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This review explores the emerging field of nanorobotics and its applications in precision 

cancer treatment. Nanorobots, engineered devices ranging from 0.1-10 micrometers 

in size, offer unprecedented capabilities for targeted drug delivery, diagnostics, and 

therapeutic interventions at the cellular level. We examine the key types of nanorobots 

- organic, inorganic, and hybrid - highlighting their unique properties and potential 

applications. The review discusses critical features of nanorobots including size, 

targeting mechanisms, multifunctionality, biocompatibility, and controllability. 

Various fabrication techniques, from top-down to bottom-up approaches, are outlined. 

The paper provides a comprehensive overview of nanorobot applications in cancer 

treatment, including targeted drug delivery, diagnostics, therapeutic interventions, 

and surgical applications. Current research and early-phase clinical trials are reviewed, 

showcasing the progress and challenges in translating nanorobotic technologies from 

laboratory to clinic. Technical, biological, and ethical challenges are addressed, along 

with regulatory considerations. Finally, we explore future prospects and emerging 

trends, including advanced materials, AI integration, and Theranostics capabilities. 

This review underscores the transformative potential of nanorobotics in cancer 

treatment while acknowledging the hurdles that must be overcome for widespread 

clinical implementation.                                              @2024 IJPHI All rights reserve
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INTRODUCTION 

Cancer remains one of the leading causes of 

death worldwide, with conventional treatments 

often limited by their lack of specificity and 

associated side effects [1]. The advent of 

nanotechnology has opened new avenues for 

cancer treatment, and its convergence with 

robotics has given rise to the promising field of 

nanorobotics [2]. This review article aims to 

provide a comprehensive overview of how 

nanorobotic technology is being harnessed for 

precision cancer treatment. 

Nanorobots, also known as nanobots or 

nanomachines, are engineered devices or robots 

ranging in size from 0.1-10 micrometres, 

capable of performing specific tasks at the 

nanoscale [3]. In the context of cancer 

treatment, these miniature machines offer the 

potential for targeted drug delivery, precise 

surgical interventions, and real-time 

diagnostics at the cellular level. The integration 

of nanorobotics in cancer treatment aligns with 

the goals of precision medicine, which aims to 

tailor medical treatment to the individual 

characteristics of each patient [4]. By 

leveraging the unique properties of 

nanomaterials and the programmability of 

robotic systems, nanorobots can potentially 

overcome many of the limitations associated 

with traditional cancer therapies [5]. 

This review will explore the current state of 

nanorobotic technology in cancer treatment, 

discussing its applications, challenges, and 

future prospects. We will examine various 

types of nanorobots being developed for cancer 

therapy, their mechanisms of action, and the 

results of preclinical and early clinical studies. 

Additionally, we will address the technical, 

biological, and ethical challenges that need to 

be overcome for the widespread clinical 

implementation of this technology. 

TYPES OF NANOROBOTS  

Nanorobots are cutting-edge microscopic 

devices designed for various medical 

applications [2]. The Pharmacy, a 1-2 μl 

medical nanorobot, can carry drugs and target 

specific areas using molecular markers or 

chemotactic sensors. It's powered by glucose 

and oxygen from its environment and can be 

removed via centrifuge nanopheresis. The 

Respirocyte, an artificial oxygen carrier, 

mimics red blood cells but provides 236 times 

more oxygen to tissues. It uses endogenous 

serum glucose for power and efficiently 

manages oxygen and carbon dioxide transport 

through its onboard nano computer. 

Colonocytes are artificial mechanical platelets 

that achieve near-instant haemostasis, working 

100-1000 times faster than the natural system. 

They use a biodegradable fiber mesh to stop 

bleeding rapidly and efficiently [5,6]. 

Other types of nanorobots include the 

Chromalloy, which can replace entire 

chromosomes in individual cells, potentially 

reversing genetic diseases and preventing 

aging. These repair machines examine the cell's 

contents and structure, working molecule-by-

molecule to repair the entire cell. Lastly, 

cellular repair nanorobots are being developed 

to perform precise surgical procedures at the 

cellular level, potentially minimizing damage 

compared to traditional surgical methods. 

These various nanorobots represent the 

forefront of nanotechnology in medicine, 

offering unprecedented possibilities for 

targeted drug delivery, enhanced oxygen 

transport, rapid healing, genetic repair, and 

microsurgery [6]. 

KEY FEATURES OF NANOROBOTS 

FOR CANCER TREATMENT 

Nanorobots designed for cancer treatment 

possess several key features that make them 

uniquely suited for this application. First and 

foremost is their size and scale, which allows 

them to operate at the cellular level. These 

nanoscale devices, typically ranging from 0.1 to 

10 micrometres, can interact directly with 

cancer cells and penetrate tumor tissues [6]. 

This small size enables them to navigate 

through the body's complex vasculature and 

overcome biological barriers that often hinder 

conventional therapies. Moreover, their scale 
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allows for precise targeting of cancer cells 

while minimizing damage to healthy tissues, a 

crucial advantage in cancer treatment. Another 

critical feature of nanorobots is their targeting 

mechanisms, which can be both active and 

passive. Active targeting involves the use of 

specific ligands or antibodies on the 

nanorobot's surface that can bind to receptors 

overexpressed on cancer cells. This approach 

ensures a high degree of specificity in targeting 

tumor tissues. Passive targeting, on the other 

hand, takes advantage of the enhanced 

permeability and retention (EPR) effect often 

observed in tumor vasculature. The leaky blood 

vessels and poor lymphatic drainage in tumors 

allow nanorobots to accumulate preferentially 

in these areas. These targeting strategies, 

combined with the multifunctionality of 

nanorobots, enable them to perform various 

tasks such as diagnosis, drug delivery, and 

therapy monitoring, all within a single platform 

[6,7]. 

Biocompatibility and controllability are two 

additional crucial features of nanorobots for 

cancer treatment. Design considerations to 

ensure minimal toxicity and immune response 

are paramount, as these devices need to operate 

within the body without causing adverse 

effects. Materials used in nanorobot 

construction are carefully selected and 

engineered to be non-immunogenic and 

biodegradable when possible. Controllability is 

achieved through external control mechanisms 

such as magnetic fields, light, or ultrasound, 

which allow for guided navigation and 

activation of the nanorobots. This feature 

enables precise control over the location and 

timing of therapeutic interventions, further 

enhancing the efficacy and safety of nanorobot-

based cancer treatments. These combined 

features make nanorobots a promising tool in 

the development of more effective and 

personalized cancer therapies [6-8]. 

 

Fig. 1: Working methodology of 

Nanorobotics. 

FABRICATION TECHNIQUES 

The fabrication of nanorobots for cancer 

treatment employs a variety of techniques, 

broadly categorized into top-down, bottom-up, 

and hybrid approaches. Top-down approaches, 

including lithography and microfabrication 

techniques, start with larger materials and 

sculpt them down to the desired nanoscale 

structures, offering precise control over shape 

and size [8]. Bottom-up approaches, on the 

other hand, rely on the self-assembly of 

molecular components, leveraging the inherent 

properties of materials to form complex 

nanostructures. This method is particularly 

useful for creating organic nanorobots like 

DNA origami structures [8,9]. Hybrid 

approaches combine elements of both top-down 

and bottom-up methodologies, allowing for the 

creation of more complex and sophisticated 

nanorobot designs [10,11]. These hybrid 

techniques often involve using top-down 

methods to create templates or scaffolds, which 

are then populated or modified using bottom-up 

self-assembly processes. This combination of 

approaches enables the fabrication of highly 

functional and versatile nanorobots capable of 

meeting the diverse requirements of cancer 

treatment applications [9,11]. 
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APPLICATIONS OF NANOROBOTS IN 

CANCER TREATMENT 

Nanorobots offer a wide range of applications 

in cancer treatment, with targeted drug delivery 

being one of the most promising. These 

nanoscale devices can be engineered to carry 

and deliver therapeutic payloads directly to 

cancer cells, significantly reducing systemic 

toxicity. The drug delivery mechanisms of 

nanorobots involve sophisticated encapsulation 

and release techniques, often utilizing stimuli-

responsive systems that can be triggered by 

factors such as pH changes, temperature 

fluctuations, or specific enzymatic activity in 

the tumor microenvironment. Active targeting 

strategies, employing cancer-specific 

biomarkers, further enhance the precision of 

drug delivery. Numerous preclinical and early 

clinical studies have demonstrated the potential 

of nanorobotic drug delivery systems in 

improving treatment efficacy while minimizing 

side effects [2,12]. 

In addition to drug delivery, nanorobots show 

great promise in cancer diagnostics and 

monitoring. These tiny machines can be 

designed for in vivo imaging and biosensing, 

enabling early detection of cancerous growths 

and real-time monitoring of treatment response. 

Nanorobots can also be utilized for detecting 

circulating tumor cells in the bloodstream, 

potentially allowing for earlier diagnosis and 

more effective tracking of metastatic spread. 

Furthermore, they offer the capability for 

molecular profiling of tumors, providing 

valuable information for personalized treatment 

strategies [12,13]. 

Beyond drug delivery and diagnostics, 

nanorobots can actively participate in cancer 

treatment through various therapeutic 

interventions. Photothermal and photodynamic 

therapies utilize nanorobots to generate 

localized heat or reactive oxygen species upon 

light activation, selectively destroying cancer 

cells. Nanorobots can also enhance the 

effectiveness of radiotherapy by increasing the 

sensitivity of tumor cells to radiation. In the 

realm of gene therapy, nanorobots serve as 

efficient vectors for delivering therapeutic 

genes or RNA interference molecules to cancer 

cells. Additionally, nanorobots show potential 

in revolutionizing cancer surgery, enabling 

minimally invasive tumor removal, precise 

identification of tumor margins, and even 

microsurgery on blood vessels supplying 

tumors. These surgical applications, coupled 

with the ability to monitor post-surgical sites 

and deliver localized treatments, highlight the 

versatility of nanorobots in comprehensive 

cancer care [13,14]. 

 

Fig. 3: Applications of nanorobots. 

CURRENT RESEARCH AND CLINICAL 

TRIALS 

The landscape of current research and clinical 

trials in nanorobotics for cancer treatment is 

characterized by a complex interplay of 

multidisciplinary approaches, cutting-edge 

technologies, and intricate biological 

interactions. Preclinical studies are delving into 

increasingly sophisticated nanorobotic systems 

that exploit the intricate molecular machinery 

of cancer cells. For instance, researchers have 

developed DNA-based nanorobots capable of 

autonomous logic-gated activation in response 

to specific molecular signatures of cancer cells. 

These nanorobots can distinguish between 

target and non-target cells with remarkable 

precision, releasing their therapeutic payload 

only when multiple cancer-specific markers are 

detected simultaneously. Another 

groundbreaking study has demonstrated the 

potential of hybrid organic-inorganic 
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nanorobots that combine the programmability 

of DNA origami with the photothermal 

properties of gold nanoparticles. These 

nanorobots can be remotely controlled using 

near-infrared light to perform complex tasks 

such as drilling into cell membranes for 

enhanced drug delivery or inducing localized 

hyperthermia [12,15]. 

The transition from preclinical promise to 

clinical reality is fraught with challenges, yet 

early-phase clinical trials are cautiously 

progressing, navigating the complex regulatory 

landscape and addressing critical questions of 

safety, biocompatibility, and efficacy in human 

subjects. A phase I/II trial is exploring the use 

of magnetically guided nanorobots loaded with 

a combination of chemotherapeutic agents and 

small interfering RNA (siRNA) for treating 

pancreatic cancer. This trial aims to overcome 

the notorious drug resistance of pancreatic 

tumors by simultaneously delivering 

conventional chemotherapy and silencing 

genes involved in drug resistance mechanisms. 

Another innovative trial is investigating 

nanorobots designed to enhance 

immunotherapy in melanoma patients. These 

nanorobots are engineered to deliver tumor 

antigens directly to antigen-presenting cells, 

potentially boosting the body's immune 

response against cancer cells. The complexity 

of these clinical endeavors is further amplified 

by the collaborative efforts between academic 

institutions, pharmaceutical companies, and 

regulatory bodies. These partnerships must 

navigate not only the scientific and medical 

challenges but also the intricate web of 

intellectual property rights, funding 

mechanisms, and ethical considerations 

surrounding the use of nanorobotic 

technologies in human subjects. As these trials 

progress, they are generating vast amounts of 

data on the pharmacokinetics, biodistribution, 

and long-term effects of nanorobots in the 

human body, necessitating advanced 

computational approaches for data analysis and 

interpretation [13-15]. 

 

CHALLENGES AND LIMITATIONS 

Nanorobot navigation and control require 

exceptional precision to accurately target 

specific cells or tissues within the human body, 

a challenge compounded by the complexity of 

the biological environment and the need for 

real-time adjustments [16]. Power sources and 

energy efficiency are critical, as nanorobots 

must operate with limited power while 

maintaining functionality over extended 

periods, necessitating the development of 

compact and efficient energy solutions. Mass 

production and quality control also pose 

significant hurdles, requiring advanced 

techniques and rigorous standards to ensure 

consistency and reliability. Biocompatibility 

and immunogenicity are primary concerns, as 

nanorobots must be compatible with human 

tissues to avoid adverse immune reactions and 

long-term toxicity [17]. Overcoming biological 

barriers, such as the blood-brain barrier, is 

another challenge, requiring nanorobots to be 

designed to navigate these obstacles effectively. 

The heterogeneity of cancer further complicates 

the adaptability of nanorobotic systems, as 

tumors can vary widely between patients and 

even within the same patient, necessitating 

highly adaptable and responsive nanorobots. 

The regulatory landscape for nanorobotic 

medical devices is still evolving, necessitating 

clear frameworks to ensure safety and efficacy, 

with regulatory bodies balancing innovation 

with patient safety [18]. Ethical considerations 

include consent, autonomy, and potential 

unintended consequences, as well as privacy 

concerns related to in vivo monitoring, which 

could pose risks to patient confidentiality. 

Ensuring equitable access to nanorobotic 

therapies is another ethical challenge, as these 

advanced treatments could exacerbate 

healthcare disparities if not made accessible to 

diverse populations. Addressing these 

regulatory and ethical issues is essential for the 

responsible development and deployment of 

nanorobotic technologies in medicine [19-21]. 
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FUTURE PROSPECTS AND EMERGING 

TRENDS 

The future of nanorobotics is being shaped by 

groundbreaking advancements in 

biocompatible materials, 4D printing, stimuli-

responsive materials, and artificial intelligence 

integration. These innovations are enhancing 

the safety, versatility, and precision of 

nanorobots in medical applications. 

Biocompatible and biodegradable materials 

ensure nanorobots can interact safely with 

human tissues and be eliminated from the body 

after completing their tasks. 4D printing and 

stimuli-responsive materials allow for the 

creation of nanorobots that can adapt their 

shape or properties in response to specific 

stimuli, expanding their potential applications. 

AI integration optimizes nanorobot design, 

navigation, and control, enabling real-time 

decision-making and autonomous operation 

within the body. The combination of 

nanorobots with conventional therapies offers 

synergistic benefits, achieving more effective 

and targeted interventions. Multi-modal 

nanorobots capable of simultaneous diagnosis 

and treatment provide a comprehensive 

approach to managing complex medical 

conditions. 

Personalized medicine is advancing through 

tailored nanorobotic interventions based on 

individual patient profiles, targeting specific 

disease mechanisms and pathways to improve 

treatment efficacy while minimizing adverse 

effects. Real-time adaptation of treatment 

strategies is possible through AI-equipped 

nanorobots with continuous monitoring 

capabilities, ensuring treatments remain 

effective as disease states change. Theranostic 

nanorobots, combining diagnostic and 

therapeutic functions, represent a significant 

advancement in nanomedicine. They streamline 

disease management by performing 

simultaneous diagnosis and treatment, 

enhancing precision and efficiency in 

healthcare delivery. As research in 

nanorobotics progresses, we can expect to see 

more innovative applications emerge, from 

early disease detection and precise drug 

delivery to microsurgery and tissue repair at the 

cellular level. While challenges remain in 

manufacturing, control, and regulatory 

approval, the future of nanorobotics in 

medicine promises more effective, less 

invasive, and highly personalized medical 

treatments, potentially revolutionizing 

healthcare as we know it. 

CONCLUSION 

Nanorobotic technology holds transformative 

potential for precision cancer treatment, 

offering innovative solutions for targeted drug 

delivery, real-time diagnostics, and minimally 

invasive interventions. As advancements in 

materials, AI integration, and theranostic 

capabilities continue, nanorobots are poised to 

revolutionize personalized medicine. 

Addressing technical, biological, regulatory, 

and ethical challenges will be crucial for the 

successful clinical implementation of 

nanorobotic therapies. With ongoing research 

and development, nanorobots could become a 

cornerstone in the fight against cancer, 

significantly improving patient outcomes and 

advancing healthcare. 
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