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Precision Medicine Enters into
the National Health Care Dialogue

President Obama will seek hundreds of millions of dollars
for a new initiative to develop medical treatments tailored
to genetic and other characteristics ofindividual patients.

NYT Jan 25 2015
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Prazisionsmedizin ist ein personalisierter Ansatz in der
modernen Medizin, welcher individuelle Merkmale wie
genetische Pradisposition, Umweltfaktoren oder Lebensstil
der Patienten In die Behandlung miteinbezieht.

Die Initiative der UniBern/ Inselspital in der Prazisions-
medizin strebt an, dass die richtige Behandlung zur
richtigen Zeit zum richtigen Patienten gelangt.
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Big data transformiert die Wissenschatft...

Ecology - Fluxnet

Neuroscience -
The Human Connectome Project

=] Genomics
/ S == DNA sequencer
High energy physics -
Large Hadron Collider

SCIENCE IN THE
PETABYTE ERA

=Eﬁ_ u Knowledge of knowledge
E.‘i':ﬁ Meta-data of scientific documents

I1S1 Web of
KNOWLEDGE.

Transforming Research

Astronomy -
Sloan Digital Sky survey Lectures.GersteinLab.org o7



Datenexplosion in der Genforschung
aufgrund sinkender Kosten

Cost per Raw Megabase of DNA Sequence

Moore's Law

||||I|“""““H||“ National Human
Wfliw, caflll Genome Research
Institute

genome.gov/sequencingcosts
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Das Versprechen und die Zukunft der Prazisionsmedizin

X Platforms

DNA methylation
MicroRNA

RPPA

Clinical data

Modified
From National Academy
of Medicine




: ’i“‘ﬂ Eine kontinuierliche Pflege, in welcher wir den gesunden,
¢ kranken und wieder genesenen Zustand eines Patienten
umfassend begleiten und erfassen - unabhangig der
zugrundeliegenden Krankheit.

 Dies erlaubt uns, wertvolles wissenschaftliches Material zu sammeln,
damit klinische Entscheide fundierter sind

 Um die Krankheit besser zu verstehen, brauchen wir Wissen uber
die Gesundheit

» Daten helfen uns nicht nur bei der Heilung von Krankheiten, sondern

. W .

£ auch fur die Erhaltung der Gesundheit



ZUSAMMENARBEIT

Prazisionsmedizin ist Teamwork —

sie kombiniert die Kenntnisse und
Fahigkeiten von Arztlnnen,
Genetikerlnnen und Datenanalystinnen,
um Klinikerlnnen die besten Diagnose-
und Behandlungsmoglichkeiten zu
ermaoglichen

» Teamwork heisst, wir arbeiten innerhalb von vielen unter-
schiedlichen Disziplinen, um eine moglichst grosse
Expertise zu garantieren

« Aufgrund der riesigen Datenmengen aus genetischen
Tests sind Bioinformatiker flr unser Team essenziell

* Wir sammeln nicht nur Daten, wir nutzen sie und lernen
aus ihnen



LERNSYSTEM FUR DAS
GESUNDHEITSWESEN

Wir schaffen ein Lernsystem flr unser
Gesundheitswesen, in dem die Behandlung
aktiv tberwacht und stetig verbessert wird —

» Dies erlaubt uns, aktuelle Behandlungsstandards
kontinuierlich zu verbessern.

* Die Verwendung von Genetik er6ffnet vollig neue Wege
zur Behandlung von Krankheiten

» Unser Ziel ist es, jeden Behandlungsplan eines Patienten
SO einzigartig zu gestalten, wie es auch das individuelle

Genmaterial ist
o o
» Wissenschaftliche Erkenntnisse werden direkt in die '-.--'fb Y %
= . . = N
Ausbildung der ersten Generation von Arztinnen im Gebiet Y v

der Prazisionsmedizin einfliessen



Kreismodell Precision Medicine

HEALTHCARE
PROVIDERS

@ : b ‘ o
(R/C2NNENY
.
L]

LARGE DIVERSE
POPULATION

Shan

SMALL DATA

" . PRECISION = "
/- MEDICINE

EHR &

RESEARCH REPORTS

PATIENT REPORTED
GENOMIC DATA HEALTH DATA



Vorführender
Präsentationsnotizen




Wo bist Du?

Wo warst Du?

Was kaufst Du?

Wie oft schreibst Du Emails?
Wieviel Leute wohnen bei Dir?
Was suchst Du im Internet? Wann? Wie oft?

Ezsser anlire sinkagten
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Bedeutung von genomischem Datenschutz

e Das allgemeine Dilemma der genomischen
Privatsphare

- Aus dem Informationsaustausch wird die Person
moglicherwelse In ihrer Privatsphare
beeintrachtigt, aber die Gesellschaft profitiert
von der medizinischen Forschung

- Wie kann man Risiken und Belohnungen
ausgleichen?

Modified from M. Gerstein, [D Greenbaum, M Gerstein (‘11). Am J Bioeth 11:39. Greenbaum & Gerstein, The Scientist ('13)]
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An Introduction to the

All of Us
Research
Program

Updated July 7, 2017

natienalinstittes (@) AllofUsResearch  #JoinAllofUs

of Health



The Vision of President Obama

“IVly hope Is that this becomes the jounaation, the

arenitecture, whereby in 10 years jrom how we can /100K back

//

gnd say that we have revolutionized meaicine.’
|

- President Barack Obama




US Spend Most on Health Care
Source: Organization for Economic Co-operation and Development

9.1. Health expenditure per capita, 2013 (or nearest year)
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Life expectancy

Figure 1. Life expectancy in selected countries of the world,
2005-2006 {Iceland), 2004 or 2005 in other countries
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Etablierte Programminfrastruktur

DATA AND RESEARCH
CENTER (DRC)

Big data capture, cleaning,
curation, & sharing in secure
environment

Vanderbilt, Verily,
Broad Institute

BIOBANK

Repository for processing,
storing, & sharing biosamples
(35+M vials)

Mayo Clinic

HEALTH CARE
PROVIDER ORGS
(HPOs)

Clinical & scientific expertise
network, enrollment & retention
of participants

20+ regional med centers,
FQHCs, VA, future awards to
grow network

PARTICIPANT
CENTER

Direct volunteer participant
enroliment, digital engagement
innovation, & consumer health

technologies

Scripps Research Institute
(with multiple partners)
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These are the key components of the All of Us Research Program. Additional partners may come on board at a later time. 


All of Us
Research Program

The All of Us Anthem..


https://youtu.be/sXww_H706OA

Der Nutzen der Teilnahme bei All of Us

....

 Eine Gelegenheit etwas Uber lhre

Gesundheitsindikatoren zu erfahren

und Zugang zu lhren eigenen Daten zu

haben

 Eine Gelegenheit, Krankheiten zu bekampfen
und die Gesundheit zuklnftiger Generationen zu

fordern

 Eine Gelegenheit, Teil einer Bewegung zu sein, fur
eine prazisere, personlichere und effektivere

Gesundheitsvorsorge

4 Well Cornell
' Medicine

AIInst

RESEARCH PROGRAM a




Prazisionsmedizin: Lehren aus dem Feld
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Prazisionsmedizin: Lehren aus dem Feld

Drug Mutation Dramatic Response
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+ Diagnostic tests
o Blood test
¢ Radiology
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Clinical examination ——
+ Medical history
* Physical exam ___

Treatment plan
Interpretation
of reports
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|. Molecular analysis

lIl. Research

|I. Consultation

Institute for ‘
.. + Next generation .
Precision sequencing IPM Tur?tor Btc;]ard Devz!op ne\.;:_ prec;;smn
fq - Compulational biol consults wi iagnostic an
Medicine ) B;rggﬁk?ngna e treatment team therapeutics

Beltran/Rubin JAMA Oncology PMID:26181256

Klinische Versuche

Hypothese:
Prazisionsmedizin
kann hilfen, um
klinische Studien
ZU verbessern
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Weill Cornell Medicine PM Experience:
Precision Cancer Care in Real Time

Research

Original Investigation

Whole-Exome Sequencing of Metastatic Cancer
and Biomarkers of Treatment Response

Himisha Beltran, MD; Kenneth Eng, MS; Juan Miguel Mosquera, MD; Alexandros Sigaras, MS; Alessandro Romanel, PhD; Hanna Rennert, MD;
Myriam Kossai, MD; Chantal Pauli, MD; Bishoy Faltas, MD; Jacqueline Fontugne, MD; Kyung Park, MD; Jason Banfelder, MCh.E; Davide Prandi, PhD;
Neel Madhukar, BS; Tuo Zhang, PhD; Jessica Padilla, MA; Noah Greco, MBA; Terra J. McNary, BA; Erick Herrscher, BA; David Wilkes, PhD;

Theresa Y. MacDonald, BS; Hui Xue, PhD:; Vladimir Vacic, PhD; Anne-Katrin Emde, PhD; Dayna Oschwald, PhD; Adrian Y. Tan, MD;

Zhengming Chen, PhD, MPH; Colin Collins, PhD; Martin E. Gleave, MD; Yuzhuo Wang, PhD; Dimple Chakravarty, PhD; Marc Schiffman, MD;

Robert Kim, BS; Fabien Campagne, PhD; Brian D. Robinson, MD; David M. Nanus, MD; Scott T. Tagawa, MD; Jenny Z. Xiang, MD;

Agata Smogorzewska, MD, PhD; Francesca Demichelis, PhD; David S. Rickman, PhD; Andrea Sboner, PhD; Olivier Elemento, PhD; Mark A. Rubin, MD

Beltran et al., JAMA Oncology May 28 2015
Rennert et al., npj Genomic Medicine 2016



Seit Oktober 2015 WES Testing bel WCM

EXaCT-1 Genom-Tests flur fortgeschrittenen
KrebsUber 1000 getestete Patienten
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WES+Analysis pipeline - patient reports

New York State CLEP Approved Beltran et al., JAMA Oncol. 2015;1(4):466-474



Mail Calendar Camera

| -
__

| Maps Clock. Weather News




Sample preparation and sequencing

1) Tissue examination by
pathologist & macrodissection

2) Matched
NormaliTumor
DNA extraction

=

Data analysis and variant tiering

5) Alignment Hg19 (EGFR del19) 6) Tier 1

Results sign out

S )

8) Case sign out

SNV

indel

EXaCT-1 Workflow

3) HaloPlex library preparation and quallity assessment 4) HiSeq 2500 sequencing

Genomic DNA digestion

HaloPlex probe DNA-probe  HaloPlex Target
library hybrids capture enriched sequencing
hybridization

Palred-end NGS,
rapld run

Library quality assessment

I = el
Ml Vil 18k

Informatics

AAAGTTTAAA
AAAGATTAAA

7) Tier 2 Informatics

. = CosmiC

IPM
Pipeline

VCF file
AAAGTTTAAA ; Com
AMG  AAA

AAAGTTTAAA
AAAGTTTAAA

AAAGTTTAAA
AAAGTTTAAA

\ IPM KB

10) Medical records

NPJ Genomic Medicine July 20, 2016



ntegrierter Bericht mit detaillierter Interpretation

neworrrestyierian — [NStitute for Precision Medicine Report - Preliminary

Tweill cornell Medical Center
Patlent ID: PM266 Dlagnosls: Clear cell carcinoma Report date: Dec. 05, 2014

newrcrreshyeran — [NStitute for Precision Medicine Report - Preliminary

2 TV weill Cornell medical Center

Patlent ID: PM266 Dlagnosls: Clear cell carcinoma Report date: Dec. 05, 2014

CLINICAL INFORMATION Gene name FDA_ ap!prcl_ved _drugs ity Interpretation
indication (if any)

Patient ID: PM266 Sample type (case/control): FFPE / FFPE
Physician: Himisha Beltran M.D. Sample collected (case/control): (3/18/2014) / (3/18/2014) FGFR3 S FGFR3 amplification may be with resp to the
Diagnosis: Clear cell carcinoma Sample received (case/control): (11/14/2014) / (11/14/2014) focal amplification tyrosine kinase inhibitor pazopanib (Liac et al, 2013, Cancer Res).
Site: Pelvic mass Neoplastic content: 56.6% ~
Specimen IDs PM266_ZA2_1_Case HALO VAF: variant allele frequency

(casefcontrol) PM266_2ZC2_1_Ctrl_HALO

CASE IMAGES The stalus of alterations in gene(s) KRAS is indeterminate because the coverage was below the optimal levels of this method (<10
reads). Hence, analysis of the alteration(s) with an independent methodology will be performed.

Genomic alterations of unknown significance in cancer genes

These alterations occur in genes that are cancer associated, but their impact on the disease is unknown (see Appendix).

Copy number alterations

Description Classification of alteration Altered region

fumarate hydratase LARGE SCALE AMPLIFICATION | chri:223,533,597-249,212,519

H3 histone, family 3A LARGE SCALE AMPLIFICATION | chr1:223,533,597-249,212, 519

B-cell CLL/lymphoma 7A FOCAL AMPLIFICATION chr2:122,468,644-123 419,896

RESULTS sional wansducer and activator of ianscription 3 acune-phase fesponse | £y A1 AMPLIFIGATION chi17:40,039,428-40,673,083
GENOMIC ALTERATIONS: Summary iy oo e (1433 gt ’ FOCAL AMPLIFIGATION chr17:649,687-1,968,405

v-akt murine thymoma viral oncogene homolog 2 FOCAL AMPLIFICATION chr19:39,759,400-40 947 630

Wolf-Hirschhomn syndrome candidate 1(MMSET) FOCAL AMPLIFICATION chrd:1,316,228-2,160,908

Genomic coordinates are based on human reference GRC37/hg19. Large scale alterafions involve at least 50 genes.

Somatic alterations in clinically relevant genes

A set of 49 clinically relevant genes was investigated. 2 alterations were found in these genes (listed below).

- . N - B Somatic mutations and indels
Somatic alterations of unknown significance in known cancer genes

Tumor

a CTEERT Classificati Reference Tumor  Tumor AA o i Tumor

A set of 509 known cancer genes was investigated. 8 alterations in these cancer associated genes were found (listed below). I e 3ene description lassification Allele Allele 1 Allele 2 change rla;'g;"h VAF
Somatic alterations of unknown significance ARID1A AT rich interactive domain 1A p.W1024

) i ) ] ohr1-27094361 | (SWiHike) nonsense G G A . 53 (55) 1 41.5%
13 gene(s) with point mutations or indels and 41 copy number alteration(s) were found (listed below). AA: amino-acid; VAF: variant allele frequency; Genomic coordinates are based on human reference GRC37/hg18 and are 1-based.
Clinically relevant genomic alterations
These alterations occur in genes that are deemed clinically relevant because: they are targets of drugs, they confer resistance or Genomic alterations of unknown SIinflcance
susceplibility to treatment, or for other clinically relevant reasons (see Appendix). These alterations are not known to have any effect on the disease, but are here reported in the event that in the future progress in

ientif could ine their role (see Appendix).

Alle Patienten- und Genomdaten wurden
gespeichert. Nicht nur Teildaten.




Patient, doctor, admin specific dashboards




Tracker — Mobile

ssco0 Verizon ¥ 09:30 T O G2
ipm-devOl.med.cornell.edu

PM902 EXACT1 T1

Tumor Type Glioblastoma
Primary Site Brain, Supratentorial
Tissue Tested Brain, Supratentorial
Current Stage Analysis

Running for 1 23 Days 1 Stage Left

- ﬁ - ok = - —;:_m/'

wecon Verizon F 09:30 T O 6% D
ipm-devil.med.comell.edu

PM884 EXACT1 T1
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Tumor Type Glioblastoma
- Primary Site Brain, Supratentorial PM902 EXACT1 T1
Tissue Tested Brain, Supratentorial Tumor Type Glioblastoma
- Current Stage Analysis Primary Site Brain, Supratentorial

Tissue Tested Brain, Supratantorial
Current Stage Analysis

Running for 1 47 Days 1 Stage Left
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Running for 1 23 Days 1 Stage Left
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PM884 EXACT1 T1

Tumor Type Glioblastoma
Primary Site Brain, Supratentorial
Tissue Tested Brain, Supratentorial
Current Stage Analysis

Running for 1 47 Days 1 Stage Left
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Weill Cornell
Medicine




Eine Lektion
in der Kommunikation

~N
General
4 A Practitioner 4 A
Precision
Medicine . Oncologist
Team \
g J g J
/ Precision Medicine \
g . CareProcess ~
Biologist
g J

>~

Precision
Medicine
Genetics Team

- J

\_

Surgeon &
Radiologist

4\

J




Diskussion mit
Pflegepersonen und
PM-Teammitgliedern

zur Entwicklung eines
Konsultationsberichts

& '
@ S

Prazisionsmedizin-Tumorboard




Wie sieht die genomische Analyse von 10.000

Patienten aus?

A4

Tumor Blood

1. Patient consent 2. Sample accessioning

Mutations
EEEIIEEETTED

Copy number alterations

- D

Rearrangements
EIITTIEET TED

4. Sequencing 5. Bioinformatics
analysis

LML
LMuMg
>-+ < NQW‘ Genomic variants
LS database
LAMuM™y P al
3. Sample preparation
e —
MPath R
T Clinical report

Clinical trial
Once matching

Precision oncology

knowledge base Data mining &

interpretation

6. Case review and & cBioPortal
sign out B

Mike Berger and MSKCC Team, Nature Med 2017



Wie viele Patienten konnen auf Basis der Daten eine
neue Behandlung erhalten?

Level 3A (7%)

, Level 2B (9%)
Compelling clinical evidence supporting the

Level 2A (2%)
A Level 1 (7%)
biomarker as being predictive of drug

Level 3A
- response in the same indication N u r 7% Level 1

Compelling clinical evidence supporting the
biomarker as being predictive of
drug response in another indication

Lovel 1 FDA-recognized biomarker for an Level 3B (11%)
FDA-approved drug in the same indication )
Level 28 Standard of care biomarker for an
SVE FDA-approved drug in the same indication
Standard of care biomarker for an
FDA-approved drug in another indication

Other (63%)’

Mutation Amplification Deletion Fusion

Slledina €©
ial

—

w

o
T

Wie helfen wir Patienten, die keine Optionen
mehr haben?
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2 PEEETY NG e e e g&@" o" RO
9

Mike Berger and MSKCC Team, Nature Med 2017



Insidethe |
brutally _ ¥

selective, F .
hugely
expensive,
lifesaving
trials of

immunotherapy.

By Alics Park

AMAZON: THE NEXT $8 TRILLION + MICROSOFT MAKES NICE
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Tumor foreignness
Mutational load

Tumor sensitivity
to immune effectors
MHC expression,

IFN-ysensitivity : General immune status

. Lymphocyte count

Absence of inhibitory

tumor metabolism - Immune
LDH, glucose utilization cell infiltration
Intratumoral T cells

Absence of soluble inhibitors T sckpointe

”_“6. CRP PD’LI

CANCER IMMUNOLOGY

The “cancer
immunogram

Visualizing the state of
cancer-immune system
interactions may spur
personalized therapy

”

By Christian U. Blank,** John B. Haanen,*
Antoni Ribas,® Ton N. Schumacher*

Science May 2016



Wir brauchen viele Daten, um zu verstehen, welche
Patienten von dieser teuren Behandlung profitieren.

‘omics’ analysis TME assessment Immunotherapy response prediction
WES
X}WMX Immuno-predictive score
— ——— — —
— — » eoantigens »
——— —
RNAseq Immune-gene
expression

¥ Qe

—— Response No response

p | Immune ‘c_eﬂ
composition

p | T-cell recgptor
repertoires




Personalized Cancer Models to Guide Precision Medicine

Sequencing Sequencing Report

Drug Screening
N . 8
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Patient Derived Xenograft In Vivo Drug Validation
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O . .

Pauli, Hopkins et al., Cancer Discovery 2017 PMID 28331002



Organoids Iin drug testing: In vitro — Mini Sarcoma Production

Pauli et al, March 2017
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Wie wird die Prazisionsmedizin in der Schweiz aussehen?
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i

& million The post-1945 economic boom was accompanied by a

Mon-European
huge demand for workers. Between 1551 and 1970 P

Switzerland experienced the biggest immigration Germany Italy
= r - B A century ago, the number of Germans Italians, who were very present in
Ir—lﬂ X 1IN 'ts hIStDr}II' in Switzerland was the same as today. Switzerland up until the First World War,
But there was a big difference: at that came in large numbers after 1945,
600 thousand time they were mostly workers and helping contribute massively to the
craftsmen but today they are post-war economic boom.

university-educated.

European
The Second Industrial Revolution, building work and

the densification of the railway network were the
main factors behind the first wave of immigration to
modern-day Switzerland. At the same time, tens of
thousands of Swiss emigrated - a movement which
only slowed at the start of the First World War.

Portugal Spain

0 With the improved economic situation in Italy and Spain, the main providers of labour up
- until the end of the 1970s, Switzerland increasingly turned to other countries like Portugal
and former Yugoslavia.

Former Yugoslavia Other European countries

400 The war that broke out in former
Yugeslavia in 1991 played an impor-
tantrolein emlgratmn to
Switzerland.

B France Em Austria

W Turkey Others

8.4 Million Swiss Residents

SWI swissinfo.ch
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White, Black, Asian, Hispanic, or Other (yellow)

By Eric Fischer - Race and ethnicity 2010: New York City (USA)

Changing race/ethnicity
of America’s adolescents

White

Black

Asian

AIAN Alone

HPI Alone

Multiracial

e
(8]
©
L&)

AIAN

0.7%
0.2%

2014 2050

American Indian and Alaska Native

By Mugeek Vidalondon
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z.b.,
Wie sieht genomische Analyse heute in der Schweiz aus?
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Wie kénnen wir den Wert der genomischen Daten in der
Schweiz verbessern?




SPHN/PHRT Proposal from Bern, Zurich, Lausanne, and Geneva
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UNIVERSITY HOSPITAL UNIFORM REPORTING
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WP1. Determine optimal configuration for uniform genomics reporting
to enable reliable sharing of clinical and research data.(SIB/Others)
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WP2. Harmonize Swiss uniform genomics reporting format(s)
for clinical and research interoperability. (Patholink SNF & Onco SPHN)
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RESEARCH & CLINICAL
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WP3. Establish extemal SOCIBP sites
and improve use/operator features

for broader clinical and

research connectivity (SIB/SAKK/Intern’l)




0 Swiss Genomics Today: Many Solutions and Lack of Uniform Reporting
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UNIVERSITY HOSPITAL UNIFORM REPORTING
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WP1. Determine optimal configuration for uniform genomics reporting
to enable reliable sharing of clinical and research data.(SIB/Others)

WP2. Harmonize Swiss uniform genomics reporting format(s)
for clinical and research interoperability. (Patholink SNF & Onco SPHN)

DATA SHARING FOR
RESEARCH & CLINICAL

R T S——— 3
L — | | ) R
=" pGaENGR

WP3. Establish external SOCIBP sites
and improve use/operator features

for broader clinical and

research connectivity (SIB/SAKK/Intern’l)




Swiss Molecular Pathology and Tumor Immunology Breakthrough Platform (SOCIBP)

SPHN Driver Project PHRT Project
Universitat Bern / Inselspital ETH-Zirich
Mark A Rubin (Main Applicant) Gunnar Ratsch (Co-Applicant, WP3,5,6)

Tobias Grob (WP2)
Rémy Bruggmann (WP1,3)
Universitatspital Zurich
Holger Moch (Co-Applicant, WP2)

EPFL-Ludwig Institute
George Coukos (Co-Applicant, WP4,6)

Co-Applicants (WP2) Other Interactions

Swiss Institute of Bioinformatics
PATHOLINK (SNF)
Englander Institute of PM (Cornell)
Other SPHN/PHRT Projects (see table)

CHUYV Lausanne Laurence de Leval
Hopitaux Universitaires Genéve Thomas McKee

Proposed




Was sind die Kosten?

F (PM)=Social and economic PM Model

None || S100

Weeks || S1000

Months|| $10,000

Years || $S100,000

—

Condition Diagnosis Treatment Benefit Cost



Danke fur lhre Aufmerksamkeit

mark.rubin@dbmr.unibe.ch
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