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Part I: Background & Showcase



What is the need?

» Currently in multiple sclerosis (MS), therapy decision is based on gut instinct from doctors.

= Patients have a desire to get a second opinion on what therapy could work best for themselves based on the experience from other patients
with the same disease.

‘Shotgun blast’ ‘Marksman’s shot’
@ ‘ » Broadest database as
» Study results foundation
» Empirical values » Considers individual
= ‘Intuitive’ decision by physician patient characteristics
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What is the solution?
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Data-driven solution, achieved through a partnership between:

» Doctor association NTD, which collects Real World Evidence (currently representing 74 offices in Germany — data governance in place)
» PwC, providing analytical & business skills

Independence of any pharma company - Building trust in society and solving important problems
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http://neuropsy.de/
http://neuropsy.de/

Unique patient database from doctor’s association

EDSS Example data of a patient’s disease progression
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} Relapse EDSS = Expanded Disability Status Scale

» Significant amount of patients covered: 25°000 MS patients since 1999, covering 20% of all German patients

» Longitudinal: 5 years observation period on average per patient

» Excellent density: On average >3 visits per year and patient

= Almost 1000 features available: clinical, demographic, quality of life, therapy, diagnostic, side effects, reason for switch of therapy
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Question to be addressed

EDSS Example data of a patient’s disease progression
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} Relapse EDSS = Expanded Disability Status Scale
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» Target 1: Which therapy can reduce the probability of disease progression most?

» Target 2: Which therapy can reduce the probability of a relapse event most?

» Other targets planned for future (e.g. NEDA types, time-to-discontinuation, MRI)
» Qur algorithm is using machine learning & statistics techniques
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Showcase PHREND

Web-based tool providing
personalized comparisons of
treatment effectiveness using
real world evidence (RWE)

Machine learning / statistical
model used

RWE provided by NTD covering
20% of German MS patients

Currently 11 easy-to-enter input
variables for the doctor

Published in academic literature
(in process)

CE certified as medical device (in

process)

PwC’s Digital Services
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PHREND, providing the second opinion to build trust for the patient
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Patient Doctor
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Add PHREND to DESTINY® — the patient centric benefit platform
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We need your help:
Leverage PwC and NTD expertise to scale DESTINY® to other disease areas
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Other Disease Area
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Part II: Development & Implementation
Objectives « Methods « Input  Validation ¢ Future work



Objectives

What questions are we trying to answer?

. == & » What is the best therapy for a patient given
L 4 their status and history?

M]_rf&‘ » To address this question, we assess long-
| term well-being with the on-therapy EDSS

Patient Doctor

progression and relapse rate

s « Then we can answer more specifically:
* , 497 How likely will the patient be progression-
7 free on therapy A? Relapse-free?
I A 2 by P

Well-being 2 years on therapy?

A AE Y Today

»
—»
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Methods

How do we model these two outcomes?

EDSS progression: Bernoulli
Interpretable — no black box! Relapse: negative binomial
Exposure term: log(duration)

Incorporate prior knowledge Weakly informative priors

from different sources Future: priors from clinical trials

Account for doctor centers

Correlation structures . .
with group-level coefficients
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Input

How do we choose our input values?

NeuroTransData

» Therapy choice procedure:
identify confounders B @ o

* Medically relevant
* Recent enough

* Do not introduce bias

* Practical

- 12 easy-to-enter inputs

- In future: incorporate more
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Validation

How do we validate our models?

Relapse-free: MSE performance c-index performance o  Cross-validation and
All observations All relapse = 0 observations | | All relapse > 0 observations All observations test Set
1.00 1.00 o
« MSE & Harrell’s c-index
- - * Benchmark: event
frequencies per therapy
. .
w | S—— § 0 —— Rel.apse model vv1.th.
= 3 patient characteristics
improves over
i 0.254
ol - | benchmark
000 0.007
Benchmark PHREND Benchmark PHREND Benchmark PHREND Benchmark  PHREND
Model Model
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Validation

How do we validate our models?

Progression-free. MSE performance c-index performance e«  (Cross-validation and
All observations All progr. = 0 observations All progr. = 1 observations All observations test Set
1.00 1.007
—— === « MSE & Harrell’s c-index

* Benchmark: event
| frequencies per therapy
g oeod f.g 2501 T e * Relapse model with

o patient characteristics
improves over

0.754 0.7/54

0.25 0.257

benchmark
—— : 2001 « EDSS model is work in
Bencﬁmark PHRIEND Bencﬁmark PHRIEND Bencﬁmark PHRIEND Benchmark F’IIRIIZND progress
Model Model

More validation will come from external test data and live performance
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Future work

What is in plan for the next versions?

PwC’s Digital Services

060 &C

Test and monitor live performance
*  How to assess influence of app?

Improve EDSS predictions
« Joint modelling
*  Work with sub-scores

Incorporate more inputs
*  New therapies
*  New features

More model flexibility

*  Non-constant rates
«  Dispersion per therapy
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PHREND team

+ NeuroTransData
medical experts

+ business &
strategy
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Thank You

Philip van Hovell
philip.van.hoevell@ch.pwc.com

Sarah Grimm
sarah.grimm@ch.pwc.com
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