan 26]. p. 81-99. (Back N, Cohen IR,
Kritchevsky D, Lajtha A, Paoletti R, editors.
Advances in Experimental Medicine and
Biology; wvol. 519). Available from:
http://link.springer.com/10.1007/0-306-
47932-X_6

Wang X, Yang L, Chen Z, Shin DM.
Application of Nanotechnology in Cancer
Therapy and Imaging. CA Cancer J Clin. 2008
Jan 28;58(2):97-110.

Edis Z, Wang J, Wagas MK, ljaz M, ljaz M.
Nanocarriers-Mediated Drug Delivery
Systems for Anticancer Agents: An Overview
and Perspectives. Int J Nanomedicine. 2021
Feb;Volume 16:1313-30.

Yuan H, Guo H, Luan X, He M, Li F, Burnett
J, et al. Albumin Nanoparticle of Paclitaxel
(Abraxane) Decreases while Taxol Increases
Breast Cancer Stem Cells in Treatment of
Triple Negative Breast Cancer. Mol Pharm.
2020 Jul 6;17(7):2275-86.

Attia MF, Anton N, Wallyn J, Omran Z,
Vandamme TF. An overview of active and
passive targeting strategies to improve the
nanocarriers efficiency to tumour sites. J
Pharm Pharmacol. 2019 Aug 1;71(8):1185-
98.

E\,’/ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

2/

=7~

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

Kamaly N, Xiao Z, Valencia PM, Radovic-
Moreno AF, Farokhzad OC. Targeted
polymeric therapeutic nanoparticles: design,
development and clinical translation. Chem
Soc Rev. 2012;41(7):2971.

Yetisgin AA, Cetinel S, Zuvin M, Kosar A,
Kutlu O. Therapeutic Nanoparticles and Their
Targeted Delivery Applications. Molecules.
2020 May 8;25(9):2193.

Friedman A, Claypool S, Liu R. The Smart
Targeting of Nanoparticles. Curr Pharm Des.
2013 Sep 1;19(35):6315-29.

Elbayoumi TA, Torchilin VP. Enhanced
cytotoxicity of monoclonal  anticancer
antibody 2C5-modified doxorubicin-loaded
PEGylated liposomes against various tumor
cell lines. Eur J Pharm Sci. 2007
Nov;32(3):159-68.

Liu L. Pharmacokinetics of monoclonal
antibodies and Fc-fusion proteins. Protein
Cell. 2018 Jan;9(1):15-32.

Ovacik M, Lin K. Tutorial on Monoclonal
Antibody  Pharmacokinetics  and Its
Considerations in Early Development. Clin
Transl Sci. 2018 Nov;11(6):540-52.

Wilson FR, Coombes ME, Brezden-Masley C,
Yurchenko M, Wylie Q, Douma R, et al.
Herceptin® (trastuzumab) in HER2-positive
early breast cancer: a systematic review and
cumulative network meta-analysis. Syst Rev.
2018 Dec;7(1):191.

Hsu JL, Hung MC. The role of HER2, EGFR,
and other receptor tyrosine kinases in breast
cancer. Cancer Metastasis Rev. 2016
Dec;35(4):575-88.

Park JW, Hong K, Kirpotin DB, Colbern G,
Shalaby R, Baselga J, et al. Anti-HER2
Immunoliposomes: Enhanced  Efficacy
Attributable to Targeted Delivery.

Wang M, Yu F, Zhang Y. Present and future of
cancer nano-immunotherapy: opportunities,

1947 |Page



Sharad Dhotre, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 1937-1949 [Review

obstacles and challenges. Mol Cancer. 2025
Jan 18;24(1):26.

. Bajracharya R, Song JG, Patil BR, Lee SH,
Noh HM, Kim DH, et al. Functional ligands
for improving anticancer drug therapy: current
status and applications to drug delivery
systems. Drug  Deliv. 2022  Dec
31;29(1):1959-70.

.Kher C, Kumar S. The Application of
Nanotechnology and Nanomaterials in Cancer
Diagnosis and Treatment: A Review. Cureus
[Internet]. 2022 Sep 11 [cited 2025 Feb 6];
Available from:
https://www.cureus.com/articles/109175-the-
application-of-nanotechnology-and-
nanomaterials-in-cancer-diagnosis-and-
treatment-a-review

JJin C, Wang K, Oppong-Gyebi A, Hu J.
Application of Nanotechnology in Cancer
Diagnosis and Therapy - A Mini-Review. Int J
Med Sci. 2020;17(18):2964-73.

. Zein R, Sharrouf W, Selting K. Physical
Properties of Nanoparticles That Result in
Improved Cancer Targeting. J Oncol. 2020 Jul
13; 2020:1-16.

. Abbasi R, Shineh G, Mobaraki M, Doughty S,

71.

72.

73.

74.

75.

regulation and drug delivery. Signal Transduct
Target Ther. 2023 May 25;8(1):217.

Kadry H, Noorani B, Cucullo L. A blood—brain
barrier overview on structure, function,
impairment, and biomarkers of integrity.
Fluids Barriers CNS. 2020 Dec;17(1):69.

Rip J, Chen L, Hartman R, Van Den Heuvel A,
Reijerkerk A, Van Kregten J, et al. Glutathione
PEGylated liposomes: pharmacokinetics and
delivery of cargo across the blood—brain
barrier in rats. J Drug Target. 2014
Jun;22(5):460-7.

Cojocaru E, Petris OR, Cojocaru C.
Nanoparticle-Based Drug Delivery Systems in
Inhaled Therapy: Improving Respiratory
Medicine. Pharmaceuticals. 2024 Aug
12;17(8):1059.

Forster J, Harriss-Phillips W, Douglass M,
Bezak E. A review of the development of
tumor vasculature and its effects on the tumor
microenvironment. Hypoxia. 2017
Apr;Volume 5:21-32.

Chenthamara D, Subramaniam S,
Ramakrishnan SG, Krishnaswamy S, Essa
MM, Lin FH, et al. Therapeutic efficacy of
nanoparticles and routes of administration.

Tayebi L. Structural parameters of Biomater Res. 2019 Dec 18;23(1):20.
nanoparticles affecting their toxicity for 76. Anderson NM, Simon MC. The tumor
biomedical applications: a review. J microenvironment.  Curr  Biol. 2020
Nanoparticle Res. 2023 Mar;25(3):43. Aug;30(16): R921-5.

. Niazi SK. Non-Invasive Drug Delivery across ~ 77. Arneth  B.  Tumor  Microenvironment.

the Blood-Brain Barrier:
Analysis.  Pharmaceutics.
7;15(11):2599.

.Luo Q, Yang J, Yang M, Wang Y, Liu Y, Liu
J, et al. Utilization of nanotechnology to
surmount the blood-brain barrier in disorders
of the central nervous system. Mater Today
Bio. 2025 Apr; 31:101457.

. Wu D, Chen Q, Chen X, Han F, Chen Z, Wang
Y. The Dblood-brain barrier: Structure,

A Prospective
2023  Nov

78.

79.

Medicina (Mex). 2019 Dec 30;56(1):15.
Farjadian F, Ghasemi A, Gohari O, Roointan
A Karimi M, Hamblin MR.
Nanopharmaceuticals and Nanomedicines
Currently on the Market: Challenges and
Opportunities. Nanomed. 2019 Jan;14(1):93—
126.

Ventola CL. Progress in Nanomedicine:
Approved and Investigational Nanodrugs.

“!i E\,’/ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

>
=~

1948 |[Page



Sharad Dhotre, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 1937-1949 [Review

80. olshefsky-et-al-2022-engineering-self- cancer cells with nanoparticles and drug
assembling-protein-nanoparticles-for- delivery in cancer therapy. Semin Cancer Biol.
therapeutic-delivery. 2021 Feb; 69:166-77.

81. Jahan N, Huda NU, Fatima A, Shamshad H. HOW TO CITE: Sharad Dhotre*, Achal Dhotre,

Recent advances and future challenges of Siddhesh Aher, Kartiki Deshmukh, Ishika Dargude,

. Targeted Nanoparticle-Based Drug Delivery Systems:
nano-based drug delivery systems. Nano Med Enhancing Therapeutic Efficacy in Cancer Treatment,

Mater. 2023 Sep 17;3(1):121. Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 1937-1949.
82. Raj S, Khurana S, Choudhari R, Kesari KK, https://doi.org/10.5281/zenodo.14918325

Kamal MA, Garg N, et al. Specific targeting

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 1949 |Page



