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What is the Hasso Plattner Institute, Potsdam, Germany?
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m Full university curriculum

Ph.D. Curriculum
- Research School Seminar

- Presentations at HPI Colloguium

. B a C h e | 0 r (6 S e m e Ste rS) - Participation at Research Seminars

of HPI Research Groups
Students: 142

m Master (4 semesters)

. ag Curriculum for
. S Bachelor and Master
. O rt h O go n a | ACtI V I t I e S ' Stz‘;‘::;gplzg;emESters - Business Process & Enterprise
) Technologies
- Human Computer Interaction &

o E-Health Consortium ' Bachelor Program ntemet & Secuity Technolosy
- Operating Systems & Information
. . ' Duration: 6 Semesters Ssy?tems TXCT? IO§y & Modeli
- - SoTtware Architecture odelin
o School of Design Thinking i :
Integrated Bachelor Project
- Working on concrete problems of
D ResearCh SChOOI industry or society
- Working in teams of 4 to 8 students Use Case onCOIOgy:
Application Examples

_ Data Management for

Enterprise Platform and Integration Concepts Computer Graphics Systems Dlgltal Health' Summer
Internet Technologies and Systems System Analysis and Modelling 2 0 1 7

Operating Systems and Middleware Software Architecture

Business Process Technology Information Systems 5

Human Computer Interaction HPI School of Design Thinking

Status: February 2013
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The Setting
Actors in Oncology

m Patients

Individual anamnesis, family history, and background

Require fast access to individualized therapy

Identify root and extent of disease using laboratory tests

Evaluate therapy alternatives, adapt existing therapy

Use Case Oncology:
Application Examples

TEEEEE, o Conduct laboratory work, e.g. analyze patient samples Data Management for
Digital Health, Summer

I o Create new research findings and come-up with treatment alternatives 3017
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i Patient channel preferences,’

What do citizens ask for?

m Myth: People are not interested
in Digital Healthcare Services

Source: McKinsey Digital Patient Survey 2014

frequency per year, %

Germany
online portal
E-mail PRl 288 22 15 16
Smartphone
apps

Social media

Local

services, 43
eg, branch

Phone 24
Mail/fax 46

. 157 9

30 22 13 11

EA

Not at all

United Kingdom

213 16 16 34

34 17116 12 23

SO0 11 o 13

84

I\)—E_m I

M7 20 14 29

iIEM 19 19 15 28

B I
I I
w [oe]

\1
N
wﬁ

[1time M 2times M 3-4times M >4 times

Singapore

410 27 38 7l

I

11§l 35

28 10

kN9 30 35 13

21 JK] 38 21 7

14 v 42 4 8

12 o] 42 <]

W
w

"Figures may not sum to 100%, because of rounding. Respondents were asked the following: Thinking
of all your interactions with your health system (doctors, hospitals, pharmacies, healthy-living
websites, etc.) and social care in the last 12 months, please indicate the approximate number of
times your interaction related to one of the following types.
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What do citizens ask for? (cont'd)

Germany today B Germany futur

Age group, in years

m Myth: The younger generation
wants to use digital services only

Source: McKinsey Digital Patient Survey 2014

16-29 30-39 40-49 50-59 60-69
E-mail 83
72 73 L 0
38 I 4 39 39 38
Website 82
i3
47 p
30
Social 28
media 8 - 11
4 4 O 5
I — 2 e =
Smart- 40
phone . 31 26
apps 11 10
: -l -l -
z I L2



What do citizens ask for? (cont'd)

m Myth: Patients require innovative
features and apps in healthcare

Source: McKinsey Digital Patient Survey 2014

Ranking of criteria for success of online proposition,’

top 3 criteria, %

Germany

Ability to execute

processes/receive
services directly in
the online platform

Fast availability
of a personal
contact person

Usability/
accessibility of
service offerings

-

48

39

United Kingdom

Increased
awareness of
online services

Ability to execute

processes/receive
services directly in
the online platform

Fast availability
of a personal
contact person

-

45

43

Plattner
Institut

Singapore

Increased
awareness of
online services

B

Wider range 36
of value-added
services

Width/clarity
of information
available

34

"Respondents were asked the following: From your perspective, what needs to happen for you to
use certain services online/on your mobile phone more frequently than in the past? Please select
the three most important criteria for you.

Source: McKinsey Digital Patient Survey, 2014



What do citizens ask for? (cont'd)

m Myth: Personal healthcare data should never be donated for research purposes

Large amounts of people’s health data should be collected and analysed
on an anonymous basis by health institutions, [...], to enable
improvements in the detection and treatment of diseases.

You would give these institutions access to your health data as long as it
is amalgamated, anonymised and only used for statistical/research
purposes.

You would give these institutions access to your health data and trust
that they would store and use it appropriately.

You would give these institutions permission to store and analyse your
data as personal and identifiable data as this could help to cure a
disease you or others might have.

13

mvery comfortable ~ ® comfortable

Would you give permission for your insurance to access your health
and fitness data so they can adapt your insurance rate according to
your health behaviour and fitness level, i.e. you pay more or less
depending on your lifestyle?

Would you be happy for your health and fitness data to be analysed by a
special health programme or smartphone app, and to receive
recommendations on how to live a healthier life and prevent the onset
of certain diseases?

27

Source: Vodafone Inst. for Society and Commun., Big Data Survey, 2016 ®Yes

41

40

m uncomfortable

46

46

19

16

M it should not be allowed

72

® No

17

21

22

10

10
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Highest rate of comfort-
ability or share of Yes

Country  Age
ES 30-49
Ccz 30-49
ES 30-49
ES 18-29
UK 30-49
IE 18-29

Educat.

Medium
/High

High

Medium

Medium

Medium

Medium



What do citizens ask for? (cont'd) Hasso
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Vodafone Institute Large amounts of people’s health data should be collected and analysed on an
for Society = o o o o o
and Communications anonymous basis by health institutions, [...], to enable improvements in the
detection and treatment of diseases
Countries
— == N LA
IS hcz -DE —&-Es I IFR I IE I lIT I N v &‘;UK

65

57
—— 00

Source: Vodafone Inst. for Society and Commun., Big Data Survey, 2016
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Mobile Apps in Healthcare

m CHARISMHA study of the BMG 2016
m >100k health apps available

m Major focus: Well-being and fitness

m Results

o Prevention: Adequate use of apps can

support prevention

o Medical use: Quality issues if not
licensed as medicine product

o Research: Uses mobile apps for
acquisition of data

m Missing solution to bridge the gap b/w low
quality and high adaption rate of users

E@conhll

+:q Healthcare IT

o5 7. April 2017
» bVIlg

il Messe Berlin

wivi |

wu'r -

| Hermann Grohe
gundesminister fir Gesundh
Federal Minister of Health

afA® O Cerner @
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charisimha

Use Case Oncology:
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Data Management for
Digital Health, Summer
2017
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Medical Doctor's about Health Apps

Inwiefern stimmen Sie den Aussagen zu?*
Die Apps helfen dem Patienten, — 83%
Vitaldaten im Blick zu behalten. 3%
Gesundheits-Apps sind _ 69%
nur etwas fiir Technikaffine. 9%
Ich sehe hinsichtlich Diagnose und _ %
Therapie als Arzt keinen Nutzen. 43%

Die Apps liefern mir relevante %
Informationen tiber Patienten. _ 35%

Hartmannbund b tk
sitiv« in Prozent | Quelle: Bitkom Research STARK FOR ARZTE 1 Om
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Data Management for
Digital Health, Summer
2017
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App Example: Data Donation Pass
Control Your Personal Health Data

m Holistic access to your personal health record

m Subscribe to personalized notifications, e.g. about latest healthcare

programs and clinical trials

m Donate your de-identified healthcare data to support registered research

projects all over the globe

123456789

KVersncherung

Gesundheitskarte

G1

Erika Mustermann
Musterversicherung

A123456789

Versichertennummer

\

//'

b

>

i‘u

. I\
=)

e analyzegenomes.com 9:41 AM 100%

7
|/

News { ‘\

Heute

@ Im Rahmen der Forschung von
Behandlungsverfahren fiir Kardio-
myopathie flihren wir eine Studie
durch, die Ihre Vitalparameter vor
der Operation misst. Dadurch kon-
nen wir Ihnen die beste Operation
vorschlagen.

eeoe
Mehr

Dr. Jane Dough @

Interessieren Ablehnen

i

Dr. Hans Miiller @

Hat ein EKG in die Daten von Dr. Miiller
eingefligt.




Control your Personal Health Data: ‘-‘; 3 II;IIasﬁo
. [
GesundheitsCloud GesundheitsCloud Institut
B =)
Oy 8-

Hospitals / Wearables

N

B-& —o— &.8

Practices Citizen Latest Diagnostics
Personal Personal
Healthcare ‘1 Insights
N Data &
o (] esundheit Aop, ()
L IR | Cloud “sor
R_e/seérchO Donation . —
eal-time rante .
Algorithms InteDartaation Data Apps Use _CBS? Oncology:
& Analysis Application Examples
_ Data Management for
Routine — —] Digital Health, Summer
Data Secure Data Storage 2017
s = 20
Health Insurances
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Individual anamnesis, family history, and background

Require fast access to individualized therapy

Identify root and extent of disease using laboratory tests
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Papier und Stift haben bei Arzten noch nicht ausgedient
Wie verwalten Sie tiberwiegend...?

Notizen

manalog mdigital

den Schriftverkehr z.B. Arztbriefe

die Medikationsplane

die Patientenakten

(Befunde, TherapiemaBnahmen) Use Case Oncology:

Application Examples
die Bestellungen

medizinischen Materials Dagaianagement for

Digital Health, Summer

2017
0% 20% 40% 60% 80% 100%, 3

i Hartmannbund | b tk
2 Basis: Alle befragten Arzte (n=477), an 100 fehlende Prozent: »Gar nicht« und »WeiR nicht/k.A.«, | Quelle: Bitkom Research STARK FOR ARZTE 1 Om
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Papier und Stift haben bei Arzten noch nicht ausgedient
Wie verwalten Sie uberwiegend...?

Notizen 52% 44%

manalog mdigital

den Schriftverkehr z.B. Arztbriefe 47% 51%

die Medikationspldne 42% 43%

die Patientenakten

()
(Befunde, TherapiemaBnahmen) 34% 63% Use Case Oncology:
Application Examples
die Bestellungen
medizinischen Materials 32% 57% B?gﬁ[al\lllagajfhmgﬂrtn]:ﬁ;r
2017
0% 20% 40% 60% 80% 100%, 4

) Hartmannbund btk
2 Basis: Alle befragten Arzte (n=477), an 100 fehlende Prozent: »Gar nicht« und »WeiR nicht/k.A.«, | Quelle: Bitkom Research STARK FOR ARZTE 1 Om
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Neue Herausforderung: Der ,informierte* Patient
Inwieweit treffen Ihrer Meinung nach die folgenden Aussagen zu?
(o)
64%
Ich empfinde den Umgang mit Patienten,
die meinen, durch das Internet alles besser
zu wissen, als anstrengend. 48%
Patienten werden durch
5 1% Informationen aus dem
Internet mundiger.  Use Case Oncology:
Ich habe durch den Austausch . Asgli;st?onnec:a(r’ngs’les
mit gut informierten Patienten Data Management for
schon mal dazu gelernt. Digital Health, Summer
2017

Basis: Alle befragten Arzte (n=477), Antworten fiir »Stimme voll und ganz zu« und »Stimme eher zu« in Prozent | Hartmannbund 'b 'ii{
12 Quelle: Bitkom Research ? STARK FOR ARZTE 1 om



Use Case: Precision Oncology
|dentification of Best Treatment Option for Cancer Patient
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m Patient; 48 years, female, non-smoker, smoke-free environment

m Diagnosis: Non-Small Cell Lung Cancer (NSCLC), stage IV
m Markers: KRAS, EGFR, BRAF, NRAS, (ERBB2)

1. Remove tumor through surgery
2. Send tumor sample to laboratory for DNA extraction
3. Sequence complete DNA of sample results in 750 GB of raw genome data
4. Process raw genome data, e.g. alignment, variant calling, and annotate
Use Fasg Oncology:
5. Identify relevant variants using international medical knowledge Application Examples
- . . . . . . Data Management for
6. Support decision making, e.g. link to de-identified historic cases Digital Heaih, Summer
2017
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Our Vision

Medical Board Incorporating Latest Medical Knowledge
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Our Approach: AnalyzeGenomes.com
In-Memory Computing Platform for Big Medical Data
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2017
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Our Approach: AnalyzeGenomes.com
In-Memory Computing Platform for Big Medical Data

Indexed Genome Research Genome Pipeline and
Sources Data Publications Metadata Analysis Models
Cellular , ) Drugs and
Pathways Combined and Linked Data Intergactions

In-Memory Database
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Use Case Oncology:
Application Examples

Data Management for
Digital Health, Summer
2017
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Our Approach: AnalyzeGenomes.com | II;IIansso
In-Memory Computing Platform for Big Medical Data et

Real-time Access Control, Data Exchange, Statistical
Analysis Data Protection App Store Tools
i Extensions for Life Sciences ARG

Indexed Genome Research Genome Pipeline and Use Case Oncology:
Sources Data Publications Metadata Analysis Models Application Examples
Data Management for
Cellular Drugs and o
: : . Digital Health, S
Pathways Combined and Linked Data 2'0g1'7a ealth, summer

31
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Our Approach: AnalyzeGenomes.com
In-Memory Computing Platform for Big Medical Data

Clinical Trial Pathway Topology Drug Response Cohort Medical
Recruitment Analysis Analysis Analysis Knowledge Cockpit

Oncolyzer

Real-time Access Control, Data Exchange, Statistical
Analysis Data Protection App Store Tools
i Extensions for Life Sciences ARG
User Profiles
Indexed Genome Research Genome Pipeline and
Sources Data Publications Metadata Analysis Models
Cellular , ) Drugs and
Combined and Linked Data

Use Case Oncology:
Application Examples

Data Management for
Digital Health, Summer
2017

32
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Clinician
with Mobile
Device

X
qﬂ

Specific Cloud
Application
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\
Researcher

with Web
Browser

X
qﬂ

Specific Mobile
Application

?% <

High-Performance In-Memory Genome
Cloud Platform

Analytical Data
Processing

Graph Processing

Scheduling and
Worker Framework

Annotation and
Updater Framework

v
Application Layer

Vo

Platform Layer
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" Institut
Clinician Researc! her
% with Mobil % with Web
Device Browser
Ov Ov
Sp fic Cloud Specific Mobile
Application Application
? M ? Fv <
High-Performance In-M ry Genome
Cloud P m
==
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Scheduling and otati

Use Case Oncology:
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Data Management for
Digital Health, Summer
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App Example: II;IIansso
|dentification of Optimal Chemotherapy Inasg?g{

Real-time Data Analysis and

Interactive Exploration CHARITE
epo‘“

Raw DNA data
and genetic variants
(LOOMB - 1TB)

Smoking status,
tumor classification
and age
(LMB - 100MB)

Medication efficiency
and wet lab results
(LOMB - 1GB)

Use Case Oncology:

Patient-specific Tumor-specific Compound Application Examples

Data Data Interaction Data el
igital Health, Summer

2017
m Honored by the 2015 PerMediCon Award 34



/Snmg Response Analysis X \ B - 7

€ - C' | [} weanalyzegenomes.com/dra/clustering/svm_tumor QAN R|E

w Hasso-Plattner-Institut h % Design IT. Create Knowledge.

Configuration Results

First step: Choose which drugs'values should be predicted

1 5-FU .|,\

g
) Methotrexat 0’&\) 60'
@ Carboplatin < ¢ 00
i o X
Docetaxel A\
o X <O
 Cetuximab \@
S Q&
[ Everolimus vo ‘\\
MR
®
Second step: Choose which data shouldbe factored into the prediction. You can choose a preset (click on the row) or create an own set.
Available Presets
Drug  Drug Non-functional Functional Changes via Functional Changes via

Preset Name TIC Recist Changes RS Genes Age Gender T N M Grading
T/C Basic v v
Recist Basic v v
T/C Functional RS v v
Recist Functional RS v v
T/C Basic Complete v v v v vV
Recist Basic Complete v v v v vV V
T/C Functional RS Complete v v v v vV OV

v v vV

Recist Functional RS v v



/& Drug Response Analysis  x |\ B -
]

€ - C'  [) weanalyzegenomes.com/dra/clustering/svm_tumor

1 :
% Design IT. Create Knowledge.

W Hasso-Plattner-Institut

() Predict Drug Responses
OR

® Classify Drug Responses

You need to define the class borders, which distinguishes effecitvity classes of drugs.
You can choose to use a predefined set, or define your own classes and save them for later use.

Available Classification Presets choose one by clicking on a table row

Preset Name Definition

Recist Basic 0.7 (good) 1.2 (stable) 2.0 (bad)
T/C Basic 25.0 (good) 60.0 (stable) 100.0 (bad)
test2 1.0 (good) 10.0 (ok) 50.0 (bad)

Custom Set Give a class a name and a class border

Keep in mind whether you want T/C or recist values to be classified, since they differ greatly in value ranges.

The lowest class border will go from 0 to the defined border.. Subsequent classes set the end of the defined class (so the class ranges from the predecessor class border to the defined border for
this class). The largest class border (= the last class) will include all values, which do not fit into any other class, so the last border value is actually not that important.

Example: 25 (good), 75 (stable) and 100 (bad) - good ranges from 0-25, stable from >25 to 75, bad from >75 upwards.

Add Class: Name Border

Current Classes:

Save Class: To save this set, enter a name

Predict Drug Response



Design IT. Create Knowledge.

—/5 Drug Response Analysis X \
c [ we.analyzegenomes.com/dra/clustering/svm_tumor

« -
#1] Hasso-Plattner-Institut

Configuration Results

Result SVM run for Carboplatin

Drug Class Probabilities
Tumor good stable bad Actual Class
10927 0.067 0.205 0.728 bad
Result SVM run for Cetuximab
Drug Class Probabilities [0
Tumor good stable bad Actual Class
0.469 0.200 0.331 good

10927

cetuximab might be more
beneficial for the current case
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m Patients

Individual anamnesis, family history, and background

Require fast access to individualized therapy

Identify root and extent of disease using laboratory tests

Evaluate therapy alternatives, adapt existing therapy
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Use Case: Precision Oncology

| Hasso
Identification of Best Treatment Option for Cancer Patient % attner
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m Patient; 48 years, female, non-smoker, smoke-free environment

m Diagnosis: Non-Small Cell Lung Cancer (NSCLC), stage IV
m Markers: KRAS, EGFR, BRAF, NRAS, (ERBB2)

1. Remove tumor through surgery
2. Send tumor sample to laboratory for DNA extraction
3. Sequence complete DNA of sample results in 750 GB of raw genome data
4. Process raw genome data, e.g. alignment, variant calling, and annotate
Use Fasg Oncology:
5. Identify relevant variants using international medical knowledge Application Examples
- . . . . . . Data Management for
6. Support decision making, e.g. link to de-identified historic cases Digital Heaih, Summer
2017

40






App Example: % ||;|Iaﬁo
: : attner
Cloud-based Services for Processing of DNA Data Institut
DK m Control center for processing of raw DNA data, such as EUROPEAN
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ FASTQ, SAM, and VCF e
= Personal user profile guarantees privacy of uploaded
and processed data
m Supports reproducible research process by storing all i
relevant process parameters ff ¢ j
m Implements prioritized data processing and fair use, e.g. _3 &—

per department or per institute

Standardized Modelingand ~ m Supports additional service, such as data annotations,
runtime environment for - . ) Use Fasg Oncology:
billing, and sharing for all Analyze Genomes services  Application Examples

analysis pipelines
: : Data Management for
m Honored by the 2014 European Life Science Award Digital Health, Summer

2017
42




App Example:
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Real-time Assessment of Clinical Trial Candidates % Plattner
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m Supports trial design and recruitment process through
statistical data analysis

m Real-time matching and clustering of patients and
clinical trial inclusion/exclusion criteria

m Reassessment of already screened or participating
citizens to reduce recruitment costs

m Integrates smoothly with the ‘

sCloud

* * Real-time assessment of Use Case Oncology:
clinical trial candidates Application Examples
- | O

Data Management for
Digital Health, Summer
2017

43
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App Example:
Medical Knowledge Cockpit for Patients and Clinicians

~ Jane Dough

Enter search terms Search

. female, 48 years, non-smoker
How about A2M, AADAT or PIK3CA?

| Markers
m non-small cell lung cancer  x I KRAS, EGFR, BRAF, NRAS
B Diagnosis
non-small cell lung cancer,
stage IV

# Charité

m Query-oriented search interface
Use Case Oncology:

m Seamless integration of patient specifics, e.g. from EMR Application Examples
. . , , Data Management for
m Parallel search in international knowledge bases, e.g. for biomarkers, literature, Digital Health, Summer
cellular pathway, and clinical trials 2017
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Medical Knowledge Cockpit for Patients and Clinicians
Pathway Topology Analysis

e o o m Search in pathways is limited to “is a certain
element contained” today

_— m Integrated >1,5k pathways from international
B sources, e.g. KEGG, HumanCyc, and WikiPathways,
= into HANA

m Implemented graph-based topology exploration and
ranking based on patient specifics

Unified access to multiple formerly ® Enables interactive identification of possible
VE disjointdata sources  dysfunctions affecting the course of a therapy

before its start
Pathway analysis of genetic
variants with graph engine

Hasso
Plattner
Institut

Use Case Oncology:
Application Examples

Data Management for
Digital Health, Summer
2017
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Medical Knowledge Cockpit for Patients and Clinicians
Publications

@ Springer Link

powered by 57 HANA

Smeri n

Molecular Pathology of Lung Cancer, 2012

m Interactively explore relevant publications, e.g.

m Improved ease of exploration, e.g. by highlighted medical terms and relevant

concepts

Highlights
Molecular Targeted Therapy of Lung Cancer
Concepts 156
Sanja Dacic
Modical Term 7
Person 156 O 4| ¥ Page: | 1] — | + [Full width | aE
Year 7 ‘The traditional chemotherapy agents used in 2 .
e ; treatment of advanced lung cancer resulted in  R€CePtor Tyrosine Kinases
only slight improvement of overall survival. EGFR
Novel agents that target specific signaling mole-
References
cules of cellular growth pathways have emerged The EGER RU/BHB) is ber of th
as a new treatment approach to non-small cell ErlfB 23 ,l(mfi e ) 15 2 DI o Ke
Recommendations lung carcinoma (NSCLC) in the last decade. The Hich m i’ ‘c; !y“};g I/Eu rbsBs ;ece}gg;{s;{' :}
. - ‘WhiCl includes s y -2/nel
= Targeted Therapy for Gas... number of targeted anticancer agents in NSCLC - o by ypp 37k B3 and HER 4/ErbB4. It is

Elizabeth C. Smyth, and David Cunningh
in Current Treatment Options in Oncol.

= Is there a role for vindesin...
Heine H. Hansen, and Jens Benn Serent
in Investigational New Drugs, 2001, V.

= A phase |l trial of gemcita...
Syed A Ahmad, Philip J. Gold, Heinz~Jos
in Cancer Chemotherapy and Pharma.

= Mutual antagonism of beh...
William T. McKinney, Fredric H. Kiopf, an
in Psychopharmacologia, 1987, Volu.

= Pattemns of care and outc...
Stephanie M. Perkins, Nandita Mitra, Wai
in Jounal of Neuro-Oncology, 2012, V.

at various stages of clinical development is
increasing (Table 10.1). Recently, clinical prac-
tice guidelines have been updated to recommend
the first-line use of these agents as

composed of extracellular (ligand binding), trans-
and i Iidar: (tyiokine kinase)
domain. Upon ligand binding and receptor homo-

for advanced disease specifically in patients with
tumors harboring epidermal growth factor recep-
tor (EGFR) mutations [1, 2]. It is important to
emphasize that histology plays a significant role
in the efficacy of targeted therapies. Most of the
targeted agents have effect on adenocarcinoma,
whereas experi vith targeted therapies in
squamous cell carcinomas are limited. The major
lesson learned from carly’lfﬁnﬁll.\ﬁals is that
these therapies show the best efficacy in selected
group of patients with specific molecular altera-

or hetero-di and ion, activated
EGFR signals downstream to the PI3K/AKT and
RAS/RAF/MAPK pathways (Fig. 10.1). These
intracellular signaling pathways regulate key pro-
cesses such as apoptosis and proliferation.

pies T: g EGFR y
Two treatment strategies targeting EGFR have
been developed: monoclonal antibodies directed
against the extracellular ligand-binding domain
of the EGFR (e.g., cetuximab) and small mole-

enle TK inhihitare (@ o oefitinih Mreccal and

PDFs

Use Case Oncology:
Application Examples

Data Management for
Digital Health, Summer
2017
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App Example:
Systems Medicine Model of Heart Failure (SMART)

% 'Hasso
Plattner
Institut

m Integrated systems medicine based on
real-time analysis of healthcare data

Federal Minis
m Initial funding period: Mar ‘15-Feb 18 Lo I of Edcaton.

Supported by:

Fibrosis

and Research

m Funded consortium partners:

Blood

volume C |—| A R | T E @ Bayer

UNIVERSITATSMEDIZIN BERLIN

MAX DELBRUCK CENTER
FOR MOLECULAR MEDICINE
BERLIN-BUCH

- BIMS THE BERLIN INSTITUTE DEUTSCHES HERZZENTRUM BERLIN®
BYFTUNG DLS DONGENLCHEN FECHTS

Use Case Oncology:
Application Examples

FOR MEDICAL SYSTEMS BIOLOGY

Data Management for

Hasso Digital Health, Summer
Plattner 2017
Institut

IT Systems Engineering | Universitét Potsdam 4 7




Use Case: Establish Systems Medicine Model for
Improved Treatment of Heart Failure

m Patient: 63 years, male, smoker

m Diagnosis: Chronic heart insufficiency, stage IlI-IV

1. Appointment | (pre-surgery): Acquire systemic patient details, e.g.

physiological and blood markers
Predict outcome using clinical model with patient specifics
Select adequate option and conduct valve replacement

Equip patient with sensors to allow regular monitoring

v~ W

Appointment Il 6 wks after surgery to validate outcome

Hasso
Plattner
Institut

Use Case Oncology:
Application Examples

Data Management for
Digital Health, Summer
2017
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Requirements Engineering for System Medicine % Hasso

. . Platt
Computer-aided Systems Medicine Process Institut

= Legend
32 @ Study
29 Assessment [ ..
" ZEligiblePatient @ ) e

Start Event
Patient Meta
Data,
Hemodynamic End Event
Parameters, and

Clinical Data Data®
ata
Object

™

Message

m Process definition through
user interviews

Surgery
Perlormed? Hemodynamic
Evaluation

Heart Center

Surgeon | Cardiologist| Radiologist

m |dentification of time-consuming and
manual process steps

Surgery

E -
t —
E o—ﬂ o
E . i
m Requirements for a computer-aided Wat T3
E = Ex\;/)v;'tirlﬁibnts .......... eg. Eispl:'eiéion
research process: 'E g Biopsy sample' + ,”RNAsequencingresults _’ Data
g & Protein
Sh 1 f d ~§—§ Se ﬁgr:\cin —’O FASTQFiles 1. —
1. aring of data g T e S— ) }
2. Improved communication RH ' T —
LIESS Experiments Protein Levels -+
gla< ; Biopsy sample
3. Reproducible data processin HE |
p p g % 5% Cardi Cardiomyocyte
c|Eg aiﬂlc?dn;méyte Electromecha- -+
E = Protein levels m__ JTTTT nical Model
O 5
ol
g
4 ]

1
,,,,,,,,,,,,,,,,,,,,,,,,, @ Multi-Scale O Multi-Scale Hemodynamic|
Modeling Model Parameters
Post-surgery

visit data




Smart Analysis Health Research Access (SAHRA) [} smmn

Smart Analysis Health Res

% Hasso
Plattner
Institut

m Interdisciplinary partners collaborate on enabling interactive health research

. . Supported by:
m Current funding period: Aug 2015 - July 2018
% ‘ Federal Ministry
for Economic Affairs
and Energy
m Funded consortium partners:
he basis of a decisi
o AOK g et decon,
GellllllO German healthcare insurance company ¥
o data experts group =
f> . Smart Data
dataexperts  Technology operations
. o Hasso Plattner Institute Use Case Oncology:
ﬂ Plattuer i . Application Examples
® nsiwt  Real-time data analysis, in-memory database technology

Data Management for

o Technology, Methods, and Infrastructure for Networked Medical Research gioglit;" Health, Summer

Qnmr Legal and data protection 50




App Example: Stratification of Hypertension Patients
and Longitudinal Data Analysis

%

Hasso
Plattner
Institut

m Stratification of patient cohorts using patient specifics

m Automatic matching of similar patients and patient anamnesis

m Interactive graphical exploration of longitudinal patient data

1. Enter
Patient

2. Filter
References

There are 1025 patients in 17 categories.

Show cluster within range

Algorithm

3. Configure 4. Select

Cluster

5. Analyze
Predictions

between 0 and 1025 patients

Cluster Patients Average Demographic Similarity
P Timeline (16) 3 0 \/|
P Timeline (15) 4 0 +
P Timeline (14) 1 0 v
P Timeline (13) 17 0 +
P Timeline (12) 9 0 +
P Timeline (11) 4 0 -+

SAHRA smart analysis Health Research Access

data experts ﬁMF r:"?ﬁ"m

Longitudinal Data Exploration Version

- Top Events

AMBH
N40

Number of Patients with Event: 10

E1190

Number of Patients with Event: 9

E780

Number of Patients with Event: 8

2251

Number of Patients with Event: 7

E790

Number of Patients with Event: 7

KH

Z74.0 Probleme mit Bezug auf:

Hilfsbedirftigkeit wegen
eingeschrénkter Mobilitat

KH

AMBH
fd6...91d
fa5...214
féc...508
€99...035
df0...180
d6d...744
d30...e07
be2...076
b6a...57e
ae9...6a5
a8dd..ald
a82...36e
947...292
938 hha

Patient with Diagnosis: AMBH 110%, KH 110*

Show Diagnoses Vv

November December 2017 February March April May June July August ¢

~| Il | i | I m i

| L Dl I 1 |

(| | | | | |

1 I

| | | | |

[ 1 | I 11

| | Il | 111

I | Il 1l

[

[l | 1l

| |

[ 11 I | 1111 I 11

1 | |

[ 1 | I | |

i 1 ]
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The Setting
Actors in Oncology

m Patients

Individual anamnesis, family history, and background

Require fast access to individualized therapy

Identify root and extent of disease using laboratory tests

Evaluate therapy alternatives, adapt existing therapy

Use Case Oncology:
Application Examples

TEEEEE, o Conduct laboratory work, e.g. analyze patient samples Data Management for
Digital Health, Summer

I o Create new research findings and come-up with treatment alternatives 2217




Our Methodology Egﬁger

Design Thinking Institut

Use Case Oncology:
Application Examples

Data Management for
Digital Health, Summer
2017
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Our Methodology Hasso

Design Thinking Institut

Desirability
m Portfolio of integrated services for clinicians, researchers, and patients
m Include latest treatment option, e.g. most effective therapies

Viability Feasibility
Enable precision medicine also in far-off m HiSeq X Ten delivers 30x coverage
regions and developing countries whole genome of >18k humans / year
Involve word-wide experts (cost-saving) = IMDB epablgs allele frequency o Use Case Oncology:
(publications, annotations, genome data) m Cloud-based data processing services B?gtlatal\?aHréajfhmgﬂrtnﬁﬁér
reduce TCO 2017
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Join us for upcoming projects! Hasso

Plattner
Institut

m Markers for cardiovascular diseases to
assess treatment options (DHZB)

m Combine health data to improve health care
research (AOK)

{’#““»A""\ ,
KCI—I ARITE

Interdisciplinary
Design Thinking

m Generously supported by

% Federal Ministry % Federal Ministry Use Case Oncology:
Y | of Education N | for Economic Affairs Application Examples
and Research and Energy Data Management for
Digital Health, Summer
2017
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What to Take Home?

Test it Yourself: AnalyzeGenomes.com

m For patients

ldentify relevant clinical trials and medical experts

Become an informed patient

o ldentify pharmacokinetic correlations

EG =
@) \{

To\ g o Scan for similar patient cases, e.g. to evaluate therapy efficiency

m For researchers

(™) _ti ; ; Use Case Oncology:
e G o Enable real-time analysis of medical data, e.g. assess pathways Application Examples
f& =] toidentify impact of detected variants Data Management for

B |0 | B . e . Digital Health, Summer
€ é’ o Combined mining in structured and unstructured data, e.g. publications, 20g17

diagnosis, and EMR data 56



Keep in contact with us!

Dr.-Ing. Matthieu-P. Schapranow
Program Manager E-Health & Life Sciences

Hasso Plattner Institute
August-Bebel-Str. 88
14482 Potsdam, Germany

schapranow@hpi.de
https://we.analyzegenomes.com/

% Hasso
Plattner
Institut

In-Memory Data Management Research

Hasso Plattner
Matthieu-P. Schapranow Editors

I High-Performance
In-Memory Genome
Data Analysis

How In-Memory Database Technology
Accelerates Personalized Medicine

@ Springer

Use Case Oncology:
Application Examples

Data Management for
Digital Health, Summer
2017
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