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sayer)  Agenda

/ Digital (Health) Transformation

/- Real World Evidence

/" Breelib, BreeConnect, Ventavis®
/' Ventastep study

/- Evidence Matrix

// ePRO collection

/Il CRT Plenary Meeting /// Dr. Christian Mdiller /// Tallin 4t of October 2019



Disruption -
=~ Letterpress

« Self referring on written words
creates own reality

« Radical reduction on character

shape

« Social need

« Development of additional
technology skill: reading

- Data doubling the world
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Digitalization

|dentifies probabilistic patterns in
datasets
Infinity, ubiquitious, loss of control
Binary coded functional systems in
society
- Economy (payment/ no payment)

 Politics (power/ no power)
« Medicine (ill/ healthy)

Binary code enables endless
operational opportunities

For which problem digitalization is a
solution?
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Real World

Data

electronic health records (EHRS),
claims and billing data,

data from product and disease
registries,

patient-generated data including in
home-use settings,

data gathered from other sources that
can inform on health status, such as
mobile devices

www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM513027. pdf



BAYER

Real World
Evidence
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clinical evidence regarding the usage and
potential benefits or risks of a medical
product derived from analysis of real world
data

Corrigan-Cliray J, Sacks L, Woodcock J. Real-World Evidence and Real-World Data for Evaluating Drug Safety and effectiveness. Jama. 2018;320(9):867-8.
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o Pulmonary arterial hypertension (PAH) & Ventavis®

/- Characterized by endothelial cell proliferation, /- synthetic analogue of prostacyclin PGI2

pulmonary vascular remodeling, culminating in right / dilates systemic and pulmonary arterial vascular
heart failure and death beds

Symptoms include: shortngss of breath, fatigue, / approval in Sept 2003 for the treatment of PAH
chest pain, syncope, swelling (legs/ankles) NYHA/World Health Organization (WHO) FC Il
/- Dual combination therapy : endothelin receptor may be added to dual combination therapy

antagonists (ERA's) and phosphodiesterase-5

inhibitors (PDE5-i's) or stimulators of soluble

guanylate cyclase (sGC)

Normal Heart Pulmonary Hypertension

TR N

Pulmonary
Artenies (1o lums)

@VENTAVIS

iloprost trometamol
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Date, time and duration of iloprost inhalations are captured
“¢ continously and displayed to the patient

/- Date of inhalation, inhalation time, inhalation

frequency, inhalation complete/incomplete

Data is stored for about 9 months of
inhalations

/" BreeConnect™ app can be actively
connected to Breelib via Bluetooth

dreelib- | - . )))

‘BreeConnect”

G i
[~

9 /Il CRT Plenary Meeting /// Dr. Christian Miller /// Tallin 4" of October 2019

Ventavis Daily Care =

Good morning,
you inhaled 2 of 9 times today!
Keep it up!

My values for today

N\ )
2/9 3.860) |

mood inhalations steps

My reminder
Cl_) Next remindern
in02:40 h
01:35 PM

My statistics - Mood

a

SHARING OF INHALATION
DATA WITH PHYSICIAN
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HYGROMETER
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Detection of micromovemet & translation into real life activities
by xbird GmbH

Acceleromter
(m/s?)

Gyroscope
({rad/s)

(T

Magnetometer
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ldentification of micromovements during real life activities and transfer into study variables
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JMIR RESEARCH PROTOCOLS Mueller et al

5 VENTASTEP -~

Evaluation of Clinical Qutcomes and Simultaneous Digital Tracking
of Daily Physical Activity, Heart Rate, and Inhalation Behavior in
Patients With Pulmonary Arterial Hypertension Treated With

Ventavis® (Iloprost): Evaluation of inhaled |Ioprost effects Inhaled lloprost: Protocol for the Observational VENTASTEP

using the Breelib™ nebulizer, clinical outcomes and Study

physical activity of patients with advanced pulmonary

arterial hype rtension. Christian Mueller', PLD; Barbara Stollfuss', MD, PhD: Alexander Roitenberg!, MD; Jonas Harder®, MD, PhD; Mamuel
T Richter’, MD

| Bayer Vital GmbH, Leverkusen, Germany

Lxhird GmbHE, Berlin Germany

3De]:armiantuf1'mama.'l Medicine, Tusms-Lighiz-Universiry Giessen, Universines of Giessen and Marinrg Luns Cenver, Member of the Gemmun Center
for Lung Fesearch (DEL), Giessen, Germsny

/" Local, German, prospective, uncontrolled, non- Conpontin o
interventional’ digital COhort StUdy ggli::;ﬂuiiﬁedicm.Fhalmaceuli{al:_DanG-enmnun

Buildmg K 38, 1D321
Leverkusen, 51368

31 Ventavis® treatment naive patients recruited at 9 ey

FPhone: 49 214 30 46587

i Fax: 45 214 864386526
S IteS Email: chistian muellerd@bavercom
/2 observation periods per patient (baseline period,; Abstract
- Background: Pulmenary artenal hypertension (PAH)—a progressive, ulhmately fatal disease—patients often expenence
before Start Of Ve ntaV|S® treatment &- dyspnea, which can ot thewr daily physical activities. Iloprost 15 an inhaled therapy for PAH that has shown efficacy in climieal
b t. | . d 3 th f‘t 't t f tmials. However, clmical tmals in PAH have provided only hmited data on daily physical activity. Digital monitonng of daly
- physical zetivity in PAH 15 therefore attracting growing interest. To fully understand 2 patient’s response to treatment, monitoring
O S e rva I O n a p e rl O ’ m O n S a e r S ar O of treatment adherence 15 also required. The Breelib nebulizer for admmistration of iloprost saves mhalation data, thus allowing
H digital momtoring of adherence.

Ve ntaVI S® treatm e nt) Ohjective: This study zims to perform parallel dizital trackmg of daily physical activity parameters, heart rate, and iloprost

inhalation data in patients with PAH, before and after starting inhaled doprost treatment. The primary ehjective 15 to investigate
comelations between changes in digital measures of daily physical activity and traditional chirteal measures. Secondary objectives
are to assess lloprost inhalation behavior, the associanon between daily physical activity measures and time since last inhalation,
changes m sleep quality and heart rate, the association of keart rate with dauly physical activity measures and iloprost inhalation,
and adverse events.

https://www.researchprotocols.orq/2019/4/e12144/pdf
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https://www.researchprotocols.org/2019/4/e12144/pdf

« Fusion of classical and digital biomarkers out of 4 data sources

Smartphone Wearable Nebulizer Patient- and
. mvestigator-
o .
' — reported
outcomes
n o
| J * Borg dvspnea
v . Inhalation data * HRQoL
Motton Locattion Heart T U e = WHO EC
sensor  changes rate up to 9 months * BNP/NT-proBNP
data =500 m * Sleep quality
Data stored on device up to 72 h * ABs/SAEs

/I}'m}q,.%f' via Bluetooth

D
O

Study app BreeConnect™
6MWD app app
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~ Using wearables in a digital research ecosystems enables
== identification of relevant digital biomarkers

Secure cloud server

EIE. E-ﬂ'd S:Iﬂ. - Deletion
D Stma-ge pIDCES g n 4 = Deletion of all Mobile Deletion
/l ’ m smartphone and provider al=a  pojction of all
- ) Nebulizer smartwalch data Germany m] data in study

incl. certificate at study end

Digital Smdy VﬂIiﬂblES iWatch at study end, / database

via Bluetooth are entered inEDC  wmm® Storage Analysis of variables

. . e Transfer v
* [}a]]}' p]]}TS}CE] EJ:-M}" + 6MWD to iPhone D PRO questionnaires @B Data ﬁg Data Processing

o DiStE.‘I}CE WE]]EE.'CI O NII[I]I}EI 'ﬂf EtE-'PS ) ) . - accclnrqingltn statistical
. Data Transfe /" EDC system analysis plan
o Number of steps o Distance i o T e
o Number of floors climbed (10 feet) o Heart rate oneuredbyeee | / Data Transfer '
v v seudonomize 4 eoure ==
O N‘umbar 'Di. III]JES Staﬂdmg up L] He_al-t IEIE! (DP : d)@ . ﬁ handshake EData Storage
. . . ata Storage
o Tmme spent at home * lloprost mhalation behavior pecording s - SRUIEIRNy  Oata Processing
o Number of relevant location changes o Average number of daily data privacy law R oot study varibles
o Number of times leaving home inhalations
* Status distribution: o Awerage daily proportion of
o Active (any activity) complete/incomplete inhalations
o Inactive (sedentary/lying down) o Average daily inhalation duration

o Watch not worn per session 25 MB per
Electronic data capture system of CRO p atl e nt p e r d a.y

Analysis of variables according to statistical analysis plan
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Study visits & data collection

Full study peniod

Inohialbaseline Start of treatment
visit Baseline with toprost
period for
digital momtoring
{vanable; = 14 days)

Ehpibility

Informed consemt

Provision and tramming m use of
smart devices

Demographics, comorbadities,
and comedications

Vital sigms

Chinical endpomnts (6MWD,
Borg dyspnea, WHO FC,
BNP/NT-proBNP, HRQoL.,
and sleep gquality)

Dagital 6MWD

Continuous measurement of digital vanables
{daily physical activity, heart rate, and iloprost inhalation data)

L o 4 |
Adverse events >
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“» VENTASTEP objectives

PRIMARY OBJECTIVE:
/" to evaluate the potential use of device-based measures as outcome-surrogates for clinical assessments. This
is done by assessing patient-wise correlations between of 3-month/ baseline differences of clinical measures

(i.,e. BMWD, QoL, WHO FC and proBNP species) and wearable-based measures (physical activity)

ASSOCIATION BETWEEN CHANGES IN CLINICAL OUTCOME e
MEASURES AND CHANGES IN DIGITAL OUTCOME MEASURES </

R

S b
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“» From correlation to pattern identification

FAT .E.r.n-:f- k.




2 From correlation to pattern identification

Pearson Correlation Statistics (Fisher-Z-Transformation)

Variables

6MWD (investigator) Borg Dyspnea Scale  EQ-5D WHO-FC
(investigator)

Borg Dyspnea Scale EQ-5D WHO-FC NT-proBNP/BNP

(investigator)

EQ-5D WHO-FC NT-proBNP/BP Distance walked
(device based)

WHO-FC NT-proBNP/BNP Distance walked  Number of steps
(device based) (device based)
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Real world evidence generation in a digital world - using an
evidence matrix for primary data collection

{

A

Patient Sensor/Device

Indication ' Validity

N,

Biomarker Endpoint
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BAYER

19

Falsified medicines directives 2D Matrix Code can work as patient
authentification in remote, patient centric real-world data collection

Outer package is our hardware in the household of patients — just deliver software to collect data

LR S ) or e
Pl DATSDIIND
1 SRl
N1M1A 4 VIMERQGAAZLEENERLY1 710072110 RV HAWKT 14 //
‘-.V,I US| UV Z0UST0 | '.’: | 200 SUS 500U 0 1 | 1:”\_)1 J | |I._IB;\hOk\L; |
Produkt-Code (FC) | Seriennummer (SN} | Verw bis | Charge
[N Tl N ! [12 steillig] . [JIMMTT] | / /
| | | '
Identifier Identifier identifier identifier
Lofant PC:T «Sfari SNT ,Start Verw bis™ | Stant Charge”
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Primer

Country Code
Product Code (PZN)
Serial number
Expiry date

Charge



Experimentation

~ my ePRO app in a nutshell
2 Download - Scan - Consent - Answer - Compensation

Customer Focus

Scan 2D Matrix Code

for authentification as
BAYER drug taking patient

Answer PRO
using validated PROs &
additional data sources

Consent
to PIIC electronically

Download
my ePRO app from
public app store

Compensation
based on time needed
for answering PROs

Scan 2D Code - Consent M EQSD-5L Thank you!

Mobility
Please scan the 20 DataMatric Patient information and
Code on the outer package of Informed Consent Form | have no problems
your drug in walking about
| hawe read the infermation for this
study and apree to participate in the
abowve-mention and stedy
procadures as desc in the
Fatient Infermation Sheet.

Thank you wery much for your
participation in this patient
reported outcomea study!

How wiould you like fo receive

I hawe slight problems 3 g
your incentive®

in walking about

Donation to charity

| understand that my decision to take
part in the study is entirely voluntary. |
arm free to change my mind and
withdraw from the study at any time.
Such withdrawal will not affect the
standard medical care and therapy |
will receive.

| confirm that
My encoded data collected during
the study will be stored

| have moderate problems
in walking sbout

| have severe problems
in walking about

| am unsble to walk about

o
& ]
o

oucher for me
Woucher for someone else

Plaass specify your email
address

With my ePRO app we help patients to report their outcomes — PRO — with a compensation for their time required




(5= Take home
message

need for RWE research with
digital features

digital support to identify patterns
overcome box-stop medicine

Implementation into routine care
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Forward-Looking Statements

This website/release/presentation may contain forward-looking statements based on current assumptions
and forecasts made by Bayer management.

Various known and unknown risks, uncertainties and other factors could lead to material differences
between the actual future results, financial situation, development or performance of the company and the
estimates given here. These factors include those discussed in Bayer’s public reports which are available
on the Bayer website at http://www.bayer.com/.

The company assumes no liability whatsoever to update these forward-looking statements or to conform
them to future events or developments.
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Science for a better life

Thank you!

I
Dr. Christian Miuller

[j] +49 175 3005134
christian.mueller4@bayer.com
v 4 cjmueller4
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