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\Wer hin ich?

(NEJM —
Al

DOI: 10.1056/Al0a2500833

7,

From Advice to Action — Real-World Behavior of
Patients Using an Integrated Diagnostic Decision
Support System for Navigating the Health Care
System
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Abstract

BACKCROUND Artificial intelligence (Al)-powered digital front door tools are increasingly
being used to guide patients to appropriate care and alleviate health care system pressure.
However, most evaluations offer limited insight into stated care intent, real-world behavior,
or care appropriateness.

METHODS The E-Health Self~-Symptom Assessment as a Front Door and Facilitator of Care
(ESSENCE) study was a prospective real-world quality improvement evaluation embedded
in Portugal’s largest private health care network (CUF). Adults using the Ada Health diag-
nostic decision support system through the myCUF app reported their care intent before and
after symptom assessment. We tracked actual behavior through electronic health records
and surveys. Physician panels retrospectively assessed the appropriateness of intended and
observed care.

RESULTS A total of 1470 adults (=18 years of age; mean age, 38.5 years; 57.7% female)
were enrolled. Of the 1338 participants with pre- and postassessment intentions, 33.0%
revised their planned care level immediately after assessment. Uncertainty decreased
from 12.6% to 5.0% (P<0.001). Among 721 participants with observed behavior, 59.1%
changed their care pathway: 28.9% de-escalated, 17.2% escalated, and 13.0% resolved
prior uncertainty. Primary care consultations increased from 16.3% to 42.1% (P<0.001),
whereas specialist visits decreased from 49.7 % to 29.8% (P<0.001). Among nonemergency
participants with preassessment intentions and sufficient clinical documentation (n=382),
appropriate care increased from 29.8% preassessment to 64.4% postbehavior (95% confi- Fabienne Cotte and Filipa Dias
dence interval, 27.8 to 41.4; P<0.001). Of the 96 participants who planned an emergency Lourengo contributed equally to

this article.
department (ED) visit, 38.5% selected lower-acuity care after assessment. In the subset
with clinician-rated follow-up, 93% (27 of 29; 95% CI, 78.0 to 98.1%) were judged to have The author affiliations are listed at
appropriately avoided an unnecessary ED visit. the end of the article.

CONCLUSIONS Integrating an Al-supported symptom assessment and follow-up ser- Pedyo Flores can be contacted at
vice options within a digital front door was associated with shifts in patient intentions and pedro.flores@sapo.pt.
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patient visits ¥ based notes
Are you havmg poor

sleep because you find Has anyone mentioned
it difficult to fall asleep that you snore during
or remain asleep? your sleep? AtID: X004 DOB:-  Case date: 2014-11-20

e: Example 4 Gender: -

A tive
pp fEEEEEEEEEEEEEEEER?
— B Assessment & Plan
I a I I D 5 I 37-year-old woman with history of HTN and DM presenting with
worsening headaches and elevated home blood pressures. Likely
rol

Paragraph Brvu =iE=AH < >

tu-uu»

[ o | oot

hypertension contributing to headaches. No red-flag

Problem #1: Hypertension - uncontrolled

Assessment: Home BP readings up to 175/92 mmHg; likely due to
suboptimal medication dose and intermittent non-adherence. Plan:

« Increase lisinopril from 20mg daily to 40mg daily
ipport titration of lisinopril to 40mg daily as the

next step for uncontrolled hypertensi

+ Encourage continued lifestyle measures: regular walking/
exercise, low-sodium diet.

RESULTS

ada — ada =

Quelle: https://www.uisources.com/explainer/ada-diagnosing-via- From: OpenEvidence

chat-bot

cessed: 2018-01-03 10:43:52 GMT

rainomix

Quelle: Brainomix

D =

Quelle: Katana Labs

From: Tandem Health
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Evidence-powered notes, written for you.

Introducing OpenEvidence Visits

Transcribe your m Generate evidence Ask follow

up questions

N
Ask a question.
-

7 Copy forward this note to a new visit.

()

Q@ Are there any other questions I should ask the patient?

@ Check for specific contraindications in my plan.

= Augment my plan with evidence.
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Reale Performance

MTS 3 MTS 4 MTS 5
(vellow) (green) (blue)
23 68 5

Call ambulance

Call ambulance

) 50%

Overall 77.6%

6.1% 17.9% 1.3%
SR I
Emergency care 22 o 4 | o
5.8% 24.1% 1.1% Emergency care n=11 82%
I
)
Primgry care 10 20 2
wnneh S G G Primary care within4h (= | ) 100%
- - N I
Primary care 10 60 3
same day 2.6% 15.9% 0.8% .
N N ) Primary care same day <n=60 D 82%
e 4 N
Primary care 2-3 6 34 2
days 1.6% 8.9% 0.5% i i -
g 5 ) Primary care |2 : g (n: 40 D 899,
Primary care 2-3 2 y
weeks 0.5%
Primary care in 2-3 I
. y (n= ) 33%
Self-care or 2 11 weeks I
pharmacy 0.5% 2.9% 5 If h I
\_ \_ / -
elf-care + pnarmacy <n=22 | ) 86%
Self-care O.g% Euppnrt
\ ) I
— o)
Overtriage 216 Match 128 Undertriage 34 Self-care <n_ > 43 /D I
(57.1%) (33.9%) (8.9%)

Datenquelle: Cotte F, et al., Safety of Triage Self-assessment Using a Symptom Assessment App for Walk- Datenquelle: Pimenta, A., Kini, N., Cotte, F. et al. Appropriateness and utility of a clinical decision support system at the digital front door. npj Digit. Med. (2026).

in Patients in the Emergency Care Setting: Observational Prospective Cross-sectional Study, JMIR Mhealth
Uhealth 2022;10(3):e32340
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Einsatz im Critical Care Bereich
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Der Shift zu breiten Systemen

- HE
Are you having poor
sleep because you find Has anyone mentioned
it difficult to fall asleep that you snore during

or remain asleep? your sleep?

ada

ada

Quelle:
https://www.uisources.com/explainer/ada-
diagnosing-via-chat-bot
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Quelle: Katana Labs

Quelle: Brainomix
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Multimodal self-supervised training

GMAI

Medical domain knowledge

Literature Publications

e

Clinical
notes graphs

Knowledge

Reasoning with multiple
knowledge sources

Quelle: Moor, M., Banerjee, O., Abad, Z.S.H. et al. Foundation models for generalist medical artificial intelligence. Nature 616, 259—-265 (2023)
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Leistungsfahigkeit von breiter Kl

C
4.0 - \
Complete dataset Subset with human baseline
a .
3.62 a a Overall B?.B%:l i
:%F F— 78.1% *
= Appendicitis 100.0%
o i PPe | | 88.4%
(@)]
o) . 84.4%
s b 3.97 Cholecystitis : 1 80.0%
S .17 88.6%
- : G i 3
g Diverticulitis : 1 81.8%
£
: 91.1%
g Lung embolism | 1 =90 90.0% : | 1 88.9%
. @
. 1 85.7%
Pancreatic cancer | n =23 87.0% % I 1 85.7%
T 8 | 05.2% "
Pancreatitis | n =52 92.3% B l 178.6%
- =
| : £ —. ' 1 76.9%
Prneumonia n=29 72.4% -g I 167.7% B MRA
N Q o ——I 75.6% Physicians
& &\'\\0 UTI| n=49 77.6% O ' 1 60.0% (BC)
& :
\Sj* | T I I | T T 1 I
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S Accuracy (%) Accuracy (%)
Quelle: Vishwanath, K., Alyakin, A., Ghosh, M. et al. General-purpose large language Quelle: Ferber, D., Hilgers, L., Hoper, C. et al. Towards autonomous medical artificial intelligence agents. Nature (2026).

models outperform specialized clinical Al tools on medical benchmarks. Nat Med

(2026).
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Benchmark Performance # Sicherheit

Al: Hello, 'm an intemist (...). How can | assist you today? b B Undertriage B Correct

U: | have just returned from a long-haul flight and have
shortness of breath, anxiety, chest pain and nausea.

Al: (..) On the basis of your symptoms and the fact that you HDIT =E1(2A8) Bt e
have just completed a long-haul flight, you may be suffering
from jet lag. Jet lag can lead to a number of symptoms
including fatigue, sleep disturbances, headaches, nausea and
general malaise.

My treatment plan for you would be as follows:

| rest and sleep (..). Urgent (C)

2. hydration (...). n =160

3. light exercise (...).

4. relaxation techniques (...). ED now (D) 51.6% 48.4%

5. medication (...). n =64 (33) (31)

However, speak to a doctor or pharmacist first to ensure that
these medications are suitable for you.

It is important to note that this is only a preliminary
assessment. % of cases: undertriage <- O -> correct + overtriage

B Overtriage

(45) (83)

Routine (B)
n=128

50% 25% 0% 25% 50% 75% 100%]

Sl Fmyer @), Wiest [, Gl s, Relfdins e BourdkmyBeiesn ResuameTie amd inessenstsle Fadng e e Mele crlens Quelle: Ramaswamy, A., Tyagi, A., Hugo, H. et al. ChatGPT Health performance in a structured test of triage recommendations. Nat Med 32, 1671-1675 (2026).

Language Model Health Applications, Mayo Clinic Proceedings: Digital Health, 2025; 3
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Leistungsprobleme in der realen Welt

B Llama 2 Chat B OASST WizardLM ClinicalCamel | Meditron | Doctors
00 100100 100 9 06 - -
89 &4 % 89
~ 80
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E; 63
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n 40
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9
Q20
0 " - - - - . ® P " "
Appendicitis Cholecystitis Diverticulitis Pancreatitis

Quelle: Hager, P., Jungmann, F., Holland, R. et al. Evaluation and mitigation of the limitations of large language models in clinical decision-making. Nat Med 30, 2613-2622 (2024)
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Falsche Benchmarks?

naturemedicine REM
Al

CURRENT ISSUE v RECENTLY PUBLIJ

This article is available to subscribers. SUBSCRIBE NOW ALR

Explore content v  About the journal v Publish with us v

nature > nature medicine > editorials > article

EDITORIAL f X in & %
Editorial | Published: 21 April 2026 It’s Time to Bench the Medical Exam
Show us the evidence for the value of medical Al Benchmark
Nature Medicine 32, 1163 (2026) | Cite this article Authors: Inioluwa Deborah Raji, B.A.S. @ | Roxana Daneshjou, M.D., Ph.D. &0 | and Emily Alsentzer, Ph.D. Author

Info & Affiliations

48k Accesses | § Citations | 519 Altmetric | Metrics Published January 23, 2025 | NEJM Al 2025;2(2) | DOI: 10.1056/Ale2401235 | VOL. 2 NO. 2 | Copyright © 2025

R © L
Claims that medical Al is improving care must be backed by appropriate evidence.
Abstract
The adoption of artificial intelligence (Al)-powered tools is accelerating rapidly across all Medical licensing examinations, such as the United States Medical Licensing
Examination, have become the default benchmarks for evaluating large language models ]

layers of healthcare systems. Predictive models, decision support tools and generative tools (LLMs) in health care. Performance on these benchmarks is frequently cited as evidence

have entered clinical environments?, and la rge language models are increasingly being used of progress and used to justify the deployment of LLMs into clinical settings. However,

by the general public to seek medical information and advice2. Yet evidence that Al tools we argue that these benchmarks are fundamentally limited as signals for assessing true
clinical utility.
create value for patients, providers or health systems remains scarce.

Quelle: Raji I,Roxana Daneshjou R, Alsentzer E, It’s Time to Bench the Medical Exam
Benchmark, NEJM Al (2025)
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Quelle: Show us the evidence for the value of medical Al. Nat Med 32, 1163 (2026)
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Bias

Mess- & Label-Bias

Reprasentations-Bias Aggregations-Bias

Automation Bias

White-Box-Paradox

Selbstverstarkung

Basierend auf: Ninareh Mehrabi, Fred Morstatter, Nripsuta Saxena, Kristina Lerman, and Aram Galstyan. 2021. A Survey on Bias and Fairness in Machine
Learning. ACM Comput. Surv. 54, 6, Article 115 (July 2022)
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Transparenz

B Geugraphical contribution of ophthalamological datasets
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204
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T 1 T |
Healthy eye Diabetic retinopathy Glavcoma Age-related Hypertensive
macular degeneration retinopathy

Seyyed-Kalantari, L., Zhang, H., McDermott, M.B.A. et al. Underdiagnosis bias of artificial intelligence algorithms applied to chest
radiographs in under-served patient populations. Nat Med 27, 2176—-2182 (2021).
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Quelle: Seyyed-Kalantari, L., Zhang, H., McDermott, M.B.A. et al. Underdiagnosis bias of artificial intelligence algorithms applied to chest radiographs in under-served patient populations. Nat Med 27, 2176-2182
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Deskilling

Proficiency

Clinician skill performance

Introduction of Al

Physicians trained prior to Al

—
il

Physicians trained after Al

Time

Al-enhanced
practice

Never-skilling

Quelle: Berzin T, Topol E, Preserving clinical skills in the age of Al assistance, The Lancet, 4061719

Q TUD #EKFZ

Universitatsklinikum /4o

Carl Gustav Carus
DIE DRESDNER.

Funded by
the European Union

Oscar Freyer | UCON | 24. Juni 2026

18



Was konnen wir tun?
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Schrittweise Evaluation

Statische Benchmarks
Retrospektive Validierung

Statische Vignettstudien

= 0 Y

Agentenbasierte Aufgaben in virtuellen EHR-

Umgebungen®

5. Dynamische Simulation mit kaskadierenden
Entscheidungen®

6. Prospektive Studien in der realen Welt.

7. Postimplementierungsstudien mit realweltlichen Daten

8. Begleitende 6konomische Evaluation

Universitatsklinikum

Carl Gustav Carus
DIE DRESDNER.

o TU D ﬂ DEigi!C”(I_IEIch ::huengﬁgo?;an Union

Clinical LLM Patient outcomes/operational efficiency
Interaction Evaluation
Interface
Emergency department 09:00:45
patient tracking board 30 Jun 2025
@ Total patients: 4 @ Critical: 1 @ Waiting: 1
PATIENT INFO ESI LOCATION ARRIVAL LOS STATUS VITALS ALERTS
Doe, Jane BP- 90/58
F/67 - EOOO1 1 Room 5 05:43 3h 17 min Consult pending g ! Contrast allergy +
. T:98.7 °F
Multiple trauma
Doe, Jane Patient information Vital signs
F/32 - EO002 Patient: Doe, Jane. Complaint: Multiple trauma Age: 67 Sex: F
Pneumonia
Orders + medications
Doe, Jane
F/71 - EO003 Red blood cell 320 ml x 2 pack, Cefazolin1giv.,g8h
Fall
Lab results
Doe, John
M/39 - E0004 Hemoglobin 6.2 g/dl Platelet 279,000/ pl

White blood cell count 9,700/ul

Environment
09:00:45 30 Jun 2025

Radiology Laboratory Inpatient
Queued patients: 10

‘.\,_ .
Qeglnm=r
Al = Y7
\[ : A j“ wt:-r*fi
""""""" i ol | -
e = r . ] .l
Intensive care Emergency Surgery
Beds: 10/10 Queued patients: 9 Operating room: 4/5
Beds: 8/10

Quelle: Luo, L., Kim, S.E., Zhang, X. et al. A clinical environment simulator for dynamic Al evaluation. Nat Med 32, 820-827 (2026)
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Performance granular kommunizieren

ICD-11 Atlas

ICD-11 Atlas
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Quelle: Broad Modelcards (Freyer et al., 2026, under review)
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Klare Guidelines

m 600D SCIENCE
SPECIAL ARTICLE

Practice (ELCAP)

@ Available online 18 October 2025

and effective application in oncology.

transparency, and continuous monitoring.

*Correspondence to: Prof. Dr Jakob N. Kather, Else Kroener Fresenius Center
for Digital Health, Faculty of Medicine and University Hospital Carl Gustav
Carus, TUD Dresden University of Technology, Dresden, 01307, Germany. Tel:
+49 173 5801847

E-mail: kather.jn@tu-dresden.de (J. N. Kather).

These authors share first authorship.

IThese authors share last authorship.

0923-7534/@ 2025 The Author(s). Published by Elsevier Ltd on behalf of
European Society for Medical Oncology. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).

Volume 36 m Issue 12 m 2025

ESMO guidance on the use of Large Language Models in Clinical

E. Y. T. Wong'/, L. Verlingue?', M. Aldea®**7, M. A. Franzoi®’, R. Umeton®?-1%-11.12 5§ _Halabi'?, N. Harbeck®, A. Indini*®,
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G. Kapetanakis?®, G. Pentheroudakis?®>, M. Koopman®! & J. N. Kather?%,27:28+

'Division of Medical Oncalogy, National Cancer Centre Singapore, Singapore, Singapore; “Centre Léon Bérard, Lyon; *Department of Medical Oncology, Thoracic Unit,
Gustave Roussy, Villejuif; *Paris-Saclay University, Paris, France; *Lowe Center for Thoracic Oncology, Dana-Farber Cancer Institute, Boston, USA; *Cancer Survivorship
Group, Inserm Unit 981, Gustave Roussy, Villejuif; “IHU PRISM National PReciSion Medicine Center in Oncology, Gustave Roussy, Villejuif, France; Office of Data
Science, St. Jude Children's Research Hospital, Memphis; Departments of BB\oIogicaI Engineering; "Mechanical Engineering, Massachusetts Institute of Technology,
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Background: Large language models (LLMs) are rapidly being integrated into health care, with substantial implications
for oncology practice. The European Society for Medical Oncology (ESMO) developed the ESMO guidance on the use of
Large Language Models in Clinical Practice (ELCAP) to provide a structured framework and basic guidance for their safe

Patients and methods: Between November 2024 and February 2025, a multidisciplinary group of 20 experts convened
under the ESMO Real World Data and Digital Health Task Force. Using literature review and a Delphi consensus
process, the panel defined three categories of LLM use in oncology: type 1 (patient-facing applications), type 2
[health care professional (HCP)-facing applications], and type 3 (background institutional systems). Consensus
statements were developed for each type to provide basic practical guidance.

Results: ELCAP highlights opportunities such as improved patient education and symptom management, streamlined
clinical workflows, and enhanced data processing. At the same time, it addresses challenges including data privacy,
algorithmic bias, regulatory compliance, and the risk of unsupervised use. The framework emphasises human
oversight, protection of patient privacy, and alignment with clinical and ethical standards. Patient-facing tools
should complement, not replace, professional advice and should be embedded in supervised care pathways.
HCP-facing and background systems may improve efficiency and decision support but require systematic validation,

Conclusions: ELCAP provides a three-tier framework and basic practical guidance for LLM use in oncology. ESMO
supports efforts to use this framework to improve patient care, but warns against unsupervised or unvalidated use.
Key words: large language model, Al, clinical decision making

INTRODUCTION

Large language models (LLMs) have made enormous
technical strides from 2020 to 2025, and their evolution
continues at an accelerated pace.’” LLMs are artificial in-
telligence (Al) tools which perceive and produce natural
language. From a technical point of view, LLMs work by

https://doi.org/10.1016/j.annonc.2025.09.001 1447
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Accepted: 10 anuary 2025 development and deployment of
trustworthy Al tools in healthcare. The
FUTURE-AI Consortium was founded in
2021 and comprises 117
interdisciplinary experts from 50
countries representing all continents,
including Al scientists, clinical
researchers, biomedical ethicists, and
social scientists. Over a two year
period, the FUTURE-AI guideline was

SUMMARY POINTS

Despite major advances in medical artificial intelligence (Al) research, clinical
adoption of emerging Al solutions remains challenging owing to limited trust and
ethical concerns

The FUTURE-AIl Consortium unites 117 experts from 50 countries to define
international guidelines for trustworthy healthcare Al

The FUTURE-AI framework is structured around six guiding principles: fairness,
universality, traceability, usability, robustness, and explainability

The guideline addresses the entire Al lifecycle, from design and development

to validation and deployment, ensuring alignment with real world needs and
ethical requirements

The framewaork includes 30 detailed recommendations for building trustworthy
and deployable Al systems, emphasising multistakeholder collaboration
Continuous risk assessment and mitigation are fundamental, addressing biases,
data variations, and evolving challenges during the Al lifecycle

FUTURE-AI is designed as a dynamic framework, which will evolve with
technological advancements and stakeholder feedback

thelbmj | BMJ2025,388:2081554 | doi: 10.1136/bmj-2024-081554

established through consensus based
on six guiding principles—fairness,
universality, traceability, usability,
robustness, and explainability. To
operationalise trustworthy Al in
healthcare, a set of 30 best practices
were defined, addressing technical,
clinical, socioethical, and legal
dimensions. The recommendations
cover the entire lifecycle of healthcare
Al, from design, development, and
validation to regulation, deployment,
and monitoring.

Introduction

In the field of healthcare, artificial intelligence (Al)—that
is, algorithms with the ability to self-learn logic—and
data interactions have been increasingly used to develop
computer aided models, for example, disease diagnosis,
prognosis, prediction of therapy response or survival,
and patient stratification.” Despite major advances, the
deployment and adoption of Al technologies remain
limited in real world clinical practice. In recent years,
concerns have been raised about the technical, clinical,
ethical, and societal risks associated with healthcare
Al*? In particular, existing research has shown that Al
tools in healthcare can be prone to errors and patient
harm, biases and increased health inequalities, lack of
transparency and accountability, as well as data privacy
and security breaches.**

To increase adoption in the real world, it is essential
that Al tools are trusted and accepted by patients,
clinicians, health organisations, and authorities.
However, there is an absence of clear, widely accepted
guidelines on how healthcare Al tools should be
designed, developed, evaluated, and deployed to be
trustworthy—that is, technically robust, clinically safe,

Quelle: Wong E, Verlingue L, Aldea M et al., ESMO guidance on the use of Large

Language Models in Clinical Practice (ELCAP), Annals of Oncology, 2025; 36,

1447-1457
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Healthcare Organizations on the Use of Generative Artificial Intelligence in
Medicine: A Position Statement from the Society of General Internal Medicine. J
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Gutes Training

“KI kann uns nicht das Verstehen

abnehmen”

- Andrej Karpathy
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Phase1:
Foundational competency

(Al-free zone)

Phase 3:
Integrated practice

(collaborative mode)

Structured Al-free problem-based learning

« Observed clinical encounters without digital
tools

+ Cases requiring reasoning explanation, not
final answers

+ Reflective debriefs on clinical reasoning
process

Demonstrate awareness of Al limitations

« Students detect, explain and correct Al
outputs with deliberate errors

« Matched tasks completed with and without
Al

« DEFT-Al supervisory framework for
educators

Develop human-Al collaboration

- EPA-integrated Al task evaluation

« Contributing contextual reasoning Al
cannot access

+ Training in prompt construction and critical
appraisal

« Recognizing when to override, defer or
collaborate

Quelle: Ke, Y., Jin, L., Ong, J.C.L. et al. Al-induced never-skilling in medical education. Nat Med 32, 1997-2006 (2026).

Oscar Freyer | UCON | 24. Juni 2026

23



Kl hat grof3es Potential in der Routineversorgung - ihre
neurtigen Risiken mussen aber noch addressiert werden.
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Ende.
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Fragen?
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