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Abstract—This paper dives into how nanotechnology is chang-ing
the game in medicine and healthcare. By working with materials at
the nanoscale — that’s one-billionth of a meter — scientists can tweak
physical, chemical, and biological properties in ways that are really
different from larger materials. The study takes an interdisciplinary
approach, pulling together data from research articles, clinical trials,
and case studies since 2010 to showcase the latest in nanomedicine,
biotechnology, and genetic engineering. Key findings show that
nanotech is fantastic for improving diagnostic accuracy, allowing for
early detection of diseases at the cellular and molecular level. When
it comes to treatment, the paper talks about how engineered
nanoparticles can really enhance drug delivery systems, making
medications more soluble, stable, and effective while reducing side
effects through targeted delivery. For example, using magnetic drug
delivery and specialized nanoparticles in cancer treatment can
directly target tumors and help with neurological issues, but there
are still some challenges with non-specific accumulation and
potential toxicity. The paper also looks into exciting areas like
regenerative medicine, monitoring health in real-time with
nanosensors, and the possible creation of nanorobots for targeted cell
destruction. Even though there’s a lot of promise, the study points
out some major roadblocks for getting these technologies into clinical
use, like concerns over biocompatibility, the ability to scale up
manufacturing, and the strict regulatory hoops they need to jump
through. In short, while nanotechnology has incredible potential to
change personalized medicine and disease prevention, ongoing
research across different fields is crucial to tackle the current
technical and safety hurdles.

Index Terms—nanotechnology, nanomedicine,
diagnostics, healthcare, regenerative medicine

drug-delivery,

1. INTRODUCTION

Scientists believe the entire universe began with a massive
explosion called the Big Bang, which started from just one
tiny, high-energy particle.It is amazing that everything we see
today grew from something so small, and now researchers
are using that same idea—working with minuscule parti-
cles—to create incredible new scientific inventions.This has
led to the rise of nanotechnology, which is now a major
part of almost every area of modern science and technology
[1].Nanotechnology was first proposed by a famous physicist
Richard Feynman. He said we could take the big machines
and tools we use every day and remake them on a tiny,
microscopic scale. He famously said “there is plenty of room
at the bottom” because he thought there was a whole world
of possibilities waiting to be discovered at the level of atoms
and particles.The word “nanoscale” means very, very small; a
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billionth of a meter, to be precise.Scientists created the field
of nanotechnology because they found that when materials
are shrunk down to this microscopic size, they start acting
very differently than they do in large chunks.This is because
everything is made of atoms, if you change the size, shape or
how those atoms are put together you completely change how
the material behaves [2].

Scientists see nanotechnology as the future of science with a
vast array of possible applications in many areas.Nanoscale
materials possess unique properties that have generated con-
siderable interest among medical doctors and researchers who
study biological systems, as these materials are shown to have
the potential to create transformational changes in many fields

[3].
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Fig. 1. Application of Nanotechnology in Medicine
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The bottom line is a concerted effort to harness the “unique
quantum phenomena at the nanoscale.”This is about the dif-
ferent physical and chemical properties materials exhibit when
their size is reduced to the nanometer scale, which are often
different from their bulk properties. [4].

Nanobiotechnology is not only enhancing the accuracy of
diagnosis of diseases but also making it possible to detect dis-
eases at an earlier stage. This means that medical professionals
are able to detect health problems sooner, allowing for more
timely and effective interventions. Nanobiotechnology is being
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used to improve the process of discovering new drugs and
developing pharmaceuticals.This can lead to the development
of more effective drugs and treatments.Nanobiotechnology is
helping to develop medical treatments tailored to individ-
ual patients, moving toward more personalized and effective
treatments.Nanobiotechnology is improving the way we treat
cancer, one of the most important areas of medical research
and patient care.The field is also advancing the latest medical
tools and procedures so that healthcare continues to evolve
with cutting-edge technology [4].

As years pass, the medical community more and more of-
ficially approves nanotechnology drugs and vaccines, just
like traditional vaccines. The trend is creating a broad spec-
trum of nanotech-powered medical tools and treatments be-
ing used for research and patient care.“This means a big
shift is underway in the medical field and advanced nan-
otechnology is moving from experimental to real, approved
applications.”Conventional vaccines have to go through a
standard approval process, and new medicines and vaccines
using nanotechnology are also gradually getting medical ap-
proval. This indicates increased confidence and acceptance
of these advanced medical solutions.Advanced Drugs and
Medicines: Nanotechnology is also changing the way drugs are
developed and delivered, with a number of examples already
in the marketplace.The application of nanotechnology also
extends to gene therapy, the creation of nanoparticle-based
vaccines, and antimicrobial agents, all of which are becoming
available for research and clinical use [5].Nanomedicine is a
wide and multidisciplinary field in science and technology. It
includes a variety of medical applications such as methods
of treatment and diagnosis of different diseases, innovative
strategies for disease prevention, development of technology
to relieve pain, human health improvement through medical
intervention, application of nanoscale technology for traumatic
injuries and various therapeutic options for the treatment of
a number of diseases and health conditions [6]. Thus, the
results of biotechnologies, nanomaterials, biomedical robotics
and genetic engineering grouped under the general heading
nanomedicine are being implemented by an interdisciplinary
approach.

On a more expansive and kinda comprehensive scale, putting
nanoscaling techniques to work in the development of medical
technologies can bring real boosts in operational efficiency,
quicker response mechanisms, and notably effective function-
ality across a large portion of biological and chemical pro-
cesses that matter for making many kinds of medical materials.
So, because of that, researchers keep pushing forward and
it also creates a kind of expectation, like people are already
leaning into optimism, about brand new applications showing
up in nanomedicine. And honestly, this could really reshape
healthcare routines, while improving patient outcomes too. [7].

II. DIAGNOSTICS
A. Nanoparticle-based imaging (MRI, CT, PET)

Nanotechnology has significantly advanced medical
diagnostics, particularly in imaging, by improving the
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sensitivity, accuracy, and speed of various diagnostic
techniques.

- Nanoparticles are used for diagnostic imaging to boost,
kind of enhance, ways like Magnetic Resonance Imaging,
CT scans, and Positron Emission Tomography too. In
practice these tiny particles can be linked with specific
biomarkers, so the imaging method gets more sensitive,
accurate, and specific. Because of this, the contrast is
improved, and you can see clearer details. That usually
means better visualization and earlier detection of abnor-
malities, before things get more complicated or obvious.

- In the case of healthcare diagnostics, nanotechnology
use—especially with advanced imaging—should be kind
of a big deal for the growth of personalized medicine.
The idea is that with more precise, and earlier detection,
systems can help in shaping tailored therapies. In practice
it may enable clinicians to pick more suitable treatment
routes, not just the standard one, which feels a bit like the
whole approach becomes more tuned to a single patient.
[10]

Fig. 2. Nanoparticle-based imaging for stem cell tracking via MRI, photoa-
coustic, ultrasound, and fluorescence

B. Biosensors for biomolecule detection

Nanotechnology has been pushing forward a lot of
progress in biosensors, those are pretty crucial for catching
biomolecules even at extremely low concentration ,so
this helps with early diagnosis and also better disease
management. It’s kind of like they become more “sensitive”
and use advanced design steps to notice subtle changes,
sooner rather than later.

- Nanotechnology has let highly sensitive biosensors get
used that are capable of spotting even tiny amounts in
bodily fluids, such as blood and urine. This kind of
capability is important for very early detection, and it
supports effective disease management.
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- Nanofabricated sensors are designed to detect disease-
related biomarkers and monitor conditions in real-time.
For instance, they are used in glucose monitoring devices
for diabetes management, such as FreeStyle Libre.
Biosensors, along with other nanodevices, are employed
in diagnostic sciences for the early and rapid identifica-
tion of diseases, which can then inform further medical
procedures.This contributes to developing insights into
treatment options by identifying disease predisposition at
cellular and molecular levels.

- Nanotechnology has the potential to revolutionize health-
care diagnostics by improving the accuracy, sensitivity,
and speed of medical tests.This includes the use of
biosensors to detect specific biomarkers, which can lead
to more precise and early diagnostic capabilities [11].
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to increase the efficiency and reliability of disease appre-
hension outside of a living organism.

- In vivo diagnostics utilize nanomedicine to develop de-
vices that can work, respond, and modify within the
human body. The primary goal is the early diagnosis
of irregularities that could lead to toxicity or tumor
development events inside a living organism. [12] [14]

III. LAB-ON-CHIP TECHNOLOGY

A. Revolutionizing Healthcare

- Nanotechnology and Lab-on-Chip technology have trans-
formed healthcare by providing innovative solutions for
disease diagnosis, personalized treatment, and drug de-
livery. This combination has led to the development of
advanced diagnostic tools that are faster, more accurate,

C. Microfluidic Devices for Rapid Diagnosis in Nanotech- and more cost-effective than traditional methods.
nology - Lab-on-Chip technology is advancing in various scien-
- Microfluidic devices, when integrated with nanomaterials, tific fields, including its potential use against viral and

are designed to provide rapid and accurate diagnosis
of various diseases.They achieve this by isolating and
analyzing specific cells, proteins, and genetic material,
which is crucial for early detection and effective disease
management.

These nanodevices are used for the early and rapid
identification of diseases, which can then guide further
medical procedures and inform treatment options.This
capability is essential to understand the predisposition of
disease at the cellular and molecular levels.

microfluidic devices, especially when enhanced with
nanomaterials, offer a powerful platform for rapid and
accurate disease diagnosis by enabling the detection and
analysis of biomolecules at the cellular and molecular
levels, thereby advancing early disease identification and
personalized medicine. [12]

D. Nanopore Sequencing for Genetic Disorders

- Nanopore sequencing is a cutting-edge technology that
utilizes nanoscale pores to analyze DNA or RNA
molecules. This method offers a rapid and accurate ap-
proach for diagnosing genetic disorders, including cancer.

- Nanopore sequencing involves passing individual DNA or

RNA molecules through tiny pores, which are typically
proteins embedded in a membrane. As molecules traverse
the nanopore, they cause characteristic changes in the
electrical current flowing through the pore.

These electrical signals are unique to the sequence of
nucleotides (A, T, C, G) in the DNA or RNA molecule.
The special software then interprets these changes to
determine the exact sequence of the genetic material. [13]

E. In Vitro vs. In Vivo Diagnostic Applications

- In vitro diagnostics involve analyzing samples prepared
from human tissue, cell culture, or body fluids using
nanodevices at the subcellular level. This approach aims

cancerous diseases. The process often involves analyzing
genetic information at the cellular level. Genetic sequenc-
ing techniques and body fluid collection have made great
advances in nanomedicine in the opportunity to cure
diseases that have been deemed untreatable until now.
[15]

B. Lab-on-Nanoparticles for Diagnostics and Drug Delivery

- Lab-on-Nanoparticles are miniature devices developed
through the integration of nanotechnology and Lab-on-
Chip (LoC) technology. These devices are designed to
perform multiple functions, including diagnostics, drug
delivery, and monitoring various health conditions.They
utilize nanoscale materials that can detect and respond to
changes within the body, enabling real-time monitoring
and personalized treatment.

- These advanced systems are particularly useful in can-
cer diagnosis, where nanoparticles can be engineered
to target cancer cells for early detection and treat-
ment.Furthermore, LAB nanoparticles contribute to ad-
vanced drug delivery systems, such as nanolithosomes,
which can target specific cells or tissues to enhance drug
efficacy and minimize side effects. [16]

C. Applications in cancer and infectious disease detection

Lab-on-Nanoparticles are increasingly utilized for cancer
diagnosis, offering significant advancements over traditional
methods. Nanoparticles can be engineered to specifically tar-
get cancer cells, enabling earlier detection and more precise
treatment [17].This targeted approach allows for enhanced
imaging modalities, such as MRI, CT, and PET scans, by
attaching nanoparticles to specific biomarkers.Furthermore,
Lab-on-Nanoparticles contribute to advanced diagnostic tools
that are faster, more accurate, and more cost-effective.The
development of targeted nanoparticles is a promising area, as
they can adhere specifically to cancer cells, allowing for easier
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identification and targeting by doctors, which leads to more ac-
curate early detection and better monitoring of cancer progres-
sion.Biosensors, small devices that detect specific biomarkers
in bodily fluids, are also being developed using this technology
for early cancer detection [18]. Nanorobots are emerging as
powerful tools for both cancer and infectious disease detection,
offering enhanced precision and early diagnostic capabilities
due to their nanoscale size and advanced functionalities.Early
detection of cancer is crucial for improving patient survival
rates, and nanorobots are being developed to provide more
effective and accurate early-stage clinical cancer diagnosis.
Research includes the development of nanorobots capable of
examining tumor cell growth in vivo using positron emis-
sion tomography. These nanorobots can be controlled via
pre-programmed procedures through platforms like Arduino
software. To ensure safety and stability, isotope-labeled nano-
carbon material is used, and the nanorobots are designed to be
discharged from the body as excrement after completing their
tasks [19].

Overexpressed biomarkers on the surface of cancer cells serve
as excellent targets for disease diagnosis. Nanorobots can be
engineered to selectively target cancer cells or tumor tissues,
leading to improved imaging and visualization of tumors and
more precise diagnosis.This allows for the visualization of
smaller tumors or lesions that might be missed by conventional
imaging techniques.Nanorobots can perform molecular diag-
nostics to detect specific cancer biomarkers early, improving
diagnostic precision, efficiency, and potentially detecting can-
cer at earlier stages to improve patient prognosis. With diam-
eters less than 100 nm, DNA nanorobots can cross biological
barriers like the brain-blood barrier or gastrointestinal barrier,
enabling early-stage detection and diagnosis of tumor cells at
single or multiple cell levels. These nanorobots have shown
excellent tumor-targeting efficiency for precise localization of
cancer cells.A nanorobot-assisted multifocal cancer detection
procedure (MCDP) take use of a niche genetic algorithm
(NGA) to detect tumors by swimming in high-risk tissue
regions. These NGA-inspired nanorobots can effectively locate
tumor sites by seeking for optimal solutions in the parameter
space, considering realistic in vivo propagation and control
[20].

Nanorobots are really good at cleaning up toxins in the
environment. They can move around on their own and find the
bad stuff, then get rid of it. This helps make the environment
less toxic. Studies have shown that nanorobots are great at
removing things that can harm us, like bad bacteria and their
toxins. For example, scientists have made a special kind of
nanorobot that uses parts from red blood cells and platelets to
do its job. There are also tiny robots that combine bacteria with
special materials that can carry medicine. These robots can
target and break up groups of bacteria that are stuck together,
and they can even give the bacteria antibiotics. The medicine
is released when the robot gets to the bacteria, which is really
smart because it makes sure the medicine gets to where it’s
needed most.

Catalytic Antimicrobial Robots which utilize iron oxide
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nanoparticles, possess dual catalytic-magnetic functionality.
They generate bactericidal free radicals, break down biofilm
exopolysaccharide (EPS) matrices, and remove fragmented
biofilm debris using an external magnetic field. These robots
can sweep and remove biofilms from surfaces and within
blocked capillary tubes, offering significant potential in com-
bating persistent biofilm infections and biofouling of medical
devices [21].

D. Real-time monitoring and personalized treatment

- Tiny robots, called nanorobots, can be made to keep
a close eye on what’s happening inside a tumor. They
can release special medicines, called immunotherapeutic
agents, when they’re needed. This means that treatments
can be adjusted as the tumor changes, so they can be
more effective. The nanorobots can respond to the tumor’s
environment as it evolves, making the treatment more
dynamic and adaptable [21].

- They can be utilized for real-time monitoring of various
physiological parameters, which aids in the early detec-
tion and diagnosis of diseases. This includes detecting
subtle fluctuations in temperature, pH levels, or the pres-
ence of specific biomolecules like proteins and enzymes
[22].

- The integration of nanorobots with modern bioimaging
and feedback control systems is crucial for future biomed-
ical operations. This enables arbitrary four-dimensional
navigation of many-nanorobot systems, facilitating clus-
tering and closed-loop feedback control within a living
body for precise targeting and monitoring of treatment
progress [23].

- Nanorobots can be engineered to perform molecular
diagnostics, allowing for the early detection of specific
cancer biomarkers and improved diagnosis.This precision
enables the development of functionally integrated indi-
vidualized drug delivery nanocarriers with precise prepa-
ration and controlled drug release for targeted regulation
of the tumor microenvironment [21].

- The advanced sensory information, actuators, and propul-
sion systems of nanorobots allow them to adapt and
respond to the dynamic nature of the human body. They
can modify their trajectory and drug delivery strategies
in real-time based on sensed biological cues, ensuring
optimal therapeutic outcomes. This adaptability is a key
advantage over conventional nanomaterials [22].

- Nanorobots are being developed to overcome chal-
lenges like multidrug resistance. For example, ultrasound-
responsive alkaline nanorobots can accumulate au-
tonomously in tumors and destroy the acid microenviron-
ment, which is a critical factor in drug resistance, with
minimal side effects [24].

- DNA nanorobots, utilizing DNA origami technology, can
be customized to deliver drugs and kill tumor cells with
high success rates.They can also be designed to commu-
nicate with each other, find hidden tumor cells, and adapt
to complex biological environments. For example, a DNA
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nanorobot called HApt-tFNA was designed to selectively
degrade specific tumor proteins in cancer cells, enhancing
stability and prolonging blood circulation time in a mouse
model.

IV. PHARMACEUTICAL SCIENCES

A. Drug Dose Specification

Nanorobots are engineered to selectively target cancer
cells or tumor tissues, enhancing the efficacy of im-
munotherapy and minimizes adverse effects. This allows
for the administration of higher doses of immunotherapy
agents directly to the tumor site, improving the efficacy
of the treatment [21].

The type and amount of payload (drugs, genes, sens-
ing molecules, etc.) carries a nanorobot depend on the
intended application and the requirements for efficacy
and safety [21].For example, biohybrid microrobots can
encapsulate high-concentration drugs within sperm mem-
branes, protecting them from dilution and enzymatic
degradation.

Nanorobots are designed to release payloads upon spe-
cific stimuli, such as changes in local temperature or
pH values within the tumor microenvironment.This con-
trolled release mechanism ensures that drugs are delivered
precisely when and where needed [25].

In one study, a magnetic nanorobot loaded with dox-
orubicin was designed to release the drug inside 3D
spheroidal tumors upon stimulation by intracellular
H202 or local pH changes.Another example involved
ultrasound-driven nanowire motors that released 38 per-
cent of their DOX payload inside cancer cells after 15
minutes of NIR light irradiation [26].

Nanorobots are also being developed to overcome mul-
tidrug resistance by delivering drugs that can neu-
tralize the acidic microenvironment of tumors, such
as ultrasound-responsive alkaline nanorobots releasing
Na2CO03 [27].

Polymer microspheres loaded with doxorubicin were de-
livered by a flexible magnetic nanoswimmer to cervical
cancer cells.

DNA nanorobots have been customized to deliver drugs
and kill tumor cells with high success rates, and one
design, HApt-tFNA, was shown to selectively degrade
specific tumor proteins in cancer cells, enhancing stability
and prolonging blood circulation time in a mouse model.

B. DNA Nanotechnology in Drug Delivery

DNA nanotechnology has emerged as a promising strategy
for drug delivery, especially in cancer therapy, providing so-
Iutions that address certain limitations of traditional methods.
This discipline exploits the distinctive properties of DNA to
design functional nanostructures capable of precise payload
delivery and targeted therapeutic interventions.

© 2026 The
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ability, grant for the precise organization of functional
ligands, biomolecules, or nanoscale objects on their sur-
face.This enables specific targeting of cancer cells or
tumor tissues, thereby improving therapeutic efficacy and
minimizing adverse effects compared to systemic drug
administration.

- Nanorobots constructed from DNA can deliver various

theranostic compounds, offering a new solution for anti-
cancer treatments by avoiding the high toxicities associ-
ated with conventional chemotherapy.For example, a gold
nanowire coated with an amplified DNA strand capable of
hybridizing with siRNA was engineered for intracellular
siRNA delivery. This nanorobot, propelled by ultrasound,
can effectively penetrate cancer cells and split target
mRNA, achieving 94 percent silencing efficiency.Another
example is a DNA nanorobot designed with two walking
legs and cargo-carrying arms, which demonstrated an 80
percent success rate in delivering cargo to targeted sites
in experiments.

DNA-guided thrombin-inducing nanorobots represent a
powerful strategy for cancer treatment by inducing fast
and massive necrosis of tumor cells.These nanorobots
are designed to deliver thrombin to tumor sites, where
it triggers coagulation and thrombosis in the local tumor
vasculature, thereby blocking nutrient supply to tumor
tissues.This method has shown promising anticancer ef-
ficacy with low toxicity in preclinical settings.

DNA nanorobots can also be designed to target specific
proteins. For example, a nanorobot called HApt-tFNA
was developed to anchor an anti-HER2 inducer to a
tetrahedral framework nucleic acid. This nanorobot is
made of smart DNA that is based on DNA framework.
It can selectively break down certain tumor proteins in
cancer cells, which makes the nanorobot more stable and
allows it to stay in the blood for longer. This ultimately
leads to the breakdown of HER2 in lysosomes more
effectively.

Despite significant advances in DNA nanotechnology, the
widespread clinical implementation in drug delivery faces
challenges such as immunogenicity, in vivo metabolic
behavior, and the need for large-scale production.Future
efforts will focus on understanding the interactions be-
tween nanorobots and biological systems, regulating drug
uptake, and prioritizing nanomaterials with established
biosafety and metabolic behavior.

C. Nanobiotechnology and Gene Therapy
1) Nanobiotechnology and gene therapy are two fields that

frequently converge in developing innovative therapeutic
approaches for various diseases. Gene therapy involves
introducing DNA molecules into a patient’s cells to re-
place defective or missing genes, aiming to treat genetic
disorders and other illnesses.

2) A key application of nanobiotechnology in gene therapy

is the use of nanoparticle-based delivery systems. These
systems are designed to transport therapeutic genes to
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target cells, protecting DNA molecules from degradation
and enhancing their ability to penetrate cell membranes,
there by increasing the efficacy and safety of gene
therapy.

3) Other nanobiotechnology approaches supporting gene
therapy include the development of gene -editing
technologies that utilize nanoscale tools to pre-
cisely modify DNA sequences and correct genetic
mutations.Nanoparticle-based sensors can also monitor
gene expression and other molecular events in real-
time, providing valuable information for personalized
medicine.Modern therapeutic concepts, including gene
therapy and molecular DNA-based therapies, are al-
ready practiced in healthcare, with nanotechnology driv-
ing further developments.Gene therapy processes are
being modified to attach various biodegradable and
non-biodegradable organic and inorganic particles fab-
ricated with nano-assemblies. These structural combi-
nations help bind DNA and access it across cellular
surfaces.Polymer-based nanoparticle mixtures are also
prepared for intravenous drug injections, leading to
further advances in nanogenetic therapies.

4) Polyplex micelles form at the nanoscale level through
the self-organization process which combines cationic
polymers with nucleic acids that include small interfer-
ing RNA (siRNA) and plasmid DNA (pDNA) compo-
nents.These micelles have garnered significant attention
for their potential in gene therapy and drug deliv-
ery systems.In tumor treatment, polyplex micelle-based
strategies using siRNA and pDNA have been studied.
siRNA is an RNA molecule that specifically targets and
knocks down the expression of disease-related genes,
while pDNA is a circular DNA molecule that can carry
therapeutic genes to the target site.Polyplex micelles can
encapsulate sSiRNA or pDNA within their core, protect-
ing them from degradation and facilitating their delivery
to tumor cells.The cationic nature of these micelles
also allows for electrostatic interactions with negatively
charged cell membranes, promoting their uptake by
tumor cells.These strategies are being investigated for
treating various tumors, including pancreatic adenocar-
cinoma, offering a promising approach for delivering
siRNA or pDNA to tumors, protecting genetic material,
promoting cellular uptake, and increasing the efficacy of
treatment for refractory solid tumors.

V. LIMATATIONS

The primary challenge lies in ensuring the biocompatibility
of nanorobots, particularly when inorganic materials are
employed in their construction. Inadequate biocompatibility
may elicit undesirable immune responses, potentially
compromising the functionality of the nanorobots and posing
health risks to the patient. Therefore, meticulous examination,
testing, and optimization of materials are essential for their
seamless integration with the human body. Strategies such as
the use of biocompatible polymers or PEGylation are being
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investigated to enhance biocompatibility.

The creation of nanorobots involves significant expenses
due to the precision and complexity required in their
production. This process demands considerable investment in
cutting-edge manufacturing facilities, specialized knowledge,
and sophisticated programming for executing detailed tasks
and clinical applications. The financial impact of these
expenses necessitates a thorough cost-benefit analysis,
particularly in healthcare systems with constrained resources.

Effective integration of nanorobots with existing medical
technologies, such as medical imaging systems, is crucial for
precise navigation and real-time monitoring within the body.
This integration is complex, demanding seamless coordination
between nanorobot functions and imaging modalities, and
requiring significant resources and expertise.

The administration of nanorobots intravenously presents
complex challenges. These diminutive agents must navigate
the bloodstream while avoiding immune responses and
possible adverse side effects from interactions with various
cell types. There are also concerns about nanorobots causing
obstructions or damage to blood vessels during navigation.

There are a lot of costs associated with intravenous
administration, such as precise manufacturing, complicated
control systems, and regular maintenance. These financial
problems make it harder for healthcare systems with limited
resources to grow. Moreover, the durability of nanorobots
in physiological environments is a critical issue, as their
capacity to operate effectively over prolonged periods remains
uncertain, potentially requiring repeated dosing schedules
and escalating financial implications. People are looking into
strategies such as the use of strong materials and self-repairing
systems.

It’s hard to come up with safe and effective ways for
the body to move. Non-toxic, non-immunogenic, and very
efficient at the nanoscale, propulsion mechanisms must be.
Biological motors are promising, but substantial research is
required for clinical optimization.

Regulatory frameworks for nanorobots in medical contexts
are still being developed. A thorough and strict set of
rules is needed to make sure safety and effectiveness. This
means doing a lot of pre-clinical testing, validation, and risk
assessment, which makes deployment more complicated and
expensive. International standards are being created to make
sure that rules are the same everywhere.

VI. FUTURE DIRECTIONS FOR MEDICAL NANOROBOTS IN
CANCER TREATMENT

Medical nanorobots of the future are expected to become
more advanced and able to do many different medical
tasks and functions. They will eventually turn into “true
nanosubmarines in the bloodstream.The next step is to make
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systems that have the basic parts that let nanorobots move
freely and accurately inside the human body.This includes
making it easier for them to do certain jobs in complicated
biological settings. Future nanorobots should be able to mimic
the natural intelligence of living things. This would give them
precise control, high mobility, structures that can change
shape, operations that can adapt and last a long time, group
behavior that is swarm-intelligent, complex functionality,
and even the ability to evolve and replicate themselves.For
better precision treatments, it is important to improve swarm
intelligence in nanorobots, especially for planning group
movement, machine learning, and Al at the nanoscale.

To make nanorobots safer and more biocompatible, as
well as to improve their power conversion efficiency, a lot
of work needs to be done. To safely and effectively work
inside the human body, new alternative fuels and propulsion
systems are also needed.

In the future, nanorobots should be able to work with
modern bioimaging and feedback control systems so that
many nanorobots can move around in any four-dimensional
space. This integration will allow nanorobots in the body
to be clustered and controlled in a closed loop, making
sure that treatment is targeted and tracked accurately.
In the future, nanorobots should be able to work with
modern bioimaging and feedback control systems so that
many nanorobots can move around in any four-dimensional
space. This integration will allow nanorobots in the body
to be clustered and controlled in a closed loop, making
sure that treatment is targeted and tracked accurately. It is
imperative to examine the mechanisms of interactions between
nanorobots/nanosubmarines and proteins/cells/tissues/organs
with greater depth. This includes controlling how drugs are
taken up by changing the relevant target molecules and giving
priority to nanomaterials that are known to be safe for living
things and have clear metabolic behavior in vivo.

It is important to do strict preclinical and clinical testing to
find out how safe, biocompatible, and potentially harmful
nanorobots are Setting up the right rules is important to deal
with the unique problems that nanorobotics brings and to
encourage its widespread use.These rules should cover the
whole life of nanorobots, from design to monitoring after
they are on the market.

VII. CONCLUSION

This part stresses that nanorobots are a quickly growing
and promising area for treating cancer. Interdisciplinary col-
laboration and a focus on practical clinical translation are
necessary for them to reach their full potential. The main point
is that nanorobots are a promising area of research with good
preclinical results, but they won’t be able to reach their full
potential in cancer treatment until material, Al, and medical
scientists work closely together and design them specifically
for clinical needs to speed up their use in the real world.

The paper concludes with the belief that nanorobots will soon
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be realized as an integrated platform capable of achieving
multiple aims across different anticancer domains.
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