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Abstract—Competing AI models such as transformer-

based large language models, diffusion models among 

others, combined with recent advances in deep learning 

architectures (GTMs, GPTs, CLMs, etc.) have been re-

sponsible for recent breakthroughs in natural language 

processing, medical image analysis, predictive modeling 

and synthetic data generation. Proprietary and open-

source models from leading providers such as GPT-5.5, 

Claude Opus, Gemini, DeepSeek and Nano Banana Pro 

have shown potential for data extraction, clinical docu-

mentation automation, diagnosis and decision support. 

The arrival of large language models (LLMs) and gener-

ative artificial intelligence (GenAI) has heralded a revo-

lutionary era for healthcare, enabling un-precedented 

progress across clinical, research, and educational do-

mains. This review systematically reviews the existing ev-

idence on the implementation, performance, and impact 

of LLMs and GenAI in healthcare, including systematic 

reviews, comparative studies, and benchmark analyses. 

The clinical integration of these AI technologies has 

demonstrated potential to improve work-flow efficiency, 

data accuracy and patient communication within spe-

cialties like surgery, radiology, dentistry and medical ed-

ucation. GenAI allows for the creation of synthetic med-

ical images, visualization of molecular mechanisms, and 

generation of educational resources, thereby speeding up 

research and dissemination of knowledge. However, 

challenges persist around the reliability, transparency 

and ethical deployment of LLMs and GenAI. The au-

thors highlight issues of variability in model perfor-

mance, risks of algorithmic bias, privacy concerns, and 

the need for expert oversight as important considera-

tions. Open-source LLMs offer the potential for broader 

adoption due to scalability and affordability, but this ne-

cessitates robust governance and empirical validation. In 

this review, the authors highlight the opportunities and 

challenges that LLMs and GenAI bring to healthcare. It 

calls for interdisciplinary collaboration, integration of AI 

literacy in medical education, and establishment of 

strong ethical frameworks. Further research and consen-

sus guidelines are necessary to ensure these transforma-

tive technologies are implemented in a responsible, effec-

tive, and equitable fashion.  

 

Index Terms—Large Language Models, Generative AI, 

healthcare automation, open-source LLMs, AI-driven 

diagnostics, ethical AI deployment, AI governance, AI 

literacy, responsible implementation. 

 

I. INTRODUCTION 

 

The advent and rapid evolution of large language mod-

els (LLMs) and generative artificial intelligence 

(GenAI) technologies in recent years have profoundly 

changed the field of artificial intelligence (AI) [1], 

with far-reaching implications for research, education, 

and clinical practice. The convergence of innovations 

[2] in deep neural network architectures including 

transformer-based and diffusion models has unleashed 

new levels of performance, scalability and versatility 

in tasks ranging from medical image analysis to natu-

ral language processing (NLP), and from predictive 

analytics to synthetic data generation. The emergence 

of models such as GPT-5.5, Claude Opus, Gemini, 

DeepSeek, and Nano Banana Pro has introduced a new 

era in AI system capabilities [3], facilitating substan-

tial advancements in automation, decision support, 

and human–machine interaction within the biomedical 

domain. This is particularly true in the healthcare sec-

tor, where the use of LLMs and GenAI has accelerated 

and are driving transformative change in both clinical 

and non-clinical areas. These technologies have shown 

potential [4] for increasing the efficiency and accuracy 

of data extraction, streamlining clinical documenta-

tion, supporting diagnosis and facilitating complex 
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decision-making processes. Systematic reviews and 

comparative studies have demonstrated the diverse ap-

plications of LLMs in orthopaedic surgery, radiology, 

dentistry, and graduate medical education to extract 

clinical data, audit records, communicate with pa-

tients, and automate administrative workflows [5]. 

Moreover, GenAI models have been crucial in produc-

ing synthetic medical images, illustrating molecular 

mechanisms, and enhancing educational resources, 

thereby speeding up research and fostering the ex-

change of knowledge. However, despite these remark-

able advancements, the application of LLMs and 

GenAI in healthcare presents significant methodolog-

ical, ethical, and practical challenges. The quality and 

reliability of results generated by AI are still under 

evaluation, especially in high-stakes clinical settings. 

Research comparing models such as DeepSeek, GPT, 

Claude, [6] and Gemini has demonstrated differences 

in performance across different task types and clinical 

sub domains, particularly for complex or multimodal 

inputs. Some models are good at text-based reasoning 

or mathematical tasks, others at image-based or empa-

thetic communication tasks. This shows the heteroge-

neity of current AI capabilities [7]. The risks of over-

reliance, algorithmic bias, privacy breaches and lack 

of transparency make the responsible adoption of these 

technologies all the more difficult. 

To unlock the full potential of LLMs and GenAI in 

healthcare, it is necessary to address these challenges 

through rigorous evaluation protocols, interdiscipli-

nary collaboration, and development of comprehen-

sive ethical and governance frameworks. Recent liter-

ature stresses the importance of integrating AI literacy 

into medical curricula, encourages continued research 

on the educational and clinical impact of GenAI and 

emphasizes the need for expert supervision especially 

in specialized or high-risk tasks. Their novelty and 

rapid evolution demand continuous empirical valida-

tion and the development of consensus guidelines to 

enable fair, effective and trustworthy AI-driven solu-

tions. Moreover, as open-source LLMs such as 

DeepSeek-R1 are scalable and cost-effective, the 

authors offer promising alternatives to proprietary 

models, expanding the availability of advanced AI 

tools to academia and clinical environments. Bench-

mark studies have shown that such models can achieve 

similar or better performance at a fraction of the cost, 

but need to be carefully managed with respect to pri-

vacy, censorship and technical constraints. Mean-

while, the development of multimodal foundation 

models [8] such as Gemini Nano Banana Pro has di-

versified the potential of AI in life sciences for ad-

vanced image generation, visualization, and data aug-

mentation for research and clinical communication. 

This review aims to provide a comprehensive synthe-

sis of the current landscape, applications and impact of 

LLMs and GenAI in healthcare, drawing on recent 

systematic reviews, comparative studies and bench-

mark analyses. The review [9] critically appraises the 

strengths, limitations and future directions of these 

technologies to inform researchers, clinicians, educa-

tors and policymakers of the opportunities and chal-

lenges of the integration of AI into medical practice 

and research.  

Special emphasis is given to the ethical, legal and so-

cial implications of AI [10] implementation with a fo-

cus on transparency, equity and patient safety. The re-

view also emphasizes the transformative potential of 

GenAI in health pro-motion, risk prediction and digital 

health interventions, and its role in addressing work-

force challenges such as provider burnout and staff 

shortages. 

In summary, the fast pace of LLMs and GenAI repre-

sents an unprecedented opportunity and a complex 

challenge for the healthcare sector. As these technolo-

gies become more and more embedded in clinical and 

educational workflows [11], there is a need for a con-

certed effort to harness their benefits and mitigate risks 

and to ensure responsible and effective implementa-

tion. The journey [12] of AI in healthcare is ongoing, 

and there is a need for sustained research, inter-disci-

plinary dialogue and the development of strong frame-

works to guide the ethical and equitable deployment of 

these transformative tools.  

 

Table 1 Comparison Table for different Large Language Models Architectures 

Model Name Company Date/Year Processing Architecture 

GPT-4 OpenAI 15 Mar 2023 image and text Transformer based 

GPT 5.5 OpenAI April 24, 2026 agentic model Transformer based 

Claude 

Haiku 4.5 
Anthropic 

October 15, 

2025 

coding, computer use, and 

agent tasks 

hybridized transformer architec-

ture 
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Claude: 

Opus 4.8 
Anthropic May 28,2026 dynamic workflows Anthropic lineup 

Claude: Son-

net 4.6 
Anthropic 

February 17, 

2026 

coding, agents, and profes-

sional work 
decoder-only 

Gemini 3.5 
Google 

DeepMind 
May 19, 2026 

native multimodal processing 

(text, images, audio, video) 

decoder-only Transformer-

based Large Language Model 

SeeDance 

2.0 
ByteDance 2026 

native multimodal audio-

video generation supporting 

Text, Image, Audio, Video 

unified Multimodal Audio-

Video Joint Generation Archi-

tecture 

Nano Banana 

Pro 

Google 

DeepMind 
2025 

Multimodal AI (text-to-image 

and image editing with reason-

ing) 

a proprietary multimodal Trans-

former-based foundation model 

Qwen3.6-

35B-A3B 
ElevenLabs 2022 multimodal speech AI 

proprietary deep learning speech 

architecture based on neural se-

quence models and transformer-

based speech generation 
 

Table 1 presents a comparative overview of some of 

the most advanced large language models (LLMs) and 

multimodal foundation models developed by leading 

artificial intelligence organizations. The comparison 

highlights each model's developer, release year, pri-

mary processing capabilities, and underlying architec-

tural approach. 

This scoping review systematically [13] reviews the 

current landscape, applications and impact of natural 

language processing (NLP) tools in orthopedic sur-

gery. The review synthesizes the results across 24 eli-

gible studies and describes the main uses of NLP in 

extracting clinical data, auditing, diagnosis, communi-

cating with patients and operational activities. The re-

view highlights the potential of NLP to enhance effi-

ciency and accuracy in orthopedic workflows, but also 

suggests that further research is needed to address 

methodological, ethical, and practical challenges in 

the integration of NLP.  

 

II. RELATED WORK 

 

The scoping review systematically evaluates current 

research on the application of natural language pro-

cessing (NLP) tools in orthopedic surgery [14]. It 

highlights the potential of NLP tools to enhance effi-

ciency, data extraction, and clinical processes, and em-

phasizes the need for more evidence and guidelines for 

their integration. 

In this cross-sectional study, [15] the authors evalu-

ated the accuracy of a large language model–based 

chat interface, “Versa Chat” (gpt-35-turbo), for ex-

tracting structured data elements from abdominal im-

aging reports of hepatocellular carcinoma (HCC) 

compared with manual chart review. The LLM 

demonstrated high accuracy, especially for simple 

classification tasks, but performed poorly on tasks in-

volving summation or comparison. These results con-

firm the feasibility of LLMs for efficient, semi-auto-

mated clinical data extraction, while also emphasizing 

current technical limitations and the need for further 

refinement prior to wide clinical adoption.  

 

The study evaluated the performance of four large lan-

guage models—ChatGPT-5, Gemini 2.5 Pro, 

DeepSeek-V3.2, and Claude Sonnet-4.5—in respond-

ing to common patient enquiries about restorative den-

tistry [16]. DeepSeek-V3.2 exhibited the most bal-

anced and highest overall performance in terms of ac-

curacy, empathy, and readability metrics. Claude Son-

net-4.5 and ChatGPT-5 demonstrated high accuracy 

but relatively more variability in empathy and reada-

bility metrics. All of the models produced text that was 

above the recommended readability level for patient 

education. The findings indicate that these models can 

aid in patient information processes, but clinical super-

vision remains essential, and additional research is 

necessary to enhance their effectiveness and accessi-

bility in dental practice. 

The authors systematically tested the performance of 

four large language models (LLMs), namely 

ChatGPT-4, DeepSeek-R1, Google Gemini, and Mi-

crosoft Copilot, in a pilot study in answering 240 mul-

tiple-choice questions (MCQs) in oral and maxillofa-

cial radiology (OMFR), which included text-based and 

image-based questions [17]. The results showed that 

ChatGPT had the highest overall accuracy (90.4%) 

and performed well in both text-based (90.5%) and 
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image-based (90.0%) questions. DeepSeek achieved 

good performance on text questions (84.5%), but was 

unable to handle image questions due to the lack of 

multimodal capabilities. Copilot and Gemini exhibited 

moderate performance with marked variability de-

pending on question type and subject. All LLMs 

achieved the educational committee’s minimum accu-

racy threshold of 70%, but performance varied across 

some specific OMFR subdomains, with the lowest ac-

curacy observed in questions on salivary gland dis-

eases. The study highlights the supportive and comple-

mentary role of LLMs in OMFR education and clinical 

decision-making, but also underscores the need for ex-

pert oversight, especially in specialised or image-

based tasks. Limitations include use of a single insti-

tution’s set of questions, language limitations, and 

technical limitations specific to the model. Future 

work should consider larger datasets, more languages 

and further fine-tuning LLMs for domain-specific ac-

curacy. 

This comparative study assesses the reliability and ef-

fectiveness of DeepSeek-R1, an open-source large lan-

guage model, against proprietary models, namely 

Claude-3.5-Sonnet and GPT-4o, for research and edu-

cational purposes [18]. Using benchmark datasets 

(MATH-500, HumanEval, MMLU, MedQA) and a 

prospective user study with medical researchers, 

DeepSeek-R1 demonstrated superior or comparable 

accuracy in mathematical, programming, and medical 

reasoning tasks with 96% cost savings and faster in-

ference. However, there are some limitations, includ-

ing a 4k-token output cap, real-time censorship, and 

data stored in China. The results demonstrate that 

DeepSeek-R1 is a cost-effective and scalable alterna-

tive for academic and clinical settings, but privacy and 

ethical considerations need to be carefully imple-

mented. 

This review article provides a comprehensive over-

view of generative artificial intelligence (Gen AI) ap-

plications and implications in healthcare, emphasizing 

its transformative potential in clinical and administra-

tive domains [19]. Gen AI technologies enable person-

alized treatment planning, synthetic data generation, 

medical image analysis, nursing workflow optimiza-

tion, risk prediction and pandemic preparedness. Gen 

AI adds more value to medical education, public rela-

tions, revenue cycle management, and healthcare mar-

keting. The review points out the potentials of Gen AI 

to increase efficiency, reduce provider burnout and 

improve patient outcomes, while emphasizing the 

need for strong ethical frameworks to address data pri-

vacy, transparency, and algorithmic bias to enable re-

sponsible and effective implementation in the 

healthcare context. 

 

In this work [20], the authors provide a broad overview 

of recent advances of generative artificial intelligence 

(AI) in healthcare, in particular, diffusion models and 

transformer architectures. The paper classifies innova-

tions in medical imaging (reconstruction, translation, 

generation, classification, segmentation), protein 

structure prediction, clinical documentation, diagnos-

tic assistance, radiology interpretation, decision sup-

port, medical coding and drug design. Comparative 

analyses show that diffusion and transformer-based 

models outperform others in terms of performance, 

scalability, and utility in a range of clinical settings. It 

also points out major limitations including interpreta-

bility, computational costs, bias and privacy concerns, 

and suggests future research directions to enhance the 

clinical reliability, fairness, and ethical deployment of 

generative AI in healthcare. 

This mini review critically discusses the integration of 

generative artificial intelligence (GenAI), specifically 

large language models (LLMs), into graduate medical 

education (GME) [21]. This paper reviews the current 

literature to identify five key opportunities for GenAI 

in GME: decreasing electronic health record (EHR) 

workload, improving clinical simulation, providing 

personalized education, assisting with research and an-

alytics, and offering clinical decision support. It also 

covers in depth major risks, including inaccuracy, 

overreliance, challenges to authenticity and academic 

integrity, bias, and privacy concerns. The review dis-

cusses the promise of GenAI to revolutionize medical 

education but calls for a measured approach to its im-

plementation, as its advantages and disadvantages are 

continuously evaluated. Recommendations include 

embedding AI literacy into curricula and ongoing re-

search into GenAI’s educational impact. 

[22] This review article systematically discusses the 

potential of Generative Artificial Intelligence (Gen 

AI) to revolutionize health care, focusing on clinical 

and non-clinical domains. The paper highlights the 

progress in personalized treatment planning, medical 

image analysis, synthetic data generation, surgical 

care, risk prediction, and population health manage-

ment through the use of Gen AI technologies such as 
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large language models, generative adversarial net-

works, and variational autoencoders. Other non-clini-

cal applications discussed include improvements to 

medical education, nursing workflows, administrative 

automation, revenue cycle management and 

healthcare marketing. The review underscored the po-

tential of Gen AI to enhance diagnostic accuracy, op-

erational efficiency, and patient outcomes while tack-

ling workforce challenges, including provider burnout 

and staffing shortages. The authors highlight the need 

for strong ethical guidelines and governance frame-

works to facilitate responsible implementation, espe-

cially in the context of data privacy, algorithmic bias, 

and transparency. The limitations identified are the 

relative novelty of Gen AI in healthcare and the need 

for further empirical studies to validate emerging ap-

plications. Future directions highlight interdiscipli-

nary collaboration and ongoing ethical oversight as 

key to harnessing the benefits of Gen AI in healthcare 

delivery and research. 

This article reviews recent progress in artificial intel-

ligence (AI) applications for early-stage human health 

promotion, with an emphasis on the emerging role of 

large language models, dis-criminative machine learn-

ing, and multimodal foundation models [23]. The dis-

cussion spans the current land-scape including AI-

assisted risk prediction, early disease screening, and 

health behavior interventions while critically assessing 

methodological strengths and limitations. Key chal-

lenges addressed are data representativeness, public 

risk interpretation and long-term impact evaluation. 

Future directions outlined in the article include digital 

twin technology, federated learning and the develop-

ment of consensus guidelines to support equitable, ef-

fective and trustworthy AI-driven health promotion 

strategies. 

Gemini Nano Banana Pro is a state-of-the-art multi-

modal generative AI model based on the architecture 

of Google DeepMind’s Gemini 3 Pro, optimized for 

high-fidelity image generation and editing, specifi-

cally for life sciences applications [24]. The model 

creates professional quality visuals such as in-

fographics, diagrams and realistic medical images 

from complex multimodal prompts using a 1-million-

token context window, multilingual text rendering, ad-

vanced reasoning and integration with Google Search. 

Key contributions are the ability to maintain style and 

identity consistency, support of up to 14 reference im-

ages and responsible AI features such as 

SynthIDwatermarking. Bench-marking shows state-

of-the-art performance on reasoning and multimodal 

tasks. In life sciences, Nano Banana Pro allows fast 

generation of synthetic medical images for data aug-

mentation, visualisation of molecular mechanisms and 

the automatic generation of educational materials, 

greatly accelerating research and communication 

workflows. Limitations include possible hallucina-

tions and the need for expert validation of outputs; eth-

ical and regulatory considerations are discussed, with 

responsible-use guidelines and traceability features of-

fered. Ongoing developments such as the launch of 

Nano Banana 2 and incorporation into agentic AI 

workflows indicate a disruptive effect on scientific il-

lustration, data visualisation and cross-disciplinary 

collaboration in the biotechnology and healthcare in-

dustries. 

 

III. CONCLUSION AND FUTURE WORK 

 

The rapid evolution and adoption of large language 

models (LLMs) and generative artificial intelligence 

(GenAI) have revolutionised the healthcare landscape, 

presenting novel avenues for innovation in the clinical, 

research, and educational realms. This review has 

summarised the current evidence from systematic re-

views, comparative studies and benchmarking anal-

yses, highlighting the extraordinary progress and on-

going challenges of these technologies. 

LLMs and GenAI have demonstrated immense poten-

tial in automating data extraction, streamlining clinical 

documentation, supporting diagnostic decision-mak-

ing, and enhancing communication between 

healthcare providers and patients. The ability to gen-

erate synthetic medical images, visualise molecular 

mechanisms and improve educational materials has 

accelerated research and helped spread knowledge. 

Benchmarking studies show that both proprietary and 

open-source models such as GPT-5.5, Claude Opus, 

Gemini, DeepSeek, and Nano Banana Pro have merits 

and limitations across clinical tasks from text-based 

reasoning to multimodal image analysis. 

 

However, the adoption of LLMs and GenAI is not 

without its methodological, ethical, and practical con-

cerns. Major challenges to the responsible deployment 

of these technologies include model performance var-

iability, algorithmic bias, privacy risks and lack of 

transparency. The novelty and complexity of AI 
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models requires rigorous evaluation protocols, expert 

oversight, and continuous empirical validation. Em-

bedding AI literacy in medical education and promot-

ing interdisciplinary collaboration are essential for 

successful and safe integration. 

 

Open-source LLMs like DeepSeek-R1 provide scala-

ble, affordable options to proprietary models, opening 

access to advanced AI tools in academic and clinical 

settings. However, privacy, censorship and technical 

limitations should be carefully managed to preserve 

trust and protect sensitive data.  

The development of multimodal foundation models 

such as Gemini Nano Banana Pro broadens the scope 

of AI applications to enable sophisticated data aug-

mentation, visualisation and communication in life 

sciences and healthcare. 

LLMs and GenAI are maturing quickly and health care 

continues to evolve—be it workflow, health promo-

tion or workforce—because providers are feeling 

burnt out and suffering from staff shortages. The fu-

ture of AI in healthcare will be built on the develop-

ment of comprehensive ethical frameworks, consensus 

guidelines and governance models that emphasise 

transparency, fairness and patient safety. Harnessing 

the full potential of these transformative technologies 

while minimising risks requires ongoing research, em-

pirical validation, and interdisciplinary dialogue. 

 

To conclude, LLMs and GenAI are a powerful tool and 

a complex challenge for healthcare. Technological in-

novation will be needed to pursue their successful in-

tegration, but with a careful look at the ethical, legal 

and social considerations. Moving the field forward 

will require a cautious and collaborative approach to 

ensure these technologies contribute meaningfully to 

better patient outcomes, operational efficiency and eq-

uitable access to high-quality healthcare. 
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