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Abstract---Background: The area of nano theranostics, which
combines therapeutic and diagnostic capabilities on mnanoscale
platforms, has the potential to completely transform the way cancer is
treated. Despite considerable progress, clinical translation encounters
obstacles, including variances in physiological responses between
animal models and people, as well as issues related to toxicity and
effectiveness. Nanomedicine employs diverse nanoparticles, such as
liposomes and gold nanoparticles, to address the shortcomings of
traditional cancer therapies. Methods: This work examines the
developments and difficulties in the field of nanotheranostics for the
treatment of cancer, with an emphasis on the creation of "intelligent"
nanocarriers that combine treatments and diagnostics. The
assessment encompasses tactics such as passive and active targeting,
along with stimuli-responsive systems, emphasizing the potential of
radionuclide integration for improved tumor imaging and therapy.
Results: Through real-time medication distribution monitoring and
controlled release mechanisms, nanotheranostics show the potential
to enhance therapeutic effectiveness and safety. Nonetheless,
challenges like toxicity, regulatory approval, and scalability impede
their clinical translation. Conclusion: To overcome present obstacles

International Journal of Health Sciences E-ISSN 2550-696X © 2021.
Corresponding email: akk29337@gmail.com
Manuscript submitted: 01 Jan 2021, Manuscript revised: 09 Jan 2021, Accepted for publication: 15 Jan 2021

1436


https://doi.org/10.53730/ijhs.v5nS1.15352
mailto:akk29337@gmail.com

1437

and bring nanotheranostics into the mainstream of cancer treatment,
teamwork and creative thinking are essential. This emphasizes the
need for better preclinical models, updated manufacturing processes,
and increased biocompatibility.

Keywords---Theranostic platforms, intelligent nanocarriers,
nanomedicine, cancer therapy, and nano theranostics.

1. Introduction

Nanotheranostics, which combines diagnostic and therapeutic functions on a
single nanoscale platform, is an emerging research domain with considerable
promise to transform cancer treatment (1). Despite significant advancements,
clinical translation continues to be impeded by many problems, including
discrepancies in the physiological behavior of nanotheranostic systems between
animal models and human individuals, along with apprehensions surrounding
their toxicity and safety profiles (2). Although several nanotheranostic devices
have remarkable diagnostic performance, they often lack equivalent therapeutic
effectiveness, and vice versa. Initiatives to improve these systems have
concentrated on investigating innovative nanomaterials, altering current systems,
and rigorously assessing their in vivo efficacy in animal models (3).

Despite the promising results of many of these systems in preclinical
environments, their implementation in people often encounters a failure, mostly
attributable to variations in nanoparticle diffusion pathways among species. The
potential toxicity of metallic nanoparticles (NPs) and carbon nanotube (CNT)-
based systems, characterized by sluggish degradation and ambiguous in vivo
behavior, raises concerns (4). To tackle these problems, researchers have used
tactics that include surface coating with biocompatible polymers and the creation
of theranostic platforms using clinically approved nanoparticles. Notwithstanding
these developments, the practical use of nano theranostics needs more innovation
and stringent testing (5).

2. Oncology and the Potential of Nanomedicine

Cancer continues to be one of the most formidable illnesses globally, with 18.1
million new cases and 9.6 million fatalities documented in 2018. Projections
indicate that the worldwide incidence of cancer-related fatalities may reach 30
million per year by 2030. Prompt diagnosis accompanied by accurate, timely
intervention is essential for enhancing survival rates. Conventional diagnostics
and medicines often prove inadequate owing to constraints including limited
bioavailability, off-target biodistribution, multidrug resistance (MDR), and toxicity
to healthy organs (6, 7).

Nanomedicine has emerged as a viable way to address these restrictions,
facilitating tailored administration of chemotherapeutics and imaging agents
while reducing side effects. A diverse array of organic and inorganic
nanoparticles, such as liposomes, solid lipid nanoparticles (SLNs), polymeric
micelles, gold nanoparticles, iron oxide nanoparticles, and carbon nanotubes
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(CNTs), has been engineered for cancer diagnostics and treatment (8). These
platforms utilize tumor-specific attributes to enhance treatment efficacy and are
categorized into three primary strategies: passive targeting via the enhanced
permeability and retention (EPR) effect, active targeting through surface-
functionalized nanoparticles directed by cancer-specific ligands, and stimuli-
responsive systems (9).

3. The emergence of "Intelligent" Nanotheranostics

Advancements in nanotechnology have enabled the creation of "smart"
nanocarriers that integrate therapeutic and diagnostic functions within a single
platform, referred to as nanotheranostics (10). These technologies provide real-
time surveillance of drug biodistribution, tumor localization, and controlled drug
release, therefore improving the efficacy and safety of cancer therapies.
Researchers have investigated the incorporation of radionuclides into
nanotheranostic devices, which provide distinctive diagnostic and therapeutic
functions via the emission of ionizing radiation. This method has shown
significant potential for tumor imaging and targeted radionuclide treatment (11).

Nanomedicines exhibit many compositions and structures, including categories
such as biodegradable polymers (e.g., PLGA, chitosan, dextran), carbon-based
materials (e.g., CNTs, graphene), metallic nanoparticles (e.g., gold, iron oxide),
and semiconductor quantum dots (QDs) (3). These materials have unique
physicochemical features that affect their efficacy as drug carriers or imaging
agents. The transition of these sophisticated systems from laboratory settings to
clinical use has been sluggish, impeded by obstacles like toxicity, scalability, and
regulatory approval. Figure 1 represents the cancer theranostic nanomedicine
tools.
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(Cancer Theranostic Nanomedicine)
Figure 1. Cancer theranostic nanomedicine tools
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4. Sanctioned Nanomedicines and Their Constraints

Numerous nanomedicines have effectively penetrated the clinical market, such as
Doxil® (a liposomal formulation of doxorubicin for breast and ovarian
malignancies), Abraxane® (albumin-bound paclitaxel for metastatic breast
carcinoma), and Resovist® (iron oxide nanoparticles for hepatic lesion imaging)
(12). Notwithstanding these achievements, the predominant number of
nanomedicine candidates fail in clinical trials. These failures often arise from an
inadequate comprehension of tumor biology, the incapacity of preclinical animal
models to emulate human settings, and the intricacies involved in scaling up
nanoparticle manufacturing (13).

The variability of tumor microenvironments hampers patient selection since
existing diagnostic methods cannot consistently identify people who would get the
most benefit from nanomedicine-based therapy. The EPR effect, essential for
passive tumor targeting, is affected by several aspects including nanoparticle-
protein interactions, blood circulation dynamics, and cellular internalization. The
large differences in these factors between animal models and humans diminish
the predictive validity of preclinical investigations (14).

The repeatable manufacture of nanoparticles with exact physicochemical
parameters at an industrial scale continues to be a significant obstacle. The
intricate procedures associated with nanoparticle synthesis need creative scale-up
solutions that maintain quality and consistency while adhering to good
manufacturing principles (GMP) and regulatory regulations. Metallic
nanoparticles, while promising as theranostic agents, often demonstrate toxicity
owing to their accumulation in tissues and their capacity to provoke oxidative
stress and DNA damage (15). Gold nanoparticles smaller than 50 nm induce
substantial immune responses, but cadmium-based quantum dots emit
hazardous ions during disintegration. Likewise, gadolinium nanoparticles, often
used in imaging, provide chances of nephrogenic systemic fibrosis in individuals
with renal deficiencies (16).

5. Approaches to Mitigate Obstacles

The modification of surfaces with biocompatible polymers or the use of
biodegradable materials has shown potential in mitigating the toxicity of metallic
nanoparticles. Researchers are investigating the creation of hybrid systems that
integrate organic and inorganic components to improve safety and functionality
(17). The creation of animal models that more accurately replicate the anatomical
and histological characteristics of human cancers is essential for augmenting the
predictive validity of preclinical research. Models must include variables such as
tumor metastasis and microenvironmental heterogeneity. Innovations in
nanoparticle synthesis, including microfluidics and automated assembly
technologies, may enable the large-scale manufacturing of nanomedicines with
uniform characteristics. These methods must also tackle regulatory obstacles by
guaranteeing adherence to rigorous quality control requirements (18, 19).
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6. Toxicity and Enduring Effects

The enduring effects of nanomedicines on human health and the environment are
a significant issue. Residual compounds from nanoparticle formulations and their
buildup in biological systems may cause cellular and metabolic changes.
Moreover, inconsistencies between in vitro and in vivo toxicity evaluations
underscore the need for consistent testing methods and improved methodologies
for assessing the behavior of nanomedicines inside intricate biological systems
(20).

Despite considerable progress in cancer nanotechnology, extensive efforts are still
required for the broad clinical use of nanotheranostics. Recent advancements,
including the endorsement of mRNA-based liposomal vaccines, have revitalized
interest in nanomedicine research, especially concerning cancer immunotherapy.
Researchers must confront critical hurdles, such as refining patient classification,
optimizing nanoparticle design, and augmenting the scalability of production
methods (21).

Nanotheranostics offers significant promise to revolutionize cancer care via the
facilitation of precise, tailored therapies. Ongoing multidisciplinary cooperation
and innovation will be crucial to surmounting existing obstacles and advancing
these promising technologies to clinical use. Through persistent efforts, the
objective of incorporating nanotheranostics into standard cancer treatment may
soon materialize.

7. Conclusion

In conclusion, the realm of nanotheranostics for cancer reveals both significant
promise and substantial obstacles. The amalgamation of diagnostic and
therapeutic capabilities on nanoscale platforms represents a transformative
advancement in cancer therapy, ensuring accurate and customized medicines.
Notwithstanding this potential, the transition from preclinical success to clinical
implementation is laden with obstacles that need new solutions and joint
endeavors.

The review emphasizes the essential need for tackling significant obstacles in the
domain. Improved biocompatibility by surface modifications and biodegradable
materials has the potential to reduce the toxicity linked to metallic nanoparticles.
Advanced manufacturing methods like microfluidics and automated assembly
provide prospects for large-scale production with consistent attributes, crucial for
regulatory endorsement and market feasibility.

Furthermore, the creation of advanced preclinical models that precisely replicate
human cancer traits is essential. These models must include characteristics such
as tumor metastasis and microenvironmental heterogeneity to improve the
prediction validity of preclinical studies. The lasting impacts of nanomedicines on
human health and the environment are a major issue, requiring ongoing testing
protocols and enhanced toxicity evaluation techniques. The differences between in
vitro and in vivo assessments underscore the need for thorough investigations to
comprehend the behavior of nanomedicines in complex biological systems.
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Future multidisciplinary cooperation and ongoing innovation will be crucial in
advancing nanotheranostics for wider therapeutic use. Recent advancements in
mRNA-based liposomal vaccines and the renewed focus on cancer
immunotherapy highlight the promise of nanomedicine in revolutionizing cancer
treatment. Overcoming current challenges and using upcoming technology may
soon enable the integration of nanotheranostics into conventional cancer therapy
methods.
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