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Abstract
Next-generation sequencing (NGS) is revolutionizing the field of immunotherapy, offering unprecedented 

insights into the genetic and molecular landscapes of cancer and immune cells. This advanced technology enables 
the precise identification of genetic mutations, neoantigens, and immune-related biomarkers, which are critical for 
developing personalized immunotherapies. By facilitating a deeper understanding of tumor heterogeneity and the 
tumor microenvironment, NGS aids in the design of more effective and targeted treatments. Moreover, NGS plays 
a pivotal role in monitoring treatment responses and detecting minimal residual disease, thereby improving the 
safety and efficacy of immunotherapeutic approaches. This review explores the transformative impact of NGS on 
immunotherapy, highlighting its contributions to patient stratification, therapeutic targeting, and the development of 
novel immunotherapeutic strategies. The integration of NGS into clinical practice promises to enhance the precision of 
immunotherapy, ultimately leading to better patient outcomes and advancing the frontier of cancer treatment.
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Introduction
Next-Generation Sequencing (NGS) has revolutionized various 

fields of medicine, offering unprecedented insights into genetic and 
molecular underpinnings of diseases. In the realm of immunotherapy, 
NGS is emerging as a pivotal tool, enhancing both the efficacy and 
safety of new treatments. Immunotherapy, which harnesses the 
body’s immune system to combat diseases like cancer, autoimmune 
disorders, and infections, has shown remarkable promise [1]. 
However, the complexity and variability of immune responses pose 
significant challenges in optimizing these therapies. NGS addresses 
these challenges by providing comprehensive and precise genetic 
information, enabling personalized treatment strategies and improving 
therapeutic outcomes [2].

The integration of NGS in immunotherapy involves several key 
applications. It facilitates the identification of novel antigens and 
neoantigens, aiding in the development of targeted vaccines and T-cell 
therapies [3]. By analyzing the tumor microenvironment and immune 
repertoire, NGS helps in understanding the mechanisms of resistance 
and response to immunotherapy. Additionally, it plays a crucial role 
in monitoring minimal residual disease and detecting early signs of 
relapse, ensuring timely interventions [4].

Moreover, the safety profile of immunotherapies can be significantly 
enhanced through NGS. By identifying potential genetic mutations 
and adverse reactions, NGS allows for better patient stratification 
and risk assessment. This precision medicine approach minimizes the 
likelihood of severe side effects and maximizes the therapeutic benefit 
for patients [5].

As the field of immunotherapy continues to evolve, the integration 
of NGS stands out as a transformative advancement. It not only 
accelerates the discovery of new therapeutic targets but also refines 
existing treatments, ultimately leading to more effective and safer 
immunotherapeutic interventions.

Discussion
Next-generation sequencing (NGS) has revolutionized the field 

of genomics by providing high-throughput, accurate [6], and cost-
effective methods for sequencing DNA and RNA [7]. Its application 
in immunotherapy, particularly in cancer treatment, has shown 
promising advancements in enhancing both efficacy and safety of new 
treatments. This discussion explores how NGS contributes to these 
improvements, the current challenges, and future directions.

Enhancing Efficacy

Personalized Medicine

One of the most significant contributions of NGS to immunotherapy 
is the ability to tailor treatments to individual patients. By analyzing the 
genetic makeup of both the tumor and the patient’s immune system, 
clinicians can design personalized immunotherapies that target specific 
mutations and immune evasion mechanisms [8]. For instance, NGS 
can identify neoantigens, which are tumor-specific antigens arising 
from mutations. These neoantigens can be targeted by personalized 
vaccines or adoptive T cell therapies, leading to more effective tumor 
eradication.

Tumor microenvironment analysis

NGS enables comprehensive profiling of the tumor 
microenvironment, including the identification of various immune 
cell populations, their functional states, and interactions [9]. This 
information is crucial for developing strategies to modulate the immune 
microenvironment in favor of anti-tumor immunity. For example, NGS 
can reveal the presence of immunosuppressive cells, such as regulatory 
T cells (Tregs) and myeloid-derived suppressor cells (MDSCs), which 
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can be targeted to enhance the efficacy of immunotherapies.

Biomarker Discovery

The identification of predictive biomarkers through NGS allows 
for the selection of patients who are most likely to respond to specific 
immunotherapies. This stratification is essential for improving 
treatment outcomes and avoiding unnecessary side effects. Biomarkers 
such as tumor mutational burden (TMB), microsatellite instability 
(MSI), and specific gene expression profiles have been identified using 
NGS and are used to guide immunotherapy decisions [10].

Enhancing Safety

Monitoring immune-related adverse events (irAEs)

NGS can be employed to monitor and predict immune-related 
adverse events (irAEs) that may arise during immunotherapy. By 
analyzing changes in the patient’s immune repertoire and gene 
expression profiles, clinicians can identify early signs of irAEs and 
intervene promptly. This proactive approach can mitigate the severity 
of adverse events and improve patient safety.

Identifying off-target effects

Off-target effects, where immunotherapies inadvertently target 
normal tissues, pose significant safety concerns. NGS can help identify 
potential off-target effects by comparing the sequences of targeted 
antigens with the human genome. This ensures that the chosen targets 
are truly tumor-specific and reduces the risk of autoimmune reactions.

Current Challenges

Data complexity and interpretation

The vast amount of data generated by NGS presents challenges 
in terms of storage, processing, and interpretation. Integrating and 
analyzing this data to extract clinically relevant information requires 
sophisticated bioinformatics tools and expertise. Additionally, the 
interpretation of NGS data in the context of immunotherapy is still 
evolving, necessitating continuous research and development.

Standardization and validation

Standardizing NGS protocols and validating the results across 
different laboratories and clinical settings is essential for reliable and 
reproducible outcomes. Variability in sample preparation, sequencing 
techniques, and data analysis can lead to inconsistencies that hinder 
the clinical application of NGS in immunotherapy.

Future Directions
Integration with other technologies

The integration of NGS with other advanced technologies, such 
as single-cell sequencing, spatial transcriptomics, and artificial 
intelligence, holds great promise for enhancing immunotherapy. 
These combined approaches can provide deeper insights into the 
tumor-immune landscape and uncover novel therapeutic targets and 
strategies.

Expanding beyond cancer

While NGS has shown significant impact in cancer immunotherapy, 
its potential extends to other areas such as infectious diseases, 
autoimmune disorders, and transplantation. Applying NGS to these 
fields can enhance our understanding of immune mechanisms and lead 
to the development of new immunotherapies.

Conclusion
NGS is transforming immunotherapy by enabling personalized 

treatment approaches, detailed tumor microenvironment analysis, and 
the discovery of predictive biomarkers. It also plays a crucial role in 
enhancing the safety of immunotherapies by monitoring irAEs and 
identifying off-target effects. Despite current challenges related to data 
complexity and standardization, the future of NGS in immunotherapy 
looks promising, especially with the integration of other cutting-edge 
technologies. Continued research and collaboration are essential to 
fully harness the potential of NGS in improving the efficacy and safety of 
immunotherapy treatments. Next-Generation Sequencing (NGS) has 
emerged as a transformative technology in the field of immunotherapy, 
offering significant enhancements in both efficacy and safety of new 
treatments. By providing comprehensive insights into the genetic 
and molecular landscapes of tumors and the immune system, NGS 
enables the development of personalized immunotherapies tailored to 
individual patient profiles. This precision allows for the identification 
of specific neoantigens, optimization of immune checkpoint inhibitors, 
and monitoring of minimal residual disease, thereby improving 
treatment outcomes. Furthermore, NGS aids in identifying biomarkers 
for predicting patient response and potential adverse effects, 
contributing to the safer application of immunotherapies. The ability 
to track genetic changes in real-time ensures that therapies can be 
adjusted promptly, minimizing toxicity and maximizing therapeutic 
benefits. As NGS technology continues to evolve, its integration into 
immunotherapy protocols holds the promise of revolutionizing cancer 
treatment, making it more effective, personalized, and safe for patients. 
The ongoing advancements in NGS will undoubtedly pave the way for 
the next era of immunotherapy, marked by enhanced precision and 
better patient outcomes.
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