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GO VIRAL / RAPO YERAPEH BH Ltd. Israel

Go Viral LTD., a subsidiary of Rapo Yerapeh (founded 2016) aims to develop
oncolytic immuno-therapy for Glioblastoma Multiforme (GBM) & other
malignancies along with theranostic biomarkers for sensitivity and monitoring.

The Unmet Need:

GBM represent 15% of brain tumors
Incidence- 3.2 cases per 100,000 population
Median Survival without Treatment-3 Months
Median Survival with Treatment-1-2 years
Etiology-Unknown
Poor quality of life
Current Standard of Care: Maximal surgical
resection followed by 6 weeks of radiothera-py
(dose: 60 Gy), together with concomitant
chemotherapy with TMZ (75 mg/m2 dalily).
Once chemoradiotherapy is complete, a
minimum of 6 months of adjuvant treatment
with TMZ is started
% Approximate Costs to Health Care System:

~$120,000-240,000/y/patient (Raizer 2014)
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GO VIRAL’s Vision

% Improving treatment and
outcome of GBM patients

*» Testing oncolytic
immunotherapeutic viruses on
GBM cell lines to identify
optimal virus for GBM

* Developing Theranostic
Biomarkers to predict
sensitivity to treatments and to
monitor treatments

% Assessing clinical
immunotherapy options for
GBM
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ONCOLYTIC VIRUSES —
GENETICALLY ENGINEERING

THE FUTURE OF CANCER
THERAPY

EDITED BY: Benjamin Gesundheit and Joshua P. Rosenzweig
PUBLISHED IN: Frontiers in Oncology and Frontiers in Immunology
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Resistovir™, an Efficient Method for Screening Oncolytic Viruses for Cancer Therapy
Gerhard Moss!

"'Aesearch Instituie for Onoolyic Viluses, Sandgraben 4, 0-88142 Wasserburg, Gemrmany

Background and aim: Oncahytic viruses (0Ws) hawve recently been the foous of exensive research
arming o develop their therapeulic palential for many cancer types. Howeeer nod all Ovs are
suitable for cancer reatment because mary of them have a pathogenic pobential Tor human. In
order o identify the most efficent OVs wilth only ithe side effects for human we have develaped a
riew method called Resisiovir™.

Method: Tumor SSues wene coliecled frorm cancer patients and cullivated in vilno. The established
culbures were genelically companed with the onginal biopsses regarding bo their mutagename and
only cullures with a Fegh grade of corelalion were accepbed for soreering of our lisl of OVs.
Numerous OWs wene detecied 1o be able to infsct and e different canoer types. Remarkably, a
nawved strain of Mescashe dissase virug (MO was found 10 be strongly efficient in vafous human
cances cells. Different reseanches have shown hal MDY has a negligible pathogenic polential for
Fumran ard i nol hamful for nor-ransfomed celis.

'- [

Figura 1. Tha e¥act of B el Parrary husian epardpnoms oali wese collfeales n
mmwm“'ﬂ:ﬂm-ﬂﬂﬂ“ 5 ok wtw

with & viross of Mo ™ o @ B0 ol 0.0, A contral, el il Frack-ard with DREM wilbenil safur (Fig.
18 Calll urvivall dnd cptagathic alfech (CPE) wira dalirmined 24 Sous el insculabon wilh KDY asd Peswin by 1. A4 shoen
n Fg 1A ] 24 hours i kecon with Resvinn [P 1AL Tha mock-slecied
cufbures rermeaned vabla.

Figura 2. & novel sfrain of MOV sdapied 1o Hela colls b been found o @
cancer. Hala calls wira inocalabed sl KDV @ @ W00 ol 0000 (Fig. A\]whﬂdﬁﬂﬂh.{ﬂlhlhﬂrﬂhﬂlﬁ'
m_nnmm :mmmhﬁ-—amm-uhuhm—h- Finad cills wars
afsary (IFA] g Surmes Sere which contared high - Hased sty e
rﬂ?FIT&mﬂm—hﬂmﬂnwﬂ—mm

Bype of Soma of oncolytic vinuses fosted in Re

cancer Adenob | Aujosky EMCV |Echo7| NDV | Recd | Recl | P
Famncreas + + +
2reast + + +
Sioema + +
mdng:ll + +
Ependym & & #
[Biadcer . - « [ -
Bone + 4 +
Prosiane + + s &
Cilon + + + & ¥
HeadMeck + L + &
Thyreoid gl. + +
LaundenLumi + &
Pesothed + * + - &
Thymus + +
s H + + + + *
Gha + +*

Tablu 1. Resibovir™ iesting in prisary coll Bnes derfved Trom various malignomas, Diferan cancer cells
cuifivaied i appropiate media win inocilaied wits varous oncolytic vinises of Resisiodr™ of @ MO o 001, Call sundval
and cylopaitic ofects (GPE) were delemined o fhe laiest 72 hows afer vial inkecion. (+) indicales cancer cells
comgloinly deswoyed by onoolylic winus. ACEnoS! Human adentving Wpe 5 Aujestiy Aujsziyving; EMCV:
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Conclusion: Resislovir™ provides an aliractive new ool o sslect the most eficient oncolylic sinses
with bow side effects for cancer treatment. Especially, our nowel sirain af MOV could be a promising
agent for viralharapy of various lumos.

Scknowledgement: We would ke o thank Profl. E. Maron Schreider and Philip Sander, Division
Experimental Anesthesialogy, University Hospital af Ulm, Germany for kindly providing s with primary
gioblastara ozl nes.



Innovative Approaches for GBM
Oncolytic Viruses, Immunotherapy & Dendritic Cells

International Scientific Meeting / WorkShop
ﬁ Markt-Berolzheim, July 3rd-4th, 2017

Consensus Report of our International Study Group

Ben P.H. Peeters Praxisgemeinschaft

Wageningen University & Research | WUR - Central Veterinary fur zellth%rap'e
Institute (CVI) | |
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PRESENTATION OUTLINE

GBM - classical treatment and outcome —»

new strategies: immune & oncolytic virotherapies
Oncolytic Viruses (OV)

Dendritic Cells (DC)

Checkpoint Inhibitor (CPI)

Case Reports: GBM treated with OV/DC
Summary & Future Directions

Individueller Heilversuch (German Law)



1. GBM: Classical Treatment & Survival

Radiotherapy plus Concomitant
and Adjuvant Temozolomide for Glioblastoma
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M Engl] Med 2005;352:987-9¢6.



3. Clinical Concepts:
Chemotherapy & Oncolytic viruses

“His genius was essentially practical, and his military
concepts evolved from the close study of earlier
commanders... He made the fullest use of the ideas

of his predecessors and breathed life into them."
(Chandler - "Dictionary of the Napoleonic wars" p 18)



“Classical” Cancer Treatments

™
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Immunotherapy for Cancer
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() 47y F Melanoma (I1) 3y later: adeno-ca of (111) 1 mo later: Multiple
of foot, no metastasis breast => surgical sc melanoma nodules in
=wide surgical resection and radiation irradiated field
Resection to breast and axillary IN => Visceral spread

=> fatal disease
Woodruff ME .Immunological Aspects of Cancer. Lancet 1964,;2:265-270
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“Classical” Cancer Treatments
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“Classical” & “Biological” Treatments
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2. Oncolytic Viruses : History

*1950's-1960’s: Beginning of the deliberate use
of natural oncolytic viruses to treat cancer
(Polio, Adenoviruses, Cocksackie, others)

*» Early challenges: Some level of response, only Herodotus

certain types of cancers, side effects... (484 — 413 BCE)
“Father of History”

“+ Oncolytic viral therapy for cancer is mostly
Interrupted for many years

Wwhy? What Changed?

“*Development of genetic engineering of viruses (patents!)
Enables changing natural viruses to specifically
target cancer cells and limit adverse effects

*» 2015: FDA approves first virus for treatment of cancer
Talimogene laherparepvec (T-VEC) for Melanoma



2. Oncolytic Viruses : History

Oncolytic Immunotherapy: ©. .
- & frontiers

Conceptual Evolution, Current in Immunology
Strategies, and Future Perspectives

REVIEW
Zong Sheng Guo 2%, Zugiang Liu'Z, Stacy Kowalsky 2, Mathilde Feist23,  published: 15 May 2017
Pawel Kalinski24, Binfeng Lu'4, Walter J. Storkus 4% and David L. Bartlett 2 A 10 SR OOses
' Uiniversity of Piftsburgh Cancer Instifute, Pittsburgh, PA, UISA, 2 Department of Surgary, Liniversity of Riftsburgh Schoaol of . @
NMedicine, Prittsburgh, P4, UISA, ? Departmeant of Surgery, CCMACVYE, Chante — Uiniversitastsmeadizin Berdin, Bearfin, Germany, Cheek for
4 Departrmeant of immunaiogy, University of Bittsburgh School of Meadiicine, Pittsburngh, B4, USA, & Departrment of Dermmatology, e

Universify of Pittsburgh School of Medicine, Pittsburgh, PA, UISA

1) “Direct infection and oncolysis of cancer cells and endothelial
cells in the tumor microenvironment (TME)”

2) “Indirect effects of necrosis/apoptosis of uninfected cancer cells
and associated endothelial cells in the tumor-associated
vasculature leading to reduced angiogenesis”

3) “Antitumor (and antiviral) immunity is elicited/expanded by the
OV as a consequence of improved antigen cross-priming and
recruitment of immune cells into the TME.”



2. Vlrotherapy Mechanlsms of Action

IL-6, IL-8, IL-12,
\\ IL-15, IL-18,
o TN IFN«y, etc. (+)
. x ,
Sao ¢ Oncolytic Virus
g = “* Tumor Cell
) & Infected Tumor Cell
& Cytokine

To Infection and Beyond: The Multi-Pronged
Anti-Cancer Mechanisms of Oncolytic Viruses

Kevin A. Cassady 2, Kellie B. Haworth 13, Josh Jackson *?, James M. Markert * and
Timothy P. Cripe 1:3*




OncoTargets and Therapy Dove;

8 omtempilestes  REVIE w
Oncolytic viruses as immunotherapy: progress
and remaining challenges

Universicy of Marytand School

Table | Mechanisms of OV-induced cell death and immunogenicity

Type of cell death Immunogenicity

Necrosis Releases DAMPs and TAAs; induces ICD

Apoptosis Generally nonimmunogenic

Pyroptosis Caspase- | -dependent cytokine release;
induces |CD

Autophagic cell death Releases DAMPs;[immunogenic

Notes: OVs induce multiple tumor cell death pathways, most of which are also
immunogenic. DAMPs and TAAs released from OV-infected cells induce immunogenic
cell death.

Abbreviations: DAMP, damage-associated molecular pattern; ICD, immuno-
genic cell death; o, oncolytic; OV, oncolytic virus; TAA, tumor-associated antigen.



IDENTIFICATION OF A NOVEL CELL TYPE IN PERIPHERAL
LYMPHOID ORGANS OF MICE

I. MorrPHOLOGY, QUANTITATION, TISSUE DisTRIBUTION™

By RALPH M. STEINMANY} axo ZANVIL A. COHN Ralph M Steinman

(From The Rockefeller University, New Vork 10021) (1943-2011)
Nobel Prize 2011

(Received for publication 19 January 1973)




Dendritic Cells (DCs)

APC = Antigen Presenting Cells: process antigen
material and present it on the cell surface to T cells =
stimulation of T cell response; act as messengers
between innate and adaptive immune system.

DC are present in tissues exposed to the external
environment: skin (=Langerhans cells), nose, lungs,
stomach, intestine.

Once activated, they migrate to the LN where they
Interact with T cells and B cells.

Immature DC = “veiled” cells

Expression of CD1a, CD1b, CD23, CD36, CD207
(Langerin)
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3.1-Dendritic Cell Maturation and Activation
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Immature Mechanisms of Antigen ~ 1-phagocytosis
Dendritic Cells Capture 2-micropinocytosis

3-receptor mediated endocytosis
(via C-type lectin receptors or Fc
receptors)

4-low levels of class | and II| MHC
molecules, as well as co-stimulatory
molecules such as CD80 and CD86




Dendritic Cell Activation
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Nature Rewviews | Immunology



Antigen Antigen capture Inflammatory Loss of DC
capture by dendritic cells (DC) cytokines adhesiveness

T
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A. Viral Infection

| Antigen uptake

| » Phagocytosis

i Macropinocytosis
R R R R i * Receptor-mediated
! DC maturation Virue ! i
| \ Phagocytosis VITUS | endocytoss
! 4 MHC molecules !« Direct infection

/ \
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B. Tumor Microenvironment

Tumor

Tumor-derived factors
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C. Oncolytic Virus Interaction
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DC = Double Edged Sword?

Anti-Cancer Pro-Cancer
Activated jl> Anti-tumor Tumor :> Impairment
DCs immunity microenvironment of DC
functions

Via activation of innate immune cells and  Tumor-associated DCs fail to initiate
tumor-specific lymphocytes that target tumor-specific immunity, and indirectly
cancer cells support tumor progression



4. Dendritic Cells (DC) — Rationale

VIruses

Review

Dendritic Cells in Oncolytic Virus-Based -
Anti-Cancer Therapy

Youra Kim® Derek R. Clements |, Andra M. Sterea Hyun Woo Jang 3 Shashi A G T
Patrick W, K. Lee "



Conclusions

20

Immunotherapy with Dendritic Cells
and Newcastle Disease Virus
in Glioblastoma Multiforme

Thomas Nefdelhut!, Dagmar Marx!, Jan Nefselhut! and Fred Fandrich?
Institute for Tumortherapy, Duderstadt

?Clinic for Applied Cellular Medicine, University of Kiel

Germany



4. CheckPoint Inhibitor (CPI)

Nivolumab Mechanism of Action

+ PD-1 expression on tumor-infiltrating lymphocytes is associated with decreased cytokine production
and effector function

» Nivolumab binds PD-1 receptors on T cells and disrupts negative signaling triggered by PD-L1/PD-L2
to restore T-cell antitumor function'?-14

a.

=({Nivolumab: PD-1 Receptor Blocking Ab
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5. Case Reports:

GBM treated with OV/DC (OV - DC)

OVonly OV &DC & CPI
Case #1 Case #3
Case #4

‘ig ’
oD d |
WS
Between 1-6 months
between 6-12 months
30-60 months
> 60 mo =5 years

Archimedes von Syrakus



https://de.wikipedia.org/wiki/Archimedes
https://de.wikipedia.org/wiki/Archimedes

“Classical’ Treatments

FW. (F) 1956
GBM 10/2010 10/10 7/11
GBM Relapse
A
Clinical Data | ¢rand-Mal Hemi
seizures plegia L
Complains ﬂ
Imagin 10/10-MRI: 7/11-MRI:; 11/11-MRI:
38*29 mm Progression || Progression
Th erap les “Total Stereotactic
Resection” radiation
6Xx5Gy
\ 4 l A\ 4
11/05-1/06 7/11 CCNU +
Rad-Temodal | |Temodal Procarbazin

Plt!—stopped




FW. (F) 1956

GBM 10/10 10/10

\

Clinical Data | Srand-Mal
selzures

Complains ﬁ

“Classical”’ & “Blolo

7/11

Relapse

ical” Treatments

1/12 2/12

10/12

Viro- & Immunotherapy

Hemi
plegia L

Hemi
plegiay

11/11-MRI:

Progression

Imaging 10/10-MRI: 7/11-MRI:
38*29 mm Progression
Therapies "Total Stereotactic
Resection radiation
. 6Xx5Gy
11/05-1/06 7/11
Rad-Temodal Temodal

A4

Hemi
plegial

—l——

1/12-MRI: || 4/12-MRI: || 7/12-MRI: || 10/12-MRI:
sizef 40% || Stable Smaller ||Smaller
Y
1-2/12: 1V 2-10/12: Virotherapy IA (x120 VU):
Virotherapy Sindbis, VSV, NDV, Parvo-H1 —
Parvo (x15VU)|| strength? L left/leg
VSV (x8VU) Fever Therapy

CCNU +
Procarbazin
Plt!—stopped

(with Parvo followed by NDV)
Hyperthermia (x120; 5x/w)




Glioblastoma multiforme Grad 4 rechts frontal (10/10) mit Rezidiv (7/11)

15.11.2011

Grolenzunahme des Rezidivs

trotz Operation, Radio-Chemotherapie
mit Temozolomid, Cilengitide,
stereotaktischer Bestrahlung und
Dosis-intensivierter Chemotherapie
mit Temozolomid

FW., ¢, *01.10.56

23.12.2011

Verdoppelung des Tumorvolumens
in 5 Wochen!

aldeaaylodiA Jap uulbag ZT1'10°60



08.06.2012 25.07.2012

Dr. Némayr, Dr. Meisetschldger, Radiologie Eggenfelden




28.01.2013 22.04.2013

01.07.2013 02.10.2013 07.01.201

Dr. Némayr, Dr. Meisetschlager, Radiologie Eggenfelden




07.01.2015 08.04.2015 12.10.2015




Positiv Negative Control




“Classical” & “Biolo

3/06 5/08

1st Tx Round

Immunotherapy

7109 10/09

ical” Treatments

6/15 10/15

Speechl,
hemispherel,
Hemianopsy,
epilepsy

G.P. (F)
GBM
6/05 10/05
Diagnosis
of GBM &
Initial Tx
A Speechl,
M Weak R leg,
Data Balancel,
Headache
Complains
Imaging
Therapies |
Resection™
\ 4
11/05-1/06

* Virotherapy NDV (x42)

Rad-Temodal
Pltd

* NK cells + DC (x10)
* Fever Treatment (x54)
* Hyperthermia (x54)

y

MRI (date)

MRI shrinkage

12*13*15

EEG patho

EEG Normal

v
27-31/7/15
Virotherapy
Parvo+NDV (4x =
80 ml)
Hyperthermia (5x)

7/9/2015-4/2016

* Virotherapy (x3)
Parvo+NDV + VSV
(=Fever)DC (x10)

* Hyerthermia

* Nivulomab




6/16/2015 7/24/2015 8/21/2015 9/30/2015 11/16/2015

Relapse &

Hemianopsy,

)| |
Speech,
hemispherel,

MRI shrinkage



Relapse &

2nd Tx

L
Speechd,
hemispherel,

Hemianopsy,
epileps!
[

12*13*15

6/1 6/201 5 ”dﬁte MRI shrinkage 1 1/1 6/201 5



S.D. 18.7.1968
GBM (MGMT-neqQ)

19/1/2011 5/2012
s Relapse
N
Clinic Headache (no clinical
L leg weak complaints)
Imaging 19.1.2011 = MRI; 16/5/2012 = MRI:
SOL 48x42x36 mm, Relapse 13 mm
right temporal Right temporal
Therapies '
_herapies 28.1.2011 24/6/2012
”Total resection" 2nd “Total
resection”

2/3/2011
Radiation/TMZ

+TMZ 6 cycles

8/2012 - 10/2017

Since 2/2014 MRI (g3 month) — No Evidence of Disease

8/2012 — 10/2017 IV Parapox-virus + NDV + Parvovirus + VSV

y

28/8/2012-10/2016: Dendritic Cells (total 19x)
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“Classical” & “Biological” Treatments for GBM
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Size
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6. Summary & Future Directions

OVonly OV&DC&CPlI DC only Failures
Case #1 Case #3 Colleagues '

Case #2 Case #4 Literature

et

Between 1-6 months

between 6-12 months

30-60 months
> 60 mo =5 years

Archimedes von Syrakus



https://de.wikipedia.org/wiki/Archimedes
https://de.wikipedia.org/wiki/Archimedes

GBM - Oncolytic Viruses & Immunotherapy (VIP) (Roadmap)

INDUCTION

Inclusion & exclusion Criteria: Karnofsky > 60% (=CCC)
Pre-Treatment Work-Up: MRI <28 days before treatment

o [Fs/e\rtinn of ports ]
Arterial + Venous

CPI

| Virotherapy — increasing dosages (14-21 days) |

AN
| Nivolumah 40 mg | [ Nivolumab 40 mg |

aaaaaaaaaaaaaaaaaaaaaaaa

LABORATORY

MAINTENANCE (- HOW LONG?)




6. Summary & Future Directions

<+ GBM is treatable & “curable”

“ Early Treatment for GBM, clinical studies

» After classical GBM treatment (Sx, Rx, Temodal) =>
asap Viro- & Immunotherapy & CPI

“ Genetic Engineering for better Viruses?
“ Genetic classifications of GBM for treatments?
“ Immune monitoring before, during and after Tx

¢ Virus specificity for various tumors “Virogram”,
combination of multiple viruses (S + R)

+» “Individueller Heilversuch” — Clinical Studies




Clinical Experience Dr Arno Thaller
v’ Breast Cancer

v Ovary Cancer

v Colon Cancer

v Pancreas Cancer
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New Hope from Innovative Virotherapy &
Immunotherapy for GBM & Other Tumors

4 i : .
Benjamin New Hope from Innovative Virotherapy and Immunotherapy for
~ Gesundheit Glioblastoma
| | COO * A number of patients diagnosed with GBM were treated as a pilot group with either OV

alone, DC alone, or with combination therapy of both OV and DC

gICE)OVIRAL * In each case their survival far exceeded the Kaplan-Meir estimator and there was a
significant improvement in their clinical symptoms or their radiological evaluation
RAPO YERAPEH BH Ltd. ¢ No significant side effects from the therapy were observed
Israel ¢ While there are limitations of these pilot patieats, the promising clinical outcome
suggests that further investigations in a more controlled and well-designed clinical trials
\_ are warranted )
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The leading end-to-end industry forum dedicated
to accelerating the clinical development of the next
generation of immuno-oncolytic virotherapies for
use in combinations
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Nuremberg (Dec 9, 1946'-'/Aug 20, 1947)
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Individueller Heilversuch — Compassionate Use

Personal Accounts

Resilience: Message From
a “‘Mengele Twin” Survivor

Benjamin Gesundheit, M.D. Ph.D.
Ephraim Reichenberg
Rael D. Strous M.D.

PSYCHIATRIC SERVICES ¢ ps.psychiatryonline.org ¢ October 2011 Vol. 62 No. 10
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