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Identifying Cancer In Whole Slide Images (WSI) Recurrent Visual Attention Model

Experiments & Results on Camelyon16 Challenge Dataset [2]

‣ Cancers are primarily diagnosed from the analysis of tissue biopsies 

‣ Identifying abnormal areas in multi giga-pixel WSI is an open 
challenge for both automatic systems and experts diagnosis [1] 

‣ Patch-based techniques for WSI analysis are commonly used but 
often rely on manual annotations that are not always easily available 

‣ This work investigates whether an automatic diagnosis system can 
learn where to look for abnormalities in WSI
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PRECISION RECCALL
[1] Brunye et al. PloS One, 2014 
[2] Golden et al. Jama, 2017Code: www.sfu.ca/~abentaie

‣ Desired Properties:  

‣ Requires a limited set of patches to infer a tissue slide label 

‣ Automatically identifies locations and scales at which to extract patches 

‣ Integrates global context and memory of previously observed tissue areas
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Lc(D; ✓) =
NX

i=1

logQ(Ŷ = Y (i)|x(i)
[1:P ]; ✓)
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Weakly Supervised Training Objective Function

‣ Given a dataset D of training WSI and slide-level class labels, the model is trained 
with the following regularized loss function: 

WSI-Level Cross Entropy Classification Loss Glimpse-Level Cross Entropy Classification Loss

L(D; ✓) = Lc(D; ✓) + Lp(D; ✓) + La(D; ✓) + Ll(D; ✓)
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Spatial Attention

Spatial and 
Appearance Features

Recurrent Attention

Fully Connected Layer

Fully Connected Layer

Convolutional Network

X: Input WSI Tile 
l: Glimpse Location and Scale 
x: Extracted Patch

[3] Wang et al. arXiv, 2016 
[4] BenTaieb et al. MedIA 2017

Glimpse Extraction Sequence
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Epochs

Epoch 1: lp+1 Search Space

lp lp

Epoch N>>1: lp+1 Search SpaceParameter Annealing
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Previously attended patches 

Average score of previously attended patches 

Unattended patch (lower prediction score)

Attended patch

Difference vector
x

Discriminative Attention Selective Exploration

Spatial Attention Mechanism

‣ The attention mechanism applies two grids (one per image axis) of 
2D Gaussian filters A (parameterized by l) to an input image X 

xp = Ax
pXAy

p
T
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Lc + Ll + Lp
<latexit sha1_base64="Fr9f8F+nxm43LT3sSWTn6QsHzoU=">AAACFnicbVDLSsNAFL3xWesr6tLNYBEEsSQi6LLoxoWLCvYBbQiT6aQdOpmEmYlQQr/Cjb/ixoUibsWdf+OkzaK2Hhg495x7mXtPkHCmtOP8WEvLK6tr66WN8ubW9s6uvbffVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvMn91iOVisXiQY8S6kW4L1jICNZG8u2zboT1gGCe3Y19gk7RbM3n6sS3K07VmQAtErcgFShQ9+3vbi8maUSFJhwr1XGdRHsZlpoRTsflbqpogskQ92nHUIEjqrxsctYYHRulh8JYmic0mqizExmOlBpFgenMl1TzXi7+53VSHV55GRNJqqkg04/ClCMdozwj1GOSEs1HhmAimdkVkQGWmGiTZNmE4M6fvEia51XXqbr3F5XadRFHCQ7hCE7AhUuowS3UoQEEnuAF3uDderZerQ/rc9q6ZBUzB/AH1tcvqv6fDQ==</latexit><latexit sha1_base64="Fr9f8F+nxm43LT3sSWTn6QsHzoU=">AAACFnicbVDLSsNAFL3xWesr6tLNYBEEsSQi6LLoxoWLCvYBbQiT6aQdOpmEmYlQQr/Cjb/ixoUibsWdf+OkzaK2Hhg495x7mXtPkHCmtOP8WEvLK6tr66WN8ubW9s6uvbffVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvMn91iOVisXiQY8S6kW4L1jICNZG8u2zboT1gGCe3Y19gk7RbM3n6sS3K07VmQAtErcgFShQ9+3vbi8maUSFJhwr1XGdRHsZlpoRTsflbqpogskQ92nHUIEjqrxsctYYHRulh8JYmic0mqizExmOlBpFgenMl1TzXi7+53VSHV55GRNJqqkg04/ClCMdozwj1GOSEs1HhmAimdkVkQGWmGiTZNmE4M6fvEia51XXqbr3F5XadRFHCQ7hCE7AhUuowS3UoQEEnuAF3uDderZerQ/rc9q6ZBUzB/AH1tcvqv6fDQ==</latexit><latexit sha1_base64="Fr9f8F+nxm43LT3sSWTn6QsHzoU=">AAACFnicbVDLSsNAFL3xWesr6tLNYBEEsSQi6LLoxoWLCvYBbQiT6aQdOpmEmYlQQr/Cjb/ixoUibsWdf+OkzaK2Hhg495x7mXtPkHCmtOP8WEvLK6tr66WN8ubW9s6uvbffVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvMn91iOVisXiQY8S6kW4L1jICNZG8u2zboT1gGCe3Y19gk7RbM3n6sS3K07VmQAtErcgFShQ9+3vbi8maUSFJhwr1XGdRHsZlpoRTsflbqpogskQ92nHUIEjqrxsctYYHRulh8JYmic0mqizExmOlBpFgenMl1TzXi7+53VSHV55GRNJqqkg04/ClCMdozwj1GOSEs1HhmAimdkVkQGWmGiTZNmE4M6fvEia51XXqbr3F5XadRFHCQ7hCE7AhUuowS3UoQEEnuAF3uDderZerQ/rc9q6ZBUzB/AH1tcvqv6fDQ==</latexit><latexit sha1_base64="Fr9f8F+nxm43LT3sSWTn6QsHzoU=">AAACFnicbVDLSsNAFL3xWesr6tLNYBEEsSQi6LLoxoWLCvYBbQiT6aQdOpmEmYlQQr/Cjb/ixoUibsWdf+OkzaK2Hhg495x7mXtPkHCmtOP8WEvLK6tr66WN8ubW9s6uvbffVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvMn91iOVisXiQY8S6kW4L1jICNZG8u2zboT1gGCe3Y19gk7RbM3n6sS3K07VmQAtErcgFShQ9+3vbi8maUSFJhwr1XGdRHsZlpoRTsflbqpogskQ92nHUIEjqrxsctYYHRulh8JYmic0mqizExmOlBpFgenMl1TzXi7+53VSHV55GRNJqqkg04/ClCMdozwj1GOSEs1HhmAimdkVkQGWmGiTZNmE4M6fvEia51XXqbr3F5XadRFHCQ7hCE7AhUuowS3UoQEEnuAF3uDderZerQ/rc9q6ZBUzB/AH1tcvqv6fDQ==</latexit>

Lc + Ll + Lp + La
<latexit sha1_base64="PJ400OA4kwMGCD5Io7onnXbWPhc=">AAACJnicbVDLSsNAFL3xWesr6tLNYBEEoSQi6EYounHhooJ9QBvCZDpph04mYWYilNCvceOvuHFREXHnpzhps6itBwbOOfde5t4TJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxw2VZxKQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBUM7/J665lKxWLxpEcJ9SLcFyxkBGtj+fZNN8J6QDDPHsY+QedoXvMFnSxo7NsVp+pMgZaJW5AKFKj79qTbi0kaUaEJx0p1XCfRXoalZoTTcbmbKppgMsR92jFU4IgqL5ueOUanxumhMJbmCY2m7vxEhiOlRlFgOvMl1WItN/+rdVIdXnsZE0mqqSCzj8KUIx2jPDPUY5ISzUeGYCKZ2RWRAZaYaJNs2YTgLp68TJoXVdepuo+XldptEUcJjuEEzsCFK6jBPdShAQRe4A0m8GG9Wu/Wp/U1a12xipkj+APr5xe/naVS</latexit><latexit sha1_base64="PJ400OA4kwMGCD5Io7onnXbWPhc=">AAACJnicbVDLSsNAFL3xWesr6tLNYBEEoSQi6EYounHhooJ9QBvCZDpph04mYWYilNCvceOvuHFREXHnpzhps6itBwbOOfde5t4TJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxw2VZxKQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBUM7/J665lKxWLxpEcJ9SLcFyxkBGtj+fZNN8J6QDDPHsY+QedoXvMFnSxo7NsVp+pMgZaJW5AKFKj79qTbi0kaUaEJx0p1XCfRXoalZoTTcbmbKppgMsR92jFU4IgqL5ueOUanxumhMJbmCY2m7vxEhiOlRlFgOvMl1WItN/+rdVIdXnsZE0mqqSCzj8KUIx2jPDPUY5ISzUeGYCKZ2RWRAZaYaJNs2YTgLp68TJoXVdepuo+XldptEUcJjuEEzsCFK6jBPdShAQRe4A0m8GG9Wu/Wp/U1a12xipkj+APr5xe/naVS</latexit><latexit sha1_base64="PJ400OA4kwMGCD5Io7onnXbWPhc=">AAACJnicbVDLSsNAFL3xWesr6tLNYBEEoSQi6EYounHhooJ9QBvCZDpph04mYWYilNCvceOvuHFREXHnpzhps6itBwbOOfde5t4TJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxw2VZxKQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBUM7/J665lKxWLxpEcJ9SLcFyxkBGtj+fZNN8J6QDDPHsY+QedoXvMFnSxo7NsVp+pMgZaJW5AKFKj79qTbi0kaUaEJx0p1XCfRXoalZoTTcbmbKppgMsR92jFU4IgqL5ueOUanxumhMJbmCY2m7vxEhiOlRlFgOvMl1WItN/+rdVIdXnsZE0mqqSCzj8KUIx2jPDPUY5ISzUeGYCKZ2RWRAZaYaJNs2YTgLp68TJoXVdepuo+XldptEUcJjuEEzsCFK6jBPdShAQRe4A0m8GG9Wu/Wp/U1a12xipkj+APr5xe/naVS</latexit><latexit sha1_base64="PJ400OA4kwMGCD5Io7onnXbWPhc=">AAACJnicbVDLSsNAFL3xWesr6tLNYBEEoSQi6EYounHhooJ9QBvCZDpph04mYWYilNCvceOvuHFREXHnpzhps6itBwbOOfde5t4TJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxw2VZxKQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBUM7/J665lKxWLxpEcJ9SLcFyxkBGtj+fZNN8J6QDDPHsY+QedoXvMFnSxo7NsVp+pMgZaJW5AKFKj79qTbi0kaUaEJx0p1XCfRXoalZoTTcbmbKppgMsR92jFU4IgqL5ueOUanxumhMJbmCY2m7vxEhiOlRlFgOvMl1WItN/+rdVIdXnsZE0mqqSCzj8KUIx2jPDPUY5ISzUeGYCKZ2RWRAZaYaJNs2YTgLp68TJoXVdepuo+XldptEUcJjuEEzsCFK6jBPdShAQRe4A0m8GG9Wu/Wp/U1a12xipkj+APr5xe/naVS</latexit>

Lc + Ll
<latexit sha1_base64="TKOtgFt94euf381yYhiurec8TXo=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklE0GXRjQsXFewD2hAm00k7dDIJMxOhhK7c+CtuXCji1m9w5984abOorQcGzpxzL/feEyScKe04P9bS8srq2nppo7y5tb2za+/tN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDG9yv/VIpWKxeNCjhHoR7gsWMoK1kXz7qBthPSCYZ3djn6AzNPvnvl1xqs4EaJG4BalAgbpvf3d7MUkjKjThWKmO6yTay7DUjHA6LndTRRNMhrhPO4YKHFHlZZMzxujEKD0UxtI8odFEne3IcKTUKApMZb6kmvdy8T+vk+rwysuYSFJNBZkOClOOdIzyTFCPSUo0HxmCiWRmV0QGWGKiTXJlE4I7f/IiaZ5XXafq3l9UatdFHCU4hGM4BRcuoQa3UIcGEHiCF3iDd+vZerU+rM9p6ZJV9BzAH1hfv9zjmLk=</latexit><latexit sha1_base64="TKOtgFt94euf381yYhiurec8TXo=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklE0GXRjQsXFewD2hAm00k7dDIJMxOhhK7c+CtuXCji1m9w5984abOorQcGzpxzL/feEyScKe04P9bS8srq2nppo7y5tb2za+/tN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDG9yv/VIpWKxeNCjhHoR7gsWMoK1kXz7qBthPSCYZ3djn6AzNPvnvl1xqs4EaJG4BalAgbpvf3d7MUkjKjThWKmO6yTay7DUjHA6LndTRRNMhrhPO4YKHFHlZZMzxujEKD0UxtI8odFEne3IcKTUKApMZb6kmvdy8T+vk+rwysuYSFJNBZkOClOOdIzyTFCPSUo0HxmCiWRmV0QGWGKiTXJlE4I7f/IiaZ5XXafq3l9UatdFHCU4hGM4BRcuoQa3UIcGEHiCF3iDd+vZerU+rM9p6ZJV9BzAH1hfv9zjmLk=</latexit><latexit sha1_base64="TKOtgFt94euf381yYhiurec8TXo=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklE0GXRjQsXFewD2hAm00k7dDIJMxOhhK7c+CtuXCji1m9w5984abOorQcGzpxzL/feEyScKe04P9bS8srq2nppo7y5tb2za+/tN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDG9yv/VIpWKxeNCjhHoR7gsWMoK1kXz7qBthPSCYZ3djn6AzNPvnvl1xqs4EaJG4BalAgbpvf3d7MUkjKjThWKmO6yTay7DUjHA6LndTRRNMhrhPO4YKHFHlZZMzxujEKD0UxtI8odFEne3IcKTUKApMZb6kmvdy8T+vk+rwysuYSFJNBZkOClOOdIzyTFCPSUo0HxmCiWRmV0QGWGKiTXJlE4I7f/IiaZ5XXafq3l9UatdFHCU4hGM4BRcuoQa3UIcGEHiCF3iDd+vZerU+rM9p6ZJV9BzAH1hfv9zjmLk=</latexit><latexit sha1_base64="TKOtgFt94euf381yYhiurec8TXo=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklE0GXRjQsXFewD2hAm00k7dDIJMxOhhK7c+CtuXCji1m9w5984abOorQcGzpxzL/feEyScKe04P9bS8srq2nppo7y5tb2za+/tN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDG9yv/VIpWKxeNCjhHoR7gsWMoK1kXz7qBthPSCYZ3djn6AzNPvnvl1xqs4EaJG4BalAgbpvf3d7MUkjKjThWKmO6yTay7DUjHA6LndTRRNMhrhPO4YKHFHlZZMzxujEKD0UxtI8odFEne3IcKTUKApMZb6kmvdy8T+vk+rwysuYSFJNBZkOClOOdIzyTFCPSUo0HxmCiWRmV0QGWGKiTXJlE4I7f/IiaZ5XXafq3l9UatdFHCU4hGM4BRcuoQa3UIcGEHiCF3iDd+vZerU+rM9p6ZJV9BzAH1hfv9zjmLk=</latexit>

* ** ***

Ll(D; ✓) = �
NX

i=1

PX

p=1

exp(�||lp � lp+1||1)
<latexit sha1_base64="zYKeYhvAidQxbJYUa5fy2vpBsIE="></latexit><latexit sha1_base64="zYKeYhvAidQxbJYUa5fy2vpBsIE="></latexit><latexit sha1_base64="zYKeYhvAidQxbJYUa5fy2vpBsIE="></latexit><latexit sha1_base64="zYKeYhvAidQxbJYUa5fy2vpBsIE="></latexit>

Lp(D; ✓) =
NX

i=1

PX

p=1

logQ(ŷp = Y (i)|x(i)
p ; ✓)

<latexit sha1_base64="WHodPG9TSeISlLclnhiWSmliWTs="></latexit><latexit sha1_base64="WHodPG9TSeISlLclnhiWSmliWTs="></latexit><latexit sha1_base64="WHodPG9TSeISlLclnhiWSmliWTs="></latexit><latexit sha1_base64="WHodPG9TSeISlLclnhiWSmliWTs="></latexit>

http://www.sfu.ca/~abentaie

