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Emulating Expert Thinking with Al
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Al: Al Predictions of Health States

Present
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Al: Conversational Language Models

. | feel a stabbing pain in my left arm, what should | do?

Seek Medical Help Lef Z T

@ If you are experiencing a sudden, severe pain in

your left arm, it is important to seek medical
attention immediately as it could be a sign of a heart
attack. Call 911 or your local emergency services for

[ New chat immediate assistance. If you are unable to reach

emergency services, go to the nearest hospital or

emergency room. Do not delay seeking medical

-0- Light mode attention.

Pain in Left Arm: Seek Help

Seek Emergency Medical H

@ Clear conversations

OpenAl Discord

s A | feel a stabbing pain in my left arm, what should | do?

ChatGPT Jan 9 Version. Free Research Preview. Our goal is to make Al systems more natural and safe to interact with. Your

Page 4



Bigger and Bigger Language Models

Big models (parameters):

GPT-3.5: 175 billion
GPT-4: >1 Trillion

Big data:
Med-Gemini: Trillions of tokens;

specialized medical data sets
(radiology, pathology)

https://research.google/blog/advancing-medical-ai-with-med-gemini/
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Towards Multimodal Language («Foundation») Models

Perspective

Foundation models for generalist medical
artificialintelligence

Nature

https://doi.org/101038/s41586-023-05881-4  Michael Moor'®, Oishi Banerjee?®, Zahra Shakeri Hossein Abad?, Harlan M. Krumholz*,
. Jure Leskovec', Eric J. Topol®’™ & Pranav Rajpurkar®’™
Received: 3 November 2022

Multimodal self-supervised training

Medical domain knowledge Flexible interactions

@ ®--
Literature |l Publications Y

0 o - 1

. Clinical Knowledge Multimodal inputs
Audio Images notes graphs and outputs
Reasoning with multiple Dynamic task specification
GMAI knowledge sources

b
Applications ¢ o0

Chatbots for Interactive Augmented Grounded Text-to-protein Bedside decision

patients note-taking procedures radiology reports generation support

Regulations: Application approval; validation; audits; community-based challenges; analyses of biases, fairness and diversity

ChatGPT v

The image you've uploaded appears to be an X-ray of a hand

showing a ring on one of the fingers. If you have any specific
questions or need further analysis regarding this image, feel free to

let me know!
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Al: Solution for Healthcare Problems?

Quality of Dx and Therapy Workforce

Complications in relation to m

Swiss Media report in September 2021
Medications
Non-surgical interventions

Switzerland will be short of 20,000
Surgeries ﬁfﬁﬁngﬁgfpies healthcare workers by 2030

" # Approved drugs is stagnan EURO0OPPP  Health expenditure
: per capita 2020 4

S Priag,,

Innovation Healthcare costs

Sources: Beobachter Gesundheit ﬁ Report of the Congressional Budget Office 3/8/2021 ﬁ Tagesanzeiger ﬁ Health expenditure per capita a
Page 7



Al: Solution for Healthcare Problems?

Page 8



Al: Solution for Healthcare Problems?
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Al Reaches Physician-Level Diagnostic Performance

2017 Dermatology Melanoma Detection
“better or en par with 21 dermatologists”

2019/20 Radiology Breast Cancer Dx

2019/20 Pathology Prostata Carcinoma Dx

https://www flickr.com/photos/gsfc/5083301663
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Al assisting Physicians in Improving Care Quality

2021 Several commercial Al systems available

Assistant

OsteoDetect

Al-supported

diagnosis Detect Fractures in radiology images

https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN180005.pdf
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Al assisting Physicians in Improving Care Quality

Example OsteoDetect 10

0.8+
— with OsteoDetect
/ 064 {1 without OsteoDetect
a
Al-supported 02
diagnosis
004 ‘ 1 : : T
Physician performance 00 02 04 06 08 10
1 — Specificity

increased 4-5% with Al

Sensitivity (true positive rate) is the probability of a positive test result,
conditioned on the individual truly being positive.

Specificity (true negative rate) is the probability of a negative test
result, conditioned on the individual truly being negative.

Sources: FDA approval O
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Clinical Data Science: Case Study 1
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Farhad Britta
Nooralahzadeh  Maurer

Rheumatology, 2023, 62, 2492—-2500
https://doi.org/10.1093/rheumatology/keac541

° . .
Advance access publication 9 November 2022 British Society for RH MA
Original article .x. Rheumatology EU TOLOGY OXEORD

Clinical science

Vision transformer assisting rheumatologists in screening
for capillaroscopy changes in systemic sclerosis: an
artificial intelligence model

Alexandru Garaiman™', Farhad Nooralahzadeh®", Carina Mihai', Nicolas Perez Gonzalez?,
Nikitas Gkikopoulos', Mike Oliver Becker ® ", Oliver Distler ® ", Michael Krauthammer?*,
Britta Maurer @® '3-**

Department of Rheumatology, University Hospital Zurich, University of Zurich, Zurich, Switzerland
2Department of Quantitative Biomedicine, University of Zurich, Zurich, Switzerland
3Department of Rheumatology and Immunology, University Hospital Bern, University of Bern, Bern, Switzerland

*Correspondence to: Britta Maurer, Department of Rheumatology and Immunology, University Hospital Bern, University of Bern, Freiburgstrasse 16p,
3010 Bern, Switzerland. E-mail: britta.maurer@insel.ch

TAlexandru Garaiman and Farhad Nooralahzadeh contributed equally to this study.
*Michael Krauthammer and Britta Maurer contributed equally to this study.
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Early detection of systemic sclerosis (SSc) using
Nailfold Capillaroscopy

“ViT with near human level performance”:  Will assist rheumatologist
in examining patients

Capillary Microscopy Findings: normal/pathologic shape of the capillaries

Microscopic examination
of the nailfold

activ (2)
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Al Predictions of Future Health States

Present
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Voice-Based Al Diagnosis

Unique Words Y- Unique Words

V. Berisha V et al. Tracking Discourse Complexity Preceding Alzheimer’s Disease Diagnosis: A Case Study, 2015

14/9/23 Page 17
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Voice-Based Al Diagnosis

Spectral Subtraction

:rhq‘lahasedonslgml-tonoberaﬂo age and gender

M,*Hrw

Patient Speech
of transcription file and volume mrmalinﬁon [1 1]

Cognitive State (Dementia, Schizophrenia...

Rohanian, Morteza. "Multimodal Assessment of Cognitive Decline”, 2021

de la Fuente Garcia, Sofia. "Investigating speech technology for monitoring disease progression in the
context of neurodegenerative disease." (2021).



Al and Work Satisfaction

Quality of Dx and Therapy

Innovation Costs
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Al Composes the Medical Report

https://www.medscape.com https://www.theatlantic.com
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Al Composes the Medical Report

\ Universitat
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https://aclanthology.org/2021.findings-emnlip.241.pdf ﬁ
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Al Composes the Medical Report

Empirical Methods in Natural Language
Processing (EMNLP) 2021

Farhad Koji Thomas
Nooralahzadeh Fujimoto Frauenfelder

Progressive Transformer-Based Generation of Radiology Reports

Farhad Nooralahzadeh!, Nicolas Perez Gonzalez!, Thomas Frauenfelder!,
Koji Fujimoto?', Michael Krauthammer!
'University of Ziirich and University Hospital of Ziirich , 2Kyoto University
{farhad.nooralahzadeh,nicolas.perez,michael .krauthammer}@uzh.ch
thomas.frauenfelder@usz.ch, 'kfbR@kuhp.kyoto-u.ac. jp
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Image captioning model, Transformer-based

Al Composes the Medical Report

High-level Context

POSITIVE improved bilateral airspace opaci.
POSITIVE minimal streaky opaci.

UNCERTAIN airspace disease.

UNCERTAIN atelecta.

NEGATIVE large focal pneumothorax effusions
identified consolidate.

NEGATIVE consolidations identified pneumothorax.
NEGATIVE consolidations definite pleural
identified effusion.

NEGATIVE contour. stable mediastinal silhouette.

Universitat
Zirich™

Sequence-to-sequence model, BART

Compared to prior examination,

there is a significant improvement

in aeration bilaterally, with improved
bilateral airspace opacities. Currently,
there are only minimal streaky opacities

in the bilateral midlung, which may
represent mild residual airspace disease,
atelectasis, or underlying changes

of chronic lung disease. No large focal
consolidations, pneumothorax, or definite
pleural effusions identified. The mediastinal
silhouette is stable and within normal
limits for size and contour.No acute osseous
abnormality is identified.
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Towards a Multi-Lingual Radiology Assistant

USER: Where is the ASSISTANT: The trachea is situated at
frachea located on the X-  [0.46, 0.55, 0.63, 0.98] in the image
ray?

USER: What abnormalities ~ ASSISTANT: From the examination, |
can you find in this image?  can find the following abnormalities:
support devices

USER: Please give a ASSISTANT: The heart is mildly

detailed report from this enlarged (...) No pneumothorax or
Chest X-ray pulmonary edema
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Towards a Multi-Lingual Radiology Assistant

SWISS Al Initiative

Infrastructure Research

Steering Committee Researchers

Leveraging the world's most
Al-capable supercomputer

Alps by the National Supercomputing Center (CSCS) is the world's first national research
infrastructure with over 10'000 GPUs of the new NVIDIA Grace Hopper superchip.
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Improving Resource Allocation in Nursing with Al
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Al to Curb Healthcare Costs
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Al for Smarter Hospital Processes

/ 4™ Universitat
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phillips.com
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Al to Accelerate Health Innovation

Quality of Dx and Therapy Work satisfaction

Costs
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Al for Finding Cures for Genetic Disease

Data from: Rees et al., 2018
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Al for Finding Cures for Genetic Disease

Choosing the Correct CRISPR Tool xension overhang

RTT
in Genetic Engineering PORNA oy
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nature biotechnology 2023 resion

Decoder layer
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Article https://doi.org/10.1038/s41587-022-01613-7

Stacking
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attention
query vector

Bidirectional RNN

Minimum-free energy
Melting temperature

Element-level
Received: 5 April 2022 Nicolas Mathis ®'#, Ahmed Allam ®?#, Lucas Kissling ®", embedding RTT ovethang matches
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Zsol , Michael Krauthammer ®?2' | & Gerald Schwank ®
Embeddi
Published online: 16 January 2023 moeadns © Nucleotide © PBS
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® Check for updates Prime editing is a versatile genome editing tool but requires experimental SOl \ocouone(®) Sequence() ...Sequence (),
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ontimization of the nrime editing oniide RNA (negRNA) ta achieve hisch
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Al: Solution for Healthcare Problems?
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Can we trust Al with regard to medical decisions?

* The inner working of computers
are not clear

« Computers cannot explain
themselves

« Computers are biased

DALL-E 28.1.2023: “Can we trust computers to make life and death decisions?” (7
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Trust & Medical Al: Is There a Double Standard?

Artificial
neural
network

We need to understand the inner
workings of computers (we can't...)

Computers need to be transparent and
able to explain their decisions

Computers must be unbiased

Biologic
neural
network

Opaque human thinking — we don‘t under-
stand the circuits that lead to a decisions

Human disclose only most important
reasons behind a decisions (often post-hoc)

Humans thinking is biased — anchoring,
framing, proximity
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Trust & Medical Al: It is Possible...

Al algorithms should be reliable

Al algorithms should
provide explanations
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Al, Societal Changes and the Future of Medicine

DALL-E “Al will improve medicine” 28.1.2023
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Will Physicians Remain the Sole Authority in Medicine?

Give up epistemic

authority to Al
What are the social
consequences?
L

Diagnosis Take over

Prognosis

Therapy Decision

Intervention

Resource Allocation
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Gradual Loss of Epistemic Authority
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Summary

Quality Work satis-
faction
Al can address current problems ,%,E,
in healthcare! gna
Innovation Costs

Al-guided medical decision: trust via reliable
algorithms and humans in the loop

Al will likely lead to a large transformation
of medicine as we know it today!

Picture: DALL-E
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Questions?
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