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Introduction Non-linear mixed effects model for continuous
A long-standing problem in Pharmacometrics is the lack of a common standard Use Case: Tumour gl’ owth model data
allowing for exchangeability of models between existing software tools, such as ™ INTME model . 1 .
Bugs, Monolix, NONMEM and others. PharmMIL,, as part of the DDMoRe ( \ ¢ general N model for N subjects and #; measurements per subject
. o . . o pe— reads as follows
interoperability platform, presented here tries to fill this gap. The model shown in Figure 4 was proposed " e . .
by Ribba et al. 2012 [3]; it describes tumour s - , Yij , — f(xij’ wzz T g(xij’ Vi 6) 6@’ l<is N, I<sg=smy
PharmML stands for ‘Pharmacometrics Markup Language’ orowth inhibition for low-grade glioma W o Experimental Model Residual
upon chemotherapeutic treatment. It can be w | —— data prediction error
The modelling framework is that of Nonlinear Mixed Effects Models, NLME, formulated in PharmML by following elements: : (—Q Yij - ;™ observation for subject ; g - standard deviation of the
which allows for nonlinear models with random and fixed effects. This new o “StructuralModel © - the kinetic of the tumout a4 — | o residual error
. . . . tissue - quicscent tsue f - StruCtural mOdel predlctlon .
standard provides encoding platform for approaches currently in use but also tissue growth and K-PK model are defined . — ' £ - parameters of the residual error
attempts to create support for novel elements. using an ODE system and one algebraic equation. 1 (Caml)s— ZLij - regression variables ,
p ¢ - .. KDE e’l,j - reSIdual crror
. Pcli."dwez‘erMade/ - 1nd1v1dualo pa.ram.eters o) ;- individual parameters
CSUItS whic ollow log-normal distribution, Figure 4: The proliferative tissue (P),
R 1t hich follow log | distrib o p
The current specification supports the exchange of continuous models. Models * ‘ObservationModel* - an additive residual jiri:jf:i gsl;zic?gt )(Sr)e :;iaﬁgjgf;%zg Variability — aS neSted hier ar chical Sstructure
. . { P
e.ncode.d in this way can be used not .OHIY for the st.andard tasks, such as error model is assumed. the K-PK model for the drug cocktail. Nested hierarchy (also known as inclusion hierarchy) provides the means to
simulation and estimation but also modelling and exploration. define the variability structure of random effects. It can be visualized as a tree,
The novel clinical trial model provides the modeller with the tools to construct Structural Model see Figure 7, or alternatively using a Venn diagram.
almost arbitrary study designs using only few basic building blocks, such as f(:l?ij, ;)
Treatment, Epoch and Group. This structural model can be formulated as a simple algebraic equation (e.g. Hill log(V) A T—
Moreover, Phar@ML is Providing 2 means to am.lotate an arbitrfclry elemer.lt of equation) or complex physiology-based PK model implemented as system of v:itr:/igrgggiilxi/tisual
the model, making effective searching and reasoning on models in a repository ODEs. When defined in such framework, this deterministic model for an
possible individual will later be embedded in a statistical model.
. . <!<\-/(_Jr?2t/acljz ‘"> "Q" € c " y "derivative"> )
Schematic representatlon of the A Binop oporminuses e pRar erare et log(V_pop) _
. qo <Binop op-rtimes’> — 7 ologviy)
interoperability platform Sar e i s
</Binop> i ¥ 1) !11(112)
<Bino "times"> : e x..
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. /Bi:\;g: A Figure 6: Visualized is subject variability level, (0), and inter-occasion variability level, (-1),
</Binop> dQ) typically occurring in an experiment, with index 7 for subjects and £ for occasion. Here

7 N </Binops — _
’ \ (,Binf’lm” dt kQP X U x KDE X Q data for two subjects only 1s shown, each of them having four or three occasions,
MATLAB P t

§ PharmML o +—>

</Equation> :
L — 9 2 ¥. No-lable respectively.
S-ADAPT \ ‘~\~
N <!-- PSTAR - algebraic equation --> _ '
/ W <Variable "PSTAR" "scalar"s Population/Typical =

Ny <Equation "http://ww.pharmml.org/2013/03/Maths" "9.1"> Value

~‘~* MDL <Binop "plus">
Editor <var "PT"/>
<Binop "plus">
<Var "Q"/> Country, 1 — R .. ' C—
<Var "QP" />
</Binop> *
— P*=P+Q+Qp

</Equation> Center, |
</Variable>
Figure 1: PharmML is one of the key elements of the interoperability platform developed
within DDMoRe. Its main objectives are: encoding of models, trial design and basic tasks.
Subject,
It provides also the means for model annotation. Par ameter MOdel _
The parameter model offers a rich and flexible structure allowing for the
XML (EX tensible Markub Lanoua e) implementation of continuous and discrete covariates, correlation structure of Occasion, k&l b bl v e e o e o b e bl
P guag the random effects and virtually any level of variability as nested hierarchy. . . -
. S _ Figure 7: Tree representation of the variability structure for a complex example. Usually,
- the baCkbone Of PharmML E'%‘ the parameter model for KDE with log—normal distribution and W‘%g/ﬁ as the variability structure consists of only one or two levels, e.g, individual or {individual,
PharmMI. is a XML based markup language for representing, reading and covariate reads occasion;.
writing pharmacometrics models. XML has following desirable features: log(KDE;) = log(KDE op) + 81w log(W,;/70) + nkpE , , , ,
+ Different software tools can directly communicate and store the same The root, i.e. the top node in the tree structure, stands for the population/typical
computable representation of those models ot  KDE; = KDEp.,(W;/70)71W exve with 1xpp ~ N (0,wkpE) value of a parameter. Every subsequent variability level is either ’positive’ or
. Tt . : ’ : <!-- KDE log-normal distributed --> ‘negative’ dependent on its position relative to the subject level’, denoted as 0 —
t 1s an extensible language because it allows the users to define their own tags, <Parameter "KDE' "log"> . . . —o
. : : <Equation . "http://www.pharmml..org/2013/03/Maths"> the level zero’. Each level has a covariance matrix associated with it i.e.
* Itis both human-readable/legible and machine-readable, <Uniop op="1n"> O ) _ for levels ab e  lovel ’
: . <var "pop_KDE"/> . — for levels above the ’zero’ leve
* XML, and therefore PharmMI., has the advantages of hierarchical structure, </Uniop> . S , o
L . g - </Equation> « QO — also called BSV (between subject variability) or 1TV (inter-individual
simplicity, arbitrary extensibility, interoperability, <RandomE ffect "eta_KDE" "indiv'> o
. . . . <Distribution "http://www.pharmml.org/2013/03/Uncertainty" "9.1"> VﬂflﬂblhtY)
* It is used in many other domains, e.g. HI'ML (webpages), SVG (graphics), Nl . OCn for Tevels below the *rero’ level led WSV (withinsubiect
X| SX (Spreadsheets)) <Equatict>: ol "http:/{g.)'./\'.phamml.orq/2®13/®3/Maths" "9.1"> ) bh_ o1 Ig‘{? S. clow .C ZCI‘F) b‘heve — cale (Wl n-su ]CC
. : <math:Scalar > variability) or inter-occasion variabi
* There exist a number of software tools to generate, interpret or process XML o Eauation> y) ( )
</Mean=
Some established XML based standard are SBML — for representing biochemical <StdDev> ) ) o
] L ] . <Equation http://www.pharmml.org/2013/03/Maths 0.1">
networks or UncertML — for encapsulating probabilistic uncertainties [1,2]. robar synbTd-"onega_KOE"/> Trial Desi
</St;Dev> ” rla eSIgn
° ° </Normal> . . . ] ] )
PharmML organization </Distribution> Until now the common practice was to encode the trial design in experimental
</RandomEf fect> . .
<Covariate> . » data files. PharmML offers an alternative — a very flexible structure for the setup
ParameterModel e e ™ W/ £ clinical tr : f : : : ¢ :
,‘ < > of clinical trials, especially for simulations. Using only a few basic elements the

<math:Var "betal W"/> . .
_ </FixedEffect> modeler can compose several types of designs, see Figure 8 for few examples.

</Covariate> . e1 1-
. - </Parameter> The basic building blocks are:

ModelDefi ... VariabilityLevel 1. Treatment — describes dosing related data — supporting definition of
RAADAIINEAN (a) Administration/dosing type, (b) Dosing times/amount and (c) Dosing

Population/Typical
ke —

target,

2. TreatmentEpoch — basic time interval within a study — with elements such as (a)
Epoch name, e.g. “Ireatment A’ or ‘Washout” or ‘Run-in’, (b) Start time and

end time of an epoch and (c) Occasion,
3. Group — basic grouping structure for subjects.

Subject, i

Treatment

Figure 5: In the presented use case there is only one level of variability — the inter-
individual variability (IIV), see the right panel for the ‘hierarchical structure of variability .
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Figure 2: There are three basic blocks in PharmML.: ‘ModelDefinition’, “TrialDesign’ g ( vy Vi, € vy tJ ’
And ‘ModelingSteps’ : : : Group 1
gotep The observation model for continuous models provides the structure to g
. . . .. rossover
. . . implement the residual error model. In this example the additive error model, with _ Group 2
PharmML model in editor view ¢ = a is applied, i.c. i
b
<7xml version="1.0" encoding="UTF-8"7> y”’.] T f(erJ, wz) _I_ a E’LJ 4 GrOUpS, _ Group 3
<PharmML xmlns:xsi="http://www.w3.0org/2001/XMLSchema-instance" . .
"http://www.pharmml.org/2013/03/PharmML" The PharmML lmplementatlon reads 4 TreatmentS
"http://www.pharmml.org/2013/03/PharmML http://www.pharmml.org/2013/03/PharmML"
xmlns :math="http://www.pharmml .org/2013/03/Maths" <!-- OBSERVATION MODEL - PSTAR --> _ Group 4
xmlns:ct="http://wwv.pharmml.org/2013/03/CommonTypes" <ObservationModel "oml">
xmlns :mdef="http://www.pharmml.org/2013/03/ModelDefinition" <Parameter "a"/>
xmlns:mstep="http://ww.pharmml.org/2013/03/ModellingSteps” Continuous "PSTAR" . . . . . . . .
“Exanple 1 - continuous PUPD” o S CPSTAR /o Figure 8: Exampl.es of dlfferept trial designs. It 1s possible to construct wide range of
t 0.1"> <ErrorModel> study types by using three basic PharmML elements: “Treatment’. ‘Epoch’ and ‘Group’.
<I-- SYMBOL DEFINITION - RESUIDUAL ERROR MODEL --> anath-Var »constantErrorModel” /> ) ) _
<SymbolDefinition "constantErrorModel” "scalar”> [9 lines] <math: FunctionArgument "a"> Here two examples are shown, (top) single group design with two types of treatment
<!-- BLOCK I: MODEL DEFINITION --> <math:Scalar L, : : ’ : )
dodelbefinition xmLns="http://wm.pharmm..org/2013/03/ModelDef nition"> </math:Fu;1cFionArgument> ’ . running in parallel and (bottor.n). a crossover design with ‘washout’ (blue) between the
VariabilityLevel id-"indiv"/> <math:FunctionArgument symbId="f"> treatments for four groups recerving four different treatment types, T1-T4.
<1-- COVARIATE MODEL --> <math:Var PSTAR"/>
<CovariateModel "eml"> [37 lines] </math:FunctionArgument>
<!-- PARAMETER MODEL --> </ErrorModel>
<ParameterModel "pml"> [254 lines] <RandomEf fect> References
<!-- STRUCTURAL MODEL - ODEs --> <Distribution "http://www.pharmml.org/2013/03/Uncertainty” "9.1">
e opEr peran <N°”$1> [1] Hucka, M., Finney, A. et al. (2003). The Systems Biology Markup Language (SBML): A
<l - ——> ean>
wfise;vationModel "oml"> [26 lines] <amath:Scalar "0"/> medium for representation and exchange of biochemical network models. Bioinformatics, vol. 19,
</ModelDefinition> /M
<!-- BLOCK II: MODELING STEPS --> <Stdbevs> no. 4, pp. 524-531.
<Modelling$S "t ://www . pharmml . org/2013/03/ModellingS " 78 lines] . wa . .
rharts P kP pharmmt-org/ Sos/Batodeingyteps > L : ek Scdlax 1"/> [2] Williams, M. Cornford, D. et al. (2009) Uncertainty Markup Language (UncertML), OGC
: : : </Normal> Discussion Paper. URL: www.UncertML.org,
Figure 3: Three first layers of the PharmML hierarchical structure are shown: (a) the </Distribution> . P & : :
. , L L, . S </RandomEffects [3] Ribba et al. (2012 ). A tumor growth inhibition model for low-grade glioma treated with
root level ‘PharmMI.; (b) second level with ‘SymbolDefinition’, ‘ModelDefinition’ and </Comtinuouss bemoth dioth Clin C Res. 2012 Sep 15;18(18):5071-80
: ) o . . chemotherapy or radiotherapy. Clin Cancer Res. e ; : -80.
‘ModellingSteps’, (c) third level within ‘ModelDefinition’ \ </ObservationModel> ) by 24 bt
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