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Abstract
Cancer immunotherapy represents a revolutionary approach in oncology that harnesses the body’s immune 
system to combat cancer. Recent advances in this field have transformed treatment paradigms across multiple 
cancer types. This review provides a comprehensive overview of current knowledge in cancer immunother-
apy, focusing on major therapeutic approaches, clinical applications, challenges, and future directions. Key 
developments include immune checkpoint inhibitors, CAR-T cell therapy, and cancer vaccines, which have 
demonstrated unprecedented clinical outcomes in selected patient populations. Despite these successes, sig-
nificant challenges remain, including variable response rates, immune-related adverse events, and limited 
accessibility. Understanding these aspects is crucial for medical students and early researchers entering this 
rapidly evolving field.
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Introduction 
Traditional cancer treatments—surgery, chemother-
apy, and radiation therapy—have formed the cor-
nerstone of oncology for decades. However, these 
approaches often come with significant limitations, 
including systemic toxicity and potential resistance 
development. Immunotherapy emerges as a para-
digm-shifting strategy that leverages the body's nat-
ural defense mechanisms against cancer. By harness-
ing the immune system's inherent ability to recognize 
and eliminate abnormal cells, immunotherapy offers

a potentially more targeted and sustainable approach 
to cancer treatment. 
 
Overview of Immunotherapy Definition and Bio-
logical Mechanism 
Immunotherapy works by enhancing the immune sys-
tem's natural ability to recognize and destroy cancer 
cells. Unlike conventional treatments that directly tar-
get tumor cells, immunotherapy focuses on modulat-
ing the body's immune response to achieve antitumor 
effects. The immune system employs multiple layers



of defense, including innate immunity and adaptive 
immunity, to detect and eliminate malignant cells. 
 
Immune System and Cancer Interaction  
The relationship between cancer and the immune 
system is complex and dynamic. Cancer cells devel-
op sophisticated evasion mechanisms to avoid im-
mune detection, including:  

•	 Downregulation of tumor antigens 
•	 Expression of immune suppressive molecules 
•	 Modulation of the tumor microenvironment 
•	 Recruitment of immunosuppressive cell pop-

ulations

Main Types of Immunotherapy  
Immune Checkpoint Inhibitors  
Immune checkpoint inhibitors represent one of 
the most successful classes of immunotherapeutic 
agents. These drugs target specific proteins that reg-
ulate immune responses, including:  

•	 PD-1/PD-L1 pathway 
•	 CTLA-4 pathway 

 
These therapies work by releasing brakes on the 
immune system, allowing T cells to maintain their 
anti-tumor activity. Clinical trials have demonstrat-
ed remarkable responses in various cancers, with ap-
proximately 15-25% of patients showing significant 
benefit. 
 
CAR-T Cell Therapy  
Chimeric Antigen Receptor T-cell therapy involves 
genetically modifying patient derived T cells to rec-
ognize specific tumor antigens. This adoptive cellu-
lar therapy has revolutionized treatment approaches 
for certain hematological malignancies, offering un-
precedented durable remissions in selected patient 
populations. 
 
Cancer Vaccines  
Cancer vaccines stimulate immune responses against 
tumor-specific antigens. Recent advances include 
personalized neoantigen-based vaccines that tailor 
the immune response to individual patients’ tumor 
mutations. These vaccines hold promise for both 
therapeutic and preventive applications. 

Monoclonal Antibodies  
Monoclonal antibodies target specific proteins in 

tumor growth and immune evasion. They can enhance 
anti-tumor immunity while directly inhibiting cancer 
cell proliferation pathways. 
 
Cytokine Therapies  
Cytokines are signaling molecules that modulate im-
mune responses. Therapeutic cytokines such as IL-2 
and interferons enhance immune cell activation and 
proliferation, promoting anti-tumor activity. 
 
Clinical ApplicationsApproved Indications 
Immunotherapy has received FDA approval for vari-
ous cancers, including: 

•	 Melanoma 
•	 Lung cancer 
•	 Renal cell carcinoma 
•	 Head and neck squamous cell carcinoma 
•	 Hepatocellular carcinoma

 
Major Clinical Trials 
Recent Clinical Trials have Demonstrated Significant 
Advances

•	 KEYNOTE-040 and Checkmate 141 established 
checkpoint inhibitors in head and neck cancer 

•	 KEYNOTE-048 showed improved outcomes 
with pembrolizumab combinations 3. Multiple 
studies investigating neoadjuvant immunother-
apy approaches

 
Challenges and Limitations 
Response Variability 
One of the major challenges is the unpredictable na-
ture of treatment response. Factors contributing to this 
variability include:  

•	 Tumor heterogeneity 
•	 Immune suppressive microenvironment 
•	 Limited biomarkers for patient selection 
•	 Previous treatments affecting immune function

Side Effects 
Immunotherapy can cause unique side effects known 
as immune-related adverse events (irAEs), resulting 
from enhanced immune activity. These may affect 
multiple organ systems and require specialized man-
agement strategies. 

Accessibility Issues 
Several barriers limit widespread adoption: 

•	 High treatment costs 
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•	 Limited availability in resource-constrained 
settings 

•	 Complex infrastructure requirements for cellu-
lar therapies 

•	 Need for specialized healthcare providers
 
Future Directions 
Emerging Strategies 
Current Research Focuses on Several Promising 
Areas
Combination Therapies 

•	 Immunotherapy plus conventional treatments 
•	 Multiple immunotherapeutic agents 
•	 Targeted therapy combinations 

  
Precision Medicine Approaches 

•	 Biomarker-driven treatment selection 
•	 Personalized neoantigen-based therapies 
•	 Integration of multi-omic analysis

 
Novel Technologies 

•	 RNA-based therapeutics 
•	 Spatial transcriptomics 
•	 AI-driven predictive models

 
Conclusion 
Immunotherapy has revolutionized modern oncolo-
gy, offering new hope for patients with previously 
refractory cancers. While significant progress has 
been made, continued research is essential to address 
existing challenges and expand therapeutic benefits

to more patients. As medical students and early re-
searchers enter this field, understanding both the 
breakthroughs and limitations of immunotherapy will 
be crucial for advancing patient care and developing 
innovative solutions for cancer treatment. 
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