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ABSTRACT: 

Cancer remains one of the leading causes of morbidity and mortality worldwide. 

Conventional treatment approaches such as chemotherapy and radiotherapy often affect both 

cancerous and healthy cells, resulting in significant adverse effects. The development of 

targeted therapies has transformed cancer treatment by selectively inhibiting molecular 

pathways involved in tumor growth and progression. Tyrosine kinase inhibitors (TKIs) 

represent an important class of targeted anticancer agents that block the activity of tyrosine 

kinases, enzymes involved in cell signaling, proliferation, differentiation, angiogenesis, and 

survival. 

This review discusses the mechanisms of action of TKIs, their classification, therapeutic 

applications in various malignancies, advantages, limitations, and future perspectives in 

precision oncology. 
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INTRODUCTION 

Advances in molecular biology have improved our understanding of cancer development and 

progression. Many cancers are driven by abnormalities in signaling pathways regulated by 

protein kinases. Tyrosine kinases play a crucial role in transmitting signals from the cell 
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surface to the nucleus, controlling cellular growth, survival, and differentiation. 

Dysregulation of these enzymes through mutations, overexpression, or chromosomal 

rearrangements can contribute to oncogenesis. 

Tyrosine kinase inhibitors have emerged as a revolutionary treatment strategy by specifically 

targeting these abnormal signaling pathways. Unlike traditional chemotherapy, which affects 

rapidly dividing cells indiscriminately, TKIs selectively inhibit cancer-promoting molecules, 

thereby improving therapeutic outcomes and reducing toxicity. 

 

Tyrosine Kinases: Structure and Function 

Tyrosine kinases are enzymes that catalyze the transfer of phosphate groups from adenosine 

triphosphate (ATP) to tyrosine residues on substrate proteins. This phosphorylation process 

regulates intracellular signaling pathways involved in cell growth and survival. 

 

Tyrosine kinases are broadly classified into 

1. Receptor Tyrosine Kinases (RTKs) 

These enzymes are located on the cell membrane and are activated by extracellular ligands 

such as growth factors. Examples include: 

- Epidermal Growth Factor Receptor (EGFR) 

- Human Epidermal Growth Factor Receptor 2 (HER2) 

- Vascular Endothelial Growth Factor Receptor (VEGFR) 

- Platelet-Derived Growth Factor Receptor (PDGFR) 

 

2. Non-Receptor Tyrosine Kinases 

These enzymes function within the cytoplasm and nucleus. Examples include: 

- BCR-ABL kinase 

- Src family kinases 

- Janus kinases (JAKs) 

 

Abnormal activation of these kinases contributes to uncontrolled cell proliferation and tumor 

progression. 

http://www.ijarp.com/
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Figure 1: Classification of tyrosine kinases into receptor tyrosine kinases (RTKs) and 

non- receptor tyrosine kinases involved in cancer progression. 

 

Mechanism of Action of Tyrosine Kinase Inhibitors 

Tyrosine kinase inhibitors interfere with kinase-mediated signaling pathways by binding to 

the ATP-binding site or other regulatory regions of tyrosine kinases. This prevents 

phosphorylation and subsequent activation of downstream signaling cascades. 

 

The major mechanisms include: 

Inhibition of Cell Proliferation 

TKIs block signaling pathways such as PI3K/AKT and RAS/RAF/MEK/ERK, thereby 

suppressing tumor cell growth. 

 

Induction of Apoptosis 

Inhibition of survival pathways promotes programmed cell death in malignant cells. 

 

Anti-Angiogenic Activity 

Certain TKIs inhibit VEGFR-mediated angiogenesis, reducing blood supply to tumors and 

limiting their growth. 

 

Prevention of Metastasis 

By interfering with signaling pathways involved in cell migration and invasion, TKIs can 

reduce metastatic spread. 
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Growth Factor Binding 

↓ 

Activation of Tyrosine Kinase Receptor 

↓ 

Autophosphorylation of Tyrosine Residues 

↓ 

Activation of Signaling Pathways (PI3K/AKT, RAS/RAF/MEK/ERK) 

↓ 

Cell Proliferation, Survival & Angiogenesis 

↓ 

TKI Administration 

↓ 

Blockade of ATP Binding Site 

↓ 

Inhibition of Phosphorylation 

↓ 

Apoptosis + Reduced Tumor Growth 

 

Table 1: Classification of Tyrosine Kinase Inhibitors. 

Class Target Examples Indications 

EGFR Inhibitors EGFR Gefitinib, Erlotinib, Osimertinib NSCLC 

BCR-ABL Inhibitors BCR-ABL Imatinib, Dasatinib, Nilotinib CML 

VEGFR Inhibitors VEGFR Sorafenib, Sunitinib, Pazopanib RCC, HCC 

ALK Inhibitors ALK Crizotinib, Alectinib, Lorlatinib NSCLC 

HER2 Inhibitors HER2 Lapatinib, Tucatinib Breast Cancer 

 

 

Figure 2: Major molecular targets inhibited by currently approved tyrosine kinase inhibitors. 

http://www.ijarp.com/
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Table 2: FDA-Approved Tyrosine Kinase Inhibitors and Their Clinical Uses. 

 

 

Development of Drug Resistance to TKIs 

Initial TKI Treatment 

↓ 

Effective Tumor Response 

↓ 

Prolonged Drug Exposure 

↓ 

Secondary Mutations or Alternative Pathway Activation 

↓ 

Reduced Drug Sensitivity 

↓ 

Disease Progression 

↓ 

Next-Generation TKIs / Combination Therapy 

 

Table 3: Advantages and Limitations of Tyrosine Kinase Inhibitors. 
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Therapeutic Applications 

Chronic Myeloid Leukemia (CML) 

The introduction of imatinib significantly improved the prognosis of patients with CML by 

targeting the BCR-ABL fusion protein. It remains a landmark example of successful targeted 

therapy. 

 

Non-Small Cell Lung Cancer (NSCLC) 

EGFR-targeted TKIs such as gefitinib, erlotinib, and osimertinib have demonstrated 

remarkable efficacy in patients harboring EGFR mutations. 

 

Renal Cell Carcinoma 

VEGFR inhibitors including sunitinib and pazopanib are widely used to inhibit tumor 

angiogenesis and disease progression. 

 

Breast Cancer 

HER2-positive breast cancer patients benefit from HER2-targeted TKIs such as lapatinib and 

tucatinib, particularly in advanced disease settings. 

 

Gastrointestinal Stromal Tumors (GIST) 

Imatinib has shown substantial clinical benefits in GIST patients with KIT or PDGFRA 

mutations. 

 

Hepatocellular Carcinoma 

Sorafenib and lenvatinib have become important treatment options for advanced liver cancer 

by targeting multiple kinase pathways. 

 

 

Figure 3: Major cancer types successfully treated using tyrosine kinase inhibitors. 

 

Targeted Therapy for Cancer 

http://www.ijarp.com/


                                                                      International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                       
       7 

 

Table 4: Major cancer types successfully treated using tyrosine kinase inhibitors. 

 

RESULTS 

Advantages of Tyrosine Kinase Inhibitor 

 High target specificity 

 Improved therapeutic efficacy 

 Reduced systemic toxicity compared to conventional chemotherapy  Oral administration 

enhances patient convenience 

 Potential for personalized treatment based on molecular profiling  Improved progression-

free survival in several cancers 

 

LIMITATIONS AND CHALLENGES 

Drug Resistance 

Resistance remains a significant challenge and may occur through: 

 Secondary mutations in target kinases 

 Activation of alternative signaling pathways  Gene amplification 

 Tumor heterogeneity 

 

Adverse Effects 

Although generally better tolerated than chemotherapy, TKIs may cause: 

 Skin rash  Diarrhea 

 Fatigue 

 Hypertension  Hepatotoxicity  Cardiotoxicity 

 

High Treatment Cost 

The long-term use of targeted therapies can impose substantial economic burdens on 

healthcare systems and patients. 

 

Future Perspectives 

The future of TKI therapy is closely linked to precision medicine. Advances in genomic 

profiling and biomarker identification are enabling more accurate patient selection and 

treatment optimization. Combination therapies involving TKIs, immunotherapies, and 

monoclonal antibodies are being investigated to overcome resistance and improve outcomes. 

The development of next-generation inhibitors with greater selectivity and reduced toxicity is 

expected to further enhance cancer management. 

http://www.ijarp.com/
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CONCLUSION 

Tyrosine kinase inhibitors have revolutionized cancer treatment by providing a targeted and 

effective approach to managing various malignancies. Their ability to selectively inhibit 

dysregulated signaling pathways has improved survival outcomes and quality of life for many 

patients. Despite challenges such as resistance and adverse effects, ongoing research 

continues to expand their therapeutic potential. As precision oncology evolves, TKIs are 

expected to remain a cornerstone of personalized cancer therapy. 
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