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New rigorous preclinical trials
of Cerebrolysin for stroke

Michael Chopp

Vice Chairman, Dept. of Neurology, Zoltan J Kovacs Chair of
Neuroscience Research, and Scientific Director, Neurosciences
Institute Henry Ford Hospital, Detroit, Michigan, USA

ABSTRACT:

Cerebrolysin has potent protective and restorative
therapeutic effects for the treatments of stroke,
traumatic brain injury (TBI) and neurodegenerative
diseases. Here, | will summarize our recent data on
prospective, double blinded placebo controlled
preclinical studies, performed under rigorous
clinical trial conditions for the treatment of
embolic stroke. A clinically relevant model of
embolic stroke is induced in rat by placement
of a preformed clot at the origin of the middle
cerebral artery. Outcomes of dose-response and
therapeutic window studies demonstrating highly
efficacious therapeutic benefit of Cerebrolysin
will be presented. In addition, | will provide
new insight into the multiple mechanisms of
therapeutic action of Cerebrolysin. Data will be
shown that Cerebrolysin evokes expression of
Angiopoietin 1 (Ang1), which promotes blood
brain barrier integrity, is anti-inflammatory
and mediates axonal outgrowth. Importantly,
Cerebrolysin also upregulates the expression of
the developmental morphogen Sonic Hedgehog
(Shh) which stimulates cellular expression of
specific sets of microRNAs (miRs). miRs are small
non-coding RNAs which can simultaneously
post-transcriptionally regulate the translation of
many genes. Shh up regulates cellular expression
of a specific group of miRs, the miR-17-92 cluster.
This cluster of miRs, has potent anti-inflammatory

effects as well as promotes axonal outgrowth.
Thus, we demonstrate that Cerebrolysin has
multifactorial neurovascular remodeling effects
on tissue which drives neurological recovery, data
on which are evident in our rigorously controlled
preclinical stroke studies. These data strongly
support translation of Cerebrolysin therapy from
the laboratory to the stroke patient.

Dr. Chopp introduced his lecture dividing it
into two sections. First, he talked about major
scientific arguments that can influence the use
of Cerebrolysin in clinical practice as well as the
understanding of the molecular mechanisms
by which Cerebrolysin exerts its clinical actions.
Second, he turned attention of the audience to
field of microRNAs (miRs), the molecules regulat-
ing the expression of genes.
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Prospective, double blinded, placebo
controlled dose-response &
therapeutic-window studies

-

=Randomization schema was generated using nQuéry3.0.
=Experimental drugs were prepared in sealed-opaque
syringes by a designated pharmacist.

=Laboratory personnel who performed MCAO, drug
injection, and outcome assessment were blinded to the

treatment groups.
Prospective, double blinded,
placebo controlled dose-

19
response study

Embolic middle cerebral artery occlusion (MCAO)
Young adult rats: n=20/group; 10 males + 10 females
Animals were randomized into one of five dose groups
Cerebrolysin:Doses (IP):

0.8 ml/kg (10 ml in humans)

2.5 ml/kg (30 ml in humans)

5.0 ml/kg (50 ml in humans)

7.5 ml/kg (90 ml in humans)

Control, saline
Treatment: 4h, 12h and 24h after MCAO, & every 24 h until
Day 10
Neurological(Longa)Score before the initial treatment, mNSS,
foot-fault, adhesive removal test, Days 1, 7, 14, 21, 28 after,
MCAO

Fig. 1. The advanced design of the pre-clinical study of
Cerebrolyin in embolic stroke

Dose effects of Cerebrolysin on neurological
functional recovery after stroke-4hr Rx

Mean Estimation and 95% CL on Global Test

(vs Vehicle) Mean P
Diff LCL UCL Value
0.8mg/kg
49— 62 .60 184 0.32
2.5mg/kg
-289 41.6 -16.2 0.000
5.0mg/kg
l—g—( -33.4 450 -21.7 0.000
7.5mg/kg
-36.3 48.2 -244 0.000
-60 -40 -20 20
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Fig. 2. The combined neurological outcomes - the results
of pre-clinical study with Cerebrolysin in the rat embolic
stroke model

Historically, there was a failure in translational

studies in neurology. Among many method-
ological problems explaining this situation, one

particular problem appears to be the lack of sci-
entific rigor of the pre-clinical studies. In order to

address this matter, Dr. Chopp and EVER Pharma

decided to apply very rigorous study design
closely resembling that of the most advanced

prospective, randomized, double blind, placebo
controlled clinical trials, in order to investigate
dose response and the therapeutic window of
Cerebrolysin (Fig. 1).

The combined neurological outcomes were ana-
lyzed as a global score, which was the end point
of the study (Fig. 2). This statistical concept was
taken directly from the pivotal NINDS tPA trial, with
results published in 1995. There was a clear dose
response effect of Cerebrolysin with all but the
lowest dosage. One of the essential points of the
study was looking into the differences between
sexes, because this reflects also the clinical and
biological reality of our patients. The levels of
theinflicted injury as well as the response to the
injury differed significantly between males and
females in this study.




Experimental Design-Therapeutic-
Window Study: Prospective, double |}
blinded, placebo controlled

" of C ysi
MCAO ‘ (5ml/kg, IP x10d)
e
od 3n 4,24, 48, or 72h 28d
<~ Longa score Neurological Funtional Tests

=1

=Randomization schema was generated using nQuery3.0.
=sExperimental drugs were prepared in sealed-opaque
syringes by a designated pharmacist.

=Laboratory personnel who performed MCAO, drug
injection, and outcome assessment were blinded to the

treatment groups.

Prospective, double blinded, placebo
controlled therapeutic window study-stroke

Mean Estimation and 95% CL on Global Test

(vs Saline)
MeanDiff LCL UCL P-Value

4h

_ 116 177 -54 0.00

24h
—e———| 72 435 08 o002

48h

—_— 84 142 26 0.00

72h
— o1 49 14 15 o014

20 45 40 5 5

Fig. 3. The therapeutic window for Cerebrolysin treatment
of embolic stroke in rats - the study design and results.
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microRNAs are short [22-25nt] non-
coding

RNAs which regulate gene
translation

Increasing
complexity-
Greater miRNA
diversity

A network of the interactions of the miRNA target genes. Ingenuity Pathway Analysis®
Molecules shown in red (increased expression) and green

(decreased expression) Solid lines represent direct interactions and dashed lines
indirect interactions

Fig.4.miRs as regulatory moleculesin recovery after stroke

The therapeutic window part of the study was
performed according to similar design, with
additional treatment time points (Fig. 3). It was
shown that 4 hours to 48 hours time window
provides substantial treatment benefits in global
neurological outcome. Summarizing the results
of this study, Dr. Chopp underlined that Cere
brolysin demonstrated clear dose response and
time window related efficacy as measured with
global neurological outcome.

Next, Dr. Chopp turned to discussing the mecha-
nism of action of Cerebrolysin. What it primar-
ily does is the stimulation of the endogenous
restorative responses, with a major component
of this action localized to microvasculature. This
includes stimulation of expression of important
molecules, like vascular endothelial growth
factor (VEGF) and angiopoietin 1 (ANGT1). ANG1
plays important role in controlling the function
of the blood brain barrier, which is vital for the
recovery from stroke. Additionally, it was shown
to stimulate neurite outgrowth. Related to this
topic is a question of the role of miRS in regula-
tion of the recovery processes post-stroke (Fig. 4).




Dr. Chopp and his team have found out that
Cerebrolysin turns on some of the very important
(for post-stroke recovery) miRS populations. They
established that Cerebrolysin stimulates morpho-
gens important for the recovery processes, like
Sonic Hedgehog (Shh). In turn, Shh switches on
some important clusters of miRS (Fig. 5), which
drive plasticity processes post-stroke.

The interplay between Shh and microRNAs is an
emerging topic in science and drug development.
miRS act at the translational level in the process
of genes expression and can simultaneously
switch off and on the synthesis of various families
of proteins, adding a separate level of control
and complexity in regulating biological process.

Dr. Chopp finished his lecture by underlining that
successful translation of research results into the

clinic requires rigorous approach in study design

and execution already at the early pre-clinical

stage. Cerebrolysin has been successfully tested

according to this principle. Moreover, the emerg-
ing research data help explaining Cerebrolysin

mode of action and therefore can be useful in

fine tuning the clinical protocols employing this

complex drug.
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Sonic Hedgehog (Shh)-activates many
genes

Cerebrolysin '
|

Altaba et al., Nature Rev Cancer 2002

Cerebrolysin stimulates Shh; Shh
induces
miR 17-92

'11'\.'.76 g T o —
~a _ _pRisa

Network of miR-17-92 cluster. Red line-direct target. Blue line-indirect

Fig. 5. The relationship between Cerebrolysin, Shh, and
miRs in the recovery processes after stroke
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Cerebrolysin’s evidence in acute stroke -

a clinical review

Milan Vosko

Dept. of Neurology 2, Kepler University Clinic, Linz, Austria

ABSTRACT:

Early recanalisation, brain protection and
neurorecovery are the main goals of the acute
stroke treatment. Rapid recognition of stroke
symptoms, immediate application of systemic
thrombolysis within 4.5 hours, rapid performance
of mechanical thrombectomy in selected patients,
as well as early recognition and prevention of
complication guarantee better outcomes in stroke
patients. Additional efforts have been directed
at developing drugs with a neuroprotective and
neurorestorative effect and some promising
advances have been madein recent years. In the
CASTA study, Cerebrolysin was tested in a large
double-blind, placebo-controlled randomized
clinical trial in 1070 patients with acute ischemic
stroke. Stratification by severity showed a trend
in favor of Cerebrolysin in patients with NIHSS>12.
Combination of Cerebrolysin with thrombolysis
(Lang et al., 2005) found in patients additionally
treated with Cerebrolysin earlier recovery seen on
the NIHSS compared to placebo treated patients.
Although this difference did not persist until 90
days endpoint, the Cerebrolysin-induced earlier
recovery of stroke patients can positively affect
early mobilization. CARS trial showed a significant
beneficial effect on function and global outcome

in early rehabilitation in stroke patients as well
as safety comparable to placebo. Experimental
studies (Chopp et al.) prove the mechanism of
action through the sonic hedgehog signaling
pathways mediating Cerebrolysin enhanced
neurogenesis and white matter remodeling.
Controlled registries have shown to offer a reliable
scientific evidence of real life acute stroke treatment
(SITS-MOST). The ongoing CREGS-S registry trial
is registering worldwide acute stroke patients
treated with Cerebrolysin.

Dr. Vosko presented an overview of clinical results
for Cerebrolysin in stroke. He represents the stroke
unit from Linzin Austria where thrombolysis (30%
of stroke patients) and thrombectomy are routinely
performed procedures. However, thrombolysis
and thrombectomy is not all we can do to help
stroke patients. The major problem with stroke
is that it is a heterogenous disease (Fig. 1).
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Only one therapy?

Fig. 1. The various etiologies of the ischemic stroke and
the common underlying ischemic cascade pathology.

Current concensus: multimodal approach in acute stroke treatment

Chinical Trials For Cytoprotection In Stroke

Lise A. Labichs and Jurses €, Gronta

Drug
(Membrane
Stabilizers/
Trophic Factor)

Homogen
Patient
Population

Biologic

Phase latestExtentof Adeq.  Adeq. Dose-Limiting S | o
Time Marl

Linked
Window  Power  Dose AEs PA

GM1 3 72h + ? No Neutral
S 2 2 0 ’ Positive
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Citicoline 3 24h ? No e
EPO 2

bFGF 2and3 6h + ? Hypotension . Negative

NeuroRx. 2004 January; 1(1): 46-7(

Cerebrolysin

« Biotechnological compound that consists of
— short chain neuro-peptides
— free amino acids

Courtesy of W. H. FREY, Minneapolis

*  Mimics the activity of endogenous NTFs
— Multimodal
— Pleiotrophic NTF -like effects

« Peptides - due to their small size - have
been shown to cross the BBB

Fig. 2. Cerebrolysin -a multimodal, neurotrophic treatment
of acute ischemic stroke. Early assessment of efficacy.

Thrombolysis and thrombectomy are helping from
5% to 30% of all ischemic stroke patients and we
have to find the way to help the remaining patients,
too. A comprehensive approach is needed that
would support the current standard. Addressing
the ischemic pathology but also stimulation of
endogenous restorative processes seems to be
a logical thing to do. In fact, the proper target
for a supporting therapy in stroke appears to be
the neurovascular unit, not just neurons. In spite
of the slow development in the field of support-
ing neuroprotective therapies in recent years, it

seems that there is still hope for establishing new
treatments. In our thinking about any stroke treat-
ment, we should remember about the phases of
stroke. Fast action in the acute period is the key
to success. Then, comes the possibility to quickly
apply other therapies, like Cerebrolysin (Fig. 2).
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Neuroprotective treatment with

Cerebrolysin in patients with acute

stroke: a randomised controlled trial

G. Ladurner, P. Katvach, H. Moessler

Randomized, double-blind, placebo-controlled, parallel group, multicentre
146 patients with first acute ischemic stroke, 45-85 y

50ml vs Placebo

IV infusion, once daily for 21 days
Canadian Neurological Scale, the Barthel Index, the Clinical Global

Impressions, the Mini-Mental State Examination, and the Syndrome Short
Test.

Study results - summary

¢ Significant improvement (p<0.05) of motor functions
(CNS, Section A1)

¢ Significant improvement (p<0.001) of activities of daily
living (BI) in the right-sided subgroup

¢ Significant improvement (p<0.05) of cognitive
performance (MMSE, SST)

o Cerebrolysin was well tolerated no difference to
placebo with respect to nature and frequency of AEs

Fig. 3. The results of the clinical trial in acute ischemic
stroke and published in 2005

American Hean | Aerican Srvke
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Cerebrolysin in Patients With Acute Ischemic Stroke in Asia
Results of a Double-Blind, Placebo-Coatrolled Randomized Trial

Wolf-Dicter Heiss, MD, Michac! Brainin, MD, Natan M. Bomsicin, MD.
Jaakko Tosenilehto, MD, MPolSc, PhD, Zhon Haag, MD, for the
Cerchrolysin Acuic Stroke Treatmont = Asia (CASTA) Invostigators

Outcome with respect to NIHSS at baseline

NIHSS baseline >
NIHSS baseline <= 7 2

1.0 @ Cerebrolysin # Cerebrolysin
< Placebo lacebo

1)

Change from Baseline (Visit 1)
Thange from Baseling (VISTt

125 10 30 %
12 5 10 30 %0 Day
Da

The results at NIH > 12 indicate a strong trend for beneficial effects
of Cerebrolysin in the more severely affected subgroup. (OR =
1.2724; 95 % CI 0.9719 to 1.6657, 125 patients Cerebrolysin, 121
patients placebo). This again is a clear sign that the mild cases have
caused a ceiling effect.

Fig.4.The CASTA trial - the largest clinical trial of Cerebrolysin
in the acute ischemic stroke

Experimentally, Cerebrolysin showed positive ef-
fect on apoptosis (downregulation), neurogenesis
and neural maturation. How this mechanisms
translate into the clinic? asked Dr. Vosko. The first
results discussed were of the study performed
by the group of Prof. Ladurner (Fig. 3).

This trial gave first positive results for Cerebrolysin
treatment of stroke in the randomized, placebo
controlled, double blind, multi center, and parallel
groups design. The recovery domains affected
were motor functions, activities of daily living
and cognitive performance. The safety of the
treatment was very good. Next discussed trial,
the CASTA-trial, was the largest performed trial
of the Cerebrolysin treatment of acute ischemic
stroke (Fig. 4).




This trial has shown positive trend in global

endpoint (combination of Modified Rankin scale,
Barthel Index, and NIH Stoke Scale scores). Clearly,
too mild stroke patients were included in the trial

and they recovered fast by themselves masking,
too great extent, the therapeutic effect of Cere-
brolysin. In the more severely affected patients,
with NIHSS at admission 12 or higher, there was

a much stronger trend toward improvement in

the Cerebrolysin group.

The CERE-LYSE trial was performed, among other
centers, in the stroke center of Dr. Vosko. This trial

investigated safety and efficacy of the combina-
tion rtPA and Cerebrolysin (Fig. 5).

The treatment time was only 10 days, and Dr.
Vosko suggested that we have learned important

things from this trial. At the endpoint of day 90

the study was neutral. However, when we look

at the differences between the groups (rtPA +
placebo and rtPA + Cerebrolysin) at earlier time

points, we can see that there is a highly significant

positive response in the combination group, in

comparison with the control group. One conclu-
sion is that the treatment time was probably too

short. However, the positive short term effect of
the combination with Cerebrolysin isimportant in

the acute setting. For example, during this early

period a decision must be made about admis-
sion of a patient to a rehabilitation center. The

response of a patient to Cerebrolysin can indicate

the readiness of a patient for rehabilitation. The

general idea of acute therapy is to start early an

intensive treatment in order to achieve a better
outcome as early as possible, so the patient can

be accepted to a rehabilitation center as soon

as he/she is ready for this intensive and very

demanding therapeutic phase.

Milan Vosko; Volume 21; 2017

®

CERE-LYSE Trial

* Double-blind, placebo-controlled, multicenter trial
* 119 patients randomized

« Treatment with rt-PA within three hours after onset
of symptoms

« Treatment with IV Cerebrolysin 30 ml/day; started
within one hour after thrombolytic therapy

+ 10 days treatment
+ Endpoint at day 90

Lang et al, Int J Stroke 2013; 8(2):95-104)

Responder Analysis mRS and NIHSS

wil A
wlld

P (68% response with CBL + rtPA
=/ vs 38% with PL + rtPA

© 0 2 W ® © O D W 0
Tima ey

therapy results in faster
recovery than rtPA alone

Lang et al, Int J Stroke 2013; 8(2):95-104)

Combined Cerebrolysin + rtPA ‘

Fig. 5. The CERE-LYSE trial investigating add-on therapy:

thrombolysis plus Cerebrolysin

Dr. Vosko went on to mention the recent trial in
which Cerebrolysin was used as add-on to active
rehabilitation program of the paretic arm (see the
lecture of Prof. Muresanu). The treatment dura-
tion was 21 days and a significant benefit of the
combination treatment was recorded.

Dr. Vosko concluded that the Cerebrolysin trials
were important for our better understanding
of the optimal application of this drug in stroke
patients. Another way to optimize the therapy,
which is already in clinical use, is to utilize regis-
tries, like CREG-S which is running already in its
2.0 iteration.
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Challenges & Opportunities

in Motor Recovery

Dafin Muresanu, MD, PhD, Professor

Chairman Department of Clinical Neurosciences, University of
Medicine and Pharmacy “luliu Hatieganu”, Cluj-Napoca, Romania

ABSTRACT:

Nowadays, it is still difficult to find the correct
therapeutic approach for brain protection and
recovery in stroke, especially because we do
not fully understand all of the endogenous
neurobiological processes, the complete nature
of the pathophysiological mechanisms and the
links between these two categories. Endogenous
neurobiological processes, such as neurotrophicity,
neuroprotection, neuroplasticity and neurogenesis,
are central to protection and recovery and represent
the background of endogenous defense activity
(EDA). Stroke pathological cascades contain a
limited number of pathophysiological processes.
It is characterized mainly by excitotoxicity,
oxidative stress, inflammation, apoptotic-like
processes and important metabolic disturbances.
Pathophysiological processes share some common
mechanisms with EDA (e.g. excitotoxicity and
neurotrophicity together with neuroplasticity
have, as a common important driver, the
NMDAR activity; inflammation has an important
contribution for neuroregeneration, stimulating
neuroplasticity, via trophic factors). Postlesional
brain regulation is currently better understood.
Every lesion in the nervous system triggers in
the first minute an endogenous neuroprotective
reaction. An endogenous repair process, combining

neuroplasticity and neurogenesis follow this
as a second answer. All these processes are
initiated and regulated by endogenous biological
molecules. The biological reality of the nervous
system is far more complex. In fact, there is an
endogenous holistic process of neuroprotection
and neurorecovery that should be approached
therapeutically in an integrated way. The current
tendency to exclusively frame drug activity in
terms of single mechanisms and single focus effect
might distract from other paradigms with greater
explanatory power and hinder the development
of more effective treatment strategies. A change
of concept is required in pharmacological brain
protection and recovery in stroke therapy. This
presentation briefly reviews the current and
future considerations in this therapeutic strategy,
including anintegrated pharmacological approach,
focusing on drugs with multimodal activity rather
than single mechanism drugs, which usually
are chemical drugs. In line with this strategy
the current presentation will also highlight the
result of CARS Trial, one of the latest double blind
placebo randomized controlled trial in the field.
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Medical Model Rehabilitation Model

Focus on diagnosis of illness Focus on activities (disability, behavior)

Heavy reliance on evidence based
medicine - randomized controlled
diagnostic and treatment trials

Concerned with participation in
community and social roles

L
Specific treatments (medication,
intervention, surgery, etc.)

Focus on individual needs

Interdisciplinary — “team approach”
¥
[

In addition to specific treatment, often
[; focuses on adaptation

Targeted therapy

Fig. 1. Medical versus rehabilitation model and targeted
therapy in rehabilitation

,@\‘ Monomodal pleiotropic drugs stimulating only
'\Q%;} neuroplasticity, during neurorehabilitation
* Fluoxetine

* Amphetamine
3 L\evodopa (LD)

* Methylphenidate (MPH)

A
Te

Piracetam

L

SSRI and rehabilitation

Fluoxetine for motor recovery after acute ischaemic stroke @
(FLAME): a randomised placebo-controlled trial
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= Patients from 9 stroke centers were randomly allocated to receive either

fluoxetine 20mg o.d or placebo over 90 days.

All patients, irrespective of the treatment arm, also received

physictherapy during the duration of treatment.

* All participants received standard care {organized in-patient stroke team
care).

Chollet F, Tardy J, Albucher JF, Thalamas C, Berard E, Lamy C, et al. Fluoxetine for motor recovery after acute ischaemic stroke
(FLAME): a randomised placebo-controlled trial. Lancet Neurol 2011;10(2):123-30.

Fig. 2. Neuroplasticity inducing drugs as add-on to
rehabilitation. Fluoxetine showed best clinical effects.

me 21; 2017

Prof. Muresanu began his lecture by stating that
rehabilitation is rather a complicated process of
recovery where we have to balance the limits of
disability and a biological reserve. There are cur-
rently two models employed in the treatment of
stroke: the medical model and the rehabilitation
model (Fig. 1).

One of the major current goals is to bring the
complex rehabilitation model closer to the rig-
orous requirements of the medical model. Prof.
Muresanu went on to outline the conceptual
status of rehabilitation as part of the comprehen-
sive therapy of stroke, its relation to organized
stroke care, acute phase interventions, duration

and also idea of targeted therapy as the most

useful approach in the rehabilitation process.

Acute rehabilitation, including early mobilization

is important part of the recovery, in most cases.

However, very intensive mobilization within first
24 hours is currently not recommended.

The pharmacological support of the rehabilita
tion is considered as important field of devel
opment with some promising results coming
from recently performed trials. Among agents
stimulating neuroplasticity, fluoxetine showed
the most interesting results (Fig. 2).
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Cerebrolysin

Cerebrolysin is the only drug available for clinical use containing active fragments of
some important neurotrophic factors

Immunoreactive peptides
detected in Cerebrolysin by
ELISA

Effect can blocked by adding
neutralizing antibodies

5 - against various NTFs
" * Indicative for the presence of
- active peptide fragments
that are either identical or
sl " mimic the activity of these
wa =

NFTs

Chen H et al., Trophic factors counteract elevated FGF-2-induced inhibition of adult neurogenesis. Neurobiology of Aging 2007;28(8):1148-11623.

Cerebrolysin Clinical Studies

Indications
Dementia, Stroke & TBI
n=17,671 (87)
Dementia Stroke TBI
n=3298 (32) n=5467 (36) n=8906 (19)
L J
Alzheimer's disease Q’:;‘e“’::’a e s atciowy || Ischemic = 8I
n=1599 (14) 1669 (9) 1=1030 (9) n=4907(29) |73 |maeo n=8906 (19)

vy BT gy

i

e

Courtesy of Edith Doppler, EVER Pharma

Fig. 3. Multimodal drugs for supporting rehabilitation
after stroke. Cerebrolysin as the best studied example
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Treatment:
Cerebrolysin/placebo:
beginning at 24-72 h after stroke onset; once daily for 21 days as IV infusion over 20 min
Standardized rehabilitation program:
beginning within 48-72 h after stroke onset for 21 days (5 days/week for 2 h/day)
This program included massages and passive and active movements of the upper and lower limbs.

Study design

The patients continued with 2 x 15 min of active movement for three days per week after discharge.

Schedule:
Screening | Baseline On-Treatment Follow-up
Vi v2 v3 | va | Vs V6 v7
Day 13 13 7 14 21 42 90
Post-stroke Post-baseline Post-stroke
Outcome criteria:

Primary objectives: Change from baseline in ARAT scores on Day 90 (mITT-LOCF)

Secondary objectives: Gait velocity, 9 Hole Peg Test, NIH Stroke Scale, Barthel Index, Modified Rankin Scale,
Goodglass and Kaplan Communication Scale, Line Cancellation Test, Gap Detection Test, SF-36, Geriatric
Depression Scale

safety: Adverse events, Vital signs, Laboratory tests

Fig. 4. The CARS trial combines neurorehabilitation and
Cerebrolysin for the first time

Another promising group of treatments in sup-

porting rehabilitation are multimodal drugs
that act at the level of the endogenous recovery
mechanisms (Fig. 3).

The early trials with Cerebrolysin were dedicated

to protection in the acute phase of stroke, hence

their duration was usually 10 days an there was

no concomitant structured rehabilitation applied.
The most recent trial, CARS, addressed this situ-
ation by applying the design which combined

pharmacological intervention with Cerebrolysin

and structured neurorehabilitation of the affected

arm (Fig. 4).
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Fig. 6. The results of the CARS trial: improvement in the
outcomes and significant reduction of disability at day 90

It was previously shown that the upper limb
recovery is more difficult than the recovery
of the lower limb. On the other side, recovery
of the upper limb is highly desired from the
rehabilitation standpoint because it enhances
the recovery of other important functions like
cognitive and activities of daily living. This clearly
supports overall rehabilitation process. The spe-
cific measure of upper limb recovery, the ARAT
(Action Research Arm Test) score, was chosen as
the primary endpoint in this study. The results
of CARS were positive and there was statistically
significant advantage of the combination group
versus rehabilitation only group in the primary
endpoint analysis (Fig. 5).

The early treatment effect detected already after
14 days of treatment/rehabilitation is especially
important as it leads to reduction of various
serious complications post-stroke. The modified
Rankin scale score and the final multivariate
analysis of several (12) employed neurological
outcome assessment tools provided evidence
for strong therapeutic effect of the combination
Cerebrolysin with motor rehabilitation of the
paretic arm (Fig. 6).

No safety problems were detected, as expected in
the case of this well studied drug. Concluding his
lecture, Prof. Muresanu indicated that the concept
of pharmacological support of neuroprotection
and neurorehabilitation is valid, but we should
preferably address it from the standpoint of
the multimodal therapies, correct dosage and
proper duration of the treatment. Additionally,
the therapeutic decisions in the rehabilitation
after stroke should be highly individualized.
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ABSTRACT:

Dementia following stroke is a frequent finding and
affects one out of ten patients. More frequently, a
decline in cognitive function occurs that does not
reach dementia levels but significantly impedes
everyday function due to impairment mostly of
executive domains without affecting memory
functions. Such dysexecutive syndromes are very
frequent and can occur immediately following
stroke but most often in time-delayed fashion
following some weeks or even months after
stroke. Most often the caregivers notice such
changes once the patient has been discharged
home. The pathophysiology of this process is
not easily understood and molecular changes
and predisposing factors are currently being
investigated. Previous randomized trials aiming
at promoting recovery after stroke such as with
levodopa, natural biologicals (Cerebrolysin) or SSRI's
have been successful in showing improvement
of motor recovery. A recent study showed that
Cerebrolysin promotes arm recovery following
stroke (CARS Study). Also for Cerebrolysin, cognitive
data are scarce, but a Cochrane analysis has shown
some effects on vascular dementia patients
with significantly improved outcomes. It is quite
plausible that a multimodal acting biological
drug such as Cerebrolysin stands up better to
rigorous testing for complex endpoints such a
cognition. Up to now, for prevention or treatment
of dysexecutive syndromes following stroke no
proven drug treatment exists. Single or combined
drug interventions tested up to now were based
mostly on secondary outcome analyses and
included antihypertensive drugs which showed
only a modest effect on cognition in general and

no consistent effect was shown for lipid lowering
drugs. Combination of antiplatelet drugs have
been tested in the SPS3 trial but showed no effect
on cognitive outcomes. Life-style interventions
include studies of a Mediterranean diet with
extra virgin olive oil and nuts but while stroke
occurrence can be reduced, no data on post-stroke
cognition exist. The same applies for physical
exercise programs which show good effects on
physical fitness but less studies are performed
using endpoints reflecting the preservation of
cognitive function following stroke. Multi-domain
intervention studies are much more likely to be
effective on cognition because they perform
multiple risk factor management with lifestyle
adaptation including diet changes with increase of
drug compliance and adherence. Intensifying these
interventions and to monitor themis crucial. In the
first comprehensive multi-domain intervention
trial (ASPIS) the primary endpoint was a significant
change of the z-score of 5 neuropsychological
domains. While the overall result was neutral,
a signal for change of dysexecutive function
was seen and follow-up studies might have to
consider this finding. In the future, there is a need
forincluding cognitive outcome measurements
in all trials targeting the brain, to consider larger
sample sizes, to harmonize assessment strategies,
to focus on a high risk population, and to include
biomarkers and imaging data for confirmatory
analyses. Overall, itis crucial to aim for intervention
intensities that create significant group differences
and to continue to study the protective effects
with multimodal drugs that already have shown
a significant potential for motor recovery.
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Fig. 1. Post-stroke cognitive impairment - a definition

The lecture of Prof. Brainin addressed still un-
solved issue of post-stroke cognitive impairment.
We know that cognitive impairment after stroke
can progress to dementia, but not in all cases.
The definition of cognitive impairment is itself a
difficult matter, mainly due to different criteria
used to asses it across clinical trials. One common
aspect of post-stroke cognitive impairment is
lack of involvement of memory deficit whereas
executive functions appear to be most affected.
This indicates different kind of impairment in
comparison with Alzheimer’s disease (AD) or
prodromal AD. It seems that post-stroke cognitive
impairment is a separate disease entity (Fig. 1).

Clinical Benefits in Vascular Dementia (RCT)
Corsbrotysin for vascutar domentia (Review) Significantly improved cognition,

global and/or neurophysiological

functions in mild to moderate

vascular dementia (vereshchagin et
al. 1991; Xiao et al. 1999; Muresanu et al
2008; Gusev 2008)
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PLAIN LANGUAGE SUMMARY
Cercbrolysan for vascwlar domentia
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eview mpive
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Chen et al. 2013

Fig. 2. Cerebrolysin treatment of vascular dementia -
Cochrane report

The persistent glia activation was linked with the
cognitive decline post-stroke and this appears
as independent process from the amyloid accu-
mulation. It rises a question which medications
should be used to treat this disease? In the clini-
cal practice, there are many drugs used during
rehabilitation after stroke, but they are used for
motor rehabilitation. There are no drugs used for
prevention of cognitive decline. Blood pressure
lowering appears to have some slight positive ef-
fect. Interestingly, Cerebrolysin was shown to have
positive treatment effect on vascular dementia
(Fig. 2). This is not that surprising if we take into
account all the clinical experience with this drug,
although majority of stroke data relates to motor
recovery, said Prof. Brainin. Mediterranean diet
was shown to be single most important measure
to prevent stroke. Fitness training after stroke
appears to also have positive impact on cogni-
tive fitness of stroke patients. However the most
interesting thing appears to be multi-domain
interventions. This paradigm was establish in
the FINGER study (Fig.3).
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FINGER

> Aims to reduce cognitive impairment in an at risk
population through a 2-year multi-domain life-style
intervention including:

— Nutritional guidance
— Physical activity
— Cognitive and social ctivities

— Intensive monitoring and management of metabolic
and vascular risk factors: hypertension, dyslipidemia,
obesity, impaired glucose tolerance

Clinicaltrials.gov NCT01041989
Kivipelto et al., Alzheimer & Dementia 2013

Dementia and AD: importance of life-long
exposure to multiple factors
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misuse (| Dyslipidemia
@ Vascular insults
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A id-li Late-||
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APOE,
Other !
genes

Physical Cognitive and

Mangialasche, Kivipelto et al., 2012

Fig. 3. Multi-domain intervention concept for treatment
of post-stroke cognitive impairment

ASPIS - Austrian Polyintervention Study to
Prevent Cognitive Decline after Ischemic Stroke & (D
Identification number at clinicaltrials.gov: NCT01109836.

ASPIS

‘ Interventions ‘
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[ | | [
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and diet changes motivation

Brainin M et al. Int J Stroke. 2013 Nov 10. doi: 10.1111/ijs.

Neuropsychological Test Battery

- Stroop Color Word Interference Test (15 min)

- Trailmaking Test (Parts A and B) (5 min)

- Luria Auditory Verbal Learning Test - immediate recall (6 min)
- Benton Visual Retention Test (reproduction after 10 s) (10 min)

- Letter Fluency Test (semantic and phonemic) (6 min) fmmms
- 5-Points Test (Hamasch) — revised (5 min)
- Digit Span (forward and backwards)(6 min)
- Luria Auditory Verbal Learning Test - delayed recall ( “r\i‘

- Block Design Test (15 min) g L" :
- ADAS-cog . A ]
STROOP . . BENTON: MOSAIC:

executive functions visual memory

visual-spatial

Fig.4.The ASPIS study and the neuropsychological tests
used for patients evaluation

Prof. Brainin was one of the investigators in the
study in which the investigators tried to replicate
the concept of the multi-domain interventions
learned from the FINGER study in the stroke
population. The ASPIS - Austrian Polyintervention
Study to Prevent Cognitive Decline after Ischemic
Stroke (identification number at clinicaltrials.gov:

NCT01109836) was very intense study involving
many resources and high number of patients
(Fig. 4).




The overall study results were neutral. However,
there was a strong signal of the impaired execu-
tive functions (Fig. 5). This convinces us to repeat
this trial with strong focus on executive functions,
said Prof. Brainin.

The general idea of multi-domain intervention
is compatible with pharmacotherapy utilizing a
multimodal drug like Cerebrolysin, which showed
already interesting efficacy signals in vascular
dementia, as mentioned earlier.

Prof. Brainin concluded his lecture with some
recommendations for future studies, including
harmonization of cognitive outcome measures
for RCTs, increasing the sample size, testing
more severely affected patients, and the sugges-
tion that the follow up period should be longer
(@above 2 years) than usually seen in former trials.
Biomarkers and imaging are needed, as well as
interventions that make difference from the
statistical point of view.
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ASPIS - Austrian Polyintervention Study to
Prevent Cognitive Decline after Ischemic Stroke

Cognitive domains

B n=76

n=83

L
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mm Visual spatial

RR 1.365; 95% Cl: 0.381-4.897
I General memory

RR 0.728; 95% CI: 0.348-1.522
1 Working memory

RR 3.276; 95% Cl: 0.682-15.744

The percentage of persons with cognitive decline according to domains

did not differ between groups.

ASPIS - Austrian Polyintervention Study to
Prevent Cognitive Decline after Ischemic Stroke
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Fig.5. ASPIS study - the results
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ABBREVIATED PRESCRIBING INFORMATION: Name of the medicinal product: Cerebrolysin - Solution for injection. Qualitative and
quantitative composition: One ml contains 215.2 mg of Cerebrolysin concentrate in aqueous solution. List of excipients: Sodium
hydroxide and water for injection. Therapeutic indications: For treatment of cerebrovascular disorders. Especially in the following
indications: Senile dementia of Alzheimer’s type. Vascular dementia. Stroke. Craniocerebral trauma (commotio and contusio).
Contraindications: Hypersensitivity to one of the components of the drug, epilepsy, severe renal impairment. Marketing Authorisation
Holder: EVER Neuro Pharma GmbH, A-4866 Unterach. Only available on prescription and in pharmacies. More information about
pharmaceutical form, posology and method of administration, special warnings and precautions for use, interaction with other
medicinal products and other forms of interaction, fertility, pregnancy and lactation, effects on ability to drive and use machines,
undesirable effects, overdose, pharmacodynamics properties, pharmacokinetic properties, preclinical safety data, incompatibilities,
shelf life, special precautions for storage, nature and contents of the container and special precautions for disposal is available in the
summary of product characteristics.

Copyright © 2017 by EVER Neuro Pharma GmbH, Oberburgau 3, 4866 Unterach, Austria. All rights reserved. No part of this brochure
may be reproduced in any form or by any electronic or mechanical means, including information storage and retrieval systems, without
permission in writing from the publisher. Cerebrolysin is a registered trademark of EVER Neuro Pharma GmbH, 4866 Unterach, Austria
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