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Abstract

Introduction: Artificial Intelligence (AI) reshaping healthcare, and cancer research, defined by immense complexity of data and criticality in diagnosis, has become 
an important area. It is evident that there is great promise for AI applications in improving early diagnostics, achieving precision oncology, conducting prognoses, 
and optimizing workflows in oncology. From radiology to robotic surgery, from genomics to pathology, many areas of medicine are now using AI through different 
methodologies like deep learning, natural language processing, and even generative modeling. Such a scenario marks an important shift in oncology from mass 
methods to data-driven individualization.

Aim: The aim of this mini systematic review is to provide an overview of current applications of AI in precision oncology, with a focus on diagnostic and therapeutic 
applications. The review examines how AI is being utilized in cancer detection, diagnosis, treatment planning, therapeutic decision-making, and outcome prediction, 
and discusses emerging trends, challenges, and future directions for integrating AI into oncology practice.

Objective: The objective of this paper is to evaluate the effectiveness, benefits, and challenges of integrating AI into advanced cancer care with emphasis on its impact 
on diagnostic accuracy, personalized treatment, and research productivity.

Materials and Methods: A set of pre-defined keywords was used to systematically search for scientific articles in the PubMed database. The search was limited to 
open-access, full-text publications published in English within the last five years. Animal studies and non–peer-reviewed sources were excluded. The review followed 
the PRISMA guidelines and data were systematically extracted and analyzed to highlight emerging trends and research gaps in the application of AI to oncology.

Results: Of 32 identified records, the inclusion criteria selected 20 studies, which were grouped into four themes: Clinical Molecular Profiling (8), Personalized 
Treatment and Cellular Immunotherapy (6), Therapeutic Safety (2), and Cancer Research and Clinical Trials (4). In molecular profiling, AI enhanced genomic 
interpretation and biomarker discovery. The studies on personalized therapy demonstrated AI’s ability to optimize CAR-T and immunotherapy treatments. The safety-
focused papers showed AI’s ability to predict cytokine release and neurotoxicity risks with high accuracy. Clinical trial studies highlighted its use in adaptive design 
and patient recruitment. Amidst such heterogeneity of data, problems with interpretability, and ethical issues, AI never failed to further precision, personalization, 
and efficiency in research and clinical practice across oncology.

Conclusion: AI has a lot of potential to revolutionize the field of oncology through its applications in early diagnosis, precision treatment, and efficient workflows in 
research. However, issues such as model interpretability, generalizability, and regulation reveal that the use of AI is meant to support the decisions made by healthcare 
professionals. This paper demonstrates the importance of proper validation, methodology, and regulation to guarantee safety when implementing AI into routine 
practice.
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Introduction 
AI can be described as computer systems that can accomplish 

work tasks that would normally need human intelligence skills,  
which may include learning from data, pattern identification, 
making decisions, and interpreting language or imagery [1]. It 
has had an impactful effect on healthcare, being a revolutionary 
factor responsible for driving innovation in the processes involved 
in detecting, diagnosing, and treating diseases. The impact of AI 
oncology is especially important since the treatment of cancer 
results in very complicated and huge datasets, which require 
sophisticated computer processing [2]. Through techniques such 
as deep learning, natural language processing, and predictive 
modeling, AI strengthens diagnostic accuracy, supports precision 
oncology, and accelerates research in personalized and immuno-
oncologic therapies. 

On the other hand, oncology is a branch of medicine that 
involves studying, diagnosing, treating, and preventing various 
types of cancers. The term oncology includes more than one 
hundred diseases characterized by abnormal cell growths, which 
have the ability to spread into adjacent areas [3,4]. The global 
statistics on cancer have shown that around 20 million cases and 
nine million deaths from cancer have been recorded worldwide 
during the year 2022, and the most common forms of cancer 
include lung, breast, and colorectal cancer. It is predicted that in 
the next three decades, the global cancer burden will rise to over 
35 million new cases per year owing to aging, lifestyle changes, 
and risks such as smoking and obesity [5]. 

Treatment of cancer is still considered to be a very complicated 
process. Although classical treatment methods including surgery, 
chemotherapy, and radiation therapy have continued to constitute 
the core basis for the treatment of cancer, some breakthroughs 
have been made with new therapies being developed, which 
can serve as either complements or alternatives to the existing 
conventional ones. One such revolutionary treatment method is 
cellular immunotherapy, especially CAR-T therapy, which involves 
providing customized immune reaction targeting malignant 
tumors. Other promising treatment techniques include stem 
cell therapy, targeted therapy, ablation therapy, nanotechnology, 
natural antioxidants, radionics, chemodynamic therapy, and 
ferroptosis therapy [6].

However, various hurdles still exist despite these 
advancements. The potential of cancer immunotherapy has 
been demonstrated using the immune system to fight off 
tumors. However, problems have been experienced in ensuring 
consistency of efficacy and toxicity management such as 
Cytokine Release Syndrome (CRS) and neurotoxicity. Besides, the 
expense and complicated process involved in developing cellular 
immunotherapy, such as the development of CAR-T cell therapy, 
presents another problem that has to be addressed to make 
cancer immunotherapy more widely available and affordable [7]. 
Moreover, cancer diagnosis is hindered by the invasive nature of 
the procedures utilized [8]. In addition to the emergence of two 
major therapeutic breakthroughs such as targeted oncology using 

gene modifications and rise of immune oncology, there remain 
several major issues which complicate further improvement in 
cancer treatment. 

These include tumor heterogeneity, acquired resistance, 
and difficulties in interpreting genomic big data which limit the 
progress made by precision oncology [9]. These issues mirror the 
previous discussion concerning the complexity of cancer biology, 
limits of available technology, and problems inherent in advanced 
treatment methods. The necessity to address these problems 
suggests that novel solutions are required which would improve 
upon traditional cancer treatment in terms of their capacity to deal 
with new demands. Such a possibility may be provided by means 
of AI which offers the ability to process large volumes of data to 
provide clinical decision support. Significant advancements have 
been made over the last few decades with respect to AI, from its 
use in rule-based expert systems to more advanced technologies 
like deep learning (DL) and generative AI (GenAI). 

This includes the development of multi-omics models 
for understanding the relationship between mutations and 
phenotypes as well as deep learning techniques used for tumor 
grading and prediction of its molecular characteristics. Deep 
learning and other types of AI also play a vital role in radiology, 
where they reach a comparable level of accuracy as medical 
experts in computed tomography and mammography. In addition, 
predictive modeling is used to develop efficient clinical trials, 
whereas reinforcement learning is utilized in the process of drug 
discovery [10]. Furthermore, deep convolutional generative 
adversarial networks can enhance images, augment the existing 
data set, and virtually stain pathological tissues. Despite the 
wide variety of applications, a few problems remain unresolved. 
Individualized medicine, whereby diagnostics and molecular 
profiling enable the choice of the best treatment method based on 
each individual case, is now more than ever depending on artificial 
intelligence to compensate for the shortcomings associated with 
manual, inconsistent, and potentially prone to error prognostics 
and surveillance tools.

 In addition, through automation of such tasks and by 
processing large sets of clinical and molecular information, 
AI reduces the chances of human error and helps tailor better 
treatments for patients [11]. All this shows that artificial 
intelligence serves a more transformative purpose in oncology 
than assistance one. For purposes of transparency, methodological 
robustness, and replicability, mini systematic review s and Meta-
Analyses (PRISMA) is employed as the reporting methodology for 
mini systematic review and analysis of the state-of-the-art of AI 
applications in oncology. The paper is structured as follows: the 
Materials and Methods section will contain the methodology of 
search strategy and inclusion/exclusion criteria; the Results 
section will contain the theme identification process and a 
summary of findings from selected research; and the Discussion 
section will evaluate these findings in light of opportunities, 
challenges, and directions for future research in AI applications 
in oncology.
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Materials and Methods

The current study was carried out as a mini systematic review 
according to the PRISMA guidelines [12]. The main aim of the 
study was to explore the use of artificial intelligence in oncology, 
focusing on advanced cancer treatments (e.g., CAR-T cell therapy), 
treatment planning, and diagnostics. It was decided to use the 
PubMed database due to its broad scope of studies covering 
biomedical and cancer-related issues, as well as the presence of 
indexing through Medical Subject Headings (MeSH). A detailed 
literature search was conducted based on the above databases. 
The following inclusion criteria were adopted: peer-reviewed 
articles written in English and published as full-text open-access 
works from 2020 to 2025.

Search strategy and Study Selection

The study made use of a mini systematic review that was 
carried out in three stages. Using the filters and keywords relevant 

to the concepts of AI and oncology stated above, a thorough search 
of the PubMed database was carried out in the first stage of the 
study. From the search process, a total of 32 relevant articles were 
obtained. All the articles were then extracted and evaluated further 
in the next stage. In the second stage, the titles and abstracts of 
all the articles were screened to determine the relevance of the 
article to AI application in oncology.

In the third stage, the complete texts of the other 24 articles 
were reviewed using the pre-defined inclusion and exclusion 
criteria. To maintain transparency and the reproducibility of 
the article selection process, the PRISMA guidelines were used. 
Qualitative synthesis included only those studies which met all the 
inclusion criteria; articles which had little relevance with artificial 
intelligence were not selected. As a result, twenty articles were 
selected for a thorough review after the last round of screening. 
The entire process of identification and selection is schematically 
presented in Figure 1 below.

Figure 1: PRISMA flow diagram of study identification, screening and inclusion.
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Inclusion criteria and keywords

The search was performed in PubMed using Boolean operators 
to identify all relevant studies, with “|” representing OR and “&” 
representing AND. The following structured query was applied:

(Artificial Intelligence and its subfields: Artificial Intelligence 
| Machine Learning | Deep Learning | Generative AI) & 
(Oncology terminology: Cancer | Oncology | Tumor) & (Clinical 
application terms: Diagnosis | Treatment | Precision Oncology | 
Advanced Cancer Therapy) & (Immunotherapy terms: Cellular 
Immunotherapy | CAR-T Cell). These terms have been chosen to 
create a good mix of breadth and specificity to cover all established 
Artificial Intelligence technologies, as well as some innovative 
developments in the field.

Exclusion criteria

Criteria for exclusion were determined to ensure the quality 
and relevancy of the mini systematic review. Those studies 
including animal models, incomplete randomized controlled 
trials, and articles without peer review (e.g., conference papers, 
commentaries, letters, editorials) were excluded. In addition, 
those articles that were not available in their full text version were 
also excluded. Moreover, articles that failed to show clear use of AI 
methods in oncology were further excluded from the review.

Quality Assessment

The articles were qualitatively assessed based on their 
relevance to applications of AI in oncology, clarity in methodology, 
peer-reviewing status, recentness, and clinical application. 
Articles with less relevance to AI applications, studies focusing 
only on imaging, or unclear methodology were not used in the 
review.

Results

Once the last set of 20 articles had been selected, they 
were read through and analyzed for their key themes, with the 
goal being to achieve the main purpose of this research paper, 
which is to establish the way in which AI is being used in the 
field of oncology. The common themes among the articles were 
considered, and this made it possible to highlight four different 
themes. This was achieved in relation to the major areas of 
application of AI in oncology. These four themes have been used 
to organize the Results section below.

Clinical Molecular Profiling for Precision Oncology 

AI-enabled molecular profiling has become one of the key 
drivers for precision oncology owing to its ability to help make 
sense of the complex information from genomic and transcriptomic 
studies. The various molecular characteristics considered 
in eight studies, ranging from mutation profiles, expression 
signatures, tumor heterogeneity, to neoantigen detection, can be 
effectively analyzed using computational techniques due to their 
high dimensionality. Single cell RNA sequencing offers a better 

understanding of clonality, stem cell compartments in leukemia, 
and transcriptional dysregulation leading to drug resistance and 
relapses in hemopathies [13,14]. Further reviews highlight the 
increasing importance of genomics in guiding precision medicine 
and immunotherapy [15-17].  This strategy is well represented by 
the work carried out by Zhou et al. [18] where multidimensional 
omics were used to define molecular and immune characteristics 
of tumors in detail. 

The interplay between genomic changes, epigenetics 
changes, transcriptomics data, proteomics, metabolomics, 
and microbe interactions were shown to influence the tumor 
immune microenvironment and impact the response to therapy. 
With this multi-omics strategy, proper stratification of patients 
can be facilitated, new target molecules for novel CAR-T cell 
therapies can be discovered, and tailored cancer treatments 
can be developed [18]. Figure 2 shows the various molecular 
and immune characteristics that can be assessed using artificial 
intelligence technology. The molecular features related to 
artificial intelligence have shown clinical utility in areas like 
responsiveness to treatment, chances of relapse, and the potential 
use of therapies like CAR-T cells and inhibitors [19,20]. Machine 
learning models improved risk evaluation by incorporating 
both genetic information and clinical factors; on the other hand, 
antigen and pathway prediction using computer algorithms made 
personalized therapy recommendations possible.

Personalized Treatment and Cellular Immunotherapy

The primary role played by AI technology in today’s world is 
becoming crucial for tailoring cancer therapy through optimizing 
the engineering of cellular immunotherapy and improving the 
efficacy of CAR-T cells. This has been achieved through genetic 
signatures profiling, automation of processes, and prediction 
modeling. Such developments are expected to result in better 
and personalized therapies in the future. Figure 3 presents a 
schematic diagram of the personalized cellular immunotherapy 
process. Epigenetic studies conducted using machine learning 
have made important contributions in identifying the molecular 
determinants of CAR-T cell functions. Specifically, several 
researchers used three algorithms based on ranking of features 
and their incremental addition in the discrimination of CAR-
transduced from untransduced T-cells in patients with leukemia 
and lymphomas, thereby identifying important methylation 
signatures that are linked to CAR-T functions and exhaustion 
dynamics [21]. 

Such discoveries can serve as an initial premise for enhancing 
CAR-T cell persistence to avoid recurrence via cellular engineering. 
Apart from helping in molecular characterization of CAR-T cells, AI 
can assist in other aspects of the treatment process. For instance, 
Backel et al. [22] noted that AI was increasingly becoming vital 
in the analysis of vast amounts of data acquired from automated 
manufacturing processes of CAR-T cells [22]. According to 
Ramamurthy et al., AI-driven modeling, non-viral gene editing 
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techniques such as CRISPR and transposon-based approaches, and 
automation of bioreactor-based processes were facilitating the 
scalability of next generation CAR-T, universal allogeneic CAR-T, 
and CAR NK/Mac products [23]. Within the field of therapeutic 

design, new advances in immunotherapy techniques demonstrate 
the importance of AI in advancing intelligent bioengineering 
technology. 

Figure 2: Multi-omics characteristics shape Tumor Immune Microenvironment profiles [18].

Figure 3: Personalized Cellular Immunotherapy Workflow [26].

Further research explored novel methods such as logic-gated 
CAR structures, multi-antigen targeting mechanisms, adaptor-
based CAR molecules, and gene-engineered immune cells. The 

significance of AI in facilitating the selection process of antigens, 
optimizing their structure, and creating targeted, multi-antigen 
therapies that address issues such as antigen escape and complexity 
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associated with solid tumors was highlighted [24]. Other research 
explains the contribution made by AI and CRISPR technologies 
to the advancement of CAR-T therapy, especially Boolean-gated 
designs and specific antigen recognition [25]. Such experiments 
have shown that using AI, cellular immunotherapy benefits from 
improved molecular pattern recognition, manufacturing process 
optimization, cell engineering techniques, and safety measures. 
With the application of AI in processes ranging from cell design 
to handling adverse events, the utilization of CAR-T therapy and 
similar immunotherapy techniques becomes much more accurate 
and effective.

Therapeutic Safety in Cancer Patient Management

The use of AI tools to solve one of the critical issues in the 
field of immuno-oncology – the problem associated with the 
control of the adverse effects caused by the therapy, such as CRS 
and neurotoxicity, is becoming more widespread. Existing studies 
have been focused on predictive models for the identification of 
such effects using AI approaches. As for safety issues, Jones et al. 
focused on developing an EEG scale to classify the Cell Associated 
Neurotoxicity Syndrome based on machine-learning techniques. 
The visual EEG grade showed high correlations with the extent of 
neurotoxicity, providing a marker for predicting adverse effects in 
a patient-specific way [27]. Some researchers introduced meta-
analysis informed ML techniques designed to support early CRS 
detection by integrating statistical knowledge from prior clinical 
studies with real-world cytokine data. 

This hybrid approach, termed M2-CRS, overcomes data 
scarcity, a common limitation in rare immune-related conditions, 
by combining cytokine concentration measurements from 
patients with literature-derived evidence of cytokine peak values. 
Using biomarkers such as IL-2, IL-6, IL-8, IL-10, TNF-α, IFN-γ, and 
GM-CSF, the model achieved over 90% accuracy in identifying 
cytokine storm onset [28]. Importantly, the model emphasized 
explainability, incorporating abductive reasoning and probabilistic 
scaling to trace predictions back to known clinical evidence. This 
transparency bridges the gap between machine predictions 
and clinical interpretability, enabling oncologists to assess the 
likelihood of CRS onset based on specific cytokine profiles and 
compare them against validated thresholds from multiple studies. 
The study demonstrated that combining knowledge-based 
modeling with ML can significantly increase safety and provide 
actionable insights for timely prophylactic interventions [28].

Speth et al. created a classification model that is based on 
machine learning algorithms and uses clinical trial data from 
a sample of 390 patients who were diagnosed with large B-cell 
lymphoma and underwent CAR-T therapy in several trials. The 
goal of the study was to find markers that would help detect 
patients who are at low risk of developing early CRS and NE 
within the first three days after CAR-T infusion. As a result of 
performing logistic regression analysis and selecting features, the 
researchers concluded that there are six pre-treatment factors 

that are most important for predicting low early toxicity – namely 
age, tumor burden, C-reactive protein, aspartate transaminase, 
hemoglobin, and the number of previous treatment lines. After 
building a model, Speth et al. reported that its positive predictive 
value is equal to 0.71, which means that this classifier shows high 
accuracy of distinguishing between patients with low and high 
risks [29]. model can contribute to improved risk stratification 
and outpatient care of patients. In terms of applicability, the 
method described in the paper can be successfully used because it 
relies only on clinical data that does not require any biomarkers.

Cancer Research and Oncology Clinical Trials

AI contributes to oncology research and clinical trials through 
effective data management, efficient patient stratification, 
adaptive clinical trial design, and predictive approaches to 
treatment response. Being used at different levels of cancer 
research, AI shows how computational technologies advance 
the precision oncology field and make individualized medicine 
available. Developers created an innovative data management 
solution combining patient care, research, and data science 
functions for precision medicine support via real-time compliant 
analysis across several research centers. 

This system combines care, research, and data science 
modules, enabling electronic case reporting forms, pseudonymized 
CAR-T manufacturing process management, and AI-powered 
algorithms generation for prognostic modeling in oncology [30]. 
It provides capabilities for carrying out multicenter research that 
uses real-world and clinical data to stratify patients and bridges 
the care and research environment. Such architecture allows 
demonstrating the ability of AI to ensure regulated exchange of 
data and cooperation among different sites, which are crucial 
components of comprehensive cancer trials. Researchers applied 
multiple machine learning models including Non-Negative Matrix 
Factorization, Random Forest, and Support Vector Machines to 
classify head and neck squamous cell carcinoma patients into 
prognostic subtypes based on G-protein–coupled receptors 
(GPCRs) expression profiles [31]. 

The results showed that one subtype was positively 
correlated with the activity of CD8⁺ T cells and had better survival 
rate. Further functional experiments confirmed that the S1PR4 
upregulation enhances CAR-T cytotoxicity, showing how AI-
supported molecular research is used to identify novel treatment 
targets and increase the efficacy of existing therapies. Recent 
studies proposed the Smart CAR-T Nanosymbionts approaches, 
integrating nanotechnology, AI, and CAR-T therapy to improve 
manufacturing efficiency, patient selection, and safety monitoring 
[32]. By using ML and DL algorithms such as convolutional and 
graph neural networks, researchers can predict CRS, neurotoxicity, 
and optimize nanoparticle formulations for mRNA transfer. 

This approach represents a paradigm shift in AI-guided 
adaptive trials, allowing real-time optimization of therapeutic 
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design and toxicity prediction before and during clinical application. 
Other studies examined sonodynamic therapy as an emerging 
modality using ultrasound-activated sensitizers for solid tumors, 
emphasizing how ML can enhance sonosensitizer optimization 
and preclinical trial translation [33]. The study proposes ML 
models to identify ideal acoustic and pharmacological parameters 
across 3D tumor models, improving efficacy predictions for 
ongoing trials. This approach exemplifies AI’s contribution to 
experimental oncology and bridging in vitro screening and 
clinical validation. Therefore, AI, combining genomics, imaging, 
and clinical data, is capable of enhancing patient stratification 
and predicting treatment efficacy in oncology. Moreover, AI-
based solutions increase the efficiency of patient recruitment, 
streamline regulatory compliance processes, and improve safety 
by facilitating the identification of adverse events.

Discussion

With rapid advancements in big data analytics, machine 
learning, and deep learning, AI has recently become an integral 
component of many medical domains, including cancer diagnosis, 
personalized treatment selection, drug development, and clinical 
research. This mini-review highlights key AI-based innovations 
and trends in oncology with emphasis on applications in precision 
medicine, personalized therapy and immunotherapy, prediction 
of therapy-induced toxicities, clinical oncology trials, and data-
driven translational cancer research. Based on the collected 
literature, the following conclusion can be made. Despite a range 
of remaining challenges, AI appears to play a pivotal role in the 
evolution of modern oncology with great potential for improving 
patient outcomes and optimizing workflows and clinical decision-
making in this domain. Machine learning and deep learning tools 
offer an array of benefits for the analysis of multi-scale omics data 
that cannot be handled using conventional analytical techniques. 

By virtue of their abilities to integrate various types of 
molecular and clinical data, AI tools may assist in the identification 
of molecular subtypes, the prediction of therapeutic responses, 
the search for biomarkers and molecular drivers of diseases, 
and the characterization of the tumor microenvironment. These 
benefits are especially relevant for precision oncology. As the field 
continues to evolve, treatment regimens become increasingly 
tailored to the specific features of each patient’s molecular profile. 
In turn, AI-assisted molecular interpretation may become crucial 
for accurate stratification and personalized treatment in the future. 
However, many AI tools currently being used in this setting have 
been developed based on relatively small or specialized training 
datasets and require additional validation studies. Alongside the 
growing interest in using AI to improve therapeutic effectiveness 
and select optimal treatment options, recent years have seen an 
increased number of applications focusing on the prediction of 
treatment-related toxicities and the prevention of adverse effects. 

A particular focus is placed on the prediction of adverse 
reactions and complications associated with CAR-T therapies. 

Among such toxicities, two of the most frequent ones – cytokine 
release syndrome (CRS) and neurotoxicity – have been studied 
by several recent publications. It appears that compared to other 
applications, AI systems designed for predicting therapy-related 
toxicities and adverse reactions are relatively easily transferrable 
to the clinical environment since they usually use explainable 
models and routinely collected clinical data. Hybrid approaches 
combining domain expertise with statistical data processing have 
proven effective for predicting toxicities in this field. However, the 
vast majority of studies conducted to date have focused only on 
the acute phase of treatment and complications occurring within 
the period of the controlled trials. Little is known about long-term 
toxicities in these patients, so further studies may be needed.

In addition to practical applications in patient treatment and 
safety prediction, many of the recently developed AI technologies 
have found application in cancer clinical trials. Such applications 
include improved multicenter data collection, enhanced patient 
selection, and stratification for enrolment in trials; identification 
of novel biomarkers and therapeutic targets; and adaptive design 
of clinical trials based on AI-driven results. New approaches, 
including AI-based nanotechnology platforms, smart CAR-T 
systems, and sonodynamic therapy models, illustrate the role that 
computational tools may play in the future of cancer research. 
On the one hand, these applications promise to accelerate 
drug development processes and streamline clinical research 
workflows. On the other hand, they are likely to present unique 
challenges related to the interpretability and auditability of AI 
systems; regulatory aspects, including bias against groups in the 
training data; and ethical and governance concerns regarding the 
use of AI in clinical trials.

Alongside issues that are specific to the selected area, certain 
problems related to the implementation of AI in cancer care have 
been discussed across all of the analyzed publications. For example, 
most of the current studies emphasize the importance of having 
high-quality and consistent datasets to obtain reliable results 
from machine learning and deep learning models. Moreover, the 
representativeness of these datasets may become an additional 
concern since the availability of the necessary data is often 
uneven between countries and different health-care systems. 
Another problem that may prevent AI tools from achieving their 
full potential is the lack of transparent governance frameworks. 
In recent years, the importance of ethical issues such as obtaining 
informed consent and maintaining patient anonymity during data 
sharing have become widely acknowledged. 

At the same time, few publications consider the questions 
of cross-border data sharing, ownership of patient data, 
interpretability and audibility of AI-based decisions, and equitable 
access to cutting-edge AI-enabled therapeutics. Some limitations 
need to be considered when interpreting the results. Firstly, 
the search strategy employed in the present mini-review was 
limited to a single database and covered only English-language, 
open-access studies. Moreover, the search string was optimized 
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towards therapeutic applications of AI rather than the field as 
a whole. Overall, the trend observed throughout the literature 
search suggests that AI is becoming a transformational part of 
modern oncology. Although many challenges remain unresolved, 
the progress of recent years shows that AI is set to play an 
increasingly important role in cancer medicine and data-driven 
oncology.

Conclusion

This mini systematic review demonstrates that artificial 
intelligence has already been embedded into the main steps of 
contemporary oncology, namely molecular profiling, personalized 
cellular immunotherapy, therapeutic safety, and cancer clinical 
trial design and conduct. Among the 20 selected studies, AI 
invariably enhanced interpretation of complex omics data, 
informed engineering and optimization of CAR-T and related 
therapies, empowered early detection of serious toxicities such 
as cytokine release syndrome and neurotoxicity, and enhanced 
data management and patient stratification in clinical research. 
Finally, these applications give reason to believe that AI has great 
potential for enhancing precision, personalization, and efficiency 
in cancer care.

In general, AI systems in use today are in the very nascent 
stage of development and suffer from the same limitations related 
to inadequate data, lack of external validation, poor methodology, 
and reporting. Many hurdles still exist around interpretability 
of the models, generalizability, data management issues, and 
regulation. As such, AI should be seen as a decision support tool 
that can assist clinicians but not replace them. Future studies 
should focus on evaluation and standardization efforts as well as 
on the implementation of AI technologies as an integral part of 
patient care and research, bearing in mind the ethical dimension. 
If these requirements are met, then AI will be able to operate as 
an assistant and a crucial facilitator of effective and personalized 
oncologic treatment.

Acknowledgement

This research was supported by an Australian Government 
Research Training Program (RTP) Scholarship [DOI: https://
doi.org/10.82133/C42F-K220] Brazilian CTC PROGRAM (CNPq- 
No.16/2014), 170233/2023-5) from INCT in Stem Cells Research 
and Cellular Therapy in Cancer.

The authors declare that AI technologies, including 
Grammarly and ChatGPT, were used responsibly for editing texts 
and images, summarizing source articles, and making the text 
easier to understand. The sources were reviewed manually to 
ensure accuracy, reliability, and academic integrity.

Conflicts of Interest

The authors declare no conflicts of interest.

References
1.	 H Sheikh, C Prins, E Schrijvers (2023) Mission AI: The new system 

technology. Springer Nature.

2.	 EJ Topol (2019) High-performance medicine: the convergence of 
human and artificial intelligence,” (in eng), Nat Med (25)1: 44-56.

3.	 F Maggino (2015) Encyclopedia of quality of life and well-being 
research.

4.	 Cancer () Medical Dictionary. 

5.	  F Bray, M Laversanne, H Sung, Ja Ferlay, RL Siegel, et al. (2024) 
Global cancer statistics 2022: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA: A Cancer 
Journal for Clinicians 74(3): 229-263.

6.	  DT Debela, SG Muzazu, KD Heraro, MT Ndalama, BW Mesele et al. 
(2021) New approaches and procedures for cancer treatment: Current 
perspectives. SAGE open medicine 9: 20503121211034366.

7.	  M Zhang, C Liu, J Tu, M Tang, M Ashrafizadeh, et al. (2025) Advances in 
cancer immunotherapy: historical perspectives, current developments, 
and future directions. Molecular Cancer 24(1): 136.

8.	  Y Kumar, S Shrivastav, K Garg, N Modi, K Wiltos, et al. (2024) 
Automating cancer diagnosis using advanced deep learning techniques 
for multi-cancer image classification. Scientific Reports 14(1): 25006.

9.	 J Zugazagoitia, C Guedes, S Ponce, I Ferrer, SM Pinelo, et al. (2016) 
Current challenges in cancer treatment,” Clinical therapeutics 38(7): 
1551-1566.

10.	H Shimizu, KI Nakayama (2020) Artificial intelligence in oncology,” (in 
English), Cancer Sci., Review 111(5): 1452-1460.

11.	 R Hachache, A Yahyaouy, J Riffi, H Tairi, S Abibou, ME Adoui, et al. 
(2024) Advancing personalized oncology: a systematic review on 
the integration of artificial intelligence in monitoring neoadjuvant 
treatment for breast cancer patients. BMC cancer 24(1): 1300.

12.	MJ Page, JE McKenzie, PM Bossuyt, I Boutron, TC Hoffmann, et al. 
(2021) The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. (in English), BMJ-British Medical Journal 
Review 372: m71.

13.	 CKS Thoeringer, NY Saini, E Zamir, V Blumenberg, ML Schubert, et al. 
(2023) A non-antibiotic-disrupted gut microbiome is associated with 
clinical responses to CD19-CAR-T cell cancer immunotherapy. (in eng), 
Nat Med 29(4): 906-916.

14.	WY Zhang, LY Yang, XX Fan (2025) CAR-T therapy-based innovations 
in the enhancement of contemporary anti-tumor therapies. (in eng), 
Front Immunol 16:1622433.

15.	J Vohra, G Barbosa, LB Pascoal, LO Reis (2025) Advances in 
Genitourinary Tumor Genomics and Immunotherapy. (in eng), Genes 
(Basel)16(6): 667.

16.	 G Li, R Du, D Wang, X Zhang, L Wang, et al. (2025) Improved Efficacy 
of Triple-Negative Breast Cancer Immunotherapy via Hydrogel-Based 
Co-Delivery of CAR-T Cells and Mitophagy Agonist. (in eng), Adv Sci 
(Weinh) 12(14): e2409835.

17.	 DC Joshi, A Sharma, S Prasad, K Singh, M Kumar et al. (2024) Novel 
therapeutic agents in clinical trials: emerging approaches in cancer 
therapy. (in eng), Discov Oncol 15(1): 342.

18.	 Z Zhou, J Wang, J Wang, S Yang, R Wang, et al (2024) Deciphering the 
tumor immune microenvironment from a multidimensional omics 
perspective: insight into next-generation CAR-T cell immunotherapy 
and beyond. (in eng), Mol Cancer 23(1): 131.

19.	Z Khosroabadi, S Azaryar, HD Moghadam, Z Amoozgar, M Sharifi 
(2025) Single cell RNA sequencing improves the next generation of 
approaches to AML treatment: challenges and perspectives. (in eng), 
Mol Med 31(1): 33.

http://dx.doi.org/10.19080/CTOIJ.2026.32.556338
https://link.springer.com/book/10.1007/978-3-031-21448-6
https://link.springer.com/book/10.1007/978-3-031-21448-6
https://pubmed.ncbi.nlm.nih.gov/30617339/
https://pubmed.ncbi.nlm.nih.gov/30617339/
https://pubmed.ncbi.nlm.nih.gov/38572751/
https://pubmed.ncbi.nlm.nih.gov/38572751/
https://pubmed.ncbi.nlm.nih.gov/38572751/
https://pubmed.ncbi.nlm.nih.gov/38572751/
https://pubmed.ncbi.nlm.nih.gov/34408877/
https://pubmed.ncbi.nlm.nih.gov/34408877/
https://pubmed.ncbi.nlm.nih.gov/34408877/
https://pubmed.ncbi.nlm.nih.gov/40336045/
https://pubmed.ncbi.nlm.nih.gov/40336045/
https://pubmed.ncbi.nlm.nih.gov/40336045/
https://pubmed.ncbi.nlm.nih.gov/39443621/
https://pubmed.ncbi.nlm.nih.gov/39443621/
https://pubmed.ncbi.nlm.nih.gov/39443621/
https://pubmed.ncbi.nlm.nih.gov/27158009/
https://pubmed.ncbi.nlm.nih.gov/27158009/
https://pubmed.ncbi.nlm.nih.gov/27158009/
https://pubmed.ncbi.nlm.nih.gov/32133724/
https://pubmed.ncbi.nlm.nih.gov/32133724/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11495077/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11495077/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11495077/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11495077/
https://pubmed.ncbi.nlm.nih.gov/33782057/
https://pubmed.ncbi.nlm.nih.gov/33782057/
https://pubmed.ncbi.nlm.nih.gov/33782057/
https://pubmed.ncbi.nlm.nih.gov/33782057/
https://pubmed.ncbi.nlm.nih.gov/36914893/
https://pubmed.ncbi.nlm.nih.gov/36914893/
https://pubmed.ncbi.nlm.nih.gov/36914893/
https://pubmed.ncbi.nlm.nih.gov/36914893/
https://pubmed.ncbi.nlm.nih.gov/40672956/
https://pubmed.ncbi.nlm.nih.gov/40672956/
https://pubmed.ncbi.nlm.nih.gov/40672956/
https://pubmed.ncbi.nlm.nih.gov/40565559/
https://pubmed.ncbi.nlm.nih.gov/40565559/
https://pubmed.ncbi.nlm.nih.gov/40565559/
https://pubmed.ncbi.nlm.nih.gov/39840546/
https://pubmed.ncbi.nlm.nih.gov/39840546/
https://pubmed.ncbi.nlm.nih.gov/39840546/
https://pubmed.ncbi.nlm.nih.gov/39840546/
https://pubmed.ncbi.nlm.nih.gov/39127974/
https://pubmed.ncbi.nlm.nih.gov/39127974/
https://pubmed.ncbi.nlm.nih.gov/39127974/
https://pubmed.ncbi.nlm.nih.gov/38918817/
https://pubmed.ncbi.nlm.nih.gov/38918817/
https://pubmed.ncbi.nlm.nih.gov/38918817/
https://pubmed.ncbi.nlm.nih.gov/38918817/
https://pubmed.ncbi.nlm.nih.gov/39885388/
https://pubmed.ncbi.nlm.nih.gov/39885388/
https://pubmed.ncbi.nlm.nih.gov/39885388/
https://pubmed.ncbi.nlm.nih.gov/39885388/


009

Cancer Therapy & Oncology International Journal 

How to cite this article: Vahedian V, Ranjbar Motlagh R. Artificial Intelligence in Precision Oncology: A Mini Systematic Review of Diagnostic and 
Therapeutic Applications. Canc Therapy & Oncol Int J. 2026;  32(3): 556338. DOI: 10.19080/CTOIJ.2026.32.556338

20.	 X Liu, H Chen, G Tan, L Zhong, H Jiang, et al. (2024) A comprehensive 
neuroimaging review of the primary and metastatic brain tumors 
treated with immunotherapy: status, and the application of advanced 
imaging approaches and artificial intelligence. (in eng), Front Immunol 
15: 1496627.

21.	J Song, FM Huang, L Chen, KY Feng, Fangfang Jian, et al. (2022) 
Identification of methylation signatures associated with CAR T cell in 
B-cell acute lymphoblastic leukemia and non-hodgkin’s lymphoma. (in 
eng), Front Oncol 12: 976262.

22.	 N Bäckel, S Hort, T Kis, DF Nettleton, JR Egan, et al. (2023) Elaborating 
the potential of Artificial Intelligence in automated CAR-T cell 
manufacturing. (in eng), Front Mol Med 3: 1250508.

23.	A Ramamurthy, A Tommasi, K. Saha (2024) Advances in manufacturing 
chimeric antigen receptor immune cell therapies. (in eng), Semin 
Immunopathol 46(5): 12.

24.	H Qin, Zhaokai Zhou, R Shi, Y Mai, Y Xu, et al. (2025) Insights into next-
generation immunotherapy designs and tools: molecular mechanisms 
and therapeutic prospects. (in eng), J Hematol Oncol 18(1): 62.

25.	MS Choudhery, T Arif, R Mahmood, DT Harris (2024) CAR-T-Cell-
Based Cancer Immunotherapies: Potentials, Limitations, and Future 
Prospects. (in eng), J Clin Med 13(11): 3202.

26.	ÁR Pérez, DC Davo, VFI Van Tendeloo, D Benítez-Ribas (1923) Cellular 
immunotherapy: a clinical state-of-the-art of a new paradigm for 
cancer treatment. Clinical and Translational Oncology 22(11): 1923-
1937. 

27.	DK Jones, CA Eckhardt, H Sun, RA Tesh, P Malik, S Quadri, et al. (2022) 
EEG-based grading of immune effector cell-associated neurotoxicity 
syndrome. (in eng) Sci Rep 12(1): 20011. 

28.	ABogatu, M Wysocka, O Wysocki, H Butterworth, M Pillai, et al. (2025) 
Meta-analysis informed machine learning: Supporting cytokine storm 
detection during CAR-T cell Therapy. (in eng), J Biomed Inform 142: 
104367.

29.	K Speth, J Xie, Q Song, M Mattie, JJ Kim et al. (2025) Classification of 
patients with relapsed/refractory large B-cell lymphoma who do not 
develop early CRS/NE toxicity using ZUMA clinical trial data. (in eng), J 
Immunother Cancer 13(8): e011819. 

30.	JJL Jacobs, I Beekers, I Verkouter, LB Richards, A\ Vegelien, et al. (2025) 
A data management system for precision medicine. (in eng), PLOS 
Digit Health 4(1): e0000464.

31.	C Huang, F Zhu, H Zhang, N Wang, Q Huang (2023) Identification of 
S1PR4 as an immune modulator for favorable prognosis in HNSCC 
through machine learning. (in eng), iScience 26(9): 107693.

32.	 JC Baena, JS Victoria, AT Pedroza, CC Aragón, JO Guzman, et al. (2025) 
Smart CAR-T Nanosymbionts: archetypes and proto-models. (in eng), 
Front Immunol 16: 1635159. 

33.	P Datta, S Moolayadukkam, Dhrubajyoti C, A Rayes, NS Lee, et al. (2024) 
Recent Advances and Future Directions in Sonodynamic Therapy for 
Cancer Treatment. (in eng), BME Front 2024: 0080.

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

            Track the below URL for one-step submission 
 https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/CTOIJ.2026.32.556338

http://dx.doi.org/10.19080/CTOIJ.2026.32.556338
https://pubmed.ncbi.nlm.nih.gov/39669560/
https://pubmed.ncbi.nlm.nih.gov/39669560/
https://pubmed.ncbi.nlm.nih.gov/39669560/
https://pubmed.ncbi.nlm.nih.gov/39669560/
https://pubmed.ncbi.nlm.nih.gov/39669560/
https://pubmed.ncbi.nlm.nih.gov/36033519/
https://pubmed.ncbi.nlm.nih.gov/36033519/
https://pubmed.ncbi.nlm.nih.gov/36033519/
https://pubmed.ncbi.nlm.nih.gov/36033519/
https://pubmed.ncbi.nlm.nih.gov/39086671/
https://pubmed.ncbi.nlm.nih.gov/39086671/
https://pubmed.ncbi.nlm.nih.gov/39086671/
https://pubmed.ncbi.nlm.nih.gov/39150566/
https://pubmed.ncbi.nlm.nih.gov/39150566/
https://pubmed.ncbi.nlm.nih.gov/39150566/
https://pubmed.ncbi.nlm.nih.gov/40483473/
https://pubmed.ncbi.nlm.nih.gov/40483473/
https://pubmed.ncbi.nlm.nih.gov/40483473/
https://pubmed.ncbi.nlm.nih.gov/38892913/
https://pubmed.ncbi.nlm.nih.gov/38892913/
https://pubmed.ncbi.nlm.nih.gov/38892913/
https://pubmed.ncbi.nlm.nih.gov/32266674/
https://pubmed.ncbi.nlm.nih.gov/32266674/
https://pubmed.ncbi.nlm.nih.gov/32266674/
https://pubmed.ncbi.nlm.nih.gov/32266674/
https://pubmed.ncbi.nlm.nih.gov/36414694/
https://pubmed.ncbi.nlm.nih.gov/36414694/
https://pubmed.ncbi.nlm.nih.gov/36414694/
https://pubmed.ncbi.nlm.nih.gov/37105509/
https://pubmed.ncbi.nlm.nih.gov/37105509/
https://pubmed.ncbi.nlm.nih.gov/37105509/
https://pubmed.ncbi.nlm.nih.gov/37105509/
https://pubmed.ncbi.nlm.nih.gov/40759437/
https://pubmed.ncbi.nlm.nih.gov/40759437/
https://pubmed.ncbi.nlm.nih.gov/40759437/
https://pubmed.ncbi.nlm.nih.gov/40759437/
https://pubmed.ncbi.nlm.nih.gov/39787064/
https://pubmed.ncbi.nlm.nih.gov/39787064/
https://pubmed.ncbi.nlm.nih.gov/39787064/
https://pubmed.ncbi.nlm.nih.gov/37680482/
https://pubmed.ncbi.nlm.nih.gov/37680482/
https://pubmed.ncbi.nlm.nih.gov/37680482/
https://pubmed.ncbi.nlm.nih.gov/40873579/
https://pubmed.ncbi.nlm.nih.gov/40873579/
https://pubmed.ncbi.nlm.nih.gov/40873579/
https://pubmed.ncbi.nlm.nih.gov/39735354/
https://pubmed.ncbi.nlm.nih.gov/39735354/
https://pubmed.ncbi.nlm.nih.gov/39735354/
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/CTOIJ.2026.32.556338

