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OSTEOSARCOMA

Definition :
- malignant spindle cells
- osteoid production

* most common 1° bone cancer
e-2-3/yearperiM
» ~12 histologic subtypes
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OSTEOSARCOMA
Backbone of Therapy
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—
CASE PRESENTATION

16 year old young man éﬁ

- (neo-)adjuvant chemotherapy & surgery
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CASE PRESENTATION
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—
CASE PRESENTATION

Patient dies of
metastasis

3 years post surgery
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EURAMOS-1, an international randomised study
for osteosarcoma: results from pre-randomisation

treatment'

J.S. Whelan', S. S. Bielack?, N. Marina3, S. Smeland*®, G. Jovic®?, J. M. Hook®, M. Krailo”,

J. Anninga®, T. Butterfass-Bahloul®, T. Bohling'®, G. Calaminus'?, M. Capra'?, C. Deffenbaugh's,
C. Dhooge'4, M. Eriksson'®, A. M. Flanagan'®17, H. Gelderblom?, A. Goorin'®, R. Gorlick'®,

G. Gosheger?, R. J. Grlmer21 K. S. Hall??, K. Helmke?3, P. C. W. Hogendoorn®, G. Jundt?4,

au??, G. D. Letson?8, J. Meyer??, P. A. Meyers®, C. Morrig30:31,
reeced  fRjaN34, R, L. Randall*®, P. Schomberg3®, R. Schwarz®’, L. A. Teot38,
0% on behalf of the EURAMOS collaborators® MAP || MAPIE | [ MAP

Table 2. Pathology at diagnostic biopsy and surgery

Diagnostic
biopsy
N %

EURAMOS-1

specimen

Data available
Yes
No
Type of pathologist
Reference
Local only
Histology
Conventional
Telangiectatic
Small cell
High-grade surface
Secondary
Unclassified osteosarcoma
Ineligible
Not assessable
Info missing from the form
Exeision of tumour
Marginal
Wide
Radical
Intra-lesional
Not known
Info missing from the form

Histological response
Good (<10% viable tumour)
Poor (>10% viable tumour)
Info missing from the form
Total

98

A—Doxorubicin 75 mg/m/course
P—Cisplatin 120 mg/m®/course

M- Methotrexate 12 ¢/m%course

E - Etoposide 500 mg/m*/course

|- Ifosfamide 14 g/m®/course

i~ lfosfamide 9 g/m®/course
Ifn—Interferon-o 0.5-1.0 pg/kg weekly

|I||H||II1|

Week 1 2 4 586 78

=DM DCW

-

Biopsy-proven diagnosis of

Annals of Oncology 26: 407-414, 2015
doi:10.1093/annono/mdus26
Published online 24 November 2014

resectable osteosarcoma

‘ MAP (induction)

Histological response assessment
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Auther affilistions appea &t the end of
s arnce.

Pubiighed orira ahead of ol at
w000 o Jane 1, 2015

EURAMOS-1

Published Ahead of Print on June 8, 2015 as 10.1200/JC0.2014.60.0734
The latest version is at http:/jco.ascopubs.org/cgifdoi/10.1200/JC0.2014.60.0734

®

Methotrexate, Doxorubicin, and Cisplatin (MAP) Plus
Maintenance Pegylated Interferon Alfa-2b Versus MAP
Alone in Patients With Resectable High-Grade
Osteosarcoma and Good Histologic Response to
Preoperative MAP: First Results of the EURAMOS-1
Good Response Randomized Controlled Trial

Stefan S, Bielack, Sighjorn Smeland, Jeremy 8. Whelan, Neyssa Maring, Gordana Jovic, Jane M. Hook,

Mark [ Krailo, Mark Gebhardt, Zruzsanna Pdpai, James Meyer, Helen Nadel, R. Lor Randall,

Clandia Deffenbaugh, Rajaram Nagarajan, Bernadette Brennan, G. Douglas Letson, Lisa A. Teot, Allen Goorin,
Daniel Baumbhoer, Leo Kager, Mathins Werner, Ching C. Law, Kirsten Sundby Hall, Hans Gelderblom,

Paul Meyers, Richard Gorlick, Reinhard Windhager, Knur Helmike, Mikael Eriksson, Peter M. Hoogerbrugge,
Paula Schomberg, Per-Ulf Tunn, Thomas Kithne, Herithert Jiirgens, Henk van den Berg, Tom Bihling,

Susam Picton, Marleen Renard, Peter Reichardt, Joachim Gerss, Trude Butterfass-Bahloul, Carol Meorris,
Pancras C.W. Hogendoorn, Beatrice Seddon, Gabriele Calaminus, Maria Michelagnoli, Catharing Dhooge,
Matthew R. Sydes, and Mark Bernstein, on behalf of the EURAMOS-1 investigators
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Biopsy-proven diagnosis of
resectable osteosarcoma

| MAP (induction) |

Histological response assessment

1
[ 1

| Poor | Good |
RANDOMIZE RANDOMIZE
‘ MAP || MAPIE | | MAP H MAPifn ‘
A B S TRATET

Purpose

EURAMOSE-1, an intermational randomized controlled trial, investigated maintenance therapy with
pegylated interferon alfa-2b (IFN-a-2b) in patients whose ostecsarcoma showed good histologic
response (good responsel 1o induction chemotherapy.

Patientz and Methods

Al diagnosis, patients age = 40 years with resectable high-grade ostecsarcoma werne registerad.
Eligibility after surgery for good response random assignment included = two cycles of preoperative
MAP {methotrexate, doxorubicin, and cisplating, macroscopically complete surgery of primary tumaor,
<2 10% viable tumor, and no disease progression. These patients were randomly assigned to four
additional cycles MAP with or without |FMN-z-2b (0.5 to 1.0 pglkg per week subcutaneously, after
chemotherapy until 2 years postregistration}. Outcome measures were event-free survival (EFS;
primary) and overall survival and toxcity (secondany}.

Results

Good response was reported in 1,041 of 2,260 registered patients; 716 consented to random
assignment (MAP, n = 353; MAP plus IFMN--2b, n = 357), with baseline characteristics balanced
by am. A total of 271 of 367 started IFMN-2-2b; 105 stopped early, and 38 continued to receive
treatrnent at data freeze. Refusal and toxicity were the main reasons for never starting IFN-o-2b
and for stopping prernaturely, respectively. Median |FM-e-2b duration, if started, was 67 weeks. A
total of 133 of 268 patients who started IFN-a-2b and provided toxicity information reported grade
= 3 toxicity during |FN--2b treatment. With median follow-up of 44 months, 3-year EFS for all 716
randomly assigned patients was 76% (95% Cl, 72% to 79%); 174 EFS events were reported
(MAP, n = 93; MAP plus IFMN-g-2b, n = 81). Hazard ratio was 0.83 (95% CI, 0.61 10 1.12; F= .214)
from an adjusted Cox model.

Conclusion

At the preplanned analysis time, MAP plus IFM-e-2b was not statistically different from MAP alone.
A considerable proportion of patients never started IFN-e-2b or stopped prematurely. Long-term
follow-up for events and survival continues.
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WHAT ELSE IS GOING ON ?

Advances in osteosarcoma therapy
The number of climical trials testing substances or treat-

ment methods against O8 has increased over the last two
decades [207]. At present, there are 70 active climcal tmals
listed that include osteosarcoma patents, of which 21
trials are specifically aimed at targeting OS5 (see Supple-
mentary Lables 1 and 2). The largest and most important
ongoing (5 tnal 15 the EURAMOS-1 (EURopean and
AMencan Osteosarcoma Studies, Chimeal Tnals. gov iden-
tiher ANOCTO0134030) tnal, an inter-continental collabor-
ation of 17 countries which started 1n 2005, with 2260
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WHAT IS BEING TARGETED ?

Trastuzumab » Cixutumumab 05SI-906 * Imatinib * Sorafenib Crizotinib * Sorafenib
= OSI-906 *» Sorafenib » Pazopanib

| 1 | 1 1
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Prof. S.Bielack on TARGETED THERAPY
| I_Dersonal Communication

~ EMSOS Meeting, Athens, May 2015

@® we don’t know what
to target next !

@ there is no further
study planned

the era of targeted therapy for OS is over !
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Ziirich™

s 1
i :ﬁ
5 _¥
L



OSTEOSARCOMA SURVIVAL

5-year overall survival
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plateau, unchanged for years !
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TARGETED THERAPY- BIOMARKER

WHY DID IT FAIL ?

Sarkomzenfrum
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REASONS: HETEROGENEITY

Osteosarcoma Types

Central . . .
High-grade anatomically & histologically
Conventional
Telangiectatic
Small cell
Epithelioid
Osteoblastoma-like
Chondroblastoma-like
Fibrohistiocytic
Giant cell-rich
Low-grade
Low-grade central
Fibrous dysplasia-like
Desmoplastic fibroma=-like
Surface
Loww-grade
Parosteal
Intermediate-grade
Periosteal
High-grade
Dedifferentiated parosteal
High-grade surface
Intracortical
Gnathic
Extraskeletal
High-grade
Low-grade
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REASONS: DEMOGRAPHICS
Data Quality & Rarity of Disease

A E D I S EAS ES . '0' "’;1/‘" .
I t I t . J Validating
7 ¢'-°°"S‘".9'--- customer data
L standardising,
Rare diseases are defined as those affecting a small percentage of a population - fewer than 200,000

and’correcting
customer data

in the U.S. and fewer than 1 in 2,000 in Europe

matching...
CHILDREN NO FOAAPPROVED etecting and
7’ 00 ACCOUNT FOR 5% :%co?nﬁmf gro'vc’nﬁ?!g duplicates
® 0 00
psesesare . 5 (0% 8600380008
AS RARE 860800008
o @ ‘
.
MORE THAN % MORE THAN % e‘ﬁmmm .
80% 3P0%%|EJLOEN e 1 TRATMONTS 102 consolidating...
ARE ON THE MARKET ) 5 Data compression
OF SRl Sg)‘s S . WORLleoE ENTISTS AT THE NOVARTIS INSTITUTES FOR :nh-c,?“ng...
FAULTY GENES % HAVE BIARE TREATMENTS FOR MORE THAN eoslouiisalats
oy, DISEASE 40 RARE DISEASES
(' NOVARTIS 2'?!(1}‘:..1’{-2.8 is World Rare Disease Day l'n'o,g;rbﬁgg;...

Consistent data
across the company

-> biggest obstacles for progress !
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REASONS: HETEROGENEITY

Genome-wide analyses on high-grade osteosarcoma:
Making sense of a genomically most unstable tumor

Marieke L. Kuijjer, Pancras C.W. Hogendoorn and Anne-Marie Cleton-Jansen

Department of Pathology, Leiden University Medical Center, Leiden, The Netherlands

High-grade osteosarcoma is an extremely genomically unstable tumor. This, together with other challenges, such as the
heterogeneity within and between tumor samples, and the rarity of the disease, renders it difficult to study this tumor on a
genome-wide level. Now that most laboratories change from genome-wide microarray experiments to Next-Generation
Sequencing it is important to discuss the lessons we have learned from microarray studies. In this review, we discuss the
challenges of high-grade osteosarcoma data analysis. We give an overview of microarray studies that have been conducted so
far on both osteosarcoma tissue samples and cell lines. We discuss recent findings from integration of different data types,
which is particularly relevant in a tumor with such a complex genomic profile. Finally, we elaborate on the

translation of results obtained with bioinformatics into functional studies, which has lead to valuable findings, especially
when keeping in mind that no new therapies with a significant impact on survival have been developed in the past decades.

Universitat
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REASONS - CELL OF ORIGIN
what Is the cell of origin ?

I‘ ‘J" l
e @ Y
‘, W
" ——— Relapse & metastasis
o )y
i3

rrgrt Cpinica in Pharmacalogy

could improve OS survival !
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REASONS: MICROENVIRONMENT

Immune Cancer-associated
infiltrate fibroblast

] 1
b ( Tumour cell i
“( . A“".‘ f hi " 3 . d
A

Challenge of
modelling microenvironment

“ — Lymphatic vessel

Blood vessel

Vascular network

tumor environment / vascular network / host’s
Immune system!
Junttila M et al Nature 501:346-54, 2013 Sarkomzentrum
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REASONS: MODEL SYSTEMS
INn Vitro & In-vivo models

PLOS ONE | DOI:10.1371/joumal.pone.0125611 May 19, 2015

RESEARCH ARTICLE 2 3 4 8 B T 8 8 0 1 12 13 W 1316 17 1819202122 X
. . A o s ||i||J LT O] AT T R TO T ALT TO ET TEET T TR A o A L A ]
Genomic Instability of Osteosarcoma Cell m;l | : 1My

Lines in Culture: Impact on the Prediction of ™~

Metastasis Relevant Genes B -m
%

Roman Muff!, Prisni Rath?, Ram Mohan Ram Kumar', Knut Husmann', Walter Born',

Michael Baudis?, Bruno Fuchs'* GSM170249 51.5 45.8 5.7 8.0
1 Laboratory for Orthopedic Research, Balgrist University Hospital, Zurich, Switzerland, 2 Institute of SAQS early 48.1 43.2 4.9 B.8
Molecular Life Sciences, University of Zurich, Zurich, Switzerland
SAOQS late 45.3 40.1 5.2 1.7
LMS5 early 46.6 39.8 6.8 5.9
Conclusions LM5 late 45.9 38.0

Considerable instability during culture in terms of gene expression and chromosomal aber-

rations was observed in osteosarcoma cell lines. The use of cells from different passages C --
and a search for genes consistently regulated in early and late passages allows the analysis

of metastasis-relevant genes despite the observed instability in gene expression in osteo-

. ) SAOS earl 0 121 15.3 20.7
sarcoma cell lines during culture. v
SAOS late 0 20 18.2
LMS5 early 0 10.8
LMS late 0

- cell lines are unstable !
e Muff R et al. PlosOne DOI:10.1371; 2015 Sarkomzent: u I”T’
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REASONS: MODEL SYSTEMS
INn Vitro & in-vivo models

Sc injection It injection

oy =
o -

VAN f
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\ A VF 1
. [ g
) : ‘f A
- |
|

same cells, injection at different locations

- different metastatic pattern!
- imperfect in-vivo model systems !

universitit  Uluckan O et al BoneKEy Reports 4, 670, 2015 Sarkomzentrum
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REASONS: APPROACH ?
Mono- / Combination Therapy

L sl

Sunitinib malate (SU-11248) reduces tumour burden and lung metastasis in an i
intratiblal human xenograft ostecsarcoma mouse modal |

| e~
Ram Mohan Ram Kumar™, Matthias JE. Arlt®, Bemhard Robl, Aleksandar : iI_I_I_i

Huzmanov®, Walter Born®, Bruno Fuchs® f‘/f‘:;/x" HAAL

“Laboratory for Orthopaedic Ressarch, Department of Orthopeedics, Balgrist

~in vitro

University Hospital, University of Zurich, Zurich, Switzerland

e e s
Sunitirib
A
Treatment start
v i i ™ i L]
Day 10 Day14 === Lontrd z
s 007 -+ Sunitinib 40mg/kg | - 2 =
b p “E = Suniinib B0moky ]
Control { E : " g""
[
| 3w " . 3™ o
I E il * ! 1] LT
Sunitinib| 4 ‘ : E ™ . B i ,
40mglkg L . _ ,j"' i r. n"'ﬂ Vi Ve
o e iy * * # #
o & oF
Sunitinib Sunifirib

[ N "
Sunitinib
80malkg {

1" Tumor metastatic burden

Mohan R et al. Am J Cancer Res in publication
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_________________________________
WHAT IS BEING TARGETED ?

Translational biology of osteosarcoma

Maya Kansara'-?, Michele W. Teng>“, Mark J. Smyth>* and David M. Thomas'-#>

Abstract | For the past 30 years, improvements in the survival of patients with osteosarcoma

have been mostly incremental. Despite evidence of genomic instability and a high frequency
of chromothripsis and kataegis, osteosarcomas carry few recurrent targetable mutations,
specialized immune environment and many immune signalling pathways are important in
bone homeostasis. The success of the innate immune stimulant mifamurtide in the adjuvant

treatment of non-metastatic osteosarcoma suggests that newer immune-based treatments,
such asimmune checkpoint inhibitors, may substantially improve disease outcome.

- personalized medicine !

e Sarkomzentrum
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_________________________________
LATEST DEVELOPMENTS
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Gunes Gu.ndeml, Peter Van |
Daniel S. Brewer", Heini M
Sarah O'Meara!, Kevin J. Da
Zsofia Kote-Jarai'”, Douglas
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Metastatic 5-year overall survival
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LATEST DEVELOPMENTS
CTC & Dormancy
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Nature Reviews Cancer L

(15):239-247’ 2015 Niche-targeted therapy gODM@O00008

Dormancy maintenance therapy [

Time
¢ Targeting the dormant niche
[Chemosensitization by destroying niche tethers (mobilization)|

Inhibitory

*0 ¢
\ - ’ . Cytotoxic
antibod * . - ; age
OPINION ntbagh J,'/ N .-<>[Midbiizaten] 0,0 O \ o L i

Metastasis prevention by targeting ' T ==l
the dormant niche SES—— e

| Block niche-derived chemoresistance cues to make DTCs vulnerable to cytotoxic agents |

Cyrus M. Ghajar

o o SN,
Abstract | Despite considerable advancements that shattered previously held ). 3 P 0 s o
dogmas about the metastatic cascade, the evolution of therapies to treat ' o e o ) —— O > — |
metastatic disease has not kept up. In this Opinion article, | argue that, rather than ->
walting for metastases to emerge before initiating treatment, it would be more P —— = = x ==

effective to target metastatic seeds before they sprout. Specifically, | advocate

@ Quiescence-inducing cue @ Therapeutic resistance cue © Survival cue or niche tether

1° TU cells - disseminated tumor
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PERSONALIZED MEDICINE

Tallored Treatments

C P
Cancer patients with
£.g. tolon cance!
Band, UNA & 1S5

Ii l
Mnerawy - mn m ﬂ
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EEEih

Effect Ko effer! Atverse effecs Effece

- it‘s getting more intense !

of th 1ent fits all Med

Cancer patients with
£.G, colon canees
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PERSONALIZED MEDICINE
what do we want ?

+ molecular research
current targeted therapy

+ multidisciplinari

+ gne giﬁgiﬂliﬂﬁ

wait & see

outcome & survival

survival

- how do we invest ?
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QUEST FOR PERSONALIZE
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diagnostic markers
Improved imaging
individualized therapy

- prognosis 1
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QUESTS FOR PERSONALIZED MEDICINE

3 Major Areas

— T

Cooperation Patient material therapy/diagnostics
Clinical Data based research Imaging/monitoring
Local, national and - Patient tissue xenograft Quantitative treatment
international level (PDX) models monitoring
Drug testing (experimental, clinical)

o ' F

b

Overall goal: Improve sarcoma patient survival through
development of novel, patient-tailored therapies

I universitit Sarkom

ey Zurich™




Translationale
Sarkom Forschungs-

Development DKG zertifiziertes
Sarcoma Center Sarkomzentrum

Plattform
Zurich __ |
Uberregionales SWisSSARCOS
lokales Sarkomboard Sarkomboard
FHS-society Vandat
HSM Projekt V-HSM
GD/BD ZUrich_l

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Lokale

Gewebebank 1st blood test

for sarcoma dx?

Grundung des Reorganisation Grundung

MSKO Labors Tumorchirurgie  Sarkomzentrum Registration des

1.Sarkom Patienten

HSM-GDK Schwerpunkt

Padiatrische Sarkome Sarcoma Guidelines

Swiss National Sarcoma Advisory Board far Work-up, dx, Tx

I universitat Sarkom
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Swiss National Sarcoma Advisory Board

A. Definition of Advisory Board / Sarcoma Boards /
Sarcoma Centers

B. Guidelines

C. cohort study SWISS

D. research —tissue collection

www.sarcoma.ch

#U8™) Universitat Sarkomze
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SNSAB

Swiss National Sarcoma Advisory Board

Samoma center (accredited according to international guidelines)

Sarcoma-Board Sarcoma Research Sarcoma Cohort

U U g

Supraregional
Tertiarv Referral Center

Translational
Sarcoma Platform_

SwissSarcos
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SNSAB GUIDELINES

In Anlehnung an ESMO, NCCN, etc

1. Minimal Work-up requirements
2. Therapy

3. Surgery (extremity/retroperitoneal)

Swiss National Sarcoma Advisory Board

4 FO | I OW u p HOME  SNSAB [Ne[al CENTERS /BOARD  SWISSSARCOS  RESEARCH  WORKING GROUPS  MEETINGS
L]

Minimal Work up Requirements e, cce s minimel workup requirements

5. Rad-Onc

B Minimal Work up Requirements
The minimal work-up requirements determine how a patient with a lump should be Assessed

in order to establish the diagnosis of sarcoma most straightforwardly. It aims at reducing the

Surgery Extremit
gery ¥ number of unplanned sarcoma surgeries (the so called whoops).

6 . I L I Surgery Retroperitoneal The Board at its meeting on March 27, 2014, inaugurated the following Guidelines:
Th
ey A~ Minimal Workup Requirements (238,3 KB)
www.sarcoma.ch =
] n

(t" Follow up

4 z Universitat
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POTENTIAL OF CLINICAL DATA

Sarkom

PRAXIS  originalartikel Praxis 2015;104 (13): 1-8 1

Sarkomzentrum Ziirich, Universitatsklinik Balgrist, Ziirich

Sandro Hodel, Franziska Seeli, Bruno Fuchs

Demografische Analyse von Patienten mit
Osteosarkom, Chondrosarkom, und Ewing's
Sarkom vom Sarkomzentrum UZH in Zurich

Demographic Analysis of Patients with Osteosarcoma, Chondrosarcoma, Ewing's Sarcoma from one Sarcoma Center
in Switzerland

i H internationalen Vergleich ziehen zu kén-
Zusammenfassung Einleitung nen ¢

Eine retrospektive Analyse zur Dia- Die drei haufigsten primdren Kno-

gnostik und zum Gesamtiiberleben fir chemmlnolren_ sind das ()stetfsarkom, Material und Methoden
das Osteosarkom, das Chondrosarkom das Ewing's Sarkom und das Chondro-

und das Ewing's Sarkom wurde fiir das satkom. Trotz ihrer geringen Inzidenz ~ Alle Fille primirer Knochen- und

Sarkomzentrum 1IZH an der Univer haben sie einen grossen soziodkono- — Weichteiltumoren, wurden vom Sar-

> 200 patients from one single center

Universitat Sarkomzentrum

s Ziirich™ ZURICH




COHORT STUDY
SWISS

Data Management

MDS
w b4
data s 9
system | ] MEM
_of _Ioc_al & - ’!1
institution = /"4
zB Kisim 8 g e

ethic approval obtained !

G www.sarcoma.ch Sarkomzentrur

Zurich™
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TISSUE COLLECTION w» u__

e

B
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TISSUE COLLECTION
Working Group

What to collect

Fatient materiz|
"_/_1!// [

| Serum || Plasma |

BX DX

BN
]

Whale ELISA Metabolites
Blod ‘—I Proteins i 3
& WBC E::
3
W
Nl fined N, (1)
-20°C -80°C 4'C -80°C
Argahl Tubes R
unbekannt (delel] b
mnbekannt 1-2 Tulses
en gquestions i I I i
f .
Priority for tissue (4A, B, C, 11?7
I N
1H) not performed yet (to be dicussed) Letwisn Fost chema Past zurgeny (12 PG weeks
Fre chema Bre surgery 1-7d) FUI 7 weeks FU 3 manths
410 not performed yet (to be discossed)
Decentralized storapge, centralized registration in satabase?
Centralized database read only? F medically indicated blood collect] on

Who updates registration?
Who decides which samples can he used for studies?

Anonymization (no PID)?

Y@y eurncn

www.sarcoma.ch

Sarkomzentrum
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_________________________________
IN VITRO & IN VIVO MODELLING

Advantages of:
- established cell lines:
- ease of propagation

- mechanistic/functional studies

- 1° tumor cells

biological relevance {1
mimicks closely patient‘'s TU

i 9 Universitat
5 Zurich™

E W o W
in vitro PDX cell line
for direct comparison with PDX:

Lodhia et al BBA 1855:223-234, 2015

Long-term renewable storage N\ Molecular characterization

; /' RNA-Seq
and expansion —
P i | D Array cGH
= | | | | e Exome/Genome sequencing
J U phosphoarrays: RTK, signaling pathways

ex vivo manipulation

] 3 SIRNA
— CRISPR

RNA-Seq
response to drug
manipulation

S

~|

CIE:\‘JE:?R / frash PDX transgene over expression
fransgene over expression —. .
O @_*
\ 2@ )
[
::" QJ — 3 ‘5 "-:" o GRS Sy
. N
:_55 - ?{% S ?% e % “
2| 2 Q‘B - e %_ \ {:15 -
e ?\u J ‘19 P - by Q g \._\ B

Parallel Treatment Experiments; ctDNA collection

Sarkomzentrum
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IN VITRO & IN VIVO MODELLING

patient’s tumor PDX

heterogenous

Sarkomzenfrum
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MOUSE MODELLING OF OS
Orthotopic Sarcoma Mouse Models

- B @

IMoun models of nsmosarcoma]

Cell/tumour grafts
Transgenic Tissue-specific deletion or Allografts
suppresion of genes

b c
P Tumor fragment
I o
' ; —H ;4/
Intraosseous Paratibial Transplantation
Bl scan1
B scan 2 (+ 2 wks)
Fuoresc. SRS BRSEVI R P L 00 S [] overlay
Xray 998 ™ =B = . ES e
1~ Lung metastasis (scan 1)
3 .
or - Growth of metastasis
m
M ==+ 1 after two weeks (scan 2)
Tanle _________I

,cf' ——\' Universitit Sarkom

- Zurich™



MOUSE MODELLING OF OS
LacZ tagging of individual cells

Xt Dunn-lacZ LM8-lacZ
——iialactosldag.ﬂg -
.‘ ¥ % * 9 ‘~\
. .g < g" r’ ’... -“ .
5'0‘330 ‘*’;.:‘}zv."
N - P y Py«
Liver metastasis D ONTEE
N2 N e ‘.;:. '.\“.‘ - ’.ﬂ 1 -
L ) ®
!"t!' ‘{?‘-' "5:

Arlt M et al. J Orthop Res 29:938-46, 2011

Sarkomzentrum
ZURICH




MOUSE MODELLING OF OS
Intraarterial Drug Administration

3 treatments

Robl B et al. In preparation

/3‘
1

5 ¥
ALy

Universitat Sarkomzent ;..‘ N

Ziirich™




MOUSE MODELLING OF OS
Intratracheal Drug Administration

MicroSprayer Aerosolizer®

! l ;4%—&9%:9 Np 1 ] L4
(} <4—trochea | \(D)/ ‘

........

Neklyodova O et al. In preparation

1™ Universitit Sarkomzentrum
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PERSONALIZED MEDICINE
Where do we focus on ?

TRAHSFORMATION ANGIOGENES A Aok monumy B invasion Chromosome

Telomere

Centromere

Mitochondria
Nucleus

N\
v
Endoplasmic reticulum O -

Golgi apparatus ey

CMBCLISM & — .‘\
CIRCULATION ol k iy

Hyﬂm%
. &

HERENCE MULTICELL AGGREGATES
ympheeyies, platebeta )

Cell membrane

DNA (double helix)

EXTRAVASATION
INTO ORGAH
FARENCHYIA

RESPONSE TO
MICROENYIRONMENT Nucleotides

METASTASIS OF

' - # METASTASES
TUMOR CELL
PROLIFERATION ’ ’ .

& ANGIIGENESIS B e

Th y'mlrtegh

virtualmedicalcentre.com

-> several areas of interest !

Universitit Sarkom
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PERSONALIZED MEDICINE
1. Patient Stratification

Classification of Bone and Soft Tissue Sarcomas WHO
2013

ADIPOCYTIC TUMORS

benign
2.1.1. lipoma (angio-/spindle-/myo-/chondroid/lipoblastoma)
2.1.2. hibernoma

| Low grade (G1) | —>| High grade (G3) |

1. Well differentiated (G1)
Dedifferentiated (G2-3)
Ring or giant chromosomes 12q

Amplicon mdmz2/cdk4

2. Myxoid (G1)
Round cell (G2-3)

Translocation t (12;16)

intermediate (locally aggressive)
2.2.1. atypic lipomatous tumor
2.2.2 well differentiated liposarcoma (retroperitoneal)

3. Pleomorphic (G3)

Komplex karyotype

malignant
2.4.1. dedifferentiated liposarcoma
2.4.2. myxoid liposarcoma (incl round cell) Table 1
N Overview of LPS subtypes
2.4.3. pleomorphic liposarcoma
. . . Molecular
2.4.4. liposarcoma not otherwise specified Characteristics/
Subtype Pathology "Actionable” Targets MRI/CT Appearance
ALTAWDLPS Low grade, positive IHC ~ MDM2 and CDK4 Large encapsulated
Table 2 for MDM2, CDK4, p16 amplifications lipomatous mass (high
p Elde di LPS subt DDLPS High grade, positive IHC  MDM2 and CDK4 signal intensity both in T1-
o R g inglon SHOWPE for MDM2, CDK4, p16 amplifications weighted and T2-weighted
Subtype Recurrence, % Metastasis, % 0S5, % DSS, % Prognosis Factors :ggi)a:;?s_th'* Internal
WDLPS 13-46 (extremity) Very low 76-93 86 Location; margin Signal loss on fat-saturated T1-
91 (retroperitoneal) weighted images, and focal
dul Temi sti
DDLPS 18-57 13-47 5464 66-89 Location; mitotic count ot BLBEL(;S)“" ssliggestive
MLPS/RCLPS 7-28 10-58 40-75 69-100 Age; RC-component MLPS and  Low grade (percentage FUS-CHOP fusion Pathognomonically low signal
PLPS 16-45 32-44 0-63 50 Mostly none RCLPS of round cells gene, PI3K intensity in T1-weighted
important for grading) mutations (~20%)  and marked signal intensity
in T2-weighted MRI
PLPS High grade, pleomorphic, Complex structural  Nonspecific soft tissue mass,
cellular sarcoma rearrangements often including areas of
necrosis and hemorrhage

MIRNASs as discriminators in liposarcoma



PERSONALIZED MEDICINE
1. Patient Stratification

Balgrist
Resection (R0=1,

PID Sex AgeatDx Diagnosis Gradellllll Location Total Dosage, Gy Date of surgery TUvolumeincc  R1=2,R2=3) last FU state of disease Death local Recurrence Metastasis Meta. Loc. Mutation Round Cells (Y/N)  MDM2
746461 m 42 PMLS 3 Lower Extremity 50 26.08.2014 1368 1 28.12.2014 NED n n n n n
732538 m 51 MLS 3 Lower Extremity 50 03.12.2013 1802 1 03.07.2014 NED n n n FUS/DDIT3 Typ 3 y
712827 f 37 MLS 3 Lower Extremity 50 09.10.2012 262 2 26.09.2014 NED n n n FUS/DDIT3Typ 5 y
706598 m 45 MLS 1 Lower Extremity 50 28.05.2013 936 1 28.08.2014 NED n n y Lower Extremity X y
714162 m 78 MLS X Upper Extremity 50 13.11.2012 700 1 05.06.2014 NED n n n FUS/DDIT3 Typ 2 n
304940 m 50 MLS 1 Lower Extremity 50 21.01.2014 432 1 10.07.2014 NED n n n X n
739502 m 18 MLS 1 Lower Extremity 50 01.04.2014 64 1 30.07.2014 NED n n n DDIT3/CHOP n
738656 m 44 MLS 1 Lower Extremity 50 15.04.2014 1540 1 03.09.2014 NED n n n FUS/DDIT3 Typ 3 n
590667 f 39 MLS 1 Thorax 50 29.04.2014 682 1 23.07.2014 AWD n n y Gluteal X n y
749209 f 35 MLS 1 Lower Extremity 50 09.07.2014 294 1 29.10.2014 NED n n n FUS/DDIT3 Typ 2 n
661216 m 41 MLS X Lower Extremity 50 01.07.2014 1141 1 16.10.2014 NED n n n FUS/DDIT3 Typ 2 n
746689 m 49 MLS X Upper Extremity 50 16.09.2014 267 1 17.12.2014 AWD n n y Upper Extremity  FUS/DDIT3 Typ 2 n
734366 m 54 MLS 3 Lower Extremity 50 07.01.2014 441 1 03.07.2014 NED n n n X y
749339 f 52 MLS X Lower Extremity 50 28.10.2014 72 1 12.11.2014 NED n n n FUS/DDIT3 Typ n
625162 m 78 DDLS 2 Lower Extremity 50 30.09.2014 54 1 24.12.2014 AWD n n y Lungs, Spleen, Bone X n y
7237 - 7 nnic - f - Eatenimaite cn 10 At An12 1470 1 27 o 201 nEn - - - - .
680€ . .
669€ L] L] - L] L] L] L] L] L] L]

6627

734417 m 75 ALT 1 Lower Extremity 50 04.03.2014 1805 1 04.06.2014 NED n n n X n y
518731 f 46 ALT 1 Upper Extremity 50 03.12.2013 300 1 13.03.2014 NED n n n X n y
705359 f 59 ALT 1 Upper Extremity 50 17.04.2012 84 1 11.09.2013 NED n n n X n y
714975 m 71 ALT 1 Lower Extremity 50 04.12.2012 6.75 1 12.03.2014 NED n n n X n y
512208 m 57 ALT 1 Lower Extremity 50 29.01.2013 2208 1 23.10.2014 NED n n n X n y
735839 f 50 ALT 1 Lower Extremity 50 01.04.2014 1332 1 09.07.2014 NED n n n X X
711964 m 63 lipoma Upper Extremity 10.07.2012 540 10.07.2012 NED n n n

706886 f 53 lipoma Upper Extremity 27.03.2012 60 11.04.2012 NED n n n

708924 m 43 lipoma Thorax 29.05.2012 80 29.08.2012 NED n n n

706379 f 57 lipoma Lower Extremity 12.06.2012 12 01.08.2012 NED n n n

711209 f 62 lipoma Upper Extremity 30.10.2012 28 27.03.2013 NED n n n

710325 m 44 lipoma Lower Extremity 27.11.2012 7.5 08.11.2012 NED n n n

675394 f 45 lipoma Lower Extremity 09.10.2012 24 24.10.2012 NED n n n

709604 m 63 lipoma Lower Extremity 23.10.2012 308 07.11.2012 NED n n n

711151 f 33 lipoma Back/Thorax 18.09.2012 40.5 04.10.2012 NED n n n

719055 f 52 lipoma Upper Extremity 18.12.2012 382 13.03.2013 NED n n n

MIRNAS as discriminators in liposarcoma

Universitit Sarkomzen
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PERSONALIZED MEDICINE
1. Patient Stratification

miR155 in plasma miR155 in tumors
correlation of miR155 § | 1 P L
expression in ,L
3 h - T
plasma & tumor e =1 = H=x

samples

All lipomatous tumors Malignant lipomatous tumors
104 101
L]
L ]
o0
E 8 e ® o ° E 8 ° L J
7] ® o L4 °
(4 5] [ .
3 6 M 3 6 *%
= L] ° £
- L
B 41 8 4
- -
x x
E 21 E 2
r=0.41, p=0.02 r=0.51, p=0.01
c T T T T L] c 1 1 T Ll 1
0 2 4 6 8 10 0 2 4 6 8 10
miR155 in tumors miR155 in tumors

MIRNASs as discriminators in liposarcoma

‘ Uriveratit Boro et al, in preparation Sarkomzentrurr




PERSONALIZED MEDICINE
1. Patient Stratification

tumor miR155 Plasma miR155
. T = 1] T ] “p lized” Medici
5 k5 ersonailize edaicine
w
5 5 oo
3 3
fledh T BAE f | EaUase

NF  MLS DDLS ALT L CON MLs DDLS ALT L \ ’f /

+ Benefit f No benefit

*# ﬁ ﬁ + Toxicity

mirR155 in dedifferentiated liposarcoma i - *’g?ﬁ\ **

100- M ﬁ’ﬁ -
= 3 b
E 60+ :: :,oexr::ifti; :J? teonxeigitty
s " * ! levels 24h post surgery !

20 PRE OP POST OP

MIRNAS as discriminators in liposarcoma
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PERSONALIZED MEDICINE
2. In-vitro 3D & in-vivo modelling

Contents lists available at ScienceDirect

Journal of Biotechnology

journal homepage: www.elsevier.com/locate/jbiotec

An in vitro osteosarcoma 3D microtissue model for drug development

Markus Rimann®', Sandra Laternser?:', Ana Gvozdenovic®, Roman Muff®, Bruno Fuchs®,
Jens M. Kelm¢, Ursula Graf-Hausner "

* Institute of Chemistry and Biological Chemistry (ICBC), Zurich Untversity of Applied Sciences, Waedenswil, Switzerland
" Laboratory for Orthopedic Research, Department of Orthopedics, University of Zurich, Switzeriand
© InSphero AG, Schiteren, Switzerland

journal of Botechnology 189 (2014) 129-135

day 4 day 11

Standard treatment
Approx. 90 days

* 3D microtissues from biopsy

@76

Reliable 3D cell culture platform

2D and in vive data s B el
Gene expression data

Paving the way to personalized medicine

Patient tissue
Riobank In wivo models Tissue analysis in witro 30 model
*  Chnical patient sformation = Xenografimodels *  Gemameand *  Explant cotures
¢ Tumror tissaes ¢ Modeling metastasis »  Proteome profiling «  Direct 3D culture

EC3

Personalized patient treatment

h ey h
baigrist - aw
Cirical OS rescarch . A rOmIAn e e Tty 10 ool culture expertsy
. o wWire ang in wee

. Provices of 2*econt . Applieg QS reswearch
OS5 modeis PR OT ey

. OF micronissue model
Nobank . Corssmrg development




PERSONALIZED MEDICINE

2. In-vitro 3D & in-vivo modelling

PATIENT DERIVED MATERIAL

Patient blood sample
("&, ,(‘i
-

. U

) —
Cryopreservation |
3
/ a >
<%
Tumor tissue Y 5 S
propagation Tz W\
— N

Primary explant amplification and isolation
Primary cell isolation and characterization

Y

b

DEVELOPMENT OF EARLY DIAGNOSTICS

Circulating metastasis markers Survival rate

IN VITRO COMPOUND DISCOVERY (2D, 3D)

IC-50 Molecular mechanism of cell death

IN VIVO COMPOUND TESTING

Conventional models PDX, CDX models

IMAGING
VIS

CLINICAL TRIAL

Monitor treatment efficacy “

Swiss Sarcoma Clinical trial
(SwissSARCOS)

Lead compound(s) ‘

NFP - application 2017 — 2020:

3D-Tissue Models —
new perspectives for medicine

—>personalized therapy in the future !

Universitat
Zurich™
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PERSONALIZED MEDICINE

3. Dormancy

Research Article

Reduced Latency in the Metastatic Niche
Contributes to the More Aggressive Phenotype of
LM8 Compared to Dunn Osteosarcoma Cells

Matthias J. E. Arlt, Ingo J. Banke, Josefine Bertz, Ram Mohan Ram Kumar,
Roman Muff, Walter Born, and Bruno Fuchs

Laboratory for Orthopedic Research, Department of Orthopedics, Balgrist University Hospital, University of Zurich,
Forchstrasse 340, 8008 Zurich, Switzerland

Correspondence should be addressed to Matthias J. E. Arlt; marlt@research.balgrist.ch

Received 24 July 2013; Revised 13 October 2013; Accepted 13 October 2013

Dunn & -
day 1 day 4 day7 day 14 day 21 day 25

LmM8

D First inicromets.
inkng fwrd
unn Ry

day 1 day 4
Firse micromers
LMS8 | nisg s macmmets in
Sidney thoe & kidney

Intratibial Tumors

Cell Lines [ Tumors

symbol | foldchange | pvalue | foldchange | pvalue | fold change |  p value
Genes down-requlated in LM8
basic helix-loop-helix domain containing, class B9 Bhihb9  46E-13 2.45E-04
fibronectin 1 Fnl -2.95 .69E-08 0.9001 0.4485 0.9257 0.9272
transforming growth factor, beta 2 gfb2 2. .09E-06 -2.38 4.93E-05 -4.07 8.84E-03
Rous sarcoma oncogene rc -2. . 24E-06 -2.70 0.0001217 0.8423 0.759
tropomyosin 1, alpha pml -2. .53E-07 -2.23 5.30E-05 0.6487 0.358625
transforming growth factor, beta receptor | gfbrl -2. .06E-06 1.15085 0.2542225 0.773225 3.76E-01
Genes up-requlated in LM8
connective tissue growth factor Ctgf 2.72 2.18E-04 0.5983 0.0307 0.8579 0.858
Microarray: 6.9 —61 -29 —3.7 (LM8/Dunn)
80
60
40
g 204
i
~
3
24
14
ol , m | |l
Mmp2 Bhlhbo Fnl Src
= Dunn
m LM8
(a)
10 4
SN1 SN2
L L
r 1 r 1
&
)
=
5
E ® £ ) = 5
=] = S = =]
a - a =i 7
MMP2 —¢ - -
0
Dunn LM8
(b) (c)

Arlt M et al, Sarcoma 2013 ID 404962 Sarkomzentrum
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PERSONALIZED MEDICINE
4. Circulating Tumor Cells

Rationale

— Metastatic disease: predictor of patient survival
— Early diagnostics guide therapeutic decision making

Markers of metastases in blood circulation
— Circulating (metastatic) tumor cells; CTCs
— Circulating tumor-derived molecules: miRNA,

i it

time

Detection tools for CTCs:
— Metastatic epithelial cancers—> 25 CTCs/7.5 ml

e

e.g. Bidard et al., Lancet Oncol. 15(4): 406 (2014)

— Metastatic mesenchymal sarcomas—>
No cell surface markers

VvV =
How to detect a few CTCs between millions of white blood cells ?

Universitit Sarkomzentrum

s ZUrich™ IRICH




PERSONALIZED MEDICINE
4. Circulating Tumor Cells

COMBINE BOTH APPROACHES

CD45-based removal of white blood cells Microfluidics-based size discrimination

WBC + CTC CTC
- _(nuclear staining) (fluorescence)

§ o (neutrophiles)
g o~ € Agranulocytes

S SAOS-2 1438 (ymphacytes)
@
gii
b
&
Q
Recovery efficiency = 70-100%

Houy etal., Scl

Patient blood CTCs: Nuc.St.+, CD45- :22%;:.2 ?:1259

- we have blood available from 400 patients !

™) Universitit Sarkom

A Zurich™



PERSONALIZED MEDICINE
5. Exosomes (Tumor Derived Microvesicles)

~

AN,
lA Tumour Microenvironment ] . B Pre-metastatic Niche
|
xosome-produci | !
, ; Ry Aclivate dendritic \
y ass 4 celis and macrophages \ ) , >
y - ] -
vV W v = -
. Stimulate tumour Stimutation of
, cell pro&feration angiogenesis
conramm / \ .
EX0S0Mes \ J
E Differentiate fibroblasts to
oy k\\f R . myofibroblasts
. . . ~e ’ Degrade
% extracellular
l:(‘-." = matnx .
Apoptosis of ® ( % ) ‘ o A Mobilise BMDC
Cytotoxic \
T celis / . T-help B
Reduce Differentiation
- , proliferaton of T-heiper ‘
t"#'; F\ of NK cells % to T-reg St

IC Immune System I

@® Exosomes are small membrane extracellular vesicles (30-100nm) that mediate local and systemic
cell communication through the transfer of mRNA, microRNAs and proteins.

@® Exosomal mRNA and miRNA differ from the donor cell!

,{ Universitit Sarkomzentr
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PERSONALIZED MEDICINE
5. Exosomes (Tumor Derived Microvesicles)

CANCER

Malicious exosomes

Nanovesicles derived from cells of cancer patients carry
microRNAs that initiate tumor growth in normal cells

By Eleni Anastasiadou and
Frank J. Slack

anovesicles known as exo-

somes are secreted from a

variety of cell types and cir-

culate in biological fluids

such as urine and plasma.

These exosomes “hijack”
membrane components and cy-
toplasmic contents of these cells
and play an important role in in-
tercellular communication, often
inducing physiological changes miRNA
in recipient cells by transferring
bioactive lipids, nucleic acids, and
proteins (Z). These tiny vesicles
also have been implicated in a
number of human diseases, in-
cluding cancer, and are becom-
ing an appreciated fundamental
aspect of tumor progression and
metastasis (2). Recently, Melo

-

et al. (3) showed that exosomes / mimetic
from breast cancer cells transfer

mictoRNAs (miRNAs) to normal m:ggm;?ion Anti-dicer

cells and stimulate them to be- small inhibitory

come cancerous. This potentially RNA

expands the mechanisms by

which cancer spreads and may Translationally repressed mRNA

provide opportunities to develop  MIRNA biogenesis. MiRNAs combine with AGO2 and cther proteins . Anar ~ . % i it = ~ Y o > R
exosome-based diagnostics and  inan RNA-induced silencing complex {RISC) to repress the trznslation Targeting cancer exosomes. Three possible therapeutic scenarios are shown for targeting tumer-derived exosomes within 2 cancer cell (A). in a normal recipient cell (B),

therapies. of target mRNAs. or in the circulation (C).

- Functional Relevance and Potential Use as Diagnostic and
Prognostic Factors in Metastatic Sarcoma

@% Universitit Sarkomzentrum
A...'-';A Zurich™ ZURICH



PERSONALIZED MEDICINE
5. Exosomes (Tumor Derived Microvesicles)

Patients‘ tumor material

In vivo modelling

Enumeration& |  carge| T

Total Protein entration __7___,__.71

o~ (e (o ()

| uterature | Literature | | terature |
\ f

GRI-PCR s ] \ kbR ) FEVE P
Prognostic Diagnostic QGS P / Narrevs e Nes o/ :“"y*m‘m of EV
value value I o - biodistrigution)

Xenograft and

o . - . sVngeneic mouse
I!slg\n\t!ﬂ“cangu\gt sarcoma-specific exosome signature I models

'S’

Prognostic Diagnostic
value value

(effect on the
immune system?)

In vitro modelling

Low metastatic potential High metastatic potential

e B
\/

Identification of relevant factors |

In vitro functional assavs
gene manioulation ar functional inhibition

v Sarkomzentrum

Mechanisms of action in autocrine and paracrine signaling / \J D ‘ C\ H




PERSONALIZED MEDICINE
6. Targeting Imunomodulators

Elimination phase

Equilibrium

NKcell'
Macrophage
Targets in Targets in clinical Potential targets Targets in clinical Potential targets
preclinical development * INFy «TNFa development * MHC class Il = INFy
development ||#IL-2 * Immune *|L-1  * Perforin *PDL1and PD1 = LAG3 = FASLG *» Scavenger
e |L-12 * GM-CSF  adjuvants: *|L-6 = GranzymeB * CTLA4 *CD137 | | =IL-10 receptor A
s |L-18 » INFa. mifamurtideand | | » [L-8 = TRAIL *TIM3 =IL-23 * Arginase
and INFB  Coley's toxin » TGFB » CD40

- Immune checkpoint inhibitors may improve survival
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PERSONALIZED MEDICINE
6. Targeting Imunomodulators

Targets: EDA, EDB @ é
EDA EDB neg. control % TNF ) = I"‘
R iy B \
g lumerleg . b F8-TNF (™) '
- by
3 |
Gﬁntrol Ieg --- + - I
+ ¥ 4
o6,
ul uno k' 11 ¢
,mm“f!l-. fmg”!‘!:!% EDA, EDB ..I bronectin
Pasche & Neri, Drug Discov Today 17(11-12):583 (2012)
— F8-TNF, L19-TNF RoRgrin clemar
— Selective accumulation in sarcoma tumors ‘
— Immunological response
— Combination with doxorubicin: cure S
Actin SR Adaptor protens
Preclinical testing in OS mouse model
— Single treatment, combination with cisplatin Hemmerle et al., Br J Cancer
_ |L—2.|'rCTLJ"-"'L4, IL-4, IL-6, IL-13, IL-10, IL-12 109(5)1206 (2013) nature.com
AB — mediated Drug Delivery
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WHERE DO WE GO ?

THE RIGHT PATIENT. THE RIGHT TREATMENT.
- strong clinical data set (SwWissSARCQOS)

- good sarcoma tissue bank (SwissSARCTIissues)

- strong Translational Sarcoma Research Platform

1970s 1980 1990 2000s
(n =202) (n=1251) (n=778) (n=1,701) 2020

%real baS|s to A survival in the future !
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