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We, humans...
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We, humans support Weaker ones...

OBERYN MARTELL | THE MOUNTAIN

v/s

Source: Game of Thrones
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We, humans support Weaker ones...

JERRY

v/s

TOM

Source: Tom and Jerry
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We, humans support Weaker ones...

| MESSI [ CRISTIANO

Source: Wikipedia
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Oops...

= LET'SINOT:DO:THAT

Source: makeameme . org
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makeameme.org

FRIEDRICH-ALEXANDER
UNIVERSITAT

ERLANGEN-NURNBERG
FACULTY OF ENGINEERING

Weakly-Supervised Learning in Digital Pathology

"not so weak, actually!"

Arijit Ghosh
Seminar Digital Pathology and Deep Learning, Friedrich-Alexander-Universitéat Erlangen-Niirnberg
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Imagenet

Russakovsky, Olga, et al. "Imagenet large scale visual recognition challenge." IJCV, 2015.
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FRIEDRICH-ALEXANDER
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Imagenet is "BIG"!

Russakovsky, Olga, et al. "Imagenet large scale visual recognition challenge." IJCV, 2015.
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Imagenet is "BIG"!

e 1 million images.

Russakovsky, Olga, et al. "Imagenet large scale visual recognition challenge." IJCV, 2015.
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Imagenet is "BIG"!

e 1 million images.
* 1000 classes.

Russakovsky, Olga, et al. "Imagenet large scale visual recognition challenge." IJCV, 2015.

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023



FRIEDRICH-ALEXANDER
ONIVERSITA
ERLANGEN-NORNBERG

Imagenet is "BIG"!

e 1 million images.
* 1000 classes.

IMAGENET IS INDEED REALLY BIG

e

BUT...

Source: Lord of the Rings

Russakovsky, Olga, et al. "Imagenet large scale visual recognition challenge." IJCV, 2015.
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FACULTY OF ENGINEERING

Imagenet samples...

Russakovsky, Olga, et al. "Imagenet large scale visual recognition challenge." IJCV, 2015.
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ACULTY OF ENGINEERING

Imagenet samples... are pretty "SMALL"!

224

224

Russakovsky, Olga, et al. "Imagenet large scale visual recognition challenge." IJCV, 2015.
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Whole-Slide Image

100,000

100,000

Source: github.com/camicroscope/Distro
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github.com/camicroscope/Distro

FRIEDRICH-ALEXANDER
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ERLANGEN-NORNBERG.

Whole-Slide Image + CNN...

INPUT CONVOLUTIONAL NEURAL NETWORK
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Whole-Slide Image + CNN...

INPUT CONVOLUTIONAL NEURAL NETWORK

- Compute Bottleneck!

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023



FRIEDRICH-ALEXANDER
NIVERSITAT
ERLANGEN-NORNBERG

Whole-Slide Image + CNN = ...

Source: www.npr.org

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023


www.npr.org
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What now?

TELL ME

e
*

PLEASEN

Source: meme-arsenal.ru
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meme-arsenal.ru

FRIEDRICH-ALEXANDER
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"Naive" solution 101...

Cruz-Roa, Angel, et al. "Automatic detection of invasive ductal carcinoma in whole slide images with convolutional neural networks." Medical Imaging, 2014.
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"Naive" solution 101...

Source: github.com/camicroscope/Distro

Cruz-Roa, Angel, et al. "Automatic detection of invasive ductal carcinoma in whole slide images with convolutional neural networks." Medical Imaging, 2014.
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github.com/camicroscope/Distro
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"Naive" solution 101...

- Create patches.

Cruz-Roa, Angel, et al. "Automatic detection of invasive ductal carcinoma in whole slide images with convolutional neural networks." Medical Imaging, 2014.
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"Naive" solution 101...

- Label each patch.

D NON-CANCER D CANCER

Cruz-Roa, Angel, et al. "Automatic detection of invasive ductal carcinoma in whole slide images with convolutional neural networks." Medical Imaging, 2014.
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"Naive" solution 101...

- Train with patches.

INPUT BATCH |

CONVOLUTIONAL NEURAL NETWORK | | ouTPuTCLASS |

. [ e
s D Non-Cancer

Cruz-Roa, Angel, et al. "Automatic detection of invasive ductal carcinoma in whole slide images with convolutional neural networks." Medical Imaging, 2014.
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"Naive" solution 101...

- Combine probabilities during testing.

INPUT WS AS PATCHES | | CONVOLUTIONAL NEURAL NETWORK || A | | OUTPUT CLASS
Pretrained Combine

D Cancer
>

~
. D Non-Cancer

Cruz-Roa, Angel, et al. "Automatic detection of invasive ductal carcinoma in whole slide images with convolutional neural networks." Medical Imaging, 2014.
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"Naive" solution 101...is Awesome!

YAY, WE FOUND OUR SOLUTION...

Source: Breaking Bad
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"Naive" solution 101...is NOT Awesome!

SADLY, NO!

Source: Breaking Bad
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Why?

- Annotation time.
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Why?

- Annotation time.

Source: www.unionsquarenyc.org
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www.unionsquarenyc.org
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Why?

- Annotation time.

CLASSIFICATION

Inspired from Introduction slide, "Tutorial on Weakly-Supervised Learning in Computer Vision." ECCV 2020.
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Why?

- Annotation time.

CLASSIFICATION DETECTION

Inspired from Introduction slide, "Tutorial on Weakly-Supervised Learning in Computer Vision." ECCV 2020.
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Why?

- Annotation time.

CLASSIFICATION DETECTION SEGMENTATION

Inspired from Introduction slide, "Tutorial on Weakly-Supervised Learning in Computer Vision." ECCV 2020.
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Why?

- Annotation time for 1 Whole Slide Image.

CLASSIFICATION DETECTION SEGMENTATION

- K = number of patches
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FACULTY OF ENGINEERING

Why?

- Requires experts.

Source: www.realsimple.com
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www.realsimple.com
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Then what to do?

Source: FR.LE.N.D.S.

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023 10
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Hi, Weakly Supervised Learning!
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Hi, Weakly Supervised Learning!

ANNOTATION

-

Low Time-consuming High Time-consuming
Annotations Annotations

Inspired from Introduction slide, "Tutorial on Weakly-Supervised Learning in Computer Vision." ECCV 2020.
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FRIEDRICH-ALEXANDER
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Hi, Weakly Supervised Learning!

DETECTION

CLASSIFICATION

Inspired from Introduction slide, "Tutorial on Weakly-Supervised Learning in Computer Vision." ECCV 2020.
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Hi, Weakly Supervised Learning!

PATCH LABELS

Inspired from Introduction slide, "Tutorial on Weakly-Supervised Learning in Computer Vision." ECCV 2020.
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But, how?

HOW DO YOU DO THIS SORCERY?

Source: Harry Potter
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Bonjour, Multiple Instance Learning Constraint!

BAG /WsSI

I Bag Label : NC
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FRIEDRICH-ALEXANDER
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Bonjour, Multiple Instance Learning Constraint!

BAG /WSl PATCHES / INSTANCES I

Bag Label : NC All Patch Label : NC I
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Bonjour, Multiple Instance Learning Constraint!

BAG /WSI

Bag Label : C

Source: downloads.openmicroscopy.org/images/SVS/
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downloads.openmicroscopy.org/images/SVS/

FRIEDRICH-ALEXANDER
NIVERSITAT
ERLANGEN-NORNBERG.

Bonjour, Multiple Instance Learning Constraint!

BAG /WSl PATCHES / INSTANCES

Bag Label : C

Source: downloads.openmicroscopy.org/images/SVS/
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downloads.openmicroscopy.org/images/SVS/

FRIEDRICH-ALEXANDER
ONIVERSITA
ERLANGEN-NORNBERG.

MIL-Max

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.

A. Ghosh
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MIL-Max

INPUT PATCHES

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.
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MIL-Max

INPUT PATCHES | | FEATURE ENCODER

Pretrained + Not Frozen |

v

Resnet-34

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.
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MIL-Max

INPUT PATCHES | [ FEATURE ENCODER

CLASSIFICATION HEAD

Pretrained + Not Frozen

v

Resnet-34

FC Layer

mO0OE

Campanella, Gabriele, et al. "

Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.

A. Ghosh

Seminar DPDL

Weakly-Supervised Learning in Digital Pathology
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MIL-Max

INPUT PATCHES | [ FEATURE ENCODER | | cLassiFicaTion HEAD

Pretrained + Not Frozen

> FC Layer

mOOOo

Resnet-34

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.

A. Ghosh
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MIL-Max

| weureatches | | FEATURE ENCODER | | ctassiFication HEAD

Pretrained + Not Frozen

> FClLayer

EOOO

‘WSI/Bag Label

Resnet-34

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.
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MIL-Max — Flaw

| weureatches | | FEATURE ENCODER | | ctassiFication HEAD

Pretrained + Not Frozen

> FClLayer

EOOO

‘WSI/Bag Label

Resnet-34

Information Loss

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023
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MIL-RNN

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.

A. Ghosh
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MIL-RNN

INPUT PATCHES

| FEATURE ENCODER

CLASSIFICATION HEAD |

Pretrained + Frozen |

Pretrained + Frozen |

Resnet-34

»  FCLayer

mOOQ

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.

A. Ghosh
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MIL-RNN

| crassiFication HeAD |

Pretrained + Frozen -

INPUT PATCHES | | FEATURE ENCODER |

FC Layer
Pretrained + Frozen /

RNN CLASSIFIER I

Features D -

Resnet-34

RNN

WSl /Bag Label

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.
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MIL-Max and MIL-RNN - Flaw

INPUT PATCHES | | FEATURE ENCODER

Pretrained + Not Frozen

Resnet-34

- Multiple Encoder passes.

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.
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MIL-Max and MIL-RNN - Flaw

[ cLassiFication HEAD | | RNN CLASSIFIER |

O

RNN

FC Layer

A A A

mOOo0o

- Binary classifiers.

Campanella, Gabriele, et al. "Clinical-grade computational pathology using weakly supervised deep learning on whole slide images." Nature medicine, 2019.
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Cc

LAM

Lu, Ming Y., et al. "Data-efficient and weakly supervised computational pathology on whole-slide images." Nature Biomedical Engineering, 2021.

A. Ghosh
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CLAM

[ weuteatcres | | FEATURE ENCODER | ] FEATURES

Pretrained + Frozen

Resnet-50

Lu, Ming Y., et al. "Data-efficient and weakly supervised computational pathology on whole-slide images." Nature Biomedical Engineering, 2021.
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CLAM

= Train using saved features.

[ FEATURES

Saved

Lu, Ming Y., et al. "Data-efficient and weakly supervised computational pathology on whole-slide images." Nature Biomedical Engineering, 2021.

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023



FRIEDRICH-ALEXANDER
NIVERSITAT
ERLANGEN-NORNBERG

CLAM

FEATURES

| ATTENTION BOTTLENECK

Saved

FC+
Sigmoid

FC |= -

_.g\‘g
_.5/

(Patch, Class) Similarity
ores

[ ~ER

Batch x 1024

Batch x 512

Batch x 256

Batch x Num Classes

Lu, Ming Y., et al. "Data-efficient and weakly supervised computational pathology on whole-slide images." Nature Biomedical Engineering, 2021.

A. Ghosh
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FRIEDRICH-ALEXANDER

FACULTY OF ENGINEERING

CLAM

ATTENTION
FEATURES | | BOTTLENECK CLASSIFIER HEAD

Multiclass

Saved

g
Softmax ﬁ

WSI /Bag Label

Batch x 1024

Lu, Ming Y., et al. "Data-efficient and weakly supervised i on whole-slide images." Nature Biomedical Engineering, 2021.

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023 14



RIEDRICH. ALEXANDER
NIVERSITA
RLANGEN- NORNBERG

CLAM - Flaw

- Doesn’t consider Instance Correlation.

Lu, Ming Y., et al. "Data-efficient and weakly supervised computational pathology on whole-slide images." Nature Biomedical Engineering, 2021.
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CLAM - Flaw

- Doesn’t consider Instance Correlation.

WHY CAN’T | SOLVE CORRELATION?

o #bx4e=0

a@ 42545 =0
"'

a2

Source: Avengers: Infinity War

Lu, Ming Y., et al. "Data-efficient and weakly supervised computational pathology on whole-slide images." Nature Biomedical Engineering, 2021.

>
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So, what to do?

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology
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So, what to do?

iv\

JUSY
BRING, -

TRANSFORMERS

Source:

VW . SESCOOoPS . com
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www.sescoops.com

FRIEDRICH-ALEXANDER
ONIVERSITA
ERLANGEN-NORNBERG.

TransMIL

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.

A. Ghosh

| Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023



RIEDRICH. ALEXANDER
NIVERSITAT
RLANGEN-NORNBERG

TransMIL

- Trains using Saved Features from ResNet-50.

[ FEATURES |

Saved

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification." NeurlPS, 2021.

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023



RIEDRICH. ALEXANDER
NIVERSITA
RLANGEN- NORNBERG

TransMIL

TRANSFORMED
FEATURES FEATURES
Saved
n x 1024 1xnx 1024

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.
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TransMIL

DIMENSIONALITY
FEATURES REDUCTION

FC >
1xnx1024 1xnx512

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.
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TransMIL

FEATURES

1xnx512

SQUARING

Pad n to make it Perfect
Square N

1xNx512

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.

A. Ghosh
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TransMIL

SQUARED FEATURES TransMIL BLOCK

Pad 1 to make it Perfect
Square N

1xNx512

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification." NeurlPS, 2021.
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TransMIL

SQUARED
FEATURES TransMIL BLOCK
-
<CLS>
<CLS> Sy
> Position
— -
> Encoding M ?
Generator
1xNx512 1 x (N+1) x 512 WS/ Bag Label

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.
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TransMIL

SQUARED
FEATURES TransMIL BLOCK

Pyramid
Position
Encoding
Generator

1xNx512

1x (N+1) x 512 WSI / Bag Label

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.
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TransMIL

SQUARED

FEATURES TransMIL BLOCK

WSI / Bag Label

1xNx512 1x (N+1) x 512

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.
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TransMIL

SQUARED

FEATURES TransMIL BLOCK

O(N"2)

O(N"2)

1xNx512 WSI/Bag Label

1x (N+1) x 512

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.
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TransMIL

SQUARED

FEATURES TransMIL BLOCK

Nystrom Nystrom

WSl / Bag Label

1xNx512 1x (N+1) x 512

Shao, Zhuchen, et al. "Transmil: Transformer based correlated multiple instance learning for whole slide image classification.” NeurlPS, 2021.

Xiong, Yunyang, et al. "Nystrémformer: A nystrdm-based algorithm for approximating self-attention." AAAI, 2021.
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TALK ABOUT SOMETHING OTHER

CLASSIFICATION

THAN

™

Source: The Office

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology

December 18, 2023

16



RIEDRICH. ALEXANDER
NIVERSITA
RLANGEN-NORNBERG

Segmentation
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CAMEL

NO NOT THIS ONE!

Source: nexgenvetrx.com
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CAMEL

- Three Stages.

Xu, Gang, et al. "Camel: A weakly supervised learning framework for histopathology image segmentation." CVPR, 2019.
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CAMEL

- Stage - 1 : Label Enrichment.

Xu, Gang, et al. "Camel: A weakly supervised learning framework for histopathology image segmentation." CVPR, 2019.
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CAMEL

- Stage - 1 : Label Enrichment.

[ FEATURE ENCODER-1 | [ cuassirication Heao

Pretrained + Frozen

INPUT PATCHES

==t  FC Layer

v

Resnet-50

[ FEATURE ENCODER-2 | [ ctassirication Heao

Pretrained + Frozen

==t  FC Layer

Resnet-50

Xu, Gang, et al. "Camel: A weakly supervised learning framework for histopathology image segmentation." CVPR, 2019.
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CAMEL

- Stage - 1 : Label Enrichment.

[ FEATURE ENCODER-1 | [ crassiFication Hean

Pretrained + Frozen

INPUT PATCHES

==—tP  FC Layer

Resnet-50

I FEATURE ENCODER-2 | I CLASSIFICATION HEAD

Pretrained + Frozen

==—tP  FC Layer

=]
5]
o
L)

Resnet-50

Xu, Gang, et al. "Camel: A weakly supervised learning framework for histopathology image segmentation." CVPR, 2019.
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CAMEL

>

Stage - 1 : Label Enrichment.

[ FEATURE ENCODER-1 | [ cuassirication ean |

Pretrained + Frozen Frozen

Matches
=T—t> FClayer Iil WSl

Label?

INPUT PATCHES

Resnet-50
____________________________ . Select
Instance +
[ FEATURE ENCODER-2 | [ cuassiFication ean | Label if

matches

Pretrained + Frozen Frozen

=1

Matches
==—tP  FCLayer WSl

Label?

Resnet-50

Xu, Gang, et al. "Camel: A weakly supervised learning framework for histopathology image segmentation." CVPR, 2019.

A. Ghosh
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CAMEL

- Stage - 2 : Retrain and Relabel.

| seLecTED PATCHES | [ ENCODER | [ ctassiFication Heao |

==t»  FCLayer

Resnet-50

Xu, Gang, et al. "Camel: A weakly supervised learning framework for histopathology image segmentation." CVPR, 2019.
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CAMEL

- Stage - 2 : Retrain and Relabel.

[ awearches | [ ENCODER | [ ciassiFicarion Heao |

Frozen Frozen

=P  FCLayer

EE=0\H

Resnet-50

Xu, Gang, et al. "Camel: A weakly supervised learning framework for histopathology image segmentation." CVPR, 2019.
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CAMEL

- Stage - 3 : Segmentation.

ALL PATCHES | | SEGMENTATION MODEL

Predicted Labels

Xu, Gang, et al. "Camel: A weakly supervised learning framework for histopathology image segmentation." CVPR, 2019.
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More on Segmentation...

GRAPHNEURAL NETWORKS

Starring Tibet Erten

Source: Background Image generated using DALLE-2
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Major Takeaways
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Major Takeaways

e Only options in most cases.
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DRICH. ALEXANDER
ERSITAS

Major Takeaways

e Only options in most cases.
e Feature Encoders — still Imagenet pretrained?
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Thank You!!

Questions?

A.Ghosh | Seminar DPDL | Weakly-Supervised Learning in Digital Pathology December 18, 2023 20



FRIEDRICH-ALEXANDER
UNIVERSITAT
ERLANGEN-NURNBERG

FACULTY OF ENGINEERING

Appendix




RIEDRICH. ALEXANDER
NIVERSITA
RLANGEN- NORNBERG

All previous methods — Flaw

- Imagenet Pretrained Encoders.

| FEATURE ENCODER

Pretrained + Frozen I

Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.
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StreamingCNN

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.
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StreamingCNN

- Previous architectures.

INPUT WSI | [ weureatcres ] | FEATURE ENCODER | [ FEATURES

Pretrained + Frozen

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.

>
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StreamingCNN

- Pretrain using patches?

INPUT WSI | [ weureatcres ] | FEATURE ENCODER

Patch Labels

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.
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StreamingCNN

- No Patch Labels.

INPUT WSI | [ weureatcres ] | FEATURE ENCODER

<]

Patch Labels

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.

>
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StreamingCNN

- Direct WSI processing — not possible.

INPUT WSI | [ FEATURE ENCODER

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.
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StreamingCNN

- Large number of weights.

INPUT WSI | [ FEATURE ENCODER

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.
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StreamingCNN

- Fits compute resources.

INPUT WSI | [

FEATURE ENCODER

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.

A. Ghosh

Seminar DPDL

Weakly-Supervised Learning in Digital Pathology

December 18, 2023
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StreamingCNN

->

Split feature encoder.

INPUT WSI ] | INITIAL RESNET BLOCKS

FINAL RESNET BLOCKS

Fits easily on resources

pii

Resnet-34/ Resnet-50

Resnet-34/ Resnet-50

WSI/Bag Label

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.

A. Ghosh
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StreamingCNN

- Take care of inital part.

INPUT WS | [ wmaLresneTBLocks |

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.
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StreamingCNN

- Convolve and Save.

INPUT WSI

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.
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StreamingCNN

- Non-overlapping = Incorrect

INPUT WSI

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.
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StreamingCNN

- Overlapping = Correct

INPUT WSI

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.
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StreamingCNN

- Repeat and Save!

INPUT WSI I I INPUT PATCHES I I FEATURE ENCODER 15t LAYER

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.
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StreamingCNN

- Use first feature map to get second one!

FEATURE ENCODER 1t 2-LAYERs

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.
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StreamingCNN

I INITIAL RESNET BLOCKS

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels.” IEEE TMI, 2021.
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StreamingCNN

INITIAL RESNET BLOCKS ] I FINAL RESNET BLOCKS

Fits easily on resources

< |-¢

L]

WS/ Bag Label

Resnet-34/ Resnet-50 Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.
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StreamingCNN — Backward Pass

INITIAL RESNET BLOCKS ] I FINAL RESNET BLOCKS

Fits easily on resources

< |-¢

L]

WS/ Bag Label

Resnet-34/ Resnet-50 Resnet-34/ Resnet-50

NORMAL BACKWARD PASS

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.
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StreamingCNN — Backward Pass

FEATURE ENCODER LAST 2-
LAYERS

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.
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StreamingCNN — Backward Pass

- Don'’t reset, instead ADD.

FEATURE ENCODER LAST 2-
LAYERS

Resnet-34/ Resnet-50

Pinckaers, Hans, et al. "Detection of prostate cancer in whole-slide images through end-to-end training with image-level labels." IEEE TMI, 2021.
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