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Translational Medicine — Scientific Frontiers
...and some successes

BENCH

BEDSIDE

Clinical
Research
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Basic Research
Diseases
Genomics, Proteomics,
Clinical studies

Drug intervention
Patient outcome

Target discovery
Compound discovery
In vitro models
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Translational Medicine & Drug Development

Translational Medicine:
Integrated application of

» clinical methods & technologies
 biomarkers

* modeling & simulation
* study designs

Sustainable and competitive pipeline of
Innovative products in the best interest of the -
patients
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The pharmaceutical R&D value chain

Market

The pharmaceutical R&D dilemma

Lengthy Costly Low success
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....The Issue with Translational
Medicine

Two dominant questions in drug discovery & early clin.

development:

1) Will hitting the target translate into therapeutic improvement?
2) Which patients will respond best (and how can we identify them)?

Molecular In vitro Animal Clinical
target models Models Efficacy

Two learnings:

1) Mice are not just furry plastic plates
2) Humans are no nude mice
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development:
Essential along the entire value chain

PoCP* Market

i
*Biomarker
teams * PK/PD analys-elﬁrst-in-man

established at - Translational studiesin HV,

Lead biomarkers ~Safety & imizati
N o * Therapy optimizati

Optimization sygies in tolerability by opt

start e *New indications

— Biomarker exploration &

- . . * New combinations
hypothesis testing in man
 Post approval

— PoCP studies in specified committments
patient populations

— M&S to inform dosing and population specifics

— Development of CDX

*PoCP = Proof of Clinical Principle, i.e. /first sign of efficacy’ Banking of human biospecimens
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In other words:
Shift the Development Knowledge Curve...

Exploratory phase
to establish PoCP*

Knowledge

-
-—
—
—-—
—
——__——
e

_ >

Preclinical Phase 1-2a Phase 2b Phase 3 Registration
Time / Money
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Biomarkers

Biomarker definition:

A characteristic that is objectively measured and evaluated as an
Indication of normal biologic processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention

Biomarker classification by ,nature’

,Classic*
Biomarkers

* Soluble
biomarkers (e.g.
plasma, serum,
urine, etc.)

* Blood cell

analysis
* Tissue analysis

Boeh :
il I,fgeeﬁ;ﬁf' BIH Lecture Series

Imaging
IINEGES

* Magnetic Resonance
» Computer

Tomography

* Nuclear medicine
modalities

* Ultrasound

mg@g q:{t;\guw
l'f IND TINC
v~

cr ELy

Nr S ‘;MRE OLE Wlp
%‘f &t fyg e %&Z?Aég‘i‘ﬁf

N\S ATHOGEN ict

7/ ‘%0 n
\AE“S
0%0 cm RIDEMAR



Biomarkers in clinical drug development

1. Understand your drug as early as possible during clinical development:

Does a sufficient amount of drug reach the target for the desired period of

Does the drug bind to the target? dynamic
Does drug binding elicit a pharmyg al effect expected considering

the underlying mode of actigg
Does the drug alter disease

2. Assess and monitor drug safety: Safety

3. Find the right patients:

=™ Boehringer
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Does the drug (have the potential to) elicit a toxic response before its
benefits become clinically evident?

Support diagnosis

.
. . . O - Selection

— Include the right patients into 09o\‘ 1 trials
— Selection of right patients for ing =)

efficacy and/or safety (CDx)
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Biomarker Categories (in the Bl language)

D|rect

Target
Engagement
Physiological
Response
Pharmaco- P
dynamic y
DINEN]
Modulating
Outcome
Related
Off Target
Risk/
Susceptibility
PR Prognostic
Selection g
ADME
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“Three Pillars of Survival*

Can the flow of medicines be
improved? Fundamental
pharmacokinetic and pharmacological
principles toward improving Phase Il

survival
Drug Discovery Today * Volume 17, Mumbers 5/10+ May 2012

Paul Morgan', Piet H. Van Der Graaf'*%, pietvan.der.graaf@pfizercom, John Arowsmith®,
Doug E. Feltner”, Kira S. Drummaond®, Craig D. Wegner® and Steve D.A. Street’

Three Pillars of Survival:
« Exposure at the site of action over a desired period of time
» Binding to the pharmacological target
» Expression of functional pharmacological activity

An integrated understanding of the above fundamental pharmacokinetic and
pharmacodynamic principles determine the likelihood of drug candidate survival in
Phase Il trials and improve the chance of progression to Phase lII.
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Non-alcoholic steatohepatitis (NASH):
A liver disease of high unmet medical need

Progression of fatty liver disease

Healthy liver

: i ol ey 5 4 3 9mi0
: ol g : NASH patients
25-40% -30% -15% ®

NASH grading by liver biopsies has
several limitations

Which patients are fast progressors?

T — T—
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Biomarkers for NASH and Liver Fibrosis:

ng / Staging & Need for

harh

Biopsy still gold standard for diagnosis and
grading of NASH/fibrosis

Lesions unevenly distributed
Only a small region assessed

Sampling errors lead to
misdiagnosis/misgradings

biomarkers to establish link to clinical NASH grading

Magnetic Resonance Elastography (MRE)

Transient Elastography (TE)

Specialized Biomarkers

Carsrsis Frermiiegen Zeorpations

Ausberikeng (~0.15 men )

it (1040 )

Oxidative Stress

and Apoptosis

Fibrosis

Hepatocyte
Function

Malondialdehyde, TBARS, Oxidized LOL
Cytokeratin-18 (CK-18) fragments
Femitin

|

Mean Liver Stiffness (kPa)
N s e N® © D

-

Stage Stage Stage
F2 1) Fe

Stage
O F1

N et e
Normal  Chronic Liver Discase

0
— e
=TT
o
o 1 2 3 4
Stages of Fitrosis

= TE has potential for patient selection method in clinical trials

= MRE provides quantitative assessment of fibrosis in entire liver, but method not readily available

Inflammation

Fibronectin
Hyaluronic acid (HA)
Type IV collagen S

Alanine ammnotransferase (ALT)
Aspartate ammotransferase (AST)
Alkaline phosphatase (ALP)
Gamma-giutamyi-transpeptidase (GGT)
Acute phase reactants: al-antitrypsin,
ceruloptasmin, haptoglobin, GlycA
Albumin, Lipid panel, Platelet count
Measures of msulin resistance

Small VLOL particle number

Cytokines: TNF-a, IL-1B, IL-6, IL-8, IFNy, TGFB
Adipokines: Adiponectin, Leptin, Resistin
Acute phase reactants: hsCRP, GlycA
Chemoattractants: MCP-1
Ferritin, Soluble CD14
VLDL size and small LDL particle number

Multiple panels

1. Adapted from Fitzpatrick et al., Noninvasive biomarkers in NAFLD World, J Gastfroenterol 2014,20{31).10851-10863
2. Armutcu et al., Adv in Clin Chem 2013,61:67-125

Procoliagen type Ill N-terminal Peptide (PIIINP)
Tissue mhibitor of metalloprotemase 1 (TIMP-1)




Imaging to support therapeutic concepts in IO

Priming and Activation i _ DCE-MRI
Cancer Vaccines gik- .~ * Accessing the
39 B Turmogll Engagers

Imaging S " Oncolytic virus
T-cell i
activation
Antigen | A
1 maging o
Presentaticines ging
presence

TME Modulators 9
Tumor Cell Death - Release of i

Antigens — Oncolytic virus
Adapted from Chen and Mellman, Immunity 2013 Checkpoint Inhibitors
Tumor cell T cell Engagers
metabolism & Oncolytic virus
texture
(FDG PET/CT)

N

Biodistribution studies to support novel drug formats

DCE-MRI: Dynamic contrast enhanced MRI
TIL: Tumor-infiltrating Lymphocyte
TME: Tumor micro-environment 15

FDG: Fluor-Deoxy-Glucose

() Boehringer PET: Positron Emission Tomography
il Ingelhcimm BIH Lecture Series



Nuclear imaging to assess T-cell infiltration and &
activation ]

Assess changes in T-cell numbers and T-cell activation

Status
[
O . ' .
2 o [8F]AraG , * IP: CellSight Technologies
=R PETHCT Activated T cells | - .
=  Phl/Il development on-going
[°°Zr] anti-CD8 + + IP: ImaginAb
. S CD8* T cells 9
LL

Explore feasibility of imaging approaches for IO treatment paradigms

- Explore time points best suited for imaging assessment after start of
treatment

- Define relevance of observed changes for pharmacodynamic effects,

assess predictive value
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Genomic Biomarker example in
psoriasis:

ne-profiling i ' nples:af).

Ge

C100rigg 1
PLA2G2F
UNCO3A
DCUN1D3 o
GDPD3
TMEMA458 4
HPSE

SERPINB13
FLVCR2 I -2
ALOX128

FCHSD1

PAPL

RANF222

v Risankizumab:

SLC26A9

Mﬁ mADb IL-23 inhibitor

s Modulations of

TCNA1
KLK10
PDZK1IP1

ZCanie IL-23 / IL-17 axis

PLA2G4E .
crasee, Epidermal development
KLHDCT7B

LGALS3BP
1SG15

use1s Keratinocyte differentiation

IRFT7
IFlg
MX1
HMOXA1
SMOX
ARG1
KLKS
SMPD3 . . .
Npcs Keratinization
PLBDH
SLCieail
COorf169
HyalL4

Epidermal cell
differentiation

|I]

Krueger et al., JACI 2015
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IL-23 blockade: A new therapeutic option fai®Q

psoriasis patients

A

Risankizumab (anti-IL-23 Ab)

Pretreatment| &

((\®

Single dos-. OV
at 24 w (&\1’
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How many patier’ ?Q‘ an ,almost clear”

(PASIO0)

or ,Clear’ ”6‘\0 _KINn In the 3 dose cohorts?
%) 100% 100%
St
00 83%
71%
0% 0%
Placebo 0.25mg/kg 1 mg/kg
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IL-36 receptor regulates the inflammatory
response

In skin and intestine

IL-36 ligands

N {

O
y v Inflammation
IL-36 Receptor (IL-36R) - Hgg!g! ‘ .f?*
O % o

I

) Tecell Neutrophil

-
Macrophage Fibroblast /4
Aberrant Tissue Remodeling & IL-36 Receptor (IL-36R)
Fibrosis
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IL-36 R Ab Bl 655130/Spesolimab —
New Therapeutic Concept for Skin Inflammation

Accessory IL-36R IL-36 ligands

Protein / ‘% (o, B, ) IL-36 antagonists
AR ‘47 (IL1F5, IL-38)
& p s

Spesolimab will:

« Suppress IL-36R activation reducing
epithelial cell/fibroblast/immune cell

mediated inflammation
* Interrupt inflammatory response that
amplifies pathogenic cytokine production

IL-36 and other NF-xB
cytokines MAPK

<

g
nrlammator
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Generalized Pustular Psoriasis (GPP)

Disease Characteristics:

* Orphan disease, very rare type of psoriasis, which
covers usually entire body

* Repeated, intermittent acute flares with pustules and
erythema and scaling

« Systemic effects such as high fever, neutrophilia,
elevated CRP

« Life threatening and may lead to increased mortality

« Human genetic link: most severely affected GPP
patients carry a LoF mutations in natural IL-36 RA

= High unmet medical need
 No approved treatments in US/EU

* No acute flare treatment clinical trials conducted to
date

™\ Boehringer _
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Severity of disease in patient with GPP before

— (reatment

Baseline (before treatment)

Total GPPGA score before treatment

_ Almost clear (1) Mild disease (2) Moderate disease (3) _
A
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Response to treatment in patient with GPP after 1

week

Baseline (before treatment) Week 1 post-treatment

Total GPPGA score after 1 week

_ Almost clear (1) Mild disease (2) Moderate disease (3) _
A
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Response to treatment in patient with GPP after 4

weeks

Baseline (before treatment) Week 1 post-treatment Week 4 post-treatment

Total GPPGA score at Week 4

_ Almost clear (1) Mild disease (2) Moderate disease (3) _
A
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Efficacy of Bl 655130 in Ph2 clinical trial measure

—1n GPPASIH*

Efficacy
endpoint

Mean Percent reduction in

12 20
Week

GPPASI* = GPP Activity Score Index
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Spesolimab: First in class potential for various

diseases

Spesolimab:

First in Class
potential

™\ Boehringer _
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Summary und Outlook

Biomarkers are important for clinical drug development:
Decision criteria, particularly in early clinical drug development

Acceleration of clinical drug development (e.g. as surrogate
endpoints)

Selection of the “right” patient population

Supportive in the assessment of an appropriate dose
Differentiation from competitor drugs

Assessment of additional indications

Outlook:

 Biomarkers play an increasingly central role in Precision
Medicine concepts
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Translational Medicine — Structural Frontiers

BEDSIDE

.k
Basic Research Clinical
Diseases Research

Genomics, Proteomics,

Clinical studies
Drug intervention
Patient outcome

Target discovery
Compound discovery
In vitro models
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Translational Medicine — Structural Frontiers
... and solutions

GDPR - Global Data Protection Regulation

Access to and use of Human Biospecimens

Pharma — academia collaborations: Open Innovation at Bl

= Boehri ;
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Data Protection

Art. 1 GDPR Subject-matter and objectives

This Regulation lays down rules relating to the protection of natural persons
with regard to the processing of personal data and rules relating to the free
movement of personal data.

The dilemma:

« The pharmaceutical industry generates and processes health data

« Health data are considered as a special category of personal data
» stringent data protection is required
» the processing of health data is prohibited by default, exceptions
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Data Protection

« Art. 9 GDPR Processing of special categories of personal data

1. [...] the processing of genetic data, biometric data for the purpose of
uniquely identifying a natural person, data concerning health [...] shall
be prohibited.

« 2. Paragraph 1 shall not apply if one of the following applies:
- processing is necessary for the purposes of [...] medical diagnosis, the

provision of health or social care or treatment or the management of health or
social care systems [...]

- processing is necessary for reasons of public interest in the area of public
health, such as protecting against serious cross-border threats to health or
ensuring high standards of quality and safety of health care
and of medicinal products or medical devices [...]

dTI. me;iﬂ;gnfr BIH Lecture Series -



Access to human biospecimen and associated
data is indispensable for drug development

Address questions from authorities w/o Analyze new scientific hypotheses/
starting a new clinical trial verify scientific hypotheses

Explain responder subgroups in clinical Discover & validate new drug targets
trials—=> high sample number, cross trial or biomarkers

Confirm biomarker results in
statistically significant & unselected
cohorts

Support companion diagnostics Enable collaborations: Banked
programs and assay development samples & data may open doors

Identify rare efficacy or safety markers
- high sample number, cross trial

™\ Boehringer _
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Biobanking at Bl

rehensive S
e and \Ong-term

liant and comp

comp

data collection, storad

Bl maintains a biobank to support the development of innovative medicines.
Bl's biobanking activities were first implemented in 2009 by setting up its

DNA bank.
Afterwards, BI has expanded its blobanklng strategy and infrastructure, also
ol atipr kinde nf hi ,' ;- men on.a alon 21V/z .
:' 7 - d = - *,Q‘
S g O A RS

E 4

5
B nficld ,,“ hanghai

=

igapore

/

For other sample species 4 biobanking
locations are available at our biobanking
service partner. Scalable according to

i,

The Bl in-house DNA banking facility has a

dimension of 17,4m x 3,6m x 5m and a
storage capacity of 5.5 Mio tubes (~500.000
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Corporate Policy:

Boehringer

Responsible Use of Human Biospecimens
& Associated Data

Human blospecimens are materials taken from the human body, such as tissue, cells, blood, and other body flulds. The
use of such human biospecimens and assodaled data has become increasingly important in research and drug

for the g of complex, multi-factorial diseases. Such human biospecimen-based
vesurch is crucial to the development of new drugs and prod for the imp of fon,
N and cures of diseases,

A: 2n innovation- and research-driven pharmaceutical company, Boehringer Ingelhelm (B1) makes use of human
blospecimens and associated dats in current research and drug development programs. BI collects human
blospecimens In ciinicai trials and acquires them from third parties for the purpose of future research, Their responsible
use will support more efficlent and faster P of new,

81 is committed to the responsible use of human blospecimens and associated data and will apply high ethical, legal,

quality, privacy and data p toall

c storage and analysis procecures underaken.

Compli with legal, reg: y and Internal p

Purpose and Scope

Human biospecimens and assaciated dsta are routinely used for
research purposes in drug development programs. They are
acquired from third parties or collected for specified, timety
restricted analysis In the framework of Bi-sponsored clinical
trials, Moreower, human blospecimens are also 2 crucal
resource for future, in marry cases not yet peediclable, medical
TREGArCh PUrposSes, The latter requires compliant collection and
long:term storage of biospecimens in a so-called biobank.

Bl recognizes long-term access to human biospecimens and
essoclated data as a vital prerequisite for futwe medical
\nnovation. BI has adopted an Integrated human bicspecimen

isaBl pany goal,

Appropriate  safeguards are Inplace 1o peotect the donors’
identity and privacy. Human blaspecimens and assoclatec data
are alvays coded and Bl has no accaess to any Information that
may reveal the donor's Identity, Both human biospedmen and
assoclated data are stored In @ secured, sccess-controbied
envdronment. Also thelr anatysts is controlled and regulated by
Standard Operating Procedures (SOPs).

Acquisition from third parties

81 research and drug development also requires the acqulsition
of human biospecimens from third parties, Including

and 10 ensure
and secure collection, long-term storage and sccess procedures
10 human biospecimens and associated data.

Wiith this policy 8l commits to the responsible use of both
human bicspecimens and assoclated data In research and drug
development Including sirikt guality and dats protection

and @ and  data

Blobanking

Eanked human blospecimens and assoriated data represent an
Invaluable resource for current snd fulure research ca health
and disease. Bl is grateful to the voluntary donation of samples
and actively encourages ther collection during clinical trias.
As part of the biobanking process, human blospecimens and
assoclated data for wnspecified future research use will be
collected, peocessed, stored, analysed and finally destroyed
umly according 1o an Informed Consent (IC) reviewed by an
othical or ol review board. A
quality management systam (QMS) certifies compliance with
relevant human subject and privacy regulations, |nclu¢m: EU
and German data Vel and
rational jurisdictions, ethical principles and other relevant
regulations and guidelines,
A

Vi sl e A

providers. For any such acquisition 81 comples
With relevant human subject and data protection regulations,

and national jur i ethical and
other refevant regulations and guldefines, including EU and
Garman ata pratestion regulations,

Oversight, Transparency & Dialogue

A Muman Bicspecimen Science & Ezmc: Advisory Board has
been The board P

quality, legal, data protection and also external ethics expertise.
It provides guidance regarding patsent-centric, responsible and
scientifically sound use of human brospecimens and associated
data at Bl, In addition, the Bl Human Blospacimen Complance
Officer oversees the human bicspecimen and biobanking
framework on a datty bass,

Human blomedical research is & dynamic field. B continues 1o
monitor the international pub®ic discourse and constantly
redews its practices and procedures together with external
experts and suthorities,

Bl s aware of the oublx dlalowue about the respansible use of
human d dats and

towards transpauncy ana high ethical, legal, quality, privacy
and data protection standards.

Sigrine Manne Andrais Naumann Michel Pairet

A M

Boehringer ;
Ingelheim BIH Lecture Series

Corporate Policy: Responsible Use

of Human Biospecimens &
Associated Data

34


http://wwwidea4genwtop.eu.boehringer.com/webtop/component/drl_view?objectId=09000c958752e22b&docbase=igenbus

opnMe.com m Boehrm,ger
iV’ Ingelheim

The Bl open Innovation portal

opnMe

“They did not know it was impossible so they did it”
— Mark Twain



opnMe.com - Boehringer Ingelheim’s open innovation portal
Door Opener for Academic Innovators

opnMe.com gives scientists free access to selected,
® well-characterized pre-clinical tool compounds from
Boehringer Ingelheim.

Molecules to Order (M20) are provided free-of-
® charge without the need to enter into intellectual
property discussions.

Molecules for Collaboration (M4C) invites
scientists to submit research proposals to use our
unique tools

and to find new indications for unmet medical needs.

~\ Boehringer _
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opnMe.com - Boehringer Ingelheim’s open innovation portal
Door Opener for Academic Innovators

»opnMe.com and PROTACs
are a perfect partnership to
bring PROTACs to patients
faster.”

> 1,100 biologists registered from >40 countries
@® - Modalities covered: NCEs incl. PROTACs® from the Dundee
university, AAV, and Ab

M20: tools compounds available for free and without strings
attached

® - Delivered after only 5 clicks and 5 days to the labs

« >460 orders and >5,000 compounds shipped worldwide

« >10 articles cited opnMe including 2 Nature papers using Bl tools

MA4C: 5 challenges launched

« >480 proposals received

» 16 collaborations running or in discussion

* 1 project already back into the early Research portfolio of Bl

Apply now for our
SOS1::KRAS inhibitor. g
Submit by Dec 13 2019

.
opnMe
min i
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~__opnMe - an Ol ecosystem to accelerate collaboratively

Innovation

A
\.\1
a\—)

opnMe

Central
Hub for
OIN@N=]

Collaboration |m| ?f;j}f}gﬁ‘fr Molecules 2
Order

Molecules 4

~---‘—

opnMe.com is an efficient and reliable Open
Innovation portal to foster new ideas

38



Selection of compounds available for free on opnMe.com
to foster independent research
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Molecules for Collaboration - overview

e We believe that Boehringer Ingelheim’s unprecedented, high quality molecules shared on
opnMe have a great biology potential

e We invite novel proposals for disease research and proposals will be advanced together in
collaboration with selected scientists

e Key milestone achieved: One molecule entered Boehringer Ingelheim’s preclinical portfolio

L. | Complex L. |SOS1:
GPR68 ﬁSGL‘I@ 1 ROS %BCIG ﬁKRAS
140

Proposals qoa | 37 17 215 116

Collaboration @ 6 2 3 1
In Discussion f%’:% 3 2 9

40 *Of the 7, 1 has started as a collaboration in July 2019 opnMe.com — Molecules for free. Collaborations for Science
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.& opn2EXPERTS - An additional chapter to opnMe.com

opnMe

Background

Crowdsourcing - Highly efficient to
identify original solution to complex
questions

Crowdsourcing brings in 75% of the
successful cases a solution from
another field of expertise so it means
that it is in general quite far from the
original field of expertise

opn2Experts

LS ]

0

(%)

Versatile: Technologies,
methodologies, assays, or other
precisely formulated questions
leading to a mutual benefit

Allows colleagues to be very precise in
their questions much more dedicated
to their disease map

Fast and flexible

Process

@

opnMe team works with the Bl
biologists to prepare the question for
publication

Communication via social media
(LinkedIn, Twitter), research platforms
(Research Gate), direct mail (inospin),
web-banners (Nature)

opn2EXPERTS is fast, flexible and dedicated to support innovation

Already 4 challenges online for Inflammation and CNS

41
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Frontiers in Translational Medicine

 Scientific:
—Lack of disease understanding
—Lack of understanding of drug candidates
—Limitations of biomarker applications

 Structural:
—Data protection regulation
—Access to and usage of human specimen
—Disparate interests of industry versus academia
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