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Introduction

Cancer remains one of the leading causes of morbidity and
mortality worldwide, posing significant challenges to healthcare
systems despite advances in surgery, chemotherapy and
radiation therapy. Traditional cancer therapies, while effective
in many contexts, often come with substantial toxicity and
variable efficacy, particularly in advanced or metastatic disease.
Immunotherapy has emerged as a transformative approach in
oncology, harnessing the patient’'s own immune system to
recognize and destroy cancer cells while sparing healthy tissues.
By targeting immune checkpoints, stimulating immune effector
cells and leveraging engineered immune responses,
immunotherapy has revolutionized treatment paradigms across
multiple malignancies, including melanoma, lung cancer,
hematologic malignancies and solid tumors [1].

The fundamental principle of immunotherapy is the activation,
enhancement, or modulation of the immune system to target
tumor cells more effectively. Cancer cells evade immune
surveillance through mechanisms such as downregulation of
antigen presentation, secretion of immunosuppressive cytokines
and upregulation of immune checkpoint molecules.
Immunotherapeutic strategies aim to overcome these
mechanisms by blocking inhibitory pathways, enhancing antigen
recognition, or directly introducing engineered immune
effectors. Over the past decade, immunotherapy has
transitioned from experimental approaches to standard-of-care
interventions, offering durable responses and improved survival
outcomes in select patient populations [2].

Description

Immunotherapy in oncology encompasses several distinct
strategies, each leveraging different components of the immune
system. Immune checkpoint inhibitors represent the most
widely recognized and clinically impactful class. These agents
block inhibitory pathways that cancer cells exploit to evade
immune surveillance. Programmed cell death protein-1 (PD-1)
inhibitors, such as pembrolizumab and nivolumab and
Programmed Death-Ligand 1 (PD-L1) inhibitors, such as
atezolizumab, restore T-cell activity against tumor cells.
Cytotoxic T-Lymphocyte—Associated Antigen 4 (CTLA-4)

inhibitors, including ipilimumab, further enhance T-cell priming
and proliferation. Clinical trials have demonstrated durable
responses and improved overall survival in multiple cancers,
particularly melanoma, non-small cell lung cancer, renal cell
carcinoma and Hodgkin lymphoma. However, response rates vary,
highlighting the need for predictive biomarkers such as PD-L1
expression, tumor mutational burden and microsatellite instability
[1]. Adoptive cell therapies, including Chimeric Antigen Receptor
(CAR) T-cell therapy and Tumor-Infiltrating Lymphocyte (TIL)
therapy, offer highly personalized immunotherapeutic
approaches.

CAR T-cell therapy involves engineering patient-derived T cells
to express receptors that specifically target tumor-associated
antigens. Approved CAR T-cell therapies have shown remarkable
efficacy in hematologic malignancies, particularly B-cell acute
lymphoblastic leukemia and diffuse large B-cell lymphoma. TIL
therapy, on the other hand, involves isolating and expanding
tumor-specific lymphocytes from patient tumors, followed by
reinfusion. Both strategies demonstrate the potential for durable
remission, although challenges include cytokine release syndrome,
neurotoxicity, manufacturing complexity and limited efficacy in
solid tumors. Cancer vaccines represent another promising
immunotherapeutic approach. These vaccines aim to stimulate
the immune system against tumor-specific or tumor-associated
antigens, thereby inducing cytotoxic T-cell responses and long-
term immune memory. Prophylactic vaccines, such as those
against human papillomavirus (HPV), prevent virus-associated
malignancies like cervical cancer.

Therapeutic vaccines, including peptide-based, dendritic cell
based and nucleic acid vaccines, are under investigation for
various solid tumors, including melanoma, prostate cancer and
pancreatic cancer. Advances in neoantigen identification, mRNA
vaccine technology and adjuvant design are enhancing the efficacy
of therapeutic cancer vaccines [2]. Monoclonal antibodies and
Antibody-Drug Conjugates (ADCs) remain integral components of
immunotherapy. Monoclonal antibodies can target specific tumor
antigens, block growth factor receptors, or engage immune
effector cells through antibody-dependent cellular cytotoxicity.
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ADCs combine these antibodies with cytotoxic payloads,
delivering targeted therapy to tumor cells while minimizing
systemic toxicity. Examples include trastuzumab emtansine in
HER2-positive breast cancer and brentuximab vedotin in
Hodgkin lymphoma. The precision and versatility of these
therapies continue to expand their clinical applications [1].
Emerging trends in immunotherapy focus on combination
strategies and novel targets to enhance efficacy and overcome
resistance. Combining immune checkpoint inhibitors with
chemotherapy, targeted therapy, radiation, or other
immunotherapies has demonstrated synergistic effects in
several malignancies. For instance, combining PD-1 inhibitors
with anti-CTLA-4 therapy or targeted BRAF/MEK inhibitors in
melanoma improves response rates and prolongs survival.
Ongoing research explores dual checkpoint inhibition, bispecific
antibodies, oncolytic viruses and modulation of the tumor
microenvironment to overcome immunosuppressive factors and
expand the patient population benefiting from immunotherapy

2.
Conclusion

Immunotherapy has fundamentally transformed oncology by
leveraging the patient’s immune system to target cancer cells,
offering durable responses and improved survival outcomes in
multiple malignancies. Current strategies, including immune
checkpoint inhibitors, adoptive cell therapies, cancer vaccines,
monoclonal antibodies and antibody-drug conjugates,
demonstrate the versatility and efficacy of immunotherapy
across hematologic and solid tumors. Combination approaches,
biomarker-driven personalization and modulation of the tumor
microenvironment are enhancing therapeutic success and
expanding the population of patients benefiting from these
interventions.

Emerging trends, such as next-generation CAR T-cell therapy,
engineered NK cells, neoantigen vaccines, microbiome
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modulation and artificial intelligence—assisted treatment
planning, are shaping the future landscape of oncology.
Predictive biomarkers, comprehensive immune profiling and
precision medicine approaches will further optimize patient
selection, maximize therapeutic efficacy and minimize adverse
events. Integration of digital health platforms and telemedicine
supports real-time monitoring, early intervention and improved
patient engagement, reinforcing the patient-centered paradigm
of cancer care. While challenges remain, including immune-
related toxicity, heterogeneous responses, high costs and
limited accessibility in certain regions, ongoing research and
technological innovation continue to advance the field. The
future of oncology is increasingly defined by immunotherapy,
with the potential to convert previously refractory cancers into
manageable or curable conditions. By embracing these therapies
within a multidisciplinary, personalized care framework,
clinicians can improve survival, enhance quality of life and
transform the prognosis for patients worldwide..
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