
 

Copyright: © Author 2026 by the Author. International Journal of Pharmaceutical Research and Medicinal Plants Published by 

Informative Journals (Jadoun Science Publishing Group India). This article is an open access article distributed under the terms and conditions 

of the CC BY-NC-ND 4.0 International License (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

                       

                                                  https://informativejournals.com/journal/index.php/Journal_Medicinal_Plants                                             Page  | 9 

 

Open Access                                                                                                                                                 Review Article 

 May-June 2026, Vol. 2 (3), 09-15 
 

 International Journal of Pharmaceutical              

Research and Medicinal Plants  

(An International Peer Reviewed Journal) 
 

 

Understanding Chemotherapy: A Comprehensive Review  

Kaisar Ahmad Bhat, Satpal khushwaha , Ranjan Kumar Singh and Tanya Sharma 

Faculty of Pharmaceutical Sciences, Mewar University, Gangrar, Chittorgarh (Raj.), India-312901  
 

ARTICLE INFO:                                                   ABSTRACT 

Received: 19th May 2026; Received in 

revised form: 30th May 2026; Accepted: 

11th
 June 2026; Available online: 30th 

June 2026. 

Keywords: G Chemotherapy, Cancer 

Treatment, Cytotoxic Drugs, Oncology, 

Drug Mechanisms, Toxicity, Targeted 

Therapy, Personalized Medicine, Cancer 

Management, Pharmacology 

DOI: 

https://doi.org/10.61280/journalmedi

cinalplants.v2i3.280 

*Corresponding Author: Kaisar Ahmad 

Bhat, Faculty of Pharmaceutical Sciences, 

Mewar University, Gangrar, Chittorgarh, 

Rajasthan, India -312901 

 

 

 

 

 

 

The Chemotherapy represents one of the most significant 

advancements in modern oncology, serving as a cornerstone in the 

treatment and management of cancer. It involves the use of potent 

chemical agents designed to destroy or inhibit the growth of malignant 

cells that exhibit uncontrolled proliferation. This comprehensive 

review examines chemotherapy from a multidimensional perspective, 

including its biological basis, historical evolution, pharmacological 

principles, and mechanisms of action, clinical applications, and 

associated toxicities. While chemotherapy has dramatically improved 

survival rates and transformed cancer from a fatal disease into a 

manageable condition in many cases, it is also associated with a wide 

range of adverse effects due to its impact on normal rapidly dividing 

cells. The review further explores recent innovations such as targeted 

therapy, personalized medicine, and nanotechnology, which aim to 

enhance treatment efficacy while minimizing toxicity. By providing 

an in-depth understanding of chemotherapy, this article highlights its 

critical role in cancer care and emphasizes the importance of 

continued research and patient-centered approaches in oncology. 

 

Introduction 

Cancer is a complex and multifactorial disease characterized by abnormal cell growth, loss of regulatory 

control, and the ability to invade surrounding tissues and metastasize to distant organs. It remains one of the 

leading causes of mortality worldwide, posing significant challenges to healthcare systems and societies. 

Among the various treatment modalities developed to combat cancer, chemotherapy has played a pivotal 

role in improving patient survival and quality of life.  Chemotherapy refers to the use of chemical 

substances, particularly cytotoxic drugs, to eliminate cancer cells or inhibit their proliferation. Unlike 

localized treatments such as surgery and radiation therapy, chemotherapy is systemic in nature, allowing it 

to target both primary tumors and metastatic sites throughout the body. The effectiveness of chemotherapy 

lies in its ability to interfere with cellular processes essential for cancer cell survival and division. However, 

its non-selective nature often results in damage to normal cells, especially those that divide rapidly, such as 
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cells in the bone marrow, gastrointestinal tract, and hair follicles. This leads to a range of side effects that 

can significantly impact patients physically and psychologically. Over the years, advancements in 

molecular biology and pharmacology have led to the development of more targeted and less toxic therapies, 

yet chemotherapy continues to be an essential component of cancer treatment protocols. Understanding its 

principles, mechanisms, and clinical applications is crucial for healthcare professionals involved in 

oncology care.(1) Nano-conjugated quercetin has garnered significant interest owing to its regulated drug 

release, prolonged retention in tumors, improved anticancer efficacy, and potential for therapeutic 

application. This paper presents an overview of quercetin's effects on cancer cells and the mechanisms 

behind these actions. We also examine the prospective usage of nanoparticles as nanocarriers in medicine 

delivery systems. This review can summarize the recent developments in quercetin-loaded Nanoparticles 

for Cancer treatment. (2) The classical texts of Ayurvedic medicine such as Charaka Samhita and Sushruta 

Samhita contain descriptions of pandemics of similar proportions and describe them as Janapadoddhvansa, 

meaning the destruction of communities, along with their causes and treatment.(3) 

Historical Background  

The origins of chemotherapy can be traced back to the early 20th century, with significant developments 

occurring during and after World War II. Observations made during this period revealed that exposure to 

nitrogen mustard, a chemical warfare agent, resulted in suppression of bone marrow activity and lymphoid 

tissues. This discovery prompted researchers to investigate its potential use in treating cancers, particularly 

lymphomas. The success of early trials marked the beginning of modern chemotherapy and opened new 

avenues for cancer treatment. In the following decades, extensive research led to the identification and 

development of various classes of chemotherapeutic agents, each targeting different aspects of cell growth 

and division. The introduction of combination chemotherapy in the mid-20th century represented a major 

breakthrough, as it allowed for the simultaneous use of multiple drugs with different mechanisms of action, 

thereby enhancing treatment efficacy and reducing the likelihood of drug resistance. (26)Over time, 

chemotherapy became integrated with other treatment modalities, such as surgery and radiation therapy, 

forming a comprehensive approach to cancer management. Today, it continues to evolve with the 

incorporation of novel technologies and therapeutic strategies.(4) This highlights the necessity for 

comprehensive phytochemical characterization, standardization, and clinical trials to guarantee 

effectiveness and safety. Utilizing these conventional herbal resources might facilitate the creation of 

economical, accessible, and safer antidiarrheal treatments, especially in resource-constrained 

environments.(5) 

Biological Basis of Chemotherapy 

The effectiveness of chemotherapy is closely linked to the biological characteristics of cancer cells. One of 

the defining features of cancer is uncontrolled cell division, which distinguishes malignant cells from their 

normal counterparts. Chemotherapy targets this property by interfering with the processes involved in cell 

replication and survival. The cell cycle, which consists of distinct phases including growth, DNA synthesis, 

and division, provides a framework for understanding how chemotherapeutic drugs exert their effects. Some 

drugs are specific to certain phases of the cell cycle, while others act independently of it, allowing for a 

broader range of activity. Another important concept is tumor growth kinetics, which describes the rate at 

which cancer cells proliferate. Tumors with a high growth fraction, meaning a large proportion of actively 

dividing cells, are generally more sensitive to chemotherapy. (6) 
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Figure 1: Understanding Chemotherapy 

Mechanism of Action of Chemotherapy 

Chemotherapy drugs exert their effects through a variety of mechanisms, all aimed at disrupting the growth 

and survival of cancer cells. Many agents work by directly damaging DNA, either by forming cross-links 

between DNA strands or by causing breaks in the DNA structure. This damage prevents the cell from 

replicating its genetic material, ultimately leading to cell death. Other drugs interfere with the synthesis of 

DNA and RNA by mimicking natural nucleotides, thereby disrupting the production of essential cellular 

components. In addition to targeting nucleic acids, some chemotherapeutic agents affect the structural 

components of the cell, such as microtubules, which are essential for cell division. By inhibiting the 

formation or function of these structures, the drugs prevent the proper segregation of chromosomes during 

mitosis, leading to cell cycle arrest and apoptosis. Furthermore, certain drugs inhibit enzymes involved in 

DNA replication and repair, such as topoisomerases, thereby enhancing the cytotoxic effects. The combined 

impact of these mechanisms results in the inhibition of tumor growth and, in many cases, the reduction or 

elimination of cancer.(7) 

Clinical Applications of Chemotherapy  
Chemotherapy is utilized in a variety of clinical settings, depending on the type and stage of cancer, as well 

as the overall health of the patient. In some cases, it is used with curative intent, aiming to completely 

eradicate the disease and achieve long-term remission. This is particularly common in certain types of 

cancers, such as leukemias, lymphomas, and testicular cancer. In other situations, chemotherapy is 

administered as an adjuvant therapy following surgical removal of a tumor, with the goal of eliminating any 
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remaining microscopic disease and reducing the risk of recurrence. Neoadjuvant chemotherapy is given 

prior to surgery or radiation therapy to shrink tumors and improve the chances of successful treatment. In 

advanced or metastatic cancers, chemotherapy is often used for palliative purposes, focusing on symptom 

relief and improving quality of life rather than achieving a cure. Maintenance chemotherapy may also be 

employed to prolong remission and prevent disease progression. The choice of regimen is highly 

individualized, taking into account factors such as tumor biology, patient preferences, and potential side 

effects.(8) 

Adverse Effects and Toxicity  
One of the major limitations of chemotherapy is its lack of selectivity, which results in damage to normal 

cells in addition to cancer cells. This leads to a wide range of adverse effects that can vary in severity 

depending on the specific drugs used, dosage, and individual patient factors.)The most commonly affected 

systems include the hematopoietic system, gastrointestinal tract, and integumentary system. Bone marrow 

suppression can lead to anemia, increased susceptibility to infections, and bleeding tendencies due to 

reduced production of blood cells. Gastrointestinal side effects, such as nausea, vomiting, mucositis, and 

diarrhea, are also common and can significantly impact a patient’s nutritional status and overall well-being. 

Hair loss, or alopecia, is another well-known side effect that can affect a patient’s self-esteem and 

psychological health. In addition to these general effects, certain drugs are associated with specific organ 

toxicities, such as cardiotoxicity, nephrotoxicity, and neurotoxicity. Psychological effects, including 

anxiety, depression, and emotional distress, are also important considerations and require appropriate 

support and intervention. (9) 

Recent Advances in Chemotherapy 

Recent years have witnessed significant advancements in the field of chemotherapy, driven by a deeper 

understanding of cancer biology and technological innovations. Targeted therapies have emerged as a 

promising approach, focusing on specific molecular pathways involved in cancer growth and progression. 

These therapies offer greater selectivity and reduced toxicity compared to traditional chemotherapy. 

Similarly, immunotherapy has revolutionized cancer treatment by harnessing the body’s immune system to 

recognize and destroy cancer cells. Nanotechnology-based drug delivery systems are being developed to 

improve the precision and efficiency of chemotherapy, allowing drugs to be delivered directly to tumor sites 

while minimizing exposure to healthy tissues. Personalized medicine, which involves tailoring treatment 

based on an individual’s genetic profile, is also gaining prominence and holds the potential to optimize 

therapeutic outcomes. These advancements represent a shift towards more effective and patient-centered 

cancer care.(10) 

Challenges and Future Perspectives 

Despite the progress made in chemotherapy, several challenges remain, including drug resistance, toxicity, 

and the high cost of treatment. The development of resistance mechanisms by cancer cells can limit the 

effectiveness of therapy and lead to disease recurrence.  Additionally, the financial burden associated with 

cancer treatment can be significant, particularly in low-resource settings.  Future research is focused on 

overcoming these challenges through the development of novel drugs, improved delivery systems, and 

combination therapies. The integration of artificial intelligence and big data in oncology is expected to 

enhance treatment planning and decision-making. As our understanding of cancer continues to evolve, 

chemotherapy is likely to become more precise, effective, and accessible, ultimately improving patient 

outcomes.(11) 

Principles and Theoretical Foundations of Chemotherapy 

The application of chemotherapy in cancer treatment is governed by several fundamental theoretical 

principles that determine its effectiveness and limitations. One of the most important concepts is selective 

toxicity, which refers to the ability of chemotherapeutic agents to preferentially target malignant cells while 
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minimizing damage to normal tissues. However, in practice, this selectivity is often incomplete because 

many normal cells, particularly those in the bone marrow, gastrointestinal lining, and hair follicles, also 

exhibit rapid rates of division.(12) [As a result, these cells become unintended targets of chemotherapy, 

leading to the well-known adverse effects associated with treatment.  Another critical concept is the log-kill 

hypothesis, which suggests that chemotherapeutic drugs destroy a constant proportion of cancer cells rather 

than a fixed number. For instance, a given dose of a drug may kill 90% of tumor cells, but repeated cycles 

are required to progressively reduce the tumor burden to undetectable levels. This principle underscores the 

importance of administering chemotherapy in multiple cycles rather than as a single treatment. Closely 

related to this is the concept of dose intensity and dose density, which refer to the amount of drug 

administered over a specific period and the frequency of treatment cycles, respectively. Increasing dose 

intensity can improve tumor cell kill but also raises the risk of toxicity, necessitating a careful balance 

between efficacy and safety.(13) The phenomenon of drug resistance represents another major challenge in 

chemotherapy. Cancer cells can develop resistance through a variety of mechanisms, including genetic 

mutations that alter drug targets, increased expression of drug efflux pumps that remove drugs from the cell, 

and enhanced DNA repair mechanisms that counteract the effects of DNA-damaging agents. (14) 

Pharmacokinetics and Pharmacodynamics in Chemotherapy 
The effectiveness of chemotherapeutic agents is also influenced by their pharmacokinetic and 

pharmacodynamic properties, which determine how the drugs are absorbed, distributed, metabolized, and 

excreted within the body. Intravenous administration is the most common route for chemotherapy, as it 

allows for rapid and complete delivery of the drug into the systemic circulation. However, oral 

chemotherapy has gained popularity due to its convenience and improved patient compliance, although it is 

subject to variability in absorption and bioavailability.(15) Once in the bloodstream, chemotherapeutic 

drugs are distributed to various tissues, including tumor sites. However, certain anatomical barriers, such as 

the blood-brain barrier, can limit drug penetration, making it difficult to treat cancers of the central nervous 

system. Drug metabolism primarily occurs in the liver, where enzymes such as cytochrome P450 modify 

the chemical structure of the drug, either activating it or preparing it for excretion. The kidneys play a major 

role in drug elimination, and impaired renal function can lead to drug accumulation and increased 

toxicity.(16) 

In-Depth Analysis of Adverse Effects and Systemic Toxicity 

The adverse effects of chemotherapy are a direct consequence of its impact on normal tissues, particularly 

those with high rates of cell turnover. Bone marrow suppression is one of the most significant toxicities, 

leading to decreased production of red blood cells, white blood cells, and platelets. This can result in 

anemia, increased susceptibility to infections, and bleeding complications, all of which require careful 

monitoring and management. Gastrointestinal toxicity is another major concern, as the lining of the 

digestive tract is highly sensitive to chemotherapeutic agents.(17) Patients may experience nausea, 

vomiting, diarrhea, and mucositis, which can severely affect their nutritional status and overall well-being. 

Advances in antiemetic therapy have greatly improved the management of these symptoms, but they remain 

a significant challenge in clinical practice.  In addition to these common effects, certain chemotherapeutic 

agents are associated with specific organ toxicities.(18) For example, cardio toxicity can occur with drugs 

such as anthracyclines, while nephrotoxicity is a concern with agents like cisplatin. Neurotoxicity, 

manifesting as peripheral neuropathy, is often seen with drugs that affect microtubules Long-term effects, 

including infertility and secondary malignancies, are also important considerations, particularly in younger 

patients. The psychological impact of chemotherapy should not be overlooked, as patients often experience 

anxiety, depression, and emotional distress related to their diagnosis and treatment.(19) 

Modem Advances and Evolving Trends in Chemotherapy 

The field of chemotherapy is undergoing rapid transformation, driven by advances in molecular biology, 

genetics, and biotechnology. Targeted therapies have emerged as a more precise approach to cancer 

treatment, focusing on specific molecular abnormalities that drive tumor growth(20). These therapies offer 

https://informativejournals.com/journal/index.php/Journal_Medicinal_Plants


 Kaisar Ahmad Bhat /International Journal of Pharmaceutical Research and Medicinal Plants 2026, Vol. 02 (3), 09-15 

                                                 https://informativejournals.com/journal/index.php/Journal_Medicinal_Plants                                  Page  | 14 

the advantage of reduced toxicity compared to traditional chemotherapy, although they are not without their 

own side effects. Immunotherapy represents another major breakthrough, harnessing the body's immune 

system to recognize and destroy cancer cells. When combined with chemotherapy, it can enhance the 

overall therapeutic response and improve outcomes in certain cancers.(21) Nanotechnology is being 

explored as a means of improving drug delivery, allowing chemotherapeutic agents to be transported 

directly to tumor sites while minimizing exposure to healthy tissues. Personalized medicine, which involves 

tailoring treatment based on an individual's genetic and molecular profile, is also gaining prominence.(22) 

This approach has the potential to optimize treatment efficacy and reduce unnecessary toxicity, marking a 

significant shift towards more individualized and patient-centered care. As research continues to advance, 

the future of chemotherapy is likely to be characterized by greater precision, improved safety, and enhanced 

effectiveness.(23) By synthesizing findings from epidemiological studies, clinical trials, and global 

surveillance data, this article highlights the urgent need for sustained policy enforcement, nutritional 

education, and targeted supplementation strategies. Addressing iodine deficiency is not only essential for 

individual health outcomes but also crucial for the cognitive development and socioeconomic growth of 

nations.(24)  

Conclusion 
Chemotherapy remains a fundamental and indispensable component of cancer treatment, playing a crucial 

role in controlling disease progression and improving survival rates. While its non-selective nature poses 

significant challenges in terms of toxicity and side effects, ongoing advancements in science and technology 

are transforming it into a more targeted and efficient therapy. A comprehensive understanding of 

chemotherapy, including its principles, mechanisms, and clinical applications, is essential for healthcare 

professionals to provide high-quality care. With continued research and innovation, the future of 

chemotherapy holds great promise in the fight against cancer. 
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