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ABSTRACT

Ovarian cancer continues to pose a substantial healthcare obstacle, demanding the development of novel stra-
tegies to improve therapeutic results. Nanomedicine’s introduction has created novel opportunities for the tar-
geted delivery of drugs in the treatment of ovarian cancer. This review article presents a thorough examination of
the pharmacokinetics and biodistribution of nanoparticles designed to target ovarian cancer, emphasizing their
capacity to significantly transform therapeutic approaches. Furthermore, we investigate the function of nano-
particles as vehicles for precise pharmaceutical administration, placing particular emphasis on the benefits they
offer in comparison to traditional methodologies. We explore the intricacies of biodistribution, including the
influence of formulations, surface modifications, and nanoparticle size on their internal distribution. In addition,
we provide a comprehensive analysis of the importance of pharmacokinetics in the enhancement of drug de-
livery. This includes a synopsis of critical parameters including absorption, distribution, metabolism, and
excretion, and their connection to the therapeutic effectiveness of nanoparticle-based approaches for ovarian
cancer. A fundamental component of this review is a critical evaluation of the approaches utilized to improve the
biodistribution and pharmacokinetics of nanoparticles designed to target ovarian cancer. Moreover, we have
highlighted significant research studies and clinical trials of the in vivo behavior of nanoparticles and their
practical applications. Nevertheless, we refrain from obfuscating over the extant obstacles and constraints, such
as possible toxicity issues and impediments to the process of clinical translation. The paper concludes by
engaging in a discussion on emerging technologies and future prospects, with a specific emphasis on the potential

of personalized medicine in the context of ovarian cancer treatment.

1. Introduction

Ovarian cancer is a significant health concern that has profound
implications for women’s well-being (Arriba et al., 2010.; Ahmed-
Lecheheb and Joly, 2016.; Nicoletta et al., 2017). Due to its silent pro-
gression, ovarian cancer often remains undetected until it reaches an
advanced stage, resulting in a significant mortality rate (Roland et al.,
2013; Stewart et al., 2019). Consequently, ovarian cancer is currently
ranked as the fifth most common cause of cancer-related deaths among
women. The gravity of the situation can be attributed, in large part, to
the absence of effective and universally recognized screening methods
for early detection. In contrast to breast and cervical cancers, which
benefit from the availability of mammograms and Pap smears respec-
tively, ovarian cancer lacks an equivalent method for early detection
(Butow, 2014; Ezendam, 2014; Zhou, 2016). Due to the absence of
dependable screening methods, the identification of the disease during
its initial and more manageable phases poses a challenge. The disease is
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usually diagnosed in advanced stages (I or IV), as early symptoms, such
as abdominal bloating, pelvic pain, and urinary disturbances, are often
mistaken for benign conditions. Approximately 90 % of ovarian cancers
are of epithelial origin, originating from the surface of the ovary or
fallopian tube, with high-grade serous carcinoma being the most com-
mon and aggressive subtype.

The available treatment modalities for advanced or recurrent
ovarian cancer are constrained, underscoring the significance of
continuous research endeavors aimed at the development of more effi-
cacious therapeutic interventions (Abdoul-Latif et al., 2023). Several
risk factors contribute to the complexity of the situation, including a
familial predisposition to the disease, specific genetic mutations (e.g.,
BRCA1 and BRCA2), and an increased risk for women who have not
experienced childbirth (Petrucelli et al., 2010). In addition to the clinical
obstacles, a notable deficiency in public awareness regarding ovarian
cancer is often observed (Palma et al., 2006). This phenomenon may
lead to a prolonged period before a diagnosis is made and a reduction in
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financial resources allocated towards research and the development of
treatment alternatives. Ovarian cancer, in contrast to other prominent
malignancies like breast and lung cancer, does not garner equivalent
levels of attention and support (Daly, 2010). Due to the inherent
unpredictability of the disease, the potential adverse effects of treat-
ment, and the scarcity of medical interventions available for advanced
cases, patients and their families often encounter distress, uncertainty,
and a substantial emotional burden.

Ovarian cancer is recognized for its aggressive nature. Prior to the
onset of symptoms, the spread of the condition often occurs within the
pelvic and abdominal cavities (Bharwani et al., 2011). The swift
advancement of the condition not only presents challenges in terms of
treatment, but also diminishes the likelihood of long-term survival due
to the decreased efficacy of therapy in advanced stages of the disease.
The current standard of care includes debulking surgery followed by
platinum-based chemotherapy, often in combination with paclitaxel.
Although many patients initially respond well to chemotherapy, resis-
tance frequently develops, leading to disease recurrence in over 70 % of
cases. This resistance, along with the systemic toxicity of conventional
treatments, underscores the urgent need for more targeted and effective
therapies. In recent years, significant efforts have been made to develop
novel treatment strategies, particularly in the field of nanotechnology,
which holds promise for addressing several key challenges in ovarian
cancer treatment.

Recently, nanotechnology represents a rapidly advancing field in
ovarian cancer treatment, offering innovative approaches to overcome
the limitations of conventional therapies. By enhancing drug delivery,
reducing toxicity, and enabling precision medicine, nanotechnology
holds the potential to significantly improve outcomes for ovarian cancer
patients (Levit and Tang, 2021). Nanotechnology involves the design
and manipulation of materials at the nanoscale, typically between 1 and
100 nm. This technology allows for the development of drug delivery
systems that can precisely target cancer cells, reducing off-target toxicity
and enhancing therapeutic efficacy. Nanoparticles can be engineered to
improve drug solubility, enhance bioavailability, and allow for sus-
tained release, making them ideal candidates for cancer therapy. Several
types of nanocarriers, including liposomes, polymeric nanoparticles,
dendrimers, and micelles, have been explored for the treatment of
ovarian cancer. Among the most prominent examples of nanotechnology
in ovarian cancer treatment is liposomal doxorubicin (Doxil), which has
been approved for use in patients with recurrent ovarian cancer.

Targeted drug delivery involves the precise and controlled admin-
istration of therapeutic agents to the specific location of the tumor,
thereby minimizing damage to healthy tissues and enhancing the effi-
cacy of the treatment. The surface of ovarian cancer cells contains a
variety of markers and receptors that can be selectively identified and
bound to by nanoparticles that have had their surfaces modified, such as
by adding ligands or antibodies. Due to the presence of permeable and
disordered vasculature in ovarian tumors, nanoparticles exhibit
enhanced accumulation within the tumor tissue (Bertrand et al., 2014).
Drugs with low solubility can be encapsulated by nanoparticles to in-
crease their solubility and bioavailability. The comprehension of nano-
particle biodistribution and pharmacokinetics are crucial in order to
optimize the therapeutic efficacy of drugs by facilitating the delivery of a
substantial portion of the therapeutic payload to the desired target
(Wolfram and Ferrari, 2019).

For ovarian cancer-targeted nanoparticles, the primary goal is to
ensure that the majority of the therapeutic payload is delivered to the
tumor site (Wang et al., 2021). Understanding the biodistribution and
pharmacokinetics of nanoparticles is essential because it helps guar-
antee that a significant portion of the drug reaches the intended target
(Wang and Jia, 2016). Pharmacokinetics, on the other hand, is how the
body processes drugs or nanoparticles including the absorption, distri-
bution, metabolism, and excretion. Additionally, pharmacokinetics
provides insights into potential drug interactions, toxicity, and the
development of resistance over time (Zhang et al., 2019). By fine-tuning
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the pharmacokinetics of targeted nanoparticles, researchers can work to
extend drug circulation times in the bloodstream, enhance drug stabil-
ity, and control drug release rates at the tumor site. This not only ensures
that an effective concentration of the therapeutic agent is maintained
over time but also minimizes the risk of toxicity or adverse reactions.
Therefore, this review paper focuses on the biodistribution, including
how formulations, surface modifications, and nanoparticle size affect
internal distribution. This manuscript also presents how pharmacoki-
netics improves drug delivery, absorption, distribution, metabolism, and
excretion and their impact on nanoparticle-based ovarian cancer treat-
ment. This review critically evaluates methods used to improve ovarian
cancer nanoparticle biodistribution and pharmacokinetics. However, we
do not ignore current challenges like toxicity, clinical translation,
emerging technologies and future prospects, focusing on personalized
medicine for ovarian cancer treatment.

2. Nanoparticle-based drug delivery in ovarian cancer

Conventional drug delivery methods for treating ovarian cancer face
several challenges that limit their effectiveness. Ovarian cancer is often
diagnosed at an advanced stage, making it particularly aggressive and
difficult to treat (Milewska et al., 2021). The main challenges in con-
ventional drug delivery for ovarian cancer include limited drug speci-
ficity, systemic toxicity, drug resistance, and inadequate penetration
into tumor tissues. Firstly, conventional chemotherapy drugs used in
ovarian cancer treatment are typically administered systemically,
meaning they circulate throughout the body. This lack of specificity
results in healthy cells being exposed to the toxic effects of the drug,
leading to severe side effects, such as nausea, hair loss, and fatigue
(Perez-Fidalgo et al., 2021). Moreover, the high toxicity limits the
maximum tolerated dose, reducing the drug’s effectiveness against the
cancer cells. Secondly, ovarian cancer can develop resistance to
chemotherapy over time, leading to treatment failure. The cancer cells
can adapt and become less responsive to the drugs, requiring the use of
increasingly potent and toxic agents, further exacerbating side effects
and compromising the patient’s quality of life (Lutgendorf, 2017).

Due to their unique characteristics, nanoparticles have garnered
significant interest as potential carriers for targeted therapy in the
context of ovarian cancer. These nanostructures, typically ranging in
size from one to one hundred nanometers, can be engineered to
encapsulate chemotherapy drugs.

Poly (ethylene glycol)-poly (lactic acid) (PEG-PLA) nanoparticles
are widely used in drug delivery systems due to their biocompatibility,
biodegradability, and ability to improve the pharmacokinetic profile of
drugs. One critical factor in assessing the effectiveness of these nano-
particles is their {-potential, which measures the surface charge of the
particles. The {-potential plays a significant role in the stability of
nanoparticle suspensions and their interaction with biological environ-
ments. Nanoparticles with a high absolute {-potential (either highly
positive or negative) are more likely to repel one another, preventing
aggregation, and maintaining colloidal stability, which is crucial for
consistent drug delivery.

In drug delivery, a neutral to slightly negative {-potential (typically
between —10 mV to —30 mV) is often desirable for PEG-PLA nano-
particles. This balance helps avoid rapid clearance by the immune sys-
tem (e.g., macrophages) and enhances circulation time, improving the
likelihood that the drug will reach the tumor or target site. A too highly
charged nanoparticle may cause unintended interactions with cells or
proteins in the bloodstream, whereas too low a charge can result in
aggregation or rapid clearance.

Previously, researchers have employed a method wherein angio-
genesis inhibitors, specifically TNP-470, were enclosed within nano-
particles composed of PEG-PLA that were modified with an APRPG (Ala-
Pro-Arg-Pro-Gly) peptide. The (-potential of the nanoparticles was
measured to be —14.3 mV, indicating a negative charge. Due to its high
selectivity, a reduced number of healthy cells were subjected to
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exposure, thereby mitigating the occurrence of adverse effects (Wang,
2014). The nanoparticles’ ability to release cargo over an extended
period of time allows for minimal systemic toxicity and controlled drug
delivery to cancer cells. One example of this phenomenon is the effective
simultaneous delivery of Paclitaxel (PTX) and Cisplatin (CDDP) using
nanocarriers as part of a combined therapeutic approach for ovarian
cancer. The in vitro elimination of ovarian cancer cells was achieved
through the utilization of an optimized drug loading ratio and the
implementation of a programmed faster release of PTX in the nano-
formulation, which demonstrated superior efficacy compared to CDDP
(Cai et al., 2015). Additionally, the drug release analyses showed that
Albendazole (ABZ); an anti-parasite compound was released from BSA-
ABZ nanoparticles measuring 10 nm approximately 93 % of the time,
while ABZ was released from nanoparticle albumin bound (Nab-ABZ)
nanoparticles measuring 200 nm only 83 % of the time. At a pH of 7.4,
this release happened over the course of eight days. These results imply
that the traditional way of administering these nanoparticles might be
less effective (Noorani et al., 2015).

Encapsulating drugs within nanoparticles can protect them from
degradation and clearance, allowing for a longer circulation time and
better drug delivery to the tumor site. These particles can also be
designed to penetrate physiological barriers, such as the blood-brain
barrier, further expanding their applications in ovarian cancer treatment
(Lutgendorf, 2017). Despite undergoing maximal cytoreductive surgery
and platinum-based chemotherapy as part of conventional treatment,
patients frequently encounter chemoresistance and disease recurrence.
The clinical intervention known as immune checkpoint blockade (ICB)
aims to modulate T-cell activity (Fig. 1) within the anti-tumor micro-
environment (TME) in order to achieve stabilization. The lack of sig-
nificant therapeutic efficacy demonstrated by ICB is a source of
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disappointment, despite the established association between tumor
infiltrating lymphocytes and improved survival outcomes in ovarian
cancer (Johnson et al., 2021). Their ability to enhance drug specificity,
reduce systemic toxicity, and overcome drug resistance makes them an
attractive option for targeted therapy.

3. Biodistribution of ovarian cancer-targeted nanoparticles

The term “biodistribution” refers to the movement of a substance,
such as a drug or a nanoparticle, from one part of the body to another as
it travels through the body (de Sousa Cunha et al., 2019). Because it
determines where in the body the therapeutic agent will be found and
how much of it will be there, biodistribution is an extremely important
part of the drug delivery process. It is essential to have a solid under-
standing of the biodistribution of drug-loaded nanoparticles in order to
make the most of their therapeutic potential and minimize any potential
side effects (Zhai, 2018).

There are many reasons why studies on biodistribution are beneficial
to the field of drug delivery research. To begin, they are instrumental in
the production of nanoparticles that are able to specifically target the
target site, which in this case are the tumors caused by ovarian cancer
(Haber, 2020). There is a discernible relationship between the diffusion
coefficients of particles with sizes 15, 40, and 100 nm, but there is also a
discernible difference in volume, which impacts the ability of the par-
ticle to transport drugs. This has a number of effects, one of which is
translocation and flux, which enhance the therapeutic effect (Florence,
2012). Important characteristics of the poly(p,i-lactide)-block-poly
(ethylene glycol) polymeric nanoparticles (PLA-b-PEG PNPs) include the
ability to load drugs, the potential for chemical targeting, and the
enhancement of circulation time, all of which make this material very
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appealing in the drug delivery field. Furthermore, PLGA-b-PEG PNPs can
lengthen the time of circulation. Even though these nanoparticles have
good qualities, much more work needs to be done to enhance control
over their charge surface, size, and polydispersity as well as to make it
easier to repeat these features throughout the synthesis stages. Many
parameters are presently being researched in an effort to enhance the
drug-loading capacity as well as the drug release profile. Despite their
excellent qualities, using PLGA polymeric nanoparticles for in vivo ap-
plications remains an open challenge (Rehman et al., 2022). This is
caused by a variety of factors, such as their large diameter (150-200
nm), poor stability in water, and the liver and spleen’s removal of these
nanocarriers from the blood stream, which significantly lowers the
concentration of drugs in tumor tissue (Locatelli and Comes Franchini,
2012).

In addition, these studies help reduce the systemic toxicity of the
drug while simultaneously increasing the drug’s concentration at the
site where it is most needed (the tumor). This is accomplished by
designing the nanoparticles to concentrate in the tumor (Yao, 2018).
The plasma half-lives of drugs can be lengthened through the use of
nanoparticle encapsulation, which makes sustained release possible and
improves therapeutic outcomes. The chemotherapeutic agent utilized
was PTX, while the therapeutic radioisotope was yittrium-90 (90Y)
(Fig. 2). Since the majority of ovarian cancers overexpress the folate
receptor, folate was used as the targeting ligand. Studies on the char-
acterization of nanoparticles revealed monodispersed particles with
regulated PTX release. NPs were taken up by tumor cells through the
action of a folate targeting ligand. When compared to folate-targeted
NPs containing a single therapeutic or any non-targeted NP therapeu-
tics, in vitro efficacy studies showed that folate-targeted NPs containing
chemoradiotherapy was the most effective therapeutic (Werner, 2011).

The process of optimizing nanoparticle formulation for biocompati-
bility and effective drug delivery is made easier by having a thorough
understanding of biodistribution. In addition, the controlled delivery of
drugs that is made possible by nanoparticles enables doctors to provide
care that is precise and individualized according to the requirements of
each patient. PTX targeted drug delivery systems can improve the effi-
cacy of immunotherapy by ensuring that immunotherapeutic agents are
delivered to the microenvironment of the tumor.

3.1. Factors affecting nanoparticle biodistribution

The size of nanoparticles plays a significant role in their bio-
distribution, with smaller nanoparticles exhibiting enhanced tumor
penetration and accumulation, leading to improved drug delivery effi-
cacy (Liu, 2012). For instance, gold nanoparticles (Au NPs), in partic-
ular, serve as attractive materials for nucleic acid delivery applications
because of various advantages (Kim et al., 2013). Early research used
anionic mercaptoundecanoic acid (MUA)-functionalized gold NPs with a
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2 nm core to study NP-protein interactions (Fischer et al., 2002). The
protease chymotrypsin (ChT) was selectively interacting with MUA-gold
NPs, which led to an inhibition of enzymatic activity (apparent inhibi-
tion constant, Ki = 10.4 + 1.3 nM). The biodistribution and targeting
properties of nanoparticles can also be affected by surface modifications.
In Fig. 3, for instance, gold particles modified with Shells of Ceragenin
CSA-131 were categorized as crystalline due to the visibility of circles
indexed with planes corresponding to the face-centered cubic (fcc)
structure of Au. Using FT-Raman spectroscopy analysis, the accuracy of
the functionalization of peanut-shaped gold nanoparticles (AuP NPs)
with CSA-131 was examined. Thereafter, it was discovered that the
physicochemical characteristics of nanoparticles significantly impacted
the pharmacokinetics, biodistribution, intratumoral penetration, and
tumor bioavailability (Piktel, 2021).

Functionalizing the surface of nanoparticles with targeting ligands or
antibodies can enhance their specificity for ovarian cancer cells, leading
to improved biodistribution and therapeutic outcomes (Marques et al.,
2020). Optimized formulations from nanotechnology platforms promote
therapeutic drug delivery and offer advantages such as biocompatibility,
which can impact biodistribution within the body. In a related study the
cases of H9C2 versus MDA-MB-231 and IMR-90 versus MDA-MB-231,
the experimental optimal therapeutic window has shown to be close
to the feedback system control (FSC) prediction with high p values (0.78
and 0.47, respectively) (Wang, 2015). Several case studies have
demonstrated the effectiveness of nanoparticle-based drug delivery
systems for ovarian cancer. For example, nanoparticle encapsulation has
been shown to enhance accumulation in patient tumors and increase
plasma half-life compared with free doxorubicin, demonstrating the
impact of formulation on biodistribution and therapeutic efficacy (Chen,
2021). Overall, understanding and optimizing the factors affecting
nanoparticle biodistribution are essential for the development of effec-
tive drug delivery systems for the treatment of ovarian cancer.

3.2. Factors affecting nanoparticle pharmacokinetics

Particle size, in conjunction with surface composition, is critical to
the biodistribution of long-circulating nanoparticles and achieving
therapeutic efficacy (Fig. 4), as demonstrated by physiological param-
eters such as hepatic filtration, tissue extravasation, tissue diffusion, and
kidney excretion (Liu et al., 2010). However, the temperature effect on
ovarian elimination revealed a notably accelerated uptake of the 50 nm
polystyrene nanoparticles at lower temperatures (Firdessa et al., 2014).
Similarly, previous studies have provided evidence indicating that the
dimensions of the nanoparticle play a crucial role in determining the
extent of protein absorption. There was a notable correlation observed
between particle size and protein absorption in poly(methoxy-
polyethyleneglycol  cyanoacrylate-co-n-hexadecyl  cyanoacrylate)
(PEGylated PHDCA) nanoparticles of varying sizes (small, medium, and
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large) when incubated with serum protein for a duration of two hours
(Fang et al., 2006). Furthermore, cross-linked micelles incubated in PBS
(pH 7.4) for more than 3 days at 37 °C did not show significant increases
in size and polydispersity compared to non-cross-linked micelles (PD ~
0.5 after 10 h). Because of the low rate, stable micelles had a long cir-
culation half-life of 8 h. Micelles were found to accumulate in the upper
layer of affected ovarian cancer cells, similar to the findings with small
liposomes (<100 nm) (Rijcken et al., 2007).

The temperature-dependent deformation is exhibited by nano-
particles with Shell crosslinked knedel-like nanoparticles (SCKs) which
include partially hydrochlorinated poly(isoprene) cores. To assess the
impact of the polymeric core’s rigidity on in vivo biodistribution, eighty-
four SCK nanoparticles with comparable physiochemical properties
(size, approximately 20 nm; {, approximately — 25 mV) and a low glass
transition temperature (Tg) with a fluid-like poly(methyl acrylate)
(PMA) core or a high T with a glassy poly(styrene) (PS) core were
created. When compared to nanoparticles made of PMA with a low Ty,
those with a high Ty, with a core material composed of PS exhibited a
noticeably longer duration of presence in the bloodstream. It is expected
that the application of a low Ty core will lead to increased surface in-
teractions and improved flexibility between the nanoparticles and the
surrounding biological milieu and tissues (Rijcken et al., 2007). How-
ever, it was still unclear if the blood residence time was affected by the
polymers’ hydrophobicity or other physicochemical characteristics,
such as their relative stiffness. The results show that the makeup of the
core has a major impact on how long blood stays in the area (Tang et al.,
2012). At this point, it was found that the PEG surface modifications had
no appreciable effect on the kidney’s ability to accumulate and eliminate
nanoparticles.

Various strategies have been employed to enhance the bio-
distribution and pharmacokinetics of nanoparticles targeted for ovarian
cancer. Surface modification techniques, such as PEGylation, improve
stability and circulation time, reducing clearance and potential immu-
nogenicity (Hussain et al., 2019). Concurrently, conjugation of targeting
ligands enhances specific recognition of ovarian cancer cells, improving
tumor targeting and cellular uptake. Size and shape optimization impact
circulation time and tumor accumulation, with small size enhancing
tissue penetration and non-spherical shapes improving cellular inter-
nalization (Pantshwa et al., 2020). Responsive nanoparticles, sensitive
to factors like pH or temperature, enable controlled drug release in the
tumor microenvironment. Both passive targeting, utilizing the enhanced
permeability and retention (EPR) effect, and active targeting, involving
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ligands recognizing ovarian cancer cell markers, contribute to enhanced
accumulation in tumors (Fig. 5). Multifunctional nanoparticles facilitate
combination therapy and simultaneous imaging and therapy (thera-
nostics) (Liu, 2015).

Biodegradable nanoparticles release their payload gradually, mini-
mizing systemic toxicity, while cell-penetrating peptides enhance
cellular uptake. Intraperitoneal administration allows direct delivery to
the peritoneal cavity, particularly beneficial for ovarian cancer in the
abdominal region. Nanoparticle coatings for immune evasion, such as
stealth coatings, prolong circulation time by reducing immune recog-
nition (Padmakumar et al., 2018). Responsive drug release strategies
enable controlled and targeted drug release in response to stimuli in the
tumor microenvironment. Additionally, incorporating imaging agents
into nanoparticles provides real-time monitoring of biodistribution.
These strategies collectively aim to optimize the performance of ovarian
cancer-targeted nanoparticles, offering improved therapeutic outcomes
while minimizing off-target effects and systemic toxicity. Comparison of
various strategies employed to improve the biodistribution and phar-
macokinetics of ovarian cancer-targeted nanoparticles is addressed in
Table 1.

4. Recent innovations and implications

Recent innovations in ovarian cancer research have led to significant
advancements with promising implications for diagnosis, treatment, and
prognosis. Notably, precision medicine approaches have gained trac-
tion, utilizing genomic and molecular profiling to identify specific ge-
netic alterations and guide targeted therapies (Sivapalan et al., 2021;
Haselmann et al., 2022; Trinidad et al., 2020). Preclinical studies
involving innovative nanoparticle-based drug delivery systems have
shown potential for improved treatment outcomes. For instance, studies
exploring the use of multifunctional nanoparticles for combination
therapy, incorporating chemotherapeutic agents and targeted therapies,
have demonstrated enhanced efficacy in preclinical models of ovarian
cancer (Mendes, 2022; Kemp et al., 2016; Di Lorenzo et al., 2018).
Additionally, the development of immunotherapeutic strategies, such as
immune checkpoint inhibitors and adoptive T-cell therapy, is showing
promise in preclinical studies by harnessing the body’s immune system
to target ovarian cancer cells.

Recent clinical trials have looked into the effectiveness of Poly(ADP-
ribose) polymerase (PARP) inhibitors, like |Niraparib and Olaparib,
especially in patients who have BRCA mutations. By specifically
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Fig. 5. The enhanced permeation and retention (EPR) of the nanoparticles are caused by two phenomena: extravasation and later diffusion and convection of the

colloid in the extracellular matrix (Subhan et al., 2021).
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Table 1
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Comparison of various strategies employed to improve cancer-targeted nanoparticles.

Strategy Description

Advantage

Challenge Ref

Surface Modification

1. PEGylation improves stability and circulation

1. Prolongs circulation time,

1. Potential immunogenicity of PEG.

(Correa, 2020)

time.

Size and Shape
Optimization

Responsive Nanoparticles

Active and Passive
Targeting

Multifunctional
Nanoparticles

Biodegradable
Nanoparticles

Cell-Penetrating Peptides

Intraperitoneal
Administration

Nanoparticle Coating for
Immune Evasion

Responsive Drug Release

In Vivo Imaging

2. Conjugation of targeting ligands enhances
specific recognition of ovarian cancer cells.

1. Modulating size impacts circulation time and
tumor accumulation.

2. Non-spherical shapes may enhance tumor
penetration and cellular uptake.

1. pH-sensitive nanoparticles exploit the acidic
tumor microenvironment.

2. Temperature-sensitive nanoparticles release
payload in response to elevated
temperatures.

1. Passive targeting utilizes the EPR effect for
tumor accumulation.

2. Active targeting involves ligands recognizing
ovarian cancer cell markers.

1. Combination therapy with multiple agents.

2. Theranostic nanoparticles for simultaneous
imaging and therapy.

1.

2.

reducing clearance.

. Enhanced tumor targeting and

cellular uptake.

. Small size improves tissue

penetration.

. Improved cellular

internalization.

. Controlled drug release in

response to tumor pH.

. Precision in drug release at

elevated temperatures.

. Enhanced accumulation in

tumors with leaky vasculature.

. Specific binding to cancer cells,

improving selectivity.
Synergistic effects for improved
therapeutic outcomes.
Real-time monitoring of
treatment response.

. Ligand conjugation complexity.

. Larger particles may have

prolonged circulation.

. Complexity in synthesis and

characterization.

. Stability concerns in neutral

environments.

. Limited applicability to certain

tumors.

. Heterogeneity in the EPR effect

among patients.

. Ligand stability and potential off-

target effects.

. Increased complexity in

formulation and characterization.

. Challenges in integrating imaging

and therapeutic components.

(Lietal., 2019)

(Fathi et al.,
2020)

(Lietal., 2017)

(Chen, 2019)

Release payload gradually, reducing systemic

toxicity.

Enhance cellular uptake of nanoparticles.

Direct delivery to the peritoneal cavity for
improved drug distribution in the abdomen.
Stealth coatings for immune system evasion.

Triggered release in response to stimuli in the

Minimizes long-term toxicity and

potential accumulation.

Improved internalization into cancer

cells.

Enhanced drug exposure to ovarian

cancer in the peritoneal cavity.
Prolongs circulation time by
reducing immune recognition.

challenging.

specific uptake.

integrity.

Controlled degradation may be

Potential cytotoxicity and non-

Limited to abdominal cancers;
potential toxicity concerns.
Challenges in maintaining coating

(Sanchez-
Ramirez,
2020)

(Vale, 2020)

(Cao, 2017)

(Sood, 2006)

tumor microenvironment.

Incorporation of imaging agents for real-time

monitoring of biodistribution.

Controlled and targeted drug
release.

Provides valuable insights into

nanoparticle behavior.

Limited stimuli in certain tumor

(Lin, 2016)

types.

Additional complexity and potential

toxicity of imaging agents.

(Jokerst et al.,
2012)

targeting cancer cells with compromised DNA repair mechanisms, these
inhibitors take advantage of the notion of synthetic lethality (Paunovska
et al., 2022; Sachdev et al., 2019; Jiang et al., 2019). The success of
PARP inhibitors has led to their inclusion in the standard of care for

ovarian cancer patients, showcasing a significant advancement in
personalized medicine. Moreover, ongoing clinical trials are exploring
the potential of novel anti-angiogenic agents, immunotherapies, and
targeted therapies that aim to improve patient outcomes and quality of

Table 2
Tabular representation, highlighting recent innovations and their implications in ovarian cancer.

Innovation Implications Preclinical Studies Clinical Studies Pharmacokinetics Biodistribution

Precision Tailoring treatments Identification of specific Clinical trials evaluating the Individualized drug metabolism, Assessment of genomic and
Medicine based on genomic genetic alterations guiding  efficacy of PARP inhibitors (e. clearance, and therapeutic drug molecular markers in

and molecular targeted therapies. g., Olaparib, Niraparib) in monitoring. tumors for personalized
profiling. patients with BRCA mutations. targeting.

Nanoparticle- Improved drug Multifunctional Ongoing trials assessing the Investigation of nanoparticle size,  Study of how nanoparticles
Based Drug delivery for nanoparticles for safety and efficacy of surface modification, and ADME distribute throughout the
Delivery enhanced treatment combination therapy, nanoparticle-based drug characteristics. body, targeting tumors.

outcomes. demonstrating efficacy in delivery systems in ovarian
preclinical models. cancer patients.
Immunotherapy Harnessing the Preclinical studies Clinical trials investigating the Monitoring immunotherapeutic Examination of how

PARP Inhibitors

immune system to
target ovarian
cancer cells.

Targeting cancer
cells with defective

exploring immune
checkpoint inhibitors and
adoptive T-cell therapy.

Preclinical validation of
synthetic lethality in

efficacy of immune checkpoint
inhibitors (e.g.,
pembrolizumab) in ovarian
cancer patients.

Inclusion of PARP inhibitors (e.
g., olaparib, niraparib) in
standard care for patients, with
ongoing trials exploring

DNA repair ovarian cancer cells.
mechanisms.
combinations.
Anti-Angiogenic Inhibiting the Preclinical evaluation of

Agents

Liquid Biopsy
(ctDNA)

formation of new
blood vessels to limit
tumor growth.
Non-invasive
monitoring of
disease progression
and treatment
response.

novel anti-angiogenic
agents in ovarian cancer
models.

Preclinical development
and validation of
circulating tumor DNA
(ctDNA) as a liquid biopsy.

Clinical trials assessing the
efficacy of anti-angiogenic
agents in ovarian cancer
patients.

Ongoing clinical trials
evaluating the utility of ctDNA
as a biomarker in ovarian
cancer management.

agent levels and persistence in the
bloodstream.

Pharmacokinetic profiling of
PARP inhibitors, including
absorption, distribution,
metabolism, excretion (ADME)
characteristics.

Examination of pharmacokinetic
parameters such as half-life and
clearance.

Investigation of ctDNA clearance
and persistence dynamics.

immune-modulating agents
interact with tissues and
tumors.

Investigation of how PARP
inhibitors distribute in
tumors and healthy tissues.

Study of how anti-
angiogenic agents
distribute in the tumor
microenvironment.
Exploration of ctDNA
distribution and release
into circulation




S. Saddick

life. For instance, immune checkpoint inhibitors like pembrolizumab are
being evaluated in clinical settings to assess their effectiveness in
ovarian cancer patients. Additionally, the development of circulating
tumor DNA (ctDNA) as a liquid biopsy for monitoring disease progres-
sion and treatment response represents a non-invasive and potentially
transformative approach. Recent innovations in ovarian cancer research
include advances in precision medicine, nanoparticle-based drug de-
livery systems, immunotherapies, and targeted therapies (Table 2).
Preclinical studies highlight the potential of these innovations in
improving treatment efficacy, while clinical trials demonstrate their
translation into tangible benefits for patients, offering new avenues for
personalized and more effective ovarian cancer management.

5. Conclusion

The persistence of ovarian cancer as a major healthcare obstacle calls
for the development of novel strategies to improve treatment results.
The development of nanomedicine has created new opportunities for the
targeted delivery of drugs for the treatment of ovarian cancer. The
pharmacokinetics and biodistribution of nanoparticles designed specif-
ically to target ovarian cancer are thoroughly examined in this review
article.

Nanomedicine represents a transformative approach in the treatment
of ovarian cancer, offering substantial potential for improving thera-
peutic outcomes by addressing critical limitations in traditional cancer
therapies. Through the development of nanotechnology-based drug
delivery systems, nanomedicine enhances pharmacokinetics—the ab-
sorption, distribution, metabolism, and excretion of drugs by optimizing
the release and targeting of chemotherapeutic agents. This approach
mitigates the toxicity to healthy tissues while maximizing the thera-
peutic concentration of drugs within tumor cells.

In ovarian cancer, where early diagnosis is challenging and the dis-
ease often recurs after standard treatments, nanomedicine offers new
hope by improving biodistribution. Nanocarriers, such as liposomes,
dendrimers, and polymeric nanoparticles, are engineered to preferen-
tially accumulate in tumor tissues via the enhanced permeability and
retention (EPR) effect. They can be further functionalized with targeting
ligands to improve precision, ensuring that drugs reach the cancer cells
with minimal systemic exposure. Such targeted delivery not only en-
hances the therapeutic index but also reduces side effects, improving
patients’ quality of life during treatment. Furthermore, nanomedicine
offers the potential for multifunctional platforms that combine therapy
with diagnostic imaging, known as theranostics. These systems enable
real-time monitoring of treatment response and disease progression,
allowing clinicians to tailor therapies to individual patients, ushering in
a new era of personalized medicine for ovarian cancer.

Despite the promising advances, challenges remain in translating
nanomedicine from preclinical studies to widespread clinical use. Issues
such as large-scale manufacturing, long-term toxicity, regulatory hur-
dles, and the complexity of ovarian cancer biology need to be addressed.
However, ongoing research continues to make significant strides in
overcoming these obstacles, fostering optimism that nanomedicine will
soon play an integral role in the management of ovarian cancer.

In conclusion, nanomedicine stands at the forefront of innovation in
cancer therapy, offering a strategic advantage in overcoming the limi-
tations of conventional chemotherapy for ovarian cancer. By enhancing
pharmacokinetics and biodistribution, it promises not only more effec-
tive treatments but also a future where cancer management is more
personalized, precise, and patient-centered. With continued research
and development, nanomedicine holds the potential to significantly
improve survival rates and quality of life for ovarian cancer patients,
heralding a new era in cancer care.
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