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Deep Learning in in Medicine

Drug Discovery og‘z_—%

Disease Management,
e.g. Chronic Disease,
Mental Disease

Medical Imaging,
e.g. Radiology, Pathology,
Dermatology

Q(an
Q@

Diagnosis and Triage
Application Areas

Decision Support /

Robotics and Surgery Personalized Medicine

— Data Structuring Xlsr;t']s,iala rI;ItesaIth
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Why Machine Learning is not enough sometimes...

F
Feature1  Feature 2 eature 3 Raw/ unstructured data

Pat. 1 21 7 8  Unknown features
Pat. 2 5 35 9  Manual labour

» Complex interactions
Pat. 3 87 58 3

Deep learning can
be used to model
non-linear relations

Y
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History of DL

1986

Rumelhart, Hinton, ! @@
Williams invent T I
backpropagation
algorithm
1943 @ °9 2012
McCulloch & Pitts 1980 ?;5'“
first artificial neuron Fukishima’s A GPU acceleration
® 1969 Neocognition ®
Minsky & Papert

“Perceptron” book

l Deep Learning Winter Deep Learning revival l >
Rosenblatt’'s Transformer Neural
perceptron A ATARAXIS S AR R Networks
ImageNet
1958 Transforming R e ¢ 2017
. eCun engineers
?jo Cance': (_:are with Convolutional Neural 2009
Al Precision Networks
Medicine
2024 LERED
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Basics of Neural Networks

KC:) signal transduction @ w
1

S
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. P p @S)Ignal to next cell @/ function
endrites ——® W3

Activation

Activation functions:

1 1
Activation functions

introduce non-linearity
to neural networks

0 * - 0 +
Sigmoid Tanh RelLu
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Deep Neural Networks

Dense / fully
connected
layer

| |
On /O A0

folio g’&?‘

\\VM%‘A‘

Input layer

Sparse

 Artificial neurons can be stacked together in various ways layer

Output

Input layer

Hidden layer Hidden layer Hidden layer Hidden layer
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Convolutional Neural Networks

Convolution:

N N

» Filters detect structures within the image matrix

Pooling:

Pooling reduces spatial size

9)]-0.25
Makes features more robust
Mean. pooling to variation

—

Max. pooling
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Convolutional Neural Networks

Convolution
Convolution

Input Image FM FM FM FM FM FM Fully
28 x 28 24x24x208 20x20x208 10x10x208 6x6x208 2x2x208  1x1x208 Connected

Small-level features Middle-level features High-level features classifier
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The Latent Space

Dogs classification

regression

reconstruction
Input Space Latent Space
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How do Neural Networks learn ?

O

Error: difference (2) Error is sent back (3) Gradient of error is (4) Weights are  (5) New error is sent
between prediction through all neurons calculated for each updated in regard back ...
and output weight to error
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How do Neural Networks learn ?

Loss Function

e  We want to minimize loss function and
with this decrease the error between
prediction and label.

A
>
Loss Function for Regression Loss Binary Classification Loss Multi-Class Classification
N N N C
1 . o2 1 . . . 1 N
L= ﬁZ()’l -9 L= —NZ[yl log(y) + (1 —yDlog(1 — )] L= _Nz Yiclog(ic)
=1 i=1 i=1c=1
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Todays Diversity

A Classic Machine Learning B Deep Neural Network ¢ Convolutional Neural Network D Recurrent Neural Network

AGAATC Input  Hidden Output . 8
" Layer  Layer  Layer Y
o9 / v - G % G +$+$
F . -
Featurs % XAORY, 7 A7
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Decision Tree X c EEE K c- E E
SVM LR o [ Embedding at Position K
E Transformer F Graph Neural Network G Autoencoder H Generative Model
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Layer 1 Layer2 Embedding Recanstruction Sample
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- Example - Melanomas

Letter Published: 25 January 2017
Dermatologist-level classification of skin cancer with

deep l‘leural networks Acral-lentiginous melanoma

Ame}anotic melanoma * Epidermal benign

Lentigo melanoma * Epidermal malignant

cee Melanocytic benign
* Melanocytic malignant

Blue nevus )

Halo nevus Basal cell carcinomas
= Convolution = Concat = Fully connected \ Mongolian spot
= AvgPool = Dropout = Softmax \O
= MaxPool

Squamous cell carcinomas

!,
Carcinoma: 135 images Melanoma: 130 images Melanoma: 111 dermoscopy images ®:® o 00008 S, o,
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B Example - Pathology

° Brief Communication Published: 03 June 2019

Deep learning can predict microsatellite instability directly
from histology in gastrointestinal cancer
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Challenges and Limitations

Data Challenges Model Challenges Clinical Challenges
 Bias in training data * Digitization » Safe use in best interest
 Imbalance of training + Explainability of patients

data » Decisions aligned with » Performance
» Data availability / open- newest clinical guidelines degradation over time /

access + Compute domain shift
 Artefacts » Size « Compliance with

regulatory standards

« Easy and accessible use
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Clinical Trials

South Korea
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I Gastroenterology Radiology [ Cardiology [ Surgery [ Oncology [ Neurology [ Pulmonology [ Ophthalmology

B Endocrinology [ Anaesthesiology [ Orthopaedics [ Critical care [ Dermatology [l Physical therapy [ Emergency medicine [l Audiology
[Clong-termcare [ Pain management [ Primary care
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Any questions or remarks?

Let's practice - Deep Learning Basics on Jupyter Hub

Come2Data Data Science and Al for Medicine Training School Slide 18 Sca D S AII
Kompetenzzentrum filr Training: Introduction to Deep Learning *

interdisziplindre Datenwissenschaften DRESDEN LEIPZIG



	Standardabschnitt
	Slide 1
	Slide 2: Deep Learning is everywhere
	Slide 3: Deep Learning in in Medicine
	Slide 4: Why Machine Learning is not enough sometimes…
	Slide 5: History of DL
	Slide 6: Basics of Neural Networks
	Slide 7: Deep Neural Networks
	Slide 8: Convolutional Neural Networks 
	Slide 9: Convolutional Neural Networks 
	Slide 10: The Latent Space
	Slide 11: How do Neural Networks learn ?
	Slide 12: How do Neural Networks learn ?
	Slide 13: Todays Diversity
	Slide 14: Example - Melanomas
	Slide 15: Example - Pathology
	Slide 16: Challenges and Limitations
	Slide 17: Clinical Trials
	Slide 18


