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INTRODUCTION 

Cancer remains one of the leading causes of mortality 

worldwide accounting for nearly 20 million new cases and 

10 million deaths in 2020, almost one-sixth of all deaths, 

prompting continuous research for more effective 

treatments.1 The field of cancer therapy is rapidly 

evolving, with ongoing research promising to refine 

existing treatments and discover new modalities. 

Traditional modalities of treatment, including surgery, 

chemotherapy, and radiation, have limitations related to 

specificity and toxicity. In recent years’ immunotherapy 

has transformed the landscape of cancer treatment, with 

significant breakthroughs that aim to enhance the body’s 

natural immune response against tumours, offering the 

promise of more targeted and durable outcomes.2 

With the advent of immunotherapy in cancer, there has 

been a major improvement in patient’s quality of life 

(QOL) and survival. Unlike standard treatments, such as 

surgery, chemotherapy, and radiation, which directly 

target cancer cells, immunotherapy aims to boost or 

replace the immune system's natural ability to fight cancer. 

The immune system comprises white blood cells, 

cytokines, antibodies, and the lymphatic system which 

help your body to fight infections and other diseases.3 As 

part of its normal function, the immune system detects and 

destroys abnormal cells and most likely prevents the 

growth of many cancers and it was seen that immune cells 

are sometimes found in and around tumours also. These 

cells are called tumour-infiltrating lymphocytes (TILs) 

showing the immune system’s response towards the 

tumour.4 People whose tumours contain TILs often do 

better than people whose tumours don’t contain them. 

Even though the immune system can prevent or slow 

cancer growth, cancer cells have many methods to 

overcome them.5,6 They have genetic changes that make 

them less visible to the immune system or have proteins on 
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ABSTRACT 

Cancer remains one of the leading causes of mortality worldwide accounting for nearly 20 million new cases and 10 

million deaths, prompting continuous research for more effective treatments. In recent years’ immunotherapy has 

transformed the landscape of cancer treatment, with significant breakthroughs promising more targeted and durable 

outcomes. Unlike standard treatments, such as surgery, chemotherapy, and radiation, which directly target cancer cells, 

immunotherapy aims to boost or replace the immune system's natural ability to fight cancer. Since it is a new mode of 

therapy most of the practicing doctors are unaware of the details about it. In this context, we conducted a narrative 

review based on available literature. This article explores the historical background and evolution of immunotherapy, 

the mechanisms of various immunotherapeutic plans, recent advancements, future directions, and challenges in this 

field. Our paper focused on, checkpoint inhibitors, chimeric antigen receptor T (CAR-T) cell therapy, oncolytic virus 

therapy, and cancer vaccines. As the field continues to evolve, collaboration among researchers, clinicians, and patients 

is essential to drive these advancements and improve outcomes in cancer care. 
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their surface that turn off immune cells or even change the 

normal cells around the tumour.7 

In this context, we conducted a narrative review based on 

available literature. This article explores the historical 

background and evolution of immunotherapy, mechanisms 

of various immunotherapeutic plans, recent advancements, 

and future directions in this field focused on, checkpoint 

inhibitors, chimeric antigen receptor T (CAR-T) cell 

therapy, oncolytic virus therapy, and cancer vaccines. 

HISTORICAL BACKGROUND AND EVOLUTION 

OF IMMUNOTHERAPY AS A TREATMENT 

OPTION 

The idea of using the immune system to fight against 

cancer was established over a century. Dr. William Coley 

(1862-1936), a surgeon known as the "Father of 

Immunotherapy," in the late 19th century, observed that 

some cancer patients experienced tumour regression after 

contracting infections.6 He postulated that the immune 

response triggered by the infection might be responsible 

for this phenomenon. He began experimenting with 

injecting patients with bacterial toxins, which were later 

known as Coley’s toxins, to stimulate immune responses. 

While results were contradictory, this early work laid the 

foundation for future immunotherapeutic approaches.8 

In the following decades, researchers began to identify 

specific immune cells, such as lymphocytes, and their 

functions. It was found out that certain substances are 

produced by cancer cells known as tumour antigens that 

can arouse immune response- further driving interest in 

controlling the immune system for cancer treatment.9 

During the 1970s and 1980s, the idea of adoptive cell 

transfer emerged, where immune cells could be harvested 

from patients, activated, and reinfused. This approach laid 

the groundwork for the later development of CAR-T cell 

therapy.10 

The 1990s marked a turning point in immunotherapy with 

the introduction of monoclonal antibodies (mAb). One of 

the first mAb rituximab was approved by the United States 

Food and Drug Administration (US FDA) in 1997 for B 

cell non-Hodgkin lymphoma was a milestone in this 

direction.11 During the same period Interferons and 

Interleukins were also developed as treatment choices, 

further confirming the role of immune modulation in 

cancer therapy.12-14 The discovery of immune checkpoint 

proteins in the 2000s, particularly the programmed cell 

death protein (PD-1), programmed cell death ligand 1 (PD-

L1) and cytotoxic T lymphocyte antigen 4 (CTLA-4) 

pathways, alter dramatically the field of immunotherapy. 

Researchers found that tumours could avoid immune 

detection by utilizing these checkpoints. The first 

checkpoint inhibitor, ipilimumab, was approved in 2011 

by the US FDA for melanoma, marking a remarkable 

landmark. This was followed by the approval of other 

checkpoint inhibitors, such as nivolumab (2014) and 

pembrolizumab (2014) giving rise to unparalleled 

responses in various malignancies, both were included in 

the World Health Organization (WHO) list of essential 

medicines.15 

The development of CAR-T cell therapy represented 

another significant advancement in immunotherapy. 

Therapies like tisagenlecleucel (Kymriah) and 

axicabtageneciloleucel (Yescarta) were approved for 

certain haematological cancers by 2017. This is considered 

to be a personalized approach to therapy involving 

modified patient’s T cells to attack their specific cancer 

cells, resulting in remarkable clinical responses and 

durable remissions.15-17 

In addition, the identification of new biomarkers for 

patient selection and the emergence of neoantigen 

vaccines that target specific proteins on tumour cells and 

oncolytic virus therapies that kill cancer cells also continue 

to drive a revolution in this field (Table 1). Clinical trials 

are ongoing to improve these therapies and mark the 

challenges such as immune-related adverse events and 

tumour resistance. 

TYPES OF IMMUNOTHERAPY 

Immune checkpoint inhibitors 

Immune checkpoint inhibitors represent a notable 

development, offering new hope for patients with various 

malignancies.17 Immune checkpoints are the normal 

components of the immune system and are inhibitory 

molecules that prevent exaggerated immune response and 

maintain immune tolerance in normal physiological 

conditions. These inhibitory molecules are over-expressed 

in the tumour microenvironment (TME), contributing to 

tumour-promoting immunosuppression.17 So, by blocking 

these molecules or checkpoints, these therapies can 

renovate T-cells, allowing them to effectively target 

tumours, and free the immune system allowing T-cells to 

proliferate, activate, and prepare an effective attack against 

cancer cells which leads to increased immune-mediated 

tumour destruction. They are considered a novel class of 

cancer therapies that enhance the immune system's ability 

to recognize and kill cancer cells. The most commonly 

seen immune checkpoints are CTLA4, PD1, and 

programmed cell death ligand 1 (PD-L1). The three major 

classes of checkpoint inhibitors currently used are anti-

CTLA-4 antibodies (e.g. ipilimumab), anti-PD-1 

(nivolumab and pembrolizumab) and anti-PD-L1 

antibodies (atezolizumab and durvalumab).18 Some cancer 

cells express PD-L1, which binds to PD-1 on T cells to 

inhibit their function. Checkpoint proteins, such as PD-L1 

on tumour cells and PD-1 on T cells, help keep in hold of 

immune responses. The binding of PD-L1 to PD-1 keeps 

T cells from killing tumour cells in the body. Blocking the 

binding of PD-L1 to PD-1 with an immune checkpoint 

inhibitor (anti-PD-L1 or anti-PD-1) allows the T cells to 

kill tumour cells. Drugs like atezolizumab and durvalumab 

target PD-L1 to prevent this immune evasion.19-21 By 

rejuvenating the immune system’s ability to fight cancer, 

https://www.cancer.gov/about-cancer/treatment/drugs/tisagenlecleucel
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these therapies have changed the treatment outlook and 

continue to be an area of intense research and clinical 

interest.22-24 They are often combined with other 

treatments, such as chemotherapy, targeted therapy, or 

other immunotherapy, to enhance efficacy and broaden the 

range of receptive tumours. Indications for checkpoint 

inhibitors are mainly melanoma, non-small cell lung 

cancer (NSCLC), bladder cancer, and Hodgkin 

lymphoma.24 

Table 1: Immunotherapy drugs in cancer. 

Types of immune 

therapy  
Mechanism  

Common 

indications  
Examples  

Immune check 

point inhibitors 

(ICI) 

Blocking immune check 

points – anti CTLA-4, PD 

1, programmed cell death 

ligand (PDL1) 

Melanoma, non-small 

cell lung cancer, 

bladder cancer, 

Hodgkin lymphoma 

Anti CTLA4 antibody: ipilimumab; anti 

PD 1: nivolumab, and pembrolizumab; 

anti PDL1: atezolizumab and durvalumab 

T cell 

therapy/adoptive 

cell therapy 

(ACT), and CAR-

T cell therapy 

Tumor infiltrating 

lymphocytes (TIL) 

therapy, modified T cells 

with CARs target cancer 

cells  

B cell precursor ALL 

(young patients), 

large B cell 

lymphoma 

Tisagenlecleucel, axicabtageneciloleucel, 

brexucabtageneautoleucel (Tecartus), 

ciltacabtageneautoleucel (Carvykti), 

idecabtagenevicleucel (Abecma), 

lisocabtagenemaraleucel (Breyanzi), 

actalycabtagene autoleucel (Acaty-cel) 

Cancer vaccines  

Enhance immune system 

ability to identify and 

eliminate malignant cells  

Early stage bladder 

Ca, asymptomatic 

castrate resistant 

prostate cancer 

Prophylactic: hepatitis B vaccine, and 

human papilloma virus vaccine; 

therapeutic: BCG, and sipuleucel T 

(Provenge) 

Oncolytic virus 

therapy  

Modified viruses to 

selectively infect and kill 

cancer cells  

Melanoma  
Talimogenelahrparepvec (T-VEC or 

imlygic) 

T cell transfer therapy or adoptive cell therapy 

Another type of immunotherapy is T-cell transfer 

therapy which makes immune cells better able to attack 

cancer cells, which are mainly two types tumour-

infiltrating lymphocytes or TIL therapy and CAR T-cell 

therapy. Immune cells are collected and then these cells are 

grown and expanded in large numbers in a laboratory 

setting. Finally, these amplified cells are reintroduced to 

the patient who has undergone a lymphocyte-depleting 

predatory regimen.25 

TIL therapy uses T cells that are found in and around the 

tumours which are tested in the lab to find out which ones 

best recognize the tumour cells. Then, these selected 

lymphocytes are treated with substances that make them 

grow in large numbers quickly. The idea behind this 

approach is that the lymphocytes that are in or near the 

tumour have already shown the ability to recognize the 

tumour cells. But there may not be enough of them to kill 

the tumour or to overcome the signals that the tumour is 

releasing to suppress the immune system. Therapy using a 

large number of the lymphocytes that react best with the 

tumour can help to overcome these barriers.25      

CAR- T cell therapy is similar to TIL therapy, but the T 

cells are modified in the lab where a specific antigen 

receptor known as chimeric antigen receptor (CAR) is 

introduced, allowing them to recognize tumour-specific 

antigens. CARs are designed to allow the T cells to attach 

to specific proteins on the surface of the cancer cells, 

improving their ability to attack the cancer cells. This 

innovative treatment has shown remarkable success, 

particularly in certain haematological malignancies, and 

represents a significant advancement in cancer treatment.23 

Two FDA-approved CAR-T cell therapies are 

tisagenlecleucel and axicabtageneciloleucel. Tisagenle-

cleucel is for the treatment of paediatric patients and young 

adults with refractory or relapse (R/R) B cell 

precursor acute lymphoblastic leukaemia (ALL), whereas 

axicabtageneciloleucel is for the treatment of adult patients 

with R/R large B cell lymphoma. Both of them are 

genetically modified autologous T cells expressing a 

CD19-specific CAR, lysing CD19-positive targets 

(normal and malignant B lineage cells). The differences 

between them are mainly in the vectors used, where the 

lentiviral vector for tisagenlecleucel and ϒ-retroviral 

vector for axicabtageneciloleucel.26,27 Other FDA-

approved CAR-T cell therapies are brexucabtagene-

autoleucel (Tecartus), ciltacabtageneautoleucel 

(Carvykti), idecabtagenevicleucel (Abecma), lisocabtage-

nemaraleucel (Breyanzi).27,28 India’s Central Drugs 

Standard Control Organization (CDSCO) 

approved actalycabtagene autoleucel (Actaly-cel) to treat 

refractory B cell lymphomas and leukaemia which was 

launched in October 2023.28-30 

While CAR-T cell therapy has shown tremendous success 

in haematological malignancies, its application in solid 

tumours has been more challenging due to factors like the 

tumour microenvironment and antigen heterogeneity. 

Research is ongoing to improve its efficacy in solid 

tumours. 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046356&version=Patient&language=en
https://www.sciencedirect.com/topics/medicine-and-dentistry/acute-lymphoblastic-leukemia
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/large-cell-lymphoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/t-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/chimeric-antigen-receptor
https://www.sciencedirect.com/science/article/pii/S135964461730569X#bib0015
https://www.cancer.gov/about-cancer/treatment/drugs/brexucabtageneautoleucel
https://www.cancer.gov/about-cancer/treatment/drugs/brexucabtageneautoleucel
https://www.cancer.gov/about-cancer/treatment/drugs/ciltacabtagene-autoleucel
https://www.cancer.gov/about-cancer/treatment/drugs/ciltacabtagene-autoleucel
https://www.cancer.gov/about-cancer/treatment/drugs/idecabtagenevicleucel
https://www.cancer.gov/about-cancer/treatment/drugs/lisocabtagenemaraleucel
https://www.cancer.gov/about-cancer/treatment/drugs/lisocabtagenemaraleucel


Cherumanalil JM et al. Int J Basic Clin Pharmacol. 2025 Mar;14(2):301-306 

                                      International Journal of Basic & Clinical Pharmacology | March-April 2025 | Vol 14 | Issue 2    Page 304 

In haematological malignancies, CAR-T cell therapy 

represents a monumental advancement in the treatment. 

By transforming patients' T cells into powerful tools 

against cancer, CAR-T cell therapy has provided new hope 

for many who have exhausted other treatment options. 

Ongoing research and development aim to expand its 

applicability, improve safety, and enhance outcomes for a 

broader range of cancer patients.25 

Apart from checkpoint inhibitors and CAR-T cell therapy, 

several other innovative strategies are being developed and 

tested to control the immune system's power against 

cancer. Here are some of the most promising novel 

approaches. 

Cancer vaccines 

Cancer vaccination, also known as cancer immunization or 

cancer immunotherapy, is a therapeutic strategy designed 

to stimulate the immune system to recognize and target 

cancer cells. The primary goal is to prevent tumour growth, 

recurrence, and metastasis by enhancing the immune 

system’s ability to identify and eliminate malignant cells. 

The mechanisms involve eliciting a targeted immune 

response against specific tumour-associated antigens 

(TAAs) which are proteins expressed or overexpressed by 

cancer cells, serving as recognizable targets for the 

immune system. They trigger a multifaceted immune 

response, activating T cells, B cells, and other immune 

cells to target and destroy cancer cells. They can be 

categorized into two main types, which are prophylactic 

which is designed for high-risk populations to prevent 

developing cancer (e.g. hepatitis B vaccine, and human 

papilloma virus vaccine) and the other one is therapeutic. 

Therapeutic vaccines are for individuals already diagnosed 

with cancer, to bolster the immune system’s fight against 

the disease. By leveraging the immune system’s power, 

cancer vaccination offers promising strategies for both 

cancer prevention and treatment.31,32 Two examples of 

therapeutic cancer vaccines are Bacillus Calmette–Guérin 

(BCG) and Sipuleucel-T (Provenge). The former is 

accepted for a patient with early-stage bladder cancer and 

the latter is proven for asymptomatic metastatic castrate-

resistant prostate cancer. Sipuleucel-T works by 

generating an immune response, targeting the prostatic 

acid phosphatase antigen, which is overexpressed in the 

majority of prostate cancers.33,34 

Oncolytic virus therapy 

The concept of oncolytic virus therapy originated from the 

finding that virus-infected tumour cells are killed by the 

cytotoxic effects of viruses that are capable of infecting 

living cells and replicating within the cells by utilizing the 

host genetic machinery. In this method, genetically 

modified viruses that selectively infect and kill cancer cells 

are used.35 Oncolytic virus therapy, is sometimes described 

as a type of cancer treatment vaccine. 

The first FDA and European Union-approved oncolytic 

virus therapy was talimogenelaherparepvec (T-VEC, or 

Imlygic) in 2015 to treat melanoma which is based 

on herpes simplex virus type 1. T-VEC is injected directly 

into a tumour. Although this virus can infect both cancer 

and normal cells, normal cells can kill the virus while 

cancer cells cannot. As the virus makes more and more 

copies of itself, it causes cancer cells to burst and die. The 

dying cells release new viruses and other substances that 

can cause an immune response against cancer cells 

throughout the body.35  

CHALLENGES AND FUTURE DIRECTIONS IN 

CANCER IMMUNOTHERAPY 

While cancer immunotherapy has made significant 

advancements, several challenges remain unresolved. 

They are mainly on immune-related adverse events, 

tumour heterogeneity primary and acquired resistance, 

limited efficacy in solid tumours, biomarker identification, 

and cost and accessibility. Addressing these challenges 

will be crucial for maximizing the potential of 

immunotherapeutic strategies and improving patient 

outcomes. 

Immune-related adverse events 

The adverse events (AE) are mainly autoimmune 

reactions, leading to side effects that affect various organs, 

such as colitis, pneumonitis, and endocrinopathies. These 

adverse events can limit the treatment options and affect 

patients' quality of life, necessitating effective 

management strategies.36 

Tumour heterogeneity 

Inter and intra-tumour heterogeneity poses a significant 

challenge to immunotherapy. Tumours can exhibit 

substantial variability within a single patient and across 

different patients, leading to diverse antigen expression 

profiles and immune responses.36  

This heterogeneity can compromise the efficacy of 

immunotherapies, highlighting the need for personalized 

and adaptive treatment strategies. 

Primary and acquired resistance 

Not all patients respond to immunotherapy, and some may 

develop resistance over time. Understanding the 

mechanisms of resistance, such as loss of antigen 

expression or immune evasion tactics, is critical for 

improving treatment strategies. 

Limited efficacy in solid tumours 

While immunotherapy has shown remarkable success in 

haematological cancers, its efficacy in solid tumours has 

been more variable. Factors such as the tumour 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000615576&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000644314&version=Patient&language=en
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microenvironment, immune suppression, and insufficient 

T-cell infiltration pose significant challenges.36,37 

Cost and accessibility 

Many immunotherapies are expensive and require 

specialized manufacturing processes. High costs can limit 

patient access, particularly in low-resource settings, and 

present challenges for healthcare systems. 

Biomarker identification 

Identifying reliable biomarkers to predict patient response 

to immunotherapy is still a developing area. Effective 

biomarker identification is essential for patient selection 

and optimizing treatment strategies.36,37 

CONCLUSION 

Despite the remarkable progress made in cancer 

immunotherapy recently, several challenges must be 

addressed to maximize its potential. By focusing on 

combination therapies, personalized medicine, and 

innovative research, the future of immunotherapy holds 

promise for overcoming current limitations and expanding 

treatment options for patients with cancer. As the field 

continues to evolve, collaboration among researchers, 

clinicians, and patients will be essential to drive these 

advancements and improve outcomes in cancer care. 

ACKNOWLEDGEMENTS  

Authors would like to thank Dr. Thejus Jayakrishnan Dana 

-Farber Cancer Institute, Boston, United States for drafting 

the manuscript and providing suitable corrections. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES 

1. Sung H, Ferlay J, Siegel RL, Laversanne M, 

Soerjomataram I, Jemal A, et al. Global cancer 

statistics 2020: GLOBOCAN estimates of incidence 

and mortality worldwide for 36 cancers in 185 

countries. CA Cancer J Clin. 2021;71(3):209-49. 

2. Chanana R, Noronha V, Joshi A, Patil V, Prabhash K. 

Evolving role of immunotherapy in head-and-neck 

cancers: A systemic review. J Head Neck Physicians 

Surg. 2018;6(2). 

3. Neal ME, Haring CT, Mann JE, Brenner JC, Spector 

ME, Swiecicki P. Immunotherapeutic approaches in 

head and neck cancer. Cancer Metastasis Treat. 

2019;5:76.  

4. Met Ö, Jensen KM, Chamberlain CA, Donia M, Svane 

IM. Principles of adoptive T cell therapy in cancer. 

Semin Immunopathol. 2019;41(1):49-58. 

5. Yu Y, Cui J. Present and future of cancer 

immunotherapy: A tumor microenvironmental 

perspective. Oncol Lett. 2018;16(4):4105-13. 

6. Mohan SP, Bhaskaran MK, George AL, Thirutheri A, 

Somasundaran M, Pavithran A. Immunotherapy in 

oral cancer. J Pharm Bioallied Sci.      

2019;11(1):S107-11. 

7. Zhang Y, Zhang Z. The history and advances in cancer 

immunotherapy: Understanding the characteristics of 

tumor-infiltrating immune cells and their therapeutic 

implications. Cell Mol Immunol. 2020;17(8):807-21. 

8. Decker WK, Safdar A. Bioimmunoadjuvants for the 

treatment of neoplastic and infectious disease: Coley’s 

legacy revisited. Cytokine Growth Factor Rev. 

2009;20(4):271-81. 

9. Cohen EE, Bell RB, Bifulco CB, Burtness B, Gillison 

ML, Harrington KJ, et al. The Society for 

Immunotherapy of Cancer consensus statement on 

immunotherapy for the treatment of squamous cell 

carcinoma of the head and neck (HNSCC). J 

Immunother Cancer. 2019;7(1):184.  

10. Menon S, Shin S, Dy G. Advances in cancer 

immunotherapy in solid tumors. Cancers (Basel). 

2016;8(12):106. 

11. Grillo-López AJ, White CA, Dallaire BK, Varns C, 

Shen CD, Wei A, et al. Rituximab: the first 

monoclonal antibody approved for the treatment of 

lymphoma. Curr Pharm Biotechnol. 2000;1(1):1-9. 

12. Lee S, Margolin K. Cytokines in cancer 

immunotherapy. Cancers (Basel). 2011;3(4):3856-93. 

13. Waldmann TA. Cytokines in cancer immunotherapy. 

Cold Spring Harb Perspect Biol. 

2018;10(12):a028472. 

14. Jiang T, Zhou C, Ren S. Role of IL-2 in cancer 

immunotherapy. Oncoimmunology. 

2016;5(6):e1163462.  

15. Smyth MJ, O'Donnell JS, Teng MWL. Cancer 

immunoediting and resistance to T cell-based 

immunotherapy. Nat Rev Clin Oncol.  

2019;16(3):151-67. 

16. Menon S, Shin S, Dy G. Advances in cancer 

immunotherapy in solid tumors. Cancers (Basel). 

2016;8:106. 

17. Mei Z, Huang J, Qiao B, Lam AK. Immune checkpoint 

pathways in immunotherapy for head and neck 

squamous cell carcinoma. Int J Oral Sci. 2020;12:1. 

18. Tawbi HA, Schadendorf D, Lipson EJ, Ascierto PA, 

Matamala L, Castillo Gutiérrez E, et al. Relatlimab 

and nivolumab versus nivolumab in untreated 

advanced melanoma. N Engl J Med. 2022;386:24-34. 

19. Qureshi OS, Zheng Y, Nakamura K, Attridge K, 

Manzotti C, Schmidt EM, et al. Constitutive clathrin-

mediated endocytosis of CTLA-4 persists during T 

cell activation. J Biol Chem. 2012;287:9429-40. 

20. De Vicente JC, Rodríguez-Santamarta T, Rodrigo JP, 

Blanco-Lorenzo V, Allonca E, García-Pedrero JM. 

PD-L1 expression in tumor cells is an independent 

unfavorable prognostic factor in oral squamous cell 

carcinoma. Cancer Epidemiol Biomarkers Prev. 

2019;28:546-54. 



Cherumanalil JM et al. Int J Basic Clin Pharmacol. 2025 Mar;14(2):301-306 

                                      International Journal of Basic & Clinical Pharmacology | March-April 2025 | Vol 14 | Issue 2    Page 306 

21. Patel SP, Kurzrock R. PD-L1 expression as a 

predictive biomarker in cancer immunotherapy. Mol 

Cancer Ther. 2015;14:847-56. 

22. Hino R, Kabashima K, Kato Y, Yagi H, Nakamura M, 

Honjo T, et al. Tumor cell expression of programmed 

cell death-1 ligand 1 is a prognostic factor for 

malignant melanoma. Cancer. 2010;116:1757-66. 

23. Met Ö, Jensen KM, Chamberlain CA, Donia M, Svane 

IM. Principles of adoptive T cell therapy in cancer. 

Semin Immunopathol. 2019;41:49-58. 

24. Rohaan MW, Wilgenhof S, Haanen JB. Adoptive 

cellular therapies: The current landscape. Virchows 

Arch. 2019;474:449-61. 

25. Zhang Y, Zhang Z. The history and advances in cancer 

immunotherapy: Understanding the characteristics of 

tumor-infiltrating immune cells and their therapeutic 

implications. Cell Mol Immunol. 2020;17:807-21. 

26. Greenwald RJ, Freeman GJ, Sharpe AH. The B7 

family revisited. Annu Rev Immunol.        

2005;23:515-48. 

27. Krummel MF, Allison JP. CD28 and CTLA-4 have 

opposing effects on the response of T cells to 

stimulation. J Exp Med. 1995;182:459-65. 

28. Sadelain M. CD19 CAR T cells. Cell. 2017;171:1471. 

29. De Marco RC, Monzo HJ, Ojala PM. CAR T cell 

therapy: A versatile living drug. Int J Mol Sci. 

2023;24(7):6300. 

30. Narula G, Keerthivasagam S, Jain H, Dhamne C, 

Tembhare P, Subramanian PG, et al. Evaluating the 

safety of HCAR19 (now ActalycabtageneAutoleucel - 

Actaly-Cel™), a novel humanized CD19-directed 

chimeric antigen receptor T-cells in pediatric, 

adolescents, and young adults with relapsed/refractory 

B-acute lymphoblastic leukemia (ESHA) - Report of 

phase-1B. Blood. 2023;142(1):6878. 

31. DeMaria PJ, Bilusic M. Cancer vaccines. Hematol 

Oncol Clin North Am. 2019;33:199-214.  

32. Guo C, Manjili MH, Subjeck JR, Sarkar D, Fisher PB, 

Wang XY. Therapeutic cancer vaccines. Adv Cancer 

Res. 2013;119:421-75. 

33. Lin MJ, Svensson-Arvelund J, Lubitz GS, Clark R, 

Boss J, Engleman EG, et al. Cancer vaccines: The next 

immunotherapy frontier. Nat Cancer. 2022;3:911-26. 

34. Kaczmarek M, Poznańska J, Fechner F, Michalska N, 

Paszkowska S, Napierała A, et al. Cancer vaccine 

therapeutics: Limitations and effectiveness - A 

literature review. Cells. 2023;12(17):2159. 

35. Yura Y, Hamada M. Development of 

oncolyticvirotherapy for the treatment of oral cancer – 

At the waiting stage for clinical use. Oral Sci Int. 

2017;14:1-12. 

36. Sambi M, Bagheri L, Szewczuk MR. Current 

challenges in cancer immunotherapy: Multimodal 

approaches to improve efficacy and patient response 

rates. J Oncol. 2019;2019:4508794.  

37. Willsmore ZN, Coumbe B, Crescioli S, Reci S, Gupta 

A, Harris RJ, et al. Combined anti-PD-1 and anti-

CTLA-4 checkpoint blockade: treatment of melanoma 

and immune mechanisms of action. Eur J Immunol. 

2021;51:544-56. 

 

 

 

 

 

 

 

 

 

Cite this article as: Cherumanalil JM, Pannikkottuthodi 

S, Thayyil J. Role of immunotherapy in cancer 

management. Int J Basic Clin Pharmacol 2025;14:301-6. 


