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ABSTRACT

Large Language Models (LLMs) have recently emerged as a potentially transformative technology in clinical oncology, offering
promising opportunities for advancing precision medicine. This comprehensive review critically examines the multifaceted applications
of LLMs across the cancer care continuum, encompassing diagnosis, treatment planning, and supportive care. In cancer diagnosis, LLMs
exhibit promising potential for enhancing the accuracy and efficiency of pathological and radiological assessments, as well as facilitating
the interpretation of complex genomic data. In the context of treatment decision-making, these models demonstrate the capability to
integrate vast amounts of clinical data, research findings, and patient characteristics to propose personalized treatment strategies. LLMs
also demonstrate potential for enhancing patient education, symptom management, and psychological support. Notwithstanding their
potential, significant challenges persist, including the requirement for high-quality annotated datasets, limitations in model
interpretability, and ethical considerations regarding medical practice and patient privacy. This review provides a critical analysis of the
current state of LLM applications in oncology, elucidating both their transformative potential and the obstacles impeding their widespread
clinical implementation. The review examines emerging trends, including the integration of multimodal data analysis and advancements
in explainable artificial intelligence (AI), which have the potential to address some of these challenges. Through providing a
comprehensive overview of the opportunities and challenges presented by LLMs in oncology, this review seeks to inform clinicians,
researchers, and policymakers, thereby promoting further innovation and responsible integration of AI technologies in cancer care with
the ultimate goal of improving patient outcomes.

One Sentence Summary: This review summarizes the potential of LLMs in precision oncology, highlighting opportunities
and challenges across diagnosis, treatment, and care.

Search strategy and selection criteria

This narrative review integrates studies indexed in the PubMed, Web of Science (WOS), and Google Scholar databases. We
included original articles and reviews published in English between 2023 and 2025 that were relevant to our review topic,
thereby ensuring coverage of fundamental concepts and recent advances in this rapidly evolving domain. Priority was given
to peer-reviewed articles featuring experimental comparisons, clinical relevance, or high citation impact. The content frame‐
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work for various applications was organized around imaging analysis, staging prediction, report generation, and treatment de‐
cision-making, thereby ensuring representation of both pioneering work and recent advances. Additionally, reference lists
from retrieved articles and related reviews were manually screened to identify other relevant studies.

1. Introduction
In recent years, the application of artificial intelligence technologies in the medical field has become increasingly widespread,
with Large Language Models (LLMs) emerging as a pivotal breakthrough in natural language processing, presenting new op‐
portunities and challenges for clinical oncology[1,2,3,4,5]. LLMs are deep learning-based natural language processing models
trained on massive text datasets. These models demonstrate powerful capabilities in understanding and generating human lan‐
guage. These models are capable of answering questions, generating text, and performing complex reasoning and task-solv‐
ing. In the medical field, particularly in oncology, LLMs hold considerable promise for clinical translation.

Throughout this review, we adopt the following terminology conventions. Artificial Intelligence (AI) refers broadly to com‐
putational systems that perform tasks requiring human judgment. Machine Learning (ML) is a subset of AI in which models
learn patterns from data. Generative AI encompasses AI systems capable of generating new content, including text, images,
and other media. LLMs are a specific class of generative AI models trained on massive text datasets to understand and gener‐
ate human language. While this review focuses specifically on LLMs and their text-based applications in oncology, we use
“generative AI” when referring to the broader category of content generation and “LLMs” for text-based language model ap‐
plications specifically. Multimodal models capable of processing both text and images are specified explicitly where dis‐
cussed. All LLMs discussed are assistive tools designed to operate under human oversight.

Cancer remains one of the foremost public health challenges confronting the world today, with its complexity and heterogene‐
ity posing significant challenges to clinical diagnosis, treatment, and management[6,7,8]. The emergence of LLMs presents
novel approaches and methodologies to address these issues. By integrating and analyzing vast amounts of multidimensional
data, including medical literature, clinical data, and genomic information, LLMs have the potential to provide clinicians with
more comprehensive and accurate decision support, thereby enhancing diagnostic accuracy, treatment precision, and patient
prognosis management.

This review discusses radiological and pathological applications of LLMs and multimodal models. Furthermore, in genomic
data interpretation, LLMs have demonstrated significant potential for rapid analysis of sequencing data and identification of
putative carcinogenic mutations and therapeutic targets. In cancer treatment decision-making and planning, LLMs have the
capacity to suggest optimal treatment regimens based on individual patient characteristics, while integrating the most recent
clinical guidelines and research findings. This process encompasses determining the optimal combination of various treatment
modalities, including but not limited to surgery, radiotherapy, chemotherapy, and immunotherapy. In complex cancer cases,
LLMs can simulate potential outcomes of various treatment strategies, thereby assisting physicians and patients in making
more informed decisions. This personalized and precise treatment planning approach has the potential to significantly im‐
prove the efficacy of cancer treatment and enhance patients' quality of life and prognosis. LLMs also have the potential to
play a pivotal role in supportive care for cancer patients. These models can function as intelligent information assistants, pro‐
viding patients with reliable and comprehensible information about their disease and treatment plans, thereby facilitating a
better understanding of their condition and treatment process. Moreover, LLMs have the capability to offer personalized
symptom management advice and lifestyle guidance, potentially contributing to an improvement in patients' quality of life.
Regarding psychological support, LLMs can facilitate emotional support and psychological counseling through natural lan‐
guage interactions, potentially aiding patients in better managing the psychological stress associated with their illness. In sur‐
gical oncology, the emergence of AI-guided laparoscopic instrument tracking technology has established the foundation for
subsequent artificial intelligence advancement in this field, enabling the application of AI technologies in surgical procedures
and enhancing both surgical efficacy and efficiency [9,10]. (Figure 1)
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Figure 1. The Application of LLMs in Surgery

The applications of LLMs in surgical procedures can be divided into three distinct phases: preoperative, intraoperative, and postoperative. In the
preoperative phase, LLMs can provide patients with disease classification assessments and surgical risk evaluations, thereby enhancing patient
understanding of the surgical process. Simultaneously, LLMs can assist physicians in completing the informed consent process and in optimizing
preoperative physician-patient communication. During the intraoperative phase, LLMs can provide real-time navigation and precise positioning,
assisting surgeons in performing surgical procedures and enhancing surgical precision and efficiency. In the postoperative phase, LLMs can guide
patients through rehabilitation training and predict potential complications, thereby facilitating efficient patient recovery. Furthermore, LLMs can
assist physicians in generating surgical reports and in optimizing clinical workflows.

Despite the substantial potential that LLMs demonstrate in oncology, their implementation faces several challenges and limi‐
tations. First, the training of these models depends on large-scale, high-quality annotated datasets, which are relatively scarce
in oncology, potentially limiting the models' performance and generalization capabilities. Second, the interpretability of
LLMs remains limited, with their internal decision-making processes being opaque, potentially raising trust issues in clinical
applications. Furthermore, the handling of complex medical information and reasoning requires improvement, as the accuracy
of these models may diminish when confronted with rare cases or when comprehensive judgment based on multiple informa‐
tion sources is necessary. Finally, issues pertaining to medical ethics and patient privacy protection in the application of
LLMs necessitate further research and regulatory considerations. Notwithstanding these challenges, the prospects for apply‐
ing LLMs in oncology remain highly promising. As the volume of oncological data expands and its quality improves, the per‐
formance and generalization capabilities of these models are anticipated to enhance significantly. Concurrently, advancements
in explainable artificial intelligence (AI) technologies are likely to enhance the transparency and credibility of LLMs.
Moreover, by integrating multimodal data analysis, deep learning, and other advanced technologies, LLMs may be able to
process complex medical information more effectively, potentially providing more reliable decision support for precise diag‐
nosis and treatment of cancer.

Beyond the technical and interpretability challenges discussed above, the integration of LLMs into clinical oncology raises
fundamental questions regarding the boundaries of clinical responsibility and accountability. Unlike traditional medical de‐
vices that perform predefined functions, LLMs generate probabilistic outputs that may vary across prompts, sessions, and
model versions, complicating the assignment of liability when AI-generated recommendations contribute to adverse out‐
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comes. A recent commentary on AI-generated cancer information argues that accountability should not rest with a single
stakeholder but rather be viewed as a shared responsibility across the cancer education ecosystem, encompassing patients,
healthcare professionals, healthcare organizations, and AI developers[11]. In the clinical decision-making context, human op‐
erators retain ultimate accountability and may be legally liable for acting on AI-generated recommendations, especially when
those recommendations deviate from established standard procedures[12].

To provide structured guidance, the European Society for Medical Oncology (ESMO) recently released the ESMO Guidance
on the Use of Large Language Models in Clinical Practice (ELCAP), the first oncology-specific framework for LLM deploy‐
ment [13]. ELCAP categorizes LLM applications into three broad types—patient-facing, clinician-facing, and background in‐
stitutional systems—each with differing accountability and validation requirements, and explicitly states that LLMs are de‐
signed to enhance—not replace—clinical workflows, with clinical responsibility remaining with human clinicians. The
framework also notes that autonomous (“agentic”) AI models pose distinct safety and regulatory challenges requiring future
guidance. These frameworks collectively establish that clinical responsibility remains firmly with human clinicians while de‐
lineating conditions under which LLMs may safely assist in oncological practice.

Given the increasing significance and potential transformative impact of LLMs in oncology, this review aims to comprehen‐
sively examine and analyze the current applications, emerging challenges, and future directions of LLMs in clinical oncology.
This paper will focus on the following key areas: First, we will investigate the applications of LLMs in cancer diagnosis, en‐
compassing radiological diagnosis, pathological diagnosis, and genomic analysis. Second, we will critically analyze the role
of LLMs in cancer treatment decision-making and planning, elucidating how they support oncologists in developing personal‐
ized and precise treatment strategies. Third, we will examine the applications of LLMs in supportive care for cancer patients,
focusing on patient education, symptom management, and psychological support. Finally, we will investigate the potential ap‐
plications of LLMs in cancer prognosis prediction and outcome assessment. Through this comprehensive review, we aim to
provide a systematic and evidence-based reference framework for clinicians, researchers, and policymakers, facilitating their
understanding and utilization of LLMs in the field of oncology. Concurrently, we aim to stimulate further research and inno‐
vation in this field across academia and industry, fostering the deep integration of artificial intelligence technologies with
clinical oncology. This integration has the potential to enhance diagnostic accuracy, optimize treatment strategies, and ulti‐
mately improve patient outcomes (Figure 2). In accordance with the TITAN 2025 guidelines, we declare that no generative AI
tools were used in the core intellectual processes of this review, including the analysis, synthesis, and interpretation of the lit‐
erature data, as well as the formulation of original insights and conclusions[14].
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Figure 2. Applications of LLMs in Clinical Oncology

The applications of LLMs in clinical oncology can be categorized into four primary domains: tumor diagnosis, treatment planning, supportive
care, and prognostic prediction. In the realm of tumor diagnosis, LLMs can evaluate tumor characteristics, including size and nature, by integrat‐
ing knowledge from multiple disciplines such as medical imaging, histopathology, and genomic analysis. For treatment planning, LLMs can sup‐
port oncologists in formulating comprehensive treatment strategies by analyzing and interpreting clinical practice guidelines and current research
evidence. In the context of supportive care, LLMs can facilitate symptom management, offer psychological support, and provide tailored educa‐
tional resources to patients, enhancing their overall quality of life during cancer treatment. Regarding prognostic prediction, LLMs can project
potential metastatic patterns, assess treatment efficacy, and estimate patient survival probabilities, thereby aiding in the development of personal‐
ized follow-up strategies.

Given the growing importance and potentially transformative impact of LLMs in oncology, this review aims to comprehen‐
sively examine current applications, emerging challenges, and future directions of LLMs in precision oncology. However, this
field remains in its infancy. The applications discussed herein are primarily at the proof-of-concept, development, or early
validation stage. To date, robust evidence from large-scale clinical trials demonstrating the direct impact of LLMs on hard
clinical endpoints in surgical oncology remains limited.

2. Applications of LLMs in Cancer Diagnosis
In the context of cancer management, accurate diagnosis is a critical initial step. A precise cancer diagnosis not only informs
subsequent treatment strategies but also serves as a foundation for prognostic assessment. Contemporary cancer diagnosis pri‐
marily relies on radiological imaging for tumor localization and size determination, complemented by histopathological
analysis to assess tumor type and characteristics, culminating in a definitive diagnosis. LLMs, an emerging technology in nat‐
ural language processing, have demonstrated significant potential in the domain of pathological diagnosis. These models not
only assist pathologists in analyzing digital pathology slides and identifying subtle morphological features but also integrate
patients' clinical data to generate comprehensive and precise diagnostic recommendations. In the realm of diagnostic imaging,
the integration of LLMs with computer vision technologies has revolutionized radiological diagnosis. This synergistic ap‐
proach not only enhances the accuracy of tumor lesion detection and localization but also facilitates the automatic generation
of structured descriptive reports, thereby significantly improving radiologists' efficiency and the quality of diagnostic report‐
ing. Moreover, LLMs have exhibited remarkable proficiency in interpreting genomic data and elucidating its clinical implica‐
tions. These models efficiently process vast quantities of sequencing data, swiftly identifying potential carcinogenic muta‐
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tions and putative targeted therapy targets, thereby providing critical evidence for precise cancer diagnosis and the formula‐
tion of personalized treatment strategies. LLMs also demonstrate the capacity to integrate multi-omics data, encompassing
genomics, transcriptomics, proteomics, and metabolomics, among others. This integration facilitates a profound elucidation
of tumor molecular mechanisms, providing robust support for subsequent targeted drug development and the formulation of
personalized treatment strategies. As illustrated in Figure 2, LLMs demonstrate significant potential across various aspects of
oncology diagnosis by integrating multidisciplinary knowledge such as medical imaging, histopathological analysis, and ge‐
nomics. As illustrated in Figure 2, we clearly delineate the diverse applications of LLMs within clinical oncology, effectively
highlighting the extensive scope and feasibility of their practical implementation.

2.1 Enhancing Diagnostic Accuracy with LLMs
Image-related generative AI research includes histopathology image synthesis using latent diffusion models and bioinformat‐
ics plot interpretation using image-enabled ChatGPT [15,16]. These are distinct applications. The plot-interpretation study is a
preprint and reports limitations in quantitative interpretation.

2.1.1 Diagnosis of Pathological Images

The traditional gold standard for cancer diagnosis involves examining pathological sections, analyzing tissue structural fea‐
tures under a microscope, and subsequently rendering a diagnosis [17]. This diagnostic process is customarily conducted by
experienced pathologists. The rapid development of LLMs has stimulated considerable research interest in pathological image
diagnosis, though the clinical translation of these advances remains in early stages. Laohawetwanit et al. assessed the efficacy
of ChatGPT-4 in diagnosing hepatobiliary tumors from histopathological images. The study revealed that models specifically
trained for this task exhibited higher accuracy and consistency in replicating pathologists' diagnoses [18]. This finding
strongly suggests that LLMs require continuous optimization and substantial data support to achieve higher diagnostic accu‐
racy in specific medical fields. In the context of data requirement optimization, Sushil et al. explored the potential of LLMs in
mitigating the need for large-scale data annotation. Through comparative analysis with other models, they determined that
LLMs exhibited significant advantages in this domain [19]. However, it is important to emphasize that this study predomi‐
nantly focused on the classification of breast pathology reports. In the realm of image diagnosis, no efficacious methodologies
have yet been identified to significantly reduce data dependency. Regarding the processing of pathology report data, LLMs
have exhibited the capability to perform without relying on large-scale task-specific training, a significant advancement that
offers new avenues for enhancing data processing efficiency [20].

The ongoing development of LLMs has progressively expanded their capabilities, evolving from analyzing microscopic sec‐
tion images to integrating sectional information and extracting structured data. When combined with sophisticated algorithms
and computer-aided diagnostic technologies, these advancements substantially enhance the efficiency and accuracy of patho‐
logical diagnosis. Nevertheless, LLMs continue to face myriad challenges in clinical applications, including surmounting
public bias against algorithms and resolving associated legal issues. Effectively mitigating these challenges will facilitate the
further development of LLMs in the domain of cancer diagnosis [21,22].

2.1.2 Diagnosis in Radiation Oncology

Analogous to advancements in pathological image analysis, the advent of LLMs has ushered in novel breakthroughs and de‐
velopmental opportunities in diagnostic imaging within the field of radiation oncology. In computed tomography (CT) diag‐
nosis, research has demonstrated that ChatGPT-4V exhibits considerable accuracy in non-small cell lung cancer diagnosis,
with an overall diagnostic accuracy rate of 56.76%. For non-small cell lung cancer detection, the sensitivity and specificity
were 27.27% and 60.47%, respectively. The positive predictive value and negative predictive value were 26.09% and 61.90%,
respectively, yielding an overall accuracy of 49.23%. Chi-square statistical analysis revealed significant differences in sensi‐
tivity across different case categories, correlating with lesion location and lobar involvement patterns. This demonstrates the
promising development potential of ChatGPT-4V in chest CT interpretation [23]. Studies suggest that LLMs demonstrate pro‐
ficiency in extracting pertinent information from CT reports and can substantially enhance diagnostic efficiency following ad‐
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ditional training. Nevertheless, when faced with intricate diagnostic tasks, the performance of these models may still require
further refinement [24]. Comparative analyses of similar tasks have revealed that GPT-4 exhibits superior performance
among various LLMs [25].

For magnetic resonance imaging (MRI) diagnostics, investigators have evaluated the capacity of LLMs to categorize brain
MRI reports. Researchers categorized reports into three groups: non-tumor cases (Group 1), post-treatment tumor cases
(Group 2), and pre-treatment tumor cases (Group 3), then compared the model's performance on the test dataset with that of
two radiologists. The results demonstrated that the fine-tuned LLM achieved an overall accuracy of 0.970 (95% CI: 0.930-
0.990). The model demonstrated sensitivities of 1.000, 0.864, and 0.978 for the three groups, respectively. The model exhib‐
ited specificities for the three groups of 0.991, 0.993, and 0.958, respectively. No significant statistical differences were found
between the LLM and radiologists in terms of accuracy, sensitivity, and specificity (p ≥ 0.371); however, the LLM completed
tasks approximately 20-26 times faster than radiologists. This indicates that trained and fine-tuned models can achieve classi‐
fication accuracy comparable to that of radiologists while significantly reducing the required time[26]. In the context of liver
MRI, GPT-4 was employed to extract reporting and data system features, as well as category information from unstructured
MRI reports. This application revealed GPT-4's considerable potential, albeit with the necessity for further refinement of
prompts and enhancement of neural network architectures [27]. Furthermore, a novel application of ChatGPT was identified
in the generation of MRI reports for prostate cancer patients, enhancing the overall comprehensibility of these reports.
Nevertheless, the overall quality and accuracy of these AI-generated reports still necessitate further enhancement [28]. These
investigations demonstrate that the current applications of LLMs in MRI are predominantly confined to information extrac‐
tion and report analysis. The future trajectory of LLMs’ development in this field lies in their potential to assist clinicians in
interpreting MRI images, thereby enhancing the efficiency and accuracy of tumor diagnosis.

In the domain of ultrasound imaging diagnostics, Wang et al. employed GPT-4 to analyze thyroid ultrasound reports and gen‐
erate corresponding treatment recommendations. Their findings revealed that GPT-4 exhibited promise in generating thyroid
cancer ultrasound reports; however, it demonstrated limitations in diagnostic accuracy. The researchers also proposed an on‐
line platform, "ThyroAIGuide," and implemented a chain-of-thought approach to augment the interpretability of AI-driven
decisions and facilitate physician-patient communication [29]. Presently, in the realm of ultrasound imaging diagnostics,
LLMs predominantly function in the capacity of report summarization and analysis.

2.1.3 Visual Imaging Diagnosis

The advent of advanced visual language models, exemplified by GPT-4 Vision, has ushered in novel technological ap‐
proaches for the diagnosis of benign and malignant cutaneous neoplasms. Preliminary investigations suggest that ChatGPT
Vision's efficacy in melanoma diagnosis using dermoscopic imagery is substantially inferior to established professional AI al‐
gorithms currently available in the market. Premature implementation in clinical settings may result in false-negative diag‐
noses of melanoma or false-positive diagnoses of benign lesions, potentially leading to substantial medical risks [30].
Nevertheless, the rapid progression of LLM technology has enabled the latest iterations, such as GPT-4 Vision and Large
Language and Vision Assistant, to demonstrate proficiency in accurately distinguishing between benign lesions and
melanoma. This advancement has unveiled potential applications of LLMs technology across dermatological clinical practice,
medical research, and educational paradigms [31].

2.1.4 Cancer and Tumor Screening and Monitoring

Beyond image-based diagnostics, LLMs demonstrate the capability to extrapolate tumor and cancer progression trends from
diverse textual and imaging data that encapsulate patient information, facilitating real-time monitoring of cancer progression.
Zhang et al. assessed the efficacy of diverse LLMs in detecting patients with metastatic cancer through the analysis of dis‐
charge summaries. The findings revealed that prompts integrating explicit and succinct reasoning processes substantially en‐
hanced model performance. This discovery not only elucidated potential areas for refinement in existing models but also de‐
lineated trajectories for augmenting their clinical applicability [32]. Complementing discharge summaries, radiological re‐
ports constitute another crucial repository of clinical information. Meticulously calibrated LLMs possess the capability to de‐
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duce tumor metastasis sites from unprocessed radiological reports. Leveraging this capability, researchers engineered a natu‐
ral language processing (NLP) information extraction system that surpassed LLMs in the task of inferring cancer metastasis
[33].

LLMs demonstrate proficiency not only in elucidating cancer metastasis from clinical reports but also in evaluating tumor re‐
sectability, substantially broadening their utility in clinical decision support systems. Empirical studies have demonstrated
that LLMs possess the capability to synthesize comprehensive analytical reports for pancreatic ductal adenocarcinoma
(PDAC) from unprocessed radiological reports and evaluate its resectability. This methodology exhibits high precision, fur‐
nishing surgeons with more accurate diagnostic evidence to refine treatment strategies [34]. Nevertheless, LLMs continue to
exhibit constraints in certain specialized diagnostic tasks. Son et al. explored the viability of employing ChatGPT for the di‐
agnosis of osseous metastases in skeletal scintigraphy. The investigation revealed that ChatGPT exhibited notable limitations
in differentiating osseous metastases from benign spinal lesions, with its diagnostic accuracy falling short of clinical applica‐
tion standards [35]. These findings underscore the imperative for judicious application of LLMs in specialized medical diag‐
nostic tasks.

As LLMs continue to advance their natural language processing capabilities, they demonstrate potential to effectively assist
clinicians in performing examinations and risk screening as adjunctive tools. Recent studies suggest that appropriately trained
LLMs can comprehensively analyze patient histories, colonoscopy reports, and pathology findings to provide evidence-based
recommendations for scheduling subsequent colonoscopies, indicating potential for integration into clinical practice [36,37].
However, LLMs necessitate further refinement and validation in the context of colorectal cancer screening. At present, the ap‐
plication of these models in this field is primarily limited to providing basic educational information to patients, with the reli‐
ability and provenance of the information provided requiring further verification [38,39,40,41].

In the realm of prostate cancer screening and biomarker-related issues, the performance of LLMs parallels that observed in
colorectal cancer screening, with current accuracy levels warranting further enhancement. Comprehensive and rigorous train‐
ing is imperative for these models to effectively contribute to clinical decision support [42,43,44]. It is noteworthy that differ‐
ent versions of LLMs exhibit performance heterogeneity. Empirical evidence indicates that GPT-4 demonstrates superior ac‐
curacy in addressing pertinent queries compared to GPT-3.5 [45]. This finding not only elucidates generational disparities in
LLMs’ performance but also underscores the burgeoning potential for LLMs in the medical field through iterative refinement
and optimization.

Studies have evaluated LLMs in relation to head and neck cancer [46], colorectal cancer [38], and basal cell carcinoma [47].
Results should be interpreted as study-specific rather than as a common precision metric. In the colorectal cancer study,
ChatGPT-3.5 averaged 4.5 correct answers out of 10 across four sessions (45% overall performance). Further evaluations
have addressed central nervous system tumors [48], ophthalmic neoplasms [49], urological malignancies [50], hepatocellular
carcinoma [51,52], oral cancer [53], and breast cancer [54]. These study-specific findings should not be used to rank perfor‐
mance across cancer types. Of particular note, LLMs demonstrate distinctive potential in the diagnosis of oral squamous cell
carcinoma. Preliminary research suggests that even with limited datasets, LLMs can execute effective diagnostic reasoning on
confocal laser endomicroscopy (CLE) images. However, the capacity of LLMs to attain reliable diagnostic accuracy in real-
world clinical settings, particularly when confronted with raw, unprocessed datasets, necessitates further comprehensive in‐
vestigation and rigorous validation [55].

Through a comprehensive analysis of existing studies, we have found that LLMs exhibit significant performance variations
across different oncological domains [56,57]. These variations likely stem from multiple factors, including but not limited to
the developmental stage of LLMs, the frequency of training database updates, and differences in model training methodolo‐
gies. This finding indicates a direction for future research: while LLMs demonstrate immense potential for application in can‐
cer screening, realizing this potential requires continuous refinement of relevant data sources, optimization of neural network
architectures, and implementation of targeted model training. Through these improvements, LLMs can more effectively fulfill
their role as clinical assistants, potentially bringing revolutionary changes to the field of cancer diagnosis and treatment.
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2.2 Applications of LLMs in Tumor Classification and Staging
In the process of tumor diagnosis, in addition to determining the tumor type, clinicians are particularly concerned with tumor
characteristics and growth patterns, as these factors significantly influence the development of treatment strategies for differ‐
ent types of tumors. LLMs offer a novel approach to tumor identification and classification that warrants further investigation.
Yang et al. utilized LLMs for the differential diagnosis of benign and malignant bone tumors. The results demonstrated that
the initial model achieved a diagnostic accuracy of 73%, whereas after a few-shot fine-tuning, the LLMs exhibited enhanced
adaptability, increasing diagnostic accuracy to 87%. This research outcome underscores the substantial potential of LLMs in
the differential diagnosis of benign and malignant bone tumors, demonstrating improved diagnostic efficiency and reduced
misdiagnosis rates, thus enhancing clinical decision-making processes [58].

In addition to demonstrating advantages in the differential diagnosis of benign and malignant tumors, LLMs also exhibit sig‐
nificant application potential in clinical tumor staging. Studies suggest that in TNM staging, LLMs are particularly effective
as auxiliary tools, assisting physicians in tumor classification and staging, thus enhancing work efficiency. However, it is cru‐
cial to emphasize that the application of LLMs must be conducted under the supervision of professional medical personnel to
ensure diagnostic accuracy and patient safety [59]. Furthermore, LLMs have demonstrated the ability to accurately identify
clinical phenotypes from Electronic Health Records (EHRs). This capability not only facilitates more precise clinical staging
but also enables medical teams to gain a comprehensive understanding of patients' health status, providing a critical founda‐
tion for developing personalized treatment plans [60].

2.3 Utilizing LLMs to Predict Cancer Progression
From a molecular biology perspective, the development of tumors and cancers is primarily attributed to cellular gene muta‐
tions. The identification of critical gene mutations is fundamental to advancing research in targeted cancer therapies. LLMs,
through the integration of multi-modal tumor data, can perform comprehensive analyses of extensive sequencing datasets, fa‐
cilitating the prediction of potential oncogenic mutations. Researchers have developed innovative artificial intelligence sys‐
tems utilizing LLMs embedding techniques, which enable simultaneous processing of multiple public databases and adapta‐
tion to novel database categories [61]. Furthermore, researchers have investigated the potential applications of LLMs in data
extraction from open-source databases. Findings suggest that LLMs-assisted data extraction, when compared to manual meth‐
ods, not only significantly reduces time and cost but also maintains comparable accuracy [62]. LLMs demonstrate proficiency
not only in processing public databases but also exhibit promising performance and high feasibility in clinical settings and
data analysis. Nevertheless, ongoing enhancements in accuracy are imperative to meet the rigorous standards of clinical appli‐
cations [63]. Future research, building upon these applications and harnessing LLMs' efficient processing capabilities for ge‐
netic datasets, has the potential to significantly expedite the development of clinical drugs [64].

In the realm of clinical drug development, the integration of LLMs and machine learning techniques has yielded an innova‐
tive framework for the research and development of bispecific antibodies (BsAbs). This novel approach, which enables si‐
multaneous targeting of two antigens, has not only significantly improved prediction accuracy but also substantially enhanced
the innovative potential in drug design [65]. In addition to data processing and analysis, LLMs have demonstrated the capa‐
bility to perform in-depth analysis and precise interpretation of cancer sequencing data [66]. Research conducted by Uprety et
al. has demonstrated that ChatGPT can effectively review and extract key information from cancer patient records, interpret
next-generation sequencing reports, and generate comprehensive protocol lists for potential clinical trials [67]. A separate
study explored the potential application of ChatGPT in predicting pathogenic cancer predisposition gene (CPG) mutations
through the analysis of clinical notes. The findings suggest that ChatGPT demonstrates promising potential in analyzing clini‐
cal notes, particularly genetics-related clinical records, for the prediction of CPGs. However, the researchers emphasized that
further comprehensive studies are necessary to validate and expand the clinical application of this technology [68].

3. The Application of LLMs in Cancer Treatment Decision-Making and Planning
LLMs have generated considerable interest in cancer treatment decision-making, with preliminary studies exploring their po‐
tential utility. LLMs can integrate and analyze vast quantities of multidimensional data, encompassing clinical records, imag‐
ing information, and genomic profiles. By leveraging their robust data processing capabilities and sophisticated deep learning
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algorithms, these models provide clinicians with more comprehensive and precise decision support recommendations. LLMs
exhibit remarkable potential in the formulation of personalized treatment strategies. These models can propose optimal treat‐
ment regimens based on patients' individual characteristics (including age, sex, medical history, and genetic profile), while in‐
corporating the most recent clinical guidelines and research findings. These treatment strategies may encompass multiple
therapeutic modalities, including surgical interventions, radiation therapy, systemic chemotherapy, immunotherapeutic ap‐
proaches, and molecularly targeted therapies. LLMs can employ sophisticated algorithmic analyses to determine the optimal
combination of these therapeutic modalities, thereby facilitating the realization of precision medicine. In complex oncological
scenarios, the advantages of LLMs become increasingly evident. These models can leverage advanced simulation algorithms
to forecast potential outcomes and anticipate possible complications associated with various treatment strategies, thereby pro‐
viding comprehensive risk-benefit analyses for both clinicians and patients. This approach not only facilitates more informed
treatment decisions but also enhances the process of obtaining informed consent and improves clinician-patient communica‐
tion. As artificial intelligence technologies continue to advance rapidly and clinical applications expand, the potential for
LLMs in oncological treatment decision-making and planning continues to grow exponentially. These models have the poten‐
tial to significantly enhance the precision and efficacy of cancer treatments, not only improving patients' quality of life and
clinical outcomes but also potentially optimizing medical resource allocation and reducing healthcare expenditures. However,
it is imperative to address the ethical considerations and data security challenges associated with the implementation of LLMs
in healthcare, ensuring that this innovative technology can be safely and effectively utilized to benefit patients.

3.1 Assisting in Treatment Plan Formulation
In the complex landscape of cancer management, formulating personalized treatment plans represents a crucial step, typically
necessitating interdisciplinary collaboration among oncologists and experts from various specialties through multidisciplinary
consultations. As summarized in Figure 2, LLMs, as advanced natural language processing tools, exhibit powerful capabili‐
ties in information integration and analysis, holding promise for revolutionizing decision support in future diagnostic and
treatment processes. This approach facilitates a comprehensive evaluation of the patient's specific circumstances, enabling the
development of optimal diagnostic and therapeutic strategies. LLMs, as state-of-the-art natural language processing tools,
demonstrate robust information integration and analytical capabilities, potentially revolutionizing decision support in future
diagnostic and treatment processes. Researchers have conducted extensive investigations into the application of LLMs for
clinical decision support across diverse cancer types. Notably, studies focusing on breast cancer and head and neck cancer
have been particularly prolific, underscoring the clinical significance and intricate nature of these malignancies in oncological
practice.

Initial investigations into the application of LLMs for breast cancer treatment decision-making revealed that early iterations
of these models exhibited substantial disparities in treatment recommendation accuracy when benchmarked against estab‐
lished clinical guidelines [69,70]. Subsequent technological advancements, however, have facilitated notable progress in
LLMs' capabilities for information retrieval and treatment plan formulation, particularly through training based on clinical
guidelines. These improvements have led to markedly enhanced accuracy in treatment recommendations [71,72,73].
Comparative analyses of various LLMs' proficiency in formulating breast cancer treatment plans revealed that the most recent
iteration of the GPT-4 model demonstrated superior performance in terms of accuracy [74]. This finding underscores the sig‐
nificant potential of advanced AI models in augmenting medical decision-making processes. Despite these notable advance‐
ments in breast cancer treatment decision support, LLMs continue to exhibit suboptimal performance when confronted with
complex clinical presentations or atypical patient scenarios. This observation underscores the imperative for continued opti‐
mization and refinement of LLMs in medical applications, with a particular emphasis on enhancing their capacity to compre‐
hend and navigate intricate clinical contexts [75].

In the field of head and neck cancer treatment planning, the performance of LLMs demonstrates both similarities and distinc‐
tions when compared to their application in breast cancer management. Preliminary studies suggest that the accuracy of
LLMs in head and neck cancer treatment decision-making, akin to observations in breast cancer research, has not yet attained
optimal levels. Nevertheless, LLMs have exhibited exceptional proficiency in interpreting tumor cTNM staging and have sig‐
nificantly surpassed human physicians in recommending additional examinations[76], underscoring the potential superiority
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of AI over conventional approaches in specific tasks. Moreover, in evaluating surgical indications for head and neck cancer,
LLMs' recommendations garnered approval from 48% of clinical experts[77]. While this result indicates room for improve‐
ment, it also highlights the potential value of AI in complex medical decision-making processes. With ongoing technological
advancements, LLMs have markedly enhanced their accuracy in supporting head and neck cancer treatment decisions, gener‐
ally demonstrating consistency with clinical guidelines in the majority of cases. Nonetheless, several critical issues persist, in‐
cluding inappropriate surgical plan selection in specific scenarios and inadequate explainability in clinical applications. These
challenges underscore the necessity for continued optimization and stringent clinical validation of LLMs in medical applica‐
tions [46,78,79]. Comparative analyses of various LLMs in formulating head and neck cancer treatment strategies have re‐
vealed that, while models generally exhibit satisfactory overall performance, discrepancies persist in specific areas, such as
the application of induction chemotherapy and the selection of surgical approaches [80]. This finding underscores the neces‐
sity for careful consideration of inter-model disparities when implementing AI-assisted decision-making tools in clinical prac‐
tice, as well as the critical importance of integrating clinical expertise for comprehensive assessment.

In addition to the two extensively studied cancer types mentioned above, LLMs have been applied to a wide range of cancer
and tumor research areas. In the field of prostate cancer research, LLMs have been employed for preliminary screening and
triage of patients with metastatic prostate cancer. Research findings indicate that LLMs demonstrate high sensitivity in identi‐
fying emergency admissions for patients with metastatic prostate cancer, suggesting the potential for significant improve‐
ments in care efficiency and treatment outcomes in the future [81]. Furthermore, during prostate cancer treatment, LLMs have
demonstrated effectiveness in monitoring radiation toxicity, offering not only high accuracy but also substantial time savings
[82]. In gynecologic oncology research, various LLMs exhibit comparable performance, offering advantages in rapid re‐
sponse; however, further evaluation of their output quality and clinical applicability remains imperative [83]. A separate re‐
search team specifically evaluated the performance of GPT-4 in the field of ovarian cancer. Results indicate that, at a single
time point, GPT-4 can provide accurate and comprehensive answers to a limited range of ovarian cancer-related questions,
demonstrating particular proficiency in risk factor identification, surgical management strategies, and disease monitoring.
However, GPT-4 occasionally produces inaccuracies, which significantly constrain the unsupervised use of LLMs in clinical
settings [84]. In the field of gastrointestinal tumors, the majority of overall decisions made by LLMs demonstrate general
consistency with existing clinical guidelines. However, a decline in consistency is observed regarding specific treatment
plans, particularly in the number and accuracy of recommended chemotherapy regimens. Consequently, prudence is war‐
ranted when directly applying LLMs to clinical decision-making in gastrointestinal tumors [85]. In pancreatic cancer re‐
search, LLMs exhibit promising developmental potential, providing an optimistic outlook for their future applications in this
field [86]. In the diagnosis and treatment of colorectal cancer, LLMs show substantial alignment with recommendations from
existing clinical guidelines, indicating their potential clinical value in this field [87]. However, in the research on applications
for non-melanoma skin cancer, LLMs exhibit significant limitations. LLMs demonstrate poor concordance with dermatology
specialists in diagnosis and treatment decisions, suggesting potential risks in their direct application to clinical practice [88].
In the field of renal cell carcinoma research, the performance of LLMs parallels that observed in pancreatic cancer studies.
Despite certain limitations in initial applications, subsequent model fine-tuning and iterative training have substantially en‐
hanced the accuracy of LLMs in answering relevant questions [89]. In the field of immuno-oncology, the performance of
LLMs in answering relevant questions has undergone evaluation. Research findings indicate that while LLMs demonstrate
promise, the accuracy of their responses necessitates further refinement. Therefore, before applying LLMs to clinical practice
in immuno-oncology, rigorous validation and evaluation by experts remain imperative [90].

3.2 Writing Case Reports and Clinical Case Studies

After formulating appropriate treatment plans, physicians must meticulously document and refine patient cases, thereby pro‐
viding comprehensive and accurate information for subsequent treatment and follow-up. Furthermore, physicians can compile
representative or educationally significant cases into case reports, which serve as valuable learning resources for future practi‐
tioners and provide critical references for research and clinical practice in relevant fields. The rapid advancement of LLMs of‐
fers the potential to assist with these time-consuming documentation tasks, potentially significantly enhancing work effi‐
ciency. Zamarud et al. utilized ChatGPT to compose and compare two similar case reports, demonstrating both the powerful
text processing capabilities of LLMs and their significant potential in drafting case reports and clinical case studies [91]. Le et
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al. employed ChatGPT to compose a case report on a rare disease, providing an in-depth exploration of the potential applica‐
tions of generative AI in medical research literature writing. The study revealed that LLMs can provide researchers with a
clear structural framework for literature and suggest potential future research directions in relevant fields. However, the study
also highlighted that LLMs currently have limitations in accurately proofreading reference formats [92].

3.3 Providing Personalized Treatment Recommendations
Contemporary cancer treatments predominantly adhere to established therapeutic guidelines, which are typically based on the
majority of common cases. However, due to complex factors such as comorbidities and genetic predispositions in certain pa‐
tients, standardized guidelines may not always yield optimal treatment outcomes, necessitating the development of personal‐
ized treatment plans. In this context, LLMs can serve as powerful decision support tools to assist physicians in formulating
personalized treatment plans.

A study conducted by Benary et al. evaluated the capability of four distinct LLMs in formulating treatment plans for 10 pa‐
tients with advanced cancer harboring genetic mutations. The findings revealed that for each patient, at least one LLM suc‐
cessfully generated a treatment plan considered valuable by human experts. This finding not only underscores the potential of
LLMs in precision oncology but also highlights that the application of LLMs in this field has not yet attained a level of qual‐
ity and credibility comparable to that of human experts, necessitating further refinement and in-depth research [93].
Additionally, LLMs have the potential to propose innovative approaches in the development of personalized treatment plans,
which may not yet be acknowledged or validated by human experts. This characteristic emphasizes the innovative potential of
LLMs in personalized medicine applications while simultaneously revealing their limitations in clinical practice [57].

Nonetheless, some researchers have demonstrated that through applications in decision support, patient education, and care
coordination, LLMs can facilitate more personalized, proactive, and collaborative treatment approaches, potentially leading to
significant improvements in patient outcomes [94]. These findings indicate that in the future, physicians may be able to utilize
LLMs to devise personalized treatment plans for each patient based on their specific disease characteristics, personal financial
considerations, and individual needs. This approach, integrating artificial intelligence and clinical expertise, has the potential
to accelerate the development of precision medicine, providing patients with more optimized treatment options. (Figure 3)
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Figure 3. Applications of LLMs in Personalized Medicine

In the context of personalized treatment, LLMs aggregate patient-specific data and integrate it with state-of-the-art information, including the
most recent clinical guidelines, emerging research findings, and expert consensus. This integration enables LLMs to generate comprehensive re‐
ports for the treatment team's reference, encompassing recommended treatment modalities, risk stratification, and prognostic predictions. Based
on these LLM-generated reports, the multidisciplinary treatment team collaboratively selects the most appropriate therapeutic strategies, ulti‐
mately making decisions in consultation with the patient. Throughout the treatment course, patients provide real-time feedback on treatment effi‐
cacy and adverse effects, enabling the treatment team to promptly formulate and adjust therapeutic plans as necessary.

3.4 Assisting in Surgical Procedures

For cancer patients, surgical intervention remains the most common method for addressing underlying lesions. As depicted in
Figure 1, LLMs have the potential to assist surgeons throughout the entire surgical continuum - preoperatively, intraopera‐
tively, and postoperatively - leveraging their advanced natural language processing and visual imaging capabilities to perform
surgical procedures with enhanced precision and efficiency. LLMs, due to their advanced natural language processing and
visual imaging capabilities, have the potential to assist surgeons in performing procedures with greater precision and effi‐
ciency. In the context of specimen processing after breast cancer surgery, researchers have employed ChatGPT to predict sur‐
gical margin status using intraoperative mammography images. In a cohort of 100 patients, ChatGPT achieved an accuracy of
84.0% in predicting margin status, with a sensitivity of 60.0% for identifying incomplete excision, a specificity of 86.7% for
identifying complete excision, a positive predictive value of 33.3%, and a negative predictive value of 95.1%. These findings
indicate that ChatGPT demonstrates moderate accuracy in confirming complete excision but exhibits limited reliability in de‐
tecting positive margins[95]. Other investigators have employed AI recognition models to facilitate pancreatic identification
during robot-assisted gastrectomy. On 80 test images, the HRNet model achieved precision, recall, intersection over union
(IoU), and Dice coefficients of 0.70, 0.59, 0.46, and 0.61, respectively [96]. Luo et al. utilized AI-based models to measure
tumor infiltration depth, achieving high sensitivity, specificity, and accuracy [97]. These models can assist clinicians in select‐
ing minimally invasive surgical approaches, thereby optimizing therapeutic decision-making for addressing tumor invasion.

Although the aforementioned applications demonstrate the potential of LLMs in surgical assistance, their seamless real-time
integration into dynamic surgical workflows remains hindered by a series of formidable technical and practical challenges.
First, system latency constitutes a critical issue. Surgical decisions typically require completion within seconds or even sub‐
seconds, and any significant delays introduced by data transmission, model inference, or result output could disrupt the surgi‐
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cal rhythm and potentially lead to misjudgment. Second, system interoperability represents a substantial barrier. Modern oper‐
ating rooms encompass diverse hardware from different vendors (such as endoscopes, robotic systems, and vital sign moni‐
tors) and software systems (such as picture archiving and communication systems and electronic medical records). LLMs
must achieve seamless and stable data integration and communication with these heterogeneous systems, which poses sub‐
stantial challenges at both technical and standardization levels. Finally, validating real-time decision support systems in dy‐
namic and heterogeneous surgical environments is extraordinarily complex. The anatomical variations, tissue deformations,
and unexpected complications encountered during surgery are inherently unpredictable, and ensuring that LLMs maintain
high reliability, robustness, and safety across various edge cases and high-pressure scenarios requires extraordinarily rigorous
and large-scale clinical validation processes that surpass traditional software verification. Addressing these challenges of la‐
tency, interoperability, and dynamic validation represents the critical gap that LLMs must bridge to transition from proof-of-
concept studies to routine clinical applications.

4. Applications of LLMs in Supportive Care for Oncology Patients
Oncology patients face multifaceted challenges during treatment, including not only the direct effects of the disease but also
significant psychological distress, social burdens, and the necessity to adapt to substantial lifestyle modifications. As outlined
in Figure 2, the primary applications of LLMs in supportive care include symptom management, providing psychological
support, and delivering personalized educational resources for patients. Supportive care is a comprehensive approach aimed
at enhancing patients' quality of life, mitigating suffering, and addressing multidimensional patient needs across physical,
psychological, social, and spiritual domains. LLMs, leveraging their advanced natural language processing capabilities, have
the potential to deliver personalized, timely, and comprehensive supportive care for oncology patients across multiple do‐
mains, potentially leading to significant improvements in treatment experiences and clinical outcomes.

Primarily, LLMs can function as intelligent information assistants for patients, offering accurate, reliable, and comprehensible
information regarding their diagnoses and therapeutic options. Oncology patients and their caregivers often face the challenge
of assimilating vast amounts of medical information, encompassing but not limited to disease diagnosis, treatment modalities,
potential adverse effects, and rehabilitative care strategies. Confronted with an array of technical terminology and intricate
medical concepts, patients frequently experience confusion and anxiety. LLMs have the capacity to elucidate complex medi‐
cal information in layman's terms, tailored to individual patient circumstances. This capability allows for the clarification of
patient inquiries, enhancement of their comprehension regarding their condition and treatment protocols, potentially leading
to improved treatment adherence and patient engagement.

Furthermore, LLMs have the potential to augment healthcare professionals in patient management, potentially leading to sig‐
nificant improvements in clinical efficiency. LLMs can potentially aid healthcare professionals in the systematic collection
and organization of patient medical records, real-time monitoring of treatment progress, and delivery of foundational medical
education to patients. This application has the potential to not only alleviate the workload of healthcare professionals but also
enhance clinical efficiency, potentially facilitating more timely and effective patient care. Lastly, given the constraints on
physicians' ability to address all patient inquiries in real-time, LLMs could potentially serve as adjunct medical assistants,
providing prompt responses to patients' general questions. This application may help alleviate communication burdens be‐
tween healthcare providers and patients, potentially facilitating a more streamlined treatment process.

4.1 Providing Symptom Management and Survivorship Care Guidance

Cancer treatment is typically a prolonged process, wherein symptom control and patient prognosis management are crucial
components that not only affect patients' quality of life but also may directly impact treatment outcomes. LLMs have demon‐
strated significant potential in this area, assisting medical teams in developing personalized treatment plans and providing pa‐
tients with prognostic management advice and guidance [98]. LLMs have demonstrated considerable potential for improving
the quality of prognostic care for cancer patients. These models can provide personalized health education for patients and
predict disease progression trends based on specific patient data, thus facilitating the development of more precise treatment
and care strategies. The integrated application of these functions has the potential to significantly improve patient treatment
outcomes and quality of life [94].
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However, when providing care recommendations, LLMs' responses may occasionally deviate from National Comprehensive
Cancer Network (NCCN) guidelines, potentially recommending pharmaceutical interventions not endorsed by these guide‐
lines. Nevertheless, LLMs can still offer concise and readily comprehensible supportive care recommendations. Future devel‐
opment should focus on integrating LLMs with authoritative guidelines to generate more accurate and reliable recommenda‐
tions [99]. In radiation oncology patient care, studies have demonstrated that LLMs can employ language comparable to hu‐
man experts to deliver accurate, comprehensive, and concise answers at a high professional level, providing patients with
more intelligible and implementable care guidance [100].

Notably, LLMs have exhibited consistently high performance across diverse types of cancer and tumor prognostic care plan‐
ning, suggesting their broad applicability. In the context of prognostic care support for gynecological tumors, researchers
found that LLMs can identify post-care scenarios, propose relevant preventive measures and care recommendations, and gen‐
erate personalized advice based on patient-specific factors. However, it is important to note that they cannot yet supplant ex‐
pert panels [101]. In the realm of supportive care for head and neck cancer patients, researchers utilized ChatGPT-4 to pro‐
vide prognostic support and determined it to be highly accurate in delivering evidence-based information and guidance for
symptom management and survivorship care [102]. In the context of colorectal cancer, LLMs demonstrated proficiency in ad‐
dressing questions pertaining to patient prognostic care [103]. In the field of lung cancer, LLMs' care plan recommendations
for researcher-provided cases aligned with established guidelines in terms of scope and nature, accurately prioritizing oxy‐
genation and ventilation needs. This demonstrates their potential value as decision support tools for optimizing cancer care
documentation [104].

Ultimately, discussing prognosis-related privacy issues with patients presents a significant challenge for physicians. Hanai et
al. assessed LLMs' capabilities in addressing cancer survivors' sexual health concerns and observed that the models' content
was policy-restricted, with responses biased towards non-pharmacological interventions, potentially fostering patients' mis‐
placed expectations regarding these approaches [105].

4.2 Patient Education and Empowerment
LLMs were originally developed as question-answering systems engineered to tackle a wide range of complex problems
[106]. In the realm of clinical oncology, LLMs can be utilized for patient education, facilitating informed consent processes
for treatments, and aiding patients in overcoming reading comprehension barriers, thus offering comprehensive support for
cancer patients throughout their treatment trajectory. Patients frequently encounter difficulties in comprehending information
on cancer-related websites owing to the prevalence of technical terminology and the complexity of the content. LLMs have
the capability to transform this specialized information into patient-friendly formats while preserving content accuracy,
thereby significantly enhancing the readability of relevant materials [107]. Moreover, LLMs can facilitate patients in sur‐
mounting language barriers by not merely translating various medical guidelines into different languages but also by simpli‐
fying technical terms and medical jargon, thus enhancing patients' comprehension and acceptance of this information [108].
Emerging research suggests that LLMs, such as ChatGPT, exhibit considerable promise in promoting health behaviors among
cancer patients. Nevertheless, these applications continue to confront challenges in terms of regulation, reliability, and pri‐
vacy protection, underscoring the necessity for further refinement and enhancement of the underlying technologies [109].

Regarding patient empowerment, while LLMs exhibit accuracy comparable to physicians in their responses, inaccuracies per‐
sist, and patients still prefer interacting with doctors while voicing concerns about information provided by LLMs. This find‐
ing underscores the critical role of human interaction in patient empowerment [110]. Moreover, LLMs can be employed in
patient education across various cancer types. In the context of prostate cancer, LLMs can offer patients essential information,
albeit with scope for optimization [111]. To enhance patient education outcomes, further refinements in readability and diver‐
sification of information sources are imperative [112]. LLMs can function as "reviewers" in evaluating the quality of online
medical videos pertaining to urological cancers. While LLMs demonstrate efficacy in evaluating the medical quality of video
content, their assessment results warrant cautious interpretation due to low reproducibility [113].
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In addressing questions related to urethral malignancies, LLMs provide high-quality information, potentially enhancing
healthcare system efficiency and reducing future medical costs. However, LLMs presently lack the capacity to replace urolo‐
gists [114,115,116]. In the context of laryngeal cancer, LLMs can function as a reliable information source for patients seek‐
ing knowledge. A comparative study revealed that among ChatGPT 3.5, ChatGPT4, and Bard, ChatGPT 3.5 yielded the most
reliable and safe responses of the evaluated models [117]. In the realm of breast cancer, LLMs can offer screening recommen‐
dations to patients. Despite inherent limitations, this process can be implemented under physician supervision, thereby sup‐
porting doctors in breast cancer screening [118].

In the management of thyroid nodules, LLMs can aid physicians in patient care. While they are not suitable as the primary
source of medical information, they can function as supplementary tools [119]. However, regarding oral cancer, LLMs' re‐
sponses may be insufficient to educate patients and potentially lead to misinformation. Moreover, the readability of LLM-
generated content exceeds the complexity of recommended patient materials [120]. Concerning the early detection of oral
cancer, although LLMs show promise, certain content may be potentially misleading [121]. In addressing rare complications,
such as breast implant-associated anaplastic large cell lymphoma, a comparative analysis of two LLMs (ChatGPT and
Google) revealed that ChatGPT provided more comprehensive and informed responses, underscoring its significant potential
in patient education [122].

Beyond providing educational content, LLMs hold potential for promoting patient compliance and self-management in cancer
care by delivering personalized guidance on medication adherence, symptom monitoring, and lifestyle modifications.
Emerging evidence suggests that LLMs can support health literacy improvement and provide individualized recommenda‐
tions across diet, physical activity, and psychological support domains. However, these potential benefits require rigorous val‐
idation in real-world clinical settings. Current evidence remains largely limited to proof-of-concept studies, with concerns re‐
garding response accuracy, patient over-reliance without clinical oversight, and the absence of data on long-term impact on
hard clinical endpoints such as treatment completion rates and survival outcomes. Prospective, workflow-integrated studies
with robust safety monitoring are therefore urgently needed before these tools can be widely deployed[94,107,109].

4.3 Responses to Medical-Related Questions
The utilization of LLMs in addressing cancer-related medical inquiries not only enhances patient health education but also es‐
tablishes a robust foundation for the development and implementation of subsequent treatment strategies. In response to
queries regarding immune-related adverse events (irAEs), LLMs typically offer accurate and reliable information, demon‐
strating a low incidence of erroneous content[123]. Nevertheless, pending further improvements in LLMs’ accuracy, clini‐
cians must rigorously adhere to established clinical guidelines and standards to ensure the provision of accurate and reliable
information to patients [123]. Regarding inquiries related to genetic testing and counseling for gynecological malignancies,
LLMs exhibit high accuracy, particularly in domains such as genetic syndromes, genetic testing methodologies, and genetic
counseling protocols. These findings indicate that LLMs possess significant potential for application in the field of genetic
counseling. However, to further augment their reliability and clinical utility, LLMs’ performance requires optimization
through training with more comprehensive, high-quality datasets [124]. In addressing inquiries concerning the application of
complementary and integrative medicine in oncological treatment, LLMs generate responses of moderate quality, exhibiting
relatively objective and unbiased characteristics with minimal misleading content. A significant limitation, however, is the
current inability of LLMs to directly cite or reference specific scientific literature, which presents a substantial obstacle to
their further development and application in the medical domain. Consequently, pending more comprehensive and systematic
validation of LLMs, oncology patients should refrain from relying on their output as a primary basis for clinical decision-
making [125].
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5. Applications of Large Language Models in Tumor Prognosis Prediction

5.1 Predicting Survival Rates
In contemporary clinical oncology, particularly in the management of advanced malignancies, the limitations of current medi‐
cal technologies have prompted a paradigm shift in treatment objectives[126,127,128,129]. Medical teams now focus on
maximizing patient survival duration and enhancing quality of life, rather than pursuing a complete cure[130,131,132].
Within this evolving landscape, LLMs, as sophisticated artificial intelligence tools, have emerged as pivotal instruments in
predicting patient survival rates. As elucidated in Figure 2, the applications of LLMs in prognostic prediction primarily en‐
compass forecasting potential metastatic patterns, evaluating treatment efficacy, and estimating patient survival probabilities.
Researchers have pioneered the integration of LLMs with multimodal prediction techniques, harnessing the capacity of LLMs
to extract critical data from patient clinical information. This approach employs multimodal prediction models to forecast the
five-year survival rate of bladder cancer patients. The results are promising, demonstrating that the performance of this
method is comparable to, and in some aspects surpasses, traditional manual information extraction models. This outcome un‐
derscores the potential of LLMs in the field of tumor prognosis prediction [133]. In a seminal study, researchers leveraged the
advantages of LLMs to develop a novel method for predicting metastatic breast cancer. This method not only exhibited supe‐
rior predictive accuracy but also yielded new insights for the development of personalized cancer treatment strategies [134].
These state-of-the-art studies provide compelling evidence that LLMs offer significant advantages in predicting patient sur‐
vival rates, particularly when integrated with various advanced artificial intelligence technologies, including machine learn‐
ing, deep learning, and multimodal data analysis. This integration not only enhances the accuracy of predictions but also aug‐
ments the interpretability and adaptability of the models. This multidisciplinary integrated approach substantially expands the
scope of LLM applications in clinical oncology, offering robust technical support for precision medicine and the development
of personalized treatment plans.

Despite the significant potential demonstrated by LLMs in tumor prognosis prediction, it is crucial to acknowledge that LLMs
currently face critical limitations when addressing questions related to cancer prognosis. Janopaul-Naylor et al. conducted a
comprehensive assessment of LLMs' performance in addressing prognosis-related questions for breast, colon, lung, and
prostate cancers. The study findings indicated that the quality of LLMs' responses necessitates continuous improvement.
Notably, in their current state, LLMs' responses have the potential to mislead patients and potentially induce unwarranted
emotional distress [135]. This finding underscores the necessity for heightened caution when implementing LLMs in clinical
practice and accentuates the imperative for further optimization and refinement of this technology. In the realm of predicting
disease progression and survival rates, LLMs have demonstrated potential as a novel class of biomedical simulators. This in‐
novative application empowers LLMs to perform comprehensive analyses of the genetic characteristics and progression of
cancer, thereby substantially enhancing the accuracy of prediction tasks [136]. This advancement not only paves the way for
novel approaches in cancer research but also offers robust support for the development of more precise treatment strategies.

5.2 Treatment Response Prediction
Beyond survival rate prediction, LLMs demonstrate the capability to forecast drug synergies in patients, evaluate the effects
of pharmaceuticals on tumor tissues, and furnish critical experimental data to support subsequent drug development.
Moreover, LLMs can be utilized to prognosticate the therapeutic efficacy of radiotherapy and chemotherapy in patients, offer‐
ing valuable insights for informed clinical decision-making. Li et al. developed a few-shot learning-based methodology lever‐
aging LLMs to predict drug pair synergies in rare tissues characterized by a paucity of structured data and features. The re‐
search findings demonstrate that LLM-based prediction models can achieve substantial accuracy even with extremely limited
sample sizes. This discovery not only facilitates the prediction of drug synergies in rare tissues under data-scarce conditions
but also broadens the potential applications of LLMs in biomedical reasoning tasks [137]. Researchers have also discovered
that LLMs exhibit the capacity to accurately deduce cancer disease responses from radiology reports. These models can be
employed to evaluate progression-free survival rates of tumors and, through the implementation of specific prompts, can sub‐
stantially reduce the volume of required training data. It is noteworthy that the models' high accuracy is intricately linked to
the quality of the training data [138].

iCancer. 2026:ICA260002 https://apexsci.org/icancer/ 17 of 33

https://apexsci.org/icancer/


6. Future Prospects
Despite the numerous challenges encountered in applying LLMs to oncology, their potential is immense, and the prospects
for development are extensive. To address current limitations, this review explores future directions for LLMs in oncology
from the following perspectives (Figure 4).

Figure 4. Future Development of LLMs

The development prospects of LLMs are extensive, primarily encompassing four aspects: data processing, algorithm enhancement, user experi‐
ence, and multimedia integration. Regarding data processing, LLMs can enhance data training, improve output quality, and ensure data inter‐
pretability and security. Algorithm enhancement, including optimization, reduction of data-dependent training, and improvement of accuracy, rep‐
resents a major direction for future LLM development. Concerning user experience, ensuring patient privacy and fairness is essential, while mul‐
tidisciplinary integration and precision medicine represent additional development directions for LLMs. In terms of multimedia integration, future
LLMs may extend beyond current image and text fusion to incorporate audio and video, facilitating more seamless interactive experiences.

6.1 Enhancement of Data Quality and Model Performance
As the volume of oncology-related big data continues to expand and its quality improves, the performance and generalization
capabilities of LLMs in oncology are expected to significantly enhance. Future research should focus on establishing more
comprehensive and accurate oncology databases while concurrently developing more effective data annotation methods to en‐
hance data quality and usability. These advancements are anticipated to not only enhance LLMs' performance in managing
rare cancers and complex cases but also contribute to more precise diagnoses and the formulation of personalized treatment
plans. Furthermore, with ongoing advancements in computational power and continuous algorithm optimization, LLMs have
the potential to enable real-time medical decision support systems, thereby assisting clinicians in making more rapid and ac‐
curate diagnostic and treatment decisions in complex medical scenarios. Most significantly, by integrating multimodal data
(including genomics, proteomics, imaging, and clinical information), LLMs will be capable of generating more personalized
diagnostic and treatment plans for individual patients, thus not only advancing the field of precision medicine but also poten‐
tially improving treatment efficacy and patient prognosis substantially.
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6.2 Enhancement of Interpretability, Transparency, and Security
The ongoing advancements in Explainable AI (XAI) technology are poised to significantly enhance the transparency and
credibility of LLMs in the medical domain. Future research endeavors should focus on developing more transparent and inter‐
pretable AI models while concurrently exploring methodologies to seamlessly integrate XAI techniques with LLMs to en‐
hance model interpretability and credibility in clinical applications [139]. These studies are expected to not only enhance the
transparency of medical decision-making but also facilitate clinicians in comprehending and validating the model's reasoning
process, thereby augmenting the credibility and acceptance of LLMs in clinical applications. Concurrently, enhancing the se‐
curity of LLMs in medical applications and developing more robust defense mechanisms against potential cybersecurity
threats, data tampering, and privacy breaches represents a crucial direction for future research [140]. These security measures
are anticipated to not only safeguard the rights and safety of medical institutions, healthcare professionals, and patients but
also establish a robust foundation of trust for the widespread implementation of LLMs in clinical practice. Furthermore, fu‐
ture research should prioritize the development of LLMs with automated citation generation and information source verifica‐
tion capabilities, and establish robust mechanisms to ensure these models can dynamically update with the latest medical
knowledge and ethical guidelines in real time. The advancement of explainable intraoperative guidance technologies facili‐
tates the development of a transparent intelligent surgical ecosystem, in which future LLMs will be seamlessly integrated into
real-time surgical decision-making processes, thereby enabling dynamic risk warning and operative guidance through multi‐
modal perception (endoscopic imaging, instrument motion trajectories, and vital sign data). The core breakthrough lies in
overcoming the limitations of "black-box decision-making": for instance, in thyroid radiofrequency ablation procedures, the
system can analyze neurovascular bundle distribution in ultrasound images in real-time, overlay millimeter-level safety mar‐
gin prompts through augmented reality interfaces, and simultaneously generate decision rationale reports. This transparent
guidance not only constrains intraoperative navigation errors to millimeter-level precision but also reshapes the foundation of
physician-patient trust through the visualized interpretation of decision processes, thus providing an intelligent collaborative
paradigm that combines precision and safety for complex surgical procedures. Additionally, automated surgical report genera‐
tion represents a significant developmental trajectory for future LLMs. The system integrates real-time surgical field visual‐
ization results, monitors intraoperative patient vital signs, comprehensively records surgical procedures, and generates per‐
sonalized postoperative recovery plans based on individual patient conditions, thus establishing a closed-loop knowledge ac‐
cumulation cycle from surgical documentation to procedural innovation and ultimately providing a continuously evolving
data infrastructure for surgical precision medicine. These advancements are projected to significantly enhance the reliability,
timeliness, and traceability of information provided by LLMs in the medical domain, thereby fortifying their role in clinical
decision support.

6.3 Strengthening Medical Ethics and Privacy Protection
As the implementation of LLMs in the medical domain becomes increasingly pervasive, associated ethical and privacy con‐
cerns are gaining prominence [141]. Future research should concentrate on formulating comprehensive ethical guidelines for
medical artificial intelligence, concurrent with the development of more secure AI technologies that can effectively safeguard
privacy (Table 1). As summarized in Table 1, multiple regulatory and ethical frameworks have been proposed to address these
challenges, including FDA regulations governing AI/ML-based medical devices, the European Union's Artificial Intelligence
Act, evaluation standards grounded in the STAGER and QUEST frameworks, and performance-based licensing models,
thereby establishing a foundation for future governance. These measures are expected to facilitate the effective utilization of
data for model training and application while comprehensively safeguarding patient privacy and ensuring consistency and eq‐
uity in the output results obtained by diverse users (e.g., clinicians, patients, and researchers) when employing LLMs.
Moreover, it is imperative to conduct in-depth investigations into maximizing the value of data sharing and utilization while
ensuring robust protection of personal privacy, thereby facilitating advancements in medical research. This endeavor may en‐
compass the development of advanced data anonymization techniques, refinement of federated learning methodologies, and
the establishment of highly secure cross-institutional and cross-regional data sharing platforms. These initiatives are antici‐
pated to provide crucial safeguards for the sustainable and ethical development of LLMs in the medical domain, while con‐
comitantly fostering public confidence and acceptance of AI technologies in medical applications. Beyond enhanced patient
privacy protection requirements, the proprietary nature of surgical videos constrains the application of traditional centralized
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model training approaches, requiring healthcare institutions to retain original videos locally while sharing only model param‐
eter updates (such as gradient information) through encrypted transmission for global model training participation. This para‐
digm maintains hospital ownership of proprietary video data while enhancing model performance through collaborative ef‐
forts, thereby facilitating the establishment of cross-institutional surgical AI infrastructure.

Table 1. Regulatory/ethical framework for LLMs

Author Regulatory/ethical frameworks Reference

Iván Miguel García-López The IEEE’s Ethically Aligned Design
Bostrom’s AI alignment theory [142]

Geeta Joshi FDA Regulation of AI/ML-Based Medical Devices [143]

Aryan Jadon Health Insurance Portability and Accountability Act [144]

Armin ZadZiabari General Data Protection Regulation [145]

WHO and IMDRF
WHO AI Ethics Guidelines and IMDRF Regulatory
Frameworks for AI/ML [145]

Chen J STAGER checklist [146]

Tam TYC QUEST framework [147]

Advait Deshpande Responsible AI Systems [148]

Danish Contractor Behavioral use licensing [149]

The Lancet Regional Health-Europe high standards of patient care and data security [150]

The European Union EU's AI Act [150]

LLMs: Large Language Models; IEEE: Institute of Electrical and Electronics Engineers; FDA: Food and Drug Administration; AI: Artificial Intelligence; ML: Machine Learning; WHO: World
Health Organization; IMDRF: International Medical Device Regulators Forum; EU: European Union

6.4 Expansion and Innovation in Interdisciplinary Applications
LLMs show considerable promise as key tools for integrating knowledge from multiple disciplines, including but not limited
to biology, medicine, and pharmacology. The future applications of LLMs in oncology are anticipated to be more comprehen‐
sive, sophisticated, and innovative. In the realm of intelligent clinical trial design, LLMs are poised to play pivotal roles in
optimizing trial protocols, predicting outcomes, identifying eligible participants, and assessing feasibility. These advance‐
ments have the potential to significantly expedite the process of new drug development and treatment method validation. This
approach has the potential to not only substantially enhance the efficiency of clinical trials but also effectively reduce associ‐
ated costs, accelerate the introduction of innovative therapies, and ultimately benefit a broader patient population. Regarding
patient education and engagement enhancement, the development of more sophisticated, user-friendly, and personalized pa‐
tient interaction systems utilizing LLMs has the potential to significantly improve patients' medical literacy, treatment adher‐
ence, and self-management capabilities. These advanced interaction systems can offer highly tailored health recommenda‐
tions, disease management strategies, and psychological support based on individual patient profiles and needs. Such person‐
alized approaches have the potential to comprehensively enhance patients' quality of life, improve treatment adherence, and
potentially lead to superior clinical outcomes. Moreover, LLMs are expected to play crucial roles in the systematic analysis of
medical literature, formulation of drug repositioning strategies, prediction and validation of molecular targets, and various
other domains. These applications have the potential to significantly advance interdisciplinary innovation in cancer research
and provide new impetus for the development of precision medicine. Furthermore, within surgical oncology, variability in
surgical annotation quality represents a critical challenge for LLMs, as researchers with varying levels of expertise and expe‐
rience may interpret identical surgical videos differently, resulting in suboptimal model training outcomes. To address this
challenge, implementing enhanced model training protocols with timely expert intervention from domain specialists when
models exhibit discordance regarding surgical components can correct identified issues and establish a foundation for future
advancements in surgical oncology.
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6.5 Addressing Real-World Implementation Challenges
Despite the promising prospects of LLMs in both technical and ethical dimensions, seamless integration into real-world surgi‐
cal oncology practice necessitates overcoming significant practical implementation barriers. This review identifies three ma‐
jor categories of challenges that necessitate collaborative stakeholder efforts for resolution.

First, the heterogeneity of hospital information infrastructure constitutes a fundamental barrier. LLM performance is highly
dependent on the quality, structure, and interoperability of electronic health record systems. Disparities in data digitization
levels between high-resource academic centers and community or rural hospitals may create a "digital divide," thus exacer‐
bating existing healthcare inequalities. Successful implementation necessitates substantial investment in data standardization
(e.g., adoption of Fast Healthcare Interoperability Resources standards) and the development of middleware capable of inter‐
facing with diverse and often legacy hospital IT systems[151].

Second, the regulatory and approval landscape for AI-based clinical decision support systems remains complex and continu‐
ously evolving[152]. Regulatory agencies such as the FDA are continually refining their frameworks for medical device soft‐
ware. The "black box" nature of certain LLM decisions complicates the fulfillment of validation and interpretability require‐
ments necessary for regulatory approval. Furthermore, establishing an efficient yet rigorous process for the continual evalua‐
tion and approval of iteratively updated LLM versions without stifling innovation represents a critical challenge that regula‐
tory agencies and developers must address collaboratively.

Third, substantial training costs and workflow integration requirements represent another layer of barriers[153]. Beyond the
computational overhead of training and fine-tuning models, the hidden costs associated with deploying and maintaining these
systems in clinical environments are considerable. These costs include the integration of LLMs into clinical workflows and,
most importantly, the training of clinical personnel to use these tools effectively and safely. Failure to budget for and effec‐
tively execute comprehensive change management and training programs may result in poor adoption rates and implementa‐
tion failure, regardless of the technical sophistication of the LLM.

Addressing these barriers necessitates a multi-stakeholder collaborative approach involving hospital administrators, medical
informaticists, regulatory experts, and clinicians. Future pilot implementations should specifically document and report these
non-technical challenges to provide more realistic roadmaps for large-scale deployment.

6.6 Standardized Evaluation Systems for Clinical LLM Deployment
Finally, the widespread clinical adoption of LLMs in oncology will require the establishment of standardized, multidimen‐
sional evaluation systems that systematically assess safety, interpretability, work efficiency, patient outcomes, cost-effective‐
ness, and fairness. Several frameworks have recently been proposed to address different aspects of this challenge, including
the TRIPOD-LLM reporting guideline for LLM studies[154], the MI-CLEAR-LLM checklist for accuracy reporting[155], the
DECIDE-AI guideline for early-stage clinical evaluation of AI decision support systems[156], the STAGER checklist for gen‐
erative AI reliability assessment[146], and the Clinical Safety-Effectiveness Dual-Track Benchmark encompassing 30 metrics
across safety and effectiveness domains[157]. However, no single framework currently addresses all six dimensions compre‐
hensively, and future efforts should focus on developing integrated, oncology-specific evaluation pathways to ensure that
LLMs can be deployed safely, effectively, and equitably in clinical practice.

7. Abbreviation
AI, Artificial intelligence

BsAbs, Bispecific antibodies

CLE, Confocal laser endomicroscopy

CPG, Cancer predisposition gene

ESMO, European Society for Medical Oncology

ELCAP, ESMO Guidance on the Use of Large Language Models in Clinical Practice
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EHRs, Electronic Health Records

irAEs, immune-related adverse events

LLMs, Large Language Models

ML, machine learning

MRI, magnetic resonance imaging

NCCN, National Comprehensive Cancer Network

NLP, natural language processing

PDAC, pancreatic ductal adenocarcinoma

WOS, Web of Science

XAI, Explainable AI
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