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Objectives

The definition and implementation of formats enabling a reliable exchange of pharmacometric models across software tools is one of the key goals for etficiently promoting collaborative drug and
disease modelling and simulation (M&S) research. PharmML, one of the key DDMoRe interoperability platform elements, has been designed to play the role of the exchange medium for
mathematical and statistical models [1]. Similarly, the Standardised Output (SO) has been developed as a complementary element, tool-independent format, for storing typical output produced in a
pharmacometric workflow:
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As a generic output model, SO aims at:

Introduction

SO3 |-
. processing i MONOUK )
* providing a flexible storage structure for typical results
of M&S analyses performed in any DDMoRe target tool; Exploratory s Bootetra Clinical Trial Optimize
: . Initial Data Final Data & analysis in —— =04 — P > Simulation in designin =——— Report —( End
* enabling effective data flow across tasks to ensure - 4 4 MixPlore in PsN Matlab/Simulx PFIM/PopED e
: : : PharmML1 Estimation T (— .
optimal Interactions among software tools and, then, PharmhiL2| — CNONMEM PharmhiLS| PharmMiLG PharmMﬁL?
extend the modelling capabilities of the workflow; = S05 S06 S07
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* facilitating information retrieval for post-processing S0
and reporting, by allowing immediate access to M&S
results. Effective workflow support — the key benefit coming from SO usage
SO Structure Example 1: Population estimates
SO consists of the following seven main sections: Typical output for parameter estimation. First the columns — here the
= Tool Settings — storing the reference to any file containing the tool settings of a performed task. names .(Lf P(;lpulamin Pammet?? - are specified. Thleg twgl options
exXiSst: either the results are stored inline or 1in an external data rile.
= Raw results — placing references to original output files, both data and graphics, produced by any target tool. Estination
<PopulationEstimates>
o . . . . . <MLE>
* Task Information — holding the information about the modelling step execution. <Definition xalns-"http:/ /. pharmnl org/pharm /0 6/Dataset’s o
<Column "POP_V" "popParameter" "real" "2"/>
= Estimation — storing typical output ot interest resulting from an estimation task. “Cotom PP TLAG" D popparaneter" el Cress
<Column "BETA_CL_WT" "popParameter" "real” "5"/>
= Model Diagnostic — designed for storing information resulting from typical model diagnostic plots. ig%ﬂm PLCL ot popharanetr” vl LeTye el < R ”
<Column _ popParameter rea >
. . . . . <Column :PPV_KA" C "p?pParameter" / "rﬁal" C "9:/>“
= Simulation — storing typical results produced in a simulation task. <Colum PPV-TLAG) popParanster real; o/
<Column "RUV_ADD" "popParameter" "real” "12"/>
= Optimal Design — storing results coming from a evaluation or optimization step. <4D§g}:?2n> o CORR;PPV_(le_V S G/Zoppmmeter real 13
<Table "http://www.pharmml.org/pharmml/@.6/Dataset">

<Row><ct:Real>0.93882</ct:Real><ct:Real>1.63219</ct:Real><ct:Real>8.10703</ct:Real>
<ct:Real>1</ct:Real><ct:Real>0.13426</ct:Real><ct:Real>0.75</ct:Real>
<ct:Real>0.54806</ct:Real><ct:Real>0.76833</ct:Real><ct:Real>0.13334</ct:Real>
<ct:Real>0.26875</ct:Real><ct:Real>0.16612</ct:Real><ct:Real>0.32349</ct:Real>

5 <ct:Real>0.07736</ct:Real>
StandardizedOutput <SRows
: c </Table>
. . EStImatIOH — <!-- ALTERNATIVELY: external data reference
DptlmalDQS|gn Breclm e <ds:ExternalFile oid="ext1">
<ds:path>popEstimates.csv</ds:path>
</ds:ExternalFile>-->
</MLE>
SimulatedData N
v Criteria D - - . . :
CouvarianceMatrix opulationtstimates | PresicionindividualEstimates . .
Taskinformation FIM — e
/ — ParameterPrecision e = \ Residuals Example 2. Optlmal dGSIgn
ayesian . . .
TollSettings AL In an optimal design task, e.g. evaluation, relevant results such as the
NumberChains | ExpectedSE ExpectedRSE Likelihood EpsShrinkage\ . . . . :
Message Y “elinoo PosteriorMean PosteriorMode Fisher Information Matrix (FH\/D and the covariance matrix are
— ResidualTabl
OutputFilePath / ExpectedShirinkage PosteriorMedian e et captured.
S N E It ; v IndiuContribTolL PresicionPopulationEstimates <OptimalDesign "evaluation"s
OGlName umberiterations <OptimalDesignBlock ">
Name ! awResdults Deuviance = <FIM> <!-- 3x3 matrix for simplicity -->

Contert l AunT] MLE <ct:Matrix "Any">

onten unlime ; T <ct:RowNames>
/ Dat;Fi[e/\ InfrormationCriteria Loglikelihood . MultiDimLLP <ct:String>POP_CL</ct:String><ct:String>POP_V</ct:String><ct:String>POP_KA</ct:String>
Severity S——— StandardError RelativeStandardError </ct:RowNames>
raphicsFile ! N N <ct:MatrixRow>
, alc DIC ﬁggmptgtic[] CovarianceMatrix - , </ct?;z;$$i;x;21e-05</ct:Real><ct:Real>2.36e—04</ct:Real><ct:Real>-0.000124</ct:Real>
ModelD: " \ PrecisionEstimates <ct :MatrixRows
odetliagnostic ndividualEstimates CorrelationMatrix v <ct:Real>2.36e-@4</ct Real><ct:Real>4.95e-02</ct :Real><ct :Real »-0.006150</ct :Real>

FIM </ct:MatrixRow>

PercentilesCl

<!-- omitted other matrix rows -->
</ct:Matrix>
</FIM>

SIR

— y Simulations m—
DiagnosticPlotsindividualParams - : 7 — Y
EtaShrinkage Estimates ,rﬁ\

' i SimulationBlock . -
relgioine Pler=Siue el el RandomEffects StandardDeviationPosterior , <CovarianceMatrix> <1-- 3x3 matrix for simplicity -->
/ PercentilesCl > p— <ct:Matrix "Any">
. ercentiles <ct :RowNames>
IndivFits UPC ) , PolulationParameters Effgctm Mean Samp[es PosteriorDistribution SR <ct:String>POP_CL</ct:String><ct:String>POP_V</ct:String><ct:String>POP_KA</ct:String>

SimulatedProfiles Y Samples - </ct:RowNames>

/\ ) Bootetra PrecisionEstimates <chMatrixRow.
| IndiuPredictionUsObseru Randon:Effects RawResultsFile EhiZ A l Median : N <ct:Real>4.21e-05</ct :Real><ct :Real>2.36e-04</ct Reql><ct :Real>-0.000124</ct :Real >

Jbservationiable / v ! - EffectMode Mode - : PrecisionEstimates :ﬁﬁtmﬁﬁflﬁzﬁf

- Dosi Precisionkstimates e ) ) . ) .

IndiuParameters osing <ct:Real>2.36e-04</ct:Real><ct:Real>4.95e-02</ct:Real><ct:Real>-0.006150</ct:Real>

PredictionTable : : </ct:MatrixRow>

PercentilesCl PercentilesCl <!-- omitted other matrix rows -->
L — w7 Couvariates </ct:Matrix>

</CovarianceMatrix>

Target tool — SO connection: libSO & connectots
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Target tool — PharmML connection: libPharmML & connectors

Model Definition

= Variability Model — allows to define any number of variability levels

Non-linear mixed effects model
The general NLME model for N subjects and 7, measurements per

StructuralModN

CouvariateModel

ParameterModel

as a nested hierarchy.

: . . . ObservationModel UariabilityModel subject 7 reads as follows [2]
= Covariate Model — describes the covariates, both continuous and N e
. . . . . . . . .. f— a’; . . :U . . 6 . 7/ n
discrete, their distribution, transtformation and interpolation. Jii f ( R %Z 9 (235, ibf’ §) ij =USAV, LT ST
= Parameter Model — offers flexible structure to encode structured and ModelDefinition Expgzﬁental prlgggﬁlon Riii]il;al

equation type parameter models with any number of variability levels s

and covariates.

Yij - j B observation for subject / g - standard deviation of the

_ icti residual error
vt Mol _priionPIC D o dsse models b e L e
= Observation Model — n;odel for continuous or discrete data models, — ; - individual parameters €;j - residual error
Trial Desi gn TrialDesign ModelingSteps
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and simulations, as an alternative to a design sourced from a dataset.
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Modelling Steps

The specification of how a mathematical model and the associated trial

StepUependencies

PharmML

design can be used, e.g. for simulation, estimation or optimal design tasks.
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