
Articles © The authors   |   Journal compilation © AI Clin Med and Elmer Press Inc™   |   https://aicm.elmerpub.com
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
1

Review AI Clin Med. 2025;1:e9

Benefits of AI in Transforming Cancer Care

Nan Wu

Abstract

Artificial intelligence (AI) is rapidly emerging as a transformative 
force in oncology, offering significant benefits across the cancer care 
continuum. Through advanced image analysis, AI enables earlier and 
more accurate diagnosis by detecting subtle abnormalities in radiol-
ogy, pathology, and liquid biopsy data that may elude conventional 
assessment. Integrating multi-omics, clinical, and imaging datasets, 
AI supports highly personalized treatment planning, predicting ther-
apeutic responses and guiding the selection of targeted agents and 
immunotherapies. Machine learning models also facilitate rapid drug 
discovery and repurposing, and improve patient access to clinical tri-
als by matching tumor molecular profiles with trial eligibility criteria. 
In local therapies, AI enhances surgical navigation and radiotherapy 
planning, increasing precision while sparing healthy tissues. Continu-
ous patient monitoring through wearable devices, electronic health 
records, and laboratory data allows AI systems to identify complica-
tions or recurrence earlier than standard follow-up methods. In sup-
portive and palliative care, AI-driven tools anticipate side effects, 
optimize symptom management, and provide language, literacy, and 
psychological support. Furthermore, AI-enabled tele-oncology and 
translation services expand cancer care to underserved populations, 
addressing disparities in access. While ethical, regulatory, and tech-
nical challenges remain, the integration of AI into oncology holds 
immense promise for improving diagnostic accuracy, therapeutic ef-
ficacy, and quality of life for cancer patients worldwide.

Keywords: Artificial intelligence; Oncology; Early cancer diagnosis; 
Precision medicine; Clinical decision support; Radiotherapy optimi-
zation; Tele-oncology; Cancer health equity

Introduction

The launch of ChatGPT [1] in November 2022 marked the 
beginning of a transformative era in healthcare artificial intel-
ligence (AI), with platforms like DeepSeek [2], Grok [3], and 
Perplexity [4] rapidly advancing to revolutionize cancer care. 
These sophisticated tools are enhancing oncology through im-

proved diagnostic accuracy, personalized treatment planning, 
and predictive analytics while accelerating drug discovery 
and providing virtual patient support. By streamlining clini-
cal workflows and democratizing access to expert knowledge, 
these AI systems serve not as replacements for physicians but 
as powerful augmentations to their capabilities, enabling more 
precise, efficient, and patient-centered care. As this technol-
ogy continues to evolve, its integration into cancer treatment 
promises to deliver better survival outcomes, reduce health-
care costs, and significantly improve quality of life for patients 
globally, ushering in a new standard of oncological practice 
that combines cutting-edge AI with human expertise.

AI is rapidly transforming oncology, offering new op-
portunities to improve prevention, diagnosis, treatment, and 
survivorship. Advances in machine learning (ML), deep learn-
ing (DL), and natural language processing (NLP) now enable 
integration of multimodal datasets—including medical imag-
ing, histopathology, genomics, and electronic health records 
(EHRs)—into clinically actionable insights.

In diagnostics, AI systems have achieved radiologist-level 
or superior performance in detecting breast, lung, and skin 
cancers, often identifying subtle features imperceptible to the 
human eye, thereby enabling earlier intervention and improved 
patient outcomes [5, 6]. In pathology, AI-driven whole-slide 
image analysis can quantify histopathological features, detect 
rare events, and even predict molecular subtypes to guide tar-
geted therapies [7].

For treatment personalization, predictive AI models in-
tegrate molecular and clinical data to forecast individual re-
sponses to chemotherapy, immunotherapy, and radiotherapy, 
optimizing efficacy while minimizing toxicity [8, 9]. In drug 
discovery, AI accelerates target identification, compound op-
timization, and clinical trial design, shortening timelines from 
years to months [10].

AI also enables real-time monitoring through wearables, 
digital symptom trackers, and liquid biopsies, allowing early 
detection of recurrence and rapid intervention [11]. AI-pow-
ered virtual assistants enhance patient engagement, improve 
health literacy, and extend oncology expertise to underserved 
regions [12].

AI is redefining oncology by streamlining clinical work-
flows, minimizing diagnostic errors, and democratizing access 
to precision medicine. As AI integration in healthcare deepens, 
its synergy with physician expertise demonstrates significant 
potential to improve patient survival rates, reduce costs, and 
enhance quality of life globally. Our comprehensive analysis 
of leading AI platforms (ChatGPT, DeepSeek, Grok, and Per-
plexity) identified seven key transformative benefits for cancer 
care, categorized across four domains: diagnostics, treatment, 
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research, and patient support (Tables 1-4). These findings 
demonstrate how AI is revolutionizing oncology through ear-
lier detection, personalized therapy, accelerated drug develop-
ment, and enhanced patient outcomes (Table 5, Fig. 1).

Earlier and More Accurate Diagnosis

Early cancer detection is critical to improving survival out-
comes, and AI is playing a pivotal role in enhancing diagnostic 
accuracy across imaging, pathology, and liquid biopsy plat-
forms.

In medical imaging, DL-based algorithms can detect 
malignancies in computed tomography (CT), magnetic reso-
nance imaging (MRI), positron emission tomography (PET), 
and mammographic scans with sensitivity and specificity that 
match or exceed expert radiologists. These models excel at 
identifying subtle or subclinical disease features that are often 
imperceptible to the human eye, thereby enabling diagnosis at 
earlier stages and facilitating timely intervention [5, 6]. For ex-
ample, convolutional neural networks have demonstrated high 
performance in breast cancer screening, reducing both false 
negatives and false positives, while AI models for low-dose 
CT scans have improved early lung cancer detection rates [6].

In digital pathology, AI systems can process gigapixel 
whole-slide images to identify cancer subtypes, quantify mi-
totic rates, and detect clinically relevant biomarkers with high 
precision [7, 13]. Weakly supervised learning approaches al-
low these algorithms to operate effectively even with limited 
annotation, while multi-task networks can integrate histopatho-

logical and molecular data to inform treatment planning. Such 
tools can also flag diagnostically challenging or rare cases for 
secondary review, reducing the risk of oversight.

In liquid biopsy interpretation, AI enhances the analy-
sis of circulating tumor DNA (ctDNA), exosomes, and other 
blood-based biomarkers to detect minimal residual disease or 
emerging recurrence before radiographic evidence [11, 14]. By 
integrating sequencing data with clinical variables, ML models 
can distinguish cancer-derived signals from background noise, 
improving both sensitivity and specificity.

Collectively, these AI-enabled diagnostic tools promise 
to shift cancer detection toward earlier stages, when curative 
treatment is more likely, ultimately improving survival rates 
and quality of life for patients worldwide.

Personalized Treatment Planning

Personalized cancer therapy aims to tailor interventions to the 
unique molecular, clinical, and lifestyle characteristics of each 
patient. AI is increasingly central to this approach, integrating 
complex datasets to guide precise treatment choices, forecast 
therapeutic outcomes, and adapt regimens in real time.

In genomic profiling integration, AI can analyze vast next-
generation sequencing (NGS) datasets to identify actionable 
mutations, gene fusions, and copy number variations, enabling 
precise matching of patients to targeted therapies or immu-

Table 1.  ChatGPT: Concise List of Key Benefits AI Brings to 
Cancer Care

# Categorized by clinical impact
1 Earlier and more accurate diagnosis
2 Personalized treatment planning
3 Drug discovery and access to novel therapies
4 Optimizing radiotherapy and surgery
5 Continuous monitoring and early recurrence detection
6 Enhanced supportive and palliative care
7 Health equity and access

Table 2.  DeepSeek: Concise List of Key Benefits AI Brings to 
Cancer Care

# Categorized by clinical impact
1 Early detection and diagnosis
2 Personalized treatment plans
3 Enhanced treatment delivery
4 Accelerated drug discovery and clinical trials
5 Remote monitoring and support
6 Reducing costs and improving accessibility
7 Survivorship and follow-up care

Table 3.  Grok: Concise List of Key Benefits AI Brings to Cancer 
Care

# Categorized by clinical impact
1 Early detection and diagnosis
2 Personalized treatment plans
3 Drug discovery and development
4 Predictive analytics for outcomes
5 Improved radiation and surgical precision
6 Patient monitoring and support
7 Streamlined clinical trials

Table 4.  Perplexity: Concise List of Key Benefits AI Brings to 
Cancer Care

# Categorized by clinical impact
1 Improved diagnosis
2 Personalized treatment
3 Optimized drug choices and dosage
4 Accelerated and accurate treatment decisions
5 Risk, prognosis, and treatment response prediction
6 More efficient care and workflow
7 Reduced inequalities and expanded access
8 Support in clinical trials and drug development
9 Empowerment and monitoring
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Table 5.  Cross-Platform Comparison of AI Capabilities in Cancer Care

Unified AI benefit 
in cancer care ChatGPT DeepSeek Grok Perplexity

1. Earlier and more 
accurate detection

Earlier and more 
accurate diagnosis

Earlier detection 
and diagnosis

Early detection 
and diagnosis

Improved diagnosis

2. Personalized 
treatment planning

Personalized 
treatment planning

Personalized 
treatment plans

Personalized 
treatment plans

Personalized treatment

3. Accelerated drug discovery 
and clinical development

Drug discovery 
and access to 
novel therapies

Accelerated drug 
discovery and 
clinical trials

Drug discovery 
and development; 
streamlined clinical trials

Support in clinical trials 
and drug development

4. Optimized and precise 
treatment delivery

Optimizing 
radiotherapy 
and surgery

Enhanced treatment 
delivery

Improved radiation and 
surgical precision

Optimized drug choices 
and dosage; accelerated and 
accurate treatment decisions

5. Continous monitering 
and support

Continuous 
monitoring and early 
recurrence detection

Remote monitoring and 
support; survivorship 
and follow-up care

Patient monitoring 
and support

Empowerment and 
monitoring

6. Predictive insights (risk, 
prognosis, outcomes)

(Implied through 
personalization)

(Implied through 
treatment planning)

Predictive analytics 
for outcomes

Risk, prognosis, and 
treatment response 
prediction

7. Accessibility, 
affordability and equity

Health equity 
and access

Reducing costs and 
improving accessibility

(Implied via streamlined 
clinical trials)

Reduced inequalities 
and expanded access

Figure 1. Comparative analysis of AI platforms in cancer care. This schematic diagram compares seven key AI-enabled benefits 
in cancer care across four platforms: ChatGPT, DeepSeek, Grok, and Perplexity. Rows represent unified benefit categories, and 
columns represent platforms. Color intensity reflects coverage: dark red with “✓” indicates explicitly mentioned benefits, light red 
with “∼” indicates benefits implied but not explicitly stated, and white indicates benefits not covered. The chart highlights strong 
consensus across platforms in early detection, personalization, drug discovery, optimized treatment delivery, and monitoring. 
Variability is most evident in predictive analytics and accessibility/equity, where some platforms show implied rather than explicit 
coverage. This visual enables quick cross-platform alignment assessment.
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notherapies [8, 15]. By incorporating data from The Cancer 
Genome Atlas (TCGA) and other large-scale repositories, AI 
platforms can also detect rare or novel driver alterations, ex-
panding the range of potential treatment options [16].

Predictive models use ML to anticipate treatment respons-
es by integrating tumor molecular features, histopathological 
parameters, comorbidities, and prior treatment outcomes from 
similar patients [9, 17]. These models can help oncologists 
select regimens with the highest probability of efficacy while 
minimizing adverse events. For example, DL-based radiomics 
combined with genomics can predict immunotherapy benefit 
in non-small cell lung cancer (NSCLC), allowing for more tar-
geted patient selection [18].

Adaptive therapy applies AI’s continuous learning ca-
pabilities to modify treatment plans as the patient’s tumor 
evolves under therapeutic pressure. By integrating longitudi-
nal imaging, ctDNA profiles, and clinical biomarkers, AI sys-
tems can detect early resistance and suggest timely regimen 
adjustments [11, 19]. This dynamic approach helps prolong 
treatment efficacy, delay disease progression, and avoid un-
necessary toxicity.

Together, these AI-powered strategies enable a shift from 
one-size-fits-all protocols toward data-driven, precision oncol-
ogy, ultimately improving treatment outcomes, quality of life, 
and cost-effectiveness in cancer care.

Drug Discovery and Access to Novel Therapies

Drug discovery in oncology has traditionally been a lengthy, 
high-cost process, often taking over a decade from target 
identification to regulatory approval. AI is redefining this 
paradigm by accelerating the identification of new anticancer 
compounds, repurposing existing drugs, and improving patient 
access to experimental therapies.

In accelerated drug development, AI-powered algorithms 
can integrate chemical, structural, and biological datasets to 
identify novel drug candidates within months rather than years. 
Deep generative models, such as variational autoencoders and 
generative adversarial networks, can design molecules with 
optimized pharmacokinetic and pharmacodynamic properties 
[10, 20]. NLP applied to biomedical literature and patent da-
tabases can uncover overlooked targets or novel mechanisms 
of action [21]. Notably, AI-driven platforms have already ad-
vanced small molecules from in silico design to phase I clini-
cal trials in under 18 months, demonstrating unprecedented 
speed [22]. AI also facilitates drug repurposing by mining tran-
scriptomic and phenotypic data to match existing compounds 
with new oncology indications, reducing development costs 
and safety risks [23].

In clinical trial matching, AI tools can integrate tumor 
genomic profiles, EHR data, and trial eligibility criteria to 
recommend studies for which a patient may qualify [24, 25]. 
These systems can parse unstructured clinical notes, normalize 
genetic nomenclature, and dynamically update trial matches as 
patient data evolve. This capability is particularly valuable for 
rare cancers or those with uncommon driver mutations, where 
trial opportunities may otherwise be missed. AI-enabled trial 

matching not only accelerates patient enrollment but also in-
creases access to cutting-edge targeted therapies and immuno-
therapies [26].

By compressing development timelines and expanding 
patient access to novel agents, AI has the potential to bring 
effective cancer treatments to the clinic faster and more equi-
tably, ultimately improving survival and quality of life.

Optimizing Radiotherapy and Surgery

Radiotherapy and surgery remain central pillars of cancer 
treatment, and AI is transforming both modalities by improv-
ing precision, efficiency, and safety.

In radiotherapy planning, AI-driven auto-contouring sys-
tems can delineate tumors and organs at risk (OARs) from CT 
and MRI scans with accuracy comparable to or exceeding that 
of expert clinicians [27, 28]. These tools reduce inter-observer 
variability, shorten planning time, and enable highly confor-
mal dose distributions that minimize irradiation of healthy tis-
sue [29]. DL models can also predict normal tissue compli-
cation probabilities and tumor control probabilities, allowing 
individualized dose optimization [30]. By integrating imaging, 
genomic, and treatment response data, adaptive radiotherapy 
systems can update plans in real time as tumor morphology 
changes during treatment, further enhancing efficacy and spar-
ing normal structures [31].

In surgical oncology, AI-enhanced image guidance is im-
proving tumor localization and resection accuracy. Intraopera-
tive augmented reality (AR) systems, powered by AI-based 
segmentation and registration algorithms, can overlay preoper-
ative imaging onto the surgical field to help surgeons navigate 
complex anatomy [32]. Real-time tissue classification using 
hyperspectral imaging and DL can distinguish malignant from 
healthy tissue intraoperatively, supporting maximal tumor re-
moval while preserving functionally important structures [33]. 
AI-assisted robotics further enhance precision in minimally 
invasive procedures, reducing operative times, complication 
rates, and recovery periods [34].

By integrating AI into radiotherapy and surgery, clinicians 
can deliver more targeted treatments with fewer side effects, 
optimize functional preservation, and improve long-term out-
comes. These advancements align with the broader goal of pre-
cision oncology—delivering the right treatment, in the right 
dose, at the right location, for the right patient.

Continuous Monitoring and Early Recurrence 
Detection

AI has revolutionized post-treatment cancer management by 
enabling continuous monitoring and proactive detection of 
recurrence, significantly improving patient outcomes. Wear-
able devices and remote patient monitoring platforms generate 
real-time physiological data—including heart rate variability, 
activity levels, and sleep patterns—that AI algorithms analyze 
to detect deviations from a patient’s baseline indicative of 
treatment toxicity, infection, or early disease progression [35, 
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36]. For example, AI-enhanced wearable biosensors have been 
used to identify subclinical arrhythmias in patients receiving 
cardiotoxic chemotherapy, prompting timely intervention [37].

In recurrence surveillance, AI systems can detect minimal 
residual disease and subtle disease progression well before 
clinical symptoms manifest. Integration of serial imaging data 
(CT, MRI, PET) with laboratory results (e.g., tumor markers, 
ctDNA) allows ML models to identify high-risk patterns of re-
currence with greater sensitivity than conventional follow-up 
protocols [38, 39]. AI-enabled ctDNA analysis can track clonal 
evolution and quantify tumor burden dynamics in real time, 
providing a non-invasive means to detect molecular relapse 
months earlier than radiographic detection [40].

Furthermore, predictive models incorporating longitu-
dinal EHR data, treatment history, and multi-omics profiles 
can stratify patients by recurrence risk, enabling personalized 
follow-up schedules [41]. This targeted surveillance reduces 
unnecessary testing for low-risk patients while ensuring high-
risk individuals to receive timely diagnostic evaluations.

By facilitating early detection of recurrence, AI-powered 
monitoring systems enable earlier therapeutic intervention, 
which is associated with improved survival and quality of life 
in multiple cancer types [42]. As these tools become more inte-
grated into oncology care pathways, they have the potential to 
transform survivorship management from reactive to anticipa-
tory, ultimately shifting the paradigm toward proactive cancer 
care.

Enhanced Supportive and Palliative Care

AI is increasingly being integrated into supportive and pallia-
tive care for cancer patients, aiming to improve quality of life, 
reduce symptom burden, and facilitate patient-clinician com-
munication. One key application is symptom prediction and 
management. ML models trained on EHRs and patient-report-
ed outcomes can predict the onset and severity of treatment-re-
lated adverse effects—such as chemotherapy-induced nausea, 
neuropathy, or mucositis—before they become debilitating 
[43, 44]. These systems can generate personalized recommen-
dations, including dietary adjustments, physical therapy, and 
tailored pharmacologic interventions, thereby enabling proac-
tive care and reducing unplanned hospital visits [45].

AI is also being used to optimize pain control, with algo-
rithms capable of dynamically adjusting opioid dosing regi-
mens based on patient-specific pharmacogenomic data and 
longitudinal pain assessments [46]. Similarly, AI can aid in 
early identification of patients at high risk for cachexia, ena-
bling timely nutritional interventions [47].

Another promising area is mental health and communica-
tion support. Conversational AI systems and chatbots, trained 
on oncology-specific datasets, can provide emotional sup-
port, deliver evidence-based information, and guide patients 
through complex treatment decisions [48, 49]. These tools can 
reduce anxiety, enhance patient empowerment, and improve 
adherence to care plans, particularly for those with limited ac-
cess to in-person counseling. Furthermore, AI-driven natural 
language processing can summarize and clarify clinical notes 

for patients, ensuring better comprehension of their diagnosis, 
treatment, and follow-up care [50].

By extending beyond disease-focused treatment to address 
holistic needs, AI-enabled supportive and palliative care has 
the potential to significantly improve both survival-adjusted 
quality of life and patient satisfaction. As these tools are in-
tegrated into routine oncology practice, careful evaluation of 
their clinical effectiveness, ethical considerations, and equita-
ble accessibility will be essential.

Health Equity and Access

AI holds significant promise in reducing disparities in cancer 
care by improving access to timely diagnosis and personalized 
treatment for underserved populations. Tele-oncology plat-
forms, powered by AI-driven decision support, enable remote 
consultations, image analysis, and treatment planning, allow-
ing patients in rural or low-resource settings to receive special-
ized oncology expertise without the need for extensive travel 
[51, 52]. This is particularly valuable in regions with a short-
age of oncologists, where delays in diagnosis and treatment 
initiation contribute to poorer outcomes [53].

NLP-based systems can translate complex medical termi-
nology into clear, culturally sensitive language, bridging com-
munication gaps for patients with low health literacy or those 
who speak minority languages [54]. Such tools can also gen-
erate patient-specific educational materials, enhancing com-
prehension of treatment plans and empowering individuals to 
participate actively in decision-making [55].

Moreover, AI algorithms trained on diverse datasets can 
help mitigate biases in clinical decision-making, ensuring that 
treatment recommendations are not disproportionately skewed 
toward populations historically overrepresented in biomedical 
research [56]. Integration of AI into community health pro-
grams can facilitate population-level cancer risk stratification, 
enabling earlier interventions and screening outreach in high-
risk groups [57].

Importantly, equitable deployment of AI in oncology re-
quires addressing infrastructure barriers, including internet ac-
cess, device availability, and local capacity for implementation 
[58]. Partnerships between technology developers, healthcare 
systems, and public health agencies are essential to ensure that 
AI-enabled tools are validated across diverse demographic and 
socioeconomic groups before widespread adoption [59].

If implemented with attention to inclusivity and fairness, 
AI-enabled health equity strategies have the potential to signif-
icantly narrow the cancer survival gap between well-resourced 
and underserved populations, supporting global efforts toward 
universal cancer care [60].

In conclusion, AI is reshaping cancer care by enhancing 
precision, efficiency, and accessibility across the entire patient 
journey—from prevention and diagnosis to treatment and sur-
vivorship. AI enables earlier cancer detection through advanced 
imaging interpretation, liquid biopsy analysis, and pathology 
automation, improving the chances of successful intervention. 
By integrating genomic, clinical, and imaging data, AI sup-
ports personalized treatment planning, predicting therapy re-
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sponses, and facilitating access to targeted drugs and relevant 
clinical trials. In radiotherapy and surgery, AI-driven planning 
and navigation tools increase accuracy, minimize harm to 
healthy tissues, and optimize recovery. Continuous monitoring 
systems powered by AI can detect complications or disease 
recurrence earlier than conventional follow-up methods, while 
supportive care tools help manage symptoms, maintain quality 
of life, and address psychological needs. Importantly, AI can 
bridge gaps in health equity through tele-oncology, language 
translation, and accessible health information, extending spe-
cialized cancer expertise to underserved populations. Although 
challenges remain—such as ensuring data privacy, avoiding 
bias, and validating models in diverse populations—the poten-
tial of AI to transform cancer care is profound. By integrating 
AI into clinical practice responsibly, healthcare systems can 
deliver more timely, precise, and patient-centered care, ulti-
mately improving outcomes and quality of life for cancer pa-
tients worldwide.
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