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Introduction

Personalized neoantigen vaccines represent a significant and rapidly advancing
area in cancer immunotherapy. They explore the promise of precisely targeting
tumor-specific mutations, a hallmark of their personalized nature. The central prin-
ciple involves tailoring immune responses by meticulously identifying unique can-
cer antigens specific to each individual patient. This approach truly offers a highly
precise and individualized strategy to effectively combat various forms of cancer
[1].

The integration of Artificial Intelligence (AI) is playing an increasingly vital and
transformative role in advancing personalized cancer immunotherapy. AI appli-
cations can significantly enhance the identification of appropriate therapeutic tar-
gets, accurately predict individual patient treatment responses, and ultimately op-
timize overall therapeutic strategies. However, it is important to acknowledge that
the comprehensive and widespread implementation of AI in this complex field still
faces considerable hurdles [2].

Personalized adoptive cell therapy presents another remarkably promising avenue
within cancer treatment. This innovative approach involves the meticulous use of
a patient’s own immune cells, which are then genetically modified in a laboratory
setting to specifically recognize and target cancer cells within their body. Despite
notable clinical progress demonstrating its potential, significant challenges per-
sist, particularly concerning the scalable manufacturing processes and ensuring
consistent efficacy across diverse patient populations [3].

Recent breakthroughs in messenger RNA (mRNA) technology have paved the way
for exciting developments in personalized mRNA neoantigen vaccines for cancer
treatment. These cutting-edge vaccines are designed to deliver specific genetic
instructions to the immune system, effectively training it to recognize and mount
an attack against unique cancer markers present in a patient’s tumor. This mech-
anism provides a highly tailored and dynamic therapeutic strategy for individuals
battling various cancers [4].

The critical role of biomarkers in guiding and optimizing personalized immunother-
apy, particularly for gastrointestinal cancers, is becoming increasingly recognized.
By carefully identifying specific molecular markers present in patients, clinicians
can more accurately predict their likely response to immunotherapy. This capabil-
ity allows for significantly more precise treatment selection, leading to improved
patient outcomes and reduced ineffective therapies [5].

Precision immunotherapy, particularly evident in the context of lung cancer, ex-
emplifies the sophisticated application of personalized strategies. This method

meticulously uses patient-specific characteristics and detailed tumor profiles to
tailor immunotherapeutic approaches. The primary goal is to maximize treatment
effectiveness and concurrently minimize unwanted side effects by addressing the
unique biological aspects of each patient’s specific disease [6].

For challenging malignancies such as hepatocellular carcinoma, multi-omics ap-
proaches are proving invaluable in the development of highly personalized im-
munotherapy regimens. By integrating diverse and extensive datasets from ge-
nomics, transcriptomics, and proteomics, a comprehensive and nuanced under-
standing of tumor biology can be achieved. This integrated knowledge then en-
ables the creation of exceptionally customized and targeted treatment plans [7].

The evolving field of personalized oncolytic virus immunotherapy offers a novel
and intriguing strategy for patients with advanced cancers. In this approach, ge-
netically engineered viruses are designed with a dual purpose: to selectively in-
fect and destroy cancer cells directly, while simultaneously stimulating a robust
anti-tumor immune response. These treatments are carefully tailored to meet the
individual patient’s unique needs and tumor characteristics [8].

Looking towards the future, personalized immunotherapy for melanoma holds im-
mense promise and is a key area of ongoing research. Researchers are actively
exploring current advancements and diligently addressing upcoming challenges in
developing bespoke treatments that carefully account for the unique genetic land-
scape of each patient’s tumor. The ultimate aim is to achieve more effective and
durable responses against this aggressive disease [9].

Crucially, single-cell sequencing is fundamentally transforming our understanding
of the complex tumor microenvironment, which is a vital aspect for developing truly
personalized immunotherapy. By meticulously dissecting the cellular heterogene-
ity within and around tumors at an unprecedented resolution, this advanced tech-
nology helps identify novel therapeutic targets and accurately predict individual
treatment responses. This paves the way for the development of highly individu-
alized and more effective therapies [10].

Description

Personalized neoantigen vaccines stand as a cornerstone in modern cancer im-
munotherapy, specifically designed to target the unique mutations present in a pa-
tient’s tumor. This approach fundamentally seeks to tailor immune responses by
identifying distinct cancer antigens, which are then used to develop highly precise
treatments against various cancers [1]. Further advancing this concept, person-
alized messenger RNA (mRNA) neoantigen vaccines for cancer immunotherapy
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have shown significant promise. These innovative vaccines harness mRNA tech-
nology to deliver specific instructions, effectively training the immune system to
recognize and attack unique cancer markers, thus offering a highly tailored thera-
peutic strategy [4].

The integration of Artificial Intelligence (AI) is increasingly pivotal in driving
progress within personalized cancer immunotherapy. AI’s capabilities are being
leveraged to enhance the identification of specific therapeutic targets, predict how
patients will respond to various treatments, and optimize overall therapeutic strate-
gies for maximum benefit. However, the successful and widespread adoption of
AI in clinical settings still presents notable challenges that researchers and clini-
cians are actively working to overcome [2]. Concurrently, personalized adoptive
cell therapy represents another powerful tool in the arsenal against cancer. This
method involves extracting a patient’s own immune cells, genetically modifying
them to specifically target cancer cells, and then reintroducing them. While clinical
progress has been significant, persistent hurdles in large-scale manufacturing and
ensuring consistent therapeutic efficacy continue to be areas of intensive research
[3].

Biomarkers play an undeniably critical role in guiding and refining personalized im-
munotherapy, especially for difficult-to-treat cancers such as gastrointestinal ma-
lignancies. The ability to identify specific molecular markers within a patient’s
profile allows for a more accurate prediction of their individual response to im-
munotherapy. This foresight enables clinicians to make more precise treatment
selections, leading to improved patient outcomes and reducing the use of inef-
fective therapies [5]. This principle of tailoring treatment extends seamlessly to
conditions like lung cancer, where precision immunotherapy focuses on utilizing
patient-specific characteristics and comprehensive tumor profiles. The goal here
is to carefully design immunotherapeutic strategies that maximize treatment ef-
fectiveness while concurrently minimizing adverse side effects, by targeting the
unique aspects of each patient’s specific disease [6].

For complex and aggressive cancers like hepatocellular carcinoma, multi-omics
approaches are becoming indispensable for developing truly personalized im-
munotherapy. By comprehensively integrating vast amounts of data from ge-
nomics, transcriptomics, and proteomics, researchers can gain a deep and holistic
understanding of the underlying tumor biology. This integrated understanding is
crucial for enabling the creation of exceptionally customized and highly effective
treatment plans [7]. Additionally, the burgeoning field of personalized oncolytic
virus immunotherapy offers a distinctive and innovative strategy for patients suffer-
ing from advanced cancers. This approach involves genetically engineered viruses
that are designed not only to selectively infect and destroy cancer cells directly but
also to powerfully stimulate an anti-tumor immune response, all of which can be
meticulously tailored to meet individual patient needs [8].

Looking ahead, personalized immunotherapy for melanoma remains a critical fo-
cus area with immense potential. Ongoing research is centered on addressing
current advancements and anticipating future challenges in developing bespoke
treatments. These treatments must meticulously account for the unique genetic
landscape of each patient’s tumor, with the overarching aim of achieving more ef-
fective and durable responses against this aggressive skin cancer [9]. A crucial
technological advancement supporting these personalized strategies is single-cell
sequencing. This technology is profoundly transforming our understanding of the
intricate tumor microenvironment, which is a vital component for successful per-
sonalized immunotherapy. By dissecting the cellular heterogeneity both within
and surrounding tumors at an unprecedented level of detail, single-cell sequenc-
ing helps to identify novel therapeutic targets and accurately predict individual pa-
tient treatment responses, thereby paving the way for truly individualized and more
potent therapies [10].

Conclusion

Personalized cancer immunotherapy is revolutionizing oncology by tailoring treat-
ments to individual patient and tumor profiles. Key strategies include personalized
neoantigen vaccines, particularly those leveraging mRNA technology, which train
the immune system to target unique cancer mutations [1, 4]. Artificial Intelligence
plays an increasing role in optimizing these therapies by improving target identi-
fication and predicting responses [2]. Adoptive cell therapy, utilizing genetically
modified patient immune cells, continues to advance despite manufacturing chal-
lenges [3]. The use of biomarkers is crucial for guiding treatment selection and
improving outcomes, especially in gastrointestinal cancers [5], while precision im-
munotherapy focuses on patient-specific approaches for conditions like lung can-
cer [6]. Multi-omics approaches provide a comprehensive understanding of tumor
biology, enabling customized plans for diseases such as hepatocellular carcinoma
[7]. Additionally, personalized oncolytic virus immunotherapy offers a novel way
to destroy cancer cells and stimulate immune responses [8]. The field is actively
developing bespoke treatments for specific cancers like melanoma [9] and is fur-
ther enhanced by single-cell sequencing, which unveils the complexities of the
tumor microenvironment to inform individualized therapies [10]. These diverse
approaches highlight a collective effort to develop more effective, precise, and
patient-specific cancer treatments.
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