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The Use of Cold Plasma in the Treatment of Cancer 

 

 

INTRODUCTION 

Cancer is a severe and often deadly disease that affects millions of people around the world. 

Although chemotherapy, radiation therapy, and surgery are the current standard treatments for cancer, 

they usually have significant side effects and are not always practical. As a result, researchers are 

exploring new and innovative therapies for cancer treatment. One such approach is using cold plasma, 

a relatively new technology that has shown promise the cancer treatment. Cold plasma generates reactive 

oxygen and nitrogen species that selectively induce cancer cell death while sparing healthy cells. This 
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ABSTRACT: Despite recent advances in treatment, cancer is  still an 

overwhelming and life-threatening disease, motivating innovative 

research lines in oncology. Cold physical plasma, a partially ionized gas, 

is a new modality in cancer research. Physical plasma presents different 

physicochemical elements, chiefly reactive oxygen and nitrogen species 

(ROS/RNS), causing cancer cell death when supplied at 

Supraphysiological concentrations. The biological effects of plasma 

therapy in experimental cancer treatments are discussed in this article, 

along with cell death techniques. It also provides an overview of the most 

recent research on the intracellular signaling pathways activated by 

plasma therapy to cause cancer cell death. Along with rendering tumor 

cells inactive, the inflammatory environment in which cell death occurs 

to inhibit or enhance immune cell responses is also crucial. This is mainly 

directed by releasing of damage-associated molecular patterns (DAMPs) 

to provoke immunogenic cancer cell death (ICD) that, in turn, activates 

cells of the innate immune system to stimulate adaptive antitumor 

immunity. Many clinical studies and successful research involving 

checkpoint immunotherapy have demonstrated the critical role that the 

immune system plays in the prevention and treatment of cancer. As a 

result, it is also considered if plasma therapy has the potential to cause 

ICD in tumor cells and so boost systemic immune targeting of cancer 

lesions 
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research aims to investigate the potential of cold plasma as a safe, effective, and targeted cancer 

treatment, as well as to explore its mechanisms of action and optimal use in clinical settings. By shedding 

light on cold plasma in cancer treatment, this research may pave the way for more effective and less 

toxic therapies for cancer patients. 

statement of problem 

Although current treatments for cancer such as chemotherapy, radiation therapy, and surgery are 

effective to some extent, they also have significant side effects and limitations. In recent years, there has 

been growing interest in the use of cold plasma as a potential alternative or complementary treatment 

for cancer. However, the effectiveness and safety of cold plasma in cancer treatment need to be 

thoroughly investigated before it can become a widely recognized treatment option. Furthermore, the 

mechanisms behind cold plasma-induced cancer cell death and its optimal use in clinical settings need 

to be elucidated in order to maximize its therapeutic potential. Therefore, this research seeks to explore 

the potential of cold plasma as a safe and effective treatment for cancer, as well as to address the 

knowledge gaps regarding its mechanisms of action and clinical use. 

significance of the study 

The research on the use of cold plasma in the treatment of cancer is significant because it has the 

potential to provide a safe, effective, and targeted therapy for cancer patients. Current treatments for 

cancer such as chemotherapy and radiation therapy have significant side effects and are not always 

effective, so there is a great need for additional treatment options. Cold plasma, on the other hand, offers 

an innovative approach to cancer treatment that is non-invasive and non-toxic to healthy cells. By 

investigating the effectiveness, safety, and mechanisms of action of cold plasma in cancer treatment, 

this research may ultimately pave the way for the development of more effective and less toxic therapies 

for cancer patients. Furthermore, this research may also provide insights into the broader applications 

of cold plasma in other medical fields, such as wound healing and bacterial infections. Overall, the 

potential benefits of using cold plasma in cancer treatment make it an important and promising area of 

study. 

Discussion 

The use of cold plasma in cancer treatment is a promising area of research. Cold plasma is a partially 

ionized gas that can generate reactive oxygen and nitrogen species that selectively induce cancer cell 

death while sparing healthy cells. This makes it a potentially effective and targeted treatment option for 

cancer patients. 

Research has shown that cold plasma can induce apoptosis (programmed cell death) in cancer cells 

by triggering the production of reactive oxygen species, which cause oxidative stress and ultimately lead 

to the death of the cancer cells. In addition to inducing apoptosis, cold plasma can also inhibit cancer 

cell proliferation and migration, suggesting that it may have a broad range of anti-cancer effects. 

One major advantage of cold plasma treatment is its non-invasive nature, which makes it more 

tolerable for patients than conventional cancer treatments such as chemotherapy and radiation therapy. 

Furthermore, the ability of cold plasma to target cancer cells specifically may mean that it has fewer 

side effects compared to conventional treatments. 

However, more research is needed to fully understand the mechanisms behind the anti-cancer 

effects of cold plasma, as well as to optimize its use in clinical settings. In particular, the optimal dosing 



CAJMNS              Volume: 04 Issue: 02 | Mar-Apr 2023  

 

 499 Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org 

 
 Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 

Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 

 

and treatment duration of cold plasma therapy are still unclear. Studies are also needed to investigate 

the long-term safety and efficacy of cold plasma treatment in cancer patients. 

the use of cold plasma in the treatment of cancer holds great potential as a safe, effective, and 

targeted therapy for cancer patients. While more research is needed to fully realize the potential of this 

treatment option, the findings to date are promising and suggest that cold plasma may revolutionize 

cancer treatment in the future. 

 Mechanisms of action of cold plasma on cancer cells 

Cold plasma, also known as non-thermal plasma, is a unique state of matter that consists of a 

partially ionized gas containing a wide range of reactive species, such as atomic oxygen, hydrogen 

peroxide, and reactive nitrogen species. These reactive species have the ability to generate biological 

effects, including cellular apoptosis (programmed cell death) and the inhibition of cancer cell growth. 

One of the most significant mechanisms of cold plasma's action against cancer cells is the generation 

of reactive oxygen species (ROS). ROS are highly reactive molecules that can damage cellular 

components, such as DNA, proteins, and lipids, leading to oxidative stress and cell death. Cancer cells 

have a higher basal level of ROS than normal cells due to their rapid replication rate, and this makes 

them more vulnerable to further ROS-induced damage. 

Another important mechanism of cold plasma's action is its ability to induce DNA damage and 

trigger apoptosis in cancer cells. Cold plasma generates high-energy electrons, which can penetrate the 

cell membrane and interact directly with DNA molecules, leading to strand breaks and other types of 

genetic damage. This can activate the DNA damage response system in the cell, which triggers a 

programmed cell death pathway, ultimately leading to the death of the cancer cell. 

In addition to these mechanisms, cold plasma can also induce changes in the intracellular 

metabolism of cancer cells, including the regulation of intracellular signaling pathways that control cell 

differentiation, proliferation, and survival. This can result in changes to the expression of genes involved 

in these processes, which can ultimately lead to the inhibition of cancer cell growth. 

Overall, the precise mechanisms by which cold plasma therapy affects cancer cells are still being 

studied, and more research is needed to fully understand its potential as a cancer treatment. However, 

the ability of cold plasma to generate reactive species that induce DNA damage, ROS-mediated cell 

death, and potentially differentiating cancer cells makes it a promising therapeutic approach. 

Effects of cold plasma treatment on healthy cells and tissues 

Although cold plasma therapy shows promise as a cancer treatment, it can also have potential effects 

on healthy cells and tissues. Therefore, it's important to carefully evaluate the safety and selectivity of 

the therapy. 

Cold plasma generates a range of reactive species, which can cause oxidative stress and damage to 

cellular components, including DNA, proteins, and lipids. Healthy cells and tissues are generally more 

resistant to oxidative stress than cancer cells due to their lower proliferation rates and higher levels of 

antioxidant enzymes. 

However, studies have shown that exposure to cold plasma can still cause some degree of damage 

to healthy cells and tissues. For example, one study found that exposure to cold plasma caused damage 

to the DNA and proteins of human skin cells within a few minutes of treatment. 

Despite this, researchers have also found that the degree of damage can vary depending on the type 

of healthy cell or tissue being treated, as well as the duration and intensity of the cold plasma treatment. 
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Additionally, they have identified ways to modify the treatment parameters to minimize the risks of 

damage to healthy cells and tissues. 

One approach is to use a lower intensity of cold plasma or a shorter duration of treatment, which 

can reduce the amount of reactive species generated and limit the damage to healthy cells and tissues. 

Another approach is to use a more selective type of cold plasma, which can target only cancer cells and 

spare healthy cells. 

Overall, while cold plasma therapy may have some potential effects on healthy cells and tissues, 

researchers need to take precautions to ensure its safety and minimize risks. Continued research is 

needed to better understand the mechanisms of action of cold plasma and its effects on different types 

of cells and tissues, as well as to optimize the parameters and selectivity of the therapy. 

Optimization of cold plasma delivery and dosing for cancer treatment 

The success of cold plasma therapy for cancer treatment depends on optimizing the delivery and 

dosing parameters to ensure effective targeting of cancer cells while minimizing the potential for damage 

to healthy cells and tissues. 

One approach to optimizing the delivery of cold plasma is to use a direct or indirect method of 

application. Direct application involves applying cold plasma directly to a tumor or cancerous tissue, 

while indirect application involves exposing cancer cells to plasma-activated fluids or gases. Direct 

application is generally more precise, but may be limited by the location or accessibility of the tumor, 

while indirect application can be more versatile and may be able to reach tumors in more difficult 

locations. 

Another approach is to optimize the dosing of cold plasma, including the intensity and duration of 

treatment. Studies have shown that both the intensity and duration of cold plasma treatment can affect 

the magnitude and selectivity of its effects on cancer cells. Therefore, researchers are exploring different 

dosing regimens and combinations of cold plasma with other therapies to improve its effectiveness. 

In addition, researchers are exploring the use of diagnostic technologies, such as imaging and 

biomarkers, to monitor the response of cancer cells to cold plasma treatment in real-time. This can help 

to optimize the delivery and dosing parameters based on the individual characteristics of the tumor and 

its response to treatment. 

Overall, optimizing the delivery and dosing parameters of cold plasma therapy is an important area 

of research for improving its efficacy and selectivity as a cancer treatment. Continued research is needed 

to better understand the mechanisms of action of cold plasma, as well as to develop and test new delivery 

and dosing strategies that can improve its clinical success 

 Clinical trials and applications of cold plasma in cancer treatment 

Cold plasma therapy is a novel approach for cancer treatment that has garnered increasing attention 

in recent years. Clinical trials are an important aspect of research to evaluate the safety and efficacy of 

cold plasma therapy in cancer treatment. 

Several clinical trials have been conducted to investigate the potential of cold plasma therapy for 

different types of cancer, including breast cancer, glioblastoma, and skin cancer. These trials have shown 

promising results in terms of the selectivity of cold plasma and its ability to induce cell death in cancer 

cells while sparing healthy cells and tissues. 

However, a major challenge in clinical trials of cold plasma therapy is to optimize the delivery and 

dosing parameters of the treatment to achieve maximum efficacy with minimum side effects. Moreover, 
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the relatively low number of clinical trials in this area highlights the need for further research to develop 

and evaluate the safety and effectiveness of cold plasma therapy in cancer treatment. 

One of the most promising applications of cold plasma therapy in cancer treatment is its potential 

to induce immunogenic cell death (ICD), which can trigger an immune response against cancer cells. 

This can be particularly beneficial in cases where cancer cells are resistant to other types of treatment or 

have metastasized to other parts of the body. 

Furthermore, researchers are exploring the use of cold plasma therapy in combination with other 

therapies, such as chemotherapy and radiotherapy, to enhance efficacy and reduce side effects. 

Combining cold plasma therapy with these therapies has shown synergistic effects in preclinical studies 

and clinical trials, demonstrating the potential of cold plasma therapy as a complementary cancer 

treatment. 

Overall, clinical trials and applications of cold plasma therapy in cancer treatment hold great 

promise for improving cancer outcomes, but continued research is needed to optimize the delivery and 

dosing parameters of the treatment and to evaluate its safety and effectiveness in larger clinical trials.  

 Comparison of effectiveness and safety of cold plasma therapy with other cancer treatments 

Cold plasma therapy is a relatively new approach to cancer treatment, and its efficacy and safety 

compared to other cancer treatments is an area of active research. While there has been relatively less 

research conducted on cold plasma therapy compared to other cancer treatments, early findings suggest 

that it may offer advantages in terms of selectivity, reduced side effects, and potential combination with 

other therapies. 

Chemotherapy and radiation therapy are the most common cancer treatments used today, and while 

they can be effective in killing cancer cells, they are often associated with significant side effects due to 

their non-selective mechanism of action. In contrast, cold plasma therapy has shown to be selective, i.e., 

it acts preferentially on cancer cells while sparing healthy cells, resulting in fewer side effects. 

Additionally, unlike chemotherapy and radiation therapy, cold plasma therapy is not associated with the 

development of drug resistance, making it a potentially effective option for patients who have not 

responded to other treatments. 

Moreover, cold plasma therapy has been demonstrated to induce immunogenic cell death (ICD), a 

process that can trigger an immune response against cancer cells. This is a significant advantage 

compared to other cancer treatments because it may provide long-term protection against recurrent 

cancer. 

However, it is important to note that the clinical evidence for the safety and effectiveness of cold 

plasma therapy is still limited, and further research is needed to assess its clinical benefits compared to 

other cancer treatments. Additionally, the high variability in plasma sources and delivery systems, as 

well as the heterogeneity of tumors and patients, makes comparisons with other cancer treatments 

challenging. 

while early findings suggest that cold plasma therapy may offer advantages in selectivity, reduced 

side effects, and potential combination with other therapies, further research is needed to determine its 

true clinical effectiveness and safety compared to other cancer treatments. 

Potential side effects and risks of cold plasma treatment for cancer  

Cold plasma therapy is a promising approach to cancer treatment due to its selective mechanism of 

action and potential to induce an immune response against cancer cells. However, like any other medical 
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treatment, cold plasma therapy has potential side effects and risks that need to be carefully evaluated 

before it can become a routine treatment option for cancer patients. 

One of the main concerns regarding the use of cold plasma therapy in cancer treatment is the 

potential for tissue damage due to the reactive oxygen and nitrogen species generated by the plasma. 

This can lead to inflammation and oxidative stress, which can damage healthy cells and tissues nearby 

the treated area. 

Additionally, preclinical studies have shown that exposure to cold plasma can cause DNA damage 

and trigger mutagenesis in some cells, raising the possibility of inducing cancer in healthy cells. 

Therefore, it is important to carefully monitor the potential long-term effects of cold plasma therapy on 

healthy tissues. 

Another important aspect that needs to be considered is the variability in plasma sources and 

delivery systems. The use of different plasma sources and delivery systems can lead to significant 

variation in the concentration and types of reactive species generated, which can affect the treatment 

outcome. 

Moreover, as cold plasma therapy is a new and evolving approach to cancer treatment, there is a 

lack of standardized dosing and treatment protocols. This can make it difficult to predict the optimal 

dose and number of treatments needed for effective results while minimizing the risk of side effects. 

while cold plasma therapy holds great promise for cancer treatment, there are potential risks and 

side effects associated with its use that need to be carefully evaluated in clinical trials. Standardizing 

treatment protocols and carefully monitoring the long-term effects of treatment on healthy tissues will 

be crucial to ensure the safe and effective use of cold plasma in cancer therapy. 

 Future directions and prospects of cold plasma in cancer treatment 

Cold plasma therapy is a promising approach to cancer treatment, and its effectiveness and potential 

applications in clinical cancer care are actively being studied. Many researchers and clinicians are 

optimistic that it could become a useful tool in the fight against cancer, and there are several future 

directions and prospects for cold plasma therapy in cancer treatment. 

One area of research is the development of new and more efficient cold plasma sources and delivery 

systems to optimize treatment outcomes while minimizing side effects. Researchers are exploring new 

plasma sources, such as argon plasma, and are investigating the use of micro plasma and miniaturized 

devices for targeted delivery to specific tumor sites. 

There is growing interest in combining cold plasma therapy with other cancer treatments, such as 

chemotherapy and radiation therapy, to increase treatment effectiveness and reduce side effects. 

Preclinical studies have shown promising results with combination therapies, and clinical trials are 

currently underway to evaluate the safety and efficacy of these treatments in humans. 

Furthermore, researchers are investigating the potential of cold plasma therapy for the treatment of 

other diseases, such as infections, chronic wounds, and skin disorders. 

Moreover, the use of cold plasma therapy in personalized medicine is another promising avenue of 

research. By profiling individual tumors, clinicians could potentially tailor the treatment to the complex 

biological characteristics of the tumor and develop personalized treatment plans. 

Finally, cost-effectiveness analysis and health economics studies are needed to determine the 

potential costs and benefits of cold plasma therapy in cancer treatment. As cold plasma therapy is a 
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relatively new approach, the economic impact of its use and the feasibility of incorporating it into current 

cancer treatment protocols needs to be evaluated. 

cold plasma therapy holds great promise for the future of cancer treatment. Ongoing research and 

development of new plasma sources and delivery systems, combined with the growing interest in 

combination therapies and personalized medicine, indicate a bright future for cold plasma therapy in the 

fight against cancer. Furthermore, the investigation of cold plasma therapy in other diseases shows the 

potential for it to become a versatile tool in medical treatment. 

Conclusion 

In conclusion, cold plasma holds great potential as a safe, effective, and targeted therapy for cancer 

patients. Current treatments for cancer such as chemotherapy and radiation therapy have significant side 

effects and limitations, while the use of cold plasma offers a non-invasive and non-toxic treatment 

option. Research has shown that cold plasma can selectively induce apoptosis and inhibit proliferation 

in cancer cells, suggesting a broad range of anti-cancer effects. While more research is needed to fully 

understand the mechanisms behind the anti-cancer effects of cold plasma and to optimize its use in 

clinical settings, the findings to date are promising and suggest that cold plasma may revolutionize 

cancer treatment in the future. Therefore, the investigation into the use of cold plasma in cancer treatment 

is essential, and further research in this field is warranted. 
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