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IT Challenges
Distributed Heterogeneous Data Sources

Human genome/biological data Human proteome

600GB per full genome 160M data points (2.4GB) per sample

15PB+ in databases of leading institutes >3TB raw proteome data in ProteomicsDB
Al pubMed database

>23M articles

I § &
[[[[ISFS

Hospital information systems

Often more than 50GB

Medical sensor data
Scan of a single organin 1s
creates 10GB of raw data

(73

Cancer patient records
>160k records at NCT
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%( Prescription data Clinical trials
1.5B records from 10,000 doctors and * * Currently more than 30k
10M Patients (100 GB) = 1 2 recruiting on ClinicalTrials.gov >
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m Requirements

o Real-time data analysis

o Maintained software

m Restrictions
o Data privacy
o Data locality

o Volume of “big medical data”

Solve the Puzzle
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m Solution?

o Federated In-Memory Database System vs. Cloud Computing 3



Approach I

Multiple Cloud Service Providers
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Approach Il

A Single Service Provider
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Multiple Sites Forming the
Federated In-Memory Database System (FIMDB)

Cloud Provider

Site B
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Local IMDB Cloud IMDB Local IMDB
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Sensitive Data, Master Data and
.g. Patient Dat hared Algorithm

Sensitive Data,
.g. Patient Dat
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Our Approach
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Analyze Genomes: Real-time Analysis of Big Medical Data pattner
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Clinical Trial Pathway Topology Drug Response Cohort Medical

Oncolyzer Recruitment Analysis Analysis Analysis Knowledge Cockpit

Real-time Data Exchange,

Access Control, Statistical
Analysis Data Protection App Store Tools
i Extensions for Life Sciences  IRANMSIGAM
User Profiles
Genome Research Genome Pipeline and
Data Publications Metadata Analysis Models
Cellular : . Drugs and
Combined and Linked Data
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Our Technology

In-Memory Database Technology
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Insert only
for time travel

Active/passive
data store

Dynamic multi-
threading

No aggregate
tables

On-the-fly
extensibility

5
o0

"

Real-time
replication

Minimal
projections

Bulk load
of data

Data partitioning g
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-]
Analytics on
historical data [ 1]
1

Working on
integers

Group key

Object-
relational
mapping

Any attribute
as index

Multi-core/
parallelization

® MW=

+ Combined column Map/Reduce  |oons laaga Single and _’é‘_ Lightweight
and row store | | multi-tenancy = compression
saL

SQL interface on
columns and rows

Reduction of
software layers

Text retrieval
and extraction engine

No disk
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App Example:
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EUROPEAN
LIFE SCIENCE

DK m Control center for processing of raw DNA data, such as
FASTQ, SAM, and VCF

AWARDS

_m Personal user profile guarantees privacy of uploaded
~ = and processed data

Supports reproducible research process by storing all
relevant process parameters

m Implements prioritized data processing and fair use, e.g.
per department or per institute

Standardized Modelingand ~ m Supports additional service, such as data annotations,

runtime environment for - . .
analysis pipelines billing, and sharing for all Analyze Genomes services  Solve the Puzzle

= Honored by the 2014 European Life Science Award >"2pranow. Nov 2016



App Example:

|dentification of Optimal Chemotherapy

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

Patient-specific
Data

Real-time Data Analysis and
Interactive Exploration

Raw DNA data

and genetic variants

(1L0OMB - 1TB)

Tumor-specific
Data

m Honored by the 2015 PerMediCon Award

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

Compound
Interaction Data
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PerMEeDICON
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App Example: II;IIansso
Latest Medical Knowledge for Patients and Clinicians Inatitut

Enter search terms 1 Jane Dough

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

| Markers

Diagnosis
non-small cell lung cancer,
stage IV

m Query-oriented search interface

m Seamless integration of patient specifics, e.g. from EMR Solve the Puzzle

. . ) ) Schapranow, Nov 2016
m Parallel search in international knowledge bases, e.g. for biomarkers, literature,

cellular pathway, and clinical trials "
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App Example:
Pathway Topology Analysis

Non-small cell lung cancer

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

m Integrated >1,5k pathways from international
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
V% disjointdata sources  dysfunctions affecting the course of a therapy

before its start Solve the Puzzle

Pathway analysis of genetic Schapranow, Nov 2016
variants with graph engine
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App Example:
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Clinical Trials /' ®

i

Internal

Non-small cell lung cancer + FLO +/- Pazopanib as First-line Treatment in Advanced Gastric Cancer (PaFLO)
Homo sapiens (human) 5 genes
External Less
Prostate cancer

Homo sapiens (human) 5 genes + Molecular Profiling and Targeted Therapy for Advanced Non-Small Cell Lung Cancer, Small Cell Lung Cancer, and

Thymic Malignancies

« Erlotinib and Temsirolimus for Solid Tumors

. Epi i of Lung Ac cinoma in Multi-ethnic Asian Phenotype

« French National Observatory of the Patients With Non-small Cell Lung (NSCLC) and Molecular Testings

« Trial of MEK Inhibitor and PI3K/mTOR Inhibitor in Subjects With Locally Advanced or Metastatic Solid Tumors

« Safety, Pharmacokinetics and Pharmacodynamics of BKM120 Plus MEK162 in Selected Advanced Solid Tumor
Patients

+ Molecular Analysis of Thoracic Malignancies

+ Randomized Phase Il Study of AZD6244 (Mitogen-activated Protein Kinase Inhibitor) MEK-Inhibitor With Erlotinib in
KRAS Wild Type Advanced Non-Small Cell Lung Cancer (NSCLC) and a Randomized Phase Il Study of AZD6244
With Erlotinib in Mutant KRAS Adva...

+ Lung Cancer in Women Treated With Anti-oestrogens anD Inhibitors of EGFR (LADIE)

+ Ad/HER2/Neu Dendritic Cell Cancer Vaccine Testing

« S0819: Carboplatin/Paclitaxel With or Without Bevacizumab and/or Cetuximab in Stage IV or Recurrent Non-Small
Cell Lung Cancer

« Single Nucleotide Polymorphism(SNP)Study

« PF-00299804 in Treating Patients With Stage IIIB or Stage IV Non-Small Cell Lung Cancer That Has Not Responded
to Standard Therapy for Advanced or Metastatic Cancer

« Erlotinib Plus Tivantinib (ARQ 197) Versus Single Agent Chemotherapy in Locally Advanced or Metastatic Non-Small
Cell Lung Cancer

ErbB signaling pathway
Homo sapiens (human) 5 genes

Homo sapiens (human) 5 genes

Pathways in cancer
Homo sapiens (human) 5 genes

Bladder cancer
Homo sapiens (human) 5 genes

Glioma
Homo sapiens (human) 4 genes

Melanoma
Homo sapiens (human) 4 genes
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m Personalized clinical trials, e.g. by incorporating patient specifics

m Classification of internal/external trials based on treating institute 13



App Example:
Latest International Publications
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Search n @ Springer Link

powered by 5257 HANA

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
Medical Term 7
Porson 14 P 4| ¥ Page: 1] — | + [Full width D 34
Year 7 ‘The traditional chemotherapy agents used in ° .
- Organizaton (Med.) | treatment of advanced lung cancer resulted in Receptor 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 EGFR R-1/EsbBI) i ber of th
as a new treatment approach to non-small cell Erl:B P .I(H]fi L eroB L is 3 member of Ke
Recommendations lung careinoma (NSCLO) in the last decade. Tne =00 il of ‘V';;i“:: IWMB?‘P“’“S' :/
- - ‘whicl includes - 3 HER-2/ne
: Targoted Therapy for Gas... number of targeted anticancer agents in NSCLC ) 'y 33 and HER4/ErbBA. I 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.

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

at various stages of clinical development is
increasing (Table 10.1). Recently, clinical prac-

composed of extracellular (ligand binding), trans-
and i llular (tyrosine-Kinase)

tice guidelines have been updated to
the first-line use of these agents as

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 experiences with targeted therapies in
squamous cell are limited. The major
lesson learned from carl-als 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.

ies T ing 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 inhihitars (e o oefitinih MMreccal and

PDFs
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Clinical Trial Pathway Topology Drug Response
Oncolyzer Recruitment Analysis Analvsi

5 § = e f

Real-time Access Control, Data Exchange, Statistical
Analysis Data Protection App Store Tools
i Extensions for Life Sciences [N bbb
User Profiles
e . ources icati i
m Spec|ﬁc Software tools are avallable to Data Publications Metadata /-\naIySIS Models|
Cellular Drugs and
Combined and Linked Data

Cohort

Medical
nowlease

m Medical data is diverse

m Genetic data is a subset of all medical data

m Linkage and real-time analysis of data is
crucial for doctors

support researchers, clinicians, and patients

In-Memory Database

m Test-drive selected apps at
we.analyzegenomes.com
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Keep in contact with us!

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

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

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