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The Rise of Large Language Models

Google search trend for large language models in the U.S.

Generative Al

100
80
60
40

20

0
2022 2023 2024

AlMultiple'

Source: https://research.aimultiple.com/future-of-large-language-models/
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Where do Large Language Models fit into the Al Space

A : Large Language Models

Stable Diffusion Models

Text 2 Image

® Automated Speech Recognition Models

® Speech 2 Text
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The progression towards Large Language Models

- Pre-trained word
Syntactic Hidden Markov Moles embedding models
Structures for for Speech Recognition (Word2Vec)
machine text Emergence of
translation Long Short-Term Memory Encoder-Decoder Pre-trained
Models (LSTM) Architecture transformer
Grammar-based models
e Recurrent Neural Sequence-to-
Networks (RNNs) Sequence Learning
1950 — Mid 1980s Late 1980s - 2000 2000s - 2018 2019 - Present

[ Rule-Based H Statistical Approaches ]_[ Deep Learning H GenAl }>

Natural Language Processing (NLP)
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How Natural Language is Modelled within LLMs
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Select Al Index technical performance benchmarks vs. human performance

Zero-ShotLLMs |~
are highly o
performative
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LLMs are well suited for Medical Tasks

Electronic Health Records (EHR)

/ _\ Radiology images
Unstructured Data

>
(.J Intervention videos

Multimodal Data \ Histology images

=

Personalized Solutions Discharge letters

Applications

Large amounts of Knowledge | -

Complex Reasoning

Properties of Medical

Data Science and Al for Medical Training School .
‘ 2 ! ’ Come2Data I
Kompetenzzentrum fir Training: Introduction to Large Language Models slide 7 Sca D S'AI

interdisziplinire Datenwissenschaften DRESDEN LEIPZIG



LLMs show potential for diverse clinical applications
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Limitations of LLMS and their effect in Clinical Settings

TRAINING CUTOFFS

HALLUCINATIONS OR LIMITING KNOWLEDGE MODEL BIAS
FACTUAL INACCURACIES DATA PRIVACY AVAILABILITY
o
@ o o
Need for Patient Concordance Ethical
Validated Outputs Privacy and with updated Concerns for
for High-Risk Regulatory medical policies Patient
Applications Concerns and knowledge Fairness
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The field of LLMs is continuously evolving

Prompt Engineering
Retrieval-Augmented Generation Technological
Agentic Al and Tool Use Improvements

Model Fine-Tuning

| Guardrails o
& R LLMs as reasoning engines | Limitation
i Awareness
LLMs Human-in-the-Loop

R ——)
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4 )
Prompt Engineering A Zero-Shot LLMs:
Model Input l Model hallucinations
/ \ Inconsistent outputs
- N : )
MODEL PROMPT: p N

« Prompt Engineering

Define output structure
Provide example input/output

Define style, audience, role + [ LLM ]

Improved

instruction following
“You are a doctor with

K\ expertise in hematology.” / Pr Ompt/ Improved output
Engineered LLM .
consistency
Model Output L Domain adaptation ,
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Retrieval Augmented Generation (RAG) A
A Zero-Shot LLMs:
Model Input .
| Factuallnaccuracies
/ l Context Retrieval \ KnOWledge Cutoffs
L LM /\ \_ _J
4 N
Vector Database
containing \/ RAG
t
K/ external data Leverages LLM for reasoning
Input + Context External Grounding
Multimodal data integration
K RAG Sy Stey Curation of trusted data
v sources
Model Output \_ )
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Retrieval-Augmented Generation B Human Response Evaluation
(RAG) Clinical Example Without RAG
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(2024). GPT-4 for Information Retrieval and Comparison of Medical Oncology Guidelines. NEJM
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Agentic Al

4 _ )
v/ Agentic Al
Model Input
| Leverages LLM reasoning
/ — , \ capability for autonomous
Autonomous Computational Tools decision-making
Tool calls o
o0,
LLM /\ °% Integrates multiple data
modalities
\/ External databases
Tool Outputs — Ul. =| Utilizes validated advanced
= -— - computational
A — methodologies
Safety
K Guardrails AIAgentSystem/ Implements guardrails for
| saferresponses
- /
Model Output
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Example of LLM Agents for Clinical Decision Support

Agent pipeline

@ Knowledge database @ General purpose and domain-specific medical tools
Medical guidelines Patient case Select tools
-
— LLM
[ — f Keyword filter agent Google
— Repeat max
— 1 n times
o . Python GPT-4 Vision Mead Sam
6,800 guidelines Strategy — PubMead Interpretar } sagmentation
@ @ OncokB radiology
/ + X f report
* Send query
Calculator Specialist Al
ll'%.l Text embedding "'II @
\model (3-large) /  Store LLM @ —=  Parallel =—— —  sequential —
— agent bMed PubMad query: .
PubMe for o
Retrieve Send Include o opnons for BRAR
context @ results Radiology report:
.I, ¥ Thia ©T scan shows multiple Uver and !
1072 ._ lung metastasas .. MedSAM.: tumor size
. Response . Histological analysis N/2023: 1315; O3/2024: 2744
MS5; prob0.87 Usa calculator (divide):
Text feature vector @ BRAF wi; mut prob 0.03 The tumar slze Increased by 08%.
i KRAS wit: mut prob 0.48 Decide: progressive disease.

Ferber, D., El Nahhas, 0.S.M., Wélflein, G. et al. Development and validation of an autonomous artificial intelligence agent for clinical decision-making in oncology. Nat
Cancer 6, 1337-1349 (2025). https://doi-org.ezproxy.medma.uni-heidelberg.de/10.1038/s43018-025-00991-6
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LLMs are not perfect but they provide building
blocks for robust medical applications

& -
"I"\ v=
- | - I"’ z:
Guardrails for Regulatory- Trustworthy and Fair Clinically-relevant Evaluation and
response safety Compliant Systems Systems applications Validation of Systems
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Hands on exercise

* Please save a copy of the Google Colab:
https://tinyurl.com/4dxm83ev
* Setting up the LLM API Client:

v OpenAl LLM Client Initialization API BASE: https://api.kather.ai/v1
Leipzig0O0:

(31 @ # Please enter the OPENAI_API_KEY that we shared with you.

os.environ["OPENAI_API_KEY"] = getpass("Enter your API key: ")
client = OpenAI(base_url="https://api.kather.ai/v1l", api—kK€y=0s.environ["OPENAI_API_KEY"])

«« Enter your API key: |l |

* We recommend working in pairs ©
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