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ABSTRACT: Colorectal cancer (CRC) is the third 

most diagnosed cancer and the second leading 

cause of cancer deaths globally. Projections 

indicate a 60–71.5% increase in CRC mortality by 

2035, especially in developing countries adopting 

Western dietary habits. Although genetic factors 

account for around 25% of cases, lifestyle-related 

risk factors such as obesity, inactivity, and 

unhealthy diets play a major role. CRC generally 

develops through three pathways: sporadic (70%), 

hereditary (25%), and colitis-associated (5%), often 

following a slow 10–15 year adenoma-to-

carcinoma progression. Current diagnostic tools, 

including fecal tests and endoscopy, miss many 

early-stage cases. Treatment typically involves 

surgery, chemotherapy (e.g., 5-FU, oxaliplatin, 

irinotecan), and targeted therapies, with 

immunotherapy emerging as a promising option. 

However, issues like late-stage diagnosis, therapy 

resistance, and recurrence remain prevalent. 

Research is increasingly focused on enhancing 

early detection via liquid biopsies and tailoring 

prevention through screening and lifestyle 

interventions to better manage CRC worldwide. 

KEYWORDS: Colorectal Cancer, Deadliest 

Cancer, Fecal tests, Colon, Rectum, Lifestyle, 

Pharmacotherapy, Chemotherapy, Biopsy. 

 

I. INTRODUCTION 
Colorectal cancer (CRC), comprising 

colon and rectal malignancies, is the third most 

diagnosed cancer and the second leading cause of 

cancer-related deaths globally, responsible for 

9.4% of cancer deaths in 2020 [1,2,3]. Its incidence 

is rising, particularly in aging populations and 

developing nations, with cases expected to more 

than double by 2035 [4]. Though it ranks third in 

overall incidence (6.1%), CRC is second in 

mortality (9.2%) due to regional disparities linked 

to socioeconomic conditions [5,6,7]. 

Modifiable lifestyle factors such as 

obesity, physical inactivity, and unhealthy diets 

significantly contribute to CRC risk, while regular 

exercise offers protection [8,9]. The shift toward 

Western dietary habits in developing regions has 

further elevated CRC incidence [10].Genetic 

predisposition accounts for nearly 25% of CRC 

incidence [11]. CRC develops from gland-forming 

epithelial cells in the large intestine and is 

categorized as sporadic, hereditary, or 

inflammation-related [12,13]. 

Screening programs in developed regions 

have successfully reduced CRC mortality by 

detecting precancerous lesions early [14,15]. The 

slow adenoma-to-carcinoma transition (10–15 

years) allows for preventive interventions like 

polyp removal [16,17,18,19]. High-risk groups 

benefit from intensified surveillance using stool 

tests and endoscopy [20,21]. Nonetheless, early 

detection remains suboptimal, and challenges like 

recurrence and treatment resistance persist [22]. 

 

II. EPIDEMIOLOGY 
Mortality 

According to GLOBOCAN 2020 data, 

colorectal cancer (CRC) ranks as the second 

leading cause of global cancer-related deaths, 

causing approximately 935,000 deaths and an age-

standardized mortality rate (ASMR) of 9.0 per 

100,000 annually. Europe recorded the highest 

mortality (ASMR 12.3), while Africa (5.6) and the 

Eastern Mediterranean (5.3) had the lowest. 

Intermediate mortality rates were observed in 

Oceania (9.3), Asia (8.6), Latin America (8.2), and 

North America (8.2). Males had higher mortality 

(ASMR 11.0) than females (7.2), with over 
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515,000 and 419,000 deaths, respectively 

[23,24,25]. 

 

Incidence 

In 2020, colorectal cancer (CRC) ranked 

as the third most prevalent cancer worldwide, with 

1.93 million new cases and an age-standardized 

rate (ASR) of 19.5 per 100,000. Incidence was 

highest in Europe (30.4), Oceania (29.8), and North 

America (26.2), but lowest in Africa (8.4) and the 

Eastern Mediterranean (9.1). Hungary recorded the 

highest national ASR (45.3), while Guinea had the 

lowest (3.3) (23,24,25). Wealthier regions and 

those with very high HDI showed significantly 

higher rates (30.2 and 29.4) than low-income and 

low-HDI areas (8.8 and 7.4).   

 

Time Trends and Future Burden 

While incidence rates have stabilized or 

declined in countries like the U.S., Canada, and 

Australia, nations undergoing rapid development, 

including Brazil, Costa Rica, and India, show rising 

trends [26,27,28,29,30,31]. Projections indicate 

that CRC cases will rise from 1.93 million in 2020 

to 3.15 million by 2040. The most significant 

increases are anticipated in Africa (95.0%), the 

Eastern Mediterranean (92.0%), Latin America 

(74.0%), and Asia (70.8%), while very high HDI 

countries are expected to see a smaller rise (35.0%) 

[32]. 

 

Early-Onset CRC 

Early-onset colorectal cancer (EOCRC), 

diagnosed before age 50, is increasing globally, 

with 188,069 cases and an ASR of 2.9 per 100,000 

[33,34,35,36,37,38,39,40]. North America (6.1) 

and Oceania (5.3) have the highest rates, while 

Africa (2.0) and Asia (2.6) are lower. EOCRC is 

rising in both developed and developing countries 

[41,42,43,44,45]. Contributing factors include 

genetic predisposition, obesity, poor diet, physical 

inactivity, alcohol, low vitamin D, inflammatory 

conditions, and gut microbiome imbalance [46,47]. 

This trend emphasizes the need for targeted 

surveillance and age-adapted screening strategies. 

 

III. ETIOLOGY 
The majority of colon cancer instances 

(approximately 70%) develop sporadically, 

indicating they arise without identifiable hereditary 

predisposition. However, 3% to 5% of cases are 

linked to known genetic mutations, such as those 

seen in hereditary nonpolyposis colorectal cancer 

(HNPCC) and familial adenomatous polyposis 

(FAP). A significant proportion (20-25%) of 

colorectal cancer patients present with a well-

documented family history of the disease, yet lack 

identifiable germline mutations associated with 

hereditary cancer syndromes. 

 

Risk Factors for Colon Cancer 

 Age: Sporadic colon cancer predominantly 

affects older populations, with a median 

diagnosis age exceeding 65 years. 

 Family History: Having a close relative with 

colon cancer increases an individual’s risk. 

 Inherited Genetic Syndromes: Conditions 

like HNPCC, FAP, and Peutz-Jeghers 

syndrome significantly elevate the risk of 

developing colon cancer [48,49]. 

 Precancerous Polyps: Adenomas detected 

during colonoscopy—particularly villous 

adenomas and sessile serrated polyps—pose a 

higher risk of malignancy. 

 Inflammatory Bowel Disease (IBD): 

o Patients with ulcerative colitis have a 0.5% 

yearly cancer risk in the initial 10-20 years, 

which escalates to 1% annually thereafter. 

o Crohn’s disease may also increase risk, 

primarily in the ileocolic region(50). 

 Lifestyle and Environmental Factors: 

o Alcohol consumption, smoking, obesity, and 

diets high in processed red meat. 

o Insulin resistance, prior radiation exposure, 

and immunosuppression [51,52]. 

 

Protective Factors Against Colon Cancer 

Research suggests several factors may help reduce 

the risk of colon cancer: 

 Dietary Choices: High intake of fruits, 

vegetables, fiber, resistant starch, fish, garlic, 

and coffee. 

 Supplements: Folate, folic acid, pyridoxine 

(vitamin B6), calcium, vitamin D, and 

magnesium. 

 Medications: 

o Aspirin and other NSAIDs. 

o Hormone replacement therapy in 

postmenopausal women. 

o Statins, bisphosphonates, and angiotensin 

inhibitors. 

 Physical Activity: Regular physical activity 

correlates with reduced CRC risk [53]. 

 

IV. PATHOPHYSIOLOGY 
Colorectal cancer (CRC) develops through 

progressive genetic alterations, driven by three 

main molecular pathways: chromosomal instability 
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(CIN), mismatch repair deficiency (MMR), and the 

CpG island methylator phenotype (CIMP) [54]. 

The CIN pathway, associated with the adenoma-

carcinoma sequence, involves APC mutations 

(~60% of cases), KRAS and TP53 mutations, and 

occasional BRAF mutations, disrupting Wnt/β-

catenin signaling and promoting tumor progression. 

The MMR-deficient pathway results from 

mutations in genes like MLH1, MSH2, MSH6, or 

PMS2, leading to microsatellite instability (MSI) 

[55]. These tumors, often located in the right colon, 

are mucinous or poorly differentiated, less 

responsive to 5-FU, but more amenable to 

immunotherapy. The CIMP pathway (~15% of 

CRCs) features hypermethylation of CpG island 

promoters, frequent KRAS/BRAF mutations, and is 

commonly associated with serrated polyps; 

prognosis improves when coexisting with MSI 

[56]. 

Transcriptomic analysis has led to the 

classification of CRC into four consensus 

molecular subtypes (CMS): CMS1 (MSI-Immune, 

14%), CMS2 (Canonical, 37%), CMS3 (Metabolic, 

13%), and CMS4 (Mesenchymal, 23%) [57]. These 

subtypes differ in mutational patterns, immune 

activity, and therapeutic response, though clinical 

translation of CMS classification is still under 

investigation. 

 

V. COLORECTAL CANCER 

DEVELOPMENT 
Colorectal cancer (CRC) is marked by 

significant genetic heterogeneity, progressing 

through multiple molecular pathways and 

exhibiting a high tumor mutational burden [58]. 

Based on mutation rates, CRCs are classified as 

hypermutated (>12 mutations per 10⁶  bases) or 

non-hypermutated (<8.24 mutations per 10⁶  

bases). The disease arises from sequential genetic 

and epigenetic changes in colonic epithelial cells, 

leading to hyperproliferation and tumor formation 

[59]. Colorectal carcinogenesis occurs primarily 

via three molecular pathways: microsatellite 

instability (MSI), chromosomal instability (CIN), 

and the serrated neoplasia pathway [60,61,62]. The 

adenoma-carcinoma sequence, typically linked 

with CIN, is the most common, while serrated 

neoplasia (10–15% of cases) involves progression 

from hyperplastic polyps to sessile serrated 

adenomas and CIMP-high tumors. Chronic 

inflammation-driven CRC, often in colitis patients, 

accounts for less than 2% of cases [63]. 

CRC usually takes around 18 years to 

progress from polyp to carcinoma, with metastasis 

developing in about 9 years [64]. Adenocarcinomas 

make up 96% of cases and are staged from 0 to IV, 

based on invasion and spread [65]. Treatment 

varies by stage, from surgery alone (Stages 0–II) to 

chemotherapy (Stage III) and multimodal 

approaches for metastatic disease (Stage IV) [66]. 

Despite current treatments, metastatic CRC 

remains largely incurable, demanding ongoing 

therapeutic research. 

 

VI. RISK FACTORS 
Personal and Medical History 

Non-modifiable CRC risk factors include 

age (most cases occur after 50, peaking at 63–72 

years), male sex (30% higher incidence than 

women), and racial/medical history. Steele et al. 

found 77% of cases occur in adults aged 60–89 

[67,68,69]. Early-onset CRC (18–49 years) 

disproportionately affects men (OR 1.87), Black 

(OR 1.73), and Asian (OR 2.60) individuals, and 

those with IBD [70]. Men also face higher rectal 

cancer (OR 2.84) [71]. Racial disparities exist, with 

Black individuals having the highest incidence and 

mortality, particularly for proximal (OR 1.62) and 

distal (OR 1.27) colon cancer, though slightly 

lower rectal cancer risk (OR 0.88) versus Whites 

[72,73]. 

 

Chronic Conditions and CRC Risk 

Chronic illnesses like IBD (ulcerative 

colitis or Crohn’s disease) increase CRC risk nearly 

threefold [74,75]. Type 2 diabetes also raises CRC 

risk, especially for proximal colon cancer (OR 

1.29), with even higher associations reported in 

African populations (OR 5.3) [76]. 

Mechanistically, hyperinsulinemia enhances IGF-1 

activity, promoting cell proliferation and DNA 

damage [77,78]. 

 

Family History 

A first-degree relative with CRC nearly 

doubles personal risk (RR 1.80). Risk is especially 

high for early-onset cases (RR 8.61), who are also 

more likely to report familial CRC history (RR 

2.87). Korean studies show increased distal colon 

cancer risk for both sexes (HR 1.8) and a male-

specific rise in proximal tumors (HR 2.4) [79]. 

 

Two key inherited syndromes are: 

 FAP, caused by APC mutations, leading to 

extensive polyps and near-universal 

malignancy without intervention [80,81]. 
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 Lynch Syndrome, linked to mismatch repair 

gene mutations, carries over a 60% lifetime 

CRC risk, often presenting by age 45 [82]. 

 

Lifestyle and Dietary Intake 

Obesity increases CRC risk by 10% per 8 

kg/m² BMI, especially in men. Physical activity 

lowers risk and enhances survival [83,84]. CRC 

risk escalates with higher alcohol intake, showing a 

dose-response relationship. Rectal cancer exhibits 

particular susceptibility, with chronic consumption 

elevating risk approximately twofold [85,86,87,88]. 

Nicotine exposure confers elevated rectal cancer 

risk (odds ratio 1.81) via EGFR activation and 

angiogenic pathway induction [89,90]. Red and 

processed meats raise CRC risk by 20–30% (RR 

1.13), due to carcinogens like heme iron and 

HCAs, while white meat shows no such link 

[91,92]. Protective dietary elements include high 

fiber (14% risk reduction), vitamin D, calcium, and 

a diet rich in fruits, vegetables, and whole grains 

[93,94,95,96]. 

 

Medication and Hormones 

Regular use of aspirin or NSAIDs can 

reduce CRC risk by 20–40%, particularly for rectal 

cancer (OR 0.71), though risks like GI bleeding 

(OR 1.8) and heart events (HR 1.3) limit general 

recommendations [97]. 

Hormone therapy (HT) after menopause is linked 

to reduced CRC risk (RR 0.61), with combination 

therapy (RR 0.85) more protective than estrogen 

alone (RR 0.91). Post-diagnosis HT use is 

associated with reduced CRC-specific (26%) and 

all-cause mortality (30%) [98]. 

 

VII. PREVENTIVE STRATEGIES 
Molecular Mechanisms and Gut Microbiota 

Dietary habits and gastrointestinal 

microbial communities play significant roles in 

CRC pathogenesis. While the precise molecular 

pathways remain unclear, imbalanced gut 

microbiota—often shaped by diet—may contribute 

to CRC initiation and progression [99,100]. 

Modulating microbial composition presents 

therapeutic opportunities, potentially enhancing 

treatment outcomes and minimizing side effects 

[101]. However, challenges in CRC pathogenesis, 

diagnosis, and therapy call for continued research. 

 

Primary Prevention 

Primary prevention aims to reduce CRC 

risk in healthy populations. Sustained efforts to 

lower modifiable risk factors may significantly 

decrease CRC incidence and mortality over time 

[102]. Key interventions involve smoking 

reduction [103], moderate drinking [104], obesity 

control [105], and reduced intake of cured/red 

meats [106]. Protective actions include regular 

physical activity [107], aspirin use [108,109], and 

hormone replacement therapy [110]. Diets high in 

milk and whole grains may offer additional 

protection. 

 

Secondary Prevention 

Due to CRC's slow progression, early 

detection through colonoscopy is effective in 

preventing invasive cancer [111]. Alternative 

screening methods include sigmoidoscopy and 

stool-based tests like FOBT. Emerging modalities, 

including capsule endoscopy, CT colonography, 

stool DNA analysis, and liquid biopsies, show 

potential but face constraints regarding expense 

and diagnostic accuracy.Investigations of blood-

derived omics signatures show promise for 

improving CRC detection methods [112]. 

 

Tertiary Prevention 

Lifestyle factors like smoking and alcohol 

use negatively impact CRC survival due to 

treatment complications and biological tumor-

promoting effects [113,114,115,116,117,118]. In 

contrast, physical activity improves survival by 

enhancing metabolic and immune functions 

[119,120,121,122,123], especially in non-

metastatic cases [124], with limited data in 

metastatic disease [125]. Chemoprevention with 

low-dose aspirin [126,127,128] and possibly 

metformin [129] shows promise, while beta-

blockers lack benefit [130]. Vitamin D 

supplementation may improve survival, particularly 

in metastatic CRC, though more trials are needed 

[131,132,133,134,135,136]. 

 

VIII. DIAGNOSIS 
Clinical Presentation 

Widespread use of colonoscopic screening 

has enabled early detection of most colorectal 

cancers (CRC), often before symptoms appear. 

Symptom profiles differ according to the lesion's 

site and extent within the colon. The most frequent 

indications for diagnostic colonoscopy are 

hematochezia (37%), abdominal discomfort (34%), 

and iron-deficiency anemia of unknown origin 

(23%).Right-sided tumors typically cause iron 

deficiency anemia, while left-sided lesions often 

result in altered bowel habits, such as constipation 

or stool narrowing. Acute presentations may 
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include intestinal occlusion, visceral perforation, or 

significant hemorrhage requiring emergent 

intervention. Advanced disease may lead to 

metastatic symptoms like jaundice, bone pain, or 

respiratory distress. 

 

Physical Examination 

Physical assessment is vital, focusing on 

signs of metastasis. Abdominal exams should 

evaluate for tenderness, masses, or organ 

enlargement. Digital rectal examination (DRE) is 

indispensable for identifying rectal abnormalities 

and evaluating anal sphincter function [137]. 

 

Diagnostic Testing 

Initial imaging may include a barium 

enema or CT colonography, but colonoscopy with 

biopsy remains the diagnostic gold standard, with 

~94.7% sensitivity (95% CI: 90%-97%) when 

properly conducted. Multiple specimen collections 

with site marking aid in delineating surgical 

margins and resection planning.Laboratory workup 

includes CBC, iron studies, liver and kidney 

function tests, coagulation profile, and 

carcinoembryonic antigen (CEA) levels for 

prognosis and monitoring. 

 

Molecular and Imaging Assessment 

NCCN recommends universal testing for 

mismatch repair (MMR) or microsatellite 

instability (MSI), especially in sporadic CRC cases 

(15–20%). For metastatic CRC, KRAS, NRAS, 

BRAF, and HER2 mutation testing informs 

therapy. The standard staging protocol mandates 

thoracic, abdominal, and pelvic CT evaluation. 

MRI is used for liver metastases or contrast 

allergies; PET-CT is not routine [138]. 

 

Additional Diagnostic Considerations 

FIT or FOBT are screening tools requiring 

a follow-up colonoscopy if positive. Flexible 

sigmoidoscopy identifies left-sided tumors but is 

incomplete. Germline genetic evaluation should be 

considered for early-onset cases and individuals 

with hereditary cancer predisposition. Endoscopic 

ultrasound assists rectal tumor staging, while liquid 

biopsy is emerging for mutation tracking and 

response monitoring [139]. 

 

IX. TREATMENT 
Surgery and Chemotherapy 

The cornerstone of colorectal cancer 

management continues to be surgical resection 

combined with systemic chemotherapy.However, 

metastatic CRC remains challenging, as 25% of 

patients are diagnosed at advanced stages, and 20% 

later develop metastases. Surgery is critical for 

localized disease, while chemotherapy or 

radiotherapy is often required pre- or post-

operatively [140]. Chemotherapeutic options 

include single-agent 5-FU or combination regimens 

such as FOLFOX, FOLFIRI, XELOX/CAPOX, 

and CAPIRI. While similarly effective, these 

combinations vary in toxicity, and single agents are 

reserved for patients with lower tolerance [141]. 

Resistance, systemic toxicity, and lack of 

specificity underscore the need for improved 

therapies. 

 

Targeted Therapy 

Monoclonal antibodies targeting EGFR 

(cetuximab) and VEGF (bevacizumab) have 

significantly enhanced survival outcomes in 

colorectal cancer patients. New agents are being 

developed to target multiple signaling pathways 

(VEGF/VEGFR, EGFR, HGF/c-MET, IGF-1R, 

TGF-β, Wnt, Notch, Hedgehog) [142]. 

Nanotechnology offers improved drug delivery 

using colon-specific carriers and theranostic 

nanoparticles that enable simultaneous therapy and 

diagnostics. 

 

Gene Therapy 

Gene therapy addresses CRC by 

correcting mutations in oncogenes or tumor 

suppressors via RNA/DNA vectors [143]. As of 

2017, over 2,600 gene therapy trials were 

registered globally, but only 45 reached Phase III, 

reflecting translational challenges. In the UK, 11 

trials targeted CRC specifically [144,145]. Gene 

therapy holds promise for precise targeting and 

halting tumor growth [146]. 

 

Immunotherapy 

Immunotherapy aims to enhance immune 

responses against CRC using monoclonal 

antibodies, checkpoint inhibitors, cancer vaccines, 

adoptive T-cell transfer, complement inhibition, 

and cytokines [147]. Though many trials are early-

stage, results are promising, with 24 completed and 

40+ ongoing [148]. 

 

Monoclonal Antibody Therapy 

Cetuximab and panitumumab target EGFR 

in metastatic CRC. Emerging immunotherapeutic 

antibodies targeting EpCAM (adecatumumab), 

CEA (labetuzumab), and mucin antigens 

(pemtumomab) are broadening CRC treatment 

possibilities [149]. 
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Immune Checkpoint Inhibitor Therapy 

Checkpoint inhibitors such as Nivolumab 

(anti-PD-1) and Ipilimumab (anti-CTLA-4) aim to 

reactivate T-cells by blocking tumor-induced 

immune suppression, showing promise in clinical 

trials [150]. 

 

Cancer Vaccines 

Cancer vaccines stimulate dendritic cells 

(DCs) to activate antigen-specific immune 

responses. OncoVAX and DC-based vaccines are 

leading candidates for CRC treatment [151]. 

 

DC Vaccine 

Vaccines using CEA-derived peptides or 

mRNA successfully induce cytotoxic T-cell 

responses in metastatic CRC, supporting their 

therapeutic potential [152]. 

 

OncoVAX 

OncoVAX combines autologous tumor 

cells with adjuvants to prevent recurrence. It has 

shown improved survival when paired with surgery 

in colon cancer patients [153,154]. 

 

Adoptive T-Cell Therapy 

Adoptive T-cell therapy, including CAR-T 

and Vδ1 γδ T-cells, offers tumor-specific 

cytotoxicity. Preclinical studies in CRC xenograft 

models show strong efficacy [155]. 

 

Complement Inhibition 

Complement inhibitors such as CVF and 

protein A enhance anti-tumor immunity and 

suppress tumor-related immune evasion, effective 

alone or with other therapies [156]. 

 

Cytokine Therapy 

Pro-inflammatory cytokines (TNF-α, IL-

6) stimulate NF-κB and STAT3 signaling 

pathways, driving colorectal carcinoma 

proliferation.Targeting these pathways via cytokine 

therapy may inhibit tumor progression [157]. 

 

Natural Products as Therapy 

Natural compounds, relied upon by 75–

80% of the global population, offer multi-target 

cancer effects [158,159]. Nearly half of approved 

cancer drugs originate from natural sources like 

polyphenols and alkaloids [160,161,162]. Clinical 

trials support phytochemicals (curcumin, 

resveratrol, berberine, metformin) for anti-cancer 

effects [163,164]. Combining them with 

chemotherapy enhances efficacy. Chinese 

pharmacopeia-registered botanicals (Ai-

Di/Matrine) demonstrate both therapeutic 

enhancement and toxicity mitigation when 

combined with FOLFOX regimens 

[165].Additionally, dietary herbs and spices 

modulate cancer-related pathways (e.g., BCL-2, K-

ras, MMPs, caspases), offering chemopreventive 

potential [166,167]. 

 

X. RECOMMENDATIONS 
The global incidence and mortality of 

colorectal cancer (CRC) are expected to rise 

markedly due to aging populations and increasing 

modifiable risk factors such as poor diet, obesity, 

and sedentary lifestyles. Without robust prevention 

strategies, this trend will likely worsen. Primary 

prevention targeting shared risk factors with other 

chronic diseases offers long-term benefits, though 

outcomes require extended evaluation. Secondary 

prevention through cost-effective screening (e.g., 

fecal tests, sigmoidoscopy, colonoscopy) can 

significantly reduce CRC mortality within 10–20 

years. Emerging noninvasive diagnostics, like 

blood-based omic biomarkers, may further enhance 

early detection. Tertiary prevention strategies—

such as aspirin use, smoking cessation, and 

physical activity—can improve outcomes for 

diagnosed individuals. 

A comprehensive CRC control plan should include: 

1. Lifestyle interventions promoting exercise, 

healthy diets, and weight control; 

2. Strengthened screening infrastructure with 

quality monitoring; 

3. Investment in noninvasive diagnostics and 

personalized treatments; 

4. Integration of tertiary prevention in 

survivorship care; 

5. Public education on risks and screenings; 

6. Policies enhancing access to care; 

7. Promotion of chemopreventive herbs and 

spices; 

8. Stronger health systems for equitable care 

access. 

A combined primary, secondary, and tertiary 

prevention approach, particularly one that 

integrates dietary strategies, is key to reducing 

CRC burden and improving patient outcomes. 

 

XI. CONCLUSIONS 
Addressing the growing colorectal cancer 

(CRC) burden requires an integrated strategy 

focusing on reducing modifiable risk factors, 

advancing chemoprevention research, and 

implementing population-tailored screening 

programs. Public education should highlight CRC 
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risks and promote protective dietary habits, 

including fruits, herbs, and spices. Regional 

healthcare capacities must guide strategy execution 

to ensure impact and feasibility. Research into 

polymer-based nanocarrier drug delivery is a 

promising therapeutic direction. A coordinated, 

evidence-based approach—combining public 

health efforts, personalized prevention, and 

innovative treatments—can significantly reduce 

CRC incidence and mortality, provided there is 

strong commitment from policymakers, clinicians, 

scientists, and communities. 

 

ABBREVIATIONS USED 

 APC - Adenomatous Polyposis Coli (gene) 

 ASMR - Age-Standardized Mortality Rate 

 ASR - Age-Standardized Rate 

 IBD - Inflammatory Bowel Disease 

 IGF - Insulin-like Growth Factor 

 IRI - Irinotecan 

 MAPK - Mitogen-Activated Protein Kinase 

 MMR - Mismatch Repair 

 MSI - Microsatellite Instability 

 mTOR - Mechanistic Target of Rapamycin 

 NF-κB - Nuclear Factor Kappa B 

 NSAIDs - Non-Steroidal Anti-Inflammatory 

Drugs 

 OR - Odds Ratio 

 OX - Oxaliplatin 

 PAHs - Polycyclic Aromatic Hydrocarbons 

 PD-1 - Programmed Death-1 (receptor) 

 PD-L1/PD-L2 - Programmed Death-Ligand 

1/2 

 PDENs - Polymer-Drug Encapsulated 

Nanoparticles 

 PI3K - Phosphoinositide 3-Kinase 

 PMS2 - Post-Meiotic Segregation Increased 2 

(gene) 

 RAS - Rat Sarcoma (gene family) 

 RR - Relative Risk 

 STAT3 - Signal Transducer and Activator of 

Transcription 3 

 T2DM - Type 2 Diabetes Mellitus 

 TGF-β - Transforming Growth Factor Beta 

 TNF - Tumor Necrosis Factor 

 VEGF/VEGFR - Vascular Endothelial 

Growth Factor/Receptor 

 WNT - Wingless-Type (signaling pathway) 
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