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Introduction

Cancer immunotherapy has transformed the landscape of
oncology, offering new hope to patients through innovative
treatments that harness the power of the immune system.
Recent clinical advances are bridging the gap between
groundbreaking research and real-world practice, making
immunotherapy an integral part of cancer care [1].

Immune checkpoint inhibitors targeting PD-1, PD-L1, and
CTLA-4 have revolutionized treatment paradigms for various
cancers. Initially approved for melanoma, ICIs now have
indications for Non-small cell lung cancer (NSCLC), Renal
cell carcinoma, Head and neck squamous cell carcinoma,
Triple-negative breast cancer [3].

Recent clinical trials are exploring their efficacy in less
common cancers, such as endometrial and gastric cancers,
broadening the scope of immunotherapy. Advances in
biomarker discovery are improving patient selection and
treatment outcomes. Key biomarkers include. High TMB
correlates with better responses to ICIs. MSI-high tumors are
particularly sensitive to PD-1 inhibitors [4].

A critical predictor for PD-1/PD-L1 therapy efficacy. Emerging
biomarkers, such as LAG-3 and TIGIT expression, are under
investigation to further refine precision medicine approaches.
Chimeric antigen receptor (CAR) T-cell therapies have shown
remarkable success in hematologic malignancies, including:
Acute lymphoblastic leukemia (ALL), Diffuse large B-cell
lymphoma (DLBCL), Multiple myeloma [5].

Efforts are underway to adapt CAR T-cell therapies for solid
tumors by addressing challenges like the immunosuppressive
tumor microenvironment and antigen heterogeneity.
Combining immunotherapy with traditional modalities such
as chemotherapy, radiation, or targeted therapies is showing
promise in overcoming resistance and enhancing efficacy.
For example Combines ICIs with cytotoxic agents to increase
tumor immunogenicity [6].

Radiation can modulate the tumor microenvironment to
improve immune activation. Oncolytic viruses are engineered
to selectively infect and destroy cancer cells while stimulating
an anti-tumor immune response. Talimogene laherparepvec
(T-VEC) is the first FDA-approved oncolytic virus therapy for
melanoma, and new agents are being tested in combination
with ICIs [7].

Despite its promise, cancer immunotherapy faces several
practical challenges: Managing toxicities such as colitis,
pneumonitis, and endocrinopathies requires multidisciplinary
care. High costs and limited availability hinder widespread
adoption [8].

Variability in patient responses highlights the need for
better biomarkers and monitoring tools. Real-world studies
complement clinical trials by providing insights into the
effectiveness and safety of immunotherapies in diverse patient
populations. These studies are critical for understanding:
Long-term outcomes Treatment sequencing Impact of
comorbidities on immunotherapy efficacy [9].

As cancer immunotherapy continues to evolve, future
advancements include Leveraging neoantigens unique to
individual tumors to stimulate immune responses. Targeting
multiple immune pathways simultaneously. Using machine
learning to predict responses and optimize treatment strategies
[10].

Conclusion

The integration of cancer immunotherapy into clinical
practice marks a paradigm shift in oncology. By bridging
research and practice, clinicians and researchers are paving
the way for more effective, personalized cancer treatments.
Ongoing innovation and collaboration will continue to expand
the boundaries of what is possible in cancer care.
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