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Cancer, as one of the leading causes of global mortality, requires 

novel therapeutic approaches with high efficiency and low side 

effects. In this regard, combining artificial intelligence (AI), 

particularly machine learning (ML), with nanocarbon materials such 

as carbon nanotubes and graphene has brought new hope. Hence, this 

review aims to investigate the role of ML in optimizing diagnosis, 

predicting treatment response, and designing smart nanocarriers 

based on nanocarbon. Nanotechnology and AI enable targeted drug 

delivery, photothermal therapy, and more accurate imaging. For 

example, carbon nanoparticles can deliver chemotherapy drugs 

directly to tumors, while ML predictive models analyze medical 

images to accurately assess a patient’s response to treatment and 

recommend the best course of action. This convergence of 

technologies has opened up new hopes for the fight against cancer. 

However, there are challenges, such as the potential toxicity of 

nanocarbons, the need for extensive clinical data to train ML models, 

and integrating these technologies into therapeutic systems. In the 

future, the development of smarter nanocarriers, aided by machine 

learning and further studies on the biocompatibility of nanocarbons, 

could lead to more personalized and effective therapies. In 

conclusion, the integration of ML and nanocarbons has the potential 

to revolutionize oncology, but interdisciplinary research and large-

scale clinical trials are necessary to achieve practical application.  

© 2025 University of Zabol. All rights reserved. 
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1. Introduction 

Each year, millions of people all over the world lose their lives to cancer, as it is one of the most complex and 

deadly diseases of our time [1, 2]. Despite the relative effectiveness of conventional treatment methods such as 

chemotherapy, immunotherapy, and radiotherapy, there are many side effects associated with them, and they may 
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cause damage to healthy cells as well [3-5]. As a result of these limitations, researchers have developed new 

technologies to overcome them. Nanotechnology, particularly carbon nanomaterials, has opened up new 

opportunities for targeting cancer treatments due to their unique physical and chemical characteristics [6, 7]. 

Nanomaterials such as carbon nanotubes, graphene, and carbon dots possess many desirable characteristics 

that make them ideal tools for the delivery of drugs, the imaging of cancer cells, and the selective destruction of 

cancer cells, because they are very small, have a high specific surface area, and can be modified chemically [8, 9]. 

Carbon nanotubes can deliver drugs directly to cancerous tissues, preventing drug degradation in the bloodstream 

and enabling controlled drug release via optical or magnetic stimulation [10, 11]. 

Personalized medicine withered before recent advances in AI, particularly ML [12]. ML algorithms make it 

possible to analyze large amounts of clinical data to identify complex disease patterns, predict treatment responses, 

and design optimal treatment strategies [13, 14]. This technology can also alleviate the challenges associated with 

using nanocarriers. 

By combining AI and carbon nanotechnology, a comprehensive approach can be taken to overcome cancer 

treatment limitations promptly. It is possible to produce smart nanocarriers by integrating these two technologies, 

optimizing treatment parameters, and reducing the risk of side effects through their combination. Despite the 

progress made in this field, significant challenges remain, including the potential toxicity of nanomaterials and the 

need for accurate clinical data. Therefore, this review examines the application of ML for optimizing diagnosis, 

predicting treatment response, and designing intelligent nanocarriers that utilize nanocarbon as the material for 

carrier synthesis. 

2. Machine Learning in Cancer Treatment 

ML algorithms have revolutionized cancer diagnosis and treatment [15, 16]. Advanced ML models can accurately 

predict patients' treatment responses, including chemotherapy and radiation, by analyzing complex genomics, 

proteomics, and medical imaging datasets [17-19]. For instance, Deep Neural Networks (DNNs) can predict 

whether or not cancer patients will overcome drug resistance in the future [20-22]. Optimizing anticancer drug 

dosage is one of the most critical applications of ML. Calculating the most precise therapeutic dose using 

reinforcement learning algorithms (RL) that consider multiple parameters, such as a patient's age, genetic status, 

treatment history, and side effects, is possible [23, 24]. As a result of this technology, combination chemotherapy 

is beneficial (Figure 1) [25]. 

ML-based image processing algorithms have revolutionized radiology for earlier detection and better diagnosis 

in the field [26]. Intelligent systems can detect highly sensitive tumors by analyzing images such as computed 

tomography (CT) scans, magnetic resonance imaging (MRI), and mammography scans [27, 28]. With advanced 

techniques such as transfer learning, models can perform well even with limited training data. One of the latest 

developments in this area of research involves the development of models for predicting tumor progression and 

metastatic spread. In the case of hybrid ML models incorporating data from multimodal imaging and genetic 

information, it is possible to model tumor growth patterns more accurately than ever [29, 30].  

3. Carbon Nanomaterials in Cancer Treatment 

Nanotechnology, one of the most advanced and innovative scientific branches in recent decades, has led to a 

fundamental transformation in the field of medicine. As a result, many methods of diagnosing, treating, and even 



Current Applied Sciences (2025) 3(2):109-118                                                                                                    111   

 

preventing diseases have achieved unprecedented accuracy and efficiency through the application of 

nanotechnology [31-36]. Due to their unique physicochemical properties, carbon nanomaterials have 

revolutionized drug delivery [37, 38]. Carbon nanoparticles, such as nanotubes and graphene oxide, possess 

numerous advantages due to their high specific surface area and adaptability in modifying the structure of their 

functional groups [39-41]. By binding particular ligands, such as anti-epidermal growth factor receptor antibodies, 

carbon nanocarriers can transport drugs directly to cancer cells [42]. 

 

Figure 1. Overview of the applications of AI to cancer diagnosis and the oncology research field. The scheme 

depicts the main fields of AI application discussed in this review. Abbreviations: computed tomography, CT; 

gene expression models, GEMs; machine learning, ML; magnetic resonance imaging, MRI; nano differential 

scanning fluorimetry, Nanodsf; next-generation sequencing, NGS; positron emission tomography, PET; partial 

least squares analysis, PLS; ultrasound imaging, U/S [25] 

Carbon dots have been proposed as a next-generation contrast agent in medical imaging [43-45] (Figure 2). In 

addition to high quantum yields, these nanostructures are also excellent for photostability [46]. By crossing the 

blood-brain barrier, carbon dots can produce nanometer-resolution imaging of cancerous tissues by selectively 

accumulating in those tissues where cancer is present [47, 48]. Among recent research efforts, hybrid nanocarriers 

have been developed. It is possible to fabricate hybrid graphene-gold nanoparticles that can simultaneously deliver 

drugs, perform photothermal therapy, and enable imaging [49-51]. Using these multifunctional systems, precise 

imaging, therapeutic effect, and real-time monitoring of therapeutic response can all be provided simultaneously 

as part of a single device. The primary challenge in this area is achieving improved biocompatibility and clearance 

of these nanomaterials from the body once their function is complete, a topic that has been the subject of extensive 

research in this field. 
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Figure 2. Schematic summary of nanocarbon material for various pharmaceutical applications [45] 

4. Combining ML and Nanocarbons for Smart Cancer Therapy 

In the field of cancer therapy, the combination of ML and nanocarbon technology has created a new paradigm [52, 

53]. Using advanced deep learning algorithms, carbon nanoparticle structures can be designed with atomic 

precision and optimized for drug release properties [54-56]. Generative Adversarial Networks (GANs) are one 

way to encapsulate drugs in nanographene structures with controlled porosity to release them according to specific 

stimuli, such as pH or temperature [57, 58]. 

Using ML algorithms, it is possible to predict the metabolic pathways of cancer cells after contact with 

nanoparticles by analyzing microscopic and spectroscopic information as a result of modeling nanoparticle-cell 

interactions [59-61]. In the case of nanoparticles, CNNs offer spatially high accuracy in determining how 

nanoparticles penetrate tumors [62, 63]. Researchers can design nanocarriers with the maximum ability to collect 

cancer cells and the least amount to capture healthy cells. This is with the help of these advances. As a result of 

this technology integration, it is also possible to optimize therapeutic parameters, which is another key application. 

ML algorithms can help adjust critical parameters in photothermal therapy, such as the intensity of laser irradiation, 

the concentration of therapeutic drugs, and the real-time timing of medication injection [57, 64]. This technology 

has been revolutionary, especially in treating tumors resistant to particular chemotherapy types. Recent 

breakthroughs in this field have included the development of self-learning systems for designing fourth-generation 

nanocarriers (Table 1). 
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  Table 1. AI algorithms in nanocarbon-based cancer therapy 

AI Algorithm Application in Cancer Treatment Role of Nanocarbons 

Convolutional 
Neural Networks 

Tumor detection & segmentation in 
medical imaging (MRI, CT scans) 

Nanocarbon-enhanced contrast agents 
improve imaging accuracy 

Random Forest Predicting patient response to 
chemotherapy/immunotherapy 

Nanocarriers deliver drugs, while AI 
optimizes dosage based on predictions 

Support Vector 
Machines 

Classifying cancer subtypes based on 
genomic data 

Nanosensors collect high-precision 
biomarker data for AI analysis 

Reinforcement 
Learning 

Optimizing dynamic treatment plans 
(adaptive radiotherapy) 

Nanoprobes monitor tumor changes in real-
time, feeding data to AI for adjustments 

Deep Reinforcement 
Learning 

Autonomous drug discovery & 
nanomedicine design 

AI designs nanocarbon structures for 
targeted drug delivery 

Natural Language 
Processing 

Extracting insights from clinical 
reports & research papers 

Integrates nanocarbon-based trial data 
into AI knowledge bases 

5. Challenges and Future Prospects  

Although significant progress has been made in developing these technologies, there are still substantial challenges 

to commercialization. Safety concerns prevent nanocarbon use. Carbon nanotubes may cause oxidative stress in 

the body and inflammation in the tissues in some cases. An innovative coating and surface modification method 

using ML can be developed to overcome this challenge. Several algorithms can be used to predict toxicity, such 

as identifying safer structures. 

The other challenge is the need for high-quality clinical data to evaluate this novel treatment. As a result, 

thousands of carefully annotated clinical samples must be collected to effectively train ML models. To address 

this issue, integrated databases of medical images, genomic data, and treatment outcomes can be created. 

Furthermore, semi-supervised and transfer learning techniques can also be used to reduce training data 

requirements. 

To successfully integrate these advanced technologies into clinical systems, AI experts, nanotechnologists, and 

clinicians must collaborate at a level that has never been seen before. User-friendly platforms for software 

development that can make these technologies understandable to clinical professionals are needed, and this is a 

future priority for research. Ultimately, these technologies will be widely adopted if the treatment protocols are 

standardized and appropriate regulatory frameworks are established to ensure their wide acceptance. 

6. Conclusion  

Combining ML with nanocarriers has revolutionized personalized cancer treatment in recent years. Combining 

these two technologies enables the design of intelligent therapeutic systems that can dynamically adapt to the 

unique characteristics of each patient and tumor by optimizing nanocarriers. As a result of this convergence of 

technology, AI can predict the treatment outcome accurately. Nanotechnology and AI will play a crucial role in 

the future of cancer treatment by combining intelligent multimodal approaches that complement each other.  
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