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* Duration
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* Start date: April 2013
* Project funding R
— 10.582.000,00 €

* from the European Union’s Seventh Framework Programme for research,

technological development and demonstration under grant agreement No 600841
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— Computational Horizons In Cancer (CHIC): Developing Meta- and
Hyper-Multiscale Models and Repositories for In Silico Oncology
* Coordinator
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CHIC Objectives CHIC Hypermodel based Oncosimulator
PATIENT
* Development of clinical driven tools within a e oy
secure infrastructure to support the creation
. Molecular network
of multiscale cancer hyper-models S—
eemesandfor
s simltion,
Predictions
s"m';;::::‘c:(’a""“ Prediction evaluation
Selection of the optimal
scheme
APPLICATION TO THE PATIENT
12t August 2016 Pediatric Oncology and Clinical Pediatrics 7 21 April 2016 9th International Conference on Pediatric
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CHI Components of CHIC
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CHIC Clinical questions to be answered

Computationsl Horizons i Cancer
Psedonymization/
Anonymization

‘ Data Metadata
Repository Repository
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Nephroblastoma:
— Will a WT respond to preoperative chemotherapy?

Glioblastoma:

— Will a specific patient benefit from adding Dendritic Cell
vaccination (DC vaccination) to the standard treatment for
glioblastoma?

NSCLC:

— Will genetics facilitate the therapy-related clinical
decisions

Prostate Cancer:

— Which patient needs what kind of therapy at what time?
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CHIC Nephroblastoma
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CHIC Outcome

Most common childhood renal tumour
Excellent prognosis (> 90% overall survival)
Rare disease

—Incidence: 7/1.000.000 children < 15y
—15% metastatic disease

—5% bilateral disease

—Different histological types
—Heterogeneity of molecular biology
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60 <5 % operative mortality
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risk adapted treatment and
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SIOP

* Preoperative Chemotherapy

— Stage
Histology

— Tumor volume (500 ml, GPOH)
Response to treatment

— Age (<6m, >16y)

Blastemal Subtype

Blastemal Subtype

(5 -10%)
poor EFS

COG

* Primary Surgery
« Stage
Histology
Tumor weight (550g)
Response to treatment (Stage 1V)

+ Age (2y)
+ LOH 1p & 16q
Both groups do need
additional molecular LOH 1p and 16q
markers for a better risk (5%)
stratification poor 272

v~ Number of relapses by prior treatment
CHIC group (SIOP WT 2001)

12t August 2016
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Treatment No. patients No. % all No. % all
(2yr ~EFS) relapse  relapse deaths deaths
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LOH (COG Data)
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CHIC Molecular Biology
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Chagtai T et al.: Gain of 1q as a prognostic biomarker in Wilms tumours
treated with pre-operative chemotherapy in the SIOP WT 2001 trial: A SIOP
Renal Tumours Biology Consortium Study. JCO, published online, 2016
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CHIC Specific objectives

Computational Horizo

* Stakeholders

— Clinicians, Patients, Basic Scientists, Bio-informaticians, software developers, data
managers...

* A common security framework

— To cater for users Authentication, Authorization, Access control, etc. and support the
(pseudo) anonymisation of sensitive patient data

* Common ontology and semantics mechanisms

— For the annotation, publication, discovery of data and the semantic based
interoperability and integration),

* An assortment of new or externally available tools

— For visualization, predictive modeling, and knowledge discovery integrated or linked
with an IT-infrastructure platform

* Services for patient empowerment
— e.g. forinformed consent and linking to biobanks

ploy,
v (/4
CHIC Data usage for research
Clinical care domain Research domain : Open Access data
Pubmed
ub é)plaad 1]}
e Polpd Data : daabase
GO Warehouse
Clinical.
trial data’ ¥
l Data curation: > :
4

Research

. uthentication
Patient Empowerment
5t August 2016 Big Data Application Symposium 12" August 2016 RSdiSthE On;(tz;lrtzgnyt:'ngailir;iacal RediZtics
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CHIC Value conflicts

Computational Horizons i

Individual

interest

conflict
between

<« —  Access

Balance? S

CHIC Clinical perspective

Computational Horizons i

12th August 2016 Pediatric Oncology and Clinical Pediatrics
Toronto, Canada

* Two important areas:

— Data management (pre- and post-processing,
upload, pseudo/anonymization, storage, ...)

— Execution of the hypermodel(s)

Data,
Models

Decision Support

12th August 2016 Pediatric Oncology and Clinical Pediatrics
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*» Question <j Specific Tumor <j Patient

Clinical data Blood Samples -

pre-chemo. post-shke.mo. 8V=-37%
c SN 5 '_ " 2000} p(6V)=-61%
s Normal organ
'g specific tissue |
£ o= 1000}
S N\

% 2 3 4
ADC (mm?/s) x10

Cell density (DC)  Blood perfusion (BP) Pathology + Molecular genetics
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CHIC Two Hypermodels are developed

DC and BP pairs for tumor-free & tumor Molecular analysis - |
(GeneTrail)
> hybrid discrete/continuous multiscale modeling of biological tissues

ﬁ Pharmacokinetics, -dynamics i

Generic models: cell division, tissue architecture, blood vessel development, ...

* Phenomenological Hypermodel
* Multimodeler Hypermodel

Pediatric Oncology and Clinical Pediatrics 22
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CHiC COWT Phenomenological Hypermodel
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CHIC WT Phenomenological Hypermodel

The Phenomenological Universalities (PUN) approach
describes growth of a tumour with the following equation:

/

dN (t 7
% = c(t)N(t) - k(t) N(t)
de(t) <~
at = Z _4"31'(' Time , modality and drug —dependent kill rate
i=0

Pediatric Oncology and Clinical Pediatrics
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® CELL FATE. PROB

VIRNA EXPRESSION. DATA °

UPENN:
NEPHROBLASTOMA
MOLECULAR MODEL

® CKA-RATIO TARTTREATNEPHROUNITO ® [
° PY STROMALNEPHROUNITO
PATIENT 1D
® CELL FATE RATIO PELLIL20RLG ® EPITHELIALNEPHROUNITO
rEEPHROUNITE @
® NEPHROBLASTOMA o
ERCTNEPHROUNITO MODEL - UNITO OUTPUTVALUES
crRionus @
R MIXEDNEPHROUNITO
wonprounro @ ®
L) BLASTEMALNEPHROUNITO
AGENEPHROUNITO
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CHIC WT Multimodeler Hypermodel CHiC Hypomodels’ Coupling

Computational Horizons in Cancer Computational Horizons in Cancer

Proliferating, quiescent,
differentiated and dead tumor cell
Populations maps

Molecular model Molecular Model -> Oncosimulator
oot e Wap Hnaety Parameter Exchanged: Cell kill probability of
chemotherapeutic drugs (ACT+VCR)
Type: Sequential coupling

Tumor growth and
responseto
chemotherapy

Cellkill probability

Total tumor cell Of chemotherapeuticdrugs.

Oncosimulator concentration map
Genome-scale

nutrient transport (e Tumor growth
kel T e response to Direction of least 0 8
description of the I . (polar and for simulating tumor
tumour Glucose constraintson  WEIIEELE] chemotherapy pressure (polar an biomechanics
concentration WEUICTUWI rate map p

map

Vascular growth and

Oncosimulator -> Biomechanics

Parameter Exchanged: Tumor Cell Concentration Maps
Biomechanics->Oncosimulator

Parameter Exchanged: Direction of least pressure maps
Type: Iterative coupling (step: 10 sim days)

‘Tumor Cell Concentration map . >
Bio-mechanical

Tumor growth and
growth

chemotherapy
Direction of least pressure map

Average cell death
probability

Tumor Domain Tumor Cell i
Tumor Domain Tumor Domain e e Vasculature->Metabolic )
— Parameter Exchanged: Glucose Concentration Map
e glucose ’ :
availability oncosimuator - Metabolic->Oncosimulator
Gl constrains the 0 f 4
Pre-processing Tool B o uptokerate, TR (oI EEAS Parameter Exchanged: Proliferation Rate Map
whichresutsin I chemotherapy Oncosimulator->Vasculature
Gene/Protein/miRNA Network or “'g,i,’ﬂ'f\i"“'a' Parameter Exchanged: Tumor Cell Populations Map
ety Cosail Ve GG o | Typelterative coupling (step 10 sim days
yp pling P Y

Statistical Correlation of miRNA
Expressions with Average CKR

z Preprocessing Tool->Oncosimulator
e | R ->Vasculature
et ->Metabolic
->Biomechanics
Parameter Exchanged : Metaimages of tumor area (mhd,

raw) Type: : Sequential coupling
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CHIC WT Multimodeler Hypermodel CHIC CT-response in WT by DWI

Computational Horizons in Cancer Computational Horizons in Cancer

Dﬁusivily of water molecules (ADC) is a biomarker of cellular density
«  ADC histograms measured in 22 Wilms’ lesions, before and after chemotherapy
«  Chemotherapy-induced response varies across the cohort...

e e @

Chemo. induced response

8V=-37%
p(8V)=-61%

ninesiois @ ® i socmne e iz 2000

Volume |, ADC 1
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i

" wocqte it
Multiple regression analysis model shows ADC histogram properties pre-chemo. may predict change in cellularity and volume of
lesions post-chemotherapy.

2000f

Volume 1, ADC 1

Presented at the annual meeting of the British Chapter of the ISMRM, September 2012, provided by Prof. Kathy Pritchard-Jones
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v'®y  Segmentation of the Complete Tumor

CHIC boundary

* The graph cut algorithm, which includes a kernel induced
segmentation functional is used to extract the complete
boundary of the tumor in a 3D image data.

Input image with user selected Segmented tumor boundaries Manually Segmented tumor
ROlin red boundaries
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CHIC SOMs: miRNA landscape in WT

Computational Horizons in Cancer
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Self Organizing Maps:
expression data of 1204 miRNAs merged to 400 ,meta“-
miRNAs
visualization of different expression profiles in WT
subtypes
in silico pathway analysis to identify underlying cancer
pathways
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P'®l 20 most significant miRNA in blood of WT

CHIC before treatment

Log Log

MiRNA median median . Log Fold Ttest Ttest adj AUC

. N difference ‘s

Wilms Control <

hsa-miR-20a 10.124 12.929 -2.805 -6.988 7.01E-012 5.94E-009 0.977 8
hsa-miR-20b 10.057 12.410 -2.353 -5.108 2.49E-011 1.05E-008 0.984 '2 Iy
hsa-miR-766 10.079 8.494 1.585 3.000 2.63E-009 3.29E-007 0.033 g o
hsa-miR-144* 7.994 9.524 -1.531 -2.889 2.40E-009 3.29E-007 0.953 s :
hsa-miR-144 8.967 11.506 -2.540 -5.815 2.71E-009 3.29E-007 0.954 §° 3
hsa-miR-106a 11.506 13.639 -2.132 -4.385 2.14E-009 3.29E-007 0.950 < g
hsa-miR-1246 6.007 2.737 3.270 9.649 1.36E-009 3.29E-007 0.059 =t
hsa-miR-197 11.205 8.888 2317 4.984 4.33E-009 4.59E-007 0.055 .§ §
hsa-miR-224 6.403 3.745 2.658 6.310 5.20E-009 4.90E-007 0.043 39
hsa-miR-18a 9.168 11.205 -2.037 -4.104 6.75E-009 5.72E-007 0.962 3;; 2
hsa-miR-93 10.830 12.766 -1.936 -3.825 8.50E-009 6.55E-007 0.935 S 4
hsa-miR-17 11.839 13.273 -1.434 -2.702 1.20E-008 8.48E-007 0.962 o E
hsa-miR-18b 7.044 8.901 -1.856 -3.621 2.02E-008 1.32E-006 0.982 T
hsa-miR-126 8.320 11.425 -3.104 -8.601 3.38E-008 2.05E-006 0.944 ;E; 5
hsa-miR-520d-3p 4.497 2.134 2.363 5.145 4.13E-008 2.33E-006 0.061 = g
hsa-miR-1305 4.877 6.898 -2.021 -4.058 5.14E-008 2.60E-006 0.966 =z
hsa-miR-373 4.819 1.976 2.843 7.173 5.22E-008 2.60E-006 0.064 53

hsa-miR-106b 13.004 14.104 -1.100 -2.143 6.24E-008 2.94E-006 0.938 £

hsa-miR-1204 5.360 3.048 2312 4967 1.21E-007 5.42E-006 0.078 E

hsa-miR-374a 6.473 8.483 -2.010 -4.029 1.39E-007 5.91E-006 0.934 @

The 20 most significant miRNAs when comparing Wilms patients before therapy to healthy controls. Down-regulated fold-change is indicats
by negative values, up-regulated fold-change is indicated by positive values.
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CHiC Nephroblastoma Demonstrator Specifics

Computational Horizons in Cancer
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Model Inputs:

| DV?c—APc+ pV(cy =) =0 |

Spatial Distribution of Cells
From Growth Hypomodel

Glucose Diffusivity _J

Literature [1]

Glucose Consumption Rate
Modifiable by User/
Default Literature Value [1]:
vs_nutrient_consumption_rate

First Time Point Last Time Point
Vascular Delivery Efficiency Hypermodel output: 3d slice through the
User Chosen/Fit to Data tumour region (red)

Glucose Concentration in Well L
Perfused Tissue
Value Used In Metabolic Model

Model Output:
Normalized glucose
concentration ¢/c,

First Time Point Last Time Point

[1] T. Roose et al. (2007), SIAM Review, 49. |

Pediatric Oncology and Clinical Pediatrics 32

12" August 2016
Toronto, Canada




ioley,,
CHIC X Application to Nephroblastoma

Computational Hori

Kidney — mechanical properties

ENTTEEDEEE  Simulation assumptions

Renal Cortex 4.7 0.45
Renal medula & 045 » Mechanical Tissue Properties:
Renal Hilum 3.4 0.45

Healthy kidney (avg) 5.3 0.45
Nephroblastoma 20.0 0.45
Renal artery RelEeia Spine 10000.0 0.3
Renal vein Bonal .
pyramids Other tissue 5.0 0.45
Renal pelvi Renal * Boundary Conditions:

columns * Nodal positions of domain boundary fixed

SD[O]Q,P
CHIC Data Upload Tool
® Finder File Edit View Go Window Help L8000 BRAAY S | D e 000L e (s e

B4, demo.000L.dcm

e
(3 dicom »
<> E:“"‘\ v (@] (=v [ INER > Y
Back Action _Dropbox Amange fhare EditTags Patn o Search
(£ My Cubby

3 Zem 2014 - 10:52 .
3 Zem 2014 - 10:52 .
3Zem 2014 -

3 Zem 2014 -

%3 Dropbox Status

£ ac
#\ Applications

. All files have b loaded fully!
3 Documents iles have been uploaded successfully!

[domain boundary = margin of ‘other tissue’ surrounding © Downloads
Fibrous kidney & tumour] & i:::empm [ ok |
Minor calyx capsule - e e s
12th August 2016 Pediatric Oncology and Clinical Pediatrics 33 12t August 2016 Pediatric Oncology and Clinical Pediatrics -
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POl . POy, Clinical Research Application
CHIC https://cdr.chic-vph.eu/ CHIC
L Framework (CRAF)
~ * The Clinical Research Appllcatlon = ———
P Framework (“CRAF”) is the e L TR T
’ central component to support |
Computational Horizons In o j e
Cancer cH) the clinicians to perform CHIC-
enabled clinical research in their
premises
n—— . * CRAF coordinates the
e functionality of other CHIC
Browse/Results components, such as the Data
—_— s | i & Upload tool for uploading patient
W data to the CHIC cloud, and the A
el o} R Visualization and image -

processing tools

~ - S wr P
12t August 2016 Pediatric Oncology and Clinical Pediatrics 35
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CHIC

Computational Horizons in Cancer

CRAF

ece - Cinca Rosoach Aopicaton

Fie o veo
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Stelos sfokionakis

ece 40 - Cinca Rosearcn Applcation

Please select one of the fol¢ # & & # 2 Steio Sfokianakis

g

OO
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o
FA

Non Small Cell cancer.

Cancer Topic Mephvonisstoms

sastoms (o0 Please select one questions and click "Next"

Nephroblastoma s |

Sbout 111,000 bt

Non-smal col ung &

‘Aot 85% o
cancers. Sauamous |
Lung Cancer arge cel crcinoma |

Will a given nephroblastoma in a patient respond to

el | pre-operative chemotherapy by tumour shrinkage, yes or no?
orade

' sstroest

Glioblastoma colls and accourting!
o G

disease, with o rate
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ate cancer, a0
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CHIC

Computational Horizons in Cancer
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Cancer Topic

Please select a hype **

(CHIC - Giical Rasearch Appiication

& M08 WD Stelios Sfakianakis
Cancer Topic | Nephroblastoma | Nephvobiastoma | Chemotherspy Resgend
paten ot & o
= Please select one patient from the list:
Details Address
rentame st o Nt provided
i s Nalor P Not rovided
Nephroblastoma multi = e, ot pena
oo Not rovided  Mathox t rovided
Nephroblastoma hypermodel ¢ Nsonatiertcston Wanber. Nt Provided Repen Not rovided
o proviaea e Nt rovided
Nephroblastoma phent ot Not rovided  poeaCode: Nt provided
. « patients 0
Phenomenological hypermodel acecraCens e
Create a new Hypermodel at t| = e
© 55 powniond UL
ame: CORianey AL 691 00
= Do
Jies h
oy o, ames "
i
Downiossumt:
me: O ey s TR0 00
= Gicow. awes
| s s
Ooeniosdunt:
e COn ey o, OOM G622l
| Troe e
oo o

Use Selected Patient©
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CHIC

Computational Horizons in Cancer

Jouc - et

Fle Et Hep

#8ae

Cancer Topic a e

Nephroblastoma p== el

Required Inputs
Time point o Irst adminitration of vincristine (Days):
Time point of 2nd administation of vincristine (Days):
Time point of 3rd administration of vincristine (Days):

Time point of 4th administration of vincristine (Days)

d the

Time point of 1rst administration of actinomycin:

(Days)

This par ngs to UPENN L Thi
expression data.

This par ng: tool. Avalid

> Expand - Tumor Kinetics

Fie Bt tep

A=

G

2 Vitny - T Pt EICIN]

Please double click on any item for further action

Experiment D Cancer Question Patient Hypermodel Date status
85 Nephroblsstoma Ernst Maller
£ Nephroblastoma Wil given neph

€ rioe s

- t2 gt the report o the 2D mode (f avaizbi),

) Neghicbisstoms Wil given neph
Creste Report | | 30 veuslzation Concal

30 Nephroblastoma wil

B Neghiobisstoms il " Ernst Maller

© ouer

Pl®ly,

CHIC

WT Phenomenological hypermodel

12" August 2016

Pediatric Oncology and Clinical Pediatrics
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Volume (ml)

1500

1000

500

The final tumour volume has a reduction from 78% to 90%

Tumor Volume

Time (days)

12t August 2016
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CHIC

Computational Horizons in Cancer

WT Multimodeller Hypermodel

e

Fie Lowbsts CHCTasks Felp

Inage view | Pt

In silico study of cancer response to treatment

Patiot Narme: Miler, Emst
Date of i ot avelasie]
Stared st 2016.0320 2022

Clinical question:

Finshed st 2016-03:202022

tumou stvinkage. yes oen?

Simulated Tumour Volume reducton percentage 81.68%

Simulation predictions

Time evoluton o smulated umar volume:

B

3D Visualization (CCGVis)

Simuisted tumor: rendared image
Time (days) = 0.00

E Simuiatad tumor: rendared imag

Time (days) = 20.00

- it
i
of
“ )‘N |
i
. ‘ S
The CHIC project. page:1/6

The CHIC project page:216

12t August 2016
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CHIC

Computational Horizons in Cancer

Perspectives

* Retrospective Evaluation

— 100 Patients from GPOH with WT to compare
prediction with the reality and refine the
hypermodels using machine learning

* Prospective Evaluation

— New patients entered in UMBRELLA to compare
prediction with reality and fine tune the
hypermodels

Pediatric Oncology and Clinical Pediatrics

12t August 2016
Toronto, Canada
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CHIC

Computational Horizons in Cancer

CRAF :: Clinical Research Application Framework

Cancer Topic Selection (Pick one)
¢ 9
Nephroblastoma

SELECT

Nephroblastoma (or Wilms' tumor)
is the most frequent malignant
renal tumor in children and is
associated with an abnormal
proliferation of cells that resemble
the kidney cells of an embryo
(metanephroma), leading to the
term embryonal tumor. The annual
incidence is estimated at about
1/10,000 births and it affects boys
as well as girls.

Non Small Cell Lung
Cancer

Non-small cell lung cancer is the
most common type of lung cancer.
About 85% of lung cancers are
non-small cell lung cancers.
Squamous cell carcinoma,
adenocarcinoma, and large cell
carcinoma are all subtypes of
non-small cell lung cancer.

CRAF

ép

Glioblastoma Prostate Cancer

SELECT SELECT

Glioblastoma multiforme (GBM),
also known as glioblastoma and
grade IV astrocytoma,[1] is the
most common and most
aggressive malignant primary brain
tumor. It involves glial cells and
accounting for 52% of all brain
tissue tumor cases and 20% of all
tumors inside the skull. GBM is a
rare disease, with a rate of 2-3
cases per 100,000 person
life-years in Europe and North
America.

Prostate cancer, also known as
carcinoma of the prostate, is the
development of cancer in the
prostate, a gland in the male
reproductive system. Most
prostate cancers are slow growing;
however, some grow relatively
quickly. The cancer cells may
spread from the prostate to other
parts of the body, particularly the
bones and lymph nodes.
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Designing a randomized clinical trial
with ethical approval

|
v Endpoints:
1. Outcome (EFS, OS)
” 2. Stage distribution
Treatment according to .
hypermodel prediction 2 3. HIStolt?gy
o, 4. Intensity of treatment
5. Side effects
6. Late effects
Data
Management
-
Logistcs

®
¢

timeline

Diagnosis of
nephroblastoma
Enrolment in trial
Start of treatment@)
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Tools and Evaluation
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