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Emerging biomarkers in tumor immunology for personalized cancer
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Introduction

The era of personalized medicine has brought significant
advancements in cancer treatment, with tumor immunology
playing a pivotal role. Biomarkers that can predict response
to immunotherapies are essential for tailoring treatments to
individual patients, improving efficacy while minimizing
unnecessary side effects. This article explores the emerging
biomarkers in tumor immunology and their implications for
personalized cancer treatment [1].

Tumor mutational burden, the total number of mutations in a
tumor’s DNA, has emerged as a critical biomarker. Tumors
with high TMB are more likely to produce neoantigens that
the immune system can recognize, making them more
responsive to immune checkpoint inhibitors (ICIs) such
as anti-PD-1 and anti-CTLA-4 therapies. While TMB is
not universally predictive across all cancers, its utility is
particularly evident in melanoma and non-small cell lung
cancer (NSCLC) [2].

Programmed death-ligand 1 (PD-L1) expression on tumor
and immune cells is a widely studied biomarker for predicting
responses to PD-1/PD-L1 inhibitors. High levels of PD-
L1 often correlate with better responses to these therapies.
However, PD-L1 testing has limitations, including variability
in detection methods and expression heterogeneity within
tumors [3].

MSI and dMMR are genetic features that lead to the
accumulation of mutations, generating neoantigens that
can activate the immune system. These biomarkers have
proven predictive of immunotherapy efficacy, particularly in
colorectal cancer and other MSI-high tumors. The FDA has
approved pembrolizumab, a PD-1 inhibitor, for treating MSI-
high or dIMMR cancers, regardless of tumor origin [4].

The presence and activity of tumor-infiltrating lymphocytes are
strong indicators of an ongoing immune response. High levels
of cytotoxic CD8+ TILs are associated with better outcomes in
various cancers and improved responses to immunotherapies.
Advances in imaging and single-cell analysis are enhancing
our ability to quantify and characterize TILs, enabling more
precise predictions of treatment response [5].

Neoantigens, derived from tumor-specific mutations, are
pivotal in eliciting an anti-tumor immune response. A high
neoantigen load is associated with better responses to ICls.

Personalized neoantigen vaccines, which stimulate the
immune system against these unique targets, are currently
under clinical investigation [6].

Gene expression profiles can reveal the immune landscape of
tumors. For example, an “immune-hot” tumor characterized
by high expression of immune activation genes often responds
better to ICIs compared to “immune-cold” tumors with low
immune activity. Tools like RNA sequencing and multiplex
immunohistochemistry are facilitating the development of
immune gene signatures for clinical use [7].

These immune checkpoints are gaining attention as targets for
next-generation ICIs. Biomarkers assessing their expression
could predict responses to therapies targeting these pathways.
The gut microbiome’s influence on systemic immunity
has revealed its potential as a biomarker. Specific bacterial
profiles are associated with better immunotherapy outcomes,
and interventions to modulate the microbiome are being
explored [8].

Liquid biopsies detecting ctDNA can provide real-time
insights into tumor mutational profiles and monitor treatment
responses dynamically. While the identification of biomarkers
holds great promise, challenges remain: Tumor heterogeneity
complicates biomarker assessment and may lead to inconsistent
predictions [9].

Lack of standardized assays and methodologies for biomarker
detection hinders their widespread adoption. High costs and
limited availability of advanced diagnostic tools can restrict
access to biomarker-driven therapies. Ongoing research aims
to address these challenges by developing robust, reproducible,
and cost-effective biomarker tests. Integration of multi-omics
data combining genomic, transcriptomic, and proteomic
analysesis expected to provide a holistic understanding of
tumor-immune interactions [10].

Conclusion

Emerging biomarkers in tumor immunology are transforming
personalized cancer treatment, offering the potential to
optimize therapeutic strategies and improve patient outcomes.
By identifying the right patients for the right therapies, these
biomarkers are paving the way for more effective and precise
cancer care. As research advances, the integration of novel
biomarkers into clinical practice will continue to enhance the
impact of immunotherapy on cancer treatment.
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