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Abstract-Cancer poses an ongoing challenge to
healthcare, demanding new and effective treatment
approaches that can overcome the drawbacks of
traditional therapies. This paper investigates the use of
ultra-small robots at the nanoscale to advance cancer
treatment by providing precise and less invasive options.
Leveraging developments in nanotechnology combined
with biomedical research, these microscopic robots—
smaller than a micron—are engineered to move
accurately within the body's complex environment. They
are capable of locating cancer cells and delivering
therapeutic drugs directly to tumors, reducing harm to
healthy tissues and limiting side effects. The study
explains the construction of these nano-robots using
materials that are both safe and biodegradable, ensuring
they interact well with the body. It also covers the
advanced guidance and control techniques that enable
these robots to independently navigate to specific sites
and administer treatment at the microscopic level.
Testing on living subjects demonstrates the potential of
these devices to effectively target and destroy cancer
cells. Despite existing obstacles such as large-scale
production and practical clinical use, this research
highlights the transformative possibilities of nanorobotic
technology to improve cancer therapy and patient
quality of life.

LINTRODUCTION

Cancer remains one of the most complex and
challenging diseases in medicine. Conventional
treatments, including surgery, chemotherapy, and
radiation, often struggle to target cancer cells
precisely, causing damage to healthy tissues and
limiting effectiveness. This has created a need for
therapies that are highly targeted, minimally invasive,
and efficient.

Nanobots—microscopic robotic devices designed to
operate at the cellular level—offer a promising
solution. Their tiny size allows them to navigate
intricate biological environments and reach areas that
traditional treatments cannot access. By delivering
drugs directly to tumor cells, nanobots can enhance

treatment accuracy, reduce side effects, and prevent

disease progression.

Beyond targeted therapy, nanobots have potential in

diagnostics, cellular repair, and real-time monitoring,

paving the way for personalized cancer treatments.

While still in the experimental stage, integrating

nanotechnology and robotics could revolutionize

oncology, making therapies safer, more precise, and
more effective, ultimately improving patient outcomes
and quality of life.

e Targeted Drug Delivery: Nanobots can be
designed to move precisely through the body,
locate specific cells, and release drugs directly at
the disease site. This focused delivery improves
treatment effectiveness while minimizing side
effects. Their ability to reach deep or hard-to-
access tissues ensures medication is administered
exactly where it is needed.

e Imaging and Diagnostics: Nanobots can help
improve medical imaging by acting as tiny markers
inside the body. They make it easier to see and
detect diseases, such as cancer or blood vessel
problems, at an early stage.

e Surgery and Microsurgery: Nanobots can carry
out very small, precise operations at the level of
cells or molecules. They can remove unhealthy
tissue, repair damaged cells, or perform
microsurgeries, making procedures safer and
recovery faster than conventional surgery.

e Cellular and Molecular-Level Interventions:
Nanobots can work with single cells or molecules.
They can fix damaged DNA, remove harmful
substances, or help cells function properly,
offering new ways to treat diseases.

e  Monitoring and Real-Time Feedback: Nanobots
can watch the body’s vital signs and send instant
updates to doctors. This helps adjust treatments,
like medicine doses, quickly when needed.

e  Treatment of Hard-to-Reach Areas: Nanobots can
go to parts of the body that are hard to reach with
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normal treatments. This is useful for treating
complex organs or problems in blood vessels,
such as clots.

e FEarly Disease Detection and Prevention:
Nanorobots with built-in sensors can identify
early signs of diseases, including cancer, by
detecting specific biological markers. This allows
doctors to intervene sooner and take steps to
prevent the disease from worsening, improving
patient care and outcomes. Despite their potential,
nanorobots face technical and ethical challenges.
It is important to ensure they are safe, compatible
with the human body, and able to move
accurately. Currently, most  nanorobot

applications are still in the research stage, but

ongoing development suggests they could
become an important tool for early diagnosis and
disease prevention in the future.

ILLITERATURE REVIEW

Research on nanorobots in cancer treatment has

highlighted their potential as well as the challenges in

applying them clinically. Key insights from recent
studies include:

e Targeted Drug Delivery: Nanorobots can carry
medication directly to cancer cells, improving
treatment precision and reducing side effects on
healthy tissues.

o Safety and Compatibility: Designing nanorobots
that are safe and compatible with the human body
is essential, requiring careful material selection
and thorough testing.

e Navigation Inside the Body: Controlling the
movement of nanorobots is complex. Techniques
such as magnetic guidance and chemical
propulsion have been developed to ensure
accurate navigation.

e Cancer Cell Targeting: Nanorobots can be
designed to identify and bind to cancer cells
specifically, increasing treatment accuracy.

e Animal Testing: Studies in animal models show
that nanorobots can successfully deliver drugs to
tumors, providing important data for future
human applications.

e FEthical Concerns: Issues like patient consent,
privacy, and fair access must be considered when
using nanorobots in healthcare.

e Regulatory Requirements: Before clinical use,
nanorobots must meet strict safety and
effectiveness standards in line with medical
regulations.

e Future Challenges: Mass production, long-term
effects, and affordability are key areas for
ongoing research.

This review shows that progress in precision delivery,

safety, navigation, ethics, and regulation will be

essential for the widespread use of nanorobots in
cancer therapy.

INMI.METHODOLOGY: DESIGN AND
FABRICATION OF NANOROBOT

Nanorobots are microscopic devices designed to
navigate the human body and precisely target cancer
cells. Developing these nanorobots involves several
important steps:

e  Material Selection: They are made from materials
that are safe for the body, such as biodegradable
polymers, nanoparticles, or biological molecules
like DNA and proteins.

e  Size and Shape: Nanorobots are extremely small,
allowing them to move through the body easily.
Their shapes—such as spheres, rods, or helices—
are chosen based on their intended function.

e Movement Mechanisms: Nanorobots use
different methods to move, including tiny
flagella- like structures, magnetic guidance, or
chemical reactions that produce motion.

o Targeting Cancer Cells: They are designed to
recognize and attach to cancer cells using
surface molecules that bind specifically to
markers on the target cells.

e Drug Delivery: Many nanorobots carry drugs that
can be released directly at the tumor site, ensuring
precise treatment and reducing side effects.

e Control and Navigation: Nanorobots can be
guided externally using magnetic fields or move
independently using onboard sensors and
programming.

e Imaging and Feedback: Some nanorobots have
built-in sensors or tiny cameras to provide real-
time data to doctors, helping monitor treatment
progress.

e Safety and Biocompatibility: Designs must
prevent harm to healthy cells and allow the
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nanorobots to be safely removed from the body
after completing their task.

e Fabrication Techniques: Advanced techniques
like 3D printing, molecular self-assembly, and
nanolithography are used to build precise
structures.

e Testing and Validation: Nanorobots are tested
in laboratory and animal studies to ensure safety
and effectiveness before clinical use.

The design and fabrication of nanorobots is a rapidly

evolving area, with ongoing research focused on

improving materials, movement methods, and
targeting strategies to make cancer treatment more
precise and effective.
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Creating nanorobots for cancer treatment requires

careful design to ensure they are safe and effective

inside the human body. These tiny devices must
perform their functions without harming healthy cells.

Key points include:

e Safe Materials: Nanorobots are made from
materials that the body can tolerate, such as
biodegradable polymers, nanoparticles, or natural
molecules, to prevent immune reactions or
toxicity.

e Removal After Use: After finishing their task,
nanorobots should leave the body naturally or be
removed safely to avoid accumulation.

e Targeting Cancer Cells Only: Nanorobots should
recognize and act only on cancer cells, avoiding
healthy tissue, using special molecules that

identify cancer markers.

e Controlled Drug Release: When -carrying
medication, nanorobots release it only at the
tumor site, reducing side effects.

e Avoiding Harmful Substances: The materials and
reactions used should not create harmful
byproducts that could damage normal cells.

e  Monitoring and Guidance: Nanorobots can be
guided or observed externally, for example
through magnetic fields or imaging, allowing
corrections if needed.

e Testing in Labs and Animals: Before human
use, nanorobots are tested in laboratory
experiments and animal studies to confirm safety
and effectiveness.

e Ethical Considerations: Patient consent, privacy,
and responsible use must be addressed during
development.

e Regulatory Standards: Nanorobots must meet
medical safety and performance regulations
before clinical use.

e Long-Term Safety: Researchers must study any
potential long-term effects to ensure patient well-
being.

By carefully considering these factors, nanorobots can

be developed to safely and effectively assist in cancer

treatment.

Fig 1.2 Propulsion in Nano Robot
Nanorobots can generally be classified into two main
types: assemblers and self-replicators.

e Assemblers: These are simple, -cell-shaped
nanorobots that can manipulate molecules or
atoms according to a specialized program. They
are designed for specific tasks in the body.

e  Self-replicators: These are advanced assemblers
that can make copies of themselves quickly. This
ability is wuseful for large-scale tasks and
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widespread deployment in medical applications.

To perform their intended functions, nanorobots
require certain structural and functional features:

1.

Size and Shape: The design of a nanorobot,
including its size and shape, depends on its purpose
and the environment in which it operates. Smaller
sizes often allow it to navigate more easily in the
body.

Sensors: Nanorobots must be able to sense
different properties of cells, such as physical,
chemical, and biological characteristics. This
allows them to distinguish between healthy and
diseased cells.

Mobility/Propulsion: Nanorobots need ways to
move within the body. Some flow passively with
the bloodstream, while others have active
propulsion systems inspired by microorganisms,
such as flagella-like structures that mimic
bacterial motion.

Power Generation: Nanorobots require energy to
operate. Developing efficient power sources at the
nanoscale is a key design challenge.

Data Acquisition and Storage: While monitoring
cells, nanorobots collect data about cellular
conditions. This data must be stored within the
device, often using advanced computing methods
suitable for nanoscale devices.

Telemetry and Communication: Nanorobots need
to send information to external controllers while
inside the body. Telemetry systems allow real-
time monitoring and coordination of nanorobot
activities.

Control and Navigation: Once inside the body,
nanorobots are guided by external control systems
to navigate to target areas accurately.

IV.WORKING PROCESS OF A NANOROBOT IN

CANCER TREATMENT

A nanorobot is first injected into the body, where it
circulates and locates cancer cells. Once it reaches the
target, it delivers medication and performs therapeutic
actions. The nanorobot monitors the results, provides
feedback, removes or treats the cancerous cells, and
exits the body after completing its mission.

Steps involved in nanorobot working:
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Fig 1.3 Steps involved in Nano Robot working

V.CHALLENGES OF NANOROBOTS IN
CANCER TREATMENT

While nanorobots hold great promise for cancer
therapy, there are several challenges to address:

Biocompatibility = and  Safety: = Ensuring
nanorobots are safe inside the body is difficult.
They must avoid triggering immune responses,
toxicity, or harmful interactions with healthy
tissues.

Precise  Targeting: Nanorobots need to
accurately identify and act only on cancer cells.
Designing recognition systems that are highly

1649



© October 2025| IJIRT | Volume 12 Issue 5 | ISSN: 2349-6002

selective is a major technical challenge.

e Control and Navigation: Guiding nanorobots
within the body, either autonomously or with
external control, requires advanced engineering
and precise navigation systems.

e Drug Delivery Effectiveness: Nanorobots must
deliver medication to the right location, at the
correct dosage and timing, to be effective while
minimizing side effects.

e Regulatory Approval: Gaining approval from
medical authorities is complex, as nanorobots
must meet strict safety and performance
standards.

e Scalability: Producing nanorobots in large
quantities for clinical use is challenging, as it
requires maintaining quality and safety
throughout mass production.

VLETHICAL CONSIDERATIONS IN
NANOROBOT CANCER THERAPY

Using nanorobots for cancer treatment involves
several ethical concerns that must be addressed
carefully:

e Patient Consent: Patients need clear information
about how nanorobots work, including potential
benefits and risks, to give informed consent.

e Privacy and Data Security: Nanorobots may
collect and send patient information for
monitoring. Protecting this data is essential.

e Fair Access: If nanorobot treatments are
expensive or resource-heavy, there should be
fair access for all patients.

e Long-Term Effects: The possible long-term
health effects of nanorobot therapy must be
studied, and patients should be informed about
future risks.

e Autonomy: Patients’ control over the nanorobots
and the use of autonomous functions must be
ethically considered.

e Beneficence and Non-Maleficence: Treatments
should aim to benefit the patient while
minimizing harm.

Experimental Result:

The table 1.1 below shows the categorization of
clinical trials and their percentage that involved in
various year are shown

Table 1.1 In Categorization of Clinical trials on
nanomedicines from 2019 to 2023 according to the
types and uses of Nanorobots.

In Categorization of Clinical trials on nanomedicines from 2019 to 2023 according to the types and uses of

Nanorobots.
Typesof Nano Uses 2016 017 2018 2019 200 2022 | 2023
robotsfor
Diagnosis and
Treatment
Respirocyte Artificial 30% 30% 50% a0% 0% 50% 50%
oxygen carrier
nanorobot
Chromallocyate Cell Repair 60% 65% T0% 55% 70% 70% | 65%
Robot
Pharmacyte Theycancarry | 70% T0% 60% 55% 60% 60% | 70%
drugsin their
tanks
Microbivores Theycan W% | 5% 30% 5% 20% 5% | 5%
destroy
certaintypes
of Bacteria
Clottocyte Theyplaya 50% 55% 50% 45% 60% 50% | 50%
Role of
Platelets

The Fig 1.4 shows the visual rerpresentation of the
table 1.1

Clinical Trials on Nanomedicines from
2019 to 2023 based on types and
uses of Nanobots
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Fig 1.4 Clinical Trials on Nanomedicines from 2019

to 2023 based on types and uses of Nanobots

Advancement In treating different types of Cancer

LungCancer | BreastCancer | LiverCancer | Brain Tumor | Bone Cancer ( Skin Cancer
Typesof
Cancer

Typesof
Nanorobots

50.55% 60% 55.5% 65% 45% 76%
Drugbased Nanobot

60% 0% 66.77% 70% 56% 76%
DNA Based Nanobot

Table 1.2 Advancement In treating different types of
Cancer
The table 1.2 shows the advancement in treating
different types of cancer with drug based nanobot and
DNA based nanobot.
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Advancement In treating different types of Cancer
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W Breast Cancer
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Fig 1.5 Advancement In treating different types of
Cancer

VIL.CONCLUSION

Nanorobots offer a promising and innovative approach
to cancer treatment by precisely targeting cancer cells
and delivering therapies directly to affected areas. This
precision reduces damage to healthy tissues and
minimizes the side effects commonly associated with
conventional treatments.

However, several challenges remain. Ensuring the
safety and biocompatibility of nanorobots, addressing
ethical considerations, complying with regulatory
standards, understanding long-term effects, and
scaling up production for clinical use are all critical
issues. Collaboration among researchers, engineers,
healthcare professionals, ethicists, and policymakers is
essential to address these challenges effectively.
Clinical studies indicate that DNA-based nanorobots
show strong potential for treating severe cancers, such
as lung and liver cancer, while drug-based nanorobots
are effective but require careful design to avoid
harming healthy cells. Continued research and
development in both types of nanorobots are expected
to further improve the precision, safety, and success of
cancer therapies.
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