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Paradigm shift to precision medicine
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The Scientific Challenge:
molecular revolution in medicine is just beginning

Genomics
= 25.000 Gene

Transcriptomics
= 100.000 Transkripte

Proteomics
= 1,000.000 Proteine

Metabolomics
=~ 3.000 Metaboliten

(1) Data production 3_
in.9 -0

‘ “‘nu Tia ok uwu .-
nu v ""““;"“‘" A %y wea  Millions of rav seguence
= e ¥ 5 4 & W raads are producadfor a
- e e \'-"“. 4 B A W e & 0
e '::‘ o .‘L'--.-. . .‘s\ ’, ..:"'.-.', » ¥ S peient tumer
N a— % N e * o
<] ",':' —_—T RS e Ssquences are
A = 3 aligned o the
2} Pfocess“"g and = m E = E “ relerence ;220,"5 and
event detection m !g E ﬁ g‘ tumor-specific events
x predactad
s 3X: %
e TN ...
- 2 2 ala are s ivwed @nd
(3) Fittering. review, _ i valdation expanments
and validation e x= performed o identify high
B 2 quality ewents
o ..
’, ::.. = -‘::.'
-
(4) Annotation and functional { - Events are ennctated and scored inan
e N - effont 1o predict events of funclional
prediction % senes significance
..: 1 .:.

‘ A genome analyst aitamnpes to interpeat
& pricnitize, and summanze funcionally
Y5 significant events in the context of
publshad Werature, chnicaltrals, and a
multtude of knowssdgs basas

(5) Interpretation and
report generation

Pathologsts and oncologsts evalate the
signficance of potentially cinically
acticnadle ovonts and incorporate ther
reseach into patient care

(6) Clinical application

Good et al Genome Biafogy 2014, 15438



data + context = information
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The medical challenge:

Make globally distributed knowledge ...

...available for local patient care



Challenges

* Paradigm shift in knowledge management

Digitalisation

Data and information quality

Individualisation ("n of 1 cohort")

* Big Data

MOLEIT
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Challenges to Opportunities

L 20

From individuality... To Knowledge network ...and individualized therapy

www.molit.eu MOL%'T
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MOL%'T Institute for Personalized Medicine

« foundedin 2016

* Non-Profit-Organisation

* located in Heilbronn

« supported by Dieter Schwarz Foundation
* 12 own staff

* Applied science cluster and translation
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CANCER CENTER | heilbronn-franken
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oAy MEETING Abstract Number CT074
for Cancer Research 2017

Non-comparative, Open-label, Multiple Cohort, Phase 1/2
Study to Evaluate Nivolumab in Patients With Virus-
associated Tumors (CheckMate 358): Efficacy and Safety in
Merkel Cell Carcinoma
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Navarra, Navarra, Spain; 1Vall d’"Hebron University Hospital, Vall d’'Hebron Institute of Oncology (VHIO), Barcelona, Spain; 12Sanford Health, USD Sanford School of
Medicine, Sioux Falls, SD, USA; 13Stephenson Cancer Center, University of Oklahoma, Oklahoma City, OK, USA; *Bristol-Myers Squibb, Princeton, NJ, USA; 1>Seattle
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...our molecular tumor board (MTB)

e started in May 2017
* weekly conference
«  Multidisciplinary (Research + Clinic)
* supplements organ-specific tumor
conferences as needed
RH | T RT | ws | kG | ND | kv [wst| RS
::HA.S 0] 50| 40| 50 80 [me-|ma.| na [1500] 1500 non-synonymous mutations
P53 R.S. 76 1.
p16/CDKN2A Hepatisch metastasiertes Pankreaskarzinom
SMAD4 ED 12/2015
SMAD2
:22;1 N Therapie:
BRCA2 12/2015 - 07/2016 Gem + nabPaclitaxel
FANCD2 Progress
Fance DNA damage  ¢7/2016 Molekulargenetik
ABLL repair genes *  BRAF VG00E-Mutation
ATM * BRCA2- u. FANCB-Mutation
ARID1B + Hypermutationsphdnotyp
ARID1A 08 -10/2016 Pembrolizumab + Trametinib
SMARCA4 10/2016 —04/2017 Pembrolizumab
KDMGA PR
SETD2
RYR1
PRX
MTHFR
NOTCH3

CTumorzentrum

Cancer Center Heilbronn-Franken
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case report in

JCO® Precision Oncology

An American Society of Clinical Oncology Journal

Sustainable Response of a Patient
With Metastasized Pancreatic Cancer
and a Hypermutational Phenotype to
Immunotherapy. New Therapeutic
Concept for a Rare Subtype?

Stephanic Berger
Sylvia Bochum

Dora Finkeisen

CASE REPORT

A 76-year-old woman was referred to our clinic
with a suspicious lesion in liver segment VI
after an abdominal ultrasound was performed
in the routine setting. Besides occasional minor
abdominal discomfort, the patient was asymp-
tomatic. A biopsy specimen of the liver lesion
revealed a poorly differentiated carcinoma, with
wmor cells displaying a partly pleomorphic, sig-
net ring or spindle cell appearance, fitting to the
metastatic presentation of either a carcinoma
of the bile duct or pancreatico-biliary system.

for whole-exome sequencing and sequenced on
an lllumina HiSeq next-generation sequencing
platform (Illumina, San Diego, CA) by CeGa'T
(Tuebingen, Germany). After bioinformatic fil-
tering of germline variants and manual assertion
of the called variants, a high tumor mutational
burden (TMB) with 18 mutations/Mb was
detected. The most relevant somatic driver
mutations were a loss-of-function stop mutation
within FANCB (E472*) and an activating muta-
tion in BRAF (V60OE). No mutations in KRAS
and genes involved in DNA mismatch repair

MOLZSEIT
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personalized immunotherapy leads to tumor regression

05/2017 01/2017 08/2016
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Workflow from tumor tissue to MTB report

Obtaining the tumor material of the l .
patient (CT or sonographically é L Patient

controlled or surgical specimen)

treatment case 3
sample shipment =] .lissueteam"
DNA sequencing (NGS) Labor team
molecular ! 2
diagnostics Bioinformatics @ bioinformatician

2

clinical evaluation

l clinical oncologists,
molecular human geneticists,

validation biologists, study
tumor board l physicians

MTB-treatment recommendations

0
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Virtual Tumor Board as an IT tool set

Report of molecular diagnostics @ dynamic integration of
information, queries as
‘ ? needed
Supplement to relevant data from . —C)—
. the clinic -
data collection 3 —

and preparation

Search for similar cases

in the literature :%] source independent
l _Q search tool

Search for available therapy
options (studies)

' @)

validation
MTB conference 1 S S 21 Teleconference

MTB-treatment recommendations

follow-up ' Q Follow-up workflow

Review

individual case
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VirtuellesTumorboard

Molekulares Tumorboard - 15.6.2018

Konferenzansicht [IREENIEe] 10 (eg]s

Videokonferenz Prasentation Falldaten

Dokument suchen

Radiologie
CT vom 20.03.2018

Molekulardiagnostik
Befund vom 03.04.2018

Patient Reported Outcomes

Patiententagebuch Januar
2018

Nachster Fall

Teilnehmer 1 TR

Teilnehmer 2

Notizen
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Opportunity 1:

from

digital data

to

digital workflows

Data

* clinical data
* lifestyle
* molecular diagnostics

Analysis

» Connected data

» Machine learning

* Integration of knowledge

S

B

o Integration of
Patient individual model <=) new knowledge

Bl

Patient Reported
Outcome
Individual treatment \ / M O L % IT

» Patient-doctor conversation
* Tumor board

« Expert involvement personalized therapy Institut fir personalisierte Medizin



MOLIT Framework an interoperable toolbox

MOLIT

Platform for
patient generated data

Framework

Study Platform

Order Entry
Communication

> Virtual Tumorboard
> (VITU)
Do
FHIR

Knowledge Management
Toolset

MOLEIT
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Example: Kaiser permanente
Opportunity 2:
L EMR
EHR

interoperability v (6
\
N

enables different

usage contexts

Real-time access to patientinfo

for a more effective care team
Ease and empowerment for a Better data and richer research
proactive and engaged patient ° What it is: an elec ronc to improve care for everyone
e version of apatsent’s medhca s
° Whatitis: a secure pora chart fiat connacts doctos and ° What it is: 5 socum clectronc
though which a patantcan other caregres with data from database that houses informaton
access soma of the micemation avarypomt of cam « inchuding from all avalable patient EMRs
on hs EMR, and also schedule medical hstory, MRE, X rays fueling rosearch and halping
apponiment, chock b resuftg aflergyes, test maults and more aecnd redundant sesting and
ordar prescrprons mackty Jicavon anes
gy 7 s o Who has access: primary RS
SN cara physicans specabas o Who has access: physicans,
o Who has access: f1e panentor surgyeons, pharmacsts, and pharmacsts, madical s1i{ and
pasanisauthoreed caregemr other madical stafi Cra p/noars

Source 08.03.2016 : http://image.slidesharecdn.com/kaiserpermanente-makingsenseofhealthinformationsystems-140826184840-
phpapp01/95/making-sense-of-health-information-systems-1-638.jpg?cb=1418657425
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Opportunity 3:

Interoperability
enables
cooperation

Example: www.cbioportal.org

| ] .
o cBioPortal Data Sets Web APl R/MATLAB Tutorials FAQ News Visualize Your Data Abot
|

FOR CANCER GENOMICS ——

About Us

The cBioPortal for Cancer Genomics was originally developed at Memorial Sloan Kettering Cancer Center (MSK). The public
cBioPortal site is hosted by the Center for Molecular Oncology at MSK. The cBioPortal software is now available under an open
source license via GitHub. The software is now developed and maintained by a multi-institutional team, consisting of MSK, the
Dana Farber Cancer Institute, Princess Margaret Cancer Centre in Toronto, Children's Hospital of Philadelphia, The Hyve in the

Netherlands, and Bilkent University in Ankara, Turkey.



| | o
i cBioPortal Data Sets Web APl R/MATLAB Tutorials FAQ News Visualize Your Data  About Login

d i : X
] FOR CANCER GENOMICS
Patient: TCGA-BK-AOCC, 69 years old, Endometrial Cancer (Uterine Serous Carcinoma/Uterine Papillary Serous Carcinoma), LIVING Uterine Corpus Endometrial Carcinoma (TCGA, Nature 2013)
(10 months), DiseaseFree (10 months)
Samples: @ TCGA-BK-A0CC-01, Stage Ill
Summary Clinical Data Pathology Report Heatmap Tissue Image
| 1 2 3 4 \ 5 I 6 | 7 | 8 | 9 | 10 | M | 12 | 13 | 14 | 15 | 16 [ 17 | 18 [19]20 [21]22] X | Y|
CNA | ‘ || 561% 3
MUT 1
variant allele frequency

33 Mutations (page 1 of 4) B &  Columns~ Q
Gene Protein Change Annotation V¥ Mutation Type Allele Freq mRNA Expr. Cohort COsMIC
PPP2R1A S256F N Missense 0.52 —o— 40% | 1.3% @ 17
TP53 Q331* Nonsense 0.65 ——2% 1 278% @ 36
FAT1 E314* Nonsense 0.64 ——47% I 16.1% 1
EPHA7 H408Q Missense 0.15 —e-84% 3.2% 1
PHLPP2 R1206Q 13 samples (5.2%) in this study have mutated PHLPP2, out of which 1 (0.4%) have PHLPP2 R1206 missense mutations. 5.2% 1
DHDDS A165V Missense 0.25 —— 20% 1.6% 1
NSUN4 R10L Missense 0.44 +— 10% 24% 1
OR2T33 L299Q Missense 0.13 —o—64% 3.2% 1
AMOTL2 Q558del IF del ——e99% 5.2% 1
FAT4 X3967 splice Splice 0.31 —a— 53% I 16.1%

380 Copy Number Alterations (page 1 of 38) B &  Columns~

source, 21.08.2018: http://www.cbioportal.org/patient?studyld=ucec_tcga_pub&caseld=TCGA-BK-AOCC



AV cBioPortal DataSets WebAPI R/MATLAB Tutorials FAQ News Visualize Your Data  About Login
|

Patient: TCGA-BK-AOCC, 69 years old, Endometrial Cancer (Uterine Serous Carcinoma/Uterine Papillary Serous Carcinoma), LIVING Uterine Corpus Endometrial Carcinoma (TCGA, Nature 2013)
(10 months), DiseaseFree (10 months)

Samples: @ TCGA-BK-AOCC-01, Stage Ill

Summary Clinical Data Pathology Report Heatmap Tissue Image

o

UUID:6A2AAC78-98B9- 44D4-AFRD-9A132579CC 2D

TCGA-BK-AGCC-91A-PR Redacted
0 RO OO0
(1 MO R A0
@ III!IIIIIIIIIIIJIIlIIIIIIIIlIIIIIIJIIIIIIIIIIIIIIIIIIIIIIFIHI |
SPECIMEN

A. Uterus, cervix, bilateral tubes and ovaries, bilateral
parametria, upper vagina

Additional left vaginal margins

Right pelvic lymph node

Right periaortic lymph nodes

Left pelvic lymph nodes

Left periaortic lymph nodes B

Omentum /tp-o-2

Left pericolic biopsy . ‘ oitof3
Bladder peritoneum Wﬂmm) /,?J/»u/ Setrred) /

Cul-de-sac peritoneum ﬁh!}n//rmfﬁu}.w st 4o
Right pelvic biopsy 7t
Left pelvic biopsy

Right pericolic biopsy

Left diaphragm biopsy

Right diaphragm biopsy

p_zzr'nc.Hmmmmunm

CLINICAL NOTES
PRE-OP DIAGNOSIS: Endometrial cancer.
HISTORY: Endometrial and cervical biopsies papillary serous
adenocarcinoma.

FROZEN SECTION DIAGNOSIS
a A - There is tumor present in both the endometrium and cervix,
cannot be certain on frozen section if separate processes or part
of
same process. There is both invasion and areas of high-grade

carcinama Taes ]

Source 21.08.2018: http://www.cbioportal.org/patient?caseld=TCGA-BK-AOCC&studyld=ucec_tcga_pub&tab=pathologyReportTab
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Modify Que Uterine Corpus Endometrial Carcinoma (TCGA, Nature 2013) G Set / Path is altered in 16 (6.5% of ed ,
y Sequenced Tumors (248 samples) /1 Genes ene athway Is alte n (6.5%) of queried samples

OncoPrint Cancer Types Summary Plots Mutations Co-Expression Enrichments Survival Network CN Segments Download Bookmark

+ The results below reflect the OQL specification from your query.

Case Set: Sequenced Tumors (248 patients / 248 samples)

Altered in 16 (6%) of 248 sequenced cases/patients (248 total)

POLE 6% SEEEEEEENEEEEEEER
<

Genetic Alteration B Missense Mutation (putative driver) No alterations

Source, 21.08.2018:

http://www.cbioportal.org/index.do?cancer_study _list=ucec_tcga_pub&cancer_study_id=ucec_tcga_pub&
genetic_profile_ids_PROFILE_ MUTATION_EXTENDED=ucec_tcga pub_mutations&Z SCORE_THRESHOLD=2.
O&RPPA_SCORE_THRESHOLD=2.0&data_priority=0&case_set_id=ucec_tcga_pub_sequenced&case_ids=&g
ene_set_choice=user-defined-
list&gene_list=POLE%3A+MUT+%3D+P286+MUT+%3D+V411+MUT+%3D+L424+MUT+%30
param_selection=null&tab_index=tab_visualize&Action=Submit



Opportunity 4.

Case series are
data with
context

* Cochrane Database of Systematic Reviews

DARE

TRIP Database

Systematic Review/Meta Analysis filters in
PubMed, CINAHL, PsycINFO, etc.

UpToDate * ACP Journal Club
Dynamed * Essential Evidence +
Clinical Evidence * Evidence Updates

The EBM Pyramid of Evidence. Ebling Library, Health Sciences Learning Center
Downloaded from: http://researchguides.ebling.library.wisc.edu/EBM/acquire ; 21.082018



http://researchguides.ebling.library.wisc.edu/EBM/acquire

Primary research

Secondary research

Basic research™’

Theoretical

Applied

— Material
development

Genetic studies

Clinical research

Experimental*?

Observational*®

Method develop- M Clinical study Therapy study
ment (physics,
hemistry, biology, m Phase | study N e
bioinformatics, udy  Prospective
biometrics, oo Phase |l study ' —
psychology) Gene sequencing Diagnosticstudy lf L0 R
b LI Phase llistudy RS ia————
: “ Biochemistry Observational Case control
; Phase Vstudy ~ ' study

Secondary
data analysis

Review

Simple
(narrative)

This scheme is intended to
classify the study types as
clearly as possible. In the
interests of clarity, we have
excluded clinical epidemiology
—a subject which borders on
both clinical and epidemiological
research (3). The study types

Cross-sectional study

Ecological study
Monitoring,
Surveillance

e i\
At
—
:
e :
.

-

5 in this area can be found
LR LU under clinical research and
W S EIEI  epidemiology.

Classification of different study types

*1 sometimes known as experimental research; *2, analogous term: interventional; *3, analogous term: noninterventional or nonexperimental

Rohrig, Bernd; Prel, Jean-Baptist du; Wachtlin, Daniel; Blettner, Maria
Types of Study in Medical Research—Part 3 of a Series on Evaluation of Scientific Publications
Dtsch Arztebl Int 2009; 106(15): 262-8; DOI: 10.3238/arztebl.2009.0262



https://www.aerzteblatt.de/archiv/suche?autor=R%F6hrig,+Bernd
https://www.aerzteblatt.de/archiv/suche?autor=Prel,+Jean-Baptist+du
https://www.aerzteblatt.de/archiv/suche?autor=Wachtlin,+Daniel
https://www.aerzteblatt.de/archiv/suche?autor=Blettner,+Maria
https://www.aerzteblatt.de/int/archive/article/64227

draft characteristics of a good case series are:

® Clearly defined question.

e Well-described study population.

e Well-described intervention.

e Use of validated outcome measures.

® Appropriate statistical analyses.

e \Well-described results.

e Discussion/conclusions supported by data.

® Funding source acknowledged.

Carey Timothy S., Scott D. Boden Scott D.
A Critical Guide to Case Series Reports
Spine 2003;28:1631-1634



Challenges and Opportunities

* Paradigm shift in knowledge management
« Digitalisation

 Data and information quality

* [ndividualisation ("n of 1 cohort")
 BigData

 Digital workflows

* Interoperability
 Case series
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