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Important notice and disclaimer
This Presentation has been prepared and issued by Probiodrug AG (the “Company”) and has not been independently verified by any third party. No
representation or warranty is given as to the achievement or reasonableness of, and no reliance should be placed on, any projections, targets,
estimates or forecasts and nothing in this Presentation is or should be relied on as a promise or representation as to the future.
All statements other than statements of historical fact included in this Presentation are or may be deemed to be forward-looking statements,
including, without limitation, those regarding the business strategy, management plans and objectives for future operations of the Company,
estimates and projections with respect to the market for the Company’s products and forecasts and statements as to when the Company’s
products may be available. Words such as “anticipate,” “believe,” “estimate,” “expect,” “forecast,” “intend,” “may,” “plan,” “project,” “predict,”
“should” and “will” and similar expressions as they relate to the Company are intended to identify such forward-looking statements. These forwardlooking statements are not guarantees of future performance; rather they are based on the Management’s current expectations and assumptions
about future events and trends, the economy and other future conditions. The forward-looking statements involve a number of known and
unknown risks and uncertainties. These risks and uncertainties and other factors could materially adversely affect the outcome and financial effects
of the plans and events described herein. Actual results, performance or events may differ materially from those expressed or implied in such
forward-looking statements and from expectations. As a result, no undue reliance should be placed on such forward-looking statements. This
Presentation does not contain risk factors. Certain risk factors that may affect the Company’s future financial results are discussed in the published
financial statements of the Company.
This Presentation, including any forward-looking statements, speaks only as of the date of this Presentation. The Company does not assume any
obligation to update any information or forward looking statements contained herein, save for any information required to be disclosed by law.
No reliance may be placed for any purpose whatsoever on the information or opinions contained in this Presentation or on its completeness,
accuracy or fairness, and any reliance a recipient places on them will be at the recipient’s sole risk. No representation or warranty, express or
implied, is made or given by or on behalf of the Company or any of its respective directors, officers, employees, affiliates, agents or advisers as to
the accuracy, completeness or fairness of the information or opinions contained in this Presentation and no responsibility or liability is accepted by
any of them for any such information or opinions. The information set out herein may be subject without notice to updating, revision, verification
and amendment which may materially change such information.
This Presentation does not constitute an offer to sell or a solicitation of an offer to buy any securities of the Company in any jurisdiction.
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Introduction

Probiodrug’s longstanding track-record
Probiodrug facility in Halle

Key Milestones
 1997: Foundation, pioneered a new class of anti-diabetics

(gliptins) –partnerships with Merck & Co, Ferring and Novartis
 2004: Sold diabetes franchise to OSI Pharmaceuticals
 Oct 27 2014: IPO at Euronext/ Amsterdam (Symbol: PBD)
 June 2017: PQ912 delivers positive pharmacodynamic and efficacy results



in SAPHIR trial in ‘early AD’ patients, presented in November 2017 at CTAD
2017





Established: 1997
Headquarter: Halle, Germany
IPO: October 2014
Listing: Euronext Amsterdam
(Ticker: PBD)
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Introduction

Mission
Developing a novel therapeutic approach to a disease modifying treatment for AD that bears the
potential to make a true difference for patients suffering from this devastating disease
WHAT:

Building on robust scientific data, Probiodrug’s lead candidate is ready to start phase2b trials with a very convincing
development program outlined for the EU and US

WHY:

Huge medical need in Alzheimer’s Disease
AD is one of the largest medical
challenges for our aging
population

Only a few symptomatic
treatments are available

Huge economic impact
It is a neurological disorder and
the most common form of
dementia which currently can
not be cured

Today, 47 million people live with
dementia worldwide, this number is
projected to treble to more than

131 million by 2050.

AD has an estimated, global societal
cost of US$ 818 billion,
and it will become a trillion dollar
disease by 2018

* World Alzheimer Report 2016
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Differentiated approach

The pathological hallmarks of AD
Neurofibrillary Tangles

Abeta plaques

Neuroinflammation

 Tangles are misfolded forms of a protein called Tau
 Plaques formed from Amyloid beta (“Abeta”), a small protein fragment, originated from the

precursor protein APP
 Neuroinflammation
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Differentiated approach

Original Abeta approach
Probiodrug targets toxic structures in Alzheimer's Disease

Considerations*

Most new drugs have focused on Abeta formation or
Abeta/plaque clearance

 Most new drug treatments have targeted Abeta or

plaques
 Therapies have focused on:

1. Reduction of Abeta formation
2. Clearance of existing Abeta or plaque
 To date, several drug development attempts based on

this original Abeta approach have failed
Amyloid
precursor protein
(APP)

Abeta

Plaques

Abeta

* Company analysis, Mullard A Nat Rev Drug Discov 2012
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Differentiated approach

Probiodrug’s differentiated approach
Probiodrug targets toxic structures in Alzheimer's Disease

Considerations*

Most new drugs have focused on Abeta formation or
Abeta/plaque clearance

 Probiodrug and others have progressed insights on Abeta

and its role in AD
 Abeta has a physiological function
 Plaques are not the primary toxic culprit
 In fact, an oligomer structure is most toxic and relevant

from a clinical perspective
 Probiodrug targets a specific type of Abeta, pGlu-Abeta,

which is crucial in the formation of these toxic oligomers
Amyloid precursor
protein (APP)

Abeta

pGlu-Abeta

Abeta

Toxic soluble
Abeta oligomers

Plaques

Probiodrug targets production and clearance of a
specific type of Abeta, crucial in formation of toxic
structures in AD

* Company analysis, Mullard A Nat Rev Drug Discov 2012
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Differentiated approach

A differentiated approach: targeting toxic oligomers
Targeting modified Abeta – pGlu Abeta

OLIGOMERS
sAPP

APP

PLAQUES

A(x-40/42 )

Outside cell

QC-inhibition
β-secretase

-secretase

QC

Inside cell

pGlu-AB – clear aggregates

Abeta

pGlu-Abeta
 pGlu-Abeta is crucial in the formation of synapto-/neurotoxic toxic oligomers
 Oligomers directly act on synaptic activity
 pGlu-Abeta is formed by the enzyme Glutaminylcyclase (QC)
 Probiodrug approach to the treatment of AD
 PQ912 (small molecule) inhibits QC anf thereby production of pGlu-Abeta
 PBD-C061 (pGlu-Abeta specific monoclonal antibody) clears pGlu-Abeta
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Differentiated approach

Extensive evidence for differentiated approach
Publications (selection)*

Core data

 pGlu-Abeta is specific for AD

 pGlu-Abeta and oligomers correlate

with disease progression
 QC is crucial for pGlu-Abeta production
 QC overexpression drives pGlu-Abeta

and AD pathology

* Schilling S et al. Nat Med 2008 , Nussbaum et al. Nature 2012
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PQ912 – small molecule QC inhibitor

PQ912: a selective QC-Inhibitor - at a glance
Status

Next steps



Extensive proof of principal in preclinical studies



FPI Phase 2b core program



Attractive drug like properties



IND filing (US)



Chronic toxicology results enable long-term patient
treatment



Phase 1 clinical study on 200 young and elderly
volunteers*



Phase 2a SAPHIR study in early AD patients, data
presented at CTAD 2017 on Nov 1



Phase 2b set-up phase-initiated

PQ912 - the first QC-Inhibitor being evaluated in AD patients
* Lues et al. Alzheimer's & Dementia: Translational Research & Clinical Interventions, Vol. 1, Issue 3, November 2015, Pages 182–195
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PQ912 – small molecule QC inhibitor

SAPHIR – first in patient Phase 2a study
Rational

 Using a high dose of PQ912 resulting in a high QC-occupancy - to find both
 early-on safety and tolerability signs

and
 any signal on the various sensitive secondary exploratory outcome measures - in a relatively
short time frame of 12 weeks

 To guide the design of the next study
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PQ912 – small molecule QC inhibitor

SAPHIR Phase 2a trial in early AD patients
SAPHIR Phase 2a trial design
 Seven EU countries, 21 Sites, PI P. Scheltens Amsterdam
 Total number of patients: 120

Objectives and read-outs
 Primary objective: To assess safety and tolerability of PQ912

compared with placebo

 Early stage Alzheimer's Disease
 MMSE*: 21-30 inclusive
 Abeta level in CSF below cut-off 638 ng/L

 Exploratory objectives: readouts tailored to optimize basis

 Tau/A-beta ratio in CSF >0,52

for capturing efficacy signals – which will determine further
development route

 Positive amyloid PET if available



Molecular biomarkers in CSF: Abeta pattern, Neurogranin and
inflammatory markers,



Physiological function assessments: EEG and rested state
functional MRI to measure synaptic plasticity and neuronal
connectivity



Cognitive readouts: Neuropsychological Test Battery to test short
term memory improvements

 p-tau level in CSF above cut-off >52 ng/L

 “Treatment naïve”: no other Alzheimer drug as co-

medication
 1:1 randomization
 12 weeks treatment, 4 weeks follow up
 Recruitment completed in Dec. 2016

*Mini-Mental State Examination
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PQ912 – small molecule QC inhibitor

SAPHIR Phase 2a trial in early AD patients
Safety Results
 No significant differences in the number AE or SAE between active and control arm
 Significantly higher number of patients discontinuing within first weeks of treatment with PQ912 800mg bid

compared to placebo
 Clinically relevant differences in number of patients with skin and GI effects
 Events appeared early in the study and were fully reversible

 Overall no major safety concern associated with PQ912
 Safety and tolerability are likely to be improved by lower dose, still showing a high enzyme inhibition, and a

slower titration regime
 Maximal tolerated dose identified
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PQ912 – small molecule QC inhibitor

results
- Exploratory
readouts
SummarySummary
of exploratory
efficacy
results in SAPHIR
2a trial
Molecular Biomarkers in CSF:
 Strong QC-inhibition, target occupancy about 90%
 Strong trends to reduce the synaptic marker neurogranin, and the inflammatory marker
YKL40, which are both enhanced in early AD

Clear proof of
Mechanism of Action

Physiological function assessment with EEG:
 Significant effect at the first level of EEG analysis: strong reduction in theta power which
is increased in AD
 Post-hoc analysis: significant positive effect on functional connectivity as measured by
AEC (amplitude envelope correlation) , p= 0.025, Cohens‘s d=0.45

Significant effects on
synaptic function

Cognition using NTB:
 Significant improvement in ’one card back’, (p=0.050, Cohen’s d=0.23) a test to assess
working memory
 The ‘Detection’ test, a measure of attention, showed a meaningful trend towards
improvement (Cohen’s d=0.2)

Improvement of a
component of working
memory

“These results point to a direct effect on pGlu-Abeta with beneficial effects on synaptic function, even in such
a short treatment period.” P. Scheltens, PI
14

PQ912 – small molecule QC inhibitor

Phase 2b development strategy
EU study

US study

 Cognitive and functional endpoints

 Complementary to EU study with longer

creates solid base for Phase 3 program
 Innovative design with long enough
treatment to enable predictive cognitive
read-outs and short enough study to
allow earliest Phase 3 start
 Highly cost effective builds on existing
structure and trial network

treatment duration
 Powered for Cognition read out
 Builds on ADCS competence network
 Allows, if both studies (EU, US) positive on
primary and key secondary endpoints discussion
of conditional approval
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PQ912 – small molecule QC inhibitor

EU Phase 2b Study SAPHIR 2 Objective : Clinical Proof of Concept in Cognition
Trial metrix and design
 10 EU countries , PI P. Scheltens Amsterdam

 Total projected: 250 patients

Objectives and read-outs
 Primary objective: To assess the efficacy of PQ912 on cognitive

function in early AD (composite score of a subset of the NTB)

 Early stage Alzheimer's Disease
 MMSE*: 20-30 inclusive
 CSF amyloid signature positive

 Patients on SoC or treatment naïve

 Secondary objectives: effect on qEEG on synaptic function and

brain connectivity, overall effect on cognition (complete NTB),
effect on activities of daily living (Amsterdam IADL-Q)

 12 weeks treatment with 300mg (bid) for initial safety read

out in first 90 patients
 Patients go to individually highest tolerated dose (300 or

600mg bid)

 Exploratory readouts: CSF based biomarker and MRI imaging of

brain and hippocampal volume

 Minimum treatment duration per patient 36 weeks up to

84 weeks (average 56 weeks)
 Evaluation methodology: Comparison of the slope of

progression of cognitive decline

Tentative timelines
 Protocol ready: Q2 2018
 FPI: Q4 2018, LPI: Q2 2020, LPO: Q2 2021
 Safety futility: Q4 2019; key results Q3 2021

*Mini-Mental State Examination
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Investment Highlights

Investment Highlights: a unique potential for value creation
A differentiated approach to AD

 Leading innovator in AD: targeting a neurotoxic modification of amyloid beta, pGlu-Abeta, driver of
initiation and progression of the disease

 Key pipeline assets
 PQ912: clinical stage first in class QC inhibitor with promising profile in AD patients
 PBD-C06: a pGlu-Abeta (N3pG), specific mAB, to increase clearance at preclinical stage

 Strong IP estate based on composition of matter and medial use claims
 Excellent clinical expertise and network
 Well defined development path with potential for conditional approval upon completion of Phase 2b
 Enormous potential for value inflection

 Management determined to execute on its strategy
17

Experienced management team
Management team

Biography

Dr. Ulrich Dauer,

 Biotech entrepreneur

CEO

 Serial CEO of private and public entities
 Track record of multiple licensing and M&A transactions
 Track record of private and public capital raises

Inge Lues, PhD

 Advisor to biotech companies and public research institutions

CDO
Member of the
management board

 Family office E. Merck KG
 EVP member of the Pharma Board, Merck KGaA
 Head Global Drug Discovery and Non-Clinical Development; Head, Business Area Team, CNS Pharma, Merck KGaA

Frank Weber, MD

 Global Clinical Advisor of InterMune

CMO

 Chief Medical Officer at Merck KGaA
 Several medical affairs and clinical development management positions at American Cyanamid/Lederle, Synthelabo, Merck KGaA

18

 Appendix
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Neuronal Connections

20

D. Selkoe 2002 *: “Alzheimer disease is a synaptic failure”
“In its earliest clinical phase, Alzheimer’s disease characteristically
produces a remarkably pure impairment of memory. Mounting
evidence suggests that this syndrome begins with subtle
alterations of hippocampal synaptic efficacy prior to frank
neuronal degeneration, and that the synaptic dysfunction is
caused by diffusible oligomeric assemblies of the amyloid β
protein“

* Selkoe DJ Science, 298; 2002
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Formation of pGlu-Abeta

QC-inhibitor – prevent formation

AB-increase clearance

Glutaminylcyclase (QC):
■
Acyltransferase, Zn-dependent, 42 kDa
■
Expressed primarily in neuroendocrine
tissues, glands and lymphocytes

Jawhar, S., Wirths, O., Bayer, T.A. JBC 286, 45, 2011
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Extensive Evidence for Differentiated Approach
Publications (selection)

Core data
 pGlu-Abeta is

specific for AD
 pGlu-Abeta and

oligomers correlate
with disease
progression
 QC is crucial for

pGlu-Abeta
production
 QC overexpression

drives pGlu-Abeta
and AD pathology

* Schilling S et al. Nat Med 2008 ** Nussbaum et al. Nature 2012
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pGlu-Abeta appears in Brains of AD Patients only
pGlu-Abeta level versus MMSE in brain**
AD

pGlu-Abeta

Total Abeta

mAb Abeta3(pE)

mAb4G8

Normal

Severe

Appearance of pGlu-Abeta in AD brains*

Healthy

 In brains of AD patients pGlu-Abeta
correlates with progression of Alzheimer’s
disease pathology (based on the MMSE)
 A-beta plaques seen in AD patients but
also often in cognitively normal individuals
 pGlu-Abeta is characteristic for AD - not
found in healthy individuals
* Schilling S et al. Nat Med 2008 ** Morawski et al. J Alzheimers Dis 2014

AD

Considerations

Normal

0 pGlu-Abeta (ng/g tissue) 500

MMSE: Mini-Mental-State Examination
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Accumulation of pGlu-Abeta parallels AD Progression
Aßplaques

Increase pathology

Aß biochemistry

Neocortical + allocortical

+

striatum, (hypo)thalamus.

Aβ1-42

+

midbrain

+

cerebellum

Aβ1-42

Aβ1-42

pGlu Aβ

pGlu-Aβ

phosphorylated Aβ

Pathological-preclinical AD

AD

pGlu-Abeta appears at the edge of development from pre-symptomatic to symptomatic
AD
Acording to Dietmar Thal 2015 Acta Neuropathol 129:167
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pGlu-Abeta – seeds the Formation of Toxic Oligomers
Normal



In healthy conditions production and degradation of Abeta is at equilibrium,
pGlu-Abeta not detectable



In early AD pathology Abeta degradation capacity is reduced, leading to an
increase in Abeta levels which is truncated by various peptidases - providing
the substrate for QC to produced mounting levels of pGlu-Abeta



pGlu-Abeta “seeds” the formation of stable synapto-toxic soluble Aβoligomers and transfers its ‘misfolded’ structure

APP
Production

Aβ

QC

pGlu-Abeta

Degradation

Alzheimer’s disease
pGlu-Aβ triggers formation of neurotoxic
sAβOs from pGlu-Aβ and normal Aβ

APP

QC

Production

Aβ
Degradation

Synaptic

pGlu-Aβ

impairment
Cognitive deficits

Oligomers
Amyloid plaque
deposition/
inflammation

Tau pathology
Neuronal death
Cognitive decline

pGlu-Aβ is poorly
degraded
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pGlu-Abeta is involved in inflammation in a double pronged way
QC / isoQC are Part of a Vicious Cycle in AD

degradation

APP
A1-40/42

A3-40/42

pGlu-Abeta

QC
Upregulation of substrates
(e.g. CCL2)

Pro-CCL2
(unstable)

pGlu-CCL2
(stable)

isoQC
Microglia activation- Early
Inflammatory response

Abeta Oligomers,
fibrils

Cell loss,
Dementia
Synaptic/Neuronal
Dysfunction
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Preclinical Target Validation
Today’s data package underscore the attractiveness of the
concept of QC inhibition as a therapeutic approach to treat AD
 pGlu-Abeta
 abundant in human AD
 strongly facilitates (mixed) oligomer formation

 exerts significant synaptic – and neuronal toxicity and impairs cognition
 formation from Glu3 or Glu11Abeta is catalyzed by glutaminylcyclase (QC)

 QC
 expressed in all vulnerable brain regions
 expression enhanced during disease progression
 level of expression correlates with pGlu-Abeta level
 QC - activity in CSF – a pharmacological biomarker
 QC inhibitors attenuate neurotoxicity and deficits in cognition (tg animals)
 Genetic and pharmacological Proof of principle in Tg animals
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Probiodrug Proprietary Pipeline
Product
PQ-912



Preclinical

Phase 1

Phase 2a

POC Phase 2b

Small molecule
QC inhibitor
Results
reported

PBD-C06

PQ-1565



pGlu-Abeta specific
monoclonal antibody



Small molecule
QC inhibitor
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PQ912: a Selective QC-Inhibitor - at a Glance
Status


Next steps

Extensive proof of principal in
preclinical studies *



Attractive drug like properties



Chronic toxicology results enable longterm patient treatment



Phase 1 clinical study on 200 young and
elderly volunteers**



Phase 2a SAPHIR study in early AD
patients, data presented at CTAD 2017
on Nov 1



Phase 2b set-up phase-initiated



FPI Phase 2b core program



IND filing (US)

PQ912 - the first QC-Inhibitor being evaluated in AD patients
Hofmann et al 2017 ; ** Lues et al. Alzheimer's & Dementia: Translational Research & Clinical Interventions, Vol. 1, Issue 3, November 2015, Pages 182–195 ; h
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Content
 Concept Summary

 PBD 912 – innovative clinical development strategy

 Investment Highlights
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Why so many Failures in AD Clinical Development?
 Wrong targets? – especially Amyloid beta under siege
 Flaws in the concept? – based on scientific knowledge of the late 90s

 Too late? – effective only if preventive or start at preclinical stage?
 Too little? – Antibodies – low amount crossing BBB - limited safety - IgG1

induces ARIAs
 Too fast? Rushing from preliminary MoA data to Phase 3
 Inappropriate cognitive/functional readouts used for early AD patients?
 Combination needed? e.g. Lilly pGlu-Abeta Antibody and BACE-inhibitor
 Bandwagon effect- Pharma restarts with other unprecedented targets

 PBD:
 Targeting pGlu-Abeta, though bearing the Abeta name - a different and

specific approach- based on today’s enhanced understanding of pathology,
double pronged – Abeta oligomers and inflammation
 Pursuing an innovative and success-oriented , DILIGENT AND SOUND clinical
development strategy
32

Diligent Development Strategy makes a Difference
Phase 1 /1b

Frequent AD
Development
Strategy

Phase 2a

Phase 2b

Time to Market
Risk Acceptance

Target
Engagement
Eg: Abeta reduction
PET Abeta- binding

Probiodrug
Development
Strategy

Target
Engagement
QC inhibition

Read out Tool
Development
Safety
NTB, EEG, CSF
biomarker

Phase 3

Confirmatory
Efficacy

Clinical POC
Synaptic
effects
NTB,EEG
Long-term
Cognition &
Function

Confirmatory
Efficacy
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Diligent Development Strategy
Phase 1 /1b

Phase 2a

Phase 2b

Phase 3

Clinical POC

Probiodrug
Development
Strategy

Target
Engagement
QC inhibition

Read out Tool
Development
Safety
NTB, EEG, CSF
biomarker

Synaptic
effects
NTB,EEG

Longterm
Cognition,
Function

Confirmatory
Efficacy
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PQ912: Key Results Phase 1
 Phase 1 –SAD and MAD in 200 young and elderly healthy volunteers


Safe and well tolerated, maximal tolerated dose not achieved - despite
high exposure levels (3.6 g SAD; 1.6 g daily MAD)



Good pharmacokinetic profile resulting in effective brain concentrations



Dose dependent increase in brain exposure and target engagement
i.e. QC-inhibition



High (average about 90%) QC-inhibition in spinal fluid (CSF) with a dose of
2x800mg, used in the SAPHIR patient trial



PK/PD correlation in CSF -PQ912 concentration versus QC-inhibition in CSF EC50 = 11.1 ng/ml = 33 nM similar to the biochemically determined Ki

Results encouraged to conduct a pilot study in early AD patients

* Lues et al, Alzheimer’s & Dementia: Translational Research & Clinical Interventions (2015) 1, 182–195
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QC inhibition in the CSFdose response curve and PK-PD model
Dose response curve in Elderly Healthy
Volunteers

CSF

QC activity
(% of baseline)

120
100
80
60
40
20
0
0.01

0.1
1
10
[PQ912] in QC assay (ng/mL)

100

EC50 = 11.1 ng/ml = 33 nM
2x300 mg: average 24 ng/ml (71 nM)
= 70% TO in elderly HV

Dark green: Target effective dose
range from animal studies (5070% TO)

Dose- dependent QC-inhibition in CSF of elderly
healthy volunteers
* Lues et al, Alzheimer’s & Dementia: Translational Research & Clinical Interventions (2015) 1, 182–195

Light green: potentially highest
efffective dose range (85% TO)
Red line: highest tested dose
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Diligent Development Strategy
Phase 1 /1b

Phase 2a

Phase 2b

Phase 3

Clinical POC

Probiodrug
Development
Strategy

Target
Engagement
QC inhibition

Read out Tool
Development
Safety
NTB, EEG, CSF
biomarker

Synaptic
effects
NTB,EEG
Longterm
Cognition,
Function

Confirmatory
Efficacy
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SAPHIR – first in Patient Phase 2a Study
INTENTION

 Using a high dose of PQ912 resulting in a high QC-occupancy –
to find both
 early-on safety and tolerability signs - maximal tolerated dose (MTD)
and
 Relevant signals on the various sensitive secondary exploratory
outcome measures – in a relatively short time frame of 12 weeks

 To guide the design of the next study
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SAPHIR Phase 2a trial in early AD patients
Objective: Safety and early Pharmacodynamic Effects
SAPHIR Phase 2a trial design
 Seven EU countries, 21 Sites, PI P. Scheltens

Amsterdam

Objectives and read-outs
 Primary objective: To assess safety and

tolerability of PQ912 compared with placebo

 Total number of patients: 120
 Early stage Alzheimer's Disease
 MMSE*: 21-30 inclusive

 Abeta level in CSF below cut-off 638 ng/L

And p-tau level in CSF above cut-off >52
ng/L
 Or Tau/A-beta ratio in CSF >0.52
 Positive amyloid PET if available
 “Treatment naïve”: no other Alzheimer

drug as co-medication
 1:1 randomization
 12 weeks treatment, 4 weeks follow up

 Trial completed in June 2017,

*Mini-Mental State Examination

 Exploratory objectives: set of readouts tailored

by Probiodrug to optimize basis for capturing
efficacy signals – which will determine further
development route

 Cognitive readouts: Neuropsychological Test

Battery to test short term memory
improvements
 Physiological function assessments: EEG and

rested state functional MRI to measure synaptic
plasticity and neuronal connectivity
 Molecular biomarkers in CSF: Abeta pattern,

Neurogranin and inflammatory markers,
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SAPHIR Phase 2a Trial in early AD Patients
Safety Results
 No significant difference between treatments in number of subjects with

(serious) adverse events, although there were slightly more patients with
an SAE in the PQ912 group compared to placebo
 Significantly higher number of patients discontinuing within first weeks of

treatment with PQ912 800mg bid compared to placebo
 Clinically relevant differences in number of patients with skin and GI effects
 Events appeared early in the study and were fully reversible

 Overall no major safety concern associated with PQ912
 Safety and tolerability are likely to be improved by lower dose, still

showing a high enzyme inhibition, and a slower titration regime
 Maximal tolerated dose identified
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Summary
results
Exploratory
readouts
SAPHIR - Summary
of -exploratory
Efficacy
Results
Clear proof of
Mechanism of
Action

Significant effects
on synaptic
function

CSF:

EEG:



NTB:

Improvement of a
component of
working memory

Biomarker
 High level of QC-inhibition, target occupancy about 90%
 Neurogranin - BM for synaptic impairment: ⬇︎
 YKL-40 -Biomarker for astrocyte activation /
inflammation: ⬇︎
Predictor of synaptic activity - memory function
Significant ⬇︎in theta power which is increased in AD
Post-hoc analysis: significant improvement on
functional connectivity

Cognition
 Significant improvement in ’one card back’, (p=0.050,
Cohen’s d=0.23) a test to assess working memory
 The ‘Detection’ test, a measure of attention, showed a
meaningful but not significant difference (Cohen’s d=0.2)
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SAPHIR - CSF Biomarker Results
CSF QC-activity ex-vivo (contains dilution)

Percentage Change from Baseline

0

-20

-40

-60

PQ912

-80

PLACEBO

Unique Subject Identifier

Inflammation marker YKL-40

•

5% absolute reduction in the active arm
compared to placebo,
corresponds to a reduction of about 15% of the
disease related increase

Synaptic marker neurogranin
• 5% absolute reduction of
neurogranin in the active arm
compared to placebo,
≙ about 15% of the disease related
increase
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EEG measures neuronal activity
EEG measures the electrical effect of many synapses:
• Sum of excitatory and inhibitory post-synaptic potentials
• The result is an oscillating signal

43

SAPHIR - Results quantitative EEG
Level 1:
oscillatory activity
analysis

Level 2:
connectivity
analysis

 Frequency analysis showed a significant
(p=0.002, ITT and PP) decrease in theta
power and a trend of increase of alpha
power in favor of PQ912 In the PQ912 arm
theta power stabilized with a trend to reduction
 Cohen’s D -0.30 and -0.38 (ITT and PP
Population)
 Relative Improvement based on disease-related
impairment*: MCI - 85% AD - 20%

 Post hoc analysis: significant effect also on
Level 3:
network analysis

connectivity -amplitude envelope
correlation (AEC) p=0.025, Cohen’s d=0.45

whereas in the control arm theta
Thepower
significantincreased.
reduction of the synaptic activity related
theta power clearly supports the hypothesis of pGluAbeta impairing synaptic integrity
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SAPHIR – Results Neuropsychological test Battery (Cogstate NTB)
p=0.05

Improvement

Margins of
relevance
Outside effect
size Cohen‘s d
<0 .2

A relevant magnitude of effect (Cohen’s d >= 0.28) is observed in the ‘one card back ‘and a
trend in the ‘detection’ test
45

Results and Conclusions
 Results:
 Primary endpoints: overall drug considered safe and tolerated for use in the AD
population while MTD was reached;
 Safety signals in skin and GI events (mild and moderate) in the first weeks of treatment

period
 Secondary endpoints: High level of target engagement [QC inhibition], significant effects
on One back Test and on qEEG theta power and encouraging trends on synaptic and
inflammatory CSF markers

 Conclusion:





MTD and safety signals at high doses identified
Dose range defined for further testing in phase 2B (150 -600mg q12h)
Exploratory readouts identified to be tested in a clinical proof of concept study
Results – though early - are supporting the hypothesis of pGlu-Abeta being a synaptotoxic Abeta variant and are making the program attractive to go forward

Study reveals a positive benefit risk ratio and provides important guidance how design clinical proof of
concept studies forward
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Diligent Development Strategy
Phase 1 /1b

Phase 2a

Phase 2b

Phase 3

Clinical POC

Probiodrug
Development
Strategy

Safety
Target
Engagement
QC inhibition

Tool
Development
Early efficacy
signals
Safety
NTB, EEG, CSF
biomarker

Synaptic
effects
NTB,EEG

Confirmatory
Efficacy

Longterm
Cognition,
Function
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The unique Phase 2B Program of PQ912

 Designed according to newest regulatory EU and US guidelines and

state of the art scientific concepts
 In collaboration with world class leading experts
• - P. Scheltens, J. Harrison, P. Maruff – Cogstate, F. Barkhof, A. Gouw
 - H. Feldman and US Protocol Steering Committee consisting of highly

renowned Neurologists
 Integrated development strategy informed by Phase 2a results
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PQ912 Phase 2 Strategy
Phase 2b

Phase 2a
Exploration and short-term outcome

Safety :
MTD
Phase IIB
dose range
Synapsis:
EEG
frequency
bands and
connectivity

Cognition:
NTB 12 w
Endpoint
Phase IIB
Biomarker:
MOA
Synapsis
Inflammation

Clinical Proof of Concept

EU Study

Focus on Synaptic
function @ 9-12 m:
NTB working memory
/ attention, EEG,
Biomarker

Outcome informs
design of phase 2b

US Study

Focus on cognition @
18m:
In depth analysis of
effect on cognition,
and function
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Overarching Phase 2b Development Strategy
SAPHIR gave highly valuable results regarding dosing and efficacy endpoints / biomarker


EU Phase 2b study design - inbuilt newest FDA and EMA guidance for early AD
 Seamless design:









Stage 1: tolerability dose-titration (150-600 mg bid): Investigate whether 300 mg bid is adequately
tolerated (60 treatment/30 placebo) after 3 month of treatment
Re-affirm CSF biomarker and EEG findings from SAPHIR
Stage 2: if tolerability meets pre-specified criteria (DSMB) - study continues
investigate effects on cognition (and EEG and BM) with the optimal dose for in total a treatment
duration of 36-84 weeks
If safety and biomarker findings positively answered will be used for (Phase 3 planning)

US Phase 2b study looking at cognition long-term (ADCS/UCSD) – protocol in planning (NIH
grant application submitted)
 Group sequential design :
 Phase A groups on 150, 300, and 600 mg bid for at least 8 weeks for initial safety read out in first 180

patients; Following DSMB reviews, trial will continue highest tolerated dose through phase 2B Safety
results (interim after 16 weeks) will be used for regulatory Phase 3 preparation
 Phase B: Treatment duration per patient 72 weeks (primary endpoint of CDR-SOB)

 If both studies meet primary and key secondary endpoints option to discuss accelerated

/ conditional approval
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The New Regulatory Framework in Early AD
 FDA issued updated draft guideline for the treatment of early AD Allows claim of

treatment before onset of overt dementia
 Clear classification of population
 Suggestions for endpoints and trial methodology with strong focus on cognition
 Invitation to enter discussion and dialogue

 EU updated clinical investigation for AD guideline (EMA)
 Phase I: Kinetics in elderly and drug drug interaction
 Exploratory trial showing target engagement, PK/ PD relationship and maximal tolerated dose
 NTB considered to assess cognition in early AD
 Clinical meaningfulness to be shown by relevance of cognition findings and or selective activities of daily
living

The regulatory EU and US framework is fully considered with no short cuts
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EMA guidance - exploratory (POC) trials 2/2018
 “Unfortunately the field of AD drug development has witnessed many failures and it is
noted that in many cases, exploratory trials did not provide ‘proof of concept’ to inform
Phase 3
 Consequently the large Phase 3 trials often failed to be confirmatory.
 Exploratory trials in well-characterized patient populations are therefore strongly
encouraged to be conducted prior to phase 3”.
Exploratory studies may have the following objectives:

PBD PQ912 status

Demonstration of target engagement

✓

Assessment of short-term adverse reactions from a clinical and laboratory standpoint

✓

Determination of pharmacokinetic characteristics

✓

Determination of maximal tolerated doses

✓

Determination of PK/PD relationship

✓

Determination of dose-response
Preliminary evaluation of efficacy
Proof of concept

✓ (TO)
✓
in preparation

Identification of subsets of patients able to benefit from treatment and population
selection for confirmatory trials
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EU Phase 2b Study SAPHIR 2 Objective:
Clinical Proof of Concept: Improving Synaptic Function
Trial matrix and design
 10 EU countries , PI P. Scheltens Amsterdam

 Total projected: 250 patients

Objectives and read-outs
 Primary objective: To assess the efficacy of

PQ912 on working memory /attention in early
AD (composite score of a subset of the NTB)

 Early stage Alzheimer's Disease
 MMSE*: 20-30 inclusive
 CSF amyloid signature positive

 Patients on SoC or treatment naïve

 Secondary objectives: effect on qEEG on

synaptic function and brain connectivity, overall
effect on cognition (complete NTB), effect on
activities of daily living (Amsterdam IADL-Q)

 12 weeks treatment with 300mg (bid) for

initial safety read out in first 90 patients
 Patients go to individually highest tolerated

dose (300 or 600mg bid)
 Minimum treatment duration per patient 36

weeks up to 84 weeks (average 56 weeks)
 Evaluation methodology: Comparison of the

slope of progression of cognitive decline

 Exploratory readouts: CSF based biomarker and

MRI imaging of brain and hippocampal volume

Tentative timelines
 Protocol ready: Q2 2018
 FPI: Q4 2018, LPI: Q2 2020, LPO: Q2 2021
 Safety futility: Q4 2019; key results Q3 2021
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SAPHIR 2 – Patient Dosing and Time Schedule
*

Safety decision
after 90 patients

Study end

600 mg (bid)**

600 mg (bid)**
24 weeks
300 mg (bid)**
8 weeks
Up and down –titration option

150 mg (bid)
4 weeks
Up-titration

Randomisation

0

4

36

12

48

60

72

84

Weeks on treatment
* All patients will have a study duration of at least 36 weeks on treatment. The earlier randomized patients will continue after
week 36 until the last patient in the study reached week 36. Depending on timing for each individual patient this means
treatment up to week 36, week 48, week 60, week 72 or week 84
** Subjects who experience AEs compromising the tolerance of the treatment or the safety and wellbeing of the subjects can
reduce the dose anytime back from 300 mg (bid) to 150 mg (bid) during weeks 5-12 and from 600 mg (bid) to 300 mg (bid)
during weeks 13 to 84.
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working memory – attention score
(Cogstate)

EU 2b study - Primary Endpoint
Composite Attention / Working Memory Simulation
High = worse

SAPHIR
2a Result

Phase 2b
Expectation

Red : PQ 912
Black: Placebo

Robust statistical planning with 3 items from
Cogstate (one back test, detection,
identification)
 based on available Phase 2a data and
 large historical control data set on longitudinal rate
of progression for identical cognitive composite
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Clinical Proof of Concept Strategy
EU Phase 2b study focus on synaptic effects with tools investigated in Phase 2a
 Midterm drug exposure : treatment 36 -84 weeks (mean 12 months)
 250 patients
 Primary endpoint working memory / attention composite (Cogstate)

 Secondary endpoint EEG / network, total cogstate and IADL
 Exploratory Biomarker

US Phase 2b study focus on cognitive effects across domains and daily function
 Long-term drug exposure : 18 months
 460 patients
 Early AD patents – FDA stage 3+4 Primary endpoint
 Endpoints CDR-SB and Composite Cognitive Functional Measure (CFC2)
 Further secondary and exploratory outcome parameter
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US 2b Study: Seamless Phase A and Phase B Trial work in progress
Trial matrix and design
 US/Canada: PI H. Feldman ADCS/UCSD
 Total projected: 462 patients (55 sites)
 Early Alzheimer's Disease
 MMSE: 21-30 inclusive
 CSF AD pathophysiology amyloid + and

tau/A-beta ratio +
 Patients on SoC or treatment naïve
 Phase A: Group sequential dose design: groups

on 150, 300, and 600 mg bid for at least 8
weeks for initial safety read out in first 180
patients

Objectives and read-outs
 Primary objective: efficacy of PQ912 on cognition

and function (CDR-SOB)
 Key secondary objective: efficacy on composite

measure of cognition and function (CFC2) 1,2
 Other secondary efficacy objectives: QC inhibition,
ADAS-Cog 13, ADNI NTB, FAQ, NPI, and qEEG
spectral analysis
 Secondary safety objectives: AEs/SAEs, Drug AEs of
Interest (GI, skin), Sheehan Suicidality
 Exploratory readouts: CSF and plasma based

biomarkers, MRI imaging, EEG network connectivity

 Following DSMB reviews, trial will continue

highest tolerated dose through phase 2B
 Phase B: Treatment duration per patient 72

weeks (primary endpoint of CDR-SOB)

Tentative timelines
 NIH funding submission: Q1 2018, Protocol ready: Q2

2018, NIH funding decision Q3 2018
 FPI: Q1 2019, LPI: Q3 2020, LPO: Q1 2022

1 Cognitive-Functional
2

Component 2
Raghavan N et al Alz & Dem 2013

 Dose decision: Q1 2020; key results Q3 2022
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Dose Range for Phase 2B
QC inhibition in the CSF and PK-PD model
Dose response curve in Elderly Healthy
Volunteers

Dark green: Target effective dose
range from animal studies (5070% TO)
Light green: potentially highest
effective dose range (85% TO)
Red line: highest tested dose
Dose- dependent QC-inhibition in CSF of
elderly healthy volunteers
* Lues et al, Alzheimer’s & Dementia: Translational Research & Clinical Interventions (2015) 1, 182–195
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US 2b study group sequential design– Patient dosing/time schedule
Phase A: adaptive dose finding (180 patients)
Weeks on treatment

4 weeks
Up-titration

Gr C: 600mg
Patient 1-60;
1:1 rand.

Gr B: 300mg

PQ912 150mg (bid)
Matching placebo

4 weeks
Up-titration

PQ912 300mg (bid)
Matching placebo

PQ912 150mg (bid)

Patient 61-120;
1:1 rand.

Matching placebo

Gr A: 150mg
Patient 121180; 1:1 rand.

8 weeks

Phase B: highest tolerated dose
(460 patients phase a and b together)
Total treatment duration per patient: 72
weeks (phase a and b together)

PQ912 600 mg (bid)
Matching placebo

PQ912 300 mg (bid)

Matching placebo

Decision point at end of
phase a to select the
highest tolerable dose
to continue in phase b
with cognition/function
and pharmacodynamic
endpoints

PQ912 150 mg (bid)
Matching placebo
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Expected News flow 2018/2019
 2018/Q2 Phase 2a results submitted to high impact journal ✅
 2018/Oct:
 Decision from NIH about US Phase 2b study funding

 2018/Nov:
 IND-submission for US Phase 2b study

 2018/Dec:
 First Patient In - EU Phase 2b SAPHIR 2 trial

 2019/ Q2:
 First patient In- US Phase 2b study

 2019/ 4Q:
 European SAPHIR 2 trial - Stage 1 data about tolerability of various

doses in
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Summary PQ912 Clinical Development
 Stepwise rational development with essential learning and de-risking strategies





implemented
Program designed according to most recent regulatory AD guidelines and input from worldclass leaders in the AD field
Next step of phase 2b studies has been well prepared and represents a big value inclination
by demonstrating effect on cognition
EU study is the base case which will allow high value exit and smooth transition into Phase 3
US study broadens PQ912 global footprint and includes upside of an early approval
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Content
 Concept Summary

 PBD 912 – innovative clinical development strategy

 Investment Highlights
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Investment Highlights
Unique potential for value inflection
 Leading innovator in AD: targeting a neurotoxic modification of amyloid beta, pGlu-Abeta,

driver of initiation and progression of the disease
 Key pipeline assets
 PQ912: clinical stage first in class QC inhibitor with promising profile in AD patients
 PBD-C06: a pGlu-Abeta (N3pG), specific mAB, to increase clearance
 Strong IP estate based on composition of matter and medial use claims
 Excellent clinical expertise and network
 Well defined development path with potential for conditional approval upon completion of

phase IIb
 Enormous potential for value inflection
 Management determined to execute on its strategy
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Probiodrug’s longstanding Track-Record
Key Milestones
 1997: Foundation, pioneered a new class of anti-diabetics (gliptins) –partnerships

with Merck & Co, Ferring and Novartis
 2004: Sold diabetes franchise to OSI Pharmaceuticals – proceeds partially

returned to shareholders and partially invested in AD
 2007 - 2014: Series A and B financings rounds totalling appr. € 80m with top tier

investors
 2011: Progressed PQ912 in Phase 1 clinical development – first in class in clinical

development
 Oct 27 2014: IPO at Euronext/Amsterdam (Symbol: PBD)
 2015: Initiation Phase 2 clinical development of PQ912 (SAPHIR trial)
 June 2017: PQ912 delivers positive pharmacodynamic and efficacy results in

SAPHIR trial in ‘early AD’ patients, presented in November 2017 at CTAD 2017
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Key Figures and Shareholder Structure
 Q1 2018 Results:
 Cash and cash equivalents: 9.3 million EUR
 Net loss: 1.5 million EUR


R&D expenses 1.0 million EUR
 G&A 0.5 million EUR

(18.7 million EUR Q1/2017)
(2.8 million EUR Q1/2017)
(2.3 million EUR Q1/2017)

 Shareholder Structure
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Industry - examples for early development endpoints and
Phase 3 go/no-go decisions in early AD programs
 Abeta antibody ‘go’ criteria largely based on reduction of amyloid signaling in

PET imaging, cognition data not reported or underpowered and or scales not
tested for sensitivity to change
 BACE / gamma secretase inhibitors: ’go’ decision largely based on change of

Abeta concentration in CSF, no systematic investigation of alternative Abeta
cleavage products and their potential for neurotoxicity, no early cognition readouts
 Diverse decisions after larger Phase 2b / 3 failure and repetition of Phase 3:

Often based on post-hoc analysis to identify „ susceptible“ target population
with applying arbitrary and ‘over-fitted' thresholds
 Probiodrug pursues a step-wise approach with the support of world leading
experts
 developed a relevant and sensitive cognitive endpoint in the Phase 2a
SAPHIR study and prospectively powers Phase 2b study on this endpoint.
 Patient population tailored to regulatory guidelines
 Broad biomarker panel tested and will be used as secondary endpoints
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