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Big data challenge in precision oncology
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From data to information

Image data Medical report




Quantitative radiology?
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Uhl und Herget. Thieme Verlag (2008)



Most radiologists oversee

a gorilla in a CT image

Trafton et al. Psychol Sci (2013)
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Image data Medical report
(many gigabytes) (few kilobytes)
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Radiomics - Introduction
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Computer Vision

Radiomics — Challenges ahead



,-omics”

a field of study studying
the totality of some sort
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,Radiomics”

analyzing large amounts of
guantitative image features

Kumar et al. Magn Reson Imag (2012)
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Tumors differ from each other

Aerts et al. (2014)



Quantitative features capture the phenotyp

Shape features

Image transforms

Compactness Sphericity

Intensity features
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Where do we go from here?

e Complete? Redundant?
e Transferable?

e OnlyCT?

* Onlysingle lesions?

e IT-Infrastructur?

e Efficient? Reproducible?
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Atari 2600: , Breakout”
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,Programed behavior”







After 100 Games

Mnih et al. Nature (2015)
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Detecting Objects in Images

www.image-net.org



2011: Computers outperform humans

INSTITUT
FUR
NEUROINFORMATIK

METHOD
[3] IDSIA Committee of CNNs
[1] INI-RTCV Human Performance
[4] sermanet Multi-Scale CNNs
[2] CADR Random Forests
[6] INI-RTCV LDA on HOG 2
[5] INI-RTCV LDA on HOG 1
[7] INI-RTCV LDA on HOG 3

+  Single-image, multi-class classification problem
s More than 40 classes
*  Nore than 50,000 images in total

s Large, lifelike database

http://benchmark.ini.rub.de/



2014: ImageNet

ImageNet: 1.5 mio images Detection rate
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Levels of abstraction in neural nets
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http://blog.agi.io/



Elephants

http://image.slidesharecdn.com/



2015: Image Captions

A refrigerator filled with lots of
food and drinks.

Vinyals et al. arXiv:1411.4555 (2015)
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van Gogh (1889) Munch (1893)

Gatys et al. arXiv:1508.06576 (2015)



2015: Inceptionism
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Kevin Kwok. Youtube (2016)
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What about medical imaging?




Training data rare!

N=30.000
aS. ]
1=128%128*128



We call
17 first
featured
and TF
(T1,cT

4.1,

First on
denole
with N
the RO

The prg
the cen|

1.

14,

15.

4.2,

The fed
Region
calculad

20,

21,

22,

23.

24,

25,

4.3,

While fi
nol con|
Loval-c|

Gray-la
Gray-lo|
prosant
binned
(./nh

and tha
axampl

We cald
all foaty

Definitiq

- ..

-

27. - 3

33.-M

51. - 5¢

57.- 64

63. - 61

69. -7

75, -84

81, -8

87, -9

105, -

mM.-
&= (1,

1"7.-
(1.2.3

136, -

141, =

w

183, -

150, -

Gray-lo

A gray
Each e

within a
bins 1o m
the corm

We calcy
of the fo

Necossal

. ..

= = = =9

165, - 1

167. - 1

169, - 1

173.- 1

176.- 1

I
Reduction of Parameters (Ra‘\diomics)

|

i Ng Ny i
LGLRE = —— 2 =~ P(k, 1
: "Z’ il

177. = 178, Number of runs (mean and std.dev.)

Ny

Ny
number of runs = Ny, ™ ZZP{&.H

179, - 180, Run length nonuniformity (RLN) (mean and sid.dev.)

. N [ M
RLN 1= ---—Z ZPII’.”
Nrun s | &

181, = 182, Run percentage (RP) (mean and std.dev.)

]

184, Short run emphasis (SRE) (mean and std.dev,)

Ny N,
SRE 1 - Pik.l
Y )

186. Short run high gray level emphasis (SRHGLE) (mean and std.dev.)

Ng

SRHG NS
SRHGLE = 53— 3" T P(k.1)

run &l iy

187. - 188, Short run low gray level emphasis (SRLGLE) (mean and std.dev.)

=
3

s
{ e
SRLGLE = ——

run

1
e Pk
P

12/18

Kickingereder et al. Radiology (2016)
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Consensus value heatmap (k=3)
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- Cluster 1
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[l Always cluster together
] Never cluster together

Kickingereder et al. Radiology (2016)



Prediction of therapy response in brain tumors

100 Supervised PC predictor
2 90 low-risk)
T 80 high-risk
% 70 log-rank p=0.004
T 60
L 507
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S 404
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E 30_ 1 | J
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e
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0 6 12 18 24 30 36 42 48 54 60

Months

Number at risk
low-risk 24 15 10 6 4 3 2 2 2 1 0
high-risk 16 5 3 1 0 0 0 0 0 0 0

Kickingereder et al. Radiology (2016)
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Each pixel one observation
TRANSFER OF LEARNING

Expert

Expert 2

. Edema

. Active tumor

Contrat-enhanced

GOtz et al. IEEE Trans Med Img (2015)
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Prognostic models?

» Weber et al..Tumor Progression Mapping: An Intuitive Visualization of Glioblastoma Progression in MR Follow-ups. ISMRM (2014)
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Machine learning & disease mechanisms

ADC BO DWI  FA ‘
T1 GAD

FLAIR

Current Tum
uture Progres:

|
i k|

» Unpublished data: Weber et al. Individual estimation of brain tumor invasion margin using data-driven glioma growth models. (in preparation)
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Is the scientific method itself becoming obsolete?

« False alarms may increase when one can measure more things
« Does not replace randomized clinical trials and other experimental designs

Age of Miss America
correlates with

Murders by steam, hot vapours and hot objects

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
25 yrs 8 murders
m 23.75 yrs ¢ ¢
o =
3] 6 murd g
E 22.5 yrs 1]
0 @
=21.25 yrs w
g 4 murders
=3 3
L= 20 v
18.75 yrs 2 murders
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

- Murders by steam -+ Age of Miss America



Intelligence




Chimpanzee

Einstein

Nick Bostrom, Philosoph, Oxford University.
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