Mock meeting JdIMorRe
= 10:00 - 10:05 Introduction DDMoRe Lutz

= 10:05-10:15 TGl Benjamin

= 10:15-10:30 Repository Maciej

= 10:30-11:45 MDL Nick

= 11:45-11:00 live demo MDL —IDE Natallia

= 11:00-11:15 PharmML + Simulx Maciej

= 11:15-11:30 live demo model execution Simulx Benjamin/Richard

= 11:30-12:00 Discussion

Noordwijkerhout workshop 2014
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Therapeutic Innovation



The Productivity Gap in Pharma R&D
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Therapeutic innovation is challenging

Drug development decision makers rely on the best
rational to select drug candidates, targets, trial
designs, dose regimens, patient populations and

suitable endpoint measures



Therapeutic innovation is challenging

A lack of informed decision making can have
detrimental effects to patients, choice of the wrong
development program, and potentially

induce huge financial losses



Therapeutic innovation is challenging

Society pushes for more transparency and
clinical trial data sharing, opening the door for

aggressive competition



Integrative tools

Modelling and Simulation (M&S)

as one of the core technology of pharmaceutical
industry, is essential in performing such knowledge
integration, providing through inference the
guantitative basis for better informed decision making

Model-based drug development



Integrative tools

Model-based drug development
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The Problem
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The Problem

How do you find disease or drug models that might be useful for
your analysis?

How can you be sure that published models are relevant?

How can you be sure that published models work (are reproducible)?

If code is available in software X, but you use software Y, how do
you translate the model and ensure that the result is
equivalent?

How much of your time is spent writing code to do tasks other
than fit models to data e.g. data processing, graphical
diagnostics, simulation?



Drug Disease Model Resources
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The Solution dIrnore

How to store published models and their associated details (Repository)

e Curation of these models to ensure reproducibility.

e Metadata and ontologies to help you find the models you need.

How to create, review, extend and combine published models using a
common modelling description language (MDL).

Construct models, check syntax, perform tasks within an integrated
development environment (MDL-IDE).

* Integrate with existing modelling tools via R and a standardised Task Execution
Language (TEL).

Provide standards for model inputs and outputs using a software
interchange standard language to allow translation between target
modelling tools (PharmML).

Noordwijkerhout workshop 2014 13



Platform dIMORE

Proprietary formats

Model
Repository

Additional
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Worked Example oo /aalelal>

This DDMoRe satellite Workshop will demonstrate the model

repository, languages and tools developed by the Consortium using a
model for tumour growth inhibition (TGI) by drug treatment.

The TGI model is based on a long duration clinical study of patients
with glioma. The study goal is to understand both the biology of
tumour growth and how drug treatments modify growth as reflected
in tumour size. Description of the data requires a mixed effect
modelling approach.

The original report of the model was developed using Monolix.

Noordwijkerhout workshop 2014 15



T h e St o ry d d Drug Diseasgeﬁg

= A mixed-effect model has been developed to characterize

tumor size dynamics in glioma patients treated with PCV
chemotherapy

= Herein, we illustrate the potential of the DDMoRe framework
to:

* Browse the DDMoRe library and estimate parameters of the brain tumor
mixed-effect model

e Simulate patients response with a modified PCV regimen scheduling

* Run a simulated clinical trial to prepare a phase Il clinical trial

Noordwijkerhout workshop 2014 16



Y
Clinical questions 'e[o/aalelal>

* Temozolomide is an oral molecule given for the treatment of
low-grade glioma

e There are no rules for treatment duration

- US: 12 cycles for a total duration of 12 months

- EU: as low as we can; till patient responds (tumor size decreases); sometimes
for more than 24 months

- The question of treatment duration is difficult to assess through classical
clinical trials

= PCV (Procarbazine, CCNU, Vincristine) chemotherapy regimen is
given every 6 weeks for a maximal duration of 6 cycles

* Prolonged response in the majority of patients

e Can the PCV scheduling be changed to improve the treatment efficacy?

Noordwijkerhout workshop 2014



Data sample (21 patients) oo /anlelal>

MTD (mm)

PCV onset

Noordwijkerhout workshop 2014 18



Schematic view o[o/aple]al>
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Publication ddimore

Cancer Therapy: Clinical

A Tumor Growth Inhibition Model for Low-Grade Glioma
Treated with Chemotherapy or Radiotherapy

Benjamin Ribba’, Gentian Kaloshi®, Mathieu Peyre®, Damien Ricard’, Vincent Calvez', Michal Tod®#,
Branka Cajavec-Bemard', Ahmed |dbaih®, Dimitd Psimaras®, Linda Dainese®, Johan Paliud®,
Stéphanie Cartalat-Caref, Jean-Yves Delattre®, Jérdme Honnorat®>*®, Emmanuel Grenier', and
Frangois Ducray®~*

Abstract

Purpose:To develop atumor growth inhibition model for adult diffuse low-grade gliomas( LGG) ableto
describe tumor size evolution in patients treated with chemotherapy or mdiotherapy.

Experimental Design: Using longitudinal mean tumor diameter (MTD) data from 21 patients treated
with first-line procarbazine, 1-(2-chloroethyl)-3-cyclohexyl-l-nitrosourea, and vincristine (PCV) chemo-
therapy, we formulated a model consisting of a system of differential equations, incorporating tumor-
specific and treatm ent-related parameters that reflect the respon se of proliferative and quiescent tumor tissue
to treatment. The model was then applied to the analysis of longitudinal tumor size data in 24 patients
treated with first-line temozolomide (TMZ) chemotherapy and in 25 patients treated with fisst-line
radiotherapy.

Results: The model successfully described the MTD dynamics of LGG before, during, and after PCV
chemotherapy. Using the same model structure, we were also able to successfully describe the MTD
dynamicsin LGG patients treated with TMZ chemotherapy orradiotherapy. Tumor-specific parameters were
found to be consistent across the three treatment modalities. The model is robust to sensitivity analysis, and
preliminary results suggest that it can predict treatment response on the basis of pretreatment tumor size
data

Condusions: UsingMTD data, we proposea tumorgrowth inhibition model ableto describe LGG tumor
size evolution in patients treated with chemotherapy or radiotherapy. In the future, this model might be
wsed to predict treatment efficacy in LGG patients and could constitute a rational tool to conceive more
effective chemotherapy schedules. Clin Cancer Res; 1-10. ©2012 AACR.

Noordwijkerhout workshop 2014
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DDMoRe Model Repository ‘e o/anlelal>

= Provides a collaborative model development platform

= Offers secured and versioned storage of models, data and
metadata

= Facilitates dissemination and reuse of models
= Makes content available to users and tools

= Advocates the use of standard formats

http://wwwdev.ebi.ac.uk/biomodels/model-repository



Content — Library of disease models JJrOME

= Selection of publicly-available pre-competitive models from key
therapeutic areas

* Diabetes
* Oncology

e Other diseases e.g. neurodegenerative, infectious

= Available models and data are encoded using standard formats
developed within DDMoRe



Browsing content

l 'Dmg Disease M:H:Ial Raaourcaﬂ

Models

Name

Hamren - CPT 2008
Lledo - JPP 2013
DeWinter - JPP 2008

Simeaoni - CR 2004

= Browsing using different classifications

e Therapeutic areas — e.g. oncology

* Number of compartments —e.g. 4

Format

PharmML

PharmML

PharmML

PharmmML

Submitter

LINIPY

UNIPY

UNIPY

UNIPY

l ' Drug Disease Model Resources

Register Login

Submitted

2014/01/24

2014/01/25

2014/01/23

2014/01/30

= Sorting based on different orders — alphabetical, therapeutical

10 20 50

Moditied —

2014/04/05

2014/04/05

2014/04/05

2014/04/05



Building an effective search 'e[o/aalelal>

= |Information about the model is expressed in a knowledge
representation format which can be understood by computers

* e.g. the therapeutic area of this model is oncology

= The semantic context of model entities is expressed using
unambiguous external references

e glioma is a type of cancer



Model

overview oo [aalelal>

Brief, but descriptive title

Ribba - CCR 2012 Tumour Growth Inhibition

2EEEa
Download —

Overview Files History Maodel Definition Trial Design Estimation Steps

Model Description:

A Tumor Growth Inhibition Maodel for Low-Grade Glioma Treated with Chemotherapy or Radiotherapy.

Format:

Publication:

Contributors:

Submitter

Textual description of the model

PharmML (0.2.1)

A tumor growth inhibition model for low-grade glioma treated with chemotherapy or

radiotherapy. «*
F Ducray, L Dainese, J Honnorat, B Cajavec-Bernard, M Peyre, \/ Calvez, S Cartalat-Carel, E Grenier,

J¥ Delattre, 1 Pallud, M Tod, A Idbaih, D Psimaras, B Ribba, G Kaloshi, D Ricard
Clinical cancer research : an official journal of the American Association for Cancer Research, 9/2012,

\iolume 18, Issue 18, pages: 507 1-5080 \

A Publication
details



- ______________________________________________________________/
Model display — files ddrfiGrRe

Overview Files History Maodel Definition Trial Design Estimation Steps
= Main Files
.~ example5.xml
= Additional Files CCR2012_TGI_SAEM2_MOG.mdl %,
- dataLGG_PCVW_nhZ2.csv

?~EE£EE%E:¥E%:EEEHEI&F{ ﬁcgééTngéiBgiEagtg NiEk Holford n.holford@auckland.ac.nz
; _TGI_ _dat = dataobj{
= CCR2012_TGI_SAEMZ_TO. ### Data object
# The data object specifies a table of columns of data vari
HEADER{

ID=list(type=categorical)
TIME=list(type=continuous,units="h")
AMT=list(type=continuous,units="mg")
DV¥=list(type=continuous)
MDV=list(type=categorical)
EVID=1list(type=categorical)

¥ end HEADER

FILE{
data=list(
source="datalGG_PCV nhZ.csv",
input format="MNONMEM")
1 end FILE
} # end data object

CCR2012 TGI SAEMZ2 par = parobj{

### Parameter object
# The parameter object defines the numerical values of the



Model display — history o[o/anlelal>

Overview Files History Maodel Definition Trial Design Estimation Steps

¢ Model owner: trainer
e Submitted: Apr 8, 2014 8:00:04 &AM
¢ Last Modified: Apr 8, 2014 8:11:36 AM

Revisions Modification history preserved

e Version: 2 @ &,
o Submitted on: Apr 8, 2014 2:11:36 AM
o Submitted by trainer
o With comment: Edited model name.

. Version: 1 8 of 4. < Link to previous versions
o Submitted on: Apr 8, 2014 2:00:04 AM
o Submitted by trainer

o With comment: Import of Ribba - CCR 2012




Display of models in standard formats JdIMONE

Owverview Files History Model Definition Trial Design Estimation Steps

Independent variable time
Function Definitions

constantErrorModel(a) = a

Structural Model sm1

Variable definitions

s, = (-XKDEx C

dtm - ((LMIBDEP x (PT X (1— Psﬁ*"*ﬂ))) + ((KQPP x QP) . ((KPQ x PT) . (Gmm x (G‘ X (KDEx
2 _ ((KPQ x PT) _ (Gmm x (G‘ x (KDE x Q))))

9P _ (((Gmm Y ( (KDE x Q))) - (KQPP x QP)) - (DELTAQP x QP))

PSTAR = (PT + (Q + QP))



Model submission o/o/nalo]al>

l 'Drug Dizeass Model Resources trainers Profile Logout o

Model Repomtory BROWSE SIS FEEDBACK

Submit a model

Submission Guidelines
You are about to submit a new model to the DDMoRe Model Repository. We accept submissions in PharmML version 0.2.1 and MDL 5.0.8.

In your submission, you may also choose to provide any additional files considered relevant to the model, which may be labelled with a description.

Abort Continue

Learn about the supported formats



Model submission o/o/nalo]al>

Specify the files you

Submit a model wish to upload

Upload Files
One main file

—

Please select files to upload.

Main file| Browse...  CCRZ012_TGI_SAEMZ.xml

—Supplementary files

Add

Browse,., | CCR2012_TGI_SAEMZ_MOGmdl MDL representation Discard

\

Abort Back Upload

Supplementary files can be data, graphs,
processing scripts, or any information
related to this model submission



Model submission o/o/nalo]al>

Submit a model Enter publication
reference

Enter Publication Link

Please provide a publication reference if available. Publication links can be from any of the sources listed in the drop down box (e.g. pubmed, doi,
isbn). Alternatively, select 'custom' to provide any other URL. Leave null to continue without linking the model to a publication.

-Flease select publication link type- +

Abort Back Continue \

Information automatically extracted
If PubMed ID is supplied



Sharing ddriore

= Models can be shared with other modellers

= Differentiate between

e collaborators that can update the model, and

e collaborators that can only see the model

Share model

Add New Collaborator Collaborators
Name Read Write Name Read Write
Mihai Glont C g
Ribba w w Remove
Add Save

Mihai Glont w' Remove




Showing your model to others ddimore

| The model can

= Useful for feedback and review purposes be viewed and \
retrieved, but . o
not updated

Ribba - CCR 2012 Tumour Growth Inhibition

Owerview Files History Maodel Definition Trial Design Estimation Steps
Model Description:

A Tumor Growth Inhibition Model for Low-Grade Glioma Treated with Chemotherapy or Radiotherapy.

Format: PharmML (0.2.1)

A tumor growth inhibition model for low-grade glioma treated with chemotherapy or
radiotherapy. « &

F Ducray, 1Y Delattre, \V Calvez, D Ricard, L Dainese, B Cajavec-Bernard, J Honnorat, E Grenier, &
Idbaih, D Psimaras, G Kaloshi, J Pallud, B Ribba, M Tod, M Peyre, S Cartalat-Carel

Clinical cancer research . an official journal of the American Association for Cancer Research, 9/2012,
Volume 18, Issue 18, pages: 507 1-5080

Publication:

Contributors: trainer



Updating models collaboratively JIFRERE

I4=

- a

Ribba - CCR 2012 Tumour Growth Inhibition

Overview Files History Maodel Definition Trial Design Estimation Steps

Model Description: Colleagues can pick up from where you left off

A tumor growth inhibition model for adult diffusg/low-grade gliomas (LGG) able to describe tumor size evolution in
patients treated with chemotherapy or radiotherapy.

Format: PharmML (0.2.1)

A tumor growth inhiffition model for low-grade glioma treated with chemotherapy or
radiotherapy. « @
B Cajavec-Bernarg B Ribba, A Idbaih, D Ricard, S Cartalat-Carel, E Grenier, M Peyre, F Ducray, ]
Pallud, \ Calvez / Honnorat, M Tod, G Kaloshi, L Dainese, 1Y Delattre, D Psimaras

Clinical cancerfesearch . an official journal of the American Association for Cancer Research, 9/2012,
Volume 18, Jésue 18, pages: 507 1-5080

Publication:

Contributors: Mihai Glont, trainer



Updating models collaboratively JIFRERE

l4=

- a

Ribba - CCR 2012 Tumour Growth Inhibition

Overview Files History Maodel Definition Trial Design Estimation Steps

e Model owner: trainer

e Submitted: Apr 8, 2014 8:00:04 AM See hOW your
e | ast Modified: Apr &, 2014 11:51:18 AM
colleagues

progressed

Revisions

o Version: 3 @ &,
o Submitted on: Apr 8, 2014
o Submitted by: Mihai Glont
o With comment: Expanded the model's description

e Version: 2 @ & &,
o Submitted on: Apr 8, 2014 8:11:36 AM
o Submitted by: trainer
o With comment: Edited model name.




= The DDMoRe Repository is a public resource for disseminating
models encoded in standard formats

= Models submitted to the DDMoRe Repository can be
developed collaboratively

= Models from the DDMoRe Repository can be executed using
other tools developed in the Consortium

= Models from the DDMoRe Repository can be edited using MDL
IDE



Platform dIMORE
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Modelling Description Language o Je /2 ateTal>
Overview

MDL — A New Vision for Modelling

* Independent model, data, parameter, design, task objects

e Multiple targets for execution (NONMEM, Monolix, etc)

= Structure of MDL
e MDL Example: The TGl model

e Demonstrate the objects and their components
= Object Groups

* Modelling Object Group (MOG)
e TEL Object Group (TOG)

" |ntegration of Object Groups with MDL-IDE and Repository

new slide template 40



Modelling Description Language ddriiGrRe
= MDL
*Independent model, data, parameter, design, task
objects
- Plug & Play

eTarget independent

- Usable with different targets (NONMEM, Monolix, etc)

new slide template a1



Example Target Language Inputs

NONMEM

!

'$PROB CCR2012 RIBBA TUMOUR GROWTH INHIBITION
SINPUT ID TIME AMT DV MDV EVID
'SDATA datal GG_PCV_nh2.csv
SEST METHOD=SAEM NBURN=3000 NITER=1000 ISAMPLE=1 NSIG=2 SIGL=6
CTYPE=3 CITER=10 CALPHA=0.05NOPRIOR=1
ILAPLACE NUMERICAL SLOW
NOABORT PRIN
GRD=TS(9) FILE=t coran _TGI_SAEMZ.ra
SCOV MATRIX-R PRINT-E UNCONDITIONAL SI6L=6

STHETA
ipatametesfor PCY chemtherapystudy fom CCRZ012

0.008; POP_DELTAQP mo-1

0.729; POP_GAMA

0.24; POP_KDE mo-

(0.1) ; RUV_SD mm (No estimate reported in CCR2012)
OMEG/

0.25FIX ; PPV_KDE
$SIGMA
1FIX  EPS1

$SUBRADVAN13TOL=6
1ODEL

COMP (C)

COMP (PT)

COMP (Q)

COMP (QP)

$PK

HETA(L'EXP(ETA(L)
QU=THETA()"EXP(ETA(2))
LAMBDAP=THETA(3)"EXP(ETA(3))
HETA(4) EXP(ETAW)

KQPF EmerquEw ))
DELTAQP=THETAYEXPETA(G)
THETA(7) EXP(ETA(7)
ot THETA(8) EXP(ETA(S)
K=100

“initial conditions
A0(2)=PTO

DPSTAR=PT+Q+QP
DADTID = KDEXC: conc n D effectcomparmers
DADTE) = Ly PP QP - KPQ'PT - KDE"C:; prolierating cells
DADT(E) - KPO"PT - GAMA'Q"KDE'C quiescentcells

DADT(4) = GAMA'Q"KDE"C - KQPP*QP - DELTAQP*QP ; damage quiescentcells

SERROR
PSTAR=A(2)+A@)*A()
Y=PSTAR + THETA(9)"ERR(1)

STABLE ID TIME Y
ONEHEADER NOPRINT FILE=tgi.fit

l ' Drug Disease Model Resources

Monolix

DESCRIPTION:
CCR2012_TGI_psp2.mhtran <monolic>

<algorithms see

<logLikelinood>

000

headers = (ID, TIMEAMT,Y,MDV.EVID},
columnDelimiter

INDIVIDUAL.
DELTAGP = (dstibuton=logNotl v=yes)
GAMA = (distr Normal, iv=yes),
KOE = @isrbutor al iiv=yes),
KPQ = (distribution=logNormal,iiv=yes},
KQPP = {distribution=logNormal, iv=yes),
LAMBDAP = {distributio
PTO = {distribution=logNormal, iv=yes},
QO = {distribution=logNormal,iiv=yes}

STRUCTURAL_MODEL:
file = "mix:
path = "MLXPROJECTY",
output = (PSTAR}

OBSERVATIONS:
ar

TASKS:
; settings.
globalSettings={
withVariance=no,
seltingsAlgorithms="%MLXPROJECTo4/pSp2_algorithms. xmh’,
resultFolder="%MLXPROJECTYGiresults_p5p2'),
+ workflow
estimatePopulationParameters(
initialValues=(
pop-DELTAGP = 0006,

omega, DELTAQP = 075,
Omega_GAMA= 1.15,

omega_KDE = 0.5 [method=FIXED],

omega_KPQ=0.76, <IpopulationParameters>

omega_KQPP= 0.7, <mdeua\Pavameta§>
01>

omega_LAMBDAP = 0.72,
omega_PT0=0.94,
omega_Q0=054

timateLogL I tion) ),

INPUT:
parameter=(PT0,Q0,LAMBDAP, KPQ KQPP DELTAQP, GAMA KDE}
PK:

compaamenamoun=C)

EQuATION

LAMBDAP*PT(1-PSTAR/K) + KQPP*QP - KPQ"PT - GAMA*PT*KDE*C
KPQPT - GAMA*QKDE*
AMA*Q*KDE*C - KQPP*QP - DELTAQP*QP

<ffisherinformationMatrixc>

OUTPUT:
OUpUI=PSTAR <linearization>

<falgorithms>

<fmonolie- 4 2

new slide template



The MDL — Component Languages dIrnore

The MDL is divided into two component languages:

Language MDL
1
Object Group MCL Modelling Object Group TEL Task Object Group

1 1
i 1 1 1 | | |
s Task
Objects o e ) e Lo L

The Model Coding Language (MCL) describes the model, data/
design, parameters and task properties.

The Task Execution Language (TEL) describes the task execution
steps.

43



[
The MDL - Plug & Play Objects dIrnore

Language MDL

Object Group MCL Modelllng Object Group TEL Task ObJect Group

vl \\\

Tham 2008 1. DrugA 1. Phase 2 . Estimation
Claret 2010 2. Drug B 2. Phase 3-1 2. CTS
3. Ribba 2012 3. Drug X 3. Phase 3-2 3. Optimal Design

! VA !

Local

N =

Public Company

Repository Repository Computer

44



The MCL Objects and Blocks dIrnore

=) I dat |
= HEADER Blocks of data object
'= FILE
= ' TGl _par
o~ STRUCTURAL } Blocks of parameter object
.~ WARIABILITY
=R

' TELmdl
.~ INPUT _MARIABLES
STRUCTURAL PARAMETERS
YARIABILITY PARAMETERS
RAMNDOM_YARIABLE DEFIMITION Blocks of model ObjeCt
INDIVIDUAL MARIABLES
MODEL_PREDICTION
DBESERVATION
o= QUTPUT _MARIABLES
TGI_kask
1= IMPORT
AR TARGET_CODE Blocks of task object
'= MODEL
& myEST
TiL tel

D
R R R = R B - R

45



Variable, Lists, Attributes JdIRAERE

The HEADER block describes the data variables that may be used by a
modelling task. Each variable has a name (e.g. ID) and a list of attributes. The
list keyword is used to group the attributes associated with the data variable.

For the ID variable the type is categorical while the TIME, AMT and DV variables
are continuous. The units attribute is optional. The TIME variable has units of h
and the AMT variable has units of mg.

= S TGL Workshop = # 61 Werkshon
=l iTGI_dat =@ TGl dat |
L H EQDER SEETE
- - =D =[] amT
| ID — : |I5|: 3L lick
i1 = TIME =% F':-"F'E ¥ -:; bype
+ AT A :FU cakegorical =% units
— = TIME
- o = o= 4¥ mg
= .= lisk =-{ | Dv
+-{ | MDY =% kvpe == list
- EVID nE-U conkinuous =% type
- |_= I-LE =% units H:U continuous
—IE= <¥h
+| | daka

46



MDL - Language Elements

The Data Object

Blocks, Variables, Lists, Attributes

TGI dat = dataobj!
### Data object
HEADER
ID=1list (type=categorical)
TIME=list (type=continuous, units="h")
AMT=list (type=continuous, units="mg")
DV=1list (Cype=continuous)
MDV=1list (Lype=categorical)
EVID=list (type=categorical)
V# end HEALDEER

FILE{
data=list |
source="datal&: PCV nha.cav",
inputformat="THINMEM"™)
}# end FILE
¥ # end data object

l 'Drug Disease Model Resources

HEADER block defines the different data
items

FILE block defines the source of the data

Each data variable may be described with optional type and units.
These attributes are used to check data integrity and match of data with

model requirements.

47



MDL - Flexibility
The model object ddmOr‘e
Alternative 1 - Define random effects

o GROVE vARTABLES GROUP_VARIABLES is where fixed

# No covariates used to explain fixed effects eﬂ:eCtS may be calculated.
Y# end GROT.TP_UARIABLES

RAWDOM VARTABLE DEFIHITIOH{ -
eta PPV _PTO ~ (type=Hormal, mean=0, wvariance=PPV_PTO, level=ID)
eca PPV Q0 ~ (type=Hormal, mean=0, variance=FPPV_0Q0, level=ID) RANDOM_VARIABLES_DEFINITION
eta PPV _LAMEDAP ~ (type=Hormal, mean=0, variance=PPV_LAMEDLF, level=ID] defines the distribution Of random effect and
eta PPV _EFQ ~ (type=Hormal, mean=0, wvariance=PPV_KPQ, level=ID) . . . . . .
eta PPV_KQPP ~ [type-Hormal, mean-D, variance—PPV_KQPP, level-ID) - it association with model input variables.
et PPV DELTAQP ~ (type=Hormal, mean=0, wvariance=PPV_DELTAQP, level=1ID)
eta PPV_GAMA ~ (type=Hormal, mean=0, wvariance=PPV_GAML, level=ID)
eta PPV_EDE ~ (type=Hormal, mean=0, wvariance=PPV_KDE, level=ID)
eps_RUV_EFP31 ~ (type=Hormal, mean=0, wariance=RUV_EF31, level=DV)
}# end RANDOM VARTAELE DEFINITICH -
—
INDIVIDUAL VARIABLES block defines
INDIVIDUAL VARIABLES! how the structural parameter and group
PTO=FOP_PTO%exp (eta_PPV_PTO) variables are linked to the random effects.
QO=POP_QD*exp (eta PPV_QO)
LAMEDAP=POP LAMEDAP*exp(ets PPV _LAMEDLFR) ~
KPO=POP KPQ%*exp(eta PPV EPQ)
EQPP=FOP_EQPP*exp(eta PPV_EQPP)
DELTAQP=POP DELTAQP¥*exp(ets_ PPV DELTAQF)
GLMAL=POF GAMA*exp(eta PPV GANL)
KDE=POP KDE*exp(ets PPV _KDE) _
KE=100

'# end INDIVIDULL WARIAEBLES
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MDI. - FIEXibiIity Drug Disease Model Resources
The model object dd‘ Nnore
Alternative 1 - Define random variables

o GROVE VARIABLES | GROUP_VARIABLES is where fixed

# No covariates used to explain fixed effects effeCtS may be calculated.
Y# end GROT.TP_UARIABLES

= RANDOM_VARIABLE_DEFINITION{

PT@ ~ (type=logNormal, median=POP_PT@, variance=PPV_PT@,level=ID)

08 ~ (type=logNormal, median=POP_Q®, wvariance=PPV_(Q8,level=ID)

LAMBDAP ~ (type=loghNormal, median=POP_LAMBDAP, variance=PPV_LAMBDAP,level=ID) . .
KPQ ~ (type=logNormal, median=POP_KPQ, wvariance=PPV_KP(Q,level=ID) Random variable defined
KQPP ~ (type=logNormal, median=POP_KQPP, variance=PPV_KQPP,level=ID) ~ as IogNormaI

DELTAQP ~ (type=logNormal, median=POP_DELTAQP, variance=PPV_DELTAQP,level=ID)
GAMA ~ (type=logNormal, median=GAMA, variance=PPV_GAMA,level=ID)

KDE ~ (type=logNormal, median=KDE, wvariance=PPV_KDE,level=ID)

eps_RUV_EPS51 ~ (type=Normal, mean=0, variance=RUV_EPS1,level=DV)

H# end RANDOM VARIABLE DEFINITION

- INDIVIDUAL_VARIABLES{ INDIVIDUAL_VARIABLES Since individual level variables
K=100 are defined above in RANDOM_VARIABLE_DEFINITION
} end INDIVIDUAL_VARIABLES there is no need to specify them in this block.
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MDL - Flexibility ddmOf"e
The model object
ODEs and Model Libraries

MODEL PREDICTION{

ODE
DPSTAR=FT+0+0F
C=ode (deriv= -KDE*C | # conc in HPD effect compartment

PT=ode (deriv= LAMEDAP*PT* [(1-DPITAR/K] + EQFP*QF - KPQ¥PT - GALAMA*PT*EDE*C ,init=PT0O]
Q=ode (deriv= HKPQ*PT — GAMA*Q*EDE*C ,init=00) # cquiescent cells
QP=ode (deriv= GAMAYQFEDE*C - KQPP*QF - DELTAQP*QP | # damage quiescent cells
h
LIBRARY
amount=nradvan (mode 1=13)

}
P3TAR=PT+Q+0F
1# end MODEL PREDICTICH

MODEL_PREDICTION is where calculations are defined using group and individual variables
("parameters®)

LIBRARY sub-block supplies predictions from external libraries
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MDL — FIEXibiIity Drug Disease Model Resources
The model object ddmOf‘e
The Observation

Alternative 1 — Prediction and Random Effects

OBSERVATION block links
OBSERVATION{ individual model prediction
T = P3TAR+RUV_SD¥eps_ RUV_EPS1 (PSTAR) and its associated

+# end OBSERVATICON residual error.

Alternative 2 — Observation Distribution

= OBSERVATION{
Y ~ (type=Normal, mean=PSTAR, variance=RUV_EPS1, level=DV)

+# end OBSERVATION
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- ______________________________________________________________/
MDL - FIEXibiIity Drug Disease Model Resources
The task properties object dd‘ NOoMNe
Direct control of target

 TGI_task = taskobj{ } IMPORT block provides information to the MDL-

H#i# Tazsk P ti bject . . .
ST rmeRTEs e IDE so that it can recognize the nmadvan library

- IMPORT{ madvan = list {target = HMTRAW CODE, nsme="ADWVAN",
param=list (wodel=13, crans=0, ncmt=4)

Ik

=~ TARGET _CODE (target=HMTRAH CODE, location="{ESTIMATICON") {*+**
$EST METHOD=SAEM NEURN=3000 NITER=1000 ISAMPLE=1 NSIG=2 SIGL=6
CTYPE=3 CITER=10 CALPHA=0.05 NOPRIOR=1
sLAPLACE NUHERICAL SLOW
NOABORT PRINT=10

GRD=TS(9) FILE=TGI.raw TARGET_CODE blocks specify statements that should
§COV MATRIX=E PRINT=E UNCCNDITIONAL SIGL=a . .
#%%) # end TARGET CODE > be passed unchanged to the target scripting language.
$EST record to specify the estimation methods
}# end ESTIMATE .
b4 end of nyEST and options.
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M DL -— TaSk Execution Drug Disease Model Resources
The TEL object ddmope
Modelling with R

TEL is an R package for DDMoRe that allows modellers to manipulate MCL objects, create
MOGs and perform tasks with these MOGs e.g. estimation, simulation, optimal design.

TGI tel = telobdi
# Fit model using NONMEM
TGI £it=TGI task$myEST (c="NCONMEM", w=TGI wdl, p=TGI par, d=TGI dat)

The results of the estimation task are returned in a standard output object named TGI_fit.
This is an R object that can be passed to other TEL functions or standard R commands.

Standards are being defined for modelling output to allow, for example, use of Xpose with
BUGS output, or coda with NONMEM MCMC output.
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MDL -_— FIeXibiIity Drug Disease Model Resources
MOG and TOG dorMmonre
Links to the Environment

Language MDL

{ |
Object Group MCL Modelling Object Group TEL Task Object Group
| ] L ] 1 L ] L ] H

Y I e\

Tham 2008 1. DrugA 1. Phase 2 1. Estimation
Claret 2010 2. Drug B 2. Phase 3-1 2. CTS
3. Ribba 2012 3. Drug X 3. Phase 3-2 3. Optimal Design

! VA !

Local

N =

Public Company

Repository Repository Computer
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Platform dIMORE

Proprietary formats
Model

\<147K%9

Additional 9

files s g’\_}

Converter ‘= /4
toolbox

55



MDL IDE Platform- ddﬁ\(m)?‘G

independent

= MDL implementation Code generator

* Grammar = Converter to NONMEM
* Validation = Converter to PharmML
e Scoping rules

e Type checking

e Automated code formatting Model execution

= R
= Userinterface = NONMEM
e Content assistant = Simulx

e Highlighting of code
* Show information about errors/warnings
e Automated fixes

e Documentation
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Live demonstration: overview JdIrORE

= Create a new project

= Add/import models and data

= Write code using content assistant
= Navigate using outline view

= Use templates

= Understanding errors and warnings
= Quick fixes

= Convert and execute models



Back up slides: add/import model ~ ddrMGHE

= Create model: File - New — Other —» MDL Project - MDL

fil
c 0 e—
Model Description Language (MDL) File

This wizard creates a new file with *.mdl extension that can be opened by an MDL
editor,

Project:  /MDL projects/src/models/WP3

FEile name: new_model.mdl

Next > Finish || Cancel
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Back up slides: import multiple files JdIrfMONE

" File > Import —> General — File system
(O imeot |
File system e

Please specify folder D

-

From directory: ChUsers\Matallia\ddmore-codetimaintWP2heu.ddmore.converter.mdl -

[#]| = files | |5 CCR2012_TGI_SAEMZ.mdl
CCR2012_TGI_SAEMZ.xml
|5 CCR2012_TGLmdI
CCR2012_TGLxml
=] warfarin_PK_BOV.mdl
[E| warfarin_PK_BOWV xml
=l warfarin_PK_PRED.mdl
[£| warfarin_PE_PRED.xml

Filter Types.. | | SelectAll || Deselectan |
Options

[] Owerwrite existing resources without warning

[ Create top-level folder

@ o> [ e
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Back up files: navigating using the

outline view

nodel.me [ "CCR2012_TGLmdl 23

OBSERVATION{
¥ = PSTAR+ RUV_SD*eps RUV_EPSI1
Ht end OBSERVATION

MODEL_OUTPUT_VARIABLES{
ID
TIME
¥

H# end OUTPUT VARIABLES

} # end of model cbject

- CCR2812_TGI_task = taskobjq{

= TARGET CODE(target = NMTRAN CODE, location="%PROBLEM", first=true){***
EPROE CCR2212 RIBBA TUMOUR GROWTH INHIBITION

B ]

T

MODEL {
tolrel=9
H end MODEL

end TARGET_CODE

myEST=function(t,m,p,d) {

Noordwijkerhout workshop 2014

HE
I me

m

l ' Drug Disease Model Resources

0% Outline 53 =5
. @ CCR2012_TGLpar
4 (& CCR2012_TGLmdl

MODEL_INPUT_VARIABLES
STRUCTURAL_PARAMETERS
VARIABILITY_PARAMETERS
RANDOM_VARIABLE_DEFINITION
INDIVIDUAL_VARIABLES
MODEL_PREDICTION
OBSERVATION
MODEL_OUTPUT_VARIABLES

PER Y

22 TIME

P

4 @ CCR2012_TGI task

= MODEL
TARGET_CODE
£ myE5T

) CCR2012_TGL tel
a [ ] CCR2012_TGL fit

4 | CCR2012_TGI taskSmyEST
T



Back up files: content assistant

Ctrl + Space
Objects

° obj =...

Blocks

l ' Drug Disease Model Resources

o
A

e obj = mdlobj{...

Lists

elist (use=..

euUnits=...

Noordwijkerhout workshop 2014

i= dataobj i= ESTIMATION Fadm
_ ) i= GROUP_VARIABLES Foamt
'= mdlobj i=IMPORT st
'= parobj '=INDIVIDUAL_VARIABLES Ficens
i= taskobj = MODEL_INPUT_VARIABLES Bt
= telobj = MODEL_OUTPUT_VARIABLES Plicovariate
= MODEL_PREDICTION Fidose
| L || = OBSERVATION g
= RANDOM_VARIABLE_DEFINITION v
i= SIMULATION Eq—'ld“',' d
= STRUCTURAL_PARAMETERS [Yevid
"= TARGET_CODE [Hid
I= VARIABILITY_PARAMETERS Ei chv
11
[Flitype
Fllimit
ﬁq:'m dv
Eq:'ucc
Eq'-hcca sion
F‘rate
[oreg
ﬁq:'ss
Eq'JI:a u 3
ﬁq'-*ti me
Fting
|
< [ b

£3"Ci »
&¥"CisL"

£¥"Ci/g"

€¥"Cifkg"
£¥"CifmL"
£¥"Ci/mg"
E¥"Ciful”
K#"Ci/ug" | L4
£ ¥"Coulomb”

4" DAYS"

£¥" DAgl”
£¥"DAgU/mL"

4 #"DISK"
4LF'DRUK"

&% "ED 50"

£ ¥"EID 50/ dose"

4 ¥"ELISA unit”

£ ¥#"ELISA unit/dose”
S FELISA unit/mL"
&3P

4 F"FINGERTIP UMNIT"
& ¥"Farad"

£3¥"GBq"

£¥"GBg/g"
£¥"GBg/mg"

L@ [ n

L | | L | I




Back up: custom templates

* Window — Preferences - MDL — Template

type filter text

General

Help

Install/Update

Java

MDL
Compiler
External Tools
Refactoring
Syntax Coloring
Task Execution Service
Templates

Run/Debug

Tearn

Templates

l ' Drug Disease Model Resources

Create, edit or remove templates:

Marme Context

Descripticn

Parameter Object MclObject

MCL Parameter Object

PK Model Object MelObject
PK Model Object MelObject

MCL PK Model Object
MCL PK Model Object

Edit...

Bemove

Restore Removed

Revert to Default

Import...

®@

Noordwijkerhout workshop 2014
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Back up: inserting custom templates ddrMOHeE

s ————— o —

projects/src/models/WP3/new_model.mdl - Eclipse Platform

wigate Search Project Run  Window Help

@ggvgﬂn'gf\},'ﬁ."ﬂﬂ@' '| L | Quick Access
derer 52 55 Y = A CCR2012_TGLmd |Z *new_model.mdl i3 = 08 0= OQutline 53
PharmMIL testing # New drug model -
orojects r =]
, - - objectname = mdlobj{
C ® -
" PK Model Object - MCL PK Model Object # The model object receives a list of input data variables from the data object and parameters (co
- data @ PK Model Object - MCL PK Model Object # The parameter and variable names in the model object must be matched by a similar name in t
» maodels @ Parameter Object - MCL Parameter Object # Mote that varniables in the data object and parameters may be defined in the parameter object th
&= WP3 # Model variables are derived from the input data variables and parameters using algebraic expre:
> = Alzheimer
X g BOL MODEL_INPUT_VARIABLES
; BO1 E # A name for each input data variable is required. Special uses of input data variables are indicate
> iz BO1 Emax ID=list{use=id,level=2)
> [ data TIME=list{use=idv,units="units")
» = Emax WT=list(type=continuous,use= covariate, units="units"}
. = OGTTIaI ;E!ml"\:ﬂ_[g::@stEusezEn"ﬂt,l.mit_s:';units"cji ”
~ =listitype=categoncal use=dw
(& sre-gen . DV=list(type=continuous,use=dv, level=1,units="units")
> [ tumour size MDV=list(use=mdv)
¢ (= warfarin_PK_ADVANS # end MODEL_INPUT_VARIABLES
5 = warfarin_PK_BOV
. = warfarin_PK_PRED STRUCTURAL_PARAMETERS]
. §= warfarin_PK_PRIOR # The STRUCTURAL_PARAMETERS Block defines the structural model parameters.

# A name for each parameter is required, Other attributes such as units are optional.

p 5 warfarin_PK_SIM # Units may be used to achieve consistency between the parameter, data and model chject value

> = warfarin_PKPD_turnover # This could be implemented during the WP2 translation process.
> 5= warfarin_T2E_exact
> 5= warfarin_T2E_INR_sim POP_CL
» = warfarin_T2E_interval Egg-gn
» 4= warfarin_T2E_interval_me 4 POP TLAG
| CCR2012 TGLmdl 1# end STRUCTURAL PARAMETERS
2 new_model.mdl &5, Progress 23 Problems Console
. . - VARIABILITY_PARAMETER!
:_ge:ﬂ testmd No operations to display at this time. #TheVARIABIT.l'I’Y_PARAMEE:{I'ERS Block defines the variability parameters.
PPV_CL
PRV_Y
ig MDL-IDE PPV_KA
odels PPV_TLAG

Bl DROD

I | 3




Back up: understanding errors and Rl 2 ateTal>

warnings
- CCR2812 TGI par = parobj{
X DATAL
¥
= STRUCTURAL{
] POP _PTeB=list(value=7,13) # mn
(%] POP_Q@=1ist(value=41.2) # mn
= VARIABILITY{
ol PPV_PT@=list(fvpe=var)

PPV _QB=list(value=8.292 ,type=var)
PPV_LAMBDAP=list({value=8.518 ,type=var)
PPV _KPQ=list(value=8.578 ,type=var)

PPV _KQPP=list(wvalue=0.941 ,type=var)
PPV DELTAOP=list(value=8.563 .tvpe=var]

Required attribute is missing: value =

4 k
e "—SSSSae—————— e e
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Back up: quick fixes ddrmore

= MODEL_OUTPUT VARIABLES{
D
TIME
¥

il X

Wariable not declared

4

- CCR2812 TGI task = taskobj{

i e e . Y

+i, Vanable not declared

11 quick fixes available:

Add vanable declaration to GROUP VARIABLES

l Add varniable declaration to INDIVIDUAL VARIABLES .
Add vanable declaration to INPUT VARIABLES

Add vanable declaration to MIXTURE J

Add vanable declaration to MODEL PREDICTION

Add vanable declaration to OBSERVATION

Add variable declaration to ODE v

Noordwijkerhout workshop 2014



Back up: conversion (NONMEM) JdIRARBAE

4 =% Testing MDL-IDE

4 (& models ﬁccnznu_ml.cu-wme_ x
|= CCR2012 TGLm File Edit Format VYiew Help
- = Mew ] -
4 [= output ;I'Hd-!ZT_Tt 1102 beta, last o
" CCR2012_TGLct Open £3 modification 24.08.2013,
CCRI012 TGLsn g Natallia Kokash |
-l Open With ’ (natallia.kokash@gmail.com) 1
Convert to NONMEM (PE) $PROB CCR2012 RIBBA TUMOUR T
Convert to PharmML (PE) GROWTH INHIBITION
Run with MOMNMENM = SINPUT
S Copy Ctrl+C . IID TIME AMT DV
e 1) I
Paste ke $DATA mydata.csv |
¥ Delete Delete
Move $SUBR |
R NMADVAN13 TOL = 9
Rename... F2
$MODEL
2y Import.. COMP (C)
A | Export... B coMP (PT)
= coMP (Q)
2" Refresh F5 comp (QP) i
Run As k
Debug As r L
Team » 'E_‘T
Compare With 4 -ItEr
Replace With *
Properties Alt+Enter
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Back up: conversion (PharmML)

Resource - Testing MDL-IDE/models/CC

e Edit MNavigate Search Project Bun  Window Help
TTEHES @y GOy [ 4

< Pr.. i3 Pa = B

B &
> 525 MDL2PharmML testing
> 15 MDOL projects
» :I_:,:-g Test
4 =% Testing MDOL-IDE
4 [= models
|=| CCR2012_TGLmdl
4 [= output
| 7| CCR2012_TGLctl
CCR2012_TGLxrnl

=4

l ' Drug Disease Model Resources

= *CCR2012_TGLmdl &3 CCR2012_TGLxml 3
}# end MODEL_PREDICTION - <?xml version="1.8" encoding="UTF-3"?>
<PharmML
= OBSERVATION{ xmlns:xsi="http:/ wwv.w3.org/ 2801/ XML5chema-inst:
¥ = PSTAR+ RUV_SD¥eps RUV _EPS1 w¥mlns="http:/ www.pharmml.org/2813/83/PharmML"
}# end OBSERVATION wsirschemalocation="http://www.pharmml.crg/2813 /0
xmlns:math="http:/ weaw.pharmml.org/2813/83/Maths’
xmlns:ct="http://www.pharmml.org/2813/83/CommanT:
= MODEL_OUTPUT_VARIABLES{ xmlns:ds="http://www.pharmml.org/2813/08/Dataset’
ID xmlns:mdef="http://www.pharmml.org/2813/83/Modell
TIME xmlns:mstep="http:/ www.pharmml.org/2013/83/Mode.
Y xmlns:design="http:/ www.pharmml.org/2013/83/Tri
1t end OUTPUT _VARIABLES writtenVersion="8.1">
<ctiName>"CCR2812 TGI"</ct:Mame:
1 # end of model cbject ¢IndependentVariable symbId="TIME"/>
<ModelDefinition xmlns="http://ww.pharmml.org/2:
— CCR2812 TGI_task = taskobj{ <VariabilityModel blkId="wm err.CCR2812 TGI 1
<level symbId="DV"/>
= MODEL { </VariabilityModel:>
tolrel=0 - <VariabilityModel blkId="wm _mdl.CCR2812 TGI i

}# end MODEL

m

= TARGET _CODE(target = NMTRAN_CODE, loci
$PROB CCR2812 RIBBA TUMOUR GROWTH INH—

<{Level symbId="ID"/>

</VariabilityModel>
<ParameterModel blkId="pm.CCR2812_TGI par":

<SimpleParameter symbId = “POP_PTB"/=<5i

wEE </Parametertodels
1t end TARGET_CODE <ParameterModel blkId="pm.CCR2812_TGI_mdl":

= myEST=function(t,m,p,d) {
E2 EXECUTE { 5
< i — ¢ < [
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¢{RandomVariable symbId="eta PPV _PTE@">
<ct:VariabilityReference:
<ct:SymbRef symbIdRef="ID"/>

o
=

-



Drug Disease Model Resources

Back up: task execution with R

| StatET - TerdmudelgC@()lZ

Eile Edit Navigate Search Project R Run Window Help

i L @ik e RO QD S - DG G ] QuickAccess | & | 4 Plug-in Development [ MDL (3 StateT]
rﬁ_‘;PrDjert Explorer &2 = ‘ # =8 |= warfarin_PK_PRED.mdl [F] pk_pharmml.R |F] demo_warfarin_PK_PRED.R %] tgil_pharmml.R 421 CCR2012 TGI_ SAEM2.mdI 2 | [] CCR2012 TGI_ SAEM2 TELR = b
(= data - RUV_EPS1 » B
4 5= models }t end VARIABILITY_PARAMETERS

i (= example5
> &= Runl_NONMEM

il = RANDOM_VARIABLE_DEFINITION{
= RunZ_NONMEM

# The RANDOM_VARIABLE_DEFINITION block is used to define the distribution of random variables.

= CCR2012_TGL SAEM2 IDE.ctl eta_PPV_PT@ ~ (type=Normal, mean=8, variance=PPV_PT@,level=ID)

=| ccr2012_tgi_saem?2_imp.fit eta PPV_Q@ ~ (type=Normal, mean=8, variance=PPV_Q@, level=ID) =
2] CCR2012_TGI_SAEM2_IMP.Ist eta_PPV_LAMBDAP ~ (type=Normal, mean=0, variance=PPV_LAMBDAP,level=ID)

> CCR2012 TGI SAEM2.ctl eta_PPV_KPQ ~ (type=Normal, mean=0, variance=PPV_KPQ,level=ID)

ccr2012.tgi_saem2.ctlstst eta_PPV_KQPP ~ (type=Normal, mean=0, var‘ian?e:PP\LKQPP,level:ID)

= eta_PPV_DELTAQP ~ (type=Normal, mean=0@, variance=PPV_DELTAQP,level=ID)

MEAECRI0I FRIGUSAEN AU eta_PPV_GAMA ~ (type=Normal, mean=8, var‘iance:PPV_GA!VIA,IEVEI:ID) R CO n S O | e &
CCR2012_TGLSAEM2 mdl.bak eta_PPV_KDE ~ (type=Normal, mean=8, variance=PPV_KDE, level=ID)

) datalGG_PCV_nh2.csv eps_RUV_EPS1 ~ (type=Normal, mean=8, variance=RUV_EPS1,level=DV)

nmobj.txt }Ht end RANDOM_VARIABLE_DEFINITION

[ ]
- s y raphics
+ & CCR2012_TGLSAEM2 2 | TMATUTNIIAL _VADTARI CCT = |

[l CCR2012_TGI_SAEM2_TELR

11

i workflowFunctions.R & Console & X-@ X% GBI k& R Graphics X% =0
[} CCR2012_TGI_SAEM2_TELR R Console run [R Console] R3 / RJ (11 Apr 2014 10:05:37) - CAPKPDStick) ... \src\models <idle> Device 2 | R Console run [R Console] <active>
) CCR2012_TGLSAEM2 2ip [5] "KQPP=THETA(5) *EXP(ETA(5) ) "  “DELTAQP=THETA(6) *EXP(ETA(6) ) " - -
[ warkflowFunctions.R [7] "GAMA=THETA(7) *EXP(ETA(7) ) " "KDE=THETA(8) *EXP(ETA(8) ) "
(& src-gen [9] "K=108" "A_B(2) =PTO" ! L
4 32 warfarin [11] "A_8(3) =0a"
4 = src
& data T $Todséomp C) ™ “COMP (PT) " “COMP " "COMP (QP) " =
» & models [1] ©) (PT) Q ()] 100 4 3
4 & package $Error
H updateR [1] "PSTAR=A(2) +A(3) +A(4) " "Y=PSTAR + THETA(9) *ERR(1) "
4 = scripts
[#] demo_warfarin_PK_PRED.R $Estimates L
T 1ol R T [1] "METHOD=SAEM NBURN=3808 NITER=1000 ISAMPLE=1 NSIG=2 SIGL=6 CTYPE=3 CITER=1@ CALPHA:
¥ Object.. & &= Qutline Cmd H... RHelp = B $Cov 80
[1] "MATRIX=R PRINT=E UNCONDITIONAL SIGL=8"
1 (
> [ Globalenv (8/71) > myMOG.Data<-1ist(FILE=myMOGSData, HEADER=myMOGE Tnput )
» £ packageigridExtra (58/59) > myData< read.csv(myMOG.Data$FILE[1],stringsAsFactors=F,na.strings=".", |
» & package:ggplot2 (240/241) col.names=myMOG. Data$HEADER[,“Label"]) =
© £ package:Repp (24/41) > xyplot(DV~TII‘~\E groups=ID, type="b",data=myData) A
£ packagexposed (0/1) ﬁ 60 i
) . . Submit
package:xposedclassic (48/49) - 4 I 2 4 [ ¢

| writable | Insert | 118:59
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Platform dIMORE

Proprietary formats

Model
Repository

Additional
files

X =

Converter p‘#
toolbox
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Introduction to PharmML JdIRAERE

A long-standing problem in Pharmacometrics is the lack of a
common standard allowing for exchangeability of models
between existing software tools, such as Bugs, Monolix,
NONMEM and others. PharmML, as part of the DDMoRe
interoperability platform, tries to fill this gap.

PharmML stands for ‘Pharmacometrics Markup Language’

This new standard provides an encoding platform for

approaches currently in use but also attempts to create
support for novel elements.
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R esu I ts d d Drug Diseasgeﬁ)lé

= The current specification supports the exchange of continuous
models. Models encoded in this way can be used not only for
the standard tasks, such as simulation, estimation but also
modelling and exploration.

= The novel clinical trial model provides the modeller with the
tools to construct almost arbitrary study designs using only few
basic building blocks, such as Epoch, Arm and Treatment.

= Moreover, PharmML is providing a means to annotate an
arbitrary element of the model, making effective searching and
reasoning on models in the DDMoRe repository possible.
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/8
Role of PharmML in the Sl e aTeTal>

interoperability platform

PharmML is one of the key elements
o o of the interoperability platform
Machine-to-machine developed within DDMoRe. Its main

objectives are: encoding of models,

trial design and basic tasks. It
provides also the means for model
FHharniMIL
. )
S-ADAPT /
S MDL
. a Editor

annotation.
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PharmML language organization

...........

ObservationModel

ParameterModel

ModelDefinition

' PharmML

b------—--

Treatment

Epoch

Group

l ' Drug Disease Model Resources

>
o
-
K
...
»
o
o
.

VariabilityLevel

Simulation/
Estimation

StepDependencies

There are three basic blocks in PharmML:

‘ModelDefinition

' ‘Trial

whiglDesign’ and ‘ModellingSteps’
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PharmML model in editor view

13

14 p
17
18 p
21
22 b

265

266 p

453

454 p

A I
I"El\.,-

491
Z0O0!I 43

in or 493+
soy 394

s69 495 b
743 322
B 55

543
544 p
567

AR T = A = TR

[
O

<ModelDefinition xmlins="http://ww.pharmml.org/2013/83/ModelDefinition">
<VMariabilityModel blkId="modelVar" type="parameterVariability"> [2
<VariabilityModel blkId="obsErr" type="residualError"> [Z lines]
<ParameterModel blkId="pml"> [242 lines]
<s5tructuralModel blkId="sml"= [1&6 lines]
<ObservationModel blkId="oml"> [35 lines]

</ModelDefinition>

<TrialDesign xmlns="http://www.pharmml.org/2013/83/TrialDesign">

<S5tructures [Z6 Llines]

<Population= [19 lines]

<IndividualDosing> [2Z lines]
</TrialDesign=

l ' Drug Disease Model Resources

lines]

The first three layers of the PharmML hierarchical structure are shown: (a) The root level
‘PharmML’, (b) the second level with ‘ModelDefinition’, ‘TrialDesign’ and ‘ModellingSteps’,
and (c) the third level within ‘ModelDefinition’ and ‘TrialDesign’.
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Parameters in PharmML 'elo/aple)al>

ParameterModel
—SimpleParameter
—RandomVariable

1 ~ N(U,wv)

—IndividualParameter

W;
log(V;) = log(Vyop) + S log (ﬁ) + iy
Wi.s ,
-ﬂ::L%m(?ﬁ) e

— Correlation

PV.CL

2
Wipa WkaV WkaCL

2 ]
l’.-l..l2
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Variability in PharmML o[o/anlelnl>

PharmML provides the means to define a variability hierarchy of
random effects. It can be visualized as a tree:

Population/Typical

1
Value -
/ \ 2)
Country, m B O
Center, | © ©
0)
Subject,i  ssssrreee{@Ferrrree @@ (@O @ e [ e O e

(-1)
Occasion, k- AL 2, WO AR RSN VOB 2 N A 5 WSS A WY s WO WS WS, Wo— N 1 VT 1 W———— E 2

The representation of the variability structure for a complex example with four
levels is shown: country, center, subject and occasion. Usually, the variability
structure consists of only one or two levels, e.g. individual or {individual, occasion}
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PharmML Trial Design Features JdIRRAGHE

PharmML offers a very flexible structure for the setup of clinical trials — based
on a CDISC standard. Using only a few basic elements the modeler can
compose virtually any type of design.

The basic building blocks are:

1. Epoch — basic time interval within a study — for example a treatment or
washout.

2. Arm — represents a path through the study taken by a subject. An arm is
composed of a study cell for each epoch in the study.

3. Cell — describes what is carried out during an epoch in a particular arm.
There is only one cell per epoch.

4. Activity (Treatment) — is an action that is taken in the study. Here it is
typically a treatment regimen or a washout.
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Trial Design — Ribba et al. example JdIMONE

Treatment
Epoch

L, Cellt

1, Cell2

Alternative design, e.g. with four arms, is easily implemented in PharmML
— each arm receives a differé AYtHETCHMERT T4, o



Once you have a model encoded in

PharmML...

all options are open

Estimation
Tools

e
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MDL Editor

MDL

1
1
1
1
1
1
1

v

Simulation
(CTS) tools

ddi

OED
Tools
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Live demonstration role play 'e[o/aalelal>

= Changes in the code in relation to the model (Benjamin)

e Change in administration time, dose, design ...

* New questions...

* ChangesinR (TEL)

= Run the execution (Richard)



Messa g = d d brug mseasgeﬁ,g

before after




Question & Answers JdIrABRE



To be continued...
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Participants JdIRORE

a unique combination of model builders, model users, software developers and teachers
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