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Abstract 

Colon carcinoma remains a major health concern globally, with chemotherapy being a primary 

treatment approach. However, traditional chemotherapy often faces limitations, including drug 

resistance, toxicity, and non-specific targeting, which affect patient outcomes. Recent advancements 

have focused on integrating targeted therapies with chemotherapy, allowing for more personalized 

treatment regimens tailored to specific genetic mutations, such as KRAS, BRAF, and mismatch repair 

status, which influence responsiveness to therapy. Colon cancer incidence in India varies, with ASIR 

ranging from 3.5 to 5.1 per 100,000 for males and 2.7 to 3.7 for females across cities (NCRP, 2012– 

2014). GLOBOCAN 2020 reports slightly higher rates in males (4.4) than females (3.9). Studies 

highlight its significant cancer burden, late-stage diagnosis, and the need for early detection and 

awareness efforts. This review examines the evolution of chemotherapy in combination with targeted 

therapies, highlighting key advancements, such as molecular profiling, that guide treatment selection 

and improve efficacy. Additionally, it discusses the ongoing challenges, including the development 

of chemotherapy resistance, managing side effects, and the need for biomarkers to predict patient 

responses more accurately. The review concludes with an exploration of future prospects, such as 

novel drug delivery systems and immunotherapy-chemotherapy combinations currently under 

investigation. Through a comprehensive understanding of both the advancements and limitations of 

current approaches, this review provides insights into enhancing treatment outcomes and improving 

quality of life for patients with colon carcinoma. 

 

Keywords: Colon carcinoma, chemotherapy, targeted therapies, drug resistance, genetic mutations, 

KRAS, BRAF, molecular profiling, biomarkers 

1. Introduction 

Colon carcinoma, often referred to as colorectal cancer (CRC), is one of the most commonly 

diagnosed malignancies worldwide, posing a major public health challenge due to its high prevalence, 

diverse etiological factors, and substantial impact on patients and healthcare systems. Colon cancer 

affects the large intestine (colon), with cases more prevalent in developed regions such as North 

America, Europe, Australia, and select parts of Asia, likely due to dietary habits, lifestyle factors, and 
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the aging population. According to global cancer statistics, colon cancer ranks third in terms of 

incidence and second in cancer-related mortality, accounting for approximately 10% of all new cancer 

cases and deaths globally each year (Siegel et al., 2020). The prevalence varies widely by region, age, 

and gender, with higher rates in individuals over the age of 50 and a slightly greater incidence in 

males compared to females. However, in recent years, there has been a concerning rise in early-onset 

colon cancer among younger adults, a trend that researchers attribute to lifestyle and environmental 

factors. 

The etiology of colon carcinoma is multifactorial, encompassing genetic, lifestyle, and environmental 

factors. Genetic predispositions play a significant role, with approximately 5-10% of cases associated 

with hereditary syndromes such as Lynch syndrome (hereditary nonpolyposis colorectal cancer) and 

familial adenomatous polyposis (FAP), both of which markedly increase the lifetime risk of 

developing colon cancer (Jasperson et al., 2010). Sporadic cases, however, make up the majority of 

colon cancer diagnoses and are primarily influenced by lifestyle and dietary factors. High intake of 

red and processed meats, low dietary fiber, physical inactivity, obesity, and smoking have all been 

linked to increased risk of colon carcinoma. Processed meats, for instance, are associated with an 

elevated cancer risk due to compounds like nitrates and nitrites, which can form carcinogenic N- 

nitroso compounds in the colon (Chan et al., 2011). Alcohol consumption is also implicated, as 

ethanol and its metabolite, acetaldehyde, are known carcinogens that may contribute to DNA damage 

in colon epithelial cells. Furthermore, emerging evidence suggests that gut microbiota composition 

influences colorectal carcinogenesis; certain bacterial species, such as Fusobacterium nucleatum, 

have been identified in higher levels in colon cancer patients and are thought to promote tumor growth 

through inflammatory pathways (Zhu et al., 2013). 

The impact of colon carcinoma is profound, both on individual patients and society. On a personal 

level, a diagnosis of colon cancer can cause significant physical, emotional, and financial strain. 

Symptoms of colon cancer can include changes in bowel habits, rectal bleeding, and unexplained 

weight loss, which can severely affect a patient’s quality of life. Additionally, treatment options like 

surgery, chemotherapy, and radiation can lead to adverse effects that impact daily functioning and 

long-term health. Financially, the costs associated with colon cancer are considerable, as patients 

often require extensive treatments, regular follow-ups, and, in some cases, palliative care. In 

economic terms, colon cancer places a substantial burden on healthcare systems due to its high 

incidence and the complex nature of its treatment. The economic impact is particularly significant in 

countries without universal healthcare, where treatment costs may lead to financial hardship for 

patients and their families. Furthermore, the indirect costs associated with lost productivity due to 

illness and premature death also add to the economic burden of this disease. 

On a broader scale, colon cancer prevention and screening programs are critical in reducing mortality, 

as early detection significantly improves prognosis. Screening methods, including fecal occult blood 

testing (FOBT), colonoscopy, and sigmoidoscopy, have been shown to reduce colon cancer mortality 

by enabling the detection and removal of precancerous polyps. However, access to and participation 

in screening programs remain limited in many low- and middle-income countries due to financial, 

logistical, and cultural barriers. Additionally, despite advances in screening, a large number of cases 

are still diagnosed at advanced stages, when treatment is less effective, leading to poorer outcomes 

and higher mortality rates. Research continues to focus on improving screening accuracy, developing 

less invasive screening options, and understanding the molecular basis of early-onset colon cancer. 

Colon cancer incidence in India varies across regions and demographics, with age-standardized 

incidence rates (ASIR) ranging from 3.5 to 5.1 per 100,000 population for males and 2.7 to 3.7 for 

females, as reported by the National Cancer Registry Programme (NCRP) for 2012–2014. Cities like 

Delhi show higher rates (5.1 for males and 3.7 for females), while Pune reports lower rates (3.5 and 

2.7, respectively). Recent data from GLOBOCAN 2020 indicate an overall ASIR of 4.4 for males 

and 3.9 for females, highlighting a slightly higher incidence in males. The NCRP Report 2020 serves 

as a foundational reference for understanding cancer trends, while a 2022 BMJ study emphasized 

colorectal cancer's significant contribution to India's cancer burden and projected increases by 2025. 
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A 2023 multi-centric study in Tamil Nadu revealed that most colorectal cancer patients present at 

advanced stages, emphasizing the need for early detection. Additionally, the Indian Cancer Society's 

2022-23 report outlines broader cancer awareness, screening, and patient support initiatives, 

reflecting the growing focus on cancer control efforts in India. 

 

1.1 Literature survey conducted in India 

• Jena et al. (2024): Utilizing data from the Global Burden of Disease study, this study projected 

cancer incidence and mortality rates in India from 2022 to 2031. The findings indicated a slight 

increase in cancer incidence and mortality, with a decrease in disability-adjusted life years, suggesting 

improvements in cancer management. 

• Shunmugam et al. (2023): This study examined the clinicopathological profiles of young adults 

with colorectal cancer in South India. Findings indicated a rising incidence of colorectal cancer 

among individuals under 40, with a majority presenting at advanced stages. The study emphasizes 

the need for heightened awareness and early detection strategies in this demographic. 

• Shukla et al. (2023): Researchers at the Delhi State Cancer Institute analyzed colon cancer cases 

from 2018 to 2019, revealing a shift in incidence towards younger adults aged 31-40. The study noted 

that many of these patients were diagnosed at stages III and IV, highlighting the importance of early 

screening and lifestyle modifications. 

• Seshadri et al. (2023): This research focused on the gut microbiome of Indian colorectal cancer 

patients, identifying specific bacterial signatures associated with the disease. The study underscores 

the potential of microbiome-based diagnostics and personalized treatment approaches in the Indian 

context. 

• Maydeo et al. (2023): This study explored the impact of Western lifestyle factors on the rising 

incidence of colon cancer among young adults in India. The research highlighted the role of diet, 

physical inactivity, and environmental factors in this trend, advocating for lifestyle modifications and 

early screening to mitigate risks. 

• Raju et al. (2023): This study applied deep learning techniques to identify and localize polyps in 

endoscopic images, utilizing a dataset of annotated polyps and ulcers from Indian patients. The 

research demonstrated the effectiveness of neural networks in assisting clinicians with polyp 

detection, highlighting the potential of AI in enhancing diagnostic accuracy for colon cancer. 

• Nagarajan et al. (2023): The authors conducted a comprehensive analysis of colorectal cancer 

cases in a tertiary care center, focusing on the clinicopathological features and survival outcomes. 

The study revealed that a significant proportion of patients presented at advanced stages, with survival 

rates lower than global averages, indicating the need for improved early detection and treatment 

protocols. 

• Kumar et al. (2023): This research investigated the burden of cancer incidence and mortality in 

India, utilizing data from the Global Burden of Disease study. The study projected an increase in 

cancer cases, including colorectal cancer, over the next decade, emphasizing the urgency for 

enhanced prevention, early detection, and treatment strategies to manage the growing cancer burden. 

These studies collectively contribute to understanding the current landscape of colon cancer in India, 

highlighting advancements in diagnostic technologies, the critical need for early detection, and the 

importance of strategic planning to address the increasing cancer burden. 

 

2. Prevalence of Colon Cancer in the Indian Population 

Colon cancer, a significant global health burden, is emerging as a notable concern in India. While it 

has traditionally been more prevalent in Western countries, recent trends indicate a rising incidence 

in India, particularly in urban areas. The increase in colon cancer cases may be attributed to lifestyle 

changes, including sedentary habits, dietary shifts towards processed foods, and increased 

consumption of red meat (Takiar et al., 2010). Additionally, the growing awareness and improved 

diagnostic capabilities have led to higher detection rates, highlighting the rising public health 

challenge. 
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Epidemiological studies have shown regional variations in the prevalence of colon cancer across 

India. Northern and southern states show slightly higher incidence rates, possibly due to dietary and 

genetic factors (Rastogi et al., 2014). For example, the higher consumption of fiber-rich foods in 

certain rural parts may offer some protective benefits, while urbanization and Westernized diets have 

increased the risk in metropolitan areas. The age-standardized rate (ASR) for colorectal cancer in 

India stands at approximately 7.2 per 100,000 for men and 5.1 per 100,000 for women, which, 

although lower than Western countries, shows a rising trend (Gupta et al., 2020). 

There are significant disparities in the incidence of colon cancer based on gender and age in India. 

The disease is generally more common among men than women, with a male-to-female ratio of about 

1.4:1 (Patel & Bhakta, 2015). Additionally, the average age of diagnosis is lower compared to 

Western populations, with many Indian patients presenting symptoms in their 40s and 50s (Sinha & 

Kar, 2018). This trend suggests the need for early screening and public health interventions targeting 

younger populations, as the disease often progresses silently. 

Dietary patterns play a critical role in the increasing prevalence of colon cancer in India. The shift 

from traditional fiber-rich diets to more processed foods high in fat, sugar, and red meat is a 

significant risk factor (Jain et al., 2016). Moreover, low physical activity levels, increased obesity 

rates, and higher prevalence of diabetes are contributing to the risk landscape (Pandey et al., 2021). 

These lifestyle-related changes, combined with genetic susceptibility, form a multifaceted risk profile 

for colon cancer in the Indian context. 

The genetic aspect of colon cancer in India also warrants attention. Several studies have identified 

specific genetic mutations, including mutations in the APC, KRAS, and TP53 genes, which may 

predispose individuals to colorectal cancers (Sharma & Shukla, 2019). The interplay between genetic 

predisposition and environmental factors, such as diet and lifestyle, complicates the epidemiology of 

colon cancer in India. Familial adenomatous polyposis (FAP) and Lynch syndrome, though less 

common, are notable hereditary conditions increasing the risk of colon cancer (Saxena et al., 2020). 

Screening for colon cancer remains limited in India due to a lack of awareness, insufficient healthcare 

infrastructure, and cultural barriers. Most patients are diagnosed at advanced stages when symptoms 

such as rectal bleeding, changes in bowel habits, or unexplained weight loss manifest (Prasad et al., 

2017). The absence of routine screening programs and the high cost of diagnostic procedures, like 

colonoscopy, hinder early detection efforts. However, initiatives to include fecal occult blood tests 

(FOBT) and flexible sigmoidoscopy in routine check-ups could potentially reduce the disease burden. 

The Indian healthcare system faces challenges in addressing the rising cases of colon cancer. Access 

to cancer care, including surgical options, chemotherapy, and radiotherapy, is limited in rural and 

underserved regions (Agarwal & Gupta, 2018). This lack of access exacerbates health disparities, 

leading to poorer outcomes for many patients. The financial burden associated with cancer treatment 

also poses significant challenges for many Indian families, impacting adherence to treatment 

protocols and affecting overall survival rates. 

Preventive measures and awareness campaigns are crucial in combating the increasing prevalence of 

colon cancer in India. Public health strategies promoting a balanced diet, regular physical activity, 

and early screening can play a pivotal role (Bhatia et al., 2020). Educational initiatives targeting at- 

risk populations, particularly those in urban areas, can help reduce modifiable risk factors and 

facilitate early diagnosis. 

In conclusion, colon cancer is an emerging public health concern in India, with increasing prevalence 

influenced by lifestyle changes, genetic predisposition, and limited screening efforts. Addressing this 

growing issue requires a comprehensive approach, involving improved diagnostic capabilities, 

enhanced healthcare access, and effective public health interventions tailored to the Indian 

population's unique risk factors and needs. 
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3. Incidences of colon cancer 

The incidence of colon cancer in India varies across different regions and demographics. Below is a 

table summarizing the age-standardized incidence rates (ASIR) per 100,000 population for colon 

cancer in selected Indian cities, based on data from the National Cancer Registry Programme (NCRP) 

for the years 2012–2014. 

 

Table 1: The incidence of colon cancer in India 
City/Region ASIR (Males) ASIR (Females) 

Bengaluru 4.2 3.2 

Chennai 4.1 3.0 

Delhi 5.1 3.7 

Mumbai 4.5 3.5 

Kolkata 3.8 2.9 

Bhopal 3.6 2.8 

Ahmedabad 3.9 3.1 

Nagpur 3.7 2.9 

Pune 3.5 2.7 

Thiruvananthapuram 4.0 3.2 

 

Source: National Centre for Disease Informatics and Research, Indian Council of Medical Research. 

"Three-Year Report of Population Based Cancer Registries 2012–2014." Bengaluru, 2016. 

Recent data from the Global Cancer Observatory (GLOBOCAN) 2020 provides insights into the 

incidence of colon cancer in India. 

Table 2: The age-standardized incidence rates (ASIR) per 100,000 population for colon cancer 

 

Gender ASIR (per 100,000) 

Males 4.4 

Females 3.9 

 

These figures indicate that colon cancer incidence rates are slightly higher in males compared to 

females in India. It's important to note that these rates are age-standardized, meaning they have been 

adjusted to account for the age distribution of the population, allowing for more accurate 

comparisons. Recent studies and reports have provided valuable insights into the incidence and 

characteristics of colon cancer in India over the past few years. 

 

3.1 National Cancer Registry Programme (NCRP) Report 2020: The NCRP, under the 

Indian Council of Medical Research (ICMR), released a comprehensive report in 2020 detailing 

cancer incidence across India. While this report encompasses data up to 2016, it serves as a 

foundational reference for understanding cancer trends in the country. (NCRP, 2020) 

3.2 Study on Cancer Burden Projections (2022): A study published in 2022 estimated 

the cancer burden in India for 2021 and projected figures for 2025. The research highlighted that 

colorectal cancer contributes significantly to the overall cancer burden, emphasizing the need 

for targeted interventions. (BMJ Cancer Study, 2022) 

3.3 Multi-Centric Survey in Tamil Nadu (2023): A 2023 study conducted across 

multiple centers in Tamil Nadu analyzed the clinical profiles of 1,208 newly diagnosed colorectal 

cancer patients. The findings revealed that a majority of patients presented at advanced stages, 

underscoring the necessity for early detection and awareness programs. (Springer Study, 2023) 

3.4 Indian Cancer Society Annual Report (2022-23): The Indian Cancer Society's 

annual report for 2022-23 provided an overview of cancer-related activities, including 

awareness campaigns, screenings, and patient support initiatives. While not exclusively focused 

on colon cancer, the report offers insights into the broader cancer control efforts in India. 

(Indian Cancer Society, 2023) 
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4. Basics of Chemotherapy as a Treatment Option 

4.1 Introduction to Chemotherapy 

Chemotherapy is a widely used cancer treatment method that involves the use of drugs to kill or 

inhibit the growth of cancer cells. Unlike surgery or radiation, which target specific areas of the body, 

chemotherapy is generally systemic, meaning it can reach cancer cells throughout the body. This 

makes chemotherapy particularly useful for cancers that have metastasized or have a high risk of 

spreading. Chemotherapy drugs work by targeting rapidly dividing cells, a characteristic of most 

cancerous tissues, though this mechanism also affects other rapidly dividing healthy cells, leading to 

side effects (American Cancer Society, 2020). 

 

4.2 Mechanism of Action 

Chemotherapy drugs are categorized based on their mechanism of action. Some common classes 

include alkylating agents, antimetabolites, topoisomerase inhibitors, and mitotic inhibitors. 

Alkylating agents, such as cyclophosphamide, work by damaging DNA directly to prevent cancer 

cells from proliferating. Antimetabolites, including 5-fluorouracil (5-FU), disrupt cell metabolism by 

mimicking substances that cells need to grow, thus preventing their synthesis and leading to cell 

death. Topoisomerase inhibitors, like irinotecan, interfere with enzymes that help in DNA unwinding, 

an essential step for DNA replication. Mitotic inhibitors, such as paclitaxel, disrupt microtubule 

function, thus stopping cell division. Each of these drug classes has a unique mode of action, allowing 

them to target specific aspects of cellular function (Weinstein et al., 2019). 

4.3 Combination Chemotherapy 

Using combinations of drugs, known as combination chemotherapy, is a common approach to 

enhance treatment effectiveness. By combining drugs with different mechanisms of action, 

oncologists aim to maximize cancer cell death and reduce the likelihood of drug resistance. Common 

chemotherapy regimens, such as FOLFOX (5-FU, leucovorin, and oxaliplatin) and FOLFIRI (5-FU, 

leucovorin, and irinotecan), have shown efficacy in treating cancers like colorectal carcinoma. 

Combination chemotherapy is often more effective than single-agent chemotherapy but can also lead 

to increased side effects, making close monitoring and management essential (de Gramont et al., 

2000). 

 

4.4 Chemotherapy Administration and Dosage 

Chemotherapy drugs can be administered orally, intravenously, or through other routes depending on 

the type of cancer and drug properties. Dosage is carefully calculated based on factors such as the 

patient's body surface area, age, and overall health. Oncologists adjust doses to balance effectiveness 

with the potential for adverse effects. Cycles are typically scheduled to allow the body time to recover 

between treatments, as the drugs not only impact cancer cells but also harm rapidly dividing healthy 

cells, such as those in the bone marrow and digestive tract, leading to temporary side effects (Calvert 

& Newell, 2021). 

 

4.5 Common Side Effects and Management 

Because chemotherapy targets all rapidly dividing cells, it can cause a range of side effects, including 

nausea, fatigue, hair loss, and increased susceptibility to infections. These effects vary depending on 

the type and dosage of chemotherapy used. Anti-nausea medications, growth factors, and other 

supportive therapies are often provided to help manage these side effects. Newer chemotherapy 

agents and supportive treatments are continually being developed to minimize side effects and 

improve patient comfort during treatment (Schulmeister et al., 2016). 

 

3.6  Drug Resistance in Chemotherapy 

One major challenge in chemotherapy is drug resistance, where cancer cells adapt and become less 

responsive to treatment. Resistance can be intrinsic (present from the beginning) or acquired 

(developing over time). Mechanisms of resistance include the activation of cellular pumps to expel 
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the drug, mutations in target proteins, and changes in cellular repair mechanisms. Overcoming 

resistance is a significant area of research, with strategies such as combination therapy, targeted 

therapies, and immunotherapy showing promise in overcoming some forms of resistance (Holohan 

et al., 2013). 

5. Role of Targeted Therapy and Immunotherapy with Chemotherapy 

Recent advancements in oncology have led to the development of targeted therapies and 

immunotherapies that can be used alongside chemotherapy. Targeted therapies, such as tyrosine 

kinase inhibitors, focus on specific molecules within cancer cells, thereby reducing damage to healthy 

cells. Immunotherapy aims to boost the immune system’s ability to recognize and attack cancer cells. 

When used in combination with chemotherapy, these approaches can enhance the overall 

effectiveness of cancer treatment. For example, targeted agents like bevacizumab (an anti-VEGF 

monoclonal antibody) are often combined with chemotherapy in treating colorectal and lung cancers, 

leading to improved patient outcomes (Gonzalez-Angulo et al., 2010). 

5.1 Personalized Chemotherapy and Biomarkers 

Personalized medicine in chemotherapy involves tailoring treatment based on individual patient 

factors, such as genetic markers, to optimize efficacy and minimize adverse effects. The use of 

biomarkers can help identify patients who are more likely to respond to certain chemotherapy agents, 

allowing for more individualized treatment planning. For instance, patients with specific mutations 

in the KRAS gene may not respond well to certain chemotherapy combinations, guiding oncologists 

to alternative treatments. Personalized chemotherapy is a rapidly evolving field that holds promise 

for improving patient outcomes by providing more targeted and effective treatments (Paz-Ares et al., 

2019). 

Chemotherapy remains a cornerstone of cancer treatment due to its ability to target cancer cells 

throughout the body. Despite its effectiveness, challenges such as side effects and drug resistance 

persist, highlighting the need for ongoing research and development. Advances in personalized 

medicine, targeted therapies, and combination treatments are continually shaping the landscape of 

chemotherapy, providing new hope for patients with various types of cancer. 

 

5.2 Historical Background of Chemotherapy for Colon Cancer 

5.2.1 Early Development and the Introduction of Chemotherapy 

Chemotherapy’s roots date back to the early 20th century, though it was not until the 1940s that its 

therapeutic potential was fully realized. The first chemotherapeutic agents were developed during and 

after World War II, with nitrogen mustard proving effective in treating lymphomas. Inspired by this 

success, researchers sought other compounds that could inhibit or destroy cancer cells, marking the 

beginning of systemic chemotherapy (DeVita & Chu, 2008). Initial chemotherapy regimens for colon 

cancer were relatively experimental, and the concept of using cytotoxic drugs specifically for 

colorectal malignancies did not gain traction until the 1950s, with the introduction of 5-fluorouracil 

(5-FU), a drug that remains foundational in colorectal cancer treatment to this day (Longley et al., 

2003). 

 

5.2.1.1 The Breakthrough with 5-Fluorouracil (5-FU) 

5-FU was synthesized in 1957 by Charles Heidelberger, who found that the drug could selectively 

target cancer cells by interfering with DNA synthesis. This discovery was significant as 5-FU became 

one of the first drugs specifically effective against solid tumors, including colon cancer. By inhibiting 

the enzyme thymidylate synthase, 5-FU disrupts DNA synthesis in rapidly dividing cells, leading to 

cell death (Longley et al., 2003). Its success marked a new era for colon cancer treatment, where 

systemic chemotherapy could target cancer cells that surgery might miss, providing a more 

comprehensive approach to managing advanced disease. Over the following decades, 5-FU became 

a cornerstone of chemotherapy regimens for colon cancer, with continued modifications to improve 

its efficacy and reduce toxicity. 
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5.2.2 Development of Combination Chemotherapy Regimens 

During the 1980s and 1990s, oncologists began exploring combination therapies to enhance treatment 

efficacy and overcome drug resistance. The idea was to combine agents with different mechanisms 

to increase cancer cell death while minimizing side effects. One of the most notable combinations 

was FOLFOX, which includes 5-FU, leucovorin (a modulator that enhances 5-FU’s efficacy), and 

oxaliplatin, a platinum-based compound that causes DNA crosslinking, inhibiting cell replication (de 

Gramont et al., 2000). The introduction of oxaliplatin represented a significant breakthrough, as 

studies showed that adding oxaliplatin to 5-FU/leucovorin improved progression-free survival in 

patients with metastatic and stage III colon cancer, leading to its adoption as a standard adjuvant 

therapy (André et al., 2004). 

5.2.3 Advances in Targeted Therapy and Personalized Treatment 

The late 1990s and early 2000s saw a shift toward targeted therapies, particularly monoclonal 

antibodies, which provided a more personalized approach to treating colon cancer. Drugs like 

cetuximab and bevacizumab emerged, designed to inhibit specific pathways involved in cancer 

growth. Cetuximab, for example, targets the epidermal growth factor receptor (EGFR), while 

bevacizumab targets vascular endothelial growth factor (VEGF), which is involved in tumor blood 

vessel formation (Ferrara, 2004). These targeted agents, often used in combination with traditional 

chemotherapy, represented a significant advancement as they improved outcomes in patients with 

specific genetic profiles. This era also introduced the concept of biomarker testing in colon cancer, 

as the efficacy of EGFR inhibitors like cetuximab depended on the absence of mutations in the KRAS 

gene, guiding more personalized treatment decisions (Karapetis et al., 2008). 

 

5.2.4 The Shift Towards Combination and Maintenance Therapies 

In recent years, combination and maintenance therapies have become central to managing colon 

cancer, especially in advanced stages. Maintenance therapy, which involves lower doses or simpler 

regimens to keep cancer under control after initial intensive treatment, has gained popularity. Studies 

like the CAIRO3 and OPTIMOX trials examined the effectiveness of maintenance therapies, 

demonstrating that patients could maintain stable disease with fewer side effects by reducing or 

stopping certain drugs temporarily (Koopman et al., 2015). The concept of maintenance therapy, 

combined with the continued use of effective chemotherapy backbones, reflects an evolution in 

treatment strategy aimed at balancing efficacy with quality of life for patients. 

 

5.2.5 Challenges and Ongoing Research 

Despite advancements, chemotherapy for colon cancer faces challenges, such as drug resistance, side 

effects, and the need for better biomarkers to predict response. Ongoing research focuses on finding 

new chemotherapy agents, refining targeted therapies, and improving combination regimens. 

Immunotherapy, which has shown promise in cancers like melanoma, is being investigated for colon 

cancer, particularly in patients with mismatch repair deficiency, a genetic feature that makes them 

more responsive to immune-based treatments (Le et al., 2015). The integration of immunotherapy 

and precision medicine represents the latest phase in the historical development of chemotherapy for 

colon cancer, promising more tailored and effective approaches. 

 

6. Types of Chemotherapy Used in Colon Cancer Treatment 

6.1 Introduction to Chemotherapy in Colon Cancer 

Chemotherapy is a primary treatment option for colon cancer, particularly in advanced stages or when 

there is a high risk of recurrence after surgery. The goal of chemotherapy in colon cancer is to reduce 

tumor size, eliminate microscopic cancer cells, prevent spread, and improve overall survival. 

Chemotherapy may be used alone or in combination with other treatments, such as surgery or 

radiation, depending on the stage and specific characteristics of the cancer. Over the years, various 

chemotherapy drugs have been developed, each with a unique mechanism targeting cancer cells. 

These drugs are often categorized based on their mechanism of action, and multiple drug types are 

https://jptcp.com/index.php/jptcp/issue/view/79


Targeted Therapies And Chemotherapy Combinations In The Treatment Of Colon Carcinoma: Advancements, 

 Challenges, And Future Prospects  

Vol.31 No. 11 (2024) JPTCP (1626 - 1641) Page | 1634 

 

 

combined to enhance treatment effectiveness and reduce resistance. 

6.1.1 Fluoropyrimidines: 5-Fluorouracil (5-FU) and Capecitabine 

5-Fluorouracil (5-FU) is one of the earliest and most widely used chemotherapy agents for colon 

cancer. Developed in the 1950s, 5-FU is an antimetabolite that works by inhibiting thymidylate 

synthase, an enzyme essential for DNA synthesis in rapidly dividing cells. 5-FU remains a 

cornerstone of chemotherapy regimens for colon cancer and is often administered alongside 

leucovorin, a folinic acid that enhances its efficacy by stabilizing the 5-FU-thymidylate synthase 

complex (Longley et al., 2003). Capecitabine, an oral prodrug of 5-FU, was developed to improve 

convenience and patient compliance, as it can be administered orally instead of intravenously. 

Capecitabine is converted to 5-FU in the body, specifically in tumor cells, allowing for targeted 

therapy with reduced systemic toxicity (Van Cutsem et al., 2001). Both 5-FU and capecitabine are 

frequently included in combination regimens to improve treatment outcomes. 

Table 3: Common chemotherapy types, their mechanisms, and drugs typically used in 

treating colon cancer 
Type of Chemotherapy Description Common Drugs 

5-Fluorouracil (5-FU) Inhibits cell division by blocking DNA synthesis. 

Typically combined with other drugs. 

5-FU, often used with leucovorin 

Capecitabine (Xeloda) An oral prodrug of 5-FU, which becomes active in 

cancer cells, minimizing effects on normal cells. 
Capecitabine 

Irinotecan Topoisomerase inhibitor that prevents DNA from 

unwinding, leading to cell death. 

Camptosar 

Oxaliplatin Platinum-based drug that causes DNA crosslinking, 

preventing cell division and leading to cell death. 

Eloxatin 

Combination Therapies Combines multiple chemotherapy drugs for enhanced 

effectiveness, often in varying sequences or cycles. 

FOLFOX (5-FU, leucovorin, oxaliplatin), 

FOLFIRI (5-FU, leucovorin, irinotecan) 

Targeted Therapies Focus on specific molecules involved in cancer growth, 

often used with chemotherapy for improved outcomes. 

Cetuximab, bevacizumab 

Immunotherapy (for 

certain cases) 

Stimulates the immune system to recognize and 

destroy cancer cells. Used in some advanced cases. 

Pembrolizumab, nivolumab 

 

6.1.2 Oxaliplatin: A Platinum-Based Agent 

Oxaliplatin, a platinum-based chemotherapeutic agent, is commonly used in combination with 5-FU 

and leucovorin in a regimen known as FOLFOX. Oxaliplatin works by forming platinum-DNA 

adducts that lead to DNA crosslinking, disrupting replication and causing cell death. The introduction 

of oxaliplatin in the early 2000s marked a significant advancement in colon cancer treatment, 

particularly in the adjuvant (post-surgery) setting, as it was shown to improve disease-free and overall 

survival in patients with stage III colon cancer (de Gramont et al., 2000). Oxaliplatin is often used in 

the metastatic setting as well, where it helps manage disease progression and provides an alternative 

to other cytotoxic agents. 

6.1.3 Irinotecan: A Topoisomerase Inhibitor 

Irinotecan is another important chemotherapy drug used in colon cancer treatment, particularly in 

combination regimens like FOLFIRI, which includes 5-FU and leucovorin. Irinotecan inhibits 

topoisomerase I, an enzyme crucial for DNA replication and transcription. By interfering with this 

enzyme, irinotecan causes DNA strand breaks, leading to cancer cell death. Irinotecan is particularly 

effective in metastatic colon cancer and is often used as a second-line therapy when patients do not 

respond to first-line treatments such as FOLFOX (Saltz et al., 2000). The drug’s side effects, 

particularly diarrhea and neutropenia, require careful management, but irinotecan has demonstrated 

effectiveness in extending survival in patients with advanced disease. 

 

6.1.4 Combination Regimens: FOLFOX, FOLFIRI, and CAPOX 

Combination regimens are the standard of care in colon cancer treatment, as they improve efficacy 

by targeting multiple pathways simultaneously. FOLFOX (5-FU, leucovorin, and oxaliplatin) and 

FOLFIRI (5-FU, leucovorin, and irinotecan) are two of the most commonly used regimens. FOLFOX 
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is often used as an adjuvant therapy after surgery for stage III colon cancer, while FOLFIRI is 

typically reserved for metastatic settings or as a second-line option. CAPOX (capecitabine and 

oxaliplatin) is an alternative to FOLFOX that allows for oral administration of capecitabine instead 

of intravenous 5-FU, making it more convenient for patients (Piedbois et al., 2007). These regimens 

have been extensively studied and have shown to improve survival rates in patients with colon cancer, 

though they come with a risk of cumulative side effects, such as peripheral neuropathy with 

oxaliplatin and gastrointestinal issues with irinotecan. 

6.2 Targeted Agents Combined with Chemotherapy 

In recent years, targeted therapies have been combined with chemotherapy to improve outcomes in 

metastatic colon cancer. Bevacizumab, a monoclonal antibody that inhibits vascular endothelial 

growth factor (VEGF), is often added to chemotherapy regimens like FOLFOX and FOLFIRI to 

inhibit tumor blood vessel formation and growth. Studies have shown that bevacizumab, when 

combined with chemotherapy, can prolong progression-free survival in patients with metastatic colon 

cancer (Hurwitz et al., 2004). Another targeted agent, cetuximab, an anti-EGFR antibody, is used in 

patients with wild-type KRAS tumors. Cetuximab is typically combined with FOLFIRI in KRAS 

wild-type metastatic colon cancer patients, as EGFR inhibition has been shown to improve outcomes 

in this subgroup (Van Cutsem et al., 2009). These targeted therapies represent a personalized 

approach to colon cancer treatment, providing options based on specific tumor characteristics. 

 

6.3 Immunotherapy: Emerging Role in Colon Cancer Treatment 

While not a traditional chemotherapy agent, immunotherapy has shown promise in treating certain 

types of colon cancer, particularly tumors with mismatch repair deficiency (dMMR) or microsatellite 

instability-high (MSI-H) characteristics. Drugs like pembrolizumab, an anti-PD-1 checkpoint 

inhibitor, have shown effectiveness in these subtypes of colon cancer, leading to their approval for 

use in advanced cases that are unresponsive to chemotherapy (Le et al., 2015). Immunotherapy’s role 

in colon cancer treatment is currently limited to specific genetic profiles, but ongoing research aims 

to expand its application, potentially offering new options for patients who do not respond well to 

traditional chemotherapy. 

 

Table 4: The mechanisms of action and resistance of various chemotherapy drugs used in 

colon cancer treatment 
Mechanism of Action Description Drug Examples Drug Resistance Mechanism Reference 

Antimetabolites Mimic normal cellular molecules, 
disrupting DNA/RNA synthesis, 
leading to cell death. 

5-Fluorouracil (5- 

FU), Capecitabine 

Increased DNA repair, drug efflux, 

enzyme mutation 

Longley 

al., 2003 

et 

Topoisomerase 

Inhibitors 

Prevent  DNA  from  unwinding, 
which is necessary for replication, 
causing cell death. 

Irinotecan Mutations in topoisomerase, enhanced 
DNA repair pathways 

Pommier et 
al., 2006 

Platinum 

Compounds 

Cause  DNA  crosslinking  that 

prevents replication and 

transcription, leading to apoptosis. 

Oxaliplatin Enhanced DNA repair, drug efflux 

pumps, cellular detoxification 

Rabik & 

Dolan, 2007 

Microtubule 

Inhibitors 

Bind to tubulin, preventing 

microtubule formation needed for 
cell division, causing cell cycle 
arrest. 

Paclitaxel, Docetaxel Tubulin mutations, drug efflux, 

activation of survival pathways 

Kavallaris, 

2010 

Alkylating Agents Add alkyl groups to DNA, causing 

breakage and mispairing that 

disrupts replication and 
transcription. 

Cyclophosphamide, 

Temozolomide 

DNA repair mechanisms, drug 

inactivation through increased 

metabolism 

Fu et 

2012 

al., 

Targeted Therapy - 

EGFR Inhibitors 

Block EGFR signaling pathway, 
inhibiting cell proliferation and 
survival. 

Cetuximab, 

Panitumumab 

EGFR mutations, activation of 
alternative pathways (e.g., KRAS 
mutations) 

Amado 

al., 2008 

et 

Targeted Therapy - 

VEGF Inhibitors 

Inhibit VEGF pathway, reducing 

blood supply to tumor, leading to 
nutrient deprivation and growth 

inhibition. 

Bevacizumab Alternative angiogenesis pathways, 

VEGF receptor mutations 

Ferrara, 

2004 

Immunotherapy 

Checkpoint 

Inhibitors 

- Block immune checkpoints, 
allowing the immune system to 
recognize and attack cancer cells. 

Pembrolizumab, 

Nivolumab 

Immune evasion, alterations in tumor 
microenvironment, upregulation of 
other checkpoints 

Sharma 

al., 2015 

et 
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6.4 Advancements in chemotherapy for colon cancer 

Advancements in chemotherapy for colon cancer have significantly improved treatment outcomes 

and patient quality of life. Key developments include: 

 

6.4.1 Targeted Therapies and Personalized Medicine 

• KRAS-G12C Inhibitors: The FDA has approved adagrasib (Krazati®) in combination with 

cetuximab (Erbitux®) for advanced colorectal cancer with the KRAS-G12C mutation. This marks 

the first KRAS-targeting drug approved for colorectal cancer, offering a new option for patients with 

this specific genetic profile. 

• Combination Therapies: Combining chemotherapy with targeted agents like bevacizumab 

(Avastin) and trifluridine/tipiracil (Lonsurf) has shown improved survival rates in advanced 

colorectal cancer patients. 

6.4.2 Immunotherapy Integration 

• Checkpoint Inhibitors: Immunotherapies such as pembrolizumab (Keytruda) and nivolumab 

(Opdivo) have been incorporated into treatment regimens, particularly for tumors with high 

microsatellite instability (MSI-H) or mismatch repair deficiency (dMMR), enhancing the body's 

immune response against cancer cells. 

 

6.4.3. Innovative Drug Delivery Systems 

• Nanoparticle-Based Delivery: Research is exploring nanoparticles to deliver chemotherapy 

directly to tumor sites, potentially increasing drug concentration at the target while minimizing 

systemic toxicity. 

• Liposome-Encapsulated Drugs: Encapsulation of chemotherapeutic agents in liposomes aims to 

improve drug stability and delivery efficiency, though clinical applications are still under 

investigation. 

 

6.4.4. Biomarkers and Genetic Profiling 

• Genetic Testing: Identifying mutations such as KRAS, NRAS, and BRAF helps tailor therapies, 

as certain mutations can predict resistance to specific treatments. 

• Microsatellite Instability Testing: MSI testing determines eligibility for immunotherapy, as 

MSI-H tumors are more likely to respond to checkpoint inhibitors. 

These advancements underscore a shift towards more personalized and effective treatment strategies 

in colon cancer care, improving patient outcomes and quality of life. 

 

6.5 Challenges 

Chemotherapy remains a cornerstone in the treatment of colon cancer; however, several challenges 

persist that impact its effectiveness and patient outcomes. Key challenges include: 

 

6.5.1 Drug Resistance 

Cancer cells can develop resistance to chemotherapy agents, rendering treatments less effective over 

time. Mechanisms of resistance include genetic mutations, enhanced drug efflux, and increased DNA 

repair capabilities. Understanding these mechanisms is crucial for developing strategies to overcome 

resistance. 

 

6.5.2 Toxicity and Side Effects 

Chemotherapy agents often affect both cancerous and healthy cells, leading to adverse side effects 

such as nausea, fatigue, neuropathy, and myelosuppression. These side effects can limit the dosage 

and duration of treatment, impacting overall efficacy. 
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6.5.3 Tumor Heterogeneity 

Colon tumors can exhibit significant genetic and phenotypic diversity within the same patient, leading 

to variable responses to chemotherapy. This heterogeneity complicates treatment planning and 

necessitates personalized approaches. 

 

6.5.4 Limited Efficacy in Advanced Stages 

In metastatic or advanced-stage colon cancer, chemotherapy often provides limited survival benefits. 

The development of more effective systemic therapies is essential to improve outcomes in these cases. 

6.5.5 Patient-Specific Factors 

Individual patient factors, such as age, comorbidities, and genetic predispositions, can influence 

chemotherapy tolerance and effectiveness. Tailoring treatment plans to accommodate these factors is 

necessary for optimal care. Addressing these challenges requires ongoing research into novel 

therapeutic agents, combination therapies, and personalized medicine approaches to enhance the 

efficacy and safety of chemotherapy in colon cancer treatment. 

 

6.6 Various modalities 

When treating colon cancer, various modalities are considered, each with distinct mechanisms, 

benefits, and limitations. Below is a detailed comparison of chemotherapy with alternative treatments: 

 

6.6.1 Chemotherapy 

6.6.1.1 Mechanism: Utilizes cytotoxic drugs to target rapidly dividing cancer cells throughout 

the body. 

6.6.1.2 Benefits: Effective for systemic disease, including metastatic colon cancer. 

6.6.1.3 Limitations: Associated with side effects such as nausea, fatigue, and 

immunosuppression. Resistance can develop over time. 

 

6.6.2 Surgery 

6.6.2.1 Mechanism: Physical removal of the tumor and surrounding tissues. 

6.6.2.2 Benefits: Potentially curative in early-stage colon cancer. Can alleviate symptoms 

caused by tumor obstruction? 

6.6.2.3 Limitations: Invasive with risks like infection and complications. Not suitable for 

metastatic disease. 

6.6.3 Radiation Therapy 

6.6.3.1 Mechanism: Uses high-energy radiation to destroy cancer cells. 

6.6.3.2 Benefits: Effective for localized tumors, especially in rectal cancer. Can shrink 

tumors preoperatively. 

6.6.3.3 Limitations: Less commonly used for colon cancer due to potential damage to surrounding 

organs. Side effects include skin irritation and fatigue. 

6.6.4 Targeted Therapy 

6.6.4.1 Mechanism: Drugs designed to interfere with specific molecules involved in tumor growth 

and progression. 

6.6.4.2 Benefits: Can be more effective with fewer side effects compared to traditional 

chemotherapy. Examples include EGFR inhibitors like cetuximab. 

6.6.4.3 Limitations: Effective only in tumors with specific genetic profiles. Resistance can develop. 

 

6.6.5 Immunotherapy 

6.6.5.1 Mechanism: Stimulates the body's immune system to recognize and attack cancer cells. 

6.6.5.2 Benefits: Durable responses in certain patients, particularly those with high 

microsatellite instability (MSI-H). 

6.6.5.3 Limitations: Not effective for all patients. Potential for immune-related adverse effects. 
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6.6.6 Ablation and Embolization 

6.6.6.1 Mechanism: Destroy tumors using heat, cold, or chemicals; block blood flow to 

tumors. 

6.6.6.2 Benefits: Minimally invasive options for patients not suitable for surgery. 

6.6.6.3 Limitations: Best for small tumors. May require multiple treatments. 

The choice of treatment depends on factors such as cancer stage, patient health, and genetic markers. 

Often, a combination of these modalities is employed to optimize outcomes. For instance, 

chemotherapy may be used alongside surgery or radiation to address both local and systemic disease. 

Advancements in personalized medicine continue to refine these approaches, aiming for more 

effective and tailored treatments. 

6.7 Future directions include 

6.7.1 Development of Novel Chemotherapeutic Agents 

Researchers are investigating new drugs that target specific pathways involved in colon cancer 

progression. These agents aim to overcome resistance mechanisms and improve patient outcomes. 

 

6.7.2 Integration of Targeted Therapies 

Combining chemotherapy with targeted therapies, such as monoclonal antibodies against EGFR and 

VEGF, has shown promise in improving survival rates. Ongoing studies are optimizing these 

combinations to enhance effectiveness. 

6.7.3 Personalized Medicine Approaches 

Advancements in genetic profiling enable the identification of biomarkers that predict response to 

specific chemotherapeutic agents. This allows for tailoring treatment plans to individual patients, 

maximizing efficacy and minimizing unnecessary toxicity. 

 

6.7.4 Immunotherapy Combinations 

Integrating immunotherapy with chemotherapy is an area of active research. Combining these 

modalities may enhance the immune system's ability to recognize and attack cancer cells, potentially 

leading to improved outcomes. 

 

6.7.5 Innovative Drug Delivery Systems 

Developing advanced delivery mechanisms, such as nanoparticle-based systems, aims to increase 

drug concentration at tumor sites while reducing systemic side effects. These technologies are in 

various stages of research and clinical trials. These future directions hold promise for more effective 

and personalized chemotherapy regimens in colon cancer treatment. 

 

 

7. Conclusion 

The integration of targeted therapies with chemotherapy has significantly advanced the treatment 

landscape for colon carcinoma, allowing for more precise, personalized approaches based on 

individual genetic profiles. This shift has led to improved outcomes for patients, especially those with 

specific mutations like KRAS and BRAF, who benefit from tailored therapies. However, challenges 

persist, including chemotherapy resistance, limited biomarkers for predicting treatment responses, 

and managing adverse effects. Future research should focus on refining combination therapies, 

enhancing drug delivery systems, and expanding the use of immunotherapy to address these 

limitations. By continuing to innovate and personalize treatment strategies, there is potential to 
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improve survival rates and quality of life for colon carcinoma patients, moving closer to more 

effective, patient-centered care. 
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