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medicine
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Two models for the control of sea lice
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Gettinby  and biological control on farmed salmon
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vague transmission and the design of
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Posters in Group Il (with poster numbers starting with Il-) are
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Modelling and evaluation methods with (potential) chair: Leon
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model of intracellular hepatitis C virus

dynamics

Wojciech
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treatment of malaria
17:00- Matt A Visual Predictive Check for the

evaluation of the hazard function in
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17:40 ff multivariate test for multivariate PD
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an application to
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Mechanism-based
PKPD modeling of
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09:35 in conscious rats - an
application to
fingolimod
Mathematical models
of tumor growth
09:35- _ inhibition in xenograft
Nadia Terranova mice after
10:00 L .
administration of
anticancer agents given
in combination
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Application of a
mechanistic, systems
model of lipoprotein
metabolism and
kinetics to target
James Lu selection and

biomarker
identification in the
reverse cholesterol
transport (RCT)
pathway
A novel mechanistic
model for CD4
lymphocyte
Rollo Hoare reconstitution following
paediatric
haematopoietic stem
cell transplantation
Utilization of tracer
kinetic data in
endogenous pathway
modeling: example
from Alzheimer’s
disease

Huub Jan Kleijn
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"~ New methods for population analysis France
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Identifiability of population
16:20- . . S .
Vittal Shivva pharmacokinetic-pharmacodynamic
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models
Methods to detect non-compliance
16:40- N
17:00 Leonid Gibiansky and minimize its impact on
’ population PK parameter estimates
Penalized regression
implementation within the SAEM
17:00- . . .
17:20 Julie Bertrand  algorithm to advance high-

throughput personalized drug
therapy
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09:00-10:00 g:::llzpment and application of models in Marylore
gy Chenel
Shelb Modeling the synergism between the
09:00-09:20 . Y anti-angiogenic drug sunitinib and
Wilson L . -
irinotecan in xenografted mice
Using a model based approach to
09:20-09:40 Amy inform dose escalation in a Ph | Study

Cheung by combining emerging clinical and
prior preclinical information: an
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11:50-12:10

12:10-12:20

12:20-12:40

Sonya Tate

example in oncology

Tumour growth inhibition modelling and

prediction of overall survival in patients with
metastatic breast cancer treated with paclitaxel
alone or in combination with gemcitabine

Preview of PAGE 2014

Coffee break

Stuart Beal methodology session

Chuanpu
Hu

Anne-
Gaelle
Dosne

Hoai Thu
Thai

Celia
Barthelemy

Latent variable indirect response
modeling of continuous and
categorical clinical endpoints
Application of Sampling Importance
Resampling to estimate parameter
uncertainty distributions

Bootstrap methods for estimating
uncertainty of parameters in mixed-
effects models

New methods for complex models
defined by a large number of ODEs:
application to a glucose/insulin model

Closing remarks

Audience input for the PAGE 2014 program

chair:
Steve
Duffull
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Oral presentations Wednesday

Oral: Other Topics

Dyfrig Hughes A-05 Quantitative benefit-risk analysis based
on linked PKPD and health outcome modelling

Dyfrig Hughes
Centre for Health Economics and Medicines Evaluation, Bangor University

Objectives: Health outcomes modelling, conventionally used in health
technology assessment, is based on disease progression models with the
probabilities of benefit and harm for health states based on epidemiological
and clinical trial evidence, and the health state preferences based on utility
estimates. During early phases of clinical drug development, and where
randomised controlled trials may not be possible, outputs from PKPD models
may serve as inputs to health outcome models to inform the balance of
harms and benefits based on the quality-adjusted life-year (QALY). Here, a
comparison is made of the net clinical benefits of genotype-guided warfarin
with both standard, clinically-dosed warfarin and three new oral
anticoagulants (dabigatran, rivaroxaban and apixaban).

Methods: A clinical trial simulation based on a PKPD model of S-warfarin was
used to predict differences in time within therapeutic range (TTR) between
genotype guided and clinically dosed warfarin. A meta-analysis of trials
linking TTR with outcomes was conducted to obtain relative risks of different
clinical events. A discrete event simulation model representative of the AF
population in the UK was used to extrapolate event risks to a lifetime
horizon. Modelled outputs included clinical outcomes and QALYs.

Results: In the base case analysis, genotype guided-warfarin, rivaroxaban,
apixaban and dabigatran extended life by 0.003, 1.11, 2.06 and 1.47 months,
respectively, compared with clinical algorithm dosed warfarin. The
corresponding incremental net benefits were 0.0031 (95% central range [CR]
-0.1649 to 0.1327), 0.0957 (95% CR -0.0510 to 0.2431), 0.1298 (95% CR -
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0.0290 t0 0.2638) and 0.1065 (95% CR -0.0493 to 0.2489) QALYs. In pairwise
comparisons, using clinical algorithm dosed warfarin as the comparator,
genotype guided warfarin, rivaroxaban, apixaban and dabigatran were
associated with a positive incremental net health benefit in 57%, 83%, 90%
and 85% of the simulations respectively.

Conclusion: Clinical trial simulations based on pharmacological models offer a
new way to obtain estimates of net benefit in circumstances where trial data
are not available. Based on our simulations, apixaban appears to be
associated with the highest net benefit.
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Oral: Drug/Disease modelling

Jonathan French A-06 Can methods based on existing models
really aid decision making in non-small-cell lung cancer
(NSCLC) trials?

Jonathan L French (1), Daniel G Polhamus (1), and Marc R Gastonguay (1)
(1) Metrum Research Group, Tariffville, CT, USA

Objectives: The need for more efficient drug development in oncology is
widely recognized. Wang et al [1] propose the use of % change in tumor size
at 8 weeks (PTR8) as a marker of efficacy to aid decision making in NSCLC
drug development. Sharma et al. [2] advocate M&S in oncology drug
development through the use of adaptive Phase II-lll trials. In this work we
compare 3 approaches to using M&S for making decisions based on accruing
data in a Phase Il clinical trial.

Methods:We simulated clinical trials with 400 NSCLC patients randomized 1:1
to 2 groups receiving first-line treatment. We assume a recruitment period of
6 months with an additional 9 month follow-up period. Overall survival (OS)
and PTR8 data were simulated using the NSCLC model of Wang et al. [1]. For
each simulated trial, 3 interim analyses (IAs) were performed: 8 weeks after
(1) 80 pts enrolled (~10 events), (2) 280 pts enrolled (~50 events), and (3) 400
pts enrolled (~90 events).

Two drug effect scenarios were evaluated. The first had a median difference
in PTR8 of 40%, a difference in median OS of 100 days, and expected hazard
ratio of 0.67. The second had no difference in PTR8 or OS.

We compared decision rules based on difference in PTR8 to Bayesian rules
based on the posterior predictive distribution for the log hazard ratio (logHR)

at the end of the study. For the Bayesian rules, the relationship between
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PTR8 and OS was updated using the accruing data in the trial and prior
distributions centered at the estimates from [1]. We also evaluated rules
based on the estimated logHR using a Cox model. Decision rules were
compared using ROC analysis (true positive rate, TPR, and false positive rate,
FPR).

Simulation and analysis were performed using R 2.15.1 and OpenBUGS 3.2.1.

Results: Under scenario 1, all rules performed poorly at IA1. At IA2, the best

Bayes rule performed notably better (TPR=.67, FPR=.29) than either the best
PTR8 rule (TPR=.56, FPR=.46) or Cox rule (TPR=.65, FPR=.37). At IA3, the best
Bayes and Cox rules (TPR~.75, FPR™.25) performed better than the best PTR8
rule (TPR=.55, FPR=.33). Scenario 2 showed similar results.

Conclusions: Model-based approaches can aid decision making in NSCLC
trials. However, IA decision rules based on PTR8 alone have little ability to
predict the outcome of positive or negative studies, consistent with recently
published results [3]. The model-based Bayesian decision rules evaluated
here performed notably better.

References:

[1] Wang Y. et al. Elucidation of relationship between tumor size and survival
in non-small-cell lung cancer patients can aid early decision making in clinical
drug development. Clin Pharmacol Ther. 86, 167--174 (2009).

[2] Sharma MR, Maitland ML, and Ratain MJ. Models of Excellence: Improving
Oncology Drug Development. Clin Pharmacol Ther. 92, 548--550 (2012).

[3] Claret L. et al. Simulations using a drug-disease modeling framework and
phase Il data predict phase Ill survival outcome in first-line non-small-cell
lung cancer. Clin. Pharmacol. Ther. 92, 631--634 (2012).
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Oral: Clinical Applications

Jonas Bech Mgller A-07 Optimizing clinical diabetes drug
development — what is the recipe?

Jonas B Mgller (1), Rune V Overgaard (1), Maria C Kjellsson (2), Niels R
Kristensen (1), Sgren Klim (1), Steen H Ingwersen (1), Mats Karlsson (2)
(1) Quantitative Clinical Pharmacology, Novo Nordisk A/S, Seborg, Denmark
(2) The Pharmacometrics Group, Uppsala University, Uppsala, Sweden;

Objectives: A key challenge in diabetes drug development is to extrapolate
the results from early clinical efficacy assessments (clamp studies or glucose
provocation tests) to late phase efficacy outcomes such as HbA.. With the
increasing need for investigating anti-diabetic medicine in special populations
(e.g. paediatrics), another challenge is to use available data to extrapolate
from one population to another. These challenges call for a library of
guantitative models to link and predict key endpoints in diabetes trials during
the different phases of drug development. The objective of this presentation
is to show how specific pharmacometric diabetes models, alone or in
combination, can be applied to optimize clinical diabetes drug development.

Methods: By combining a PK model with a model for glucose homeostasis
[1], a link between drug concentration and drug effect on plasma glucose can
be established, as previously shown for an oral anti-diabetic (OAD) or insulin
treatment [2,3]. By subsequently applying a model linking glucose to HbA ;.
[4], the predicted plasma glucose response can be used for prediction of late
phase efficacy outcome. Clearly, assessment of treatment dependence on
the link between glucose and HbA . is crucial, and thus we applied individual
data from 4 clinical trials covering 12 treatment arms (OADs, GLP-1 agonist,
and insulins) to test our approach.

Results: The performance of the proposed framework is illustrated through
a case study where trial outcome wrt. HbA;. for each treatment arm was
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predicted. The HbA;. predictions were successful with a mean absolute error
ranging from 0.0% to 0.24% across treatment arms. Calculations of the mean
AHDbA; vs. comparator and the corresponding confidence intervals were
shown to provide identical conclusions based on predictions and
observations at end-of-trial.

Conclusions: In this presentation we outlined and applied models for linking
early phase assessments and late phase treatment outcomes within clinical
diabetes drug development. Implementation and validation of these models
were driven by a consistent focus on the ability to predict future trial
outcomes and link data from different stages of clinical development. We
find this a key ingredient in the recipe for optimizing diabetes drug
development.

Acknowledgements: This work was part of the DDMoRe project.
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Oral: Animal Health

Jim Riviere A-09 Food safety: the intersection of
pharmacometrics and veterinary medicine

Jim E. Riviere
Institute of Computational Comparative Medicine, College of Veterinary
Medicine, Kansas State University, Manhattan, KS, USA

Food animal veterinarians bear numerous responsibilities, not only to their
sick patients, but also to the producers and consumers of animal food
products, as well as the environment. A fundamental difference between
food animal veterinary and human medicine relates to the fact that animals
treated with drugs are often consumed as food after treatment is completed.

Unlike for humans where the physician isn't concerned about drug left in the
patient after treatment, in food animal medicine the veterinarian must be
sure an effective dose of drug is given (appropriate PK-PD regimen) and also
that no potentially adverse levels of drug persist in the edible tissues and
products (e.g. milk, eggs) of treated animals. A second difference is that
drugs are administered to large populations of animals as disease is often
diagnosed and treated on a herd basis.

Animals may be dosed in feed, water or dips, creating uncertainty in dose
level and interval. Uncontrollable environmental covariates like temperature
and humidity can further increase variability. These factors must be
considered to insure that a safe food animal product free of toxic or allergic
chemicals reaches the consumer. The regulatory determination of such tissue
withdrawal times is performed in control groups of healthy animals. Although
the pharmacometric approaches to the calculation of such parameters in
various regulatory jurisdictions may differ, the experimental design of such
trials is similar. Once approved, drugs are then used in natural clinical
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populations where diseases processes for which the drug is labeled to treat
are present, and concomitant medications are also often administered. This
has resulted in a regulatory system with a reasonable degree of
reproducibility relative to determination of the withdrawal time metric, but a
lack of direct relationship to drug disposition processes seen in clinical
populations of animals treated under diverse conditions.

Various authors have amply reviewed the impact of disease processes on the
primary drug pharmacokinetic parameters, with focus being on drug
elimination and distribution pathways and processes as they affect blood
concentration-time profiles as a function of drug efficacy. However, the
effect of such factors on very low residue-level concentrations (PPM, PPB) of
drugs and their metabolites in edible tissues has rarely been addressed or
even considered. Similarly, residue depletion trials are often conducted in
homogeneous groups of animals using controlled dosing regimens in order to
reduce animal numbers while still arriving at a statistical solution to the
withdrawal time algorithm; yet variability in the actual treated populations
relative to breed, production and environmental factors alone easily violates
this assumption. This is particularly true when the withdrawal time algorithm
is attempting to estimate behavior in 1-5% of the population with 95%
confidence. Situations where concern arises include when the disease
process alters the normal ratio of parent drug to marker residue produced by
altered biotransformation processes, when a product of the disease process
binds to and modifies the drug residue depletion profile in a target tissue, or
when disposition processes fundamentally alter pharmacokinetic patterns.

Advances in population (mixed effect) pharmacokinetic modeling open up
approaches to study, model and predict these factors; in many cases directly
based on the mechanism of the interaction. Mixed effect models allow
disease related and potentially pharmacogenomic factors to be directly
estimated and modeled. Such considerations become increasingly important
if global regulatory jurisdictions set residue tolerances based on the limits of
analytical detection, which of late continually drops to levels where minor
interactions at the molecular tissue level become important for model
predictions and violations of tissue tolerances, but are totally irrelevant to
their toxicological impact on human food safety.
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Oral: Animal Health

George Gettinby A-11 Two models for the control of sea lice
infections using chemical treatments and biological control
on farmed salmon populations

George Gettinby (1), Maya Groner (2), Ruth Cox (2), Chris Robbins (3) and
Crawford Revie (2)
(1) University of Strathclyde, Glasgow, Scotland, (2) University of Prince
Edward Island, Canada, (3) Grallator Ltd, UK

Objectives: To formulate models to inform how best to manage the control
of sea lice populations which are a major threat to aquaculture and salmon
production worldwide.

Methods: Two types of models are used to investigate the interaction
between sea lice and salmon populations. In the first model changes in lice
population stages are represented using four differential-delay equations.
Time dependent solutions are obtained using algorithms embedded in the
Sea Lice Difference Equation Simulator software. This enables treatment
regimens under different geographical and environmental conditions to be
investigated. The second model adopts a different approach to facilitate the
introduction of a further fish population i.e. wrasse. Wrasse along with
several other fish species are increasingly being used as "cleaner" fish
because they feed on lice which are attached to salmon [1][2]. Using an
individual-based modelling approach and simulations implemented using
proprietary modelling software the density relationship between wrasse and
salmon populations was investigated.

Results: Early work using the population modelling approach provided a
parsimonious mathematical representation of the growth of the sea lice
population [3] [4]. Using numerical methods it was possible to obtain
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solutions to the differential equations which reflected day-to-day changes in
sea lice counts per salmon. The model identified when to apply treatments
that would be less costly and more effective. The model lacked flexibility,
stochasticity and did not take cognisance of sea water temperature and its
effect on development and survival time of the lice stages. Experiences of
adapting the model in Scotland and Norway [5] showed that it was not
always stable and small changes in parameters could produce very different
outcomes. The introduction of biological control and the use of cleaner fish
led to investigating an individual-based modelling (IBM) approach [6][7][8]. A
simple IBM which takes account of biological development rates associated
with water temperature [9] showed that the use of wrasse fish to graze on
sea lice in salmon production units can provide an effective way forward for
salmon aquaculture.

Conclusion: Sea lice are a major threat worldwide to the sustainability of
farmed and wild salmons stocks. They are affected by a large number of
factors on salmon farms. Mathematical modelling offers a way of assessing
the simultaneous impact of these factors.

References:

[1] Treasurer JW. Prey selection and daily food consumption by a cleaner
fish, Ctenolabrus rupestris (L.), on farmed Atlantic salmon, Salmo salar L.
Aquaculture (1994) 122:269-277.

[2] Treasurer JW. Wrasse (Labridae) as cleaner-fish of sea lice on farmed
Atlantic salmon in west Scotland. In: Wrasse: Biology and Use in Aquaculture
(ed by MDJ Sayer, JW Treasurer & MJ Costello), (1996) pp. 185-195. Fishing
News Book, Oxford.

[3] Revie CW, Robbins C, Gettinby G, Kelly L, Treasurer JW. A mathematical
model of the growth of sea lice, Lepeophtheirus salmonis, populations on
farmed Atlantic salmon, Salmo salar L., in Scotland and its use in the
assessment of treatment strategies. J. Fish Dis. (2005) 28: 603-613.

[4] Robbins C, Gettinby G, Lees L, Baillie M, Wallace C, Revie CW, Assessing
topical treatment interventions on Scottish salmon farms using a sea lice
(Lepeophtheirus salmonis) population model. Aquaculture (2010) 306: 191-
197.

[5] Gettinby G, Robbins C, Lees F, Heuch PA, Finstad B, Malkenes R and Revie
CW. Use of a mathematical model to describe the epidemiology of

Page | 35



Lepeophtherius salmonis on farmed Atlantic salmon Salmo salar in the
Hardangerfjord, Norway. Aquaculture (2011) 320: 164-170.

[6] Cox R, Groner M, Gettinby G, Revie CW. Modelling the efficacy of cleaner
fish for the biological control of sea lice in farmed salmon. Proceedings of the
13th ISVEE Conference, Aug 20-24, 2012, Maastricht, Netherlands.

[7] Groner M, Cox R, Gettinby G, Revie CW. Individual-based models: A new
approach to understanding the biological control of sea lice. Proceedings of
the 9th International Sea Lice conference, May 21-23, 2012, Bergen, Norway.
[8] Groner ML, Cox R, Gettinby G and Revie CW. Use of agent-based
modelling to predict benefits of cleaner fish in controlling sea lice,
Lepeophtheirus salmonis, infestations on farmed Atlantic salmon, Salmo salar
L. Journal of Fish Diseases (2012) doi:10.1111/jfd.12017.

[9] Stien A, Bjgrn PA, Heuch PA, Elston D. Population dynamics of salmon lice
Lepeophtheirus salmonis on Atlantic salmon and sea trout. Mar. Ecol. Prog.
Ser. (2005) 290:263-275.

Page | 36
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Dan Haydon A-12 From Epidemic to Elimination: Density-
Vague Transmission and the Design of Mass Dog Vaccination
Programs

Daniel T Haydon, Sunny Townsend, Sarah Cleaveland, Katie Hampson
Institute of Biodiversity, Animal Health and Comparative Medicine, College of
Medical, Veterinary and Life Sciences, University of Glasgow

Objectives: Rabies is one of the most important zoonotic diseases in the
world, causing an estimated 55,000 human deaths each year, primarily in
Asia and Africa. Momentum is building towards development of a strategy
for the global elimination of canine rabies, which has recently been identified
as a priority by WHO, OIE and FAO as well as other international human and
animal health agencies. This presentation will address several critical issues
relating to the design of mass dog vaccination campaigns for the cost-
effective control and elimination of canine rabies.

Methods: Our findings are based on the analysis of data generated from a
high-profile and well-studied outbreak in Bali, Indonesia, and the on the
results of a closely parameterized spatially explicit computer simulation of
the dynamics of rabies outbreaks.

Results: We present three main findings. The first is that although dog
densities on Bali are at least an order of magnitude higher than other
populations in which rabies has been studied, our estimate for the basic
reproduction number (Ro) of ~ 1.2 is similar to other populations with much
lower dog densities, which suggests that, counter to expectations, R, for
rabies is essentially density independent.
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The second result follows directly from these consistent values of Ro: across a
wide range of settings, and even in very high-density dog populations, control
and elimination of canine rabies by dog vaccination is an entirely feasible
control option. Additional measures to reduce dog population density are
not likely to be necessary.

Our third result is that the effectiveness of vaccination depends primarily
upon reaching a sufficient vaccination coverage (70%) across the population
in successive campaigns, and does not improve with more complex, reactive
or synchronized campaigns. However, even small ‘gaps' in vaccination
coverage can significantly impede prospects of elimination, and therefore
regional coordination and participation in such campaigns is critical.

Conclusions: This study has enabled us to evaluate the impact of different
vaccination strategies on human deaths averted and the time it will take for
rabies to be eliminated from Bali under a range of plausible scenarios.
Modeling can be used to develop simple, pragmatic and operational
guidelines for regional rabies vaccination campaign that will be of immediate
practical relevance for developing strategies for the global elimination of
canine rabies.
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Wojciech Krzyzanski A-14 Physiologically Structured
Population Model of Intracellular Hepatitis C Virus Dynamics

Wojciech Krzyzanski (1), Xavier Woot de Trixhe (2), Filip De Ridder (2), An
Vermeulen (2)
(1) University at Buffalo, NY, USA; (2) Janssen Research & Development, a
division of Janssen Pharmaceutica NV, Beerse, Belgium

Objectives: To develop a physiologically structured population model capable
of describing intracellular dynamics of viral RNA and its integration with
observable circulating HCV RNA levels.

Methods: The standard model of viral dynamics [1] consists of target cells (T),
infected cells (1), and viral load (V). The circulating virus levels are determined
by the production (pl) and elimination rate (cV). The drug inhibits the viral
production rate. To explain the discrepancy in the estimates of the half-life of
the circulating HCV RNA, the standard cellular infection (Cl) model was
expanded by including the drug effects on intracellular processes of viral RNA
production and virion assembly [2]. The central part of this model is the
intracellular level of HCV RNA (R). The link between the intracellular and
cellular infection (ICCl) model and Cl model has been achieved by replacing
the constant p with a time dependent p(t) = rR(t). To account for the time
scale of intracellular processes, the time from infection a was introduced [3].
a was interpreted as an individual cell characteristic (structure) and an a-
structured population model was applied.We propose a new physiologically
structured population (PSP) model where R rather than a is the individual cell
structure. The production rate for circulating HCV RNA is expressed as rRiot(t),
where the total intracellular viral RNA is a new link between ICCl and CI
models. The drug effect is dose dependent [4].The p-state equations of the
PSP model were integrated resulting in a Cl model augmented by a new
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variable Riot(t). The model parameters were obtained from [3]. Simulations
were performed to compare the time courses of V(t) with the results
presented in [3]. Additional simulations were done to study the impact of
dose on V(t). All simulations were performed using MATLAB R2012b.

Results: The circulating levels of HCV RNA predicted by the R-structured
population model overlap with that for the a-structured model. The dose
effect on V(t) exhibits a critical dose Dosecit. For Dose > Dosecit, V(t) vanish
for larger times implicating virus eradication. For Dose < Doseit, those
variables approach new steady-states that are dose dependent.

Conclusion: The R-structured population model describes the drug effect on
the intracellular processes and allows integration with the cell infection
model. The viral load time courses predicted by the PSP model are similar to
the time courses generated by the standard Cl model.
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Oral: Drug/Disease modelling

Martin Bergstrand A-15 Modeling of the concentration-effect
relationship for piperaquine in preventive treatment of
malaria

Martin Bergstrand (1), Frangois Nosten (2,3,4), Khin Maung Lwin (4), Mats O.
Karlsson (1), Nicholas White (2,3), Joel Tarning (2,3)

(1) Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden. (2) Mahidol-Oxford Tropical Medicine Research Unit, Faculty of
Tropical Medicine, Mahidol University, Bangkok, Thailand. (3) Centre for
Tropical Medicine, Nuffield Department of Clinical Medicine, University of
Oxford, Oxford, UK. (4) Shoklo Malaria Research Unit (SMRU), Mae Sod,

Thailand.

Objectives: A randomized, placebo controlled trial conducted on the
Northwest border of Thailand compared monthly to bi-monthly treatment
with a standard 3-day treatment regimen of dihydroartemisinin-piperaquine
[1]. A total of 1000 healthy adult male subjects were followed up weekly for 9
months of treatment. This project aimed to characterize the concentration-
effect relationship for the malaria preventive effect of piperaquine and utilize
it for simulations of dosing in vulnerable populations and in areas with
piperaquine resistance.

Methods: Seasonal variations in baseline risk of malaria infection were
investigated by applying one or two surge functions to a constant baseline
hazard for placebo treated subjects. A mixture model was used to
differentiate between a high- and low-risk subpopulation [2]. Monthly
observations of piperaquine plasma concentrations were modeled using a
frequentist prior [3] based on a published PK model [4]. A joint PKPD model
was subsequently applied to explore the effect of piperaquine plasma
concentration on malaria infection hazard. The model was sequentially

Page | 41



extended to account for the effect of dihydroartemisinin and the delay
between the malaria diagnosis and the crucial point of prevention failure.

Results: One significant seasonal peak in malaria transmission was identified
from May throughout June during when the hazard was increased with 217%
(RSE 27%). The concentration-effect relationship was best characterized with
a sigmoidal Enax relationship where concentrations of 7 ng/mL (RSE 13%) and
20 ng/ml were found to reduce the hazard of acquiring a malaria infection by
50% (i.e. ICso) and 95% (ICos), respectively.

Simulations of monthly dosing, based on the final model and literature
information about PK, suggested that the one year incidence of malaria
infections could be reduced by 70% with a recently suggested dosing regimen
compared to the manufacture recommendations for children with a body
weight of 8-12 kg [5]. Pregnant women were predicted to have a 12.5%
higher incidence compared to non-pregnant.

Conclusions: For the first time a concentration-effect relationship for the
malaria preventive effect of piperaquine was established. The established
model has been useful in translating observed results from a healthy male
population to that expected in other populations.
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Oral: Methodology - New Modelling Approaches

Matt Hutmacher A-16 A Visual Predictive Check for the
Evaluation of the Hazard Function in Time-to-Event Analyses

Matthew M Hutmacher
Ann Arbor Pharmacometrics Group (A2PG)

Objectives: To present methods for performing visual predictive checks
(VPCs) specifically for evaluating the hazard function while modeling time-to-
event (TTE) data. Binned and smoothed hazard estimators will be discussed
for continuous single-event TTE data.

Methods: Pharmacometricians are becoming more involved in determining
exposure-response relationships for efficacy and safety TTE endpoints.
because these can be the most clinically informative for certain indications.
Determining the hazard, or instantaneous risk, of an event has great utility.
Changes in the absolute risk of an event over time contain information for
supporting dosing or titration strategies. Methods for TTE analyses are being
discussed ([1],[2]) and presented more frequently (for example, see

[3]). However, little can be found for simulation-based model evaluation (or
VPC) other than using Kaplan-Meier (KM) curves [1]. KM based methods
evaluate the model through the survival function, which is an exponential
function of the integrated (cumulative) hazard. Thus, hazard evaluation using
KM curves does not provide a direct assessment of the hazard's features. It
may also lack sufficient sensitivity in some cases [4]. A binned hazard
estimate (BHE) approach is presented first. The method essentially considers
a piecewise constant hazard for each bin and uses a simple hazard estimator
for the bin. Conceptually straightforward extensions can be made using
running line smoothers (RLS) with further smoothing using kernel regression.
However, going back to Watson and Leadbetter (1964) [5], kernel smoothers
(KS) can be directly applied. This method is more complex

conceptually. Literature in this area is quite rich.
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Results: Simulations were performed for various hazard functions. The BHE,
RLS, and KS methods described above are introduced, implementation and
considerations for their use are discussed, and the methods are contrasted to
the KM method typically used.

Conclusions: Hazard-based VPCs provide a direct evaluation of the hazard
function and provide a valuable simulation-based diagnostic tool for
development of TTE models.
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Oral: Methodology - New Tools

Celine M. Laffont A-17 Non-inferiority clinical trials: a
multivariate test for multivariate PD

Laffont C. M.(1), Fink M(2) and Concordet D(1)
(1) INRA, UMR 1331, Toxalim, F-31027 Toulouse, France. Université de
Toulouse, INPT, ENVT, UPS, EIP, F-31076 Toulouse, France; (2) Novartis
Pharma AG, Basel, Switzerland

Objectives: Composite PD endpoints are a common feature of clinical trials.
This multiplicity poses a challenge for the statistical comparison of two
treatments, generally the non-inferiority of a drug to a reference. Several
strategies are possible. One is to test each endpoint separately but the risk is
to have different conclusions and to fail to demonstrate non-inferiority
because we have to correct for the multiplicity of the tests (loss of power). A
second strategy is to derive a single variable from the multiple endpoints
(either binary: responder/non-responder, or linear combination) and perform
a single test. In that case, we lose part of the information. We have seen in
previous works>%3 that it is possible to model all endpoints simultaneously. In
that context, we propose a multidimensional statistical test which exploits all
the information and is a priori more powerful.

Methods: We assume that a multivariate population model is available
where treatment differences are coded as ratio parameters on the PD
parameters of interest. We define the statistical hypotheses of the test in a
multidimensional framework. As previously discussed®, several definitions are
possible based on intersection/union principles. We propose a decision rule
which can be interpreted geometrically as follows: the null hypothesis Ho is
rejected when the confidence region of the vector of ratio parameter
estimates has no common point with Ho. Based on several simulation studies,
we explore the advantages of this test over separate univariate tests. We
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then apply the test to real clinical data where the efficacy of NSAIDs on
chronic osteoarthritis is evaluated using four ordinal responses.

Results: We found that there is a balance between the dimension (the
number of endpoints), the correlation between estimates, and the size of the
dataset. When applied to real clinical data, non-inferiority was demonstrated
with the multivariate test. When no correction was applied to account for the
multiplicity of the tests, it was also demonstrated on each response
separately. In contrast, when the multiplicity of the tests was accounted for
as it should, non-inferiority could not be demonstrated for any response.

Conclusion: Multivariate testing definitely raises some challenges for the
scientists and regulatory authorities (definition of null hypothesis, non-
inferiority margin) but needs to be explored as it can be a powerful tool to
increase power and thus reduce clinical costs.
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Abhishek Gulati A-18 Simplification of a multi-scale systems
coagulation model with an application to modelling PKPD
data

Abhishek Gulati (1), Geoffrey K Isbister (2, 3), Stephen B Duffull (1)
(1) School of Pharmacy, University of Otago, Dunedin, New Zealand; (2)
Department of Clinical Toxicology and Pharmacology, Calvary Mater
Newcastle, NSW, Australia; (3) School of Medicine and Public Health,
University of Newcastle, NSW, Australia

Background

A comprehensive systems pharmacology model of the coagulation network
was recently shown to describe the time course of changes in coagulation
factors in response to Australian elapid envenoming [1]. The model consists
of 62 ordinary differential equations (ODEs) and 178 parameters with
multiple inputs and outputs. Based on any given set of available data relating
to a specific input-output process, it is possible that some compartments are
either less important or have no influence at all. Fixing the parameters that
are not informed by the data would solve the issue of identifiability but not
resolve model complexity. In this work, we describe the simplification of a
multi-scale systems coagulation model and its application to describe the
recovery of fibrinogen concentrations post-snake bite. Available data
includes timed fibrinogen concentrations in patients with complete
venom-induced consumption coagulopathy resulting from Brown snake
envenomation [2]. The patients (N=61) were recruited to the Australian
Snakebite Project from over 100 hospitals in Australia between January 2004
and May 2008.

Aims
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The overall aim of this work was to explore a simplification of a coagulation
systems pharmacology model for use in modelling pharmacokinetic-
pharmacodynamic (PKPD) data. Four specific objectives were identified:

(1) to create a simplified model for exploring fibrinogen recovery after
envenomation that mechanistically aligns with the coagulation systems
pharmacology model, (2) to extract the simplified model for use for
estimation purposes, (3) to assess structural identifiability of the simplified
model based on the inputs and outputs available in the dataset and (4) to
develop a population PKPD model for fibrinogen concentration-time data
based on the mechanisms apparent in the simplified model.

Methods

(1) Simplification of the coagulation systems pharmacology model: The
technique of proper lumping, based on a previously published method [3],
was used to simplify the 62 compartment ("original") model. Fibrinogen and
Brown snake venom absorption and plasma compartments were left
unlumped. For each of the remaining 59 lumpable compartments, the
compartments were lumped randomly and a lumping matrix constructed.
This lumping matrix was used to transform the full state parameter vector to
the lumped state vector ("lumped" model). The simulated time courses of
fibrinogen post Brown snake bite were compared among the lumped and
original models to assess for loss of predictive performance. Simulations
were carried out using MATLAB® R2011a. (2) Extraction of the simplified
model: ODEs of the lumped model were "extracted" from the ODEs of the
original model by eliminating the "unwanted" reactions that did not have any
influence on the fibrinogen profile. ODEs of the lumped compartments that
were formed as a result of merging of various compartments from the
original model had to be explicitly written as if they had been unlumped
compartments. The clotting factor that was most relevant to the Brown
snake venom-fibrinogen relationship represented its respective lumped
compartment. (3) Identifiability of the simplified model: The structural
identifiability of the extracted model was assessed using an Information
Theoretic Approach [4]. A criterion that consisted of two pre-defined
conditions, as per [4], had to be met for a model to be structurally
identifiable. Population OPTimal (POPT) design software was used for the
analysis. (4) Modelling the fibrinogen concentration time data using the
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simplified model: A full population approach was carried out to analyze the
fibrinogen data using NONMEM® v7.2. The extracted model was used as the
structural model and no further changes were made to the structure of the
model. The unidentifiable parameters obtained from Methods (3) were fixed.
BSV was considered for parameters that were identifiable. The models with
BSV on one or more structural parameters were assessed for significance
using the likelihood ratio test that required a decrease in the objective
function value of at least 3.84. A visual predictive check (VPC) to evaluate the
final model was performed by simulating 1000 replicates from the model and
comparing the observed data and the prediction intervals derived from the
simulated data graphically.

Results

(1) Simplification of the coagulation systems pharmacology model: The
original 62 compartment model was lumped to a 5 compartment model that
described the Brown snake venom-fibrinogen relationship. An in silico Brown
snake venom bite followed by an in silico antivenom administration at 4
hours resulted in a similar consumption-recovery profile for fibrinogen using
the lumped and original models. Lumping the compartments further
significantly reduced the predictive performance of the lumped model.

(2) Extraction of the simplified model: Extraction of the ODEs of the lumped
model resulted in reduction of the total number of parameters to 11
compared to 178 in the original model. A Brown snake bite using the
extracted model resulted in the nadir of fibrinogen depletion to 0.025 g/L
compared to 0.018 g/L with the original model. (3) Identifiability of the
simplified model: Assessment of identifiability of the extracted model using
POPT found that 9 parameters out of the total 11 parameters were
identifiable. The remaining two parameters were fixed. (4) Modelling the
fibrinogen concentration time data using the simplified model: The decline
and eventual recovery of fibrinogen after Brown snake envenomation was
described by the 5 compartment model. A VPC showed that the model
explained the observed data well. The half-life of fibrinogen was estimated to
be 40 hrs (1.5 days) post Brown snake envenomation which was close to a
half-life of 1 day observed in patients post Taipan snake bites [5]. The half-life
of Brown snake venom was estimated to be equal to 55 minutes and refers to
the procoagulant toxin in the venom and not the venom itself.
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Conclusions

The technique of proper lumping was able to simplify a complicated systems
pharmacology model to a much simpler model that retained a clear physical
interpretation of the input-output relationship as seen in the original model.
Coagulation factors - prothrombin and thrombin seemed to play the most
important role in the Brown snake venom-fibrinogen relationship. The
technique of structural identifiability analysis identified the parameters that
could be estimated precisely after fixing the unidentifiable parameters. The
techniques used in this study can be applied to other multi-scale
pharmacology models.
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Objectives

Fingolimod (FTY720; Gilenya (trade name)) is a sphingosine 1-phosphate
(S1P) receptor modulator, which is effective in the treatment of multiple
sclerosis[1]. In 2010 fingolimod was approved for treatment of patients with
relapsing forms of multiple sclerosis at a dose of 0.5 mg. However, early in
clinical development a dose-dependent mild increase in blood pressure of 5-6
mmHG was observed at the supra-therapeutic doses of 1.25 and 5 mg. The
mechanism of action (MoA) underlying this effect was not fully understood.
In general, cardiovascular safety issues in drug development occur often. In
this context, an adequate understanding of the cadiovascular system (CVS)
which regulates blood pressure in both preclinical species and human is
pivotal to efficiently anticipate clinical effects of drugs on blood pressure and
ultimately improve translational drug research. The development of such a
translational pharmacodynamic (PD) model requires a mechanistic
understanding of blood pressure regulation. The physiological principles of
the CVS including BP regulation are well characterized and the homeostatic
principles of the CVS are thoroughly understood. Briefly, mean arterial
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pressure (MAP) equals the product of cardiac output (CO) and total
peripheral resistance (TPR) and CO equals the product of heart rate (HR) and
stroke volume (SV). However, drug effects on this interrelationship have not
been analyzed in a mechanism-based and quantitative manner. This
investigation aimed 1) to describe, in a mechanism-based and quantitative
manner, the effects of drugs with different MoA on the interrelationship
between BP, TPR, CO, HR and SV and 2) to describe the effect of fingolimod
on the CVS and to get a better understanding of mechanisms leading to blood
pressure changes following administration of fingolimod using the developed
drug-independent model.

Methods

The cardiovascular effects of 8 drugs with diverse MoA's, (amlodipine,
fasudil, enalapril, propranolol, hydrochlorothiazide, prazosin, amiloride and
atropine) following a single administration of a range of different doses were
characterized in spontaneously hypertensive (SHR) and normotensive (WKY)
rats. In addition, the effect of fingolimod following multiple administrations
(maximal 4 weeks) of doses of 0, 0.1, 0.3, 1, 3 and 10 mg/kg were
characterized in SHR and WKY rats. The rats were chronically instrumented
with ascending aortic flow probes and/or aortic catheters/radiotransmitters
for continuous recording of BP, HR and SV. Data were analyzed in conjunction
with independent information on the time course of drug concentration
using a mechanism-based PKPD modeling approach. The interrelationship
between MAP, TPR, CO, HR and SV is expressed by the formulas 1)
MAP=CO*TPR and 2) CO=HR*SV. Previously, we have developed a
mechanism-based linked turnover model to describe the inter-relationship
between MAP, CO and TPR[2]. This model consisted of two differential
equations, one for CO and one for TPR, which were linked by negative
feedback through MAP. Following a top-down modeling approach this model
was extended in two ways. |) HR and SV were included in the model. The
extended model consisted of three linked turnover equations involving the
basic parameters of the CVS, TPR, HR and SV all linked by negative feedback
through MAP. Il) the circadian rhythm, which was observed in all 5
parameters of the CVS, was described by two cosine functions, one
influencing HR and one influencing TPR. Linear, log-linear, power, Emax and
Sigmoid Emax models were evaluated to describe the drug effects on TPR, HR
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or SV. Subsequently, the developed drug-independent model was applied to
identify the site of action of fingolimod and to describe the effect of
fingolimod on the 5 parameters of the CVS. To this extend the system-
parameters were fixed and only drug-specific parameters were estimated.

Results

By simultaneous analysis of the effects of 8 different compounds with diverse
MoA's, the dynamics of the interrelationship between BP, TPR, CO, HR and SV
were quantified. System-specific parameters could be distinguished from
drug-specific parameters (all correlations < 0.95) indicating that the
developed model is drug-independent. Model based hypothesis testing on
the basis of the developed mechanism-based CVS model revealed that the
increase in BP in rats, which was observed after treatment with fingolimod, is
mediated by a primary effect of fingolimod on TPR. The effect of fingolimod
on TPR was described by a combination of a fast (effect on the production
rate of TPR (Kin_ter) and slow effect on TPR (disease modifying effect on the
dissipation rate of TPR (kou:_ter). Both effects were found to be proportional
to the baseline and the slow effect resulted in a permanent increase in BP as
compared to the baseline at start of treatment. The slow effect was
dependent on disease state (baseline TPR). This explains why the slow effect
does not occur in WKY rats, which have a lower baseline TPR. Through the
feedback-mechansims the drug effect on TPR results in an increase in MAP
and TPR and a decrease in CO, HR and SV.

Conclusions

A system-specific model characterizing the interrelationship between BP,
TPR, CO, HR and SV in rats has been obtained, which was used to quantify
and predict cardiovascular drug effects and to elucidate the MoA for the
effect of fingolimod. Ultimately, the proposed PKPD model may allow
prediction of BP effects in humans based on preclinical evaluations of drug
effect. It should be noted that the identified set of system parameters is
specific for SHR and WKY rats. Consequently, applications of the developed
model, using the identified set of system parameters, are limited to SHR and
WKY rats. However, an advantage of a mechanism-based model is that it
allows accurate extrapolation between different rat strains and from one
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species to another([3,4] as the structure of the model is expected to be the
same in all species. Therefore, future research will include the application of
the developed drug-independent model to predict the clinical response
based on preclinical data for fingolimod and other compounds. To this end
the developed drug-independent model will be scaled to human and
validated on human MAP and CO measurements.
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Objectives

In clinical oncology, combination treatments are widely used and increasingly
preferred over single drug administrations. Therefore, the R&D process is
nowadays focused on the development of new compounds that can be
successfully administered in combination with drugs already on the market.
To this aim, preclinical studies are routinely performed, even if they are only
qualitatively analyzed, on xenograft mice for the assessment of new
combination therapies. The ability of deriving from single drug experiments a
reference response to a joint administration, assuming no interaction, and
comparing it to real response would be the key to recognize synergic and
antagonist compounds.

This work is aimed at deriving quantitative information from standard
experiments. In particular, the definition of no interaction between drug
effects has been provided by means of a new mathematical model. On this
basis, we have also developed a new combination model able to predict the
tumor growth inhibition (TGI) in combination regimens and provide a
guantitative measurement of the nature and the strength of the
pharmacological drug interaction as well.

Methods

Experimental Methods

The experimental setting is that of a typical in vivo study routinely performed
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within several drug development projects using human carcinoma cell lines
on xenograft mice [1]. The typical combination experiment involves the
control arm, the single agent arms and the combination arms. Average data
of tumor weight of control and treated groups were considered. The PKs are
evaluated in separated studies.

The no interaction model

Starting from a minimal set of basic assumptions at cellular level that include
and extend those formulated for the single drug administration [2], a minimal
model able to define and simulate the no interacting behavior of an arbitrary
number of co-administered antitumor drugs has been formulated. The tumor
growth dynamics is described by an ordinary and several partial differential
equations. Under suitable assumptions, the model reduces to a lumped
parameter model that represents the extension of the very popular Simeoni
TGl model [3] to the combined administration of two non-interacting drugs.
The TGl minimal model parameters relative to the tumor growth and to the
drugs action were estimated from experimental data coming from single-
drug administrations and used to simulate combination regimens under the
hypothesis of no interaction. Fitting was performed by nonlinear least
squares as implemented in the Isgnonlin routine of MATLAB 2007b suite with
analytical computation of the Jacobian. Each residual was weighted
proportionally to the inverse of the related measurement.

The combination model
Starting from the TGl minimal model, we have also developed a new PK-PD
model able to predict tumor growth after the co-administration of two
anticancer agents, assessing the nature and the strength of interaction as
well. The tumor growth rate assessed in untreated mice is decreased by two
terms proportional to drug concentrations and decreased-increased by one
interaction term proportional to their product. In order to provide an
understandable measure of the strength of the interaction, two indexes
(called synergistic/antagonistic combination index) were defined.
PK and PD models were implemented in WinNolin 3.1 for the analysis of
several experiments. Model identification was performed by using the
nonlinear weighted least squared algorithm (with weights equal to the
inverse of the related measurement). As for the minimal model the tumor-
related parameters and the drug-related parameters were estimated by
fitting the Simeoni TGl model on the single agent arms. Then, fixing these
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parameters to the estimated values, the new proposed TGl model was fitted
against the combination arms to obtain the value of the interaction term.

Results

The no interaction model

The minimal TGl model specialized for the case of two non-interacting drugs
has been applied to analyze the study of irinotecan CPT-11 in combination
with two different dosages of a novel compound (here call Drug B) on the
HT29 human colon adenocarcinoma cell line. The validity of the no
interaction hypothesis was then assessed by a suitable statistical test [4].
CPT-11 and Drug B showed a negative interaction, namely a (slight)
antagonistic behavior in both combination arms.

The combination model

The model was successfully applied to four novel anticancer candidates,
synthesized by Nerviano Medical Sciences, Nerviano, co-administered with
four drugs already available on the market for the treatment of three
different tumor cell lines. In total, six experiments, testing 11 different
combination treatments involving more than 230 mice, were led. The
estimation of the interaction term allowed an easy evaluation of the nature
of the interaction. The combination indexes were then evaluated for the
combination treatment in order to have an absolute measure of the strength
of interaction. The model has also shown very good capabilities in predicting
different combination regimens in which the same drugs were administered
at different doses/schedules.

Conclusions

Starting from a minimal set of assumptions formulated at cellular level, the
proposed minimal TGl model has been defined to describe the case of no
interaction between co-administered drugs, in order to provide a theoretical
definition of interaction. The model defines a general class of models and at
least in one of its specialized form, can be used for the evaluation of drug
combinations by exploiting simulations, providing a rigorous alternative to
the subjective and qualitative visual comparison of experimental data.
Starting from the concepts, a new PK-PD model has been developed and
implemented aiming to be an approach of practical use in assessing
combination therapy in standard xenograft experiments as well as identifying
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synergistic drug combinations.

The relevance and applicability of the combination model were
demonstrated analyzing several studies. This model can be considered an
indispensable tool in the preclinical drug development and a crucial advance
in the knowledge as it integrates the previous information to improve the
decision making.

This work was supported by the DDMoRe project (www.ddmore.eu).
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James Lu A-23 Application of a mechanistic, systems model of
lipoprotein metabolism and kinetics to target selection and
biomarker identification in the reverse cholesterol transport

(RCT) pathway
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Utah Foundation for Biomedical Research, Salt Lake City, UT, USA

Objectives: The inverse association between the levels of high density
lipoprotein cholesterol (HDL-C) with cardio-vascular (CV) risk has led to the
"HDL-cholesterol hypothesis" whereby interventions raising HDL-C are
expected to decrease CV risk [1]. However, the recent failures of HDL-C
raising compounds (e.g., CETP inhibitors/modulators [2]) to reduce CV risk
have prompted a revision of this hypothesis. The "HDL flux hypothesis" has
been proposed [1]: interventions should aim to promote cholesterol efflux
into the reverse cholesterol transport (RCT) pathway, leading to plague
regression. This new conceptual framework calls for a re-evaluation of
targets and biomarkers.

Methods: In contrast to the stochastic, particle-based model previously
presented [3], the current work utilizes a coarse-grained model that
describes the dynamics of cholesterol and apoA-I pools by a system of ODEs.
Importantly, the cyclic process of HDL particle maturation and re-generation
is described, employing geometrical concepts [4]. HDL re-generation results
in a feedback loop linking the clearance rate of HDL-C back to the RCT input
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rate. The 17 parameters in the model are estimated using the maximum a
posteriori approach: prior estimates of key parameters are taken from
published flux values in normal subjects, which are subsequently informed by
the calibration data. "Virtual populations" are created by sampling model
parameters from a multivariate normal distribution around the mean to
understand epidemiological relationships. Using correlation and principal
component analyses of simulation outputs, biomarkers are examined and
selected based on further mathematical analysis.

Results: Our model predicts that CETP inhibitors raise HDL-C due to a
reduction in its clearance rate, but do not increase the RCT input rate. We
believe this provides an explanation for their lack of CV benefit. In contrast,
we identify targets that increase both HDL-C and RCT: e.g., ABCA1. Using the
model, we further predict that the ratio of lipoprotein parameters pre-
b/apoA-l is a biomarker of therapeutic response under ABCA1 upregulation.

Conclusions: A challenge in understanding the effects of perturbations to the
RCT pathway is the presence of a feedback loop due to the cyclic nature of
HDL metabolism. To meet this challenge, a systems model has been built to
help select targets and identify biomarkers. The model shows that only some
targets which increase HDL-C are associated with increases in RCT.
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Objectives: Before a haematopoietic stem cell transplant (HSCT), a child will
usually be given a conditioning regimen to reduce or ablate the host immune
system in order to prevent graft rejection. Following HSCT, long-term
successful outcomes and short-term complications are associated with the
rate and extent of recovery in the child's immune system. Studying immune
reconstitution in children presents a huge challenge as the rapidly developing
immune system means that expected CD4 T cell counts (a key subset of
lymphocytes) for age can vary by as much as three-fold [1]. This work
presents a new mechanistic model that has been developed which describes
the reconstitution of total body CD4 T cell count with time in children who
have had an HSCT.

Methods: The fundamental model of the CD4 cell count has three
parameters representing, the initial total body CD4 cell count, thymic output
of CDA4 cells, and the net loss rate of CD4 cells. The model is made more
mechanistic in three ways: (1) accounting for age-related changes in the
thymus with a functional form for thymic output [2]; (2) allowing for thymic
output not recovering production immediately after the HSCT; (3) including
the effects of competition for homeostatic signals leading to changes in the
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net loss rate with cell quantities. We apply this model to longitudinal data
collected in the bone marrow transplant unit in Great Ormond Street
Hospital.

Results: Adding the effects of reduced thymic function and competition both
significantly improved model fit, and the final model had good descriptive
and simulation properties. In the long term, the modelled population
average returned to, or very near to, the total body CD4 count expected for a
healthy child. The dynamics of the thymus returning to full production agree
well with experimental evidence [3].

Conclusions: A novel mechanistic model for the immune reconstitution of
CD4 cells after HSCTs in children has been developed. The model brings
together many ideas about the immune system in children, including the
changes in the thymus with age, and appears to show clearly the necessity of
including both the effects of reduced thymic function post HSCT, and of
competition for homeostatic signals by CD4 cells in the body. It is now
possible to carry out a multivariate analysis and find which parts of the
immune system are affected by covariates such as disease type, drug pre-
conditioning, and graft-versus-host disease prophylaxis.
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Objectives: Tracer kinetic studies can be a valuable tool to gain
understanding on the dynamics of protein pathways. However, results
interpretation is difficult and requires a model-based evaluation to take full
advantage of the data. In this example, timecourse data on CSF tracer and
ELISA-based total CSF AB were obtained under unaltered, mild and potent
production inhibition with a BACE inhibitor in healthy human to inform
understanding of the amyloid pathway, which is central to plague formation
in Alzheimer's Disease. Our goal was to establish a mechanistic pathway
model that describes the total AB, fraction labeled A, and newly generated
AB with a single drug action (inhibition of BACE) to enhance understanding of
the utility and interpretation of tracer kinetic data.

Methods: Subjects (n=5/arm) received single doses of placebo, low or high
dose BACE inhibitor with *C-labeled leucine infused from 5 to 15 hours post-
dose. Serial plasma and CSF samples were obtained for assessment of drug
concentration, total AB, and fraction of leucine and AP labeled.

Data were fit to a compartmental model reflecting brain pools for precursor
protein, BACE cleavage product C99, gamma secretase cleavage product AB
and distribution to the lumbar CSF sampling site. Duplicate pathways were
needed, informed by the timecourse of fraction *C-labeled leucine, to
separately describe the labeled and unlabeled fractions. BACE inhibition was
modeled as an Emax function on the production rate of C99.
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Results: The model was able to simultaneously describe the time courses of
total AB, fraction labeled AB, and newly generated AP with a single drug
action. Rate constants related to steps in the amyloid pathway could be
separated from delays related to distributional processes. Simulations
indicated that timing of *C-leucine infusion relative to dosing of the BACE
inhibitor is key in obtaining informative data on the underlying system.

Conclusions: Tracer kinetic approaches together with mechanistic modeling
enhance the understanding of endogenous pathway dynamics. A model-
based analysis allowed to distinguish between steps in the amyloid pathway
and distributional processes. This framework enables a more physiologically
based approach to account for effects of AR oligomers and/or plaque pool in
Alzheimer's disease. Finally, model-based simulations inform on
improvements of the experimental design that will maximize derived
knowledge on the underlying system pharmacology of the amyloid pathway.
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Reproducibility is the cornerstone of scientific research, but is nonetheless a
challenging area in pharmacometric data analysis. The large number of
intermediate steps required, often involving multiple versions of datasets,
combined with a mixture of software tools and the substantial quantity of
results that must be tracked and summarized renders traceability an onerous
and time-consuming business.

The concept of “reproducible research” is that the final product of scientific
research is not just the text of a report or research article, but should also
include the full computational environment used to produce the results,
including all the associated code and data — and that this bundle of data and
scripts should be shared with others who wish to reproduce these results.
Although this is not often possible in pharmacometrics, given that data are
usually confidential and that it may not be practical to reproduce hundreds of
model fits, we can apply the process of reproducible research to our activities
as far as possible to ensure that traceability is maintained.

Although there are many approaches that may be taken to adopting this
principle, we shall focus on the combination of R, knitr and LaTeX. These
tools together enable the end-to-end scripting of data file creation, capture
of results from external software tools and subsequent analyses, and can
automate the creation of publication-quality reports, articles and slide decks.

We shall demonstrate that applying techniques such as these is not
particularly difficult, especially now that they are coming into general use and

Page | 66



support from software tools is maturing. We shall discuss the substantial
benefits of doing so, which include increased accuracy, efficiency, reliability
and credibility, elimination of transcription errors, built-in traceability, and
the ability to reproduce an analysis, including article or report, in its entirety
years later. A live demonstration will be available during the poster sessions.
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Objectives: Definition of a modelling description language (MDL) is a key
deliverable from the Innovative Medicines Initiative Drug Disease Modelling
Resource (DDMoRe) project [1]. The MDL aims to provide a new standard in
describing pharmacometric models consistently across software tools and
brings together features of various existing modelling languages. It is
intended to be flexible, extensible, easy to code, understand and use.
Together with the associated computer-readable markup language,
PharmML, the aim is to facilitate automated translation of models and
modelling tasks into target application scripts for NONMEM, Monolix,
Phoenix NLME, BUGS, R and Matlab.

Methods: A DDMoRe work-package group comprising members from
European universities, small to medium enterprises (SME) and the
pharmaceutical industry have collaborated for 2 years to develop the MDL. A
draft MDL description was proposed and refined through review and input
from colleagues across the project. Example models (Use Cases) have been
proposed which test the ability of the language to describe a variety model
features succinctly and unambiguously.

Results: A MDL specification document has been written that describes the
structure and properties of the language. There are two components 1) the
Model Coding Language (MCL) which is declarative and describes the
mathematical model, parameters, data and task properties. 2) the Task
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Execution Language which is procedural and defines the workflow of
modelling tasks using a R like language which may include (but is not limited
to) estimation, simulation, diagnostics, modelling summaries and data
generation. Close integration with R is desirable to leverage existing and
established modelling and simulation packages. Automated translation from
NM-TRAN to MDL [2] and from MDL to NM-TRAN has been demonstrated for
simple models. A "Rosetta Stone" has been constructed to assess whether
key attributes within the target languages have been adequately expressed
within the MCL and to identify how translation of MDL to the other target
languages can be achieved.

Conclusions: It is expected that conversion to the remaining target
application scripts will occur rapidly now that the feasibility of using NM-
TRAN has been confirmed. Public release of the language specification will
occur by June 2013. This work is presented on behalf of the DDMoRe project.
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Oral: Methodology - New Modelling Approaches

Vittal Shivva A-30 Identifiability of Population
Pharmacokinetic-Pharmacodynamic Models

Vittal Shivva(1)*, Julia Korell(1,2), lan G Tucker(1), Stephen B Duffull(1)
(1)School of Pharmacy, University of Otago, Dunedin, New Zealand
(2)Department of Pharmaceutical Biosciences, Uppsala University, Sweden

Background: Mathematical models are routinely used in clinical
pharmacology to study the time course of concentration and effect of a drug
in the body. Identifiability of these models is an essential prerequisite for the
success of these studies [1]. Identifiability is classified into two types,
structural identifiability related to the structure of the mathematical model
and deterministic identifiability which is related to the study design. Though
various approaches are available for assessment of structural identifiability of
fixed effects models, no specific approaches are proposed to formally assess
population models.

Aim & Objectives: In this study we developed a unified numerical approach
for simultaneous assessment of both structural and deterministic
identifiability for fixed and mixed effects pharmacokinetic (PK) or
pharmacokinetic-pharmacodynamic models. The approach was based on an
information theoretic framework [2]. The approach was applied to both
simple PK models to explore known identifiability properties and also to a
parent-metabolite PK model [3] to illustrate its utility.

Methods & Results: One compartment first order input PK models (Bateman
& Dost) were assessed as fixed effects and mixed effects models using the
criteria developed in this study. Results from the assessment of mixed effects
models revealed that the bioavailable fraction F and its between subject
variability (BSV) parameter wr were unidentifiable in the Dost model,
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whereas only F was unidentifiable in the Bateman model. A parent-
metabolite model that described the oral PK of ivabradine and its metabolite
was assessed for identifiability of both fixed and mixed effects. Assessment of
the model revealed that Vi, (volume of distribution of the metabolite in the
central compartment) and F, (bioavailable fraction of the parent) were
unidentifiable in the model. All BSV parameters were identifiable in the
mixed effects model of ivabradine.

Discussion & Conclusions: Results from the analysis of simple and more
complicated (multiple response) PK models have demonstrated the ability of
this approach to assess structural identifiability of population models. This
method also enables the assessment of deterministic identifiability by
examining the diagonal elements of the inverse of the Fisher Information
Matrix for a candidate design. The current approach can serve as a unified
method for assessing both structural and deterministic identifiability of
population models.
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Oral: Methodology - New Modelling Approaches

Leonid Gibiansky A-31 Methods to Detect Non-Compliance
and Minimize its Impact on Population PK Parameter
Estimates

Leonid Gibiansky (1), Ekaterina Gibiansky (1), Valerie Cosson (2), Nicolas Frey
(2), Franziska Schaedeli Stark (2)
(1) QuantPharm LLC, North Potomac, MD, US; (2) F. Hoffmann-La Roche Ltd,
Basel, Switzerland

Objectives: To develop and evaluate methods to detect non-compliance and
obtain unbiased parameter estimates in a population pharmacokinetic (PK)
analysis.

Methods: Data sets emulating clinical studies with different duration,
sampling schemes and levels of compliance to a once daily oral dosing
regimen were simulated using a 2-compartment model with first-order
absorption and elimination and significant drug accumulation. Non-
compliance was simulated as drug holidays preceding some observations in
20 to 80% of subjects. For each dataset, the original model was fit assuming
full compliance to evaluate precision and bias on the parameter estimates.
Two methods (CM1, CM2) to account for non-compliance were tested. CM1
introduced a random effect (ETAerr) on the magnitude of the residual error
and re-estimated PK parameters with increasing fractions of subjects with
high ETAerr removed from the data set. CM2 is the generalization of the idea
proposed in [1]. It relied on rich data obtained immediately before and after
an observed dose in the clinic, while trough PK samples related to
unobserved doses outside the clinic (outpatient doses) were ignored. To
account for possible non-compliance, individual relative bioavailability of the
outpatient doses was introduced, estimated, and associated to individual
compliance.
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Results: When assuming full compliance, the PK parameter estimates were
significantly biased. By introducing ETAerr in CM1 the bias was reduced and
non-compliant subjects could be associated with a high ETAerr. Incremental
removal of subjects with high ETAerr further reduced the bias until the
parameter estimates converged to the true values, while the variance of the
ETAerr decreased towards zero. However, precision of the obtained
parameter estimates decreased with increasing number of subjects removed
to obtain unbiased parameter estimates. CM2 yielded unbiased PK
parameter estimates for the datasets with any fraction of non-compliant
subjects. Non-compliant subjects could be associated with a low
bioavailability estimate for the outpatient doses. However, the method
heavily relies on the availability of rich data following an observed dose in the
clinic.

Conclusions: The proposed methods offer ways to identify subjects with non-
compliance and reduce or eliminate bias on PK parameter estimates based
on rich or sparse PK sampling data in populations with prevalent non-
compliance.
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population pharmacokinetic data analysis under noncompliance. J
Pharmacokinet Pharmacodyn. 2008;35(2):219-33.

Page | 73



Oral: Methodology - New Modelling Approaches

Julie Bertrand A-32 Penalized regression implementation
within the SAEM algorithm to advance high-throughput
personalized drug therapy

Julie Bertrand (1), Maria De lorio (2), David J. Balding (1)
(1) Genetics Institute, University College London, London, UK, (2) Department
of Statistical Science, University College London, London, UK

Context: In a previous study, we have shown that penalized regression
approaches (such as Lasso) in combination with a model-based population
analysis were computationally and statistically efficient to explore a large
array of single nucleotide polymorphisms (SNPs) in association with drug
pharmacokinetics (PK) [1]. However, these approaches use two stages in
which the effect of a SNP on model parameters is assessed after those
parameters are estimated.

Objectives: To develop an integrated approach to simultaneously estimate
the PK model parameters and the genetic size effects and compare its
performance to a penalized regression on Empirical Bayes Estimates (EBEs)
and a classical stepwise procedure.

Methods: At each iteration of the Stochastic Approximation (SA) Expectation
Maximization algorithm, a penalized regression is realized on the values of
the individual parameters issued from the SA to update the vector of fixed
effects. In the Lasso procedure, the penalty function is the double-
exponential (DE) probability density. Hoggart et al. [2] proposed the
Hyperlasso, a generalization of the Lasso, to allow the penalty function to
have flatter tails and a sharper peak. HyperLasso uses the normal-exponential
Gamma (NEG) distribution, which is the DE with the rate parameter drawn
from a Gamma distribution. The shape parameter of the NEG was here set to
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1 and the scale using a formula ensuring a given family wise error rate
(FWER) [2] rather than permutations as in [1].

Our simulated PK model is based on a real-case study but with a design
selected to ensure reasonable precision of parameter estimates of 300
subjects and 6 sampling times. The simulated array includes 1227 SNPs in 171
genes. Under the alternative, H;, we randomly picked 6 SNPs per simulated
data set which together explain 30% of the variance in the logarithm of the
apparent clearance of elimination.

Results: The penalized regression on EBEs and the stepwise procedure
obtained a FWER not significantly different from the target value of 0.2, while
the integrated approach was more conservative with an empirical FWER of
0.1. Nevertheless, all three approaches obtain similar power estimates to
detect each of the 6 causal SNPs with the integrated approach detecting
almost no false positives. The integrated approach computing times were
longer under the null and under H;, 1.8 and 2.8h compared to 0.08 and 0.12h
for the penalized regression on EBEs and 0.08 and 0.73h for the stepwise
procedure.
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Oral: Drug/Disease modelling

Shelby Wilson A-34 Modeling the synergism between the
anti-angiogenic drug sunitinib and irinotecan in xenografted
mice

S. Wilson, E. Grenier, M. Wei, V. Calvez, B. You, M. Tod, B. Ribba
INRIA Grenoble Rhone-Alpes, Numed Project Team, 655 avenue de I’Europe,
38330 Montbonnot-Saint-Martin, France

Objectives: We aim to evaluate a potential synergistic effect between
sunitinib, an anti-angiogenic agent, when given in combination with
irinotecan, a cytotoxic agent, in preclinical settings using tumor inhibition
models.

Methods: We analyze a data set consisting of longitudinal tumor size
measurements (1,371 total observations) in 90 colorectal tumor-bearing
mice. Mice received single or combination administration of sunitinib and/or
irinotecan. We model this data with a system of non-linear ordinary
differential equations that describe tumor growth and angiogenesis. Sunitinib
is modeled as acting by reducing the carrying capacity of the tumor, while
irinotecan directly reduces the tumor bulk by inducing progressive cell death
through transit compartments. Model parameters corresponding to tumor
growth and monotherapy are estimated in a mixed-effect manner using
Monolix (Lixoft) while parameters corresponding to drug synergism are
estimated in a fixed-effect manner using a Nelder-Mead Simplex Method. We
then evaluate the hypothesis that sunitinib and irinotecan interact
synergistically when administered together.
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Results: Through a chi-squared test on the residuals generated by the single
and combination arm simulations, we conclude that there must be a
synergistic interaction between these drugs (p<0.0001). We found that this
interaction takes place in the rate parameter defining the speed in which
cells die once affected by irinotecan, with this speed being proportional to
the area under the curve of sunitinib given prior to the first dose of
irinotecan. This increase in death rate can be related to re-oxygenation of
cells due to the improved vasculature induced by sunitinib. A direct
consequence of this interaction is the creation of a therapeutic window in
which the relative timing between drug administrations is most effective.
Irinotecan administered 5 days after onset of sunitinib administration leads
to the maximum relative reduction of tumor size (9.52%).

Conclusions: Our model suggests that synergism between irinotecan and
sunitinib is a necessary consideration for future studies. Model dynamics
indicate the existence of an optimal timing of irinotecan administration with
respect to that of sunitinib. This model can be used as a simulation tool to
increase overall treatment efficacy by suggesting protocols based on the
identification of optimal treatment windows created by the synergism
between anti-angiogenic and chemotherapeutic drugs.
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Oral: Clinical Applications

S. Y. Amy Cheung A-35 Using a model based approach to
inform dose escalation in a Ph | Study by combining emerging
clinical and prior preclinical information: an example in
oncology

S.Y. Amy Cheung, James W.T. Yates, Peter Lawrence, Marcelo Marotti, Barry
Davies, Paul Elvin, Christine Stephens, Paul Stockman and Andrew Foxley
AstraZeneca R & D, Macclesfield, UK

Objectives: Oncology Phase | studies are typically small, open-label,
sequential studies enrolling 3-6 patients per dose escalation [1]. Deriving a
recommended dose, schedule and potential combination option is one of the
main goals.

Rule based methods are used to identify the recommended dose [1] based
on clinical data generated during the study. The disadvantages of these
methods are that they are unable to use all previous information on the
study and cannot easily provide extrapolation to untested schedules. Model
based approaches for human studies [2] allow utilization of all available data,
and the relationship between dose, exposure and effect to be determined.
This example of a first time in man trial demonstrates the benefits of
incorporating model based approaches to inform dose escalation.

Methods: Prior to this study, pre-clinical information was reviewed to
identify and prioritize key data for analysis that would provide useful signals
for tolerability.

The predicted human PK profile was used as prior information to enable
analysis of the sparse datasets emerging from the first few cohorts.
Pharmacodynamic models developed from pre-clinical data were reapplied
to the clinical data.

The models were updated with data from each successive cohort of patients
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and then used to simulate the endpoints for a range of proposed dose
escalations to inform the clinical team with predicted outcomes. These
models were also used to explore options for further arms of the study to
investigate alternative schedules.

Results: Even from small data sets the models developed were robust to
inform escalation. This was demonstrated in part by the ability to predict to
untested doses and schedules. The simulations of continuous variables
allowed for dose increments and the starting dose for alternative schedules
to be determined using a quantitative basis. This included the instigation
and escalation of intermittent dosing arms that proceeded to identify the
recommended dose more quickly than would have been the case with a
classical approach.

Conclusions: The utilization of pre-clinical, clinical PK, safety and PD data in
model based dose escalation allows rapid learning in early phase clinical
development. This real-time approach using simulation of scenarios based on
the available information has enabled a development program to identify the
RD for a range of schedules efficiently thereby improving trial outcome.
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Oral: Drug/Disease modelling

Sonya Tate A-36 Tumour growth inhibition modelling and
prediction of overall survival in patients with metastatic
breast cancer treated with paclitaxel alone or in combination
with gemcitabine

Sonya C Tate (1), Valerie Andre (1), Nathan Enas (2), Benjamin Ribba (3) and
Ivelina Gueorguieva (1)
(1) Eli Lilly and Company, Erl Wood, UK, (2) Eli Lilly and Company,
Indianapolis, USA, (3) INRIA, Grenoble, France

Objectives: The aim of this study was to develop a modelling framework to a)
characterise the tumour growth inhibitory (TGI) effects of paclitaxel and
gemcitabine in metastatic breast cancer (MBC) patients, and b) investigate
the predictive potential of change in tumour size (CTS) on overall survival
(0S).

Methods: A randomised phase Ill trial was performed to evaluate the clinical
benefit of gemcitabine for MBC patients receiving concomitant paclitaxel
therapy [1]. Data from the study were collated and inclusion criteria were
applied to align the WHO tumour size dataset with RECIST 1.0. A sequential
modelling approach was applied to first evaluate tumour growth dynamics
and to subsequently predict OS from CTS. The PK/TGI model was developed
to incorporate the effect of combination therapy. A survival model was used
to characterise OS as a function of various covariates, including CTS at weeks
1to 12, baseline tumour size, treatment group, ECOG status, age and
ethnicity.

Results: Of the 598 patients enrolled, 486 patients contributed 1477
measurements meeting the inclusion criteria. Survival data were available for
446 of those patients, of which 376 had died at the last follow up. A PK/TGI
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model which was previously used to assess tumour growth dynamics in a
range of tumour types [2,3,4] was successfully applied to MBC. To model
drug combination, we included two distinct routes of tumour shrinkage, one
by paclitaxel and another by gemcitabine. Drug exposure was incorporated
into the model by simulating AUCO0-24 from published PK models [5,6]. The
median predicted CTS at week 8 was -11% from baseline for the paclitaxel
arm and -26% for the gemcitabine/paclitaxel arm. OS was described using a
survival model with a Weibull distribution, incorporating CTS at week 8 as the
best predictor of OS. Additional covariates included in the survival model
were ECOG status and baseline tumour size.

Conclusions: We have extended an existing clinical TGl model to incorporate
combination therapy and successfully applied this model to analyse tumour
size data in MBC patients treated with paclitaxel alone or in combination with
gemcitabine. Notably, using this combination therapy model, we have found
that CTS at week 8 was a good predictor of OS in accordance with previous
studies for NSCLC and thyroid cancer [3,7]. These results support the use of
this modelling approach in future clinical studies which incorporate
combination therapy in a parallel design.

This work is supported by the DDMoRe project.
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Oral: Methodology - New Modelling Approaches

Chuanpu Hu A-39 Latent variable indirect response modeling
of continuous and categorical clinical endpoints

C. Hu(1), P. Szapary(1), A. Mendelsohn (1), H. Zhou(1)
(1)Janssen Research & Development LLC, Spring House, PA, USA

Objectives: Parsimonious predictive exposure-response modelling is
important in clinical drug development. This study aims to introduce a
general latent variable representation of Indirect Response (IDR) models, and
apply it to simultaneously model the efficacy endpoints of Psoriasis Area and
Severity Index (PASI) scores and the 20%, 50%, and 70% improvement in the
American College of Rheumatology disease severity criteria (ACR20/50/70),
in psoriatic arthritis (PsA) patients treated with ustekinumab.

Methods: A general approach of using a latent-variable representation of IDR
models in a format of change from baseline for clinical endpoints is
developed from a continuous underlying process. The approach extends to
general link functions that cover logistic/probit regression. Placebo effect
parameters in the new representation are more readily interpretable and can
be separately estimated from placebo data, thus allowing convenient and
robust model estimation. When applying to ordered categorical endpoints,
the approach allows the testing of baseline constraint that the probability of
achieving endpoint equals zero. Inherent connections with baseline-
normalized standard IDR models are derived. This approach was applied to
data through the primary endpoint (week 24) from two phase Ill clinical trials
of subcutaneously administered ustekinumab for the treatment of PsA,
where PASI scores and ACR20/50/70 were jointly modelled with accounting
of their correlations.
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Results: An earlier approach using latent variable IDR [1,2] to model clinical
endpoints is shown to be equivalent to a baseline-normalized representation
[3,4]. This is used to further prove an equivalence between Type /11l IDR
models for clinical endpoints. The equivalence properties hold under general
link functions that cover logistic and probit regression or continuous clinical
endpoint modelling. In the current application, 925 PsA patients contributed
to nearly 3,000 ustekinumab serum concentration measurements, 5,000 ACR
and 3,400 PASI scores. External validation showed reasonable parameter
estimation precision and model performance.

Conclusion: The latent-variable IDR model representation provides a
parsimonious approach for predictive modelling of clinical endpoints. In this
framework, Type | and Type IIl IDR models are shown to be equivalent,
therefore there are only three identifiable IDR models. The joint model could
be used to predict both psoriasis and arthritis components.
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Oral: Methodology - New Tools

Anne-Gaelle Dosne A-40 Application of Sampling Importance
Resampling to estimate parameter uncertainty distributions

Anne-Gaélle Dosne (1), Martin Bergstrand (1), Mats O. Karlsson (1)
: (1) Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden

Objectives: Develop a method to assess parameter uncertainty for non-linear
mixed effects (NLME) models based on Sampling Importance Resampling
(SIR) [1]. Compare this method to existing methods for real and simulated
data.

The uncertainty in parameter estimates in NLME models is commonly
computed using the asymptotic covariance matrix. A well-known limitation of
this method is the lack of considering any asymmetry in the parameter
uncertainty. In this work, a method based on SIR was developed to improve
uncertainty estimation based on the covariance matrix while limiting
computational burden.

Methods: A high number (2000-10000) of parameter vectors were sampled
from the covariance matrix. For each parameter vector, an importance ratio
(IR) was computed by weighting the fit to the original data by the probability
density value for the vector given the estimated covariance matrix. Non-
parametric uncertainty distributions were then obtained by resampling
parameter vectors according to probabilities proportional to the IR. The SIR
method was applied to NLME models for real [2-4] and simulated data.
Parameter confidence intervals (Cls) and density distributions obtained with
SIR were compared to those obtained based on likelihood profiling (LLP),
covariance matrix and bootstrap using the FOCElI method in NONMEM 7.2.
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Results: Compared to Cls based on the covariance matrix, SIR provided a
closer agreement with LLP, especially for parameters showing asymmetric
Cls. SIR Cls were in agreement with Cls based on the covariance matrix when
the uncertainty was symmetric. SIR also led to Cls in closer agreement to LLP
for real data examples where the bootstrap confidence intervals were shown
to be inflated [5].

Conclusions: SIR appears as a promising approach to assess parameter
uncertainty. While based on the covariance matrix, it can address asymmetry
in parameter uncertainty. As opposed to LLP, it directly generates a
distribution that can be used for clinical trial simulation. In comparison to a
bootstrap SIR allows every parameter vector to be evaluated using all data,
which is valuable when the data set is not very large, yet at a very limited
computational burden.

Acknowledgements: This work was supported by the DDMoRe
(http://www.ddmore.eu/) project.
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Oral: Methodology - New Tools

Hoai Thu Thai A-41 Bootstrap methods for estimating
uncertainty of parameters in mixed-effects models

Hoai-Thu Thai (1), France Mentré (1), Nicholas H.G. Holford (3), Christine
Veyrat-Follet (2), Emmanuelle Comets (1)

(1) INSERM, UMR 738, F-75018 Paris, France; Univ Paris Diderot, Sorbonne
Paris Cité, UMR 738, F-75018 Paris, France; (2) Drug Disposition Department,
Sanofi, Paris, France; (3) Department of Pharmacology and Clinical
Pharmacology, University of Auckland, Auckland, New Zealand

Objectives: Nonparametric case bootstrap is frequently used in PK/PD for
estimating standard error (SE) and confidence interval (Cl) of parameters [1-
2]. Residual bootstraps resampling both random effects and residuals are an
alternative approach to case bootstrap which resamples entire individuals [3-
4]. These methods have not been well studied in mixed-effects models
(MEM). We aimed to study and propose appropriate bootstrap methods in
MEM and to evaluate their performance by simulation using examples of
disease progression model in Parkinson's disease [5] (for linear MEM) and PK
model of aflibercept (Zaltrap®) [6], a novel anti-VEGF drug (for nonlinear
MEM).

Methods: Different bootstraps accounting for between-subject and residual
variabilities were implemented in R 2.14. Corrections of random effects and
residuals for variance underestimation were investigated [7]. The bootstrap
performances were first assessed in LMEM with homoscedastic error by a
simulation (k=1000 replicates and B=1000 bootstrap samples/replicate) with
3 balanced designs (rich, sparse, large error). The best bootstraps in LMEM
were then evaluated in the NLMEM with heteroscedastic error by a
simulation (k=100/B=1000) with 2 balanced (frequent/sparse) and 1
unbalanced designs. Bootstraps were compared in terms of bias of
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parameters, SE and coverage rate of 95% Cl. R 2.14 and MONOLIX 4.1 were
used to fit the data in LMEM and NLMEM, respectively.

Results: Our simulations showed a good performance of the case bootstrap
and the nonparametric/parametric residual bootstraps with a correction for
variance underestimation in LMEM [8]. In NLMEM, these methods performed
well in the balanced designs, except for the sparse design where they greatly
overestimated SE of a parameter estimate having a skewed distribution. In
the unbalanced design, the case bootstrap overestimated the SE of this
parameter and the nonparametric residual bootstrap overestimated the SE of
variances even with stratification on frequent/sparse sampling. The
asymptotic method performed well in most cases, except for low coverage
rates of highly nonlinear parameters.

Conclusion: The bootstraps only provide better estimates of uncertainty in
NLMEM with high nonlinearity compared to the asymptotic method. The
nonparametric residual bootstrap works as well as the case bootstrap.
However, they may face practical problems, e.g skewed distributions in
parameter estimates and unbalanced designs where stratification may be
insufficient.
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Oral: Methodology - New Tools

Celia Barthelemy A-42 New methods for complex models
defined by a large number of ODEs. Application to a
Glucose/Insulin model

Celia Barthelemy and Marc Lavielle
INRIA Saclay and University Paris-Sud

Objectives: Modelers are increasingly faced with complex physiological
models represented by a large number of ordinary differential equations
(ODEs). Widely used modeling algorithms need to evaluate the structural
model a large number of times, and for instance SAEM, MCMC and Monte-
Carlo algorithms can be extremely time-consuming when the model is
defined by a large system of ODEs. There is therefore a need for new efficient
numerical tools to help the modeler deal with such complex models. We
propose an extension of these algorithms that limits the total number of
times the ODEs need to be solved.

Methods: This new approach consists in first evaluating the structural model
on a well-defined grid of parameters. Then, the structural model is
approximated by interpolating these isolated values. The number of points of
the grid defines the quality of the approximation. “Exact methods” are
obtained when this number tends to infinity.

The proposed method has been evaluated using simulations. Performance
was assessed by computing the root mean square error (RMSE) and the
computing time required for several tasks: estimation of the population and
individual parameters, evaluation of the Fisher information matrix,
evaluation of the log-likelihood, and creation of VPCs.
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Results: We illustrate the method on simulated datasets from the
glucose/insulin model proposed by Alvehag [1]. This model is composed of 29
EDOs, and 5 parameters are estimated. For a grid of 11/5 points, the elapsed
time for each task is approximately divided by 7. For example, the times for
the original and extended SAEM algorithms are respectively 3 minutes and 42
seconds, and the increase in the RMSE does not exceed 5%.

Conclusions: Encouraging results have been obtained with models defined by
a large system of ODEs and a relatively small number of unknown
parameters. In particular, the population parameters are estimated with little
bias whereas the estimation is significantly faster compared to standard
SAEM. This method makes feasible the use of more and more realistic
physiological models.

Attempts can now be made to extend such approaches to models defined
with a larger number of parameters. Application to spatial models defined by
Partial Differential Equations (PDEs) could also be considered.

References:

[1] Karin Alvehag. Glucose regulation, a mathematical model (2006).

[2] Donnet and Samson. Estimation of parameters in missing data models
defined by differential equations. ESAIM: Probability and Statistics (2005)

Acknowledgments: This work was supported by the DDMoRe project
(www.ddmore.eu).
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Poster: New Modelling Approaches

Andrijana Radivojevic 1-01 Enhancing population PK modeling
efficiency using an integrated workflow

Andrijana Radivojevic, Martin Fink, Jean-Louis Steimer, Henning Schmidt
Novartis Pharma AG, Basel, Switzerland

Objectives: Population pharmacokinetic (popPK) modeling outlines a very
significant area of Pharmacometrics, or Modeling & Simulation. PopPK
activities need to be performed regularly during drug development - from
first-in-human dose prediction until submission at the end of Phase Ill. Since
such analyses currently can take a considerable amount of time, resources
are bound and not readily available to support other aspects of model based
drug development. Our aims were to examine how the process of building a
popPK model can be supported in order to increase efficiency, to develop a
user friendly implementation of a popPK toolbox as proof-of-concept, and to
stimulate a scientific discussion about such an integrated approach.

Methods: Through an internal survey at Novartis Modeling&Simulation and
review of published literature, the most typical popPK modeling scenarios
(following the Pareto principle) were identified. Based on that information, a
popPK workflow was defined, along with a standard dataset specification. A
modular approach was chosen, allowing the modeler to use the workflow
where possible and do additional assessments where needed.

Results: This investigation proposes a workflow for popPK analyses, including
data standards, data exploratory and goodness-of-fit plots, model building,
covariate search, model summary/comparison statistics. As a proof-of-
concept, the workflow was implemented and documented within the user-
friendly SBPOP Package [1]. It has already been tested internally at Novartis
on analysis of Phase Il and Il data for several compounds.
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Conclusions: While the literature offers guidelines on popPK model validation
and reporting, recommendations on actual model building still remain
limited. The given implementation of a step-wise popPK modeling workflow
has been proven to bring a considerable gain in efficiency, but at the same
time assuring compliance to regulatory and internal requirements, freeing
the modeler from labor intensive repetitive coding tasks. The approach is
easily extensible to sequential PKPD modeling. At the current stage, the
discussed workflow and its implementation is meant to serve as a basis for
scientific discussions on model building standards.

References:

[1] H. Schmidt. SBPOP Package: Efficient support for model based drug
development — from mechanistic models to complex trial simulation, Poster,
PAGE, 2013.
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Poster: Infection

Gauri Rao 1-02 A Proposed Adaptive Feedback Control (AFC)
Algorithm for Linezolid (L) based on Population
Pharmacokinetics (PK)/Pharmacodynamics
(PD)/Toxicodynamics(TD)

Gauri G. Rao (1), Neang S. Ly (1), Brian T. Tsuji (1), Alan Forrest (1)
(1) School of Pharmacy &Pharmaceutical Sciences, University at Buffalo,
SUNY, Buffalo, NY

Objectives:L has a complicated &variable population PK model with parallel
saturable (non-renal) & first order (renal) pathways of elimination. The
traditional dose of 600mg q12hr provides ~30-fold variability in area under
the curve (AUC); only ~19% of this variability can be explained by patient
covariates. Efficacy is well related to AUC/MIC with values of 100 to 200
needed to treat most sites of infection. The current MIC breakpoint for
susceptibility is 4. TD (decreased platelet (PLT)) related to AUC & duration of
L treatment. Our objective is to use population PK/PD/TD models & Monte
Carlo simulations (MCS) to evaluate the ability to safely &effectively treat
infections with an MIC>1.

Methods: We developed an integrated PK/PD/TD model from the literaturel-
4. MCS (ADAPT 5)was used to randomly select 5000 adult patients (with a full
range of weights, creatinine clearance &baseline PLT) who were treated with
3 different regimens (600mg q12h (R1), 600mg q8h (R2) & a regimen
individualized by AFC (R3)). For each subject ®imen resulting AUCs were used
to compute, for MICs 2 &4, the probability for success for a lower respiratory
tract infection (PLRTI2 & PLRTI4) & bacteremia (PBac2 & PBac4) & predicted
platelet nadirs on days 7 (NPIt7) & 14 (NPIt14). For the AFC algorithm, a
1200mg loading dose was followed by plasma samples at 0.5, 1, 4, 12 & 24h,
with random observation errors, (times according to optimal sampling
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theory) &600mg q8h. These samples were fit with a MAP-Bayesian estimator
& doses adjusted within 24h.

Results: The randomly selected patients had a median (range) weight (kg)
73.4(39-132), creatinine (mL/min) 67.8 (22.6-178) & baseline PLT 305 (135-
595). Results for (R1/R2) for %Bac2 (91.8/95.9), %Bac4 (66.2/93.6),
%LRTI2(75.5/77.9), %LRTI14(59.6/76.5), %NPLT7

Conclusions: R1 the MIC cutoff should be 2 & not 4. Given the substantial
variability in PK poorly described by covariates, AFC of L appears the best
approach to extend this to an MIC of 4.

References:

[1] Meagher, A. K., A. Forrest, et al. (2003). "Population pharmacokinetics of
linezolid in patients treated in a compassionate-use program." Antimicrob
Agents Chemother 47(2): 548-553.

[2] Rayner, C. R., A. Forrest, et al. (2003). "Clinical pharmacodynamics of
linezolid in seriously ill patients treated in a compassionate use programme."
Clin Pharmacokinet 42(15): 1411-1423.

[3] Forrest A, Rayner CR, Meagher AK, Birmingham MC, Schentag JJ. 40th
ICAAC. Sept 2000 Toronto, Ontario, Canada

[4] Sasaki, T., H. Takane, et al. "Population pharmacokinetic and
pharmacodynamic analysis of linezolid and a hematologic side effect,
thrombocytopenia, in Japanese patients." Antimicrob Agents Chemother
2011 May;55(5):1867-73. doi(2011 Feb 28): 10.1128/AAC.01185-01110.
[5]D’Argenio, D.Z., A. Schumitzky and X. Wang. ADAPT 5 User’s Guide:
Pharmacokinetic/ Pharmacodynamic Systems Analysis Software. Biomedical
Simulations Resource, Los Angeles, 2009.
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Poster: CNS

Sylvie Retout 1-03 A drug development tool for trial
simulation in prodromal Alzheimer’s patient using the Clinical
Dementia Rating scale Sum of Boxes score (CDR-SOB).

Sylvie Retout (1), Isabelle Delor (2), Ronald Gieschke (1), Philippe Jacgmin (2),
Jean-Eric Charoin (1) for Alzheimer’s disease Neuroimaging Initiative.
(1) F. Hoffmann-La-Roche Ltd, Basel, Switzerland, (2) SGS-Exprimo, Mechelen,
Belgium

Objectives: Population Alzheimer's disease (AD) progression models have
been developed using the Alzheimer's Disease Assessment Scale - cognitive
subscale (ADAS-cog) scores to describe the dementia stage of the disease [1-
2]. However, those models cannot be used in the context of drug
development projects focusing on earlier stages of the disease such as with
prodromal patients, and for which endpoint is assessed by CDR-SOB scores.
Our objectives were then to support the development of an AD progression
model based on CDR-SOB scores and to demonstrate, by simulation, the
usefulness of such a model for clinical trial optimisation.

Methods: An AD progression population model was developed [3] using the
CDR-SOB scores from the Alzheimer's Disease Neuroimaging Initiative (ADNI)
database [4]. That model enables the estimation of a disease onset time and
a disease trajectory for each patient. The model also allows distinguishing
fast and slow progressing sub-populations according to, the functional
assessment questionnaire (FAQ), the normalized hippocampus volume and
the CDR-SOB score at study entry. We used that model in a simulation mode
to explore its potential impact in terms of quantitative understanding design
elements (inclusion, trial duration, etc) of a respective clinical trial.

Results: The AD model enables clinical trial design optimization, by 1-
understanding the impact of inclusion criteria/disease severity on treatment
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effect and required trial length; 2- simulating the time course of the placebo
and treatment trial arms under different scenarios (e.g. alternative sample
size, trial durations and measurement times) in order to determine how and
when enough effect size should be achieved for differentiation. Furthermore,
a robust analysis of the data can be performed at the end of a study, by
implementing and quantifying a possible drug effect (e.g. time to maximal
effect, effects that increase or decrease over time) on one or more of the
parameters of the natural history disease progression model [3].

Conclusions: The use of this novel AD disease progression model is a
powerful tool in the context of drug development to optimize clinical trial
designs and therefore to maximize the likelihood to bring new medicine to
Alzheimer's patients.

References:

[1] Ito, K. et al. Alzheimers Dement. (2010) 6: 39-53

[2] Samtani, M.N. et al. J. Clin. Pharmacol. (2012) 52: 629-644
[3] Delor, I. et al. Abstr PAGE 22 (2013)

[4] http://www.loni.ucla.edu/ida%20/login.jsp?project=ADNI

Page | 96


http://www.loni.ucla.edu/ida%20/login.jsp?project=ADNI

Poster: New Modelling Approaches

Philippe Jacqgmin 1-04 Constructing the disease trajectory of
CDR-SOB in Alzheimer’s disease progression modelling

Isabelle Delor (1), Sylvie Retout (2), Jean-Eric Charoin (2), Ronald Gieschke
(2), Philippe Jacgmin (1) for Alzheimer’s Disease Neuroimaging Initiative
(1) SGS-Exprimo, Mechelen, Belgium, (2) F. Hoffmann-La-Roche Ltd, Basel,
Switzerland

Objectives: To establish the disease onset time (DOT) and disease trajectory
(DT) concepts[1] by developing an original natural history population disease
progression model of Alzheimer's disease (AD)[2,3] based on the CDR-SOB
scores from the ADNI database[4].

Methods: The final data set consisted of CDR-SOB records collected from 229
control (NL), 380 mild cognitive impaired (MCI) and 180 AD subjects for up to
4 years. A total of 19 covariates were included in the database. Model
development was performed in NONMEM V7.2.0.[5] using the FOCE method
and guided by the OFV and GOF plots.

Results: Subjects entered the study at different stages of the disease. DOT
and DT were implemented in a differential equation to describe disease
progression:

dCDR/dT=(RATE+CDRXALP)xT3°/(DOT3%+T3°)

At the time the disease was estimated to start in a subject, DOT activated the
increase in CDR-SOB score (CDR) based on a disease rate (RATE) adjusted to
the subject's progression velocity by an additive term (CDRxALP). A transient
drop of the score in some subjects just after study entry was captured by a
'placebo’ effect function. In addition, it was detected that the disease
progression evolved significantly more slowly in 40 to 50% of MCI subjects.
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To capture this difference in DTs, a mixture model was implemented allowing
two different disease rates, coupled with the additive term only for the fast
rate. Modelling was performed in the logit domain. CDR-SOB and ADAS-cog
scores were identified as covariates of DOT and the Mini Mental Score Exam
(MMSE) as covariate of ALP. Covariates for assignment to slow or fast
progressing subjects were functional assessment questionnaire (FAQ),
normalized hippocampus volume and CDR-SOB score. Based on these 3
prognostic factors at study entry, more than 78% of MCl subjects could
correctly be assigned to the slow or fast progressing subpopulations. The final
model could predict 85% of MCI-AD conversions. Finally, synchronization of
biomarker time-profiles on individual DOT estimated by the CDR-SOB model
virtually expanded the observation period of these biomarkers from 3 to 8
years.

Conclusions: The use of a DOT-DT model is powerful for detecting different
disease progression rates in a population and identifying corresponding
prognostic factors. Estimation of DOT allows the synchronisation of
biomarker-time profiles on disease onset rather than on study entry and
provides insights on long-term changes in biomarkers.

References:

[1] Yang, E. et al. : J Alzheimers Dis. (2011) 26: 745-753

[2] Samtani, M.N. et al. : J. Clin. Pharmacol. (2012) 52: 629-644

[3] Samtani, M.N. et al. : Br. ). Clin. Pharmacol. (2013) 75: 146-161

[4] http://www.loni.ucla.edu/ida%20/login.jsp?project=ADNI

[5] Beal SL, Sheiner LB, Boeckmann AJ & Bauer RJ (Eds.) NONMEM Users
Guides. 1989-2011. Icon Development Solutions, Ellicott City, Maryland, USA
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Poster: Absorption and Physiology-Based PK

Rachel Rose 1-05 Application of a Physiologically Based
Pharmacokinetic/Pharmacodynamic (PBPK/PD) Model to
Investigate the Effect of OATP1B1 Genotypes on the
Cholesterol Synthesis Inhibitory Effect of Rosuvastatin

R.H. Rose (1), S. Neuhoff (1), K. Abduljalil (1), M. Chetty (1), M. Jamei (1), A.
Rostami-Hodjegan (1,2)
(1) Simcyp Ltd (a Certara company), Sheffield; (2) School of Pharmacy and
Pharmaceutical Sciences, The University of Manchester; UK

Objectives: To develop a PBPK/PD model that links the hepato-cellular
concentrations of rosuvastatin (RSTN), predicted by a permeability-limited
liver model within a full PBPK model, to the rate of cholesterol synthesis over
time and to use the model to estimate the impact of OATP1B1 ¢.521TT, TC
and CC sequence variations on the response.

Methods: PK/PD of RSTN in the Healthy Volunteer population was
constructed in the Simcyp Simulator (v12.2). Using clinically observed
concentration-time data, the Simcyp Parameter Estimation module was used
to obtain the uptake clearance of RSTN into the liver for OATP1B1 genotypes
with ¢.521TT, TC and CC sequence variations [1]. The structural model for the
effect of RSTN on cholesterol synthesis was coded using the Simcyp custom
PD scripting facility and was based on the report by Aoyama et al., (2010) [2].
The parameters for baseline were kept as in the original publication.
However, the drug effect (inhibition of mevalonic acid synthesis) in our
model was driven by the unbound intracellular water concentration (Cuw) in
liver (as opposed to plasma). Therefore, associated values were obtained by
re-fitting the data in dominantly wild type OATP1B1 genotypes. Simulations
were performed to predict the PD response for the three OATP1B1
genotypes.
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Results: The model allowed adequate recovery of clinical PK [1] and PD [2]
profiles. Simulations indicated that while the mean plasma AUCo.asn was
increased by approximately 50% and 90% for the heterozygote and CC-
homozygote genotypes relative to the wild type, the liver Cuw AUC was
reduced by 6% and 9%, respectively. The corresponding mevalonic acid AUC
relative to baseline was reduced by 2.5% and 5%, respectively.

Conclusions: While some studies have indicated an association between the
OATP1B1 ¢.521T>C sequence variations and reduced therapeutic response to
statins, others have failed to support this [3]. The PBPK/PD modelling
approach used in this study suggests only a small contribution of the
€.521T>C sequence variation on interindividual variability in cholesterol
synthesis effect of RSTN. Linking the PD response to the concentration at the
site of action predicted by a full PBPK model allowed better insight into the
impact of transporter genotype on PD response. Models which
mechanistically account for local PK variability improve understanding of the
apparent observed PD variability and helps in dissecting out the true system
mediated variations in response [4].

References:

[1] Pasanen et al. (2007) Clin Pharmacol Ther 82: 726-733
[2] Aoyama et al. (2010) Biol Pharm Bull 33: 1082-1087
[3] Niemi et al. (2011) Pharm Rev 63: 157-181

[4] Rostami-Hodjegan (2013) Clin Pharmacol Ther 93: 152
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Poster: Oncology

Elisabeth Rouits 1-06 Population pharmacokinetic model for
Debio 1143, a novel antagonist of IAPs in cancer treatment

E.Rouits(1), P. Olsson(2) , J.M. Sorensen(3) and V. Nicolas-Métral(1)
(1) Debiopharm S.A., Chemin Messidor 5-7, CP 5911, 1002 Lausanne —
Switzerland (2) SGS Exprimo NV, Generaal De Wittelaan 19A b5, 2800
Mechelen — Belgium (3) Ascenta Therapeutics, Inc., 101 Lindenwood Drive,
Malvern, PA 19380 — USA

Objectives: Debio 1143 is an orally available small molecule antagonist of the
inhibitors of apoptosis proteins (IAPs), developed as a therapy for cancer.
Debio 1143 pharmacokinetics (PK) were evaluated in two dose-escalating
phase | studies; one in monotherapy and one in combination with cytarabine
and daunorubicin.

Methods: A population PK model was developed using NONMEM 7.2, to fit
the plasma concentration-time data (n=961) from 48 evaluable patients. The
clinically relevant dose range (80 - 900 mg g5d21 in the monotherapy trial in
patients with advanced cancer or lymphoma and 100/200/300 mg q5d21 in
the combination trial in Acute Myelogenous Leukemia (AML) patients) was
explored in the model.

Results: A two-compartment model proved sufficient to describe the
distribution of Debio 1143. The absorption was best described by two
sequential zero-first order absorption phases. Typically, the first absorption
phase corresponded to 12% of the absorption, though this varied
substantially between dosing occasions. The zero order absorption phases
lasted for 31 and 52 minutes respectively, the second phase starting at the
end of the first phase, though the duration of the phases varied considerably
between individuals. Inter-individual variability was estimated for CL/F, LAG1,
D1, Ka2 and D2. Parameters were estimated with good precision. Relative
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bioavailability was found to decrease by 22% for doses after the second dose.
Residual error was modelled using a proportional model, with separate error
terms for the two studies, as separate bioanalytical assays have been used.

Conclusions: The pharmacokinetics of Debio 1143 was well described by a
two-compartment model with two absorption pathways. The bioavailability
appeared to change after repeated administrations, suggesting a possible
time-dependent PK, which is in line with what has been observed in vitro. The
model will be updated with data from on-going studies using alternative
schedules of administration to 1/ help designing optimal trials and 2/further
explore PK/PD relationships.
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Poster: New Modelling Approaches

Alberto Russu 1-07 Second-order indirect response modelling
of complex biomarker dynamics

A. Russu(1), E. Marostica(2), G. De Nicolao(2), |. Poggesi(1)
(1) Model-Based Drug Development, Janssen Research & Development,
Beerse, Belgium; (2) Department of Industrial and Information Engineering,
University of Pavia, Italy

Objectives: Biomarker dynamics in response to drug action may not always
be fully understood. Redundant pathways, tolerance, feedback and counter-
regulation may be such that the response to a drug stimulus can show
complex patterns [1-3]. This motivates the present work, where a new
pharmacokinetic/pharmacodynamic (PK/PD) approach inspired by indirect
response modelling (IRM) [4] and precursor-dependent IRM [5] is
investigated.

Methods: We propose a novel family of PK/PD models that feature a zero-
order rate constant ki, of precursor formation, and a first-order rate constant
k of conversion from precursor to response. Drug concentration is assumed
to modulate simultaneously ki, and k (potentially by stimulation or inhibition)
through specific SCsp or ICsp parameters. The rate of response dispersion can
be assumed equal to k to reduce model complexity. The proposed models
can structurally describe complex patterns, such as the combination of (i)
inverse response (i.e. a drop of response levels immediately after dosing,
followed by an increase above baseline level), (ii) fast achievement of peak
response followed by slow return to baseline, after single dose, and (iii)
average increase from baseline at steady-state, after repeated dosing. The
mathematical properties of the proposed PK/PD models and the sensitivity of
response profiles to parameter changes were investigated by simulation.
Model identifiability was assessed using NONMEM version 7.1 [6] to perform
parameter estimation.
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Results: In the sensitivity analysis, the new approach could describe a wide
range of response profiles, following both single and repeated-dose
administration. In particular, different real-life patterns of response could be
reproduced. Simulations showed that, under a suitable study design, model
parameters could be estimated with good precision. Moreover, the proposed
approach was able to reconstruct both population and individual profiles.

Conclusions: These results confirm the feasibility of a modeling approach for
longitudinal data characterized by complex features. This approach extends
and complements the well-known methodology of IRM [2,5], and is especially
appealing when the mechanism of action of a drug is known (or assumed) to
impact both the response itself and a precursor of response. Additionally, the
proposed approach can be used effectively to describe inhibition of clearance
for both a parent drug and its metabolite, in presence of a second drug that
inhibits certain metabolic pathways (e.g. CYP3A4).
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Poster: Other Drug/Disease Modelling

Teijo Saari 1-08 Pharmacokinetics of free hydromorphone
concentrations in patients after cardiac surgery

Teijo | Saari (1), Harald Thmsen (1), Jan Mell (1) , Katharina Frohlich (1), Jorg
Fechner (1), Jiirgen Schittler (1), Christian Jeleazcov (1)
Department of Anesthesiology, University of Erlangen-Nuremberg, Germany

Objectives: Hydromorphone (HM) is an opioid analgesic used to relieve
moderate-to-severe pain. The pharmacokinetic models published so far [1]
consider young healthy volunteers but not postoperative patients. On the
other hand, as the drug effect is dependent on the unbound plasma drug
concentrations, an alteration in the protein binding during postoperative care
may result in clinically significant changes in the pharmacokinetics. Therefore,
we investigated the pharmacokinetics of free HM in cardiac surgery patients
during postoperative pain therapy.

Methods: After IRB approval, written informed consent was obtained from
50 patients with ASA physical status class 3 undergoing coronary artery
bypass surgery. HM was administered postoperatively on the ICU as target
controlled infusion (TCI) with the pharmacokinetic model described by
Westerling et al. [1] and plasma target concentrations of HM between 0.8
and 10 ng/ml. Arterial blood samples were drawn in each patient during and
up to 12 h after TCI. The plasma concentrations of free HM were measured
after ultrafiltration by LC/MS/MS [2]. A pharmacokinetic model was
determined by non-linear mixed-effects modelling (FOCEI) in NONMEM 7.2
using linear multicompartment models. The influence of demographic and
clinical characteristics on the elimination clearance and volumes of
distribution were tested.

Results: 49 patients (40-81 yrs) received HM and data from 44 patients were
analysed. Median free fraction was 0.90 with a range of 0.37 - 0.98. The
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pharmacokinetics of free HM were best described by a three compartment
model (median PE=-4.5%). The elimination clearance CL1 and the central
volume of distribution V1 decreased with age: CL1 = 16.2*(1 - 0.012*(age -
67)) mL/kg/min, V1=0.056*(1-0.0172*(age - 67)) L/kg. The
intercompartmental clearances and the peripheral volumes of distribution
were linearly related to body weight: CL2=20.1 mL/kg/min, V2=0.21 L/kg,
CL3=22.6 mL/kg/min, V3=2.12 L/kg. The terminal half-life of HM was 186 min.
No gender effect could be observed.

Conclusions: The pharmacokinetics of free HM in patients after cardiac
surgery show age and weight dependent clearance and volume of
distribution. Protein binding of HM in cardiac surgery patients was similar to
the values reported in the literature.

References:
[1] Westerling D et al., Pain Res Manag. 1: 86-92, 1996.
[2] Saari Tl et al., J. Pharmaceut Biochem Anal. 71:63-70, 2012.

Funding: This work has been supported by a grant of the German Federal
Ministry of Education and Research (BMBF, FKZ 13EX1015B).
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Poster: Estimation Methods

Tarjinder Sahota 1-09 Real data comparisons of NONMEM 7.2
estimation methods with parallel processing on target-
mediated drug disposition models

Tarjinder Sahota (1), Enrica Mezzalana (1), Alienor Berges (1), Duncan
Richards (2), Alex Macdonald (1), Daren Austin (1), Stefano Zamuner (1)
(1) Clinical Pharmacology Modelling and Simulation, GSK, UK. (2) Academic
DPU, GSK, UK

Objectives: Target-mediated drug disposition (TMDD) models are
increasingly used to describe drug-target interactions. In practice, however,
their use can come with long running times and convergence problems in
NONMEM. Gibiansky et al., have previously used simulated data to
investigate the accuracy and parallel processing efficiency of TMDD models
with NONMEM 7.2.0 estimation methods1. They found all methods except
BAYES gave accurate parameter estimates, standard error estimates, and
high (85-95%) parallel processing efficiency. Importance sampling (IMP) was
found to be the fastest exact likelihood method in terms of run time.

Here we detail our modelling experience of clinical studies using FOCE and
IMP with parallelisation on two separate compounds exhibiting TMDD. We
evaluate the methods for model stability and parallel processing efficiency.

Methods: Compound 1: CPHPC, a small molecule targeting serum amyloid P
component (SAP), a soluble target. CPHPC was administered to patients and
plasma CPHPC and SAP sampling were collected from baseline (day -1) to
follow up (day 28). Only total concentrations (free + bound fractions of
CPHPC-SAP) in plasma were available. Limited SAP recovery information was
available.
Compound 2: Otelixizumab, a monoclonal antibody which is directed against
human CD3¢e on T lymphocytes4. Free drug in serum and free, bound and
total receptors on T cells were measured using immunoassay and flow

Page | 107



cytometry, respectively. However ~70% of free drug concentrations were
below the limitation of quantification (BLQ).

Estimation method evaluation was via comparison of OFV with exact
likelihood OFV (ISAMPLE=20000), run time, minimisation success criteria and
parallel efficiency. Parallelisation was performed using MPI on up to four
cores.

Results: FOCE linearisation was found to heavily bias the OFV in some
instances. Model convergence can also fail with FOCE when datasets are
associated with limitations in sampling schedule and bioanalytical assay (e.g.
measurements limited to total concentrations or significant proportions of
BLQ data). In contrast, both models performed well with IMP. Diagnostic
performance was good and key parameters were in line with previously
published values. Moreover, IMP gave significant run time improvements
over FOCE. Use of parallel processing with MPI efficiently reduced run time
further to levels where model development and exploration were feasible.

Conclusions: IMP is recommended over FOCE for TMDD models.
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Poster: Oncology

Maria Luisa Sardu 1-10 Tumour Growth Inhibition In
Preclinical Animal Studies: Steady-State Analysis Of
Biomarker-Driven Models.

M.L. Sardu (1), A. Russu (2), |. Poggesi (2), G. De Nicolao (1)
(1) Department of Industrial and Information Engineering, University of Pavia,
Italy (2) Model-based Drug Development, Janssen Research & Development,
Beerse, Belgium

Objectives: Three different models describing tumour growth inhibition (TGI)
dynamics in xenografted mice are considered, two of which are biomarker-
driven. The main objective is finding whether and under which conditions the
tumour is eradicated or its volume tends to an asymptote. A further objective
is to assess the explanatory capability of the models through their application
to experimental preclinical data as well as their identifiability through
simulated population data.

Methods: A comparison is carried out between the drug-driven Simeoni's TGl
model [1,2] and two recent biomarker-driven TGl models, called B1-Simeoni
and B2-Simeoni [3]. These two models assume that the biomarker
modulation, described by a type | indirect PK-PD model, is causal for tumour
growth inhibition.

To investigate the steady-state behaviours of the models, possible
equilibrium values of the tumour volume have been analytically derived
assuming that mice are exposed to constant plasma concentrations of a drug.
For the B1- and B2-Simeoni models, the type | indirect model is used to
obtain the corresponding steady-state biomarker inhibition, to be plugged
into the biomarker-driven TGl model. A visual comparison between steady-
state behaviours is obtained by plotting the output (equilibrium tumour
volumes) against the input (constant drug concentrations).

Models are fitted to literature data [4]. Estimated parameters are used to
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simulate different steady-state conditions. The models are also assessed in a
population context by analysing simulated TGI data. In particular, the issue of
model mismatch is considered by fitting data using a model different from
the one used for generating them.

Results: The stability analysis of the three models highlights two distinct
behaviours. Both the standard Simeoni and B2-Simeoni models present a
threshold concentration above which tumour eradication is asymptotically
achieved. Conversely, in the B1-Simeoni model, the existence of a threshold
drug concentration ensuring tumour eradication depends on the values of
some parameters. All models explain well the experimental data.

Conclusions: The aim of this work is to further investigate two biomarker-
driven TGl models, comparing their steady-state behaviours with those of the
standard Simeoni model. This analysis highlights the equivalence between
standard Simeoni and B2-Simeoni models, whereas achievement of tumour
eradication in the B1-Simeoni model depends on the parameters values.

References:

[1] M. Simeoni et al. Cancer Research, 64: 1094-1101 (2004).

[2] P. Magni et al. Mathematical Biosciences, 200: 127-151 (2006).
[3] M. L. Sardu et al. PAGE 21 (2012) Abstr 2498 [www.page-
meeting.org/?abstract=2498]

[4] L. Salphati et al. DMD, 38: 1436-1442 (2010).

Page | 110



Poster: Oncology

Emilie Schindler 1-11 PKPD-Modeling of VEGF, sVEGFR-1,
SVEGFR-2, sVEGFR-3 and tumor size following axitinib
treatment in metastatic renal cell carcinoma (mRCC) patients

Emilie Schindler (1), Michael Amantea (2), Peter A. Milligan (2), Mats O.
Karlsson (1), Lena E. Friberg (1)
(1) Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden; (2) Pfizer Global Research and Development

Objectives: Axitinib (Inlyta®) is a multi-targeted tyrosine kinase inhibitor with
anti-angiogenic properties, approved for the treatment of metastatic renal
cell carcinoma (mRCC). Axitinib inhibits vascular endothelial growth factor
(VEGF) receptors 1, 2 and 3. This study aims to characterize the time-course
of candidate biomarkers (VEGF and its circulating receptors sVEGFR-1,
SVEGFR-2, sVEGFR-3 as well as sKIT) and to investigate potential longitudinal
relationships between axitinib dose, AUC, biomarkers and tumor size in
patients with metastatic renal cell carcinoma using PKPD models previously
developed for sunitinib in patients with gastro-intestinal stromal tumors
(GIST) [1].

Methods: VEGF, VEGFR-1,2,3, sKIT and tumor size (sum of the longest
diameters, SLD) measurements were available from 64 Japanese cytokine-
refractory mRCC patients treated with axitinib administered orally at a
starting dose of 5 mg BID continuously. Biomarker and SLD data were
collected for up to 89 and 104 weeks, respectively. Axitinib PK was
characterized by individual parameter estimates from a previously developed
PK model. Indirect response models were fitted to log-transformed
biomarker data. Models for each biomarker were developed separately and
finally combined into a joint model to explore correlations. Dose, daily AUC
and model-predicted relative change from baseline in the biomarkers were

Page | 111



evaluated as drivers for the change in SLD with a longitudinal tumor growth
inhibition model [1,2].

Results: Indirect response models adequately described the time-course of
VEGF, sVEGFR-1, 2 and 3. Axitinib inhibited the production of sVEGFR-1, 2
and 3 and the degradation of VEGF. A linear disease progression was included
in the VEGF model. Axitinib AUC50 values were 348, 1400, 722 and 722
ug/L.h, for VEGF, sVEGFR-1, 2 and 3, respectively. A common typical AUC50
could be estimated for sVEGFR-2 and 3. Individual AUC50 for sVEGFR-1, 2 and
3 were highly correlated (80-99%). No drug effect was identified for sKIT.
Longitudinal SLD data were well characterized by a tumor growth inhibition
model. The relative change in sSVEGFR-3 was found to be the best predictor
for SLD time-course, and inclusion of AUC did not result in a further
improvement of the model fit.

Conclusions: The time-courses of VEGF, sVEGFR-1, 2 and 3 following axitinib
treatment in mRCC patients were successfully characterized by indirect
response models. sVEGFR-3 baseline value was lower in mRCC than in GIST
(19700 vs 63900 pg/mL), and the mean turnover times were shorter in mRCC;
0.55, 19 and 6.1 days vs 3.8, 23 and 17 days, for VEGF, sVEGFR-2 and sVEGFR-
3, respectively. The soluble biomarkers were highly correlated. As for
sunitinib in GIST, sVEGFR-3 was the best predictor of change in tumor size in
mRCC following axitinib treatment. In a next step, the relationship of
biomarkers and SLD to overall survival will be investigated.

Acknowledgements: This work was supported by the DDMoRe
(www.ddmore.eu) project.
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Poster: Infection

Alessandro Schipani 1-12 Population pharmacokinetic of
rifampicine in Malawian children.

Alessandro Schipani (1), Henry Pertinez (1), Rachel Mlota (2), Nuria Lopez (2),
Paul Tembo (2), Steve Ward (3), Saye Khoo (1), Gerry Davies (1)
(1) Department of Pharmacology and Therapeutics, University of Liverpool,
Liverpool, UK. (2) Department of Paediatrics, College of Medicine, Blantyre,
Malawi. (3) Liverpool school of tropical medicine, Liverpool, UK

Objectives: Rifampicine (RIF) is considered a key drug for the treatment of
pulmonary infections caused by M. tuberculosis. It rapidly kills the majority of
bacilli in tuberculosis lesions, prevents relapse and thus enables 6-month
short-course chemotherapy.

Low RIF plasma exposure can lead to a delayed, incomplete response to
treatment or to increased risk of developing drug resistance. RIF has known
high variability in reaching the therapeutic range with standard doses and for
this reason the World Health Organization (WHO) recently increased the
recommended oral dosage from 10 to 15 mg/kg body weight. However in
most parts of Africa patients still receive the 10mg/kg dosage, particularly
affecting children, who typically show lower levels of RIF than in adults, for a
given dose.

The objectives of this study were to:

e Evaluate the PK of RIF in Malawian children with tuberculosis

e Assess the new WHO dosing recommendation for the use of
currently available fixed dose combination tuberculosis medicines in
children

e Investigate the use of surrogates for weight (age and height), as
indicators of body size for dosing bands
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Methods: A total of 151 RIF concentrations from 55 patients, aged 0.58 to 17
years and weighing 4.8 to 45kg, were included to build a population
pharmacokinetic model using non-linear mixed effects modelling
(NONMEM?7).

Results: A one-compartment model with first-order absorption best
described the data. The typical population estimate of oral clearance was
6.80L/h, while the volume of distribution was estimated to be 179L.
Interindividual variability was estimated to be 36% for clearance and 134%
for volume of distribution. Body weight was included as a covariate in the
final model using allometric scaling. Models with the inclusion of age and
height covariates were evaluated separately. Simulations of the dosing bands
using age and height as surrogates for weight showed similar results.
Simulations for the new WHO doses generate a better exposure especially for
younger children compared with the present weight band dosage in Malawi.

Conclusion: The final model successfully described RIF PK in the population
studied and is suitable for simulation in this context. The data have shown
that children have low plasma concentrations, indicating a need for new
formulations. Simulations from dosing bands based on height and age show
these can be used as alternatives to weight to set doses in clinical settings
where weight may be hard to assess.
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Poster: Other Modelling Applications

Henning Schmidt 1-13 The “SBPOP Package”: Efficient Support
for Model Based Drug Development — From Mechanistic
Models to Complex Trial Simulation

Henning Schmidt
Novartis Pharma AG

Objectives: Model-based drug development (MBDD) emphasizes the
guantitative integration of relationships among diseases and disease targets,
drug characteristics, and individual variability across studies and
development phases for rational and scientifically based decision making [1].
MBDD deals with a large model space, consisting of, e.g., Systems Biology,
PBPK/PD, dose-concentration-response, and mechanism based disease
models. Fast turnaround of modeling and simulation activities is crucial in
order to influence the decision making process in drug development projects.
Such a fast turnaround, however, requires that workflows are efficiently
supported by powerful and user-friendly tools.

Methods: The “SBPOP Package” has been developed as a toolbox for
MATLAB [2], supporting MBDD from mechanistic modeling to complex trial
simulations. An important focus has been on user friendliness,
documentation, training material, and extensibility.

Results: It consists of three parts: SBTOOLBOX2 [3], SBPD, and SBPOP. The
first two parts are widely used in the area of Systems Biology, implementing
functionality for general representation of dynamic models, simulation,
analysis, and parameter estimation. While these parts are ideal for support of
data and information integration in research and preclinical phases of drug
discovery and development, the third part (SBPOP) adds powerful
functionality for PBPK, population PK/PD modeling via a seamless interface to
MONOLIX [4], and clinical trial simulation. The “SBPOP Package” is
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continuously developed to include additional analyzes and industrializations
of standard modeling approaches, such as dose-concentration and
concentration-response relationship characterizations. The development is
driven by real needs in drug development projects at Novartis, with the goal
to increase Modeling&Simulation efficiency, allowing for timely feedback of
insights to the decision making process.

Conclusions: The “SBPOP Package” efficiently supports the process of drug
discovery and development, providing powerful and user-friendly
functionality, from mechanistic modeling to complex clinical trial simulations.
Additionally, due to its level of documentation and robustness, it is
extraordinarily well suited for educational purposes. The “SBPOP Package” is
published as open source under a GNU General Public License and available
upon request.
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Poster: Absorption and Physiology-Based PK

Stephan Schmidt 1-14 Mechanistic Prediction of
Acetaminophen Metabolism and Pharmacokinetics in
Children using a Physiologically-Based Pharmacokinetic
(PBPK) Modeling Approach

Xi-Ling Jiang (1, 2), Ping Zhao (2), Lawrence J. Lesko (1), Stephan Schmidt (1)
(1) Center for Pharmacometrics & Systems Pharmacology, Department of
Pharmaceutics, University of Florida, Orlando, FL (2) Immediate Office, Office
of Clinical Pharmacology, Office of Translational Sciences, CDER, FDA, Silver
Spring, MD

Objectives: Acetaminophen (APAP) is available in more than 200 OTC and Rx
products [1]. APAP poisoning is common in children because of accidental
ingestion or overdosing [2]. Prediction of APAP pharmacokinetics (PK) in
children is challenging, because the expression of enzymes involved in APAP
elimination and bioactivation undergoes developmental changes [3,4]. The
aim of this project was to develop a physiologically-based PK (PBPK) model
for APAP that uses available information on the underlying enzymatic system
and its maturation towards a mechanistic understanding of APAP metabolism
and PP in children.

Methods: An APAP PBPK model was developed using Simcyp V12 with special
emphasis on characterizing the contribution of all phase | (CYP1A2, 2E1, 3A4,
etc.) and phase Il (UGT1A1, 1A9, 2B15 and sulfotransferases) enzymes to
APAP metabolism. This bottom-up approach was merged with a top-down
approach to determine respective model parameters from published adult PK
and pharmacogenetic data. The model was then qualified by predicitng adult
PK data from independent studies using different dosing regimens in healthy
subjects and cirrhosis patients. The model was subsequently used to predict
APAP PK and metabolism in children across the entire age spectrum
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(neonates: 0-28 days to adolescents: 12-16 years) by accounting for age-
dependent physiological differences.

Results: The PBPK model that was developed and qualified based on adult
data was able to characterize i.v. and oral dosed APAP plasma PK profiles as
well as changes in the urinary recovered APAP-glucuronide to APAP-sulfate
ratio, which reflects the impact of enzyme ontogeny on APAP metabolism.
The model-predicted changes in APAP clearance in children of different age
groups were comparable to those estimated from an independent population
PK analysis in children aged 37 weeks to 14 years [5].

Conclusions: A PBPK model containing detailed information on each enzyme
known to substantially contribute to APAP metabolism successfully predicted
APAP PK and metabolism in children after single and multiple dosing. This
strategy of merging top-down and bottom-up approaches demonstrated the
clinical utility of PBPK models for predicting PK in understudied populations,
such as children, using in vitro data and PK data from adults. The model also
may be used to identify subgroups and age ranges of children who are most
susceptible to APAP-induced liver injury.

References:

[1] Ji, P., et al., Regulatory review of acetaminophen clinical pharmacology in
young pediatric patients. J Pharm Sci, 2012. 101(12): p. 4383-9.

[2] Zhao, L. and Pickering G., Paracetamol metabolism and related genetic
differences. Drug Metab Rev, 2011, 43(1): p. 41-52.

[3] Barrett, J.S., et al., Physiologically based pharmacokinetic (PBPK) modeling
in children. Clin Pharmacol Ther, 2012. 92(1): p. 40-9.

[4] Johnson, T.N. and Rostami-Hodjegan, Resurgence in the use of
physiologically based pharmacokinetic models in pediatric clinical
pharmacology: parallel shift in incorporating the knowledge of biological
elements and increased applicability to drug development and clinical
practice. Paediatr Anaesth, 2011. 21(3): p. 291-301.

[5] Strougo, A. et al., First dose in children: physiological insights into
pharmacokinetic scaling approaches and their implications in paediatric drug
development. J Pharmacokinet Pharmacodyn, 2012. 39(2): 195-203.

Page | 118



Poster: Paediatrics

Rik Schoemaker 1-15 Scaling brivaracetam pharmacokinetic
parameters from adult to pediatric epilepsy patients

Rik Schoemaker (1), Armel Stockis (2)
(1) SGS Exprimo, (2) UCB Pharma

Objectives: To investigate the adequacy of allometric scaling of adult
brivaracetam population pharmacokinetic parameters to a pediatric patient
population using either body weight (WT) or lean body weight (LBW).

Methods: A population pharmacokinetic model for brivaracetam (single-
compartment, first order absorption and elimination, V and Cl allometrically
scaled using WT or LBW with theoretical exponents) was previously
developed, using data from 1188 subjects from 2 Phase Il and 3 Phase IlI
clinical trials in adult subjects suffering from partial epilepsy and localization-
related or generalized epilepsy. A currently on-going trial in pediatric patients
(1 month-<2 years, n=30; 2-11 years, n=52; 12-<16 years, n=18) allows a
comparison of clearance and volume predictions based on allometric scaling
of the adult population parameters with those obtained in the actual
pediatric patient population (estimated using NONMEM V7.2.0 with FOCE-I),
using the adult structural model restricted to the pediatric patient data.

Results: Empirical Bayes estimates for Cl from the pediatric model were
virtually identical whether WT or LBW was used. Individual pediatric Cl
estimates were predicted adequately and without bias using the adult
parameters with LBW scaling. LBW scaling was superior to WT scaling.

Conclusions: Allometric scaling from adults to pediatric patients using LBW
provide superior predictions of pediatric Cl, but pediatric patients on their
own are equally well described using WT or LBW scaling. This means pediatric
dosing adaptations can be WT-based and do not require the more complex
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LBW-scaling, and allometric principles can be used to scale brivaracetam
pharmacokinetics from adults to children.
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Poster: Covariate/Variability Model Building

Yoon Seonghae 1-16 Population pharmacokinetic analysis of
two different formulations of tacrolimus in stable pediatric
kidney transplant recipients

Seonghae Yoon (1), Jongtae Lee (1), Sang-il Min (2), Jongwon Ha (2), In-jin
Jang (1)

(1) Department of Clinical Pharmacology and Therapeutics, Seoul National
University College of Medicine and Hospital, Seoul, Korea, (2) Department of
Surgery, Seoul National University College of Medicine and Hospital, Seoul,
Korea

Objectives: Tacrolimus is an immunosuppressive agent, largely used in kidney
transplantation. The objectives of this study were to develop the population
pharmacokinetic (PK) model of once-daily tacrolimus formulation (Advagraf’)
and twice-daily tacrolimus formulation (Prograf’) in stable pediatric kidney
transplant recipients and to identify significant covariates that influence on
tacrolimus PK.

Methods: Thirty-four stable pediatric kidney transplant recipients were
enrolled in open-label, parallel study. Enrolled patients received twice-daily
tacrolimus formulation for 7 days. On the morning of day 8, the regimen was
converted to once-daily tacrolimus formulation on a 1:1 for their total daily
dose and was remained for the last of the study. Blood samples were
collected on study day 7, 14, 21(trough concentration) and 28 (after dosing
adjustment). Nonlinear Mixed-effects modeling (NONMEM, ver. 7.2) was
used to determine the typical population PK parameters and their inter-
individual and intra-individual variability. The first-order conditional
estimation (FOCE) with interaction method was used to fit the plasma
concentration-time data. Basic goodness-of-fit diagnostics and visual
predictive checks were used to evaluate the adequacy of the model fit and
prediction.
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Results: The PK of tacrolimus was best described by a two-compartment
model with first-order absorption. In the final pharmacokinetic model,
centered hematocrit and cytochrome P450 3A5 were significant covariates
on apparent clearance (CL/F). For apparent central volume (V2/F), centered
age was a significant covariate. Diurnal variation in absorption kinetics of
tacrolimus was described by the difference of absorption rate constant.

Conclusions: Once-daily tacrolimus formulation and twice-daily tacrolimus
formulation showed different PK characteristics. The final PK parameter
estimates and covariates (hematocrit, CYP3AS5, age) can be applied to
determine the optimal dosage regimens of tacrolimus in pediatric kidney
transplantation patients.
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Poster: Other Modelling Applications

Catherine Sherwin 1-17 Dense Data - Methods to Handle
Massive Data Sets without Compromise

C.M.T. Sherwin (1), B.L. Jones (2, 3, 4), J.S, Leeder (2, 3), K.A. Neville (2,3), G.L.
Kerns (2,3) and Spigarelli MG (1)

(1)Division of Clinical Pharmacology & Clinical Trials Office, Department of
Pediatrics, University of Utah School of Medicine, Salt Lake City, Utah, USA
(2)Divisions of Pediatric Pharmacology and Medical Toxicology, Departments
of Pediatrics University of Missouri, Kansas City, Missouri, USA (3)Section of
Allergy, Asthma and Clinical Immunology, Departments of Pediatrics
University of Missouri, Kansas City, Missouri, USA (4)Children’s Mercy
Hospitals and Clinics, Departments of Pediatrics University of Missouri,
Kansas City, Missouri, USA

Objectives: Histamine iontophoresis with laser Doppler monitoring (HILD) is a
robust and dynamic surrogate for histamine microvasculature response. We
characterized histamine pharmacodynamics in adult participants using HILD,
although some distinct challenges were seen that needed to be solved in
order to allow subsequent data modelling to occur. This type of data
collection produces a rare situation for pharmacometricians in which they
have an abundance of data that needs to be appropriately (maintaining
variability) pared down to a useful and usable size.

Methods: HILD data was obtained in 16 adults as previously described (1) in a
convenience sample for the evaluation of HILD. The data was aligned based
upon application of a second derivative function to determine rise from
baseline, maximal effect and when possible, return to baseline. A non-
compartmental analysis and non-linear mixed-effects model with a linked
effect PK/PD model was used to provide estimates for area under the effect
curve (AUEC), maximal response over baseline (EffmaxNT), and time of
EffmaxNT (Tmax) using Phoenix® WinNonlin version 6.2 (Pharsight, Mountain
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View, CA). ANOVA and regression analyses were used for sub-group
comparisons using R statistical software.

Results: Distinct histamine response phenotypes were identified among the
adult participants after data sampling. The need for this method of data
handling arises as a result of the HILD technique itself that generates data at
40 Hz producing nearly 30,000 measurement/time data parings as a result of
a run of 2 hours in duration. In addition, as the data is generated from the
start of the data recorder as opposed to being directly timed, aligning
multiple subject data produces some rarely seen logistical challenges.
Reduction of data revealed no change in time to peak response after data
was aligned and intra-individual variability was preserved.

Conclusions: Data quality and integrity remain the most important
consideration when assessing large dataset although current modelling
software programs have difficulty with very large data sets as they were
designed to handle far fewer samples per individual than techniques such as
HILD. Automated processes that will allow adequate sampling and
subsequent modelling is clearly needed.
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Poster: Safety (e.g. QT prolongation)

Giovanni Smania 1-18 Identifying the translational gap in the
evaluation of drug-induced QTc interval prolongation

Giovanni Smanial, Ramona Grafl, Massimo Cellal, Vincent Dubois2, Oscar
Della Pasqual,2
1 Clinical Pharmacology Modelling & Simulation, GlaxoSmithKline, Stockley
Park, UK. 2 Division of Pharmacology, Leiden/Amsterdam Center for Drug
Research, Leiden, The Netherlands

Objectives: Assessment of the propensity of new drugs in prolonging QT/QTc
interval is critical for the progression of compounds into clinical
development. Given the similarities in QTc response between dogs and
humans, dogs are often used in pre-clinical CV safety studies [1]. However, it
is unclear how the changes in QTc interval in dogs can be translated into risk
of QTc prolongation in humans. The objective of our investigation was to
characterise the PKPD relationships of three new compounds in order to
assess the interspecies differences in drug-induced QTc prolongation.

Methods: Pharmacokinetic and pharmacodynamic data from typical
cardiovascular safety study experiments in conscious dogs and first time in
human trials in healthy subjects were used to evaluate the effects of
GSK945237,SB237376 and GSK618334, three new compounds in
development. First, drug concentrations at the time of each QT measurement
were derived. Concentration-QT interval data were then analysed using a
hierarchical PKPD model previously implemented and tested with positive
controls, namely moxifloxacin, sotalol and cisapride [2]. A threshold of
10msec was used to explore the probability of QTc interval prolongation at
the relevant therapeutic range. Results were compared using model-derived
PCso estimates, i.e., the concentration associated with a probability of 50%
increase in QTc interval. Modelling was performed using WinBUGS v1.4.3,
whilst R was used for data manipulation, graphical and statistical summaries.
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Results: Our analysis showed that GSK945237 does not prolong QTc interval
neither in humans nor in dogs, whilst SB237376 shows a weak effect in both
species, but does not reach 10ms QTc prolongation at the expected
therapeutic range. In contrast to the other two compounds, GSK618334 was
found to cause QTc-interval prolongation > 10 msec since the range of
concentration needed to achieve it contains the observed Cmax. These
findings differed from typically reported results in telemetered dogs, which
are often based on nonparametric methods and statistical summaries of the
data.

Conclusions: Although no QTc-prolonging effects were observed for
GSK945237, the results from the analysis of SB237376 and GSK618334
illustrate the value of a quantitative approach to characterise drug effects in
early drug development. Furthermore, our analysis shows that accurate
interpretation of pre-clinical findings requires suitable pharmacokinetic
sampling and some understanding of expected therapeutic exposure. Based
on the data analysed so far, including previously published results, dogs
appear to be a suitable, but less sensitive species to the drug-induced QTc-
prolonging effects, as compared to humans.
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Poster: New Modelling Approaches

Alexander Solms 1-19 Translating physiologically based
Parameterization and Inter-Individual Variability into the
Analysis of Population Pharmacokinetics

A. Solms (1,2), A. Schaftlein (1,3), M. Zeitlinger (4), C. Kloft (3), W. Huisinga (2)
(1) Graduate Research Training Program PharMetrX: Pharmacometrics &
Computational Disease Modeling, Freie Universitdt Berlin and Universitdt
Potsdam; (2) Computational Physiology Group, Institute of Mathematics,

Universitdt Potsdam, Potsdam, Germany; (3) Department of Clinical
Pharmacy and Biochemistry, Freie Universitdt Berlin, Berlin, Germany; (4)
Department of Clinical Pharmacology, Medical University Vienna, Vienna,

Austria;

Objectives: Physiologically based pharmacokinetics (PBPK) is a useful tool for
predicting the PK of a drug. The physiological and anatomical
parameterization allows to easily integrate patient characteristics and
information about population specific variability. So far, there is no
systematic approach how PBPK models can be used to analyze population PK
data. Hence, the objective was to develop an approach integrating prior
knowledge of the mechanism of (i) drug distribution and (ii) inter-individual
variability (11V), and estimate relevant drug- and physiology related
parameters and the unexplained variability. The approach was exemplified
on levofloxacin (Lev).

Methods: Lev plasma and interstitial fluid (ISF) microdialysis (uD) data was
collected in [1,2,3]. PK was modeled based on a 13 compartment PBPK model
with tissue distribution according to [4]. Individualization of the anatomy and
physiology (e.g. tissue volumes) was done via the lean body mass scaling
approach [5]. The data analysis was performed in R using an EM algorithm
similar to [6] for nonlinear mixed effects modeling. Predicted PK, the target
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site of Lev, were compared to ISF uD measurements in adipose and muscle
tissue.

Results: Drug transfer was realised by regional tissue blood flows;
represented by the surrogate parameter cardiac output (Co). A random effect
on Co was considered with a fixed distribution based on literature [7]. We
found that tissue distribution strongly depended on Lev lipophilicity and its
affinity to acidic phospholipids (AP). Lipophilicity was represented by the
surrogate parameters logP, which was considered as a fixed effects
parameter. Affinity to AP was represented by the surrogate parameter BP
where additionally a random effect was assumed. The estimated parameter
values well corresponded with published values. Model diagnostics, based on
various tools, indicated excellent agreement between model predictions and
plasma data. So far no established reference method is available to
determine ISF kinetics; the comparison of model prediction and uD data
revealed further insight in both techniques, e.g. their assumptions and
limitations.

Conclusions: The new parameterization will lead to a different allocation of
variabilities, offering a mechanism based interpretation. This gives a new
perspective on parameter correlations, explained and unexplained variability
in population PBPK modeling, as well as in the purely data based approach.
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Poster: Other Modelling Applications

Hankil Son 1-20 A conditional repeated time-to-event analysis
of onset and retention times of sildenafil erectile response

Hankil Son1,2, Hyerang Roh1,2, Donghwan Leel,2, and Kyungsoo Park1,2
1Department of Pharmacology, Yonsei University College of Medicine, Seoul,
Korea. 2Brain Korea 21 Project for Medical Science, Yonsei University, Seoul,

Korea

Objectives: Sildenafil has been commonly used for the treatment of erectile
dysfunction [1]. A previous research explored sildenafil's effectiveness based
on qualitative indices [2], but there has been no report on the quantitative
aspect of erectile response of sildenafil. Based on this background, using a
conditional repeated time-to-event (CRTTE) model, this study aimed to assess
onset and retention times of erectile response as the direct measure of drug
effects in conjunction with sildenafil pharmacokinetics (PK).

Methods: Data were taken from 58 healthy Korean volunteers who received
a sildenafil 100mg tablet. Plasma samples for PK analyses were obtained up
to 24 hours after dosing, and onset and retention times of erectile response
were recorded overl2 hours after dosing. A CRTTE model was developed by
using an ordinary hazard function for the onset time and a secondary hazard
function for the retention time, where the retention hazard function was
modeled with its time shifted by the onset time on the assumption that its
occurrence was conditioned on the onset event. The hazard function was
modeled under various distributional assumptions including exponential,
Gompertz and Weibull distributions. The influence of drug effect was
incorporated by scaling the baseline hazard by the exponential of the
predicted drug effect. The final models were further tested for covariate
effects and evaluated by VPC. All analyses were performed using NONMEM
7.2
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Results: Sildenafil concentrations were best described by a two-compartment
model with first-order absorption and the model appropriateness was well
confirmed by VPC. For a CRTTE model, onset times were best described by
Gompertz hazard with scale and shape parameters of 0.70/hr and -1.35/hr,
respectively, and retention times by Weibull hazard with scale and shape
parameters of 0.66/hr and 1.39/hr, respectively, yielding the estimated
median onset and retention times of about 0.45hr and 0.40hr, respectively.
Overall, the observed onset and retention times were well included within
the 90% predicted intervals by VPC. When plasma concentrations included,
the model performance improved. No significant relationship was found
between covariates and hazard parameters.

Conclusion: This work has demonstrated the feasibility of applying a CRTTE
model to quantitatively understanding the drug response in general clinical
situations, with an application to the erectile response of sildenafil.
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Poster: Model Evaluation

Heiner Speth 1-21 Referenced Visual Predictive Check (rVPC)

Heiner Speth, Martin Burschka, Ruediger Port

Objectives: The prediction-corrected VPC (pcVPC) [1] reduces the variance in
the observed data and in the model distributions by normalizing to an
"identically distributed" situation for all individuals. The computation of the
prediction correction factor for each bin separately, limits this method to
situations of balanced data within each bin. The goal is to extend the
prediction-corrected VPC to situations of sparse and unbalanced data by
avoiding binning on the independent variable (idv) scale and to show:

1. The equivalence of the new rVPC method to the pcVPC in cases of
balanced data.

2. The robustness of the rVPC in cases of sparse and unbalanced data.

In addition to model evaluation, the rVPC is to provide a base for discussion
with clinicians on dosing adequacy in untypical individuals.

Methods: For every observation, the model is requested to give a normalized
prediction, based on a data tuple of normalized covariate values (reference)
and the same random effects from the fit for this observation. The
implementation is particularly simple in NONMEM.

Results: The rVPC is independent from binning and calculates the correct
reference factor in any observed/ simulated data-point.

Conclusions: The rVPC implements the idea of covariate adjusting to any kind
of data and allows an arbitrary choice of referenced covariate values.

References:
[1] Bergstrand, M., Hooker, A.C., Wallin, J.E., Karlsson, M.O.: Prediction-
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corrected visual predictive checks for diagnosing nonlinear mixed-effects
models. The AAPS Journal pp. 1-9 (2011)
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Poster: New Modelling Approaches

Michael Spigarelli 1-22 Title: Rapid Repeat Dosing of Zolpidem
- Apparent Kinetic Change Between Doses

M.G. Spigarelli (1, 2), D. Healy (3, 4), W. Buterbaugh (3), M. Gottschlich (4),
R.J. Kagan (4, 5) and C.M.T. Sherwin (1, 2)

(1)Division of Clinical Pharmacology, Department of Pediatrics, University of
Utah School of Medicine, Salt Lake City, Utah, USA (2) Clinical Trials Office,
Department of Pediatrics, University of Utah School of Medicine, Salt Lake

City, UT, USA, (3) James L. Winkle College of Pharmacy, University of
Cincinnati, Cincinnati, Ohio, USA (4)The Shriners Hospitals for Children®,
Cincinnati, Ohio, USA (5)Department of Surgery, University of Cincinnati,

Cincinnati, Ohio, USA

Objectives: Zolpidem, a common sleep inducing imidazopyridine, that has
been the subject of recent regulatory dosing adjustments. This project
sought to evaluate rapid repeat (single dose followed by second equal dose
four hours later) zolpidem dosing in pediatric burn patients.

Methods: Zolpidem was administered to paediatric patients (2 controls and 9
cases) at a mean dose of 0.22+0.1 mg/kg in either tablet or suspension as
tolerated by the patient under an IRB approved protocol. Each participant
was taking the drug for clinical purposes, informed consent and assent
obtained and the drug was given in either 1 episode per day (control) or
twice separated by a period of four hours. PK samples were obtained at 0, 1,
2,4,5, 6 and 8 hours after the first dose. Analysis of the resulting
concentration time curves was performed utilizing NONMEM 7.2 and Prism
Graph 6.0b.

Results: First order elimination modeling was obtained for the 1,2 and 4
hour time points and residual concentration of drug were estimated and
subtracted from the combined, overlying curves to produce two distinct
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concentration time curves for each dose administered. This technique was
used to estimate the concentrations from the later time points for the
control subjects which were strongly in agreement. In six of nine cases, the
algorithm was able to fit the individual data and produce clearance equation
with anr2 >0.951 and in each case the calculated half-life for the second
curve was significantly shorter than the first curve and demonstrated an
appropriately increase in k.

Conclusions: Rapid repeat zolpidem dosing, on the order of four hours, is
associated with a predictable change in elimination phase kinetics for the
second dose as compared to the first. This technique has application to other
similar situation in which a second dose is given while there is still residual
from previous dosing to determine the relative concentration by dose.
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Poster: Other Drug/Disease Modelling

Christine Staatz 1-23 Dosage individulisation of tacroliums in
adult kidney transplant recipients

Christine E. Staatz (1), Troels K. Bergmann (1,2), Katherine A. Barraclough (3),
Nicole M. Isbel (3), Stefanie Hennig (1).

(1) School of Pharmacy, University of Queensland, Brisbane, Australia; (2)
Department of Medicine, Aabenraa Hospital, Aabenraa, Denmark; (3)
Department of Nephrology, University of Queensland at the Princess
Alexandra Hospital, Brisbane, Australia

Objectives: 1) To develop a population pharmacokinetic model of tacrolimus
in adult kidney transplant recipients; 2) to use this model to compare
cytochrome P450 3A5 (CYP3AS5) genotype based initial dosing to standard
per-kilogram based initial dosing of tacrolimus; and 3) to predict the best
starting regimen of tacrolimus based on patient genotype to achieve a trough
concentration between 6 and10 ug/L by day 5 post-transplant.

Methods: Data from 173 adult kidney transplant recipients at the Princess
Alexandra Hospital in Brisbane, Australia were analysed. In total, 1554
tacrolimus concentration-time measurements taken on 338 occasions were
available along with patient covariate information. Population
pharmacokinetic modelling was performed using NONMEM 7.2 and the
FOCE+I estimation method. Starting dose regimens were compared by
simulating tacrolimus trough concentrations in all patients using the final
model with population parameters fixed at final estimates.

Results: A 2-compartment model with first order absorption after a lag time
and first order elimination described the data well. Patient CYP3A5 genotype
(rs776746), weight, haematocrit and post-operative day were identified as
significant covariates effecting tacrolimus apparent clearance (CL/F). Higher
CL/F was identified in CYP3A5 *1 allele carriers, heavier patients, patients
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with low haematocrit and those in the immediate post-transplant period.
Typical population estimates for tacrolimus CL/F in CYP3A5 *1 allele carriers
and non-carriers were 42.7 L/h and 24.8 L/h respectively. In patients carrying
the CYP3A5*1 allele, standard 0.075 mg/kg twice daily initial dosing of
tacrolimus was too low with approximately 65% of simulated subjects
achieving trough concentrations below 6 pg/L at day 5 post-transplant.

Conclusions: To reduce the risk of under immunosuppression in the

immediate post-transplant period carriers of a CYP3A5*1 allele are likely to
benefit from a tacrolimus starting regimen of 0.115 mg/kg twice daily.
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Poster: Other Drug/Disease Modelling

Gabriel Stillemans 1-24 A generic population pharmacokinetic
model for tacrolimus in pediatric and adult kidney and liver
allograft recipients

G Stillemans (1), R Verbeeck (1), P Wallemacq (2), FT Musuamba (1,2)

(1) Louvain Drug Research Institute, Université Catholique de Louvain,

Belgium, (2) Louvain centre for Toxicology and Applied Pharmacology,
Université Catholique de Louvain, Belgium

Objectives: To date, several pharmacokinetic (PK) models have been
proposed for tacrolimus (TAC) in pediatric and adult patients after liver and
kidney transplantation. They are different and lack consistence in their
structure and in the covariates included. There is a need for more generic and
robust models that could serve for dose individualisation in different settings
and situations. This meta-analysis, using data from 9 trials, aimed to propose
a library of mechanism-based models for tacrolimus in hepatic and renal
transplantation - pediatrics and adults.

Methods: TAC doses and routine TDM trough levels from 289 pediatric and
adult liver and kidney allograft recipients during the first year post-
transplantation were used to develop a population PK model using NONMEM
VII. Patients' demographic and physiological characteristics, type of
transplantation and biochemical test results were tested as covariates to
explain interindividual variability in tacrolimus distribution and elimination.
The model was then internally and externally validated using graphical and
numerical tools.

Results: A two-compartment model with first-order elimination best
described the TAC PK. Apparent volumes of distribution of central and
peripheral compartments estimates were 30L and 200L, and
intercompartmental clearance and blood clearance estimates were 11L/h
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and 45L/h. The absorption rate was fixed to 4.5h-1. Bodyweight was imputed
on apparent clearance and volumes of distribution using an allometric
function with the exponent estimated as part of the modelling process. Bias
and precision of estimates were within acceptable limits in the model
validation. Different models were proposed, using different combinations of
covariates.

Conclusions: We developed and validated tacrolimus PK models covering the
first year after pediatric and adult liver and kidney transplantation. After
implementation in PK software with Bayesian prediction, these models could
therefore constitute tools to help clinicians in tacrolimus dose
individualisation.
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Poster: Model Evaluation

Elisabet Stgrset 1-25 Predicting tacrolimus doses early after
kidney transplantation - superiority of theory based models

Elisabet Stgrset (1, 3), Christine Staatz (2), Stefanie Hennig (2), Troels K.
Bergmann (2, 4), Anders Asberg (1), Stein Bergan (1, 3), Sara Bremer (3),
Karsten Midtvedt (3), Nick Holford (5)

(1) School of Pharmacy, University of Oslo, Norway, (2) School of Pharmacy,
University of Queensland, Australia, (3) Oslo University Hospital,
Rikshospitalet, Norway, (4) Department of Pharmacology, Aarhus University,
Denmark, (5) Department of Pharmacology and Clinical Pharmacology,
University of Auckland, New Zealand

Objectives: Two independent population pharmacokinetic models have been
developed for tacrolimus in kidney transplant recipients in Brisbane [1] and
Oslo [2]. Both included “time after transplantation” as an empirical covariate.
The objectives of this study were to develop a new population
pharmacokinetic model based on combined data from Brisbane and Oslo,
using a theory based approach to covariate recognition and to evaluate the
models’ abilities to predict internal and external tacrolimus concentrations.

Methods: Model building and Bayesian forecasting was performed using
NONMEM 7.2. A total of 3100 tacrolimus whole blood concentrations were
obtained from 242 patients. Tacrolimus whole blood concentrations were
predicted using literature values of maximum binding capacity to
erythrocytes (Bmax), binding affinity (Kd) [3] and hematocrit. Body size
metrics (total body weight, normal fat mass, fat free mass) were evaluated
using allometric scaling. CYP3A5 expression was included as a covariate on
both bioavailability and clearance. External evaluation was performed by
retrospective Bayesian forecasting of observed concentrations in 30 new
patients the first two weeks after kidney transplantation.
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Results: Relating pharmacokinetics to implicit plasma concentrations rather
than whole blood concentrations improved the model markedly (AOFV -193).
Bioavailability decreased as a function of prednisolone dose, best described
by an Emax model (Predmax=-61 %, Pred50=19 mg), theoretically resulting
from induction of intestinal CYP3A/P-gp [4]. Fat free mass was the best body
size metric using theory based allometry. In CYP3AS expressers, as predicted
from theory, clearance was higher (32 %) and bioavailability was lower (15
%). The combined model showed superior predictive performance of external
concentrations compared with the two previous empirically based models.

Conclusions: Theory based population pharmacokinetic modeling of
tacrolimus improves predictive performance in external patients.
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Poster: Endocrine

Fran Stringer 1-26 A Semi-Mechanistic Modeling approach to
support Phase Ill dose selection for TAK-875 Integrating
Glucose and HbA1lc Data in Japanese Type 2 Diabetes Patients

Fran Stringer (1), Kumi Matsuno (1), Nelleke Snelder (2) and Masashi
Hirayama (1)
(1) Clinical Pharmacology Dept, Takeda Pharmaceutical Company, Osaka,
Japan; (2) LAP&P Consultants BV, Leiden, The Netherlands;

Objective: TAK-875 is a selective agonist of G protein-coupled receptor 40,
and has a different mechanism of action for type 2 diabetes (T2DM) by
improving glucose-dependent insulin secretion. This analysis integrated
fasting plasma glucose (FPG) and HbA1c to evaluate the drug action of TAK-
875 in Japanese T2DM patients. The comprehensive model incorporated
placebo effects and was developed to be utilised in the design of the
subsequent Phase Ill clinical trials.

Methods: The efficacy and safety of TAK-875 in T2DM patients were assessed
in a Phase Il randomized, double-blind study at doses of 6.25, 12.5, 25, 50,
100, and 200mg. PK and PD data for FPG and HbA1c were collected
throughout the trial. The individual PK parameters were estimated in
addition to a covariate analysis to explore the influence of different patient
characteristics on the exposure of the drug. The relationship between
exposure, time, FPG and HbA1c was explored using a simultaneous cascading
indirect response model with the measures for individual PK exposure
utilised. A number of models were explored to describe the placebo effect.

Results: The observed TAK-875 plasma concentrations were adequately
described by a one-compartment model with first order absorption and
elimination. Body weight was identified as a covariate on volume. An Emax
type exposure-response relationship could be identified for the TAK-875
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reductive effect on FPG, with an Emax of 24% and an EC50 of 0.61mg/L, the
FPG baseline was estimated as 167mg/dL. The placebo effect was described
using a separate Tmax model on the production rate of FPG, capturing both
the intervention due to diet and lifestyle in addition to the loss of function
due to the washout of previous treatment. Integrating FPG with HbAlc was
found to result a lower residual error for HbAlc compared to a model using
HbAlc alone, 2.3% vs. 2.49% respectively.

Conclusion: Phase Ill doses of 25mg and 50mg were selected with the aid of
this approach. Combining the description of FPG and HbAlc improved the
understanding of the drug effect of TAK-875. Congruent with glucose
homeostasis, the drug effect is not on HbAlc, but on glucose regulation
mechanisms. However the incorporation of the drug effect on FPG does not
fully explain the HbA1lc level during treatment with TAK-875. A combined
model with FPG and postprandial glucose could further increase the
understanding of the novel mechanism of action of TAK-875.

References:
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Poster: Study Design

Eric Stromberg 1-27 FIM approximation, spreading of optimal
sampling times and their effect on parameter bias and
precision.

Eric A. Stromberg, Joakim Nyberg, Andrew C. Hooker.
Department of Pharmaceutical Biosciences Uppsala University,

Objectives: Optimizing potentially different designs for multiple individuals
with the first order (FO) linearized Fisher Information Matrix (FIM) will
produce the same optimal design (with potentially repeated samples) for all
individuals given the same input and a rich enough individual design.
However, it is natural to think that a first order conditional estimation (FOCE)
approximation of the FIM potentially will spread the optimal sampling times
for each individual due to the fact that the individual responses are different
and these differences are acknowledged in the FOCE linearization. The
purpose of this project is to investigate how the optimal design is affected by
the FIM approximation and to investigate the bias and precision of parameter
estimates in these designs. Moreover, the optimal designs performances are
compared to designs that are randomly spread from the optimal design
points.

Methods: A sampling schedule with 5 samples (in some situations more), t;
(0,50), was optimized in PopED [1-2] for an EMAX model with exponential
inter individual variability IV on Emax and EC50 amongst 100 individuals
placed in one design group. The optimizations were performed using the
determinant of the FO-FIM, FOCE-FIM and Monte-Carlo (MC) FIM with
various residual error structures. Three random designs were also applied to
the optimal designs: for each individual, each optimal sample was uniformly
spread +2% (RN2), 6% (RN6) of the design space and completely random
(RN). The parameters for all designs were re-estimated (FOCEI) with
NONMEM 7.2 [3] using MC simulations in PsN [4-5] (SSE).
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Results: The OD differed between approximation methods and residual error
models. The FO design showed clustering of individual samples and had 3
support points. The FOCE designs had no clustering of sampling points and
showed at least 6 support points. MC-OD gave similar designs as FOCE-OD.
For proportional residual error SSE studies revealed the best design was the
FOCE based designs. The FO design gave poorer bias and precision than the
FO-RN2 and FO-RN6 designs while the FOCE design had higher precision and
lower bias than FOCE-RN2 and FOCE-RN6. The completely random design had
the lowest parameter bias, but the worst precision.

Conclusions: Using the FOCE approximation of the FIM increases the number
of support points in a design and gives better estimation properties than FO.
When using FO a random spread from the OD support points can be
beneficial.
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Herbert Struemper 1-28 Population pharmacokinetics of
belimumab in systemic lupus erythematosus: insights for
monoclonal antibody covariate modeling from a large data
set

Herbert Struemper (1), Wendy Cai (2)
(1) Clinical Pharmacology Modeling & Simulation, GlaxoSmithKline, RTP, NC,
USA; (2) Human Genome Sciences, Inc., Rockville, MD, USA

Objectives: Belimumab is a recombinant, human immunoglobulin (Ig)-G1A
monoclonal antibody (mAb) that targets B-lymphocyte stimulator (BLyS), a
cytokine that promotes B-cell selection, survival, and differentiation[1].
Belimumab currently is indicated for the treatment of adult patients with
active, autoantibody-positive systemic lupus erythematosus (SLE) who are
receiving standard therapy. The objective of this analysis was to characterize
the population pharmacokinetics of belimumab following intravenous
infusion in patients with SLE.

Methods: Data from 1 Phase |, 1 Phase Il and 2 Phase Il studies (1603
subjects total, doses ranging from 1-20 mg/kg) were analyzed with a non-
linear mixed effects modeling approach using NONMEM. A structural model
was developed by exploring compartmental behavior, interindividual and
residual variability, and other model features. Available covariates included
standard demographics and laboratory values, markers of SLE disease
activity, and a wide range of SLE-specific and more general classes of
comedications. For stepwise covariate model building a 0.001 a-level was
chosen as the significance threshold for forward addition and backward
elimination.
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Results: The final population PK model described belimumab PK in the form
of a linear 2-compartment model with clearance from the central
compartment (CL). The population estimates were 0.22 L/day for CLand 5.3
L for Vss with a corresponding terminal half life of 19 days. The model
included a total of 16 covariate effects of which 9 were related to patient
characteristics. The effect of proteinuria on CL was best represented by a
linear relationship with a slope of 18.7 mL/g.

Conclusion: The PK parameters were consistent with results for other IgG1
mAbs without marked target-mediated disposition[2]. The large number of
SLE subjects allowed to characterize covariate effects typically not identified
in mAb PK analyses. Interestingly, proteinuria and estimated creatine
clearance were identified as effects on CL, although renal clearance of mAb is
typically deemed negligible. Based on the slope of the proteinuria effect a
marked decrease in exposure would be predicted in populations with higher
proteinuria levels. Other covariates supported by physiological mechanisms
incuded effects of IgG on CL and haemoglobin on central volume. However,
none of the covariate effects on belimumab PK were found to alter exposure
in a manner requiring dose adjustment in the SLE population[3].
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Elin Svensson 1-29 Individualization of fixed-dose combination
(FDC) regimens - methodology and application to pediatric
tuberculosis

Elin M Svensson, Martin Nasstrom, Maria C Kjellsson, Mats O Karlsson
Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden

Objectives: To develop a model based methodology to guide design of FDCs
and selection of an exposure based dosing regimen with the application to
pediatric anti-tuberculosis (TB) drugs, individualized based on weight.

Methods: A rational approach for selection of optimal covariate-based dosing
for single drugs has previously been developed [1]. Here, this methodology
was expanded to accommodate several drugs simultaneously and a fixed
tablet content. Further, the relationship between estimation stability and
choice of equation mimicking the discontinuous step between dose-levels
was investigated. Weights for children with a uniform distribution between 2-
10 years were simulated based on the WHO growth standards [2] assuming
log-normal distribution. Individual clearances for standard anti-TB drugs were
simulated using published models [3-6] and allometric scaling. Estimation of
optimal drug content per tablet and break points for change of dose were
based on minimizing deviation between the logarithm of individual exposure
(AUC) and a PK target, calculated from dosing recommendations.

Results: A function including exponentials with weight and break points as
coefficients and a sigmoidicity factor was successfully used to mimic the step
between dose-levels. However, using FOCE in NONMEM 7.2, estimation was
unstable and dependent on initial estimates for high sigmoidicity factors. This
could be overcome by sequential estimation of models with increasing
steepness of the step function and successive update of initial estimates. The
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definition of optimization criteria should be carefully considered and depends
on clinical considerations for the drugs. Optimization on overall target
attainment can lead to systematic differences between groups. The benefit of
increasing number of dose levels depends on the covariate relationship and
the inter-individual variability (11V) in the drug's PK. For example, relative
RMSE of the exposure decreased from 30 to 23% for pyrazinamide (low I1V)
and 75 to 69% for rifampicin (high 1IV), when changing from one to three
dose levels.

Conclusions: An easy to employ and flexible methodology for design of FDCs
was successfully developed. Anti-TB drugs were used as an example, but
current results should not be interpreted as recommendations for FDC
development. For such a proposal, the methodology should be applied with
pediatric models, clinically valid targets and practical constraints such as co-
formulation aspects.
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(www.imi.europa.eu) under grant agreement n°115337, resources of which
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Eva Sverrisdottir 1-30 Modelling analgesia-concentration
relationships for morphine in an experimental pain setting
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Medical Sciences, University of Copenhagen, Denmark; (2) Australian Centre
for Pharmacometrics, School of Pharm and Med Sci, UniSA, Adelaide, SA; (3)

Mech-Sense, Department of Gastroenterology & Hepatology, Aalborg
University Hospital, Denmark

Objectives: To develop a population pharmacokinetic-pharmacodynamic (PK-
PD) model describing the concentration-effect relationships for morphine on
experimental pain caused by skin heat and muscle pressure.

Methods: Data were analysed from a study in 39 healthy volunteers who
received 30 mg oral morphine or placebo. Blood samples were collected up
to 150 min post dose, while experimental skin heat and muscle pressure pain
was induced at time 0, 15, 30, 45, 60, and 150 min. Nociceptive input was
increased until the subjects reported a pain score of 7 on a 0-10 visual
analogue scale, where 5 is the pain detection threshold. The PK-PD
relationships of morphine, M6G, and M3G were analysed with non-linear
mixed effects modelling (NONMEM v. 7.2, ICON Plc) using a sequential
approach. One- and two-compartment models were fitted to morphine,
M6G, and M3G plasma concentration-time data. First order and transit
compartment absorption models were tested. The placebo-response of both
pain metrics was fitted to slope 0, linear, and quadratic effect versus time
models. The drug effect was tested as proportional or additive to the
placebo-response. Drug effect was fitted to slope O, linear, and Emax models
of effect versus plasma or effect compartment concentration. Morphine,
M6G, or M3G were tested as the concentration driving analgesia. The
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influence of the covariates sex, height, weight, body mass index (BMI), and
age was also tested. Model selection criteria included Akaike Information
Criterion (AIC) and diagnostic plots.

Results: The plasma concentration-time profiles of morphine, M6G, and M3G
were best described with a one-compartment distribution, and the
absorption of morphine was best described with a six transit compartment
model with a combined additive and proportional residual error model. The
placebo-response for skin heat was best described by a linear model with
between-occasion variability (BOV) on baseline, and additive residual error
model. For muscle pressure, a slope 0 model with BOV on baseline and
proportional error model best described the placebo response. Morphine’s
effect on both skin heat and muscle pressure was proportional to the
placebo-response and described by a linear model with between subject
variability (BSV) on drug effect slope and an effect compartment for muscle
pressure. Drug slopes were 0.000406 °C/ng/ml for skin heat and 0.0156
kPa/ng/ml for muscle pressure. The inclusion of covariates did not improve
the models.

Conclusions: The data were characterised by high inter and intra individual
variability. In contrast to previous studies, the placebo-response showed
minimal change with time. A linear concentration-effect relationship of
morphine was identified for both pain metrics. However, drug effect slopes
were marginal in relation to clinical relevance.
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Maciej Swat 1-31 PharmML — An Exchange Standard for
Models in Pharmacometrics

Maciej Swat (1), Stuart Moodie (1), Niels Rode Kristensen (2), Nicolas Le
Noveére (3) on behalf of DDMoRe WP4 contributors.
(1) EMBL-EBI, Hinxton UK, (2) Novo Nordisk, Denmark, (3) Babraham
Institute, UK

Objectives: 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 [1], presented here in its 1st
specification tries to fill this gap. The modelling framework is that of
Nonlinear Mixed Effects Models, NLME, which allows for nonlinear models
with random and fixed effects. This new standard provides encoding platform
for approaches currently in use but also attempts to create support for novel
elements.

Methods: The development of PharmML is based on requirements provided
by the DDMoRe community, including numerous academic and EFPIA
partners, use cases for various estimation and simulations tasks encoded in
languages such as NMTRAN and MLXTRAN and mathematical documents
outlining the statistical background prepared within DDMoRe ([2],[3]). The
methodology included analysis of use cases and their implementation in
Matlab, abstraction of the information necessary to encode a particular type
of model, creating an XML schema and testing its performance and
functionality. We reuse where possible existing standards, such as SBML to
encode the structural model.

Results: The current specification supports the exchange of continuous
models, in the form of algebraic equations or systems of ODEs. The
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parameter model offers a very flexible structure allowing for the use of most
common parameters. Itis linear in the transformed parameter, and the
resulting additive structure allows for easy interpretation and
implementation of its components, such as continuous and discrete
covariates, correlation structure of the random effects and virtually any level
of variability as nested hierarchy. The clinical trial model provides the
modeller with almost unlimited possibilities to construct arbitrary study
designs using only few basic building blocks, such as Treatment, Treatment
Epoch and Group. PharmML is providing a means to annotate an arbitrary
element of the model, making effective searching and reasoning on models in
a repository possible. Models encoded in this way can be used not only for
the standard tasks, such as simulation and estimation but also modelling and
exploration.

Conclusions: This specification provides a solid basis for further development
of PharmML in future. Subsequent releases will support discrete models,
Bayesian inference framework, stochastic differential equations and Hidden
Markov Models etc.

This work is presented on behalf of the DDMoRe project.

References:

[1] The DDMoRe project, www.ddmore.eu

[2] Lavielle, M. (June 25, 2012). Mathematical description of mixed effects
models. Technical report, INRIA Saclay.

[3] Keizer, R. and Karlsson, M. (2011). Stochastic models. Technical report,
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Amit Taneja 1-32 From Behaviour to Target: Evaluating the
putative correlation between clinical pain scales and
biomarkers.

Taneja A(1),Danhof M(1 ), Della Pasqua OE(1,2)
(1) Division of Pharmacology Leiden Academic Centre for Drug Research
Leiden University The Netherlands (2) Clinical Pharmacology Modelling &
Simulation GlaxoSmithKline Stockley Park UK.

Objectives: Pain response in clinical trials relies on the use of clinical scales of
pain intensity and relief. In contrast to current practice, here we show how a
model-based approach can be used to determine the most appropriate dose
range in a Phase lll trial in patients with rheumatoid arthritis. Using a new
selective COX-2 inhibitor as paradigm compound we illustrate how
prostaglandin inhibition can be correlated to pain relief (core set measures of
rheumatoid arthritis).

Methods: Data from a phase llb clinical study in 540 patients was available
for the analysis. Nonlinear mixed effects modelling was used to characterise
the pain response, as defined by the ACRN scale. Model development
included the evaluation of placebo and drug effect terms. The use of a
Weibull function in conjunction with an /m. model was found to describe the
placebo and drug effects appropriately. To enable identification of patient
subgroups during model building and evaluate a putative correlation
between target inhibition and pain relief, patients were categorised into
responders and non-responders, based on the magnitude of changes from
baseline (i.e., >25% decrease in pain). These data were then linked to a
previously published model of prostaglandin (PG) inhibition using a non-
parametric smoothing function. Modelling and simulation was performed in
NONMEM v7.2, whilst data manipulation, graphical and statistical summaries
were performed in R.
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Results: The longitudinal response model described the data adequately,
with the number of responders increasing from 54 to 69% with ascending
dose levels (i.e., from 0, 10, 35 to 50mg). Different potency (/Cso) estimates
were obtained for each subgroup, i.e. responders and non-responders).
Target (>80%) inhibition was predicted to be reached at doses greater than
250mg, whilst the median ACRN drop >50% occurred at a dose >100mg.

Conclusions: The assumption of an underlying exposure-response model for
the clinical changes in ACRN allowed us to describe the time course of pain
response in rheumatoid arthritis patients and make inferences about the
heterogeneity in response. Despite the challenges in sampling and analysing
biomarkers in Phase Il studies, our exercise illustrates how a model-based
approach can be used to better substantiate the dose rationale of
compounds for the treatment of chronic pain.

References:

[1] Pilla Reddy, V., Kozielska, M., Johnson, M., Vermeulen, A., de Greef, R.,
Liu, J., Groothuis, G.M., Danhof, M., and Proost, J.H. Structural models
describing placebo treatment effects in schizophrenia and other
neuropsychiatric disorders. Clin Pharmacokinet 50, 429-450.
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responder analyses for pain: does one pain scale fit all? Trends Pharmacol Sci
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Joel Tarning 1-33 The population pharmacokinetic and
pharmacodynamic properties of intramuscular artesunate
and quinine in Tanzanian children with severe falciparum

malaria; implications for a practical dosing regimen.

Joel Tarning (1,2), llse C E Hendriksen (1,2), Deogratius Maiga (3), Martha M
Lemnge (3), George Mtove (4), Samwel Gesase (5), Hugh Reyburn (6), Niklas
Lindegardh (1,2), Nicholas P J Day (1,2), Lorenz von Seidlein (7), Arjen M
Dondorp (1,2), Nicholas J White (1,2)

1) Mahidol-Oxford Tropical Research Unit, Faculty of Tropical Medicine,
Bangkok, Thailand. 2) Centre for Tropical Medicine, Nuffield Department of
Clinical Medicine, University of Oxford, Oxford, UK. 3) National Institute for
Medical Research, Tanga Medical Research Centre, Tanga, Tanzania. 4)
National Institute for Medical Research, Amani Centre, Tanga, Tanzania. 5)
National Institute for Medical Research, Korogwe Research Station, Tanga,
Tanzania. 6) London School of Tropical Medicine and Hygiene, London, United
Kingdom. 7) Menzies School of Health Research, Casuarina, NT, Australia.

Objectives: Parenteral artesunate is the drug of choice for treatment of
severe malaria. The pharmacokinetic properties of intramuscular artesunate
have not been studied in the main treatment group who carry the highest
mortality; critically ill children with severe malaria. Although artesunate is
superior, parenteral quinine is still widely used. The objectives were to
characterize the pharmacokinetic-pharmacodynamic properties of quinine,
artesunate and dihydroartemisinin (the active metabolite of artesunate) in
children with severe malaria in Tanzania and recommend practical dosing
regimens.

Methods: A nested population pharmacokinetic study was conducted, as part
of a large outcome trial [1], in Tanzanian children aged 4 months to 11 years.
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They received a standard body weight-based dose of quinine (n=75) [2] or
artesunate (n=70) [3]. Sparse capillary data were characterized using
nonlinear mixed-effects modeling and outcome modeled with a time-to-
event approach. The final population pharmacokinetic models were used for
Monte-Carlo simulations and dose optimization.

Results: Observed mortality was 12.9% [CIl.6.05-23.0%] and 17.3% [CI.9.57-
27.8%)] after artesunate and quinine dosing, respectively; relative reduction
of 25.8% for artesunate treatment compared with quinine treatment. A zero-
order absorption model with one-compartment disposition pharmacokinetics
described all the drugs adequately. Body weight as an allometric function was
a significant covariate in all models. An exposure-effect relationship was
established for quinine with cumulative AUC modulating the hazard of
mortality. No exposure-effect relationship could be established for
artesunate/dihydroartemisinin in the pharmacokinetic cohort. Simulations
using the final population pharmacokinetic models indicated a reduced
quinine, artesunate and dihydroartemisinin exposure at lower body weights
after a standard weight-based dosing.

Conclusions: Artesunate/dihydroartemisinin and quinine pharmacokinetics
were adequately described. A loading dose of quinine is recommended and
resulted in adequate drug levels for all body weights with no evidence of
dose related drug toxicity. Children at lower body weights had reduced
artesunate/dihydroartemisinin exposure and the final model was used to
develop a practical dosing table for intramuscular artesunate in the
treatment of severe malaria.

References:

[1] Artesunate versus quinine in the treatment of severe falciparum malaria
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David Ternant 1-34 Adalimumab pharmacokinetics and
concentration-effect relationship in rheumatoid arthritis

David Ternant (1), Piera Fuzibet (2), Emilie Ducourau (2), Olivier Vittecoq (3),
Thierry Lequerre (3), Philippe Goupille (1), Denis Mulleman (1), Gilles
Paintaud (1)

(1) CNRS UMR 7292 GICC, (2) Department of Rheumatology, Tours, France, (3)
Department of Rheumatology, Rouen, France.

Objectives: Adalimumab, an anti-TNF-a monoclonal antibody, is effective in
active rheumatoid arthritis (RA). Subcutaneous injections of adalimumab lead
to highly variable concentrations between patients and this pharmacokinetic
(PK) variability partly explains the variability of clinical effect. However,
adalimumab PK after subcutaneous injection has never been reported. The
goal of this study is to build a simplified PK model for therapeutic drug
monitoring (TDM) of adalimumab in CD patients and to describe the
concentration-effect relationship of adalimumab in these patients using PK-
PD modeling.

Methods: Adalimumab PK data were taken from a multicentric observational
study. Adalimumab 40 mg was administered subcutaneously every other
week. Trough adalimumab concentrations, CRP levels and RA disease activity
score (DAS28) were measured at inclusion visit, then at weeks 6, 12, 24 and
52. Adalimumab PK was decribed using a one compartment model with first-
order absorption and elimination rates. The relationship between
adalimumab concentrations and CRP levels was described using using an
indirect response model with inhibition of CRP input, whereas the
relationship between adalimumab concentrations and DAS28 was described
using a direct inhibitory model. A population approach was used and models
were run simultaneously. Sex, age and body weight were tested as covariates
on each pharmacokinetic and PK-PD parameter.

Page | 160



Results: Thirty patients were included, and 131 adalimumab trough
concentrations, CRP levels and DAS28 measurements were available. The
following PK and PK-PD parameters were estimated (interidividual coefficient
of variation): apparent volume of distribution (Vd/F) = 12.4 L (75%), apparent
clearance (CL/F) = 0.31 L/day (17%), first-order absorption constant (ka) =
0.41 day-1, zero-order CRP input rate (kin) = 129 mg/L/day (47%), first-order
CRP output rate (kout) = 8.3 day-1 and adalimumab concentration leading to
50% decrease of kin (C50) = 5.7 mg/L (102%), initial DAS28 (DASO) = 5.5 mg/L
(11%) and adalimumab concentration leading to 50% decrease of DASO (IC50)
=11.8 mg/L (66%). Apparent clearance was higher for increasing body weight
and for men.

Conclusions: This is the first study describing the pharmacokinetics and

concentration-effect relationship of adalimumab in rheumatoid arthritis. This
model allows therapeutic drug monitoring of adalimumab in RA patients.
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Adrien Tessier 1-35 High-throughput genetic screening and
pharmacokinetic population modeling in drug development

Tessier A (1, 2), Bertrand J (3), Fouliard S (2), Comets E (1), Chenel M (2)
(1) Univ Paris Diderot, Sorbonne Paris Cité, UMR 738, F-75018 Paris, France
and INSERM, UMR 738, F-75018 Paris, France; (2) Clinical Pharmacokinetic

Department, Institut de Recherches Internationales Servier, Suresnes, France;
(3) University College London, Genetics Institute, London, UK

Objectives: To develop a population PK model and integrate a large number
of SNPs, genotyped in clinical studies, as covariates in this model.

Methods: The dataset included 78 subjects receiving molecule S (Servier
laboratories) in Phase | studies (60 as single dose, 18 as repeated doses daily
over 21 days). Subjects were sampled extensively on Day 1 and 21 (for
repeated doses) along with additional trough samples. They were genotyped
for 176 Single Nucleotide Polymorphisms (SNPs) using a DNA microarray.
Forty genes corresponding to markers of metabolic enzymes, carriers and
nuclear receptors were screened for their influence on PK parameters. A
population PK model was developed to describe the evolution of
concentrations data, and the parameters were estimated using NONMEM 7.2
[1], FOCE-I. Here the number of observations (PK profiles) is less than the
number of covariates to explore (SNPs). Thus the analysis requires reducing
the number of covariates to include. We used the algorithm proposed by
Lehr et al. [2] based on a preliminary screening using univariate ANOVA on
the individual Bayesian estimates (EBE).

Results: The pharmacokinetics of drug S followed a two-compartment model
with zero order absorption (D1) and a lag time (Tlag). Non-linearity in the PK
with dose was modeled through a variable bioavailability (F). The PK profile
showed a rebound at approximately 24h, which was described assuming a
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gallbladder compartment with an emptying time-window, corresponding to
enterohepatic circulation (EHC). Inter-individual variability was estimated for
F, D1, Tlag, the intercompartmental clearances between central and
peripheral compartment (Q) and between central and gallbladder
compartment (QGB), and the oral clearance (CL). Three genotypic models
(additive, dominant and recessive) were tested for SNPs on EBE. One SNP
was associated additively with CL on the gene coding for metabolism enzyme
NAT1 and another recessively with QGB on the gene coding for nuclear
receptor VDR.

Conclusions: Using NLME modeling rather than observed AUC to study the
impact of many genetic variants during the development of drug S
(nonlinearity, EHC) enabled identifying how the genetic markers impact the
different phase of ADME (Absorption, Distribution, Metabolism, Excretion)
process. Effects of SNPs revealed by this work will be explored through
focused in vitro studies.

References:
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Inaki F. Troconiz 1-36 Modelling and simulation applied to
personalised medicine

Alvaro Jandal, Zinnia Para-Guillén1, Julian Gorrochategui2, Joan Ballesteros2
, and Ifaki F. Troconizl
1, Department of Pharmacy and Pharmaceutical Technology; School of
Pharmacy; University of Navarra; Pamplona; Spain

Objectives: To describe the methodology followed to characterize the
subject's specific type of pharmacodynamic (PD) drug interactions in
leukemic patients.

Methods: Data obtained from ex vivo response vs concentration studies
were used. Two studies including combination of two of drugs have been
tested. Response was expressed as the absolute number of malignant cells
alive (MCA). Data analysis was performed using the population approach
using NONMEM 7.2. The modelling exercise involved the following steps: (i)
population PD modelling of the ex vivo response vs concentration data in
monotherapy, (ii) establishing for each patient the 95% prediction intervals
(PI) of the isobologram based on the variance-covariance matrix from each
individual parameter, (iii) computation of the combination index [1] using
raw data descriptors from combination experiments, and (iv) finally
characterization of the type of interaction calculating the distance between
Cl and the lower limit of the PI, and visualization of the results using colour
maps.

Results: The inhibitory Imax model was the selected model for all the drugs
tested in this analysis. Inter-patient variability was included in all model
parameters and in the residual part of the population model as well. For each
patient and drug tested one thousand concentrations values corresponding
toa 20, 40, 60 and 80% decrease in MAC with respect to baseline were
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simulated, allowing to generate for each patient and drug combination the
individual isobologram with uncertainty. The type of interaction and its
frequency found in the two studies, correlated well to which was previously
known.

Conclusions: The proposed procedure can be largely automated to be used
efficiently in personalized medicine programs. It avoids the need of modelling
drug combination data, which it is not trivial and can lead to limitations at the
time of estimating variability in the interaction parameters, making patient
stratification difficult.

References:

[1] Chou T. Drug Combination Studies and Their Synergy Quantification Using
the Chou-Talalay Method. Cancer Research 70: 440-446 (2010).
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Nikolaos Tsamandouras 1-37 A mechanistic population
pharmacokinetic model for simvastatin and its active
metabolite simvastatin acid

Nikolaos Tsamandouras (1), Aleksandra Galetin (1), Gemma Dickinson (2),
Stephen Hall (2), Amin Rostami-Hodjegan (1,3) and Leon Aarons (1)
(1) Centre for Applied Pharmacokinetic Research, University of Manchester,
UK, (2) Eli Lilly and Company, Indianapolis, IN, USA, (3) Simcyp Ltd, Sheffield,
UK

Objectives: Simvastatin (SV), a commonly used HMG-CoA reductase inhibitor,
is a prodrug with complex pharmacokinetics due to the interconversion
between the parent drug and its main active metabolite, simvastatin acid
(SVA) [1]. In addition both SV and SVA are subject to drug-drug interactions
and are affected differentially by genetic variation in enzyme/transporter
proteins relevant for their disposition [2,3]. An operating model that
mechanistically describes the disposition of both these forms can have many
applications. Therefore, this study aims to develop a mechanistic joint
pharmacokinetic model for both SV and SVA.

Methods: SV and SVA plasma concentrations from 34 healthy volunteers
derived from two clinical studies with intensive sampling were analysed.
Population pharmacokinetic modelling was performed using nonlinear mixed
effects software (NONMEM 7.2) and the prior functionality [4]. A mechanistic
model was implemented with a physiologically based compartmental
structure that allows interconversion between the lactone and acid form of
the drug. Prior information for model parameters and (when available) their
variability was extracted from physiology literature, in vitro experiments and
in silico methods. An independent dataset was used for the external
validation of the mechanistic model. The developed model was finally
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employed to simulate concentration profiles in plasma, liver and muscle and
investigate the impact of different scenarios.

Results: The mechanistic model provided a good fit to the plasma
concentration data for both SV and SVA, while the model predictions were
also in close agreement with the observed data used for external validation.
Additionally, the model provides a mechanistic basis for the interconversion
between the two forms in different tissues and quantifies this process.
Simulations with the developed model using reduced hepatic uptake of SVA
(representing the scenario of a SLCO1B1 polymorphism) recovered the
reported increase in exposure of SVA in plasma [5]; comparable increased
fold-exposure was simulated in the muscle, consistent with the risk of toxicity
in this tissue; whereas impact on liver exposure was minimal.

Conclusion: The developed mechanistic model successfully describes the

pharmacokinetics of both SV and SVA. Its main advantage is that it allows
extrapolation and predictions of different scenarios, such as the impact of
genetic polymorphisms or potential drug-drug interactions.
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Sebastian Ueckert 1-38 AD i.d.e.a. — Alzheimer’s Disease
integrated dynamic electronic assessment of Cognition

Sebastian Ueckert (1), Elodie L. Plan (1), Kaori Ito (2), Mats O. Karlsson (1),
Brian Corrigan (2), Andrew C. Hooker (1)
(1) Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden; (2) Global Clinical Pharmacology, Pfizer Inc, Groton, CT, USA

Objectives: Assessing a persons cognitive ability is a challenging and time
consuming process, yet essential for the diagnosis and monitoring of patients
with Alzheimer’s disease (AD). Existing cognitive tests are either quick, e.g.,
mini-mental state examination (MMSE) [1], or precise, e.g., ADAS-cog [2], but
fail to be both. The objective of this project was to develop a procedure that
achieves both, by combining pharmacometric methods with the capabilities
of a modern Web application, and creating an integrated dynamic electronic
assessment of cognition in Alzheimer’s disease.

Methods:

IRT model: The work was based on an item response theory (IRT) model,
which links the response of each test in the ADAS-cog and MMSE
assessments to the hidden variable cognitive disability using a binary,
binomial, or ordered categorical probability model [3].

Adaptive Test Algorithm: The procedure consists of 3-step iterations: |) an
approximate posterior is determined from previous patient responses, the
population prior for disability, and the IRT model, Il) the expected Fisher
information for all cognitive tests in the database is calculated using the
posterior, Ill) the most informative test is selected, presented to the patient,
whose response is recorded to obtain refined estimates in the next iteration.
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Web Application: Adaptive test selection and storing of patient responses
are handled on the server-side through a Ruby on Rails based web
application with connection to a SQLite database. On the client-side, the user
interface is implemented using HTML5 and JavaScript in a responsive design
paradigm to optimize usability for wide a range of devices (from smartphone
to desktop).

Results: The ADi.d.e.a. application was created and the adaptive testing
algorithm was compared to the MMSE assessment via simulations (n=1000).
In all 3 simulated patient populations (mild cognitively impaired, mild AD, and
AD) the adaptive algorithm had a lower root mean squared error (A=-15.7%
on average) and was 33% shorter than the MMSE.

Conclusions: The adaptive algorithm used in the AD i.d.e.a. application
improves cognitive testing in AD patients by making it quicker and more
precise than existing tests. This project exemplifies how pharmacometric
methods can be combined with modern Web technology to be integrated
into the clinic and directly affect patient care.
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Wanchana Ungphakorn 1-39 Development of a Physiologically
Based Pharmacokinetic Model for Children with Severe
Malnutrition

Wanchana Ungphakorn (1), Alison H. Thomson (1,2)
(1) Strathclyde Institute of Pharmacy & Biomedical Sciences, University of
Strathclyde, Glasgow, UK, (2) Pharmacy Department, Western Infirmary,
Glasgow, UK

Objectives: Severe malnutrition in children remains a global health problem.
The pharmacokinetics of drugs are affected by several physiological changes
associated with malnutrition. A physiologically based pharmacokinetic (PBPK)
models have advantages in relating pharmacokinetic parameters to such
physiological changes. The aims of this work were to develop a PBPK model
for predicting drug disposition in children with severe malnutrition, using
ciprofloxacin as a model drug and (2) to investigate the impact of
tissue:plasma partition coefficients (Kp) predicted with different methods on
the predictions.

Methods: The WBPBPK model was initially developed for healthy adults and
then scaled to healthy and malnourished children. The model comprises 13
physiologically realistic compartments namely artery, venous, lungs, liver,
kidneys, gut, adipose, skin, muscle, heart, brain, bone, and spleen. A rest
compartment was included in the model to compensate for unaccounted
mass of drug. The dynamic processes of drug in each organ/tissue were
described using linear ordinary differential equations written in the MATLAB
program. Physiological parameters for healthy adults and children were
compiled from the literature. Kp(s) were calculated using Poulin models [1],
Rodgers’ models [2] and the empirical methods [3]. For malnourished
children, body weights were predicted using age, height, gender and Z-score
taken from the WHO database. Organ/tissue weights were scaled from
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normal values using scaling factors for each organ. Cardiac output was
estimated using body surface area and cardiac index and was subsequently
used to calculate organ blood flows. Predictions of pharmacokinetic profiles
were compared with observed data taken from the literature.

Results: For healthy adults and children, the predicted versus observed
concentration-time profiles were well described with intravenous (IV bolus
and short infusion) models. Oral predictions were also in good agreement
with literature data but peak concentrations were more rapidly achieved
with a higher dose. Unlike the Poulin model, the concentration-time profiles
predicted using Kp from the Rodgers models and the empirical methods were
similar, and closely resembled the observed data. When models were scaled
for malnutrition, inter-individual variability was higher, especially during the
absorption phase. However, pharmacokinetic profiles were still adequately
described.

Conclusion: A PBPK model was developed successfully for malnourished
children. The Rodgers models and the empirical methods are suitable to
predict Kp values for ciprofloxacin.
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Objectives: The aim of this study was to describe the pharmacokinetics of
emtricitabine (FTC) in a large population of HIV-1-infected adults, and to
assess patient characteristics influencing the pharmacokinetics of
emtricitabine.

Methods: Ambulatory HIV-1 positive patients taking a FTC-containing
regimen were included. The data were analyzed using the nonlinear mixed-
effect modeling software program Monolix version 4.1.3. The influence of
covariates (sexe, body weight, age, cotreatments) on the pharmacokinetic
parameters of FTC was explored.Thanks to Bayesian estimation of the
parameters, drug exposure (AUC), maximal and minimal FTC concentrations
were obtained for each individual.

Results: From 282 patients, 366 plasma FTC concentrations were available.
The FTC pharmacokinetics was best described by a two-compartment model
with linear absorption and elimination. The mean population parameter
estimates (inter-patient variability) were 1.0 h-1 for the absorption rate
constant; 14.3 L/h (18.3%) and 3.6 L/h for the apparent elimination and
intercompartmental clearances; 60.2 L and 54.6 L for the apparent central
and peripheral volumes of distribution. FTC apparent elimination clearance
increased significantly with body weight. The median population AUC and the
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maximal and minimal FTC concentrations were respectively 13.5mg.h/L, 2.06
and 0.086 mg/L.

Conclusions: This is the first population-model describing the FTC

pharmacokinetic profile in HIV-infected adults. The influence of body weight
on the clearance explains a part of the inter-patient variability.
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Objectives: To investigate the usage of a popPK model for Bayesian
individualization of oral Busulfan dosing in patients from a different hospital.
This was done by simulating patients using a popPK model taken from
literature and adjusting the dose by applying a different popPK model also
taken from literature.

Methods: A total of 1000 children were simulated in NONMEM for three
different blood sampling schemes, according to a PopPK model taken from
literature (model A) [1]. Based on the posthoc estimates of clearance for
these patients using the same model (model A), we calculated the AUC and
individualized the dose targeting AUC=1125 uM*min (therapeutic range of
Busulfan 900-1350 uM*min). The AUC of the second day of administration
was recorded by simulating again using the adjusted dose. Patients that fall
outside the therapeutic range were counted before and after the dose
adjustment (day 1 vs day 2 of treatment). The dose of the same simulated
patients was also adjusted by applying a different model from literature
(model B) [2] using the same procedure.

Results: For a blood sampling scheme at 2, 4, 6 hours, the patients” AUC that
fall within the therapeutic range were 40.3%. After the individualization with
model A (the same as the one used for simulation) patients within the range
increased to 62% while with model B (a different model to the one used to
simulate the patients) increased to 52.8%. As expected better performance is
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achieved with an in-house model while the overall performance even of the
in-house model is moderate. Richer sampling schemes, namely at 2, 3,4, 5,6
hand 1.5, 3.5, 5, 6, 8, 12 h, performed similarly without offering significant
improvement.

Conclusions: In the present study we observed that Bayesian
individualization of oral Busulfan dosing offers some improvement while the
development of an in-house model rather than the use of a literature model
is deemed necessary.

References:

[1] Trame MN, Bergstrand M, Karlsson MO, Boos J, Hempel G. Population
pharmacokinetics of busulfan in children: increased evidence for body
surface area and allometric body weight dosing of busulfan in children. Clin
Cancer Res. 2011 Nov 1;17(21):6867-77.

[2] Schiltmeyer B, Klingebiel T, Schwab M, Mirdter TE, Ritter CA, Jenke A,
Ehninger G, Gruhn B, Wirthwein G, Boos J, Hempel G. Population
pharmacokinetics of oral busulfan in children. Cancer Chemother Pharmacol.
2003 Sep;52(3):209-16.

Page | 175



Poster: Paediatrics

Sven van Dijkman 1-42 Predicting antiepileptic drug
concentrations for combination therapy in children with
epilepsy.

Sven van Dijkman (1), Meindert Danhof (1), Oscar Della Pasqua (1,2)
(1) Division of Pharmacology, Leiden Academic Centre for Drug Research,
Leiden University, The Netherlands; (2) Clinical Pharmacology Modelling &
Simulation, GlaxoSmithKline, Uxbridge, UK

Objectives: Despite the wide number of publications on the
pharmacokinetics of antiepileptic drug combinations, drug-drug interactions
have not been accurately characterised in children, resulting in unclear dose
rationale. In this study, we aim to use a model-based approach to
characterise AED concentrations following a variety of regimens with Valproic
Acid (VPA), Carbamazepine (CBZ) and Phenytoin (PHT) and explore the
impact of developmental growth on systemic exposure. The resulting models
will later be used to simulate concentrations for patients in another dataset
with outcome data where only dose was recorded, to be able to more
accurately quantify the concentration-effect relationships for these drugs.

Methods: Population pharmacokinetic models [1, 2, 3] from published
literature were used as basis for the simulation of plasma concentration of
individual drugs as well as combined therapy [4, 5]. PK profiles were
generated for a cohort of children from 03 months to 16 years of age to
assess the magnitude of the interaction between developmental growth and
drug-induced changes in metabolic clearance on the resulting systemic
exposure. AUC, Cmax and Cmin and their ratios in combination therapy were
derived as parameters of interest. Results were then compared to drug levels
in adults. Simulations were performed in NONMEM v7.2. R was used for data
manipulation, graphical and statistical summaries.
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Results: Allometric models were implemented to describe the effects of body
weight and metabolic maturation on clearance and volume of distribution. In
contrast to current practice, simulated profiles clearly show that drug-drug
interactions must be taken into account to ensure comparable exposure in
children and adults. Significant differences were found for the ratio of AUC,
Cmax and Cmin in adult and paediatric population. Our results indicate that
currently recommended dosing algorithms and titration procedures do not
warrant maintenance of the appropriate therapeutic levels of AEDs in
children.

Conclusions: Phenytoin when combined with carbamazepine or valproic acid
significantly alters the average plasma concentrations of these drugs. Dosing
regimen and titration in children need therefore to account for such
interactions. A model-based algorithm can provide the basis for improved
dosing regimen, especially in very young children.
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Coen van Hasselt 1-43 Design and analysis of studies
investigating the pharmacokinetics of anti-cancer agents
during pregnancy

JGC van Hasselt(1,2), K van Calsteren(3), ADR Huitema(2), L Heyns(3), S
Han(3), M Mhallem(3), JHM Schellens(1,4), JH Beijnen(2,4), F Amant(3)
(1) Department of Clinical Pharmacology, Netherlands Cancer Institute,
Netherlands; (2) Department of Pharmacy & Pharmacology, Slotervaart
Hospital, Netherlands; (3) Obstetrics and Gynecology, University Hospitals
Leuven, Leuven; (4) Faculty of Science, Department of Pharmaceutical
Sciences, Utrecht University, Netherlands.

Introduction: Physiological changes during pregnancy may affect
pharmacokinetics (PK) [1]. Studies investigating changes in PK may therefore
be needed to assess if dose adjustments are necessary. The evaluation of
changes in PK of anti-cancer (AC) agents during pregnancy is of specific
relevance, as the narrow therapeutic window of such agents may have severe
consequences, either due to increased toxicity or decreased efficacy.
However, the conduct of PK studies during pregnancy is constrained by
practical and ethical limitations such as low numbers of available subjects,
therefore requiring informative trials that are analyzed in an efficient fashion.
The aims of this project were to: i) estimate changes in PK for four AC agents
and the impact on current dosing guidelines; ii) evaluate if a semi-
physiological approach could be used to predict expected changes in PK.

Methods: A nonlinear mixed effect modelling approach was used to estimate
gestational effects. Subsequently, we simulated the impact of estimated
changes on dosing regimens. Limited D-optimal sampling designs were
derived for all treatments that could be expected. Designs were optimized
taking into account that each treatment could consist of multiple drugs of
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interest, and, expected changes in PK were leveraged in a semi-physiological
fashion including renal function [2] and body composition [3].

Results: For doxorubicin, we estimated increases of 23% (RSE 24%) and 32%
(RSE 15%) for the initial (V1) and terminal (V3) volumes of distribution
respectively, with no identifiable change in clearance (CL). For epirubicin we
estimated 10% (RSE 9%) increase in CL, 55% (RSE 13%) increase in V1 and
208% (RSE 25%) increase in V2. For docetaxel we estimated 19% increase
(RSE 7%) in CL, while V1, V2 and V3 changed by 7% (RSE 12%), 37% (RSE 18%)
and -9.7% (RSE 15%) respectively. For paclitaxel we estimated 30% (RSE 41%)
increase in CL, , while V1, V2 and V3 changed by -15.4% (RSE 70%), 48% (RSE
34%) and 28% (RSE 29%) respectively.

Limited optimal sampling designs were successfully developed for all
expected AC treatments, with a minimum of 4-5 samples required to obtain
adequate PK parameter estimates.

Conclusion: Gestational effects of pregnancy on PK parameters of
doxorubicin, epirubicin, docetaxel and paclitaxel were quantified, and
associated dose adjustments were computed. Moreover we demonstrated
how physiological data can be leveraged into a PK model in order to obtain
informative clinical study designs.
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Anne van Rongen 1-44 Population pharmacokinetic model
characterising the influence of circadian rhythm on the
pharmacokinetics of oral and intravenous midazolam in
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(1) Department of Clinical Pharmacy, St. Antonius Hospital, Nieuwegein, The
Netherlands; (2) Department of Molecular Cell Biology, Leiden University
Medical Center, Leiden, The Netherlands, (3) Division of Pharmacology,
Leiden/ Amsterdam Academic Center for Drug Research, Leiden University,
Leiden, The Netherlands, (4) Centre for Human Drug Research, Leiden, The
Netherlands

Objectives: Chronopharmacology studies have revealed circadian variability
in pharmacokinetics and pharmacodynamics of different drugs. Time-
dependent changes may occur for absorption, distribution, metabolism
and/or excretion processes. The aim of this study is to evaluate the influence
of circadian rhythm on the pharmacokinetic parameters of midazolam after
oral and intravenous administration in a semi-simultaneous way.

Methods: The study was an open-label, 6 way crossover study in 12 healthy
volunteers, in which at each of the 3 study visits the subjects received oral (2
mg) and iv (1 mg) midazolam (separated by 150 min) twice a day ata 12 hour
interval. The clock times of midazolam dosage differed for each study
occasion with a 4 hour interval and as a result data were collected at 6 time
points to construct a 24 hour profile of midazolam pharmacokinetic
parameters. Twenty samples were collected per patient per 12 hour interval.
Population PK modelling and covariate modelling was performed using
NONMEM VI.
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Results: A two compartment pharmacokinetic model with an oral absorption
transit compartment with ki equal to k, best described the data with values
of 0.38 L/min (CV of 7.5%), 21.8 L (4.3%), 0.35 (7.3%) and 0.06 min™ (5.1%)
for clearance, volume of distribution of the central compartment, oral
bioavailability and k,, respectively. For oral bioavailability, a circadian night
dip was identified which was parameterized as half a cycle of a sinus
function. The amplitude representing the magnitude of the circadian
variability was 0.08 (34.9%). Circadian rhythm was not found to influence any
of the other pharmacokinetic parameters (p>0.05).

Conclusions: In this chronopharmacology study in 12 healthy volunteers, an
influence of circadian rhythm was identified for oral bioavailability of
midazolam representing a maximum reduction of 23% at night. Further
research using physiologically-based modelling should elucidate which
subprocess contributes to this circadian variability in bioavailability.
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Marc Vandemeulebroecke 1-45 Literature databases:
integrating information on diseases and their treatments.
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Sander O
Novartis

Objectives: Quantitative knowledge about the clinical efficacy of approved
drugs makes it possible to interpret the efficacy of a candidate drug in light of
the competitive landscape. This can be used when setting the desired efficacy
profile of a new drug candidate, for example in proof of concept, dose finding
or inlicensing. In this context, our objective is to build comprehensive
literature-based databases on selected indications and their major
treatments, containing longitudinal data and covariates to facilitate dynamic
modeling.

Methods: Motivated by a case example in Rheumatoid Arthritis, we present
the range of applications to date, and a new generic database infrastructure
that was developed to further ramp up these efforts.

Results: Eight drug-disease databases have been built, and two are in
development. The range of successful applications spans from dose selection
to supporting Go/Nogo milestones. The generic database solution has an
easy-to-use front end and allows quick extraction of relevant information,
while still retaining the full complexity of a relational database in the
background.

Conclusions: Great value can be derived from investing time and effort into
building literature-based drug-disease databases.
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Objectives: To develop a population PK model able to simultaneously
describe citalopram and N-desmethyl citalopram plasma concentrations in
rats after IV and PO administration of citalopram.

Methods: Citalopram was administered intravenously (IV) and orally (PO) to
Sprague-Dawley rats (mean weight: 285 grams) at different doses: 0.3, 1, 3,
and 10-mg/kg IV and 10-mg/kg PO. Plasma samples were collected for
citalopram and N-desmethyl citalopram. Data below the limit of
quantification BLQ were reported for both compounds at 0.1 ng/mL. All
analyses were performed by using NONMEM 7.2 software. BLQ values were
included in the analyses and treated as censored information using the M3
method [1]. The Laplacian numerical estimation method was used for
parameter estimation. Citalopram and its metabolite were simultaneously
modeled for all doses and administration routes. The model was then
extended to Wistar rats (mean weight: 497 grams) at different oral doses:
0.3, 1, 3, 10, 30 and 60-mg/kg. Several absorption models were explored (e.g.
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first, zero order and combined absorptions, Michaelis-Menten, lag time) in
combination with dose and/or time covariate effects.

Results: Disposition of citalopram and of its major metabolite was described
by a 5-compartment model: a 3-compartment model for citalopram and a 2-
compartment for the metabolite. Citalopram clearance and metabolite
formation rate were adequately described as linear processes. Metabolite
clearance was best described using a Michaelis-Menten clearance. When the
Wistar data were included (over a large range of oral doses), the absorption
process revealed its complexity.

Conclusions: As far as we are aware, this is the first combined citalopram and
metabolite population PK model to describe IV as well as oral data in rats in
the literature. A complex absorption model was required to adequately
describe the disposition of citalopram and N-desmethyl citalopram over the
large dose range studied herein.
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An Vermeulen 1-47 Population Pharmacokinetic Analysis of
Canagliflozin, an Orally Active Inhibitor of Sodium-Glucose
Co-Transporter 2 (SGLT2) for the Treatment of Patients With
Type 2 Diabetes Mellitus (T2DM)
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Objectives: Canagliflozin, an orally active inhibitor of SGLT2, is currently in
development for the treatment of patients with T2DM. The objective of this
analysis was to develop a population pharmacokinetic (PK) model, including
relevant covariates as source of inter-individual variability (11V), with the aim
to describe Phase 1, 2 and 3 PK data of canagliflozin in healthy subjects and in
patients with T2DM.

Methods: Data were obtained from 1616 subjects enrolled in 9 Phase 1, 2
Phase 2 and 3 Phase 3 trials. Nonlinear mixed effects modeling of pooled
data was conducted using NONMEM®[1.2]. IIV was evaluated using an
exponential error model and residual error described using an additive model
in the log domain. The FOCE method with interaction was applied and the
model was parameterized in terms of rate constants. Covariate effects were
explored graphically on empirical Bayes estimates of PK parameters, as
shrinkage was low. Clinical relevance of statistically significant covariates on
model parameters was evaluated. The model was evaluated internally (visual
and numerical predictive check) and externally (bias and precision)[3].
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Results: The population PK model was first developed using richly sampled
Phase 1 data. Gender, age and WT on V./F, BMI on k, and BMI and over-
encapsulation on Tj,4 were identified as the most significant covariates
affecting the absorption and distribution characteristics of canagliflozin. The
absorption and distribution parameters from the final Phase 1 model,
including their covariate and random effects, were fixed and the model was
re-run on a combined Phase 1, 2 and 3 dataset. A two-compartment PK
model with lag-time and sequential zero- and first order absorption was
found to provide an adequate description of the observed study data. Further
covariate evaluation on ke, estimated in the final model, demonstrated that
eGFR, dose and genetic polymorphism (carriers of UGT1A9*3 allele) were
statistically significant. The model passed internal and external evaluation
and was considered valid from an accuracy and precision point of view.

Conclusions: The developed population model successfully described the PK
of canagliflozin in healthy subjects and in patients with T2DM. Although the
effects of gender, age and WT on V/F and eGFR, dose and genetic
polymorphism on k. were statistically significant, given the small magnitude
of these effects, they were considered not to be of clinical relevance.
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Marie Vigan 1-48 Modelling the evolution of two biomarkers
in Gaucher patients receiving enzyme replacement therapy.
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Objectives: Gaucher disease (GD) [1] is a rare recessively inherited disorder
due to the deficiency of lysosomal enzyme glucocerebrosidase. Several
biomarkers are significantly increased during this disease, such as ferritin and
chitotriosidase. GD can be treated by enzyme replacement therapy (ERT),
imi/al-glucerase, but no physiological model was proposed to analyse the
evolution of biomarkers during ERT [2,3]. The aim of this study was to
develop a drug-disease model explaining the response of biomarkers to ERT
and to analyse the influence of several covariates.

Methods: We analysed patients from the French Registry of GD [4] who were
treated by ERT (N=238). The accumulation of glucosylceramide in their
macrophages leads to an increased production of ferritin and chitotriosidase.
Therefore, we modelled that ERT participates in the decrease of these
biomarkers and, neglecting their half-life, the turnover models were
simplified to exponential drug-disease models. We analysed separately the
evolution of both biomarkers using all measurements since initiation of ERT
to stop of ERT (more than 6 months) or end of follow-up. Several covariates
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were tested including age at initiation of ERT, splenectomy and sex.
Estimations were performed with MONOLIX 4.2.0 [5].

Results: Median time of follow-up during ERT was 9 [1-19] years. Median age
at the initiation of ERT was 22 [1-67] years (18%<0.001).

Conclusions: This is the first study of the evolution of biomarkers in GD by a
dynamic model. It will be further extended by modelling jointly the two
biomarkers and by studying the link with repeated bone events [4].
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Objectives: To develop a methodology able to include models made of Partial
Differential Equations (PDE), instead of Ordinary Differential Equations (ODE),
in SAEM algorithms like the one used by the Monolix Software[1].

Methods: We design a general methodology to make parameters estimation
within the Monolix software, for models involving PDE (see [2]). Indeed,
Monolix is known to be a very efficient tool but, up to now, it is only able to
work with models made of ODE (see e.g. [3]). In particular, this means that
spatial effects can not be included in the associated dynamical models (only
the time is included). The idea is (i) to translate to PDE model in terms of
times series, by spatial integration and (ii) to build a computational time
decreasing algorithm. This can be applied generically to a broad range of
PDEs. As a specific illustration, we here present the application of our method
to the Kolmogorov-Petrovsky-Piskounov (KPP) PDE which is the canonical
model for reaction-diffusion phenomenal4]. We build a noisy population of
individuals in silico. Monolix was used to estimate the population and
individual parameters. Namely, these parameters were : the reaction and
diffusion coefficients and the location of the initial condition of the model.

Results: The method correctly predicted the individual parameters, including
the initial condition locations, a parameter typically associated with the
spatial effects of the underlying model (KPP). Furthermore the total
computational cost of the Monolix run to make the parameters estimation is
of the same order as for an ODE model, namely in less than 30 minutes. This
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is a significant achievement since without our time deacreasing algorithm this
total computational time is around 23 days.

Conclusions: To our knowledge, this is the first time that parameters
estimation with a population approach, a Stochastic Approximation
Expectation Maximization algorithm as used in Monolix, is performed with a
PDE model. The method is precise and computationally efficient: it can open
the path to the use of numerous new types of models and applications in
population approaches.
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Dept. of Clinical Pharmacy and Pharmacotherapy, Heinrich-Heine-Universitdt
Diisseldorf, Germany

Objectives: There is an undisputable need for improving paediatrics’ access
to safe and effective drug therapy. Thus, regulatory agencies have fostered
the increased use of modelling and simulation to minimise the burden of
clinical trials and maximise the use of existing information [1,2]. In this scope,
physiology-based pharmacokinetic (PBPK) modelling and simulation could be
an appropriate tool, especially for treatment indications where bridging of
pharmacokinetics from adults to paediatrics is limited due to differences in
disease and outcome. This is the case for low cardiac output syndrome
(LCOS), which determines morbidity and mortality after open heart surgery
for congenital cardiac lesion in paediatric patients [3]. Although drugs are an
essential component to treat and prevent paediatric LCOS, limited
prescribing guidance hampers the appropriate use of drugs with the inherent
risk of increased patient harm and/or lack of efficacy. This also applies to
milrinone, the drug of choice for paediatric LCOS treatment and prevention
across Europe [4,5].

Therefore, the objective of the study was to employ a PBPK drug-disease
modelling and simulation approach towards the evaluation and optimisation
of current milrinone dosing for LCOS treatment and prevention in paediatric
patients after open heart surgery. This approach should provide insight into
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the capabilities of system-biology modelling as exploratory tool for improving
paediatric drug dosing.

Methods: Model development was based on existing workflows for PBPK
drug-disease modelling in adults [6—9] and retrograde drug clearance scaling
from healthy adults to paediatrics [10—13] but extended by a link between
them. This was necessary because retrograde drug clearance scaling from
adult to paediatric patients is limited when age- and disease related
differences in drug exposure exist. Thus, a bridge was established to link
healthy adult volunteers with aged adult patients and paediatric patients by
quantifying and attributing the impact of the normal age-related decline of
renal and hepatic clearance pathways and disease on drug exposure. Model
development and evaluation was done in PK-Sim® and Mobi®, respectively.
The first step of model building involved the development of the adult PBPK
drug model for intravenously administered milrinone by incorporating
physico-chemical input parameters (logP, fu, Mw, pKA/B) as well as hepatic
and renal clearance values for milrinone from healthy male adult volunteers
taken from literature. In addition, urinary excretion data of milrinone in
patients with renal impairment and healthy adult volunteers were merged to
quantify the effect of renal impairment on milrinone’s fraction excreted
unchanged in urine. This regulator component was also introduced into the
model together with a dose-response relationship of milrinone on blood
flow. The second step of model development proceeded with a literature
search on pre- and postoperative organ function values in adult patients with
(treatment) or without (prevention) LCOS after open heart surgery, which
were integrated in a disease model as factorial changes from the reference
values in young healthy adults. The disease model was integrated in the drug
model to describe the altered pharmacokinetics in diseased adults. At last,
the PBPK drug-disease model for adult patients was adapted to paediatric
patients and primarily based on clinical and experimental disease data in
paediatrics. Each step of model development was evaluated against historical
datasets for which 1000 virtual individuals were replicated to reflect (patho-
)physiological variability of the study cohorts but also to incorporate
variability of the physico-chemical input parameters. Model robustness was
assessed by parametric sensitivity analysis.

Following successful model evaluation, the PBPK drug-disease model was
used to evaluate current milrinone dosing for LCOS treatment [14] and
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prevention [4,15] in paediatrics towards achieving the therapeutic target
range of 100-300 ng/ml milrinone in plasma. For this, virtual paediatric
patient populations were created each with 1000 subjects and reflecting the
average paediatric patient characteristics with regard to gender and degree
of malnutrition from neonatal to adolescent age. The populations were
integrated in Mobi and used to run the PBPK drug-disease model. Optimised
dosing regimens were subsequently developed.

Results: A population based PBPK drug model for milrinone was developed
and linked with a LCOS disease model for adult and paediatric patients, which
constituted disease characteristic key parameter changes, such as
haematocrit, albumin abundance, cardiac output and organ blood flows as
well as hepatic and renal drug clearances. The model accurately described
the pharmacokinetics of milrinone for healthy and diseased, different dosing
regimens, ethnicities and age groups: observed versus predicted plasma
concentration profiles of milrinone were compared with an average fold
error of 1.1+0.1 (meanSD) and mean relative deviation of 1.5+0.3 as
measures of bias and precision, respectively. In addition, observed versus
predicted total plasma clearance and volume of distribution deviated by
1.1£0.1 and 1.210.2 fold errors, respectively. Normalised maximum
sensitivity coefficients for model input parameters ranged from -0.84 to 0.71
indicating the robustness of the model.

The evaluation of milrinone dosing across different paediatric age groups
showed that none of the currently used dosing regimens for milrinone
achieved the therapeutic target range across all paediatric age groups.
Optimised dosing regimens were subsequently developed that considered
the age-dependent and (patho-)physiological differences.

Conclusions: The herein presented approach demonstrates the feasibility and
transferability of paediatric PBPK drug-disease modelling and provides
evidence on its capabilities as exploratory tool for improving paediatric drug
dosing. The selected disease, LCOS, presents an example with marked
differences in drug exposure due to age and disease, which is also commonly
observed for other cardiovascular, hepatic and renal diseases. PBPK drug-
disease modelling helped attributing these differences and optimising dosing
strategies for paediatric patients. Nonetheless, model development also
highlighted current weaknesses of PBPK drug-disease modelling, driven by
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the incomplete understanding of disease on body function and drug
exposure. Future research needs to narrow these gaps, which may ultimately
lead to improved a-priori prediction of drug exposure in paediatric patients
and limit the burden of clinical trials.

References:

[1] U.S. Food and Drug Administration. FDA Pharmacometrics 2020 Strategic
Goals [cited 5.02.2013]. Available from:
URL:http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProducts
andTobacco/CDER/ucm167032.htm.

[2] European Medicines Agency. Guideline on the role of pharmacokinetics in
the development of medicinal products in the paediatric population (Doc.
Ref. EMEA/CHMP/EWP/147013/2004) [cited 2013 Feb 5]. Available from:
URL:http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_g
uideline/2009/09/WC500003066.pdf.

[3] Ma M, Gauvreau K, Allan CK, Mayer JE, Jenkins KJ. Causes of death after
congenital heart surgery. Ann Thorac Surg 2007; 83(4):1438-45.

[4] Vogt W, Laer S. Prevention for pediatric low cardiac output syndrome:
results from the European survey EuLoCOS-Paed. Paediatr Anaesth 2011;
21(12):1176-84.

[5] Vogt W, Laer S. Treatment for paediatric low cardiac output syndrome:
results from the European EuLoCOS-Paed survey. Arch Dis Child 2011;
96(12):1180-6.

[6] Edginton AN, Willmann S. Physiology-based simulations of a pathological
condition: prediction of pharmacokinetics in patients with liver cirrhosis. Clin
Pharmacokinet 2008; 47(11):743-52.

[7] Johnson TN, Boussery K, Rowland-Yeo K, Tucker GT, Rostami-Hodjegan A.
A semi-mechanistic model to predict the effects of liver cirrhosis on drug
clearance. Clin Pharmacokinet 2010; 49(3):189-206.

[8] Zhao P, Vieira MLT de, Grillo JA, Song P, Wu T, Zheng JH et al. Evaluation
of exposure change of nonrenally eliminated drugs in patients with chronic
kidney disease using physiologically based pharmacokinetic modeling and
simulation. J Clin Pharmacol 2012; 52(1 Suppl):915-108S.

[9] Bjorkman S, Wada DR, Berling BM, Benoni G. Prediction of the disposition
of midazolam in surgical patients by a physiologically based pharmacokinetic
model. J Pharm Sci 2001; 90(9):1226-41.

[10] Edginton AN, Schmitt W, Willmann S. Development and evaluation of a

Page | 195



generic physiologically based pharmacokinetic model for children. Clin
Pharmacokinet 2006; 45(10):1013-34.

[11] Johnson TN, Rostami-Hodjegan A, Tucker GT. Prediction of the clearance
of eleven drugs and associated variability in neonates, infants and children.
Clin Pharmacokinet 2006; 45(9):931-56

[12] Bjoérkman S. Prediction of drug disposition in infants and children by
means of physiologically based pharmacokinetic (PBPK) modelling:
theophylline and midazolam as model drugs. Br J Clin Pharmacol 2005;
59(6):691-704.

[13] Parrott N, Davies B, Hoffmann G, Koerner A, Lave T, Prinssen E et al.
Development of a physiologically based model for oseltamivir and simulation
of pharmacokinetics in neonates and infants. Clin Pharmacokinet 2011;
50(9):613-23.

[14] sanofi aventis. Summary of Product Characteristics Primacor 1mg/ml
solution for injection (INN: Milrinone); July 2011 [cited 2012 Jul 9]. Available
from
URL:http://www.medicines.org.uk/EMC/medicine/6984/SPC/Primacor+1mg+
ml+Solution+for+Injection/.

[15] Hoffman TM, Wernovsky G, Atz AM, Kulik TJ, Nelson DP, Chang AC et al.
Efficacy and safety of milrinone in preventing low cardiac output syndrome in
infants and children after corrective surgery for congenital heart disease.
Circulation 2003; 107(7):996—-1002.

Page | 196



Poster: New Modelling Approaches

Max von Kleist 1-51 Systems Pharmacology of Chain-
Terminating Nucleoside Analogs

Sulav Duwal (1), Kaveh Pouran Yousef (1), Roland Marquet (2), Max von Kleist
(1)
(1) Dep. of Mathematics and Computer Science, Freie Universitdt Berlin,
Germany, (2) Architecture et Réactivité de I’ARN, Université de Strasbourg,
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Objectives: Nucleoside analogs (NAs) are an important drug class for the
treatment of viral infections (HBV, HCV, HSV and HIV) and cancer. They are
administered as pro-drugs, which, after intracellular phosphorylation,
compete with endogenous nucleotides (ANTP/NTP) for incorporation into
nascent DNA/RNA. Incorporated NAs prevent subsequent primer extension
by chain termination, which ultimately inhibits replication/proliferation.
Plasma- and effect-site pharmacokinetics are usually asynchronous and cell-
specific for this inhibitor class, which is also true for the pharmaco-
/toxicodynamics, due to their mechanism of action [1,2]. Within this project,
we elucidated pharmacokinetic- as well as pharmacodynamic limitations
through an integrative systems’ pharmacology modelling approach, which we
validated by HIV-1 enzyme kinetics, drug resistance mechanisms and in vivo
dynamics following drug application.

Methods: We formulated the underlying dose-response relation of NAs in
terms of a mean first-hitting-time model, which could be solved analytically
to derive a mechanistic expression for the IC50 value, revealing kinetic, as
well as cell-specific parameters of drug efficacy [3]. We used reverse
transcriptase kinetic data from known drug resistance patterns in HIV-1 to
elucidate the validity of the model. Pharmacokinetic models for prototypic
HIV-1 NA inhibitors (NRTIs) were derived to predict clinical effects for this
inhibitor class [4].
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Results: Our derived model of NA inhibition revealed kinetic, as well as cell-
specific parameters of drug efficacy [3]. Kinetic changes induced by drug
resistance mutations in HIV-1 made perfect sense in the light of the
developed model, which considered their interaction in distinct cellular
environments. The pharmacodynamic model revealed that drug inhibition by
NAs depended on endogeneous substrate concentrations, as well as
concentrations of co-substrates, leading to heterogeneous inhibition and
toxicodynamics in distinct target cells/cellular activation states. Plasma- and
cellular pharmacokinetics of prototypic HIV-1 inhibitors were then used to
predict viral dynamics following drug application in agreement with clinical
[4] and ex vivo data [5].

Conclusions: The presented approach allows combining bottom-up and top-
down approaches to quantify and elucidate mechanisms of NA drug efficacy.
This allows for a more complete picture of drug-interference on the
molecular, cellular and whole body level that can be highly useful for drug
design.
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C. Vong (1,2), Q. Chalret du Rieu (2), S. Fouliard (2), E. Roger (3), I. Kloos (3), S.
Depil (3), M. Chenel (2), LE. Friberg (1)
(1) Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden; (2) Clinical Pharmacokinetic department and (3) Oncology business
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Objectives: Recent studies [1, 2] demonstrated that the combination of an
HDAC inhibitor and DNA-damaging agents has synergistic effects to induce
apoptosis. This observation is of potential clinical applicability although
several dose-limiting toxicities need to be pre-assessed before dose
optimization. The aim was to develop a PKPD model of thrombocytopenia to
assess the combined effects of an HDACi in development and the cytotoxic
agent doxorubicin on circulating platelets.

Methods: 8 patients suffering from solid tumors received six 4-week cycles
administration of oral twice-daily doses of HDACi given 4 hours apartand a
fixed 15 minutes IV-infusion dose of doxorubicin, in a 3 out of 4 week
regimen in an ongoing phase | dose-escalation study. 230 and 160 PK samples
for HDACi and doxorubicin respectively, and 202 platelet counts were
analyzed with FOCE-l in NONMEM 7.2. A PK model previously developed
using internal data to describe HDACi's disposition and a literature PK model
[3] characterizing the time course of doxorubin and its metabolite
doxorubicinol were used in a sequential modeling approach, where individual
Bayesian estimates of PK parameters were fixed in subsequent PD modeling.
A semi-physiological model incorporating stem cell proliferation inhibition
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drug effect from HDACI [4] and structurally similar to the myelosuppression

model described by Friberg et al. [5, 6] was further refined and the effect of

doxorubicin was added. Patient baseline characteristics were modeled using
the B2 method [7].

Results: An Emax and a power models describing respectively HDACi and
doxorubicin for the drug effect on the proliferative cells were found to best
characterize the platelet data. Incorporation of an interaction between the
two drugs (INT), implemented in the concentration-effect model as
Eff(HDACI) + Eff(DOXO) + INT x Eff(HDACi) x Eff(DOXO) was found

not significant. A mean transit time through the chain of non-proliferative
cells of 104 hours, a feedback parameter of 0.239 and a platelet baseline
value of 277x10° /L were estimated. Model evaluation using Visual Prediction
checks showed that the resulting PKPD model adequately described the 80%
Pl of the data.

Conclusions: A PKPD model was developed that integrated the PK of HDACi
and doxorubicin to describe their combined effects on the time-course of
platelets. The thrombocytopenic effects were adequately predicted assuming
an additive effect between the two drugs on the proliferative cells. Future
refinements of the model are expected with additional dosing regimen data.

References:

[1]. Lopez et al. Combining PC-24781, a novel histone deacetylase inhibitor,
with chemotherapy for the treatment of soft tissue sarcoma. Clin Cancer Res.
2009;15(10):3472-83.

[2]. Yang et al. Histone deacetylase inhibitor (HDACi) PCI-24781 potentiates
cytotoxic effects of doxorubicin bone sarcoma cells. Cancer Chemother
Pharmacol. 2011;67(2):439-46.

[3]. Callies S. et al. A population pharmacokinetic model for doxorubicin and
doxorubicinol in the presence of a novel MDR modulator, zosuquidar
trihydrochloride (LY335979). Cancer Chemother Pharmacol. 2003; 51(2): 107-
118.

[4]. Chalret du Rieu et al. Semi-mechanistic thrombocytopenia model of a
new histone deacetylase inhibitor (HDACi) in development, with a drug-
induced apoptosis of megakaryocytes. PAGE 21 (2012) Abstr 2503
[www.page-meeting.org/?abstract=2503]

Page | 200



[5]. Friberg et al. Model of chemotherapy-induced myelosuppression with
parameter consistency across drugs. J Clin Oncol. 2002;20(24):4713-21.
[6]. Friberg and Karlsson. Mechanistic models for myelosuppression. Invest
New Drugs. 2003;21(2):183-94.

[7]. Dansirikul et al. Approaches to handling pharmacodynamic baseline
responses. J Pharmacokinet Pharmacodyn. 2008;35(3):269-83.

Page | 201



Poster: Covariate/Variability Model Building

Katarina Vucicevic 1-53 Total plasma protein and haematocrit
influence on tacrolimus clearance in kidney transplant
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M. Prostran (3), B. Miljkovi¢ (1)

(1) Department of Pharmacokinetics and Clinical Pharmacy, Faculty of
Pharmacy, University of Belgrade, Serbia; (2) Nephrology Clinic, Clinical
Centre of Serbia, University of Belgrade, Serbia; (3) Department of
Pharmacology, Clinical Pharmacology and Toxicology, Faculty of Medicine,
University of Belgrade, Serbia

Objectives: Tacrolimus is a low-clearance drug extensively bound to
erythrocytes and highly protein bound. The aim of the study was to
investigate the influence of haematocrit and total plasma protein on
tacrolimus (TAC) clearance (CL/F).

Methods: A total of 1999 measured trough concentration were obtained
from routine therapeutic monitoring of 105 kidney transplant patients. TAC
was administered two times daily as part of triple immunosuppressive
therapy. Pharmacokinetic analysis was performed using a non-linear mixed-
effects modelling program NONMEM® (version 7 level 2) and Perl speaks
NONMEM (version 3.5.3). An one-compartment model with first-order
absorption and first-order elimination as implemented in ADVAN2/TRANS2
subroutine was used to fit the concentration-time data. Based on literature
data volume of distribution and absorption rate constants were fixed at 0.68
I/kg and 1.3 h-1, respectively. FOCEI was used for parameter estimation.
Internal validation was performed.

Results: Interindividual variability of TAC CL/F was best described by the
exponential error model, while an additive error model most adequately
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characterized residual variability in TAC concentrations. In the final model,
mean interindividual coefficient of variability for CL/F was 15.2% and residual
variability was 4.07 ng/ml. The estimate of CL/F for a typical patient was
10.02 I/h. TAC CL/F was significantly (p < 0.001) influenced by haematocrit
and total protein. In the forward modelling building step inclusion of
haematocrit and total protein produced decrease in OFV by 275.3 and 26.68,
since omission of these covariates in the backward modelling building step
induce increment in OFV by 76.93 and 15.35. According to our model, CL/F
decreased with haematocrit. This study demonstrated incensement for 10.4%
in tacrolimus CL/F with alteration of patients' minimal measured total protein
levels to upper normal range.

Conclusions: The study described and quantified the effect of haematocrit
and plasma proteins on tacrolimus clearance. The final model demonstrates
the feasibility of estimation of individual tacrolimus clearance based on
sparse TDM data.
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Development, Medlmmune, Gaithersburg, MD, USA

Objectives: To characterize the pharmacokinetics (PK) and
pharmacodynamics (PD) of benralizumab, an afucosylated human IgG;
monoclonal antibody direct against interleukin-5 receptor, in healthy
volunteers and asthma patients using a population approach.

Methods: Pharmacokinetic and blood eosinophil count data from two
healthy volunteer studies (n=48, Japan) and four studies in asthma patients
(n=141, North America) were pooled and simultaneously modeled in this
meta-analysis. To reduce the parameter estimation bias the PHI subroutine
implemented in NONMEM 7 was used to censor the zero observations. The
final model was evaluated using posterior visual predictive check and
bootstrapping.

Results: Benralizumab PK was adequately described by a two-compartment
model with first-order elimination from the central compartment, and first-
order absorption from the dosing site for subcutaneously administered
benralizumab. The estimated systemic clearance and volume of distribution
were typical for human IgG not subject to the target-mediated clearance
(antigen-sink). Only body weight was identified as a relevant PK demographic
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covariate. The depletion of blood eosinophil counts was depicted by a
modified transit model in which benralizumab induced destruction of
eosinophils in each age compartment. A tissue compartment was also
incorporated in the model to account for the extravascular eosinophils.
Stochastic simulations demonstrated comparable PK exposure and eosinophil
suppression in adolescence and adult subjects.

Conclusions: The mechanistic model appropriately described the PK of
benralizumab and the depletion of blood eosinophil counts. Results from the
meta-analysis facilitated the exposure-response relationship assessment and
the selection of appropriate dose and dosing schedule for late-stage clinical
studies.
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Jixian Wang 1-55 Design and analysis of randomized
concentration controlled
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Objectives: To examine confounding biases in the estimation of dose-PK and
PKPD relationships in randomized concentration controlled (RCC) trials with
different design and analysis approaches using.

Methods: We propose using instrumental variables (1V) [1, 2, 3] for
estimation of parameters in PKPD and dose-exposure models to eliminate or
reduce confounding biases for RCC trials. Performance of a number of
approaches including the IV approach with different designs for RCC trials
were examined from theoretical aspects and via simulations. An approach to
detect confounding bias based the IV approach in combination with
bootstrap was also proposed.

Results: Simulations showed that in general the IV approach can eliminate
confounding bias for both RCC trials but it is less robust to confounded
treatment heterogeneity. A good trial design of is the key to ensure high
performance of the IV approach. With the bootstrap approach, confounding
bias can also be detected even when the number of exposure ranges is very
low (e.g. 2). The IV approach is less efficient than the simultaneous modeling
approach but it is based on much weaker assumptions, hence provides a
robust alternative to it. The IV estimate for the dose-proportionality
parameter had almost no bias when the trial is well designed.

Conclusion: Using randomized exposure range as IV can eliminate the
confounding bias for a well-designed RCC trial. Issues and approaches for
causal effect determination with response dependent dose adjustment [4]
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should be examined carefully when using RCC trials to analyze PKPD
relationships.
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Objectives: X-linked Adrenoleukodystrophy (X-ALD) is a fatal
neurodegenerative disorder with inflammatory demyelination of the brain
caused by mutations in the ABCD1 gene, a member of the peroxisomal ABCD
transporter family. Currently, the only curative therapies are transplantations
of either allogeneic hematopoietic cells or genetically corrected autologous
CD34+ stem cells, implicating the importance of CD34+ stem cell-derived
immune cells in the arrest of brain inflammation. We compared mRNA levels
of peroxisomal ABCD transporters between these immune cells of 5 X-ALD
patients and 5 controls.

Methods: Immune cells from blood samples were isolated by magnetic
activated cell sorting. Quantitative PCR was used to determine mRNA levels
of the ABCD transporters. RNA was reverse transcribed into cDNA. A DNA-
binding dye, SYBRgreen, intercalates into double-stranded DNA, emitting
fluorescence. The fluorescence intensity increases proportionally to the cDNA
copies produced during each PCR cycle. The slope of the fluorescence curve
mirrors the growth rate of the cDNA copies. The proportionality factor is
determined by measuring DNA standards of known copy numbers, allowing
cDNA concentrations to be quantified [1]. A linear mixed effect (Ime) model
was used with the mRNA copies as dependent variable and two predictor
variables, a gene factor (HPRT, ABCD1/2/3) and a population factor (X-ALD,
control). Using the Ime function from the nime R-package [2] with the
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treatment option, we obtained mean values of ABCD1/2/3 mRNA normalized
to the housekeeping gene HPRT of the control population and their
difference to the X-ALD population.

Results: The three ABCD transporters were differentially expressed in CD34+
derived cells of controls: ABCD1 and ABCD2 mRNA were inversely expressed
in all cell types, whereas ABCD3 was equally distributed. Monocytes show
high levels of ABCD1, the ABCD2 mRNA is barely detectable. In contrast, T
cells express high levels of ABCD2 and moderate levels of ABCD1. ABCD2,
closest homolog of ABCD1 could be expected to compensate for the ABCD1
deficiency in X-ALD. However, no differences were found in the expression
pattern of ABCD2 in X-ALD.

Conclusions: We propose that the beneficial effect of the transplantations
may rely on the replacement of those cells lacking sufficient ABCD2
expression in ABCD1 deficiency. Mixed effect modelling was an effective tool
to compare mRNA expression between different cells of a target and a
control population.
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Sebastian Weber 1-57 Nephrotoxicity of tacrolimus in liver
transplantation
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Objectives: The immunosuppresive drug tacrolimus (TAC) is key to prevent
organ rejection in patients post liver transplantation. However, a severe side
effect of TAC is nephrotoxicity. Clinically it is known that the impairment of
the renal function is both acute and chronic [1,2]. The main objectives of this
work are to establish (i) a model describing kidney degradation and (ii)
evaluate acute and chronic progression.

Methods: From the study [3] a total of N=695 patients were included in the
analysis data set out of which 454 were monitored the first 30 days post
transplantation and the remaining 241 patients up to 2 years. Due to the high
variability of TAC trough concentrations, bid oral dosing was continuously
monitored and adapted by physicians. The target regimen was 8-12 ng/mL
for the first 4 months and was reduced to 6-10 ng/mL thereafter. Glomerular
filtration rate (GFR) based on creatinine clearance was used as a surrogate
for kidney function. The PK/PD model was developed using FOCE in
NONMEM 7.2.

Results: The PK was adequately described by a one-compartment model
(similar to [4]) with linear elimination and included a dose-adjusted relative
bioavailability. The link between the PK and the PD was modeled with an
effect compartment (EC). Kidney degradation (GFR) was modeled by a four
parametric logistic function with dependence on the EC concentration. The
PK and PD data showed large between subject variability, i.e. a CV of 38.5%
for TAC trough and 39.8% for GFR on day 30 post transplant. The model for
acute impairment used the log-concentration of the EC to drive GFR
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response. Overall the model described the data adequately, but most
parameter estimates showed considerable uncertainty, i.e. a CV of 30%. To
account for a chronic TAC effect on kidney degradation, the logarithm of the
AUC of the EC concentration was added to the acute model. This combined
model of acute and chronic effects provided a minor improvement in the
objective function value (p-value of 1% for a LRT), but uncertainty in model
parameter estimates was increased.

Conclusions: We have implemented a PK/PD model, which describes the
time-course of TAC effect on GFR. Given the extensive noise present in these
measurements, a discrimination between acute and chronic contributions to
nephrotoxic kidney degradation was not possible. While the large
uncertainties can limit the applicability of the model, the established PK/PD
model will be valuable to plan future studies with TAC treatment as reference
therapy.

[1] Naesens, M. et al., CJASN, 4 (2), p. 481, 2009

[2] Staatz, C. E. and Tett, S. E., Clin Pharmacokinet, 43 (10), p. 623, 2004
[3] De Simone et al., Am J Transplant. 12(11), 3008, 2012

[4] Antignac, M. et al., Eur J Clin Pharmacol, 64, p. 409, 2005

Page | 211



Poster: Oncology

Mélanie Wilbaux 1-58 A drug-independent model predicting
Progression-Free Survival to support early drug development
in recurrent ovarian cancer

Mélanie Wilbaux (1), Emilie Hénin (1), Olivier Colomban (1), Amit Oza (2), Eric
Pujade-Lauraine (3), Gilles Freyer (1,4), Benoit You (1,4) , Michel Tod (1)
(1) EMR 3738, Ciblage Thérapeutique en Oncologie, Faculté de Médecine et
de Maieutique Lyon-Sud Charles Mérieux, Université Claude Bernard, Oullins,
France ; Université de Lyon, Lyon, France, (2) Department of Medical
Oncology and Hematology, Princess Margaret Hospital, University Health
Network, Toronto, Ontario, Canada, (3) Hopital Hétel Dieu, Place du Parvis
Notre-Dame, 75004 Paris, France, (4) Service d’Oncologie Médicale,
Investigational Center for Treatments in Oncology and Hematology of Lyon,
Centre Hospitalier Lyon-Sud, Hospices Civils de Lyon, F-69310, Pierre-Bénite,
France

Objectives: Early prediction of the expected benefit, based on change in
CA125 change, in treated patient with recurrent ovarian cancer (ROC) may
help for early selection of the best drug candidates during drug development.
The aim of the present study was to quantify and to validate the links
between CA125 kinetics and Progression-Free Survival (PFS) in ROC patients.

Methods: Patients from the CALYPSO randomized phase lll trial, comparing 2
platinum-based regimens in ROC patients were considered. The cohort was
randomly split into a "learning dataset" (N=356) to estimate model
parameters and a "validation dataset" (N=178) to validate model
performances. Screening for consistent significant factors was performed
using Kaplan-Meier plots and semi-parametric Cox regression analyses. A K-
PD semi-mechanistic joint model for tumor size and CA125 [1] was used to
estimate their values at week 6. Fractional changes in CA125 (ACA125) and in
tumor size (ATS) from baseline at week 6 were then calculated. A full
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parametric survival model was developed to quantify the links between
ACA125, ATS, significant prognostic factors and PFS. This model was reduced
in 2 separate models to compare the predictive ability of ATS versus ACA125
on PFS. The respective predictive performances were evaluated through
simulations on the validation dataset.

Results: PFS from 534 ROC patients were properly characterized by a
parametric model with log-logistic distribution. The factors significantly
linked to PFS in the full parametric model were ACA125, ATS, baseline CA125
(CA125g.) and therapy-free interval. By reducing this model, according to the
Akaike criterion, ACA125+CA125g, was a better predictor of PFS than ATS.
Simulations confirmed the predictive performance of this model. Patients
should achieve at least 49% ACA125 decline during the first 6 weeks of
treatment to observe 50% PFS improvement. This effect was independent of
treatment arm. On the basis of individual ACA125, patients could be
categorized across 2 groups: responder and non-responder.

Conclusion: This is the first drug-independent parametric survival model
quantifying links between PFS and CA125 kinetics in ROC. The modeled
CA125 decline required to observe a 50% improvement in PFS in treated ROC
patients was defined. It may be a surrogate marker of the expected gain in
PFS, and may embody an early predictive tool for go/no go drug development
decisions.

References:

[1] Wilbaux M, et al: Population K-PD joint modeling of tumor size and CA-
125 kinetics after chemotherapy in relapsed ovarian cancer (ROC) patients:
PAGE 2012 Abstr 2587 [www.page-meeting.org/?abstract=2587]
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Poster: Other Drug/Disease Modelling

Dan Wright 1-59 Bayesian dose individualisation provides
good control of warfarin dosing.

Daniel F.B. Wright (1), Stephen B. Duffull (1)
(1) School of Pharmacy, University of Otago, Dunedin, New Zealand

Objectives: Warfarin is a difficult drug to dose accurately and safely due to
large inter-individual variability in dose requirements. Current dosing
strategies achieve INRs within the therapeutic range only 40-65% of the time
[1,2]. Bayesian forecasting methods have the potential to improve INR
control. The aims of this study were (1) to assess the predictive performance
of a Bayesian dosing method for warfarin implemented in TCIWorks, and, (2)
to determine the expected ‘time in the therapeutic range' (TTR) of INRs
predicted using TCIWorks.

Methods: Patients who were initiating warfarin therapy were prospectively
recruited from Dunedin Hospital, Dunedin, New Zealand. Warfarin doses
were entered into TCIWorks from the first day of therapy until a stable
steady-state INR was achieved. The KPD model developed by Hamburg et al
was used as the prior model [3]. The Bayesian method was used to predict
steady-state INRs (INRss); (1) under the prior model, .i.e. without using any
observed INR values to individualise parameters, then, (2) by incorporating
the first measured INR value, i.e. the posterior prediction of INRss based on 1
INR value, then, (3) by incorporating the first and second measured INR
values, i.e. the posterior prediction of INRss based on the first 2 INR values
(4) and then by sequentially including additional measured INR values.
Observed and predicted INRss values were compared using measures of bias
(mean prediction error [MPE]) and imprecision (root mean square error
[RMSE]) [4]. The TTR was determined by calculating the percentage of
predicted INRss values between 2 and 3
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Results: A total of 55 patients completed the study. The prior model was
positively biased (MPE 0.52 [95% Cl 0.30, 0.73]) with an RMSE of 0.96. The
bias became non-significant (MPE -0.09 [95% Cl -0.23, 0.05]) and imprecision
improved (RMSE <0.54) once 3 or more INR values were entered into
TCIWorks. Based on the level of imprecision in the prediction of INRss, the
Bayesian dosing method was able to predict the INRss within the therapeutic
range 65% of the time when 3 INR values were included and 70-80% of the
time with 4-6 INR values.

Conclusions: The Bayesian warfarin dosing method produced accurate and
precise steady-state INR predictions after the inclusion of 3 or more INR
values. The expected TTR of 65-80% is a substantial improvement in INR
control compared to current dosing methods. Further evaluation of this
method in the clinic is warranted.

References:
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Poster: Other Modelling Applications

Klintean Wunnapuk 1-60 Population analysis of paraquat
toxicokinetics in poisoning patients

Klintean Wunnapuk (1,2) , Fahim Mohammed (3,4,5), Indika Gawarammana
(3,4,5), Xin Liu (1), Roger K. Verbeeck (6,7), Nicholas A. Buckley (5,8,9),
Michael S. Roberts (1,10), Flora T. Musuamba (6)

(1) Therapeutics Research Centre, School of Medicine, University of
Queensland, Brisbane, QLD, Australia (2) Department of Forensic Medicine,
Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand (3)
Department of Pharmacology, Faculty of Medicine, University of Ruhuna, Sri
Lanka. (4) Department of Medicine, Faculty of Medicine, University of
Peradeniya, Sri Lanka (5) South Asian Clinical Toxicology Research
Collaboration, Faculty of Medicine, University of Peradeniya, Sri Lanka (6)
Louvain Drug Research Institute, Louvain Centre for Toxicology and Applied
Pharmacology, Catholic University of Louvain, Brussels, Belgium (7) Faculty of
Pharmacy, Rhodes University, Grahamstown, South Africa (8) Australian
National University, Canberra, Australia (9) Professorial Medicine Unit,
University of New South Wales, NSW, Australia (10) School of Pharmacy &
Medical Science, University of South Australia, Adelaide, SA, Australia

Objectives: Paraquat (PQ) is a commonly used herbicide that has caused
many accidental or intentional deaths. Only a few studies have been done on
PQ toxicokinetics (TK) in humans (1, 2). In this study a population TK analysis
was performed to estimate the typical TK parameters and interindividual
variability of PQ distribution in intoxicated patients. Potential covariates were
explored as well.

Methods: A TK model for PQ was developed using Phoenix NLME version 1.2.
PQ plasma concentrations from 78 poisoning patients were used in the
analysis. A two-compartmental TK model with first-order absorption and
first-order elimination was fit to the data when choosing the basic structural

Page | 216



model. The model was parameterized with apparent oral clearance (CLPQ/F),
apparent volume of distribution of central compartment (V1/F), apparent
volume of distribution of peripheral compartment (V2/F), inter-
compartmental clearance (Q/F), absorption rate constant (Ka) and
bioavailability factor (XF). Stepwise approach was used for TK covariate
model building with forward inclusion followed by backward exclusion. The
following covariates were assessed for their effects on PQ disposition: body
weight (BW, kg), amount of ingestion (g) and renal function markers: serum
creatinine concentration (sCr, mg/dL) and estimated creatinine clearance
(eCLcr, L/h).

Results: As the ingested dose was estimated from volume of ingestion, the
varying doses were imputed as covariates on the bioavailability factor and
the median dose of PQ (10 g) was given as the amount administered to each
patient. The typical value of Ka and V2/F were fixed to 1/h and 86 L,
respectively. The typical CLPQ/F was 0.15 L/h (31%CV) and V1/F was 13.63 L
(16%CV). The proportional and additive residual errors were 48% (39%) and
0.89 pg/L, respectively. The visual predictive check showed that
approximately 95% of the observed data appear to fall within the 95%
confidence interval indicating the accuracy of the model. Bayesian
estimations of CLPQ/F and V1/F were 1.17 L/h and 0.33 L, respectively.

Conclusions: This TK model was well characterised PQ plasma concentration-
time profile in patient with renal alteration. Future study are planned to
incorporate PD data using renal function as an outcome.

References:

[1] Houze P, Baud FJ, Mouy R, Bismuth C, Bourdon R, Scherrmann JM.
Toxicokinetics of paraquat in humans. Hum Exp Toxicol. 1990;9(1):5-12. Epub
1990/01/01. 2.Baud FJ, Houze P, Bismuth C, Scherrmann JM, Jaeger A, Keyes
C. Toxicokinetics of paraquat through the heart-lung block. Six cases of acute
human poisoning. J Toxicol Clin Toxicol. 1988;26(1-2):35-50. Epub
1988/01/01.

Page | 217



Poster: Safety (e.g. QT prolongation)

Rujia Xie 1-61 Population PK-QT analysis across Phase | studies
for a p38 mitogen activated protein kinase inhibitor — PH-
797804

Rujia Xie (1), Jakob Ribbing (2), Peter Milligan (3), Lutz Harnisch (3), Grant
Langdon (4)
(1) Clinical Pharmacology & Pharmacometrics, Pfizer (China) R&D, China, (2)
Pharmacometrics, Pfizer, Sweden, (3) Pharmacometrics, Pfizer Inc, UK, (4) PTx
Solution Ltd. UK

Objectives: The purpose of this analysis was to develop a PK-QT model
describing the time-course of QTc interval prolongation following dosing with
PH-797804 in healthy volunteers, and aid in dose selection for a thorough QT
study.

Methods: Six Phase | studies were included in the analysis with a total of 129
subjects receiving single or multiple oral doses of PH-797804 (range 0.3-60
mg) or placebo. Generally, 3 replicate 12-lead ECG were recorded at each
time point. PK-QT analysis was conducted in four steps: 1) nonparametric PK
modeling, 2) PK-RR interval analysis; 3) evaluating correction methods using
baseline QT data; 4) PK-QTc analysis. QT-triplicate correlation was accounted
in residual by using the L2 option in NONMEM. The final PK-QTc model was
utilized for trial simulations.

Results: PH-797804 concentrations at QT time points were well predicted by
the linear interpolation method. In the RR interval modeling, a negative linear
concentration-effect relation was found but 95%Cl based on bootstrap
included a zero slope; indicating that there was no significant effect on the

RR interval.
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Five correction methods were evaluated: QTcB, QTcF, QTcP (population),
QTcS (study) and QTcl (individual). A model with individual correction and an
extra study correction factor for two studies was the best (QTclS), minimizing
any trend between QT and RR interval. All QT data including active treatment
and placebo were sufficiently corrected using this method and QTcIS was
therefore selected as the dependent variable in developing the concentration
effect model.

A step log-linear concentration effect model was the final drug effect model
for QTclS, which consisted of: one cosine circadian term; log-linear
concentration effect on QTclS; and gender effect on baseline. The slope was
1.44 [95%Cl: 0.93-1.91] and cut-off concentration was 1.27 [95%Cl: 0.22-
4.36] ng/ml. Female baseline QTclS was 7.36 ms longer. There were large
replicate variability (within replicate € correlation r=0.32). Trial simulations
indicated that the maximum mean double DQTcl would not be greater than
8.5 ms and the upper 95% Cl for the mean would not exceed 10 ms at most
of time across a range of supratherapeutic doses up to 24mg.

Conclusions: A modified individual correction method was the best approach.

The PK-QTclS model described QTclS data well and supported dose selection
for the planned TQT study.
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Poster: Other Drug/Disease Modelling

Shuying Yang 1-62 First-order longitudinal population model
of FEV1 data: single-trial modeling and meta-analysis

E. Marostica(1), S. Yang(2), A. Russu(1)*, G. De Nicolao(1), S. Zamuner(2), M.
Beerahee(2)

(1) Department of Industrial and Information Engineering, University of Pavia,
Pavia, Italy, (2) Clinical Pharmacology Modeling & Simulation,
GlaxoSmithKline, Stockley Park, UK, * Current address: Model Based Drug
Development, Janssen Research & Development, Beerse, Belgium

Objectives: Asthma is a complex and multi-factorial disease and the
underlying physiopathological mechanism is not completely known.
Therefore, empirical models are usually adopted to describe the evolution of
the patient's health state. The first objective of this work is to develop a
parsimonious population model to describe the time course of placebo
response. The clinical response is measured by the Forced Expiratory Volume
in the first second (FEV1). The second objective is to perform a model-based
meta-analysis, in order to assess differences among studies and to estimate
the inter-trial variability.

Methods: Placebo FEV1 longitudinal data from 11 clinical trials in subjects
with mild-to-moderate asthma were available. All studies lasted 12 weeks. A
parametric first-order response model was developed and identified on each
dataset. Based on a single-trial analysis, the proposed model was compared
to the linear, polynomial, Inverse Bateman and Weibull-and-Linear models.
All the models were implemented in WinBUGS 1.4.3 [1] and compared
through the Deviance Information Criterion (DIC). The best model was then
adopted to perform a meta-analysis on the 11 datasets together. In the
meta-analysis model, each individual parameter was defined as the sum of a
term relative to the subject and one relative to the study. For both the single-
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trial analysis and the meta-analysis, log-normal distribution was assumed for
all the parameters. Graphical outputs were obtained through R 2.13.1 [2].

Results: In the single-trial analysis, the first-order parametric model here
proposed yielded the best performance in terms of DIC in most cases. Good
individual fittings and Visual Predictive Checks were obtained for all the 11
trials. Hence, meta-analysis was performed. The proposed model yielded
good performances also when applied in a meta-analysis context. Moreover,
it was found that the inter-individual variability in each study is higher than
the inter-trial one (baseline: 24% vs 6%; maximal response: 148% vs 28%;
time constant: 906% vs 71%).

Conclusion: A parsimonious parametric model able to describe FEV1 data
from different studies in mild-to-moderate asthma was developed. The
proposed model performs well both in the single-trial analysis and meta-
analysis context. Moreover, the model can be extended by including clinically
relevant covariates which may affect the patient's health state. A further
work is to assess the model capabilities in predicting long-term outcomes
from short-term trials in placebo group.
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Poster: Model Evaluation

Jiansong Yang 1-63 Practical diagnostic plots in aiding model
selection among the general model for target-mediated drug
disposition (TMDD) and its approximations

Jiansong Yang & Peiming Ma
Clinical Pharmacology Modelling & Simulation, GlaxoSmithKline R&D China

Objectives: To develop diagnostic plots to aid model selection among the
general model for target-mediated drug disposition [1] and its
approximations, such as the quasi-equilibrium (QE, or rapid binding), quasi-
steady-state (QSS) and Michaelis-Menten (MM) models[2,3].

Methods & Results:
Diagnostic plots for QSS/QE approximation
The QSS approximation assumes: kon-R-C-(koff+kmet)-M=0 (1)
thus kon-R-C-(koff+kmet)-M should be close to 0, and it should not lead to
trends in the distribution in a plot of kon-R-C-(koff+kmet)-M vs. time.
Eqg. 1is equivalent to Eg. 2 and Eq. 3.

M=Rtot C/(Km+C) (2)

R=Rtot Km/(Km+C) (3)
where Km=(koff+kmet)/kon is the Michaelis-Menten constant. Plotting
observed M (or R) against predicted M (or R) should be around the line of
identity, otherwise it suggests the assumption for QSS (i.e. Eq 1) is not valid.
Similarly, the QE approximation assumes: kon-R-C-koff-M=0  (4)
thus kon-R-C-kmet-M should be close to 0 and it should not lead to trends in
the distribution in a plot of kon-R:C-koff-M vs. time.

Diagnostic plot for the assumption that R, is constant
If Riot is constant, QSS and QE models can be further simplified. The validity of
the assumption needs to be checked by the Riot vs. time plot. However, if Riot
is not measured, or it is measured but the data are quite noisy, a plot of
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observed Ree% vs. predicted values from Eq. 5 (derived from Eq. 3) can help
judging if the assumption of Rt being constant is valid.

Conclusions: The proposed diagnostic plots, together with conventional
model diagnostic tools, should aid the model selection for drugs exhibiting
TMDD.
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Poster: Other Drug/Disease Modelling

Rui Zhu 1-64 Population-Based Efficacy Modeling of
Omalizumab in Patients with Severe Allergic Asthma
Inadequately Controlled with Standard Therapy

R. Zhu*(1), Y. Zheng*(1), W. Putnam(1), J. Visich(1), T. Lu(1), J. Jin(1), M.
Eisner(2), K. Rosén (3), J. Matthews(3), D.Z.D’Argenio(4), *These authors
contributed equally to this work.

(1) Department of Clinical Pharmacology, Genentech, Inc. South San
Francisco, CA, USA; (2) Department of Clinical Science Immunology,
Genentech, Inc. South San Francisco, CA, USA; (3) Department of Clinical
Science Respiratory, Genentech, Inc. South San Francisco, CA, USA; (4)
Biomedical Simulations Resource (BMSR), University of Southern California,
Los Angeles, CA, USA.

Objectives: Omalizumab, a recombinant humanized monoclonal antibody, is
the first approved anti-IgE agent indicated in the US for adults and
adolescents (2 12 years of age) with moderate-to-severe persistent allergic
asthma whose symptoms are inadequately controlled with inhaled
corticosteroids (ICS). The objective of this study was to use population-based
efficacy modeling to quantitatively characterize the relationship between
serum free IgE and pulmonary function (as measured by FEV1, forced
expiratory volume in 1 sec) following treatment with omalizumab in asthma
patients.

Methods: A population-based efficacy model linking serum free IgE level to
FEV1 was developed to describe FEV1 responses. The model utilizes a single
differential equation to describe FEV1 responses in both placebo and
omalizumab groups. The model was developed using data from the EXTRA
trial [1] in which severe allergic asthma patients received omalizumab or
placebo (in addition to high-dose ICS and long-acting beta agonists (LABA),
with or without additional controller medications) for 48 weeks [2]. The
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dosing was based on baseline Igk and body weight according to the
omalizumab dosing table. Numerous covariates, including demographics,
disease status, and baseline pharmacodynamic biomarkers, were evaluated
in the modeling to explain the variability in the FEV1 response. The model
was expanded to incorporate the effect of ICS on FEV1 using a direct-
response model, and fitted to data from omalizumab Phase Ill pivotal trials
[3,4] in asthma with time-varying ICS doses.

Results: Results from the IgE-FEV1 model confirmed the current omalizumab
dosing rationale in asthma based on the mean target serum free IgE level of
25 ng/mL [5] and quantified the variability for the target. None of the
covariates evaluated were significant in explaining the variability in the FEV1
response. The expanded model incorporating the ICS effects on FEV1
adequately described the data from omalizumab Phase Il pivotal trials in
asthma and confirmed the estimated target free IgE level from the original
IgE-FEV1 model.

Conclusions: The population-based efficacy model presented provided useful
insights into the relationships between serum free IgE level and pulmonary
function (as measured by FEV1) in asthma patients. The modeling results
provided a quantitative confirmation for the mean target free IgE level (25
ng/mL) for omalizumab treatment.
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Thomas Dorlo 11-01 Miltefosine treatment failure in visceral
leishmaniasis in Nepal is associated with low drug exposure
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(3), Rupa Singh (4), Narayan Bhattarai (4), Surendra Uranw (4), Jean-Claude

Dujardin (5), Marleen Boelaert (5), Jos H. Beijnen (1,2), Alwin D.R. Huitema
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(1) Department of Pharmacy & Pharmacology, Slotervaart Hospital / the
Netherlands Cancer Institute, Amsterdam, the Netherlands, (2) Division of
Pharmacoepidemiology & Clinical Pharmacology, UIPS, Utrecht University,

Utrecht, the Netherlands, (3) Div. Infectious Diseases, Academic Medical

Center, Amsterdam, the Netherlands, (4) B.P. Koirala Institute for Health

Sciences, Dharan, Nepal, (5) Institute of Tropical Medicine, Antwerp, Belgium

Objectives: Recent reports indicated high miltefosine treatment failure rates
for the neglected tropical disease visceral leishmaniasis (VL) on the Indian
subcontinent [1]. To further explore the pharmacological factors associated
with these treatment failures, a population pharmacokinetic-
pharmacodynamic (PK-PD) study was performed to examine the relationship
between miltefosine drug exposure and treatment failure in a cohort of
Nepalese VL patients treated with miltefosine monotherapy according to
standard treatment protocols.

Methods: Sparse blood samples were collected nominally at the end of
treatment (EOT) and the miltefosine steady-state concentrations in these
samples were analyzed using liquid chromatography coupled to tandem mass
spectrometry. A population PK-PD analysis was performed in a sequential
manner using non-linear mixed-effects modeling (NONMEM 7.2) and a
logistic regression model for the binary treatment outcome (failure vs. cure).
A population pharmacokinetic model for miltefosine was developed [2,3] and
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used to derive several measures of individual drug exposure, linked to in vitro
drug susceptibility of clinical Leishmania isolates from this Nepalese cohort
(CEOT, AUCO-EOT, AUCO-0, Time>ECS50, Time>10xEC50).

Results: The overall probability of treatment failure was 21%. The time the
plasma concentration exceeded 10x the EC50 of miltefosine (median 30.2
days) was significantly associated with treatment success and failure: the
odds ratio for treatment failure increased with 1.08 (95% CI 1.01-1.17) for
every day that the EOT blood concentration did not exceed 10xEC50.

Conclusions: We here established that achieving sufficient miltefosine
exposure is a significant and critical factor for VL treatment success, which
urges the evaluation of the recently proposed optimal allometric miltefosine
dosing regimen [3]. This study constitutes a first step towards the definition
of PK-PD targets to be attained for miltefosine in the treatment of VL.
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Poster: Paediatrics

Anne Dubois 11-02 Using Optimal Design Methods to Help the
Design of a Paediatric Pharmacokinetic Study

Anne Dubois and Marylore Chenel
Department of Clinical Pharmacokinetics, Institut de Recherches
Internationales Servier, Suresnes, France

Objectives: When performing a pharmacokinetic (PK) study, it is important to
define an appropriate design, which has an important impact on the
precision of parameter estimates and the power of tests. This is of most
interest, especially when the number of PK samples is limited as in paediatric
studies. To optimise such designs, methods based on the Fisher information
matrix in nonlinear mixed effects modelling (NLMEM) can be used [1]. A
development plan for the use of a Servier drug S in the paediatric population
is underway. Our objective was to propose a design for the future paediatric
PK study based on the population PK modelling developed on adult data and
using optimal design methods. This study design should allow detecting a
minimal clinically relevant age effect.

Methods: Adult PK data were modelled using NLMEM by a two-compartment
model with first-order absorption and elimination. This model was
implemented in the optimal design software PopDes [2]. Considering several
clinical constraints, as the number of age groups and a reasonable number of
children per group (no more than 30), we optimised the number of sampling
times and the allocation of the time. Then, we assumed an effect of age on
the PK of drug S. Again, we optimised the sampling times assuming that we
should be able to demonstrate this age effect. A sensitivity analysis was then
performed to evaluate the impact of the effect size (i.e. we considered
several age effects). At last, considering the precision of the age effect
estimate, we computed the minimal number of subjects required to detect
the minimal clinically relevant age effect.

Page | 229



Results: We were able to optimise the PK sampling design of the paediatric
study and to compute the number of subjects needed in order to detect any
potential clinically relevant age effect on the drug S clearance. Conclusions:
Optimal design trough Fisher information matrix approach is a powerful tool
to help planning paediatric PK studies.
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Poster: Study Design

Cyrielle Dumont 11-03 Influence of the ratio of the sample
sizes between the two stages of an adaptive design:
application for a population pharmacokinetic study in
children

Cyrielle Dumont (1,2), Marylore Chenel (2), France Mentré (1)
(1) UMR 738, INSERM, University Paris Diderot, Paris, France; (2) Department
of Clinical Pharmacokinetics, Institut de Recherches Internationales Servier,
Suresnes, France

Objectives: Nonlinear mixed-effect models are used to analyse
pharmacokinetic (PK) data during drug development, notably in pediatric
studies[1,2]. To optimise their design, adaptive designs[3], among which two-
stage designs, allow to provide flexibility and could be more efficient than
fully adaptive design[4]. We investigated, with a simulation approach, the
impact of a two-stage design on the precision of parameter estimation, by
varying sample size ratio of each stage, when the ‘true’ and the a priori PK
parameters are different.

Methods: A two-stage design for a population PK study proceeds as follows.
At the 1st stage, from a model and a priori population parameters W, data
for N; children are collected based on design &, optimised with W,. The same
design is assumed for all children. At the 2nd stage, &, for the remaining N»
children is optimised using a combined information matrix with the
estimated W; after 1st stage. At the end, W, parameters are estimated using
data of N=N;+N, children. We evaluated this approach and the influence of
the ratio between N; and N; by a clinical trial simulation in R. The PK model
was a 2-compartment model with 1st-order absorption. Optimal one- and
two-stage designs were derived using PFIM[5], assuming N=60 children with
the same design (5 sampling times) at each stage. We assumed different
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‘true’ W* and a priori W, parameters. From Wy, we optimised €;. From 10
simulated data sets, 10 vectors W1 were estimated with SAEMIX[6]. &, was
then optimised for each W;. 10 simulations were performed with each of the
10 &, designs. We obtained 100 data sets. Relative root mean square errors
(RRMSE) for the 100 estimated W, were compared for the extremum designs
60-0 (&) and 0-60 (£*, optimal design), and two-stage designs: 50-10 (€s0-10),
30-30 (€30-30), 10-50 (€10-50). The standardized RRMSE was calculated for each
parameter and each design as the RRMSE divided by the RRMSE of £*. For
each design, mean standardized RRMSE was then computed.

Results: The mean standardized RRMSE equalled 2.48 for &; optimised with
the wrong Wo. Hopefully, the mean standardized RRMSE of the two-stage
designs were very close to the one for £*, and equalled 1.15, 1.06, 1.07 for
210—50, §30.30 and 550.10, respectively.

Conclusions: The two-stage designs allowed to compensate from the
unsatisfactory result obtained for &;. When the size of the 1st cohort was
small, the result was slightly worse. The design with N;=N, appears to be a
good compromise.
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Poster: New Modelling Approaches

Thomas Dumortier 11-04 Using a model-based approach to
address FDA’s midcycle review concerns by demonstrating
the contribution of everolimus to the efficacy of its
combination with low exposure tacrolimus in liver
transplantation

Thomas Dumortier, Michael Looby, Olivier Luttringer
Modeling & Simulation, Novartis Pharma

Objectives: At the mid cycle review meeting, the FDA challenged the
seemingly favorable results of everolimus (EVR) in combination with
tacrolimus at low exposure (low TAC) from a registration study in liver
transplantation, on the grounds that there was insufficient information to
determine whether EVR has a significant contribution to the efficacy of the
combination. This regulatory challenge was justified. Not addressing it would
have jeopardized the registration. A dose-exposure-response analysis was
conducted to assess the contribution of EVR to the efficacy of the
combination.

Methods: In this study where the combination (EVR + low TAC) was
compared with TAC alone at high exposure (high TAC alone), the absence of a
putative placebo group (low TAC alone) prevented a direct comparison with
the combination and thus an easy way to assess the contribution of EVR to
the efficacy of the combination. We proposed to (1) establish the relationship
between TAC exposure and the occurrence of rejection, (2) predict the
efficacy of low TAC alone from this relationship, and finally (3) estimate the
contribution of EVR to the efficacy of the combination, using a Cox
proportional hazard model adjusted for time-varying TAC exposure. In the
context of sparse PK samples (
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Results: Using this model-based approach, the probability of rejection over a
12 month period in an hypothetical subject treated with low TAC alone was
estimated equal to 27%, which is much higher than the 10% and 6% with high
TAC alone and the combination, respectively. The hazard ratio for the
comparison between low TAC alone and the combination was equal to 5.1
(95% Cl=[2,3,11.4]), indicating that the instantaneous risk of rejection is
decreased 5 times when EVR is added to low TAC.

Conclusion: By combining dose and concentration histories in a model-based
approach, it was possible to account for the frequent changes in dose
strength and to provide an accurate estimate of the TAC exposure which
serves as precise basis for the subsequent exposure-response analysis. Using
this model-based methodology, the contribution of EVR to the efficacy of the
combination was successfully characterized, addressing the FDA’s challenge;
as a result the FDA approved the combination.

Page | 234



Poster: Absorption and Physiology-Based PK

Mike Dunlavey 11-05 Support in PML for Absorption Time Lag
via Transit Compartments

Michael R. Dunlavey, Robert H. Leary
Certara/Pharsight Corp.

Objectives: Savic et al [1] give a closed-form computation to model
absorptive delay through multiple transit compartments, where the number
of compartments is a parameter to be estimated. It works for single delta-
function inputs sufficiently separated in time. It is desirable to be able to
model such absorption in a way that easily handles arbitrary dosing
sequences and steady-state determination.

Methods: A statement is included in the Pharsight Modeling Language (PML)
that models a delay of time MTT (Mean Transit Time, estimated) as a discrete
sequence of N+1 compartments, where N (non-negative) is estimated and is
the number of transitions, all of equal rate. N need not be integer, as log-
domain interpolation between integer numbers of compartments can be
used. The underlying model implemented by the statement consists of a
system of ordinary differential equations. When the interpolation is
performed in the log-domain, the error fraction between the interpolated
and closed-form solution depends only on the number of transitions, not on
time, and it can be exactly corrected.

Results: Absorption models are compared between a PML statement
implementation, an implementation using explicit ODEs written in PML, and
,where applicable, the Savic model using a closed form absorption delay
function.
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Conclusions: The discrete method with interpolation compares well with the
closed form method, and is not limited to delta-function inputs well
separated in time.

References:

[1] R. M. Savic, D. M. Jonker, T. Kerbusch, M. O. Karlsson, "Implementation of
a transit compartmental model for describing drug absorption in
pharmacokenetic studies", J. of Pharmacokinetics Pharmacodynamics (2007))
34:711-726
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Poster: Study Design

Charles Ernest 11-06 Optimal design of a dichotomous Markov-
chain mixed-effect sleep model

CS Ernest 11 (1,2), J Nyberg(1), MO Karlsson (1), AC Hooker(1)
(1) Department of Pharmaceutical Biosciences, Uppsala University, Sweden;
(2) Eli Lilly and Company, Indianapolis, IN, USA.

Objectives: Optimal design (OD) for discrete-type responses have been
derived using generalized linear mixed models [1] and simulation based
methods for computing the Fisher information matrix (FIM) of nonlinear
mixed effect models (NLMEM) [2]. In this work, OD using a closed form
approximation of the FIM for dichotomous, non-homogeneous, Markov-
chain sleep NLMEM was investigated.

Methods: NLMEM OD was performed by determining the FIM for each
Markov component (previously awake, FIM1, or previously asleep, FIMO) and
weighted to the average probability of response being awake, p(1), or asleep,
(1-p(1)), over the night to derive the total FIM (FIMtotal) using PopED [3].
FIMtotal,i for a design group i was computed as the sum of the two FIMs:
FIMtotal,i=pi(1)*FIM1,i+(1-pi(1))*FIMO,i. The NLMEM consisted of transition
probabilities (TP) of dichotomous sleep data estimated as logistic functions.
Dose effects were added to the TP to modify the probability of being in either
sleep stage. The reference designs (RD) were placebo, 1-, 6-, and 10-mg
dosing for a 1- to 4-way crossover study in 4 dosing groups. Optimized design
variables (ODV) were dosage and number of subjects in each dosage group
and a D-optimal design criterion was used. The designs were validated using
stochastic simulation/re-estimation (SSE).

Results: The predicted parameter estimates obtained via the FIM were less
precise than parameter estimates computed by SSE; likely due to the
weighting scheme, small contribution of the awake Markov component, or
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lack of correlation between population means and variances in the FIM as
opposed to SSE. The ODV improved the precision of parameter estimates
leading to more efficient designs compared to the RD. The increased
efficiency was more pronounced for SSE than predicted via FIM optimization.

Conclusion: Using an approximate analytic solution of parts of the FIM (FIM1,
FIMO), the FIMtotal could be calculate without extensive Monte Carlo
simulations. The optimized designs provided increased efficiency for the
crossover study designs examined and provided more robust parameter
estimation.
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Poster: Endocrine

Christine Falcoz 11-07 PKPD Modeling of Imeglimin Phase lla
Monotherapy Studies in Type 2 Diabetes Mellitus (T2DM)

C. Falcoz (2), M. Marchand (2), P. Chanu (2), S. Bolze (1)
(1) Poxel SA, Lyon, France; (2) Pharsight Consulting Services™, a division of
Certara™, St Louis, MO, USA

Objectives: To set up early on a PK and PKPD framework based on clinical
endpoints (fasting plasma glucose (FPG), glycosylated hemoglobin (HbA1c)) in
T2DM for imeglimin, the first in a new, tetrahydrotriazine-containing class of
oral antidiabetic agents, the Glimins.

Methods: Phase Ila study 1 (39 subjects; 1000 mg BID or 2000 mg OD for 4
weeks) and study 2 (92 subjects; placebo, 500, or 1500 mg BID for 8 weeks)
were used for the population (Pop) PK model of imeglimin (99 subjects).
Study 2 was selected for the Pop PKPD indirect response (IR) models for FPG
with imeglimin inhibiting glucose production, and for HbAlc production from
FPG [1,2]. Models developed in NONMEM 7.2 were qualified through Visual
and Posterior predictive checks (Trial Simulator v.2.2.1).

Results: PopPK. The model selected for PKPD purposes was a 3-compartment
model with zero-order absorption, dose influence on bioavailability F and
inter-individual variability (IIV) on CL/F, V1/F and V2/F. Concentrations were
well described and parameters well estimated with standard errors (RSE) <=
34%. Pop PKPD. HbAlc data were few (baseline, end of treatment (EoT)) and
a joint FPG-HbA1c model was therefore not selected. Parameters of the FPG
model were well estimated (RSE <=27%); individual profiles were reasonably
well captured considering day-to-day IV, including the one week washout. In
the HbAlc model, HbAlc degradation rate was fixed to a value estimated
with denser data [1]; other parameters were well estimated (RSE <= 20%).
Model qualification. Predictive checks indicated adequate performance of all
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models. Observations were within the 90% prediction intervals. Median
change from baseline at EoT in the placebo, 500 mg BID and 1500 mg BID
groups was predicted respectively at: (i) 0.76, 0.03 and -0.71 mmol/L for FPG
(vs. observed 0.55, 0.20 and -0.90 medians); and (ii) 0.5, 0.2 and -0.1 % for
HbA1c (vs. observed 0.2, 0.1 and -0.1 medians).

Conclusions: PK data from two Phase lla monotherapy studies were
combined. Data from study 1 were essential for PK model development. IR
models could be used to characterize changes in FPG and HbA1lc over 8
weeks of treatment. Model development with early limited data should
already prove useful in guiding biopharmaceutical development and the
design of future imeglimin studies.
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Poster: Paediatrics

Floris Fauchet 11-08 Population pharmacokinetics of
Zidovudine and its metabolite in HIV-1 infected children:
Evaluation doses recommended

Floris Fauchet (1) (2), Jean-Marc Tréluyer (1) (2) (3) (4), Saik Urien (1) (2) (4),
Déborah Hirt (1) (2) (3) (4)

(1) EA 3620 Université Paris Descartes, Sorbonne Paris Cité, France, (2) Unité
de Recherche Clinique, AP-HP, Hépital Tarnier, Paris, France, (3) Service de
Pharmacologie Clinique, AP-HP, Groupe Hospitalier Paris Centre, France, (4)
CIC-0901 Inserm, Cochin-Necker, Paris, France

Objectives: To describe Zidovudine (ZDV) pharmacokinetics (PK) and its
biotransformation to its metabolite (G-ZDV) in HIV-infected children, to
identify factors that influence the ZDV pharmacokinetics, to compare and
evaluate doses recommended by the World Health Organization (WHO)[1]
and by the Food and Drug Administration (FDA)[2]

Methods: In 247 children aged from 6 months to 18 years, ZDV and G-ZDV
concentrations were collected. A total of 782 and 554 samples for the ZDV
and G-ZDV were retrospectively measured on a routine basis. The data were
analyzed using the nonlinear mixed-effect modeling software NONMEM
(version 6.2) [3]

Results: A one-compartment model, with first-order absorption and
elimination, was used to describe plasma ZDV concentrations. An additional
compartment for G-ZDV was added, which was linked to the ZDV
compartment with a first order rate constant. A combined variability and a
proportional variability models were used to describe accurately the residual
errors. The effect of bodyweight was significant on the apparent elimination
clearance and on the apparent volume of distribution. The mean population
parameter estimates (between-subject variability) were as follows: the
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apparent elimination clearance, 89.7 liters h™* (0.701); the apparent volume
of distribution, 229 liters (0.807); the apparent metabolic clearance, 12.6 h*

! liters™ (0.352) and the elimination rate constant of G-ZDV, 2.27 h. Based
on simulations of FDA and WHO dosing recommendations, the probabilities
of observing exposure described as efficient (around 3 to 5 mg.L.h1)[4-6]
with lower adverse event (below 8.4 mg.L.h)[7] are higher following the FDA
recommendations than the WHO recommendations. But, risks of toxicity are
more important in children weighing from 20 to 40 kg, 20 % of their
exposures were higher than the safety target.

Conclusions: Modelling and simulation of ZDV PK suggest that the FDA
recommendations are more appropriate but lower doses should be
considered for the weight band 20-40 kg. These results seem according to
another study [8] which has suggested that the neonatal doses
recommended by the WHO produced very high exposure of ZDV.
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Poster: Oncology

Eric Fernandez 11-09 drugCARD: a database of anti-cancer
treatment regimens and drug combinations

Eric Fernandez, Jianxiong Pang, Chris Snell, Cheryl Turner, Cathy Derow,
Frances Brightman, Christophe Chassagnole and Robert Jackson
Physiomics plc, The Oxford Science Park, Oxford OX4 4GA and
Pharmacometrics Ltd, Southend-on-Sea S52 6HZ

Objectives: Physiomics and Pharmacometrics have collaborated to design a
new database of anti-cancer drugs and therapeutic treatment information.
The objective is to provide PKPD data, regimens and combinations for use by
clinicians and researchers in oncology.

Methods: The drugCARD database, accessible through the web, offers data
on more than 130 anti-cancer drugs (small molecules and biologics) used in
research and in the clinic. It contains information on drug combinations as
well as several hundreds of cancer chemotherapy regimens used routinely in
the clinic. The data are classified according to tumour type, species and
experimental system (in vitro or in vivo). A new search engine, based on
Apache Solr™ [1], has been integrated, allowing users to perform powerful
reliable and faceted search on any term and fields of the database.

Results: Individual drug information contained within the database comprises
PK profiles, mechanisms of action and resistance, dose-response effect,
dosing limits, therapeutic index and immunosuppression data. Drug
combinations where the level of synergy is dependent upon the drug
schedule, drug sequence or administration timing are also referenced and
thoroughly discussed. The database covers synergy or antagonism, and
includes the combination therapeutic index and cross-resistance information.
The user can browse and compare chemotherapeutic regimens, and analyse
the overall drug dose over a course of treatment, by tumour type, in animal
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and clinical models. Data can be exported for analysis in spreadsheets,
modelling software or simulation packages.

Conclusions: The database enables users to design new combinations and
regimens that obey dosing constraints (such as MLD and MTD), and can be
used to determine drug candidates that could be combined with a new
chemical or biological entity, given the respective mechanisms of action and
other PK/PD data. Also, the database allows the expression and
nomenclature of chemotherapy regimens to be standardized, which is of
paramount importance in improving efficacy, as well as reducing medication
errors [2].
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Poster: Other Modelling Applications

Martin Fink 11-10 Animal Health Modeling & Simulation
Society (AHM&S): A new society promoting model-based
approaches for a better integration and understanding of

quantitative pharmacology in Veterinary Sciences

Martin Fink (1), Jonathan P. Mochel (1,2), Johan Gabrielsson (3), Wendy
Collard (4), RonetteGehring (5), Celine Laffont-Rousset (6), Yahong Liu (7),
Tomas Martin-Jimenez (8), LudovicPelligand (9), Jean-Louis Steimer (1),
Pierre-Louis Toutain (6), Ted Whittem (10), and Jim Riviere (5)

(1) Department of Modeling and Simulation, Novartis Campus St. Johann,
4002 Basel, Switzerland. (2) Department of Pharmacology, Leiden-Academic
Centre for Drug Research, 2300 Leiden, The Netherlands. (3) Division of
Pharmacology and Toxicology, Department of Biomedical Sciences and
Veterinary Public Health, Swedish University of Agricultural Sciences, Uppsala,
Sweden. (4) Veterinary Medicine Research and Development, Zoetis Inc,
Kalamazoo, MI 49007, USA. (5) Institute of Computational Comparative
Medicine, College of Veterinary Medicine, Kansas State University,
Manhattan, KS 66502, USA. (6) INRA, UMR 1331, Toxalim, F-31027 Toulouse,
France. (7) Department of Veterinary Pharmacology and Toxicology, College
of Veterinary Medicine, South China Agricultural University, Guangzhou
510642, China. (8) Department of Comparative Medicine, University of
Tennessee, College of Veterinary Medicine, Knoxville, TN 37996, USA. (9)
Department of Veterinary Basic Sciences, Royal Veterinary College, Hatfield,
Herts, UK. (10) Faculty of Veterinary Science, University of Melbourne,
Werribee, Victoria, Australia

The Animal Health Modeling & Simulation Society (AHM&S) is a newly
founded association (2012) that aims at promoting the development,
application, and dissemination of modeling and simulation techniques in the
field of Veterinary Pharmacology and Toxicology. The association is co-
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chaired by Pr. Johan Gabrielsson (Europe) and Pr. Jim Riviere (USA), and
currently counts about 15 founding core members from both academia and
industry.

Our objectives The primary objective of the society is to maximize the value
of available pharmacokinetic/pharmacodynamics datasets to identify
physiological and pathological factors that account for differences in drug
safety and efficacy in animals. Examples (not exhaustive) of data analyses of
interest to our group include:

¢ Quantitative pharmacology Pharmacokinetics and
pharmacodynamics comprise traditionally distinct disciplines within
pharmacology, the study of the interaction of drugs with the body. It
is our intention to show that by deliberately, closely and
systematically integrating these disciplines our understanding of
drugs and the efficiency and effectiveness of drug discovery and
development may be greatly enhanced.

¢ Dosing regimen determination Conduct of dose/exposure/response
modeling to estimate an efficacious and safe dose for a new or
already existing molecule to be used in companion animals
(individual treatment), and food producing animals (collective
treatment).

e Withdrawal time determination In food animal medicine the
veterinarian must be sure an effective dose of drug is given but also
that the edible products from the treated animals do not contain
residues of the drug at or above the permitted concentrations when
processed for marketing.

e Trial design and analysis Optimization of trial design through
simulation of scenarios; provide support to trial analysis,
interpretation, and decision making. This goal includes but is not
limited to: adaptive designs, dose finding, compliance modeling, and
evaluation of endpoints.

e Disease modeling Quantitative characterization of the disease
progress as a function of time and other predictors; to determine
relationships among prognostic factors, biomarkers, and clinical
outcomes in available data.
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Conclusion The AHM&S offers a new scientific platform promoting cross-
fertilization among basic, translational, and clinical research between species,
using model-based approaches.
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Poster: Other Modelling Applications

Sylvain Fouliard 11-11 Semi-mechanistic population PKPD
modelling of a surrogate biomarker

Sylvain Fouliard and Marylore Chenel
Department of Clinical Pharmacokinetics, Servier, Suresnes, France

Objectives: To develop through a sequential approach a single PKPD model
of a surrogate biomarker SB as a function of two independent variables
(time=IDV1 and IDV2) after the administration of drug S, describing the effect
of drug S and its active metabolite M, consistently with in vitro activity assays
and drug mechanism knowledge.

Methods: A combined PK model of drug S and its active metabolite M was
first developed using PK data from 25 healthy volunteers being administered
drug S as a slow-release formulation. Individual PK parameters for S and M
were obtained from the final PK model through Bayesian approach, and used
as aninputin a PKPD dataset along with PD measurements in order to fit SB
as a function of IDV1 (time) and IDV2. A drug/receptor binding kon/koff
model was implemented including the influence of S and M on SB. An
identifiability analysis was performed using design evaluation software
POPDES in order to assess the data's and model's ability to estimate both S
and M activities. Comparison was also performed between sequential
approach (fit of SB(IDV1), then fit of SB(IDV1, IDV2)) and simultaneous
approach (direct fit of SB(IDV1, IDV2)) [1].

Results: The PK model of S and M concentration-time profile after
administration of S as an extended-release formulation consisted in a mono-
compartmental model for S and M, with a complex absorption (2 depot
compartments and a time-dependent absorption rate) and first order
elimination for both drugs. Inter-individual and inter-occasion variabilities
were estimated on several parameters. A drug/receptor binding modelled
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the dependence of SB on IDV1 and a direct model described SB variation with
IDV2. The identifiability analysis showed that it was not possible to estimate
the effect of both S and M on SB thus their relative activity was fixed to a
value from an in vitro assay. The sequential approach and the simultaneous
approach showed similar results and allowed a satisfactory description of
SB(IDV1, IDV2).

Conclusion: A PKPD model successfully described the effect of drug S and its
metabolite M on SB with respect to two independent variables and will be
used for further PKPD simulations providing a powerful tool in the context of
model-based drug development.
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Poster: New Modelling Approaches

Nicolas Frances 11-12 A semi-physiologic mathematical model
describing pharmacokinetic profile of an IgG monoclonal
antibody mAbX after IV and SC administration in human FcRn
transgenic mice.

Frances N. (1), Richter W. F. (1), Grimm H. P. (1), Walz A. (1), Roopenian D. (2)
(1) F. Hoffmann-La Roche AG, pRED, Pharma Research & Early Development,
Non-clinical Safety, CH-4070 Basel, Switzerland, (2) The Jackson Laboratory,

Bar Harbor, ME 04609, USA.

Objectives: To characterize the observed PK profiles of mAbX after IV and SC
administration in variants of human FcRn transgenic mice in a mathematical
model incorporating physiological elements of FcRn salvage.

Methods: Transgenic mice deficient of mouse FcRn and expressing human
FcRn (hFcRn) were provided by Jackson Laboratory in Bar Harbor, Maine
(USA) where also all in vivo PK studies were performed (presented at AAPS
Annual Meeting in October 2012 [1]). In short, the PK of mAb X, a humanized
IgG1 antibody, not cross reactive with the murine target, was investigated
after administration of 10 mg/kg iv and sc administration. Mice expressing
human FcRn either in somatic cells, in bone-marrow derived cells, in both cell
types or none (4 groups, 8 animals per group and per route of administration)
were prepared as described elsewhere for wild-type mice [2].
Compartmental PK models were developed to describe the PK in in all groups
and route of administration simultaneously. Model parameters were
estimated using Monolix and simulations performed with Matlab. Model
comparisons were based on the Akaike criterion.

Results: Observed IV PK profiles were adequately described by a model
involving plasma, extravascular compartments and two endosomal
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compartments representing somatic and bone marrow-derived cells. In this
model, antibodies are eliminated uniquely from the endosomal
compartments. FcRn knock-in variants were modeled by permitting recycling
from the corresponding endosomal compartment and thereby salvaging
them from degradation. Similarly, observed SC PK profiles were adequately
described by transferring the drug from a compartment representing the SC
administration site to compartments of the IV model structure.

Conclusions: Contribution of both somatic and bone marrow derived cells in
FcRn salvage from catabolism [3] is adequately described in the presented
novel mathematical model, which reflects the various localizations of FcRn
and associated salvage processes. It is an alternative to other models
incorporating similar mechanism [4, 5, 6].
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Poster: Other Modelling Applications

Chris Franklin 11-13 : Introducing DDMoRe’s framework within
an existing enterprise modelling and simulation environment.

Chris Franklin (1), Lorenzo Ridolfi (1), Oscar Della Pasqua (1)
Clinical Pharmacology Modelling and Simulation, GlaxoSmithKline, Stockley
Park West, Uxbridge, Middlesex UB11 1BT

Objectives: Among the various objectives of the DDMoRe consortium, the
development of a simplified modelling language is envisaged which will allow
users to specify the mathematical structure of models. This will be defined in
a general manner, allowing the use of different modelling tools. Here we
show how the proposed modelling framework can be embedded within an
existing modelling and simulation environment and identify how such
concepts can benefit model-based drug development activities in R&D.

Methods: Using GlaxoSmithKline's current computer architecture and
modelling environment as basis for a change impact analysis, we delineate
how hardware, software, workflow, computing capacity and systems
interconnectivity will be affected by the availability of a modelling language.
In addition to the traceability and dependency of requirements and
specifications, our analysis also evaluates how the proposed changes will
affect operations and user community.

Results: Our change impact analysis reveals that the modifications required
to incorporate DDMoRe concepts into a new environment are limited. These
changes represent however potentially major challenges to standard
business process and workflow. A change management programme needs to
be considered to ensure that new process is taken up in an effective manner.

Conclusions: The acceptability of a new environment within an established
business community has been appraised. The impact on business efficiency
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depends on the availability of translators and connectors suitable for the
current software and on the implementation of an early change management
program.

References:
[1] The DDMoRe Consortium http://www.ddmore.eu/
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Poster: New Modelling Approaches

Ludivine Fronton 11-14 A Novel PBPK Approach for mAbs and
its Implications in the Interpretation of Classical
Compartment Models

Ludivine Fronton (1,3) and Wilhelm Huisinga (1,2)

(1) Institute of Biochemistry and Biology, Universitaet Potsdam, Germany; (2)
Institute of Mathematics, Universitaet Potsdam, Germany; (3) Graduate
Research Training Program PharMetrX: Pharmacometrics & Computational
Disease Modeling, Freie Universitaet Berlin and Universitaet Potsdam,
Germany

Objectives: Classical compartment models are successfully used to
characterize the pharmacokinetics (PK) of therapeutic monoclonal antibodies
(mAbs). These models, however, still lack a theoretically sound interpretation
of their PK parameters. Physiologically-based pharmacokinetic (PBPK) models
are an alternative approach because they allow one to integrate in-vitro data
(e.g. the neonatal Fc Receptor (FcRn) affinity, KD), physiological data (e.g.
endogenous IgG (IgGendo) concentration, plasma and lymph flows, plasma,
residual blood and tissue volumes) and in-vivo data (e.g. plasma and tissue
concentrations). Existing PBPK models are very complex and parameter
identifiability is a major issue as documented by the high parameter
sensitivity reported by several authors [1, 2, 3]. The objectives were (i) to
develop a novel PBPK model for mAbs which complexity is adapted to the
available experimental data, in mice, in absence of target and (ii) to establish
its link to classical compartment models.

Methods: We used the physiological parameters reported in [1] and [4]. The
experimental venous plasma and tissue data of the mAb (7E3), administered
intravenously at 8 mg/kg, were extracted from [2] for wild-type mice using
the software Digitizelt, version 1.5.8a. The residual blood volumes were
reported in [5]. MATLAB R2010a was used for modeling (Isqcurvefit) and
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simulation (odel5s solver). The unknown parameters, i.e. tissue-to-plasma
partition coefficients and tissue extraction ratios, were estimated for wild-
type mice data.

Results: Because of their large molecular mass ($\sim$ 150 KDa), mAbs
exhibit a poor extravasation into tissues. Based on the detailed PBPK model
published in [2] and previous insights into mAbs- and IgGendo-binding to
FcRn [6], we derived a PBPK model which implicitly considers IgGendo and
FcRn-mediated salvage. In short, the characteristics of the resulting PBPK
model are similar to those of a PBPK model for small molecule drugs showing
a low volume of distribution, permeability-limited tissue distribution and a
linear clearance in various tissues. The PBPK model allowed estimating
reliably a minimum number of parameters: tissue-to-plasma partition
coefficients and tissue extraction ratios. We extended the lumping
methodology described in [7] to mAbs. The resulting minimal lumped model
can be related to a simple 2-compartment model with a linear clearance from
the peripheral compartment that comprises the eliminating tissues.

Conclusions: Our PBPK model suggests a new interpretation of classical
compartment models. A very recent article by Shah and Betts [8] supports
the generalization of our approach to non-target expressing tissues for rat,
monkey and human.
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Poster: Paediatrics

Aline Fuchs 11-15 Population pharmacokinetic study of
gentamicin: a retrospective analysis in a large cohort of
neonate patients

Aline Fuchs (1), Monia Guidi (1, 2), Eric Giannoni (3), Thierry Buclin (1),
Nicolas Widmer (1), Chantal Csajka (1, 2)

(1) Division of Clinical Pharmacology, Service of Biomedicine, Department of
Laboratory, Centre Hospitalier Universitaire Vaudois and University of
Lausanne, Lausanne, Switzerland, (2) School of Pharmaceutical Sciences,
University of Geneva, University of Lausanne, Geneva, Switzerland, (3) Service
of Neonatology, Department of Pediatrics, Centre Hospitalier Universitaire
Vaudois and University of Lausanne, Lausanne, Switzerland

Objectives: Gentamicin is one of the most commonly prescribed antibiotics
for suspected or proven infection in newborns. Because of age-associated
(pre- and post- natal) changes in body composition and organ function, large
interindividual variability in gentamicin drug levels exists, thus requiring a
close monitoring of this drug due to its narrow therapeutic index . We
aimed to investigate clinical and demographic factors influencing gentamicin
pharmacokinetics (PK) in a large cohort of unselected newborns and to
explore optimal regimen based on simulation.

Methods: All gentamicin concentration data from newborns treated at the
University Hospital Center of Lausanne between December 2006 and October
2011 were retrieved. Gentamicin concentrations were measured within the
frame of a routine therapeutic drug monitoring program, in which 2
concentrations (at 1h and 12h) are systematically collected after the first
administered dose, and a few additional concentrations are sampled along
the treatment course. A population PK analysis was performed by comparing
various structural models, and the effect of clinical and demographic factors
on gentamicin disposition was explored using NONMEM".
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Results: A total of 3039 concentrations collected in 994 preterm (median
gestational age 32.3 weeks, range 24.2-36.5 weeks) and 455 term newborns
were used in the analysis. Most of the data (86%) were sampled after the
first dose (C1 h and C12 h). A two-compartment model best characterized
gentamicin PK. Average clearance (CL) was 0.044 L/h/kg (CV 25%), central
volume of distribution (V.) 0.442 L/kg (CV 18%), intercompartmental
clearance (Q) 0.040 L/h/kg and peripheral volume of distribution (V,) 0.122
L/kg. Body weight, gestational age and postnatal age positively influenced CL.
The use of both gestational age and postnatal age better predicted CL than
postmenstrual age alone. CL was affected slightly by dopamine
administration and non-significantly by indometacin and furosemide. Body
weight and gestational age significantly influenced V.. Model based
simulation confirms that preterm infants need higher dose, superior to 4
mg/kg, and extended interval dosage regimen to achieve adequate
concentration!2.,

Conclusions: This study, performed on a very large cohort of neonates,
identified important factors influencing gentamicin PK. The model will serve
to elaborate a Bayesian tool for dosage individualization based on a single
measurement.
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Poster: Other Drug/Disease Modelling

Aurelie Gautier 11-16 Pharmacokinetics of Canakinumab and
pharmacodynamics of IL-1B binding in cryopyrin associated
periodic fever, a step towards personalized medicine

Aurélie Gautier, Andrej Skerjanec, Olivier Luttringer, Phil McKernan, Philip
Lowe
Novartis Pharma AG, Basel, Switzerland

Objectives: Canakinumab is a high-affinity fully human monoclonal antibody
of the 1gG1/k isotype, designed to bind and functionally neutralize the
bioactivity of IL-1B, which is recognized as one of the principal pro-
inflammatory cytokines in cryopyrin associated periodic syndromes (CAPS).
The objectives of the study were to describe the kinetics of canakinumab and
dynamics of binding IL-1B in CAPS patients; to determine if these are
different in 2- and 3-year-old children versus older children and adults; and to
explore the impact of CAPS phenotype (Muckle-Wells Syndrome [MWS],
Familial Cold Autoinflammatory Syndrome [FCAS], Neonatal-Onset
Multisystem Inflammatory Disease [NOMID]) on the kinetics of canakinumab
and dynamics of binding to IL-1B.

Methods: A pharmacokinetics (PK)-binding model was used to describe the
kinetic and binding parameters of canakinumab and IL-1B in CAPS patients,
and in other populations relative to CAPS. The subgroup of 7 CAPS patients
who were 2 and 3 years of age at baseline was also compared to the overall
CAPS population.

Results: The 7 CAPS patients did not show any difference in terms of PK.
However, they showed a higher IL-1B turnover including IL-1B clearance and
production. IL-1B levels were linked with the severity of the CAPS phenotype.
In the pediatric population, MWS and especially NOMID patients had higher
concentrations of the inert canakinumab/IL-1B complexes after
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administration of canakinumab, indicating more cytokine in the body to be
captured.

Conclusions: Correlation with clinical responses suggested that these

increased levels of IL-1B may explain why younger and NOMID phenotype
patients require higher doses or escalation to higher doses.
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Poster: Infection

Ronette Gehring 11-17 A dynamically integrative PKPD model
to predict the efficacy of marbofloxacin treatment regimens
for bovine Mannheimia hemolytica infection

Ronette Gehring (1), Michael D Apley (1), Jim E Riviere (1)
(1) Institute of Computational Comparative Medicine, Kansas State University

Objectives: To develop a PKPD model that dynamically integrates in vitro and
in vivo data, specifically the pharmacokinetics of marbofloxacin in cattle with
the in vitro effect of varying concentrations of marbofloxacin on Mannheimia
hemolytica, to predict the efficacy of different clinically feasible dosage
regimens.

Methods: A Hill equation was fit to published time-kill data for marbofloxacin
and bovine isolates of Mannheimia hemolytica [1] [2]. Marbofloxacin plasma
concentrations were predicted using a published three compartment model
in calves [3]. The predicted concentration served as input for the Hill
equation to predict fluctuations in bacterial growth as a result of exposure to
changing marbolfoxacin concentrations over time. The sensitivity of the
bacterial population to marbofloxacin was varied to an MIC that was 8 fold
higher than was used to initially parameterize the Hill equation. Simulations
for 5 different clinically feasible dosing regimens were done using
ACSLXtreme (Aegis Technologies, Huntsville, AL). Bacterial population sizes at
24 hours after the final dose were compared.

Results: All dosage regimens were equally effective in decreasing populations
of highly sensitivie bacteria. Those that administered higher doses less
frequently remained effective as the bacteria became more resistant,
whereas dosage regimens that administered lower doses more frequently
became less effective. None of the dosage regimens were effective once

Page | 261



sensitivity of the bacteria to marbofloxacin had decrease to a six fold higher
MIC from the original population used to parameterize the Hill equation.

Conclusions: This integrative PKPD model offers an economical tool to
predict to effective dosage regimens that may then be validated with
carefully designed clinical trials. Variability of the drug's pharmacokinetics
within the target population can easily be incorporated into the simulations
using this model. This has the potential to decrease the cost of drug
development, as well as identifying breakpoints for resistant isolates.
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Poster: Other Modelling Applications

Peter Gennemark 11-18 Incorporating model structure
uncertainty in model-based drug discovery

Peter Gennemark
CVGI iMED DMPK AstraZeneca R&D, Sweden

Objectives: Drug discovery is characterized by relatively small
pharmacokinetic and pharmacodynamic (PKPD) data sets for lead compounds
that are routinely screened in an animal model. The turn-over time of pre-
clinical PKPD analysis is usually short and in depth model selection is seldom
executed. In addition, selection of the best model structure for one
compound is hard due to sparse data. The objective of this study is to
improve standard model-based predictions from preclinical data sets by
incorporating model structure uncertainty, and not only parameter
uncertainty, in an approach that is useful in practice.

Methods: The time constraint of model selection was addressed by
automatization of time consuming modeling steps. Uncertainty in model
structure was considered by evaluating several models from a model space
using a model selection criterion. In this study we have used AIC. Model
based predictions were generated from all models in the model space, and
weighted using the posterior model probabilities from the calculated Akaike
weights. Our approach was developed and tested using compound exposure
and compound targeted receptor occupancy data from mice.

Results: Two main obstacles for proper model selection in drug discovery are
time constraints and sparse data. Using PKPD data from a drug discovery
project, we addressed both issues. To incorporate structure uncertainty we
defined a large model space including a reasonable space of both PK and the
PD structural models, and weighed the set of feasible models based on their
posterior probability. Concerning the time constraint, we accelerated model
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selection by implementing a user-friendly computational process with input
data in form of an Excel file and output in form of a PowerPoint presentation
file. Taken together, we could rapidly obtain robust estimation with
uncertainty of, e.g., compound potency, by sampling from the inferred model
distribution.

Conclusions: Model structure uncertainty, and not only parameter
uncertainty for one single model structure, can be incorporated in drug
discovery practice. This implies improved robustness in model selection,
which is particularly important when data is sparse. A more realistic
estimation of model prediction uncertainty can then be expected, which is
pivotal in decision making such as compound selection.
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Poster: Paediatrics

Eva Germovsek 11-19 Age-Corrected Creatinine is a Significant
Covariate for Gentamicin Clearance in Neonates

Eva Germovsek (1), Alison Kent (2), Nigel Klein (1), Paul Heath (2), Elisabet |
Nielsen (3), Joseph F Standing (1)

(1) UCL Institute of Child Heath, Infectious Diseases and Microbiology Unit,
London, UK; (2) St George’s, University of London, London, UK; (3)
Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden

Objectives: Gentamicin is an antibiotic with a narrow therapeutic window,
making therapeutic drug monitoring (TDM) vital. However, currently there is
no consensus on how best to perform gentamicin TDM in neonates. Previous
studies have not found a relationship between serum creatinine
concentration (SECR) and gentamicin clearance (CL), but these have often not
accounted for the rapid changes in expected creatinine levels over the first
weeks of life. This study aims to improve gentamicin TDM in neonates by
firstly building a population PK (popPK) model and then using it to create a
Bayesian computer tool, which will predict trough levels from levels taken at
earlier and more convenient times.

Methods: The concentration-time data used for modelling were from two
published studies [1, 2] and included 174 neonates and 1163 serum levels.
Their gestational age ranged from 23.3-42.1 weeks, and postnatal age (PNA)
from 0-65 days. To establish PK parameters NONMEM VIl with FOCE-I
method was used. In order to define the basic PK model several structural
models and different error models were tested. The effect of different
covariates (age, body weight, SECR) on the PK parameters was evaluated.
SECR was incorporated into the model through organ function, which
corrected measured SECR for age by using a SECR typical for that age from
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the literature [3, 4]. Inter-occasion variability (I0V) was tested for each
parameter.

Results: A 3-compartment structural model described the data best. The final
covariate model included allometric weight scaling of PK parameters, a
hyperbolic sigmoid maturation function (with parameters fixed to values
from a previous study [5]) and also a logistic function to explain the changes
in CL with PNA. Age-corrected SECR was found to further significantly
improve the model (the OFV decreased by 35.6 units). Final estimates for PK
parameters were: CL=6.85 L/h/70kg, Vc=27.6 L/70kg, Q1=0.30 L/h/70kg,
Vp1=253.4 L/70kg, Q2=2.24 L/h/70kg, Vp2=22.4 L/70kg. Between-subject
variability (%CV) was: 30.0, 9.25, 71.5, 12.2 and 19.3 for CL, V¢, Vp1, Q2 and
Vp, respectively. IOV on CL was 15.6%. GOF and VPC plots showed a good fit
of the model to the data and good predictive properties.

Conclusion: A popPK model for gentamicin in neonates that provided the
best fit to the observed data was a 3-comparment model. We have shown
that correcting SECR for age is necessary in neonatal studies.

References:

[1] Thomson et al., Dev Pharmacol Ther, 1988. 11(3): 173-9
[2] Nielsen et al., Clin Pharmacokinet, 2009. 48(4): 253-63
[3] Rudd et al., Arch Dis Child, 1983. 58(3): 212-5

[4] Cuzzolin et al., Pediatr Nephrol, 2006. 21(7): 931-8

[5] Rhodin et al., Pediatr Nephrol, 2009. 24(1): 67-76

Page | 266



Poster: Safety (e.g. QT prolongation)

TJ Carrothers 11-20 Comparison of Analysis Methods for
Population Exposure-Response in Thorough QT Studies

Parviz Ghahramani (1), Tatiana Khariton (1), Timothy J Carrothers (1)
(1) Forest Research Institute, Jersey City, NJ, USA

Objectives: To compare two approaches for evaluating the relationship
between drug concentrations and QTc interval.

Methods: Data from two dedicated thorough QT (TQT) studies were used to
compare two common approaches [1,2] used in evaluating concentration-
QTc relationships for both escitalopram (ESC, n=107 subjects) and citalopram
(CIT, n=119 subjects). The first approach (delta-delta) specified baseline-and-
placebo-adjusted QTc as the dependent variable and considered linear
mixed-effects models based on observed drug plasma concentrations, with or
without log-transformation. The second approach (covariate model) utilized
nonlinear mixed-effects models with QTc as the dependent variable, and with
terms for baseline, placebo effect, and drug effect (used an Emax model, with
intersubject variability on baseline and Emax as a function of individual
predicted concentrations). Comparison of the two approaches was made via
simulation of the QTc change at steady state Cmax.

Results: For both studies, the delta-delta analysis approach yielded models
with population median intercepts that excluded zero (e.g., -19.6 ms for CIT),
which would be physiologically unlikely (i.e., indicate QTc shortening at low
concentrations). For the CIT study, both approaches gave similar mean
predictions of drug-related prolongation, but with different confidence
intervals:

CIT Dose Mean QTc Prolongation (ms, 90% Cl)

Page | 267



Delta-delta Covariate model

20 mg 7.8(6.2,9.3) 8.2 (6.5,10.4)
40 mg 12.6(10.9,14.3) | 12.5(10.1, 15.6)
60 mg 16.0 (14.0,18.1) | 15.5(12.2,19.7)

For the ESC study, the two approaches gave different predictions (mean and
90 Cl) of drug-related QTc prolongation. At 20 mg dose, the delta-delta
approach estimated a mean (90% Cl) QTc change of 6.6 ms (5.3, 7.9), but the
covariate approach estimated 8.3 ms (7.3, 9.2).

Conclusions: Modeling QTc directly using the covariate approach may
provide a more physiologically relevant model for predictions across the full
concentration range. On the other hand, the delta-delta approach may be
computationally less intensive. While both approaches examined above avoid
the multiple comparison bias and inefficiency of the Intersection Union Test
commonly used in E14-standard TQT studies [3], they may provide different
results. Additional validation work is recommended in comparing the relative
merits of each C-QT approach.
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Poster: Safety (e.g. QT prolongation)

Parviz Ghahramani 11-21 Population PKPD Modeling of
Milnacipran Effect on Blood Pressure and Heart Rate Over 24-
Hour Period Using Ambulatory Blood Pressure Monitoring in
Normotensive and Hypertensive Patients With Fibromyalgia

Parviz Ghahramani (1), Tatiana Khariton (1), Antonia Periclou (1)
(1) Forest Research Institute, Jersey City, NJ, USA

Objectives: To develop population PKPD models describing the relationship
between milnacipran (MLN) and ambulatory blood pressure (BP) and heart
rate (HR).

Methods: A double-blind, placebo-controlled study assessed the effects of
MLN on ambulatory BP and HR in fibromyalgia (FM) patients, normotensive
or with stable hypertension, measured at baseline, Week 4 (steady state for
100 mg/d), and Week 7 (steady state for 200 mg/d). The population PK model
[1] was updated and used to predict exposures at time points matching BP or
HR readings. The relationships between diastolic (DBP), systolic BP (SBP) or
HR and the predicted exposures were assessed using a nonlinear mixed-
effects (NLME) modeling in NONMEM. Models for SBP, DBP, and HR were fit
separately and consisted of 4 sequentially fitted additive terms: baseline,
placebo, drug effect, and residual error. Demographics, hypertensive status,
and diurnal variation (using Fourier approach) were evaluated.

Results: The PD population included 49,792 observations from 269 patients.
Piece-wise linear relationships between exposure and SBP, DBP, or HR
described the data best. Additive inter-individual variability terms were
estimated on baseline, placebo and drug effects. No evidence of hysteresis
was found. PKPD models suggest that the drug effect on SBP, DBP and HR
was near plateau by Week 4. Although the dose and exposure at Week 7 (200
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mg/d) was twice those at Week 4 (100 mg/d), the increase in the estimated
drug effect was small: the mean increases in DBP, SBP and HR for 100 mg/day
were estimated to be 5.0 mmHg, 5.1 mmHg and 12.8 bpm, respectively
(Table 1); the additional effects at 200 mg/d dose were not statistically
significant compared to 100 mg/day dose. Patients identified as hypertensive
had higher estimated SBP and DBP values (but not HR) at baseline; however,
the magnitude of increase in DBP and SBP drug effect in hypertensives was
not significantly different.

Table 1 DBP, mmHg" | SBP, mmHg" HR, bpm”
Drug effect for 100 mg/d 5.0(3.8,6.2) | 5.1(3.56.7) | 12.8(11.3,14.3)
Additional ffect for 2

m‘gg'ona drug effect for 200 0.7(-0.4,1.8) | 1.2(-0.5,3.0) 1.2(-0.2,2.7)

“mean (95% Cl)

Conclusions: Although exposure to MLN is associated with an increase in SBP,
DBP and HR in FM patients, 200 mg/d does not lead to significant additional
increases in BP and HR compared to 100 mg/d. Furthermore, hypertensive
patients do not appear to have greater increase in BP and HR with increase in
MLN exposure as compared to normotensive patients
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Poster: New Modelling Approaches

Ekaterina Gibiansky 11-22 Immunogenicity in PK of
Monoclonal Antibodies: Detection and Unbiased Estimation
of Model Parameters

Leonid Gibiansky, Ekaterina Gibiansky
QuantPharm LLC, North Potomac, MD, US

Objectives: To propose and evaluate methods for immunogenicity detection
and unbiased estimation of model parameters in the presence of
immunogenicity.

Methods: A two-compartment model typical for monoclonal antibodies was
used to simulate six-month study with monthly dosing. Sampling included the
rich data following the first and the last doses, and trough and peak values
for all other doses. Immunogenicity (in 30% of subjects) was simulated as
increase in clearance: (a) 5-fold after 2-6 months of dosing; (b) according to a
Hill function of time with inter-individual variability in Emax and Tso
parameters. Two methods of accounting for immunogenicity were tested.

The first method introduced the random effect ETAerr on the magnitude of
the residual error, hypothesizing that subjects with immunogenicity would
have higher ETA.r. The model was then fitted to the datasets where
increasing fractions of subjects with the highest ETAe:r were removed.

The second method used Nonmem mixture model routine. For the data set
(a) it was assumed that the study population consisted of several
subpopulations. Subpopulation 1 did not have immunogenicity while the
other subpopulations were allowed to have an increase in clearance
following i" dose (i=2 to 6). For the data set (b) 2 subpopulations represented
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non-immunogenic and immunogenic subjects with increase in clearance
modeled by Hill function of time.

Results: The parameter estimates of the model that did not account for
immunogenic increase of clearance were significantly biased. Introduction of
ETAer reduced, but not eliminated bias. High ETA. identified immunogenic
subjects. When subjects with high ETA. were removed from the data, bias
due to unaccounted immunogenic increase of clearance was eliminated. The
mixture models provided the unbiased estimates of the model parameters in
both cases (a) and (b). The simulated immunogenic subjects were correctly
assigned to the appropriate subpopulations.

Conclusions: For the simulated datasets with rich sampling, the proposed
methods identified subjects with immunogenic increase of clearance,
provided unbiased individual estimates of onset time and magnitude of
immunogenicity, and unbiased estimates of the population parameters.
Application to the real data will likely face more difficulties. However, the
proposed methods may provide useful tools for detection and evaluation of
changes in the PK parameters related to immunogenicity.
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Poster: New Modelling Approaches

Leonid Gibiansky 11-23 Monoclonal Antibody-Drug Conjugates
(ADC): Simplification of Equations and Model-Independent
Assessment of Deconjugation Rate

Leonid Gibiansky, Ekaterina Gibiansky
QuantPharm LLC, North Potomac, MD, USA

Objectives: To simplify equations that describe distribution, deconjugation,
elimination and interaction with the target of antibody-drug conjugates
(ADC) under specific assumptions; to propose model-independent method to
assess deconjugation.

Methods: This work continues investigation of ADC equations started in [1].
It was assumed that ADC parameters are independent of drug-to-antibody
ratio (DAR), deconjugation rate is proportional to DAR, and internalization
rate is high. Under these assumptions, the system of equations for ADC
species with different DARs was simplified to describe two observed
guantities: total antibody concentration (tAB) and concentration of the
antibody-conjugated toxin (acT). Unobserved concentration-time courses of
each of the ADC species could then be predicted using the parameters of this
system.

Results: Under the described assumptions, the system of equations for all
ADC species with different DARs was reduced to two coupled two-
compartment models with the combined linear and Michaelis-Menten
elimination terms for two observed quantities (tAB and acT). Equations for
acT differed from those for tAB by an additional term kgec*acT (elimination
due to deconjugation) and by the denominator of the Michaelis-Menten term
that was expressed as (Kss+tAB) instead of the expected (Kss+acT). Here kgec
and Kss are deconjugation rate constant and quasi-steady-state constant,
respectively. If the non-linear part of elimination is negligible, equations de-
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couple allowing for a separate fit. In this case kyqec can be computed as KgecV=
Dact/AUC,cr - Dias/AUCias , Where Vis volume of the central compartment, Dias
is dose of total antibody, Dacr = Dias* MDAR (MmDAR is mean DAR of the dosing
solution), and AUC,cr and AUCiag are the observed areas under acT and tAB
concentration-time curves. If deconjugation rate is small relative to total
antibody clearance, then tAB = acT/mDAR.

Conclusions: Under certain assumptions the pharmacokinetics of ADCs can
be described by two coupled two-compartment systems with parallel linear
and Michaelis-Menten elimination. In linear case, equations decouple
allowing for independent fit and ADC deconjugation rate constant can be
computed using known doses and observed AUC data. Simultaneous fit of
tAB and acT data should allow for more precise identification of model
parameters.
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Pascal Girard 11-24 Tumor size model and survival analysis of
cetuximab and various cytotoxics in patients treated for
metastatic colorectal cancer

P. Girard (1), A. Kovar (2), B. Brockhaus (2), M Zuehlsdorf (2), M Schlichting
(2), A. Munafo (1).
(1) Merck Serono S.A., Geneva, Switzerland; (2) Merck KGaA, Darmstadt,
Germany

Objectives Cetuximab (CET) is a monoclonal antibody targeting the epidermal
growth factor receptor which is prescribed for different solid tumor cancers,
in association with cytotoxics (CTX). The treatment has been shown to reduce
tumor size (TS) and improve overall survival (OS) [1]. We developed an
exposure-TS-OS model to explore potential differences between weekly (QW)
and every-2-week (Q2W) CET regimen in metastatic colorectal cancer
patients.

Methods Patients from 3 studies, receiving CET weekly (400 mg/m? wk1 then
250 mg/m2/wk) or Q2W (400 or 500 mg/m2 every 2 wk) and one CTX
regimen (FOLFIRI, FOLFOX4 or irinotecan) were analyzed. A simplified 2-
compartment PK model with linear elimination was used to estimate
individual AUC. PK was missing in one study and AUC fixed to population
value adjusted by body weight. TS was described by differential equation:
dTS/dt=[Kf - PCET sAUCbePCTX eexp(-Kret)]eTS

where tis time; Kf and Kr rate constants of TS formation and resistance; PCET
and PCTX the CET and CTX treatment effect parameters; AUCb the AUC in
biophase compartment [2]. From this model, predictions of early tumor
shrinkage at week 8 (ETS) and time to nadir (TN time at which individual
predicted TS is minimal) were estimated [3]. For both TS and OS models,
KRAS mutation, health status, dosage regimen and study were tested as

Page | 275



potential covariates. For OS model only, ETS and TN were tested separately.
All modeling was performed with NONMEM?7.2 (FOCEI) and R.

Results 369 patients contributed to 3821 PK, 2053 TS and 233 death
observations. For TS model, 3 significant covariates were identified: KRAS
mutation decreased treatment effect PCET by 63% and CTX increased it by
50%. Q2W regimen decreased significantly and only Kr, but this effect
disappeared after excluding 2nd-line treatment resistant patient data. TS
model provided excellent prediction and was qualified by stratified visual
predictive check. For OS model, TN was found as the best predictor of
survival, better than ETS, followed by baseline TS, health status and KRAS
mutation.

Conclusion This exposure-TS model is the first one developed for cetuximab.
It confirmed that KRAS wild-type is a predictive marker for OS. No difference
between the treatment regimens was observed on any parameter, including
the development of resistance, in first-line setting patients. For overall
survival, increase in time to TS nadir was found as the best predictive
covariate, as suggested by a previous analysis [4].
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Poster: Other Drug/Disease Modelling

Sophie Gisbert 11-25 Is it possible to use the plasma and urine
pharmacokinetics of a monoclonal antibody (mAb) as an early
marker of efficacy in membranous nephropathy (MN)?

Sophie Gisbert, Guy Meno-Tetang, Herbert Struemper, Christine Barrett,
Daren Austin
GSK Stockley Park, UK

Objectives: Renal clearance is typically not considered to be a major pathway
of elimination of monoclonal antibody (mAb) due to their large molecular
size [1]. However it becomes a major pathway of clearance of mAb in
membranous nephropathy (MN) because of "leaky kidneys". The purpose of
this work is to show that urine and plasma PK may be used as early markers
of clinical efficacy in MN as IgG-specific leakage in urine might be a more
sensitive endpoint than non-specific proteinuria [2].

Methods: Historical Pharmacokinetics (PK) data of a typical IgG mAb were
used to perform the following simulations for different multiple dosing
regimen (every 4 weeks with or without a loading dose at week 2): (1)
plasma PK of mAb in healthy and MN patients with different degrees of
disease severity: renal clearance (CLR) equals to 0, 20, 40, 60, 80 and 100% of
renal blood flow (2) amount excreted of mAb in urine for each disease
severity and dosing regimen during the course of the treatment and for
different urine collection intervals . Data from literature that described
proteinuria as a function of glomerular filtration rate (GFR) were compared to
the simulated amount of mAb excreted in urine.

Results: Simulation show that: (1) Involvement of kidneys in the elimination
of the mAb leads to a proportional increase of its total clearance (2) Amount

of mAb excreted in urine varies as a function of disease severity (3)
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Correlations were observed between both proteinuria and the amount of
mAb excreted in urine and GFR.

Conclusions: Urine PK of mAb could be followed in MN patients to assess
treatment effect.
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Timothy Goggin 11-26 Population pharmacokinetics and
pharmacodynamics of BYL719, a phosphoinositide 3-kinase
antagonist, in adult patients with advanced solid
malignancies.

Stefan S.S. De Buck, Annamaria Jakab, Douglas Bootle, Markus Boehm,
Cornelia Quadt and Timothy K Goggin
Oncology Clinical Pharmacology, Novartis, Basel

Objectives: To characterized the dose concentration effect relationship of
BYL719, a phosphoinositide 3-kinase (PI3K) antagonist, in patients with
advance solid malignancies.

Methods: The scope of this study was to develop a population
pharmacokinetic and pharmacodynamic (PK/PD) model using the data from
an ascending multiple dose, "proof of concept study", phase 1 clinical study.
The model was used to assess the between-subject (BSV) and between-
occasion (BOV) variability in drug exposure. The relationship between drug
exposure and tumour response was also explored and schedule dependence
assessed. Serial PK plasma samples and longitudinal tumour size
measurements were collected from 60 patients with advanced solid
malignancies who received oral BYL719 once daily (30 - 450 mg) or twice
daily (120-200 mg). BYL719 was measured in plasma using an HPLC-MS/MS
method and the sum of the longest diameter of target lesions was measured
using CT or MRI scans. Goodness of fit was assessed by; classical diagnostic
plots, visual predictive checks, bootstrap procedure, and precision of
parameters throughout the model building process.

Results: The PK of BYL719 was best described by an open one-compartment
disposition model with transit compartments accounting for the lag in
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absorption. The apparent clearance and volume of distribution of BYL719 in
the population were 10 L/h and 108 L, with BSV of 26% and 28 %
respectively. The estimated optimal number of transit compartment was 8.1,
with mean transit time (MTT) to the absorption compartment of 1.28 h (BSV
32%). Considerable BOV in the rate (MTT) and relative extent of absorption
(Frel) was found (46% and 26% respectively). Tumour growth was modeled
using a turnover model with a zero order growth rate (Kgrowth, 0.581
cm/week) and a first order death rate (Kdeg, 0.0123 1/week).

BYL719 inhibited growth with an IC50 of 100 ng/mL (BSV, 154%). Based on
stochastic simulation of fully adherent patients, administered 400 mg once
daily (the defined MTD based on an adaptive Bayesian logistic regression
model with overdose control), the fraction of patients experiencing stable
disease or a partial response at 20 weeks, according to the RECIST criteria
was 78% and 9 % respectively. Assessment of schedule dependence
indicated only a very limited difference between once or twice daily
administrations of a total daily dose of 400 mg but there was an advantage of
twice daily administration of the same total dose at lower doses. A
considerable loss of benefit was seen already at a dosing rate of 800 mg
every other day.

Conclusions: The good pharmacokinetic properties and evidence of a
concentration effect relationship supports the further development of this
potential therapeutic. The MTD of 400 mg given once daily seems to be an
appropiate starting dose. In patients in whom mechanism based tolerability
appears upon chronic dosing, a twice daily dosing rate should be
considered. For example, based on the results of simulations, the
administration of 100 mg given twice daily, resulted in a typical response 51
% greater than 200 mg given once daily.
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Poster: CNS

Roberto Gomeni 1I-27 Implementing adaptive study design in
clinical trials for psychiatric disorders using band-pass
filtering approach

Navin Goyal (1) and Roberto Gomeni (2)
(1) Clinical Pharmacology-Modeling and Simulation, GlaxoSmithKline, PA,
USA, (2) Pharmacometrica, Longcol, La Fouillade, France

Objective: Multicenter randomized clinical trials (RCTs) in depression are
relatively inefficient, and fail to differentiate known effective antidepressant
drug treatments from placebo in ~50% of trials. The main reason for this
failure is thought to be uncontrolled placebo response. The aim of this work
was to develop an adaptive approach for conducting RCTs in depression with
the objective to increase the signal-to noise ratio at study-end using the
band-pass filter approach.

Methods: The band-pass filter methodology has been recently proposed as a
strategy for maximizing the signal to be detected in RCTs by filtering out
noise occurring in form of responses outside the low and high cutoff limits of
the filter [1]. In this framework, the adaptive strategy is used to identify the
non-plausible placebo response trajectories generated in a given center in a
clinical trial. Blinded and unblinded approaches were evaluated to classify
each recruitment center on an ongoing basis as informative or non-
informative. A methodology is proposed for discontinuing the enrollment in
un-informative centers and to increase the patient enrollment in informative
centers.

Results: Clinical trial simulation was used to demonstrate the benefit of the
proposed approach as compared to the traditional study design and study
conduct. The proposed adaptive approach demonstrated that the expected
drug related treatment effect in a placebo-controlled RCTs can be
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significantly improved when data from informative recruitment centers are
considered.

Conclusions: With this novel approach, the overall placebo response rate can
be reduced and the signal-to-noise ratio substantially increased. Overall,
such adaptive approach could markedly facilitate the process of clinical
development of new compounds for the treatment of psychiatric disorders.
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JoseDavid Gomez Mantilla 11-28 Tailor-made dissolution
profile comparisons using in vitro-in vivo correlation models.

J. D. Gdmez-Mantilla(1), U. F. Schéfer(1), T. Lehr(2) ,V. G. Casabd(3), C. M.
Lehr(4)

(1) Biopharmaceutics and Pharmaceutical Technology, Saarland University,
Saarbruecken, Germany; (2) Clinical Pharmacy, Saarland University,
Saarbruecken, Germany; (3)Department of Technological Pharmacy,

University of Valencia, Burjassot, Spain; (4) Helmholtz-Institute for
Pharmaceutical Research (HIPS), Helmholtz Center for Infection Research
(HZI), Saarbruecken, Germany

Objectives: Current alternatives for performing dissolution profile
comparisons are limited to mathematical distances in which limits for
declaring similarity or non-similarity are fixed, drug-unspecific and not based
in any biopharmaceutical criteria. This study is aimed to develop drug-specific
Dissolution Profile Comparisons able to detect the differences in release
profiles between different formulations that can lead to differences in the in-
vivo performance (Bioequivalence) of the formulations, using IVIVc models,
computer simulated bioequivalence trials and permutation tests.

Methods: Extended release formulations of Metformin, Diltiazem and
Pramipaxole were included in the study [1,2]. Available published differential
equations based IVIVc models were employed using one (Metformin and
Diltiazem) or two (Pramipaxole) compartment models. Release profiles were
modelled using Hill and Weibull equations; Bio-relevant limits in the
dissolution profiles were detected identifying the change in Hill or Weibull
parameters necessary to produce non-bioequivalent formulations.
Bioequivalence cross over studies were simulated with 12 healthy volunteers
and Intra Individual Variability was described to fit available population data.
Customization of dissolution profiles comparisons was made by adjusting the
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delta of a recently described Tolerated Difference Test (TDT)[3], this delta
value was tailored for each formulation to detect the differences in release
profiles identified as bio-relevant limits with the IVIVc models. Effect of
Number of patients, Number of time points and drug properties (ka, kel)
were studied in these customizations.

Results: Bio-relevant limits in release profiles differences were identified for
all three formulations. Delta values for TDT were tailored for each
formulation as follows: 3.8 for Metformin, 5.8 for Diltiazem and 3.5 for
pramipaxole, this value represents the average tolerated difference (in
Percentage) between two formulations at any time point to produce bio-
equivalent formulations under both criteria AUC and Cmax. Total overlap of
zones was not possible, but safe zones (Bioequivalent formulations under
Cmax or AUC criteria) were totally identified. The studied variables had a
greater impact in the bioequivalence decisions made by Cmax than by AUC,
especially Ka and kel.

Conclusion: TDT test allows customization of formulation-specific dissolution
profile comparisons of extended released formulations with bio-relevant
limits.
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Ignacio Gonzalez 11-29 Simultaneous Modelling Of
Fexofenadine In In Vitro Cell Culture And In Situ Experiments

Gonzalez-Garcia, I. (1), Mangas-Sanjuan,V.(2), Bermejo, M.(2), Casabo, VG.(1)
(1) Departamento de Farmacia y Tecnologia Farmacéutica, Universidad de
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Introduction: Fexofenadine HCI (FEX), a second generation non-sedating
histamine H1 receptor antagonist, is an active metabolite of terfenadine.
Permeability of FEX was determined in an in vitro cell model and in situ
experiment at different donor concentrations, and the effect of sodium
dodecyl sulfate (SDS) at two concentration levels (10 and 50 uM) on FEX
permeability was evaluated simultaneously.

Objective: The aim of this work is to model simultaneously in vitro and in situ
data to obtain common parameters of the absorption and distribution of
Fexofenadine in both biological systems.

Materials and Methods: The in vitro transport studies were developed in
Caco-2 cell in apical-to-basolateral (AB) and basolateral-to-apical (BA)
direction. The in situ experiments were performed in Wistar rats.
Permeability values were estimated by non-linear regression of cumulative
amounts in the receptor chamber, and remaining amounts in donor chamber
versus time and by non-linear regression of decreasing concentrations in
lumen. The fitting procedures were performed using NONMEM 7.2 with
FOCE+I for objective function estimation and ADVAN9 subroutine. Several
kinetic models were fitted to the data, functional and mechanistic models,
selecting the best model with lowest objective function value. The inter-
individual and residual variabilities of the kinetic parameters were described
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with exponential models. Goodness of fit plots and visual predictive check
were generated to confirm the final model.

Results: The simultaneous analysis of in vitro and in situ experiments are well
modeled using a common permeability for all concentrations without
surfactant and a different permeability in the presence of surfactant. An
active transport is observed in cells and in rats which was included in the final
model. The presence of high concentration of surfactant (50 mM) affects to
the passive diffusion of FEX in cells systems. Nevertheless, the presence of
surfactant does not affect in vivo, but changes the function of the transport.
Permeability as a function of time and lag time parameters were used to
account for the intercept of the cumulative fractions permeated versus time
that was different from 0.

Conclusions: Fexofenadine has a low intestinal permeability in vitro in Caco-2
cells and in situ rats experiments and the transport of the drug is
concentration-dependent. The simultaneous analysis allows to estimate
parameters that are present in both systems and to be able to establish
similarities or differences between the cell line and rats.
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Sathej Gopalakrishnan 11-30 Towards assessing therapy
failure in HIV disease: estimating in vivo fitness
characteristics of viral mutants by an integrated statistical-
mechanistic approach

Sathej Gopalakrishnan (1,2), Hesam Montazeri (3), Stephan Menz (4), Niko
Beerenwinkel (3), Wilhelm Huisinga (4)

(1) Institute of Biochemistry and Biology, Universitaet Potsdam, Potsdam,
Germany, (2) PharMetrX Graduate Research Training Program, Freie
Universitaet Berlin and Universitaet Potsdam, Germany, (3) ETH Zurich,
Department of Biosystems Science and Engineering (D-BSSE), Basel,
Switzerland, (4) Institute of Mathematics, Universitaet Potsdam, Potsdam,
Germany

Objectives: Mechanistic viral infection models have long been used to
investigate in vivo HIV-1 dynamics [1], while statistical models [2] have been
applied to learn mutational schemes from sparse clinical data. While the
former approach generally uses highly simplified mutation schemes, the
latter methods limit mechanistic understanding. Combining the two
approaches would prove valuable to estimate viral fitness characteristics and
to assess causes of therapy failure. The objective of this work was to link the
two modelling strategies and to evaluate the integrated approach by
comparing estimated in vivo fitness characteristics of various mutants arising
under monotherapy with Zidovudine (AZT) and Indinavir (IDV) to values in
literature.

Methods: We used a two-stage mechanistic HIV infection model [3] to
predict in vivo viral dynamics. We utilized continuous time conjunctive
Bayesian networks [4] to learn mutational schemes, resistances and average
waiting times to mutations from clinical data (the Stanford HIV Database) [5].

Page | 288



Simulations and estimation procedures were carried out with MATLAB
R2010b.

Results: We translated phenotypic IC50 values from in vitro assays to an in
vivo setting that we use in our mechanistic model. We then developed an
approach to compare the average statistical waiting times and
mechanistically predicted waiting times to observe various mutations.
Estimating in vivo fitness costs of different mutants arising under AZT (a
reverse transcriptase inhibitor), we recovered the well-known TAM-1 and
TAM-2 mutation pathways and observed excellent agreement with existing
knowledge. We also reproduced the interesting observation that the rebound
of the wild-type strain, in case of insufficient drug efficacy, contributes
significantly to the initial rebound in the total viral load and the wild-type is
out-competed by the mutants only after about 60-70 days. We finally
estimated fitness costs of mutants arising under IDV (a protease inhibitor)
therapy to demonstrate the generality of our approach.

Conclusions: Our scheme relies only on clinical data that is typically censored
and is usually the most commonly available form of data. Such integrated
mechanistic-statistical approaches provide a first step towards analysis of
HAART regimens.
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Verena Gotta 11-31 Simulation-based systematic review of
imatinib population pharmacokinetics and PK-PD
relationships in chronic myeloid leukemia (CML) patients
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Switzerland; (2)School of Pharmaceutical Sciences, University of Geneva,

University of Lausanne, Geneva, Switzerland

Objectives: Several population pharmacokinetic (PPK) and pharmacokinetic-
pharmacodynamic (PK-PD) analyses have been performed with the
anticancer drug imatinib. Inspired by the approach of meta-analysis, we
aimed to compare and combine results from published studies in a useful
way - in particular for improving the clinical interpretation of imatinib
concentration measurements in the scope of therapeutic drug monitoring
(TDM).

Methods: Original PPK analyses and PK-PD studies (PK surrogate: trough
concentration Cmin; PD outcomes: optimal early response and specific
adverse events) were searched systematically on MEDLINE. From each
identified PPK model, a predicted concentration distribution under standard
dosage was derived through 1000 simulations (NONMEM), after
standardizing model parameters to common covariates. A "reference range"
was calculated from pooled simulated concentrations in a semi-quantitative
approach (without specific weighting) over the whole dosing interval. Meta-
regression summarized relationships between Cnin and optimal/suboptimal
early treatment response.

Results: 9 PPK models and 6 relevant PK-PD reports in CML patients were
identified. Model-based predicted median Cnin ranged from 555 to
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1388 ng/ml (grand median: 870 ng/ml and inter-quartile range: 520-

1390 ng/ml). The probability to achieve optimal early response was predicted
to increase from 60 to 85% from 520 to 1390 ng/ml across PK-PD studies
(odds ratio for doubling Crmin: 2.7). Reporting of specific adverse events was
too heterogeneous to perform a regression analysis. The general frequency
of anemia, rash and fluid retention increased however consistently with Cmin,
but less than response probability.

Conclusions: Predicted drug exposure may differ substantially between
various PPK analyses. In this review, heterogeneity was mainly attributed to 2
"outlying" models. The established reference range seems to cover the range
where both good efficacy and acceptable tolerance are expected for most
patients. TDM guided dose adjustment appears therefore justified for
imatinib in CML patients. Its usefulness remains now to be prospectively
validated in a randomized trial.
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Bruce Green 11-32 Clinical Application of a K-PD Warfarin
Model for Bayesian Dose Individualisation in Primary Care
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Objectives: To compare the probability of successful INR attainment using
individualised dosing for warfarin via Bayesian forecasting (DoseMe) or
nomogram-based dosing methods.

Methods: A pre-existing K-PD model for warfarin [1] was used to simulate
INR over 6 weeks using 2 nomograms and a Bayesian forecasting program
(DoseMe) [2]. The first nomogram adjusted dose based upon genotype and
INR [3], whereas the second nomogram adjusted dose based upon INR alone
[4,5]. DoseMe was also used to adjust dose with and without genotype
information.

Results: At day 20 and 60, 40% [24 - 46%)] and 78% [67 - 86%)] (median,
95%Cl) of subjects were expected to have an INR in range using the genotype
nomogram-based dosing. At day 20 and 60, 26% [16 - 36%] and 26% [16 -
38%] of subjects were expected to have an INR in range using the non-
genotype nomogram-based dosing. Comparative genotype Bayesian-based
dosing was expected to have 64% [49.0 - 76%)] and 72% [59 - 82%)] of subjects
in the range at day 20 and 60, respectively, whilst non-genotype Bayesian-
dosing was expected to have 63% [48 - 72%] and 74% [60 - 84%)] of subjects
in the range. The observed clinical trial result for the genotype nomogram-
based dosing was 66.7% [3], which was captured by the simulation model.

Conclusions: Non-genotype Bayesian dosing resulted in quicker and more
accurate attainment of therapeutic INR when compared to non-genotype
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nomogram-based dosing. Genotype-based Bayesian dosing also resulted in
quicker attainment of therapeutic INR compared to genotype nomogram-
based dosing. As genotype is rarely available in clinical practice, Bayesian
methods such as DoseMe provide an easy to use practical solution that
should be used in clinical practice to optimise patient outcomes.
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Background: Prednisolone (PLN) represents the cornerstone for the
treatment of childhood nephrotic syndrome (NS) since 1950’s. However,
pediatric patients show considerable variability in therapeutic response and
side-effects to standard, empirically based dosing regimens [1, 2, 3, 4, 5]. The
guestion arises whether variability in PK can explain, as driving force for the
PD, the differences in therapeutic response between individuals.
Concentrations in saliva may represent free PLN levels in blood, as only free
fraction of PLN can diffuse into target tissues and cells, and can therefore be
considered clinically more relevant than total PLN concentrations [1, 2, 6, 7,
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8]. Salivary sampling can also help to avoid burdensome in pediatric patients
caused by blood sampling. In present study, we tested the influence of
variability in PLN on clinical outcome in children with NS, based on only
salivary sampling combined with translational modeling and simulation
approaches from healthy adult model.

Methods: 385 salivary PLN measurements were obtained from 104 Dutch
children with NS. The children received 40 mg/m2 oral PLN after induction
dosing period of six weeks. Parents collected salivary samples at home with
Salivette. We adapted the developed adult population PK model [9] to our
current pediatric population using body weight-dependent exponent model
[10]. Based on the individual parameters estimated and the actual PLN dose
administered, individual post hoc curves of free serum PLN were simulated
and then were used to derive area under the curve of free concentration of
PLN in serum (AUCfree). Differences in the AUCfree between categories of
clinical outcomes were assessed with either a Student’s T-test or ANOVA.

Results: Clearance and distribution volume were estimated to be 18.7 L/hr
and 74.4 L with relatively small RSE values (23.0% and 10.4%). AUCfree was
then calculated to be 859 (inter quartile range: 806-943) ng.hr/ml based on
simulated individual free serum concentration-time profiles. AUCfree showed
no significant correlation with therapeutic effect and adverse effects.

Conclusions: Using translational modeling and simulation, the model
described in the present study supports the use of salivary PLN
concentrations as a reliable predictor of free levels in serum. However, we
conclude that it is unlikely that variability in PLN exposure in the therapeutic
dose range studied is a major determinant of clinical outcome in children
with NS.
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Objectives: Vitamin D deficiency is highly prevalent in HIV-infected
individuals and has been associated to the progression of the disease and/or
to antiretroviral therapy [1,2]. Vitamin D supplementation in patients with
plasma levels of 25-hydroxy-vitamine D (25-OHD) < 30 mcg/| has become
standard of care. The aim of this analysis was to characterize the time profile
of 25-OHD in HIV patients before and after vitamin D supplementation and to
test the influence of genetic polymorphisms along with antiretroviral
treatment (ART) and non-genetic factors on vitamin D levels. The model
served for the simulation of different vitamin D regimens that will help
establishing the appropriate dose and time interval for vitamin D
supplementation.

Methods: A one-compartment model with first-order absorption and
elimination was used to describe 25-OHD concentrations, including a steady-
state production rate for the estimation of the endogenous 25-OHD
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(NONMEM®). Co-administered ART drugs, demographic, environmental
variables and seven genetic variants (located on GC, CYP2R1,
DHCR7/NADSYN1, CYP24A1) known to influence vitamin D levels according to
two genome wide association studies (GWAS) were tested as covariates [3,4].

Results: A total of 1285 25-OHD concentrations, either basal or after a single
vitamin D dose supplementation, were collected from 618 patients in three
different Swiss hospitals. Average oral clearance was 2.77 L/day, volume of
distribution 258 L and endogenous production rate 0.14 micromol/day (CV
39%). Among all the tested covariates, season effect had the most salient
impact on vitamin D production rate (maximal increase of 27% (Closy: 23-
30%) at day 228 (220-235 day), i.e. August). Body mass index, smoking status
and SNP rs2282679 located on the GC gene, responsible for the vitamin D
binding protein transcription, reduced 25-OHD production rate respectively
by 39% (Closy: 24-54 %), 13% (8-19 %) and 20% (7-33 %); while co-
administration of darunavir increased it by 16% (5-27 %). An effect of the
study center was also observed. The significant covariates explained
altogether 12% of the interpatient variability associated to the vitamin D
endogenous production rate.

Conclusion: This analysis of 25-OHD plasma levels in HIV infected patients
allowed identifying genetic and other risk factors associated with vitamin D
deficiency in this population. Improvement of dosage regimen and timing of
vitamin D supplementation is proposed based on those results.
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Objectives: Different tacrolimus pharmacokinetics (PK) models have been
proposed to characterize the tacrolimus PK variability observed in pediatric
liver transplantation. They mainly focused on the early post transplantation
period. However, as acute rejection may occur up to the end of the first year,
the objective of this study was to describe tacrolimus PK during the first year
post liver transplantation in a pediatric cohort.

Methods: TAC doses and routine TDM trough levels from 82 pediatric liver
allograft recipients during the first year post transplantation were used to
develop a population PK model using mixed effects modelling. Patient's
demographics, biochemical test results and physiological characteristics were
tested as covariates to explain interindividual variability. Data from 42and 40
patients were used for model building and model validation, respectively.

Results: A two-compartment model with first-order elimination best
described the TAC PK. Apparent volumes of central and peripheral
compartments, intercompartmental clearance and blood clearance estimates
were 85L, 100L, 11.3L/h and 4.96L/h, respectively. The absorption first order
rate fixed to 4.5h1. Bodyweight was the only covariate found to have a
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significant effect on volumes of distribution whilst hematocrit levels, time
after transplantation and bodyweight all influenced the TAC clearance. Bias
and precision of estimates were within acceptable limits after model
validation.

Conclusions: We developed and validated a tacrolimus PK model covering
the first year after pediatric liver transplantation. After implementation in PK
software with Bayesian prediction, this model could therefore constitute a
unique tool to help clinicians for tacrolimus posology adaptation.
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Objectives: ONO-4641 is an orally administered sphingosine 1-phosphate
(S1P) receptor modulator that is currently under clinical evaluation for
multiple sclerosis (MS). The pharmacokinetic (PK) and pharmacodynamic (PD)
properties of ONO-4641 in MS patients were assessed in order to support
dose selection for the future trial in terms of efficacy and safety.

Methods: The population PK-PD modeling was performed using NONMEM
based on plasma concentrations of ONO-4641 and absolute lymphocyte
counts (ALC) obtained in phase 1 trials. With the use of the developed model,
a clinical trial simulation was conducted based on the study design planned
for phase 2 trial.

Results: The population PK-PD model was developed using data from 83
subjects. The relationship between ALCs and plasma concentrations of ONO-
4641 was described by an indirect-response model [1-3]. The indirect-
response model had an Imax value of 0.991 and an IC50 value of 2.12 ng/ml
for MS patients. Based on the ALC-endpoint relationship in phase 2 trial of
another MS drug, the ALC suppression of >60% from baseline was believed to
show the efficacy on the endpoint (humber of lesions obtained with magnetic
resonance imaging) [4]. The simulation results using the developed model
indicated that ONO-4641 dose more than 0.1 mg produced the decrease. The
suppression with lower doses was mild to moderate (30-45%), but the
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efficacy on the number of lesions was unknown. Further, the simulation
results indicated the mean drop-out rate due to the lymphopenia of at most
3% of total patients in phase 2 trial.

Conclusions: The clinical trial simulation of ALC based on the developed
population PK-PD model led to the acquisition of useful information for
selecting doses in the future trial.
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Objectives: A two-stage, adaptive dose-finding, inferentially seamless Phase
2/3 study was designed to optimize the development of dulaglutide (dula), a
new therapeutic for the treatment of type 2 diabetes mellitus. Integrated
models of dula pharmacokinetics and pharmacodynamics (PD) of key clinical
and safety measures were developed, leveraging early phase clinical data and
literature data of marketed comparators. These models were used to
simulate virtual patients and to evaluate the operating characteristics and
probability of success of the trial.

Methods: Data from early phase studies were used to develop models of
prospectively selected clinical endpoints for dose determination: a linked
model of glucose-HbA1c, a weight loss model with placebo response and
circadian rhythm models of blood pressure and heart rate. Published
comparator’s longitudinal data were used to inform the timecourses of PD
endpoints. Virtual patient populations (N=10,000) were simulated to match
baseline demographic and disease characteristics of a typical Phase 3 study
population for up to a year. A Bayesian theoretical framework was used to
adaptively randomize virtual patients sampled from the dataset in Stage 1 to
one of seven dula doses. At each interim analysis, a multi-attribute clinical
utility function was applied to predefined dose selection criteria to support
either stopping for futility or selecting up to 2 dula doses to advance to Stage
2.
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Results: Dula drug-disease models predicted the most likely doses to
demonstrate optimal and competitive glycemic efficacy and safety profiles.
In simulated studies, the adaptive algorithm identified the correct dose 88%
of the time, compared to as low as 6% for a fixed-dose design using
frequentist decision rules.

Conclusions: Drug-disease models developed using limited Phase 1 and
literature data are efficient tools to support the optimization of drug
development. Model-based trial simulations allow systematic and robust
evaluation of trial design and assessment of probability of trial success.
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Objectives: The utility function allows finding a compromise between drug
efficacy and toxicity, balancing the probability of benefit and the probability
of risks [1, 2]. Sorafenib is an oral non-specific multi-kinase inhibitor,
approved for the treatment of renal and hepatic carcinoma, blocking cell
proliferation and angiogenesis by targeting Raf/ERK pathway. Hand-foot
Syndrome (HFS) is one of the major dose-limiting toxicity. This work aimed at
applying the concept of utility function to determine the optimal regimen of
sorafenib, integrating models for efficacy and toxicity.

Methods: Sorafenib-induced efficacy and toxicity in 100 replicates of 100
patients were simulated under various dosing regimen: daily dose ranging
between 200 and 2000 mg, fractionated as 1, 2, 3 or 4 occasions.

The pharmacokinetics were described by a one-compartment model with
first-order elimination and saturable absorption [3]. The efficacy on tumor
growth inhibition (TGI) was sigmoidally linked to the area under the unbound
concentration curve at steady state [4]. The risk of HFS was characterized by
a latent variable model whose kinetics is impacted by sorafenib accumulated
plasma concentration and whose levels are translated into HFS probability
[5].

The utility was defined as a weighted sum of the probability of benefit and
the probability of non-risk, the weights adding to 1. It aimed at maximizing
the percentage of patients showing at least 20% TGI (responders) and
minimizing the risk for grade 2 or 3 HFS. The sensitivity to the relative
contribution of efficacy and toxicity to the utility was also evaluated.
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Results: The usual regimen of sorafenib is 400mg twice daily (800mg per
day). The non-linear pharmacokinetics of sorafenib result in greater exposure
the more the daily dose is fractionated.

Considering a 60% efficacy-40% toxicity balance, a maximal plateau in utility
is obtained for 200mg to 400mg twice daily. Increasing the contribution of
efficacy (or the expected TGI for responders) tends to favor the fractionation
of the daily dose: e.g. if the efficacy criterion is the % of responders with TGI
> 40% or greater, the utility function favors the four times daily regimen.

Conclusion: The utility is a comprehensible concept for the optimization of
dosing regimen, allowing the balance between the required response and
acceptable risks. This approach relies on the combination of several PK-PD
models, and can be extended to multi-scale models.
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Objectives: INJ-mGIuR2 PAM, a positive allosteric modulator of the
metabotropic glutamate receptor-2 and 5-HT,4R antagonist, is currently in
development for the treatment of disorders of the central nervous system
[1,2]. To understand the pharmacological profile of INJ-mGIuR2 PAM and to
define exposure vs. 5-HT,aR occupancy relationship in man, a PET study was
performed in healthy male subjects [3]. To help in designing a PET study, 5-
HT2aR occupancies in man were predicted based on in vitro and in vivo
nonclinical pharmacology data in the rat.

Methods: In vitro functional and radioligand binding experiments were
performed to investigate the in vitro activity and binding of JNJ-mGIuR2 PAM
and its major metabolite (M47) to human 5-HT,aR. Receptor occupancy
assays were conducted in rats to evaluate JNJ-mGIuR2 PAM occupancy to 5-
HT24R in vivo. Plasma concentrations vs. 5-HT.aR modeling was performed in
rat and used to predict the 5-HT2aR occupancy in man. The relationship
between predicted 5-HT,aR occupancy and simulated plasma concentrations
in man was used to predict 5-HT,aR occupancy in man at clinical doses of 50
to 700 mg.
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Results: /n vitro preclinical experiments showed that JNJ-mGIuR2 PAM is a
weak 5-HT,aR antagonist. In rats, JNJ-mGIuR2 PAM is rapidly metabolized to
M47 which is a relatively potent and selective 5-HT.aR antagonist. Modeling
experiments suggested that M47 significantly contributes to the 5-HT.aR
binding in the rat but in humans only limited metabolism to M47 has been
observed. Accounting for the different contributions of parent and
metabolite and the differences in free fraction in rat vs. man, 5-HT,AR
occupancy could be predicted in man based on exposure vs. 5-HT2aR
modeling in the rat. At clinical doses of 50 to 700 mg, predicted 5-HT,aR
occupancy in man ranged between 5% and 25%. The human PET data
confirmed minimal 5-HT.aR occupancy by JNJ-mGIuR2 PAM in man, which is
not expected to be clinically relevant.

Conclusions: 5-HT2aR occupancy could be predicted in man based on
nonclinical pharmacology data in the rat, taking into account the difference in
free fraction and the different contributions of parent and metabolite in rat
vs. man. At clinical doses, predicted 5-HT,aR occupancy in man was low and
in good agreement with observed 5-HT,aR occupancy in man. This modeling
work illustrated the "translatability" of in vitro and in vivo preclinical
information to 5-HT,aR occupancy in man.
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Objectives: Pregabalin is an anticonvulsant used for the treatment of
neuropathic pain and partial seizure in adults. The aim of this study was to
develop a population pharmacokinetic (PK) model to describe the absorption
characteristics of pregabalin given fasting or after meals.

Methods: Data from 5 healthy subject PK studies (n = 88) of single or multiple
dose pregabalin (150 mg) were used. Pregabalin was administered twice
daily, without meals or 30 min after a meal (regular diet or high fat diet) in
the morning and 30 min or 4 h after a meal (regular diet) in the evening.
Serial plasma samples were collected up to 24 h after the last dose for PK
analysis. To find the model that best describes the absorption process, first-
order, transit compartment, and Weibull-type absorption models were
compared using the non-linear mixed effect method (NONMEM, ver. 7.2).

Results: A two-compartment linear PK model with Weibull-type absorption
using its cumulative distribution function was better than the first-order
absorption model with lag time. The conditional weighted residuals at Tmax
and visual predictive check plots obtained from the Weibull-type absorption
model were less biased than those from the first-order absorption model.
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Conclusions: We found that the Weibull-type absorption model best
described the absorption characteristics of pregabalin regardless of meal
status and the absorption model should be carefully chosen based upon the
principle of model development and validation, not by following a
conventional model for its popularity and simplicity, especially when the PK
dataset includes densely sampled data.
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Introduction: Recent years have seen an increasing interest in adaptive trial
design methodologies. With the growing use of nonlinear mixed effect
(NLME) models to support clinical development, adaptive optimal design
(AOD) approaches have also become increasingly

relevant. A recent survey indicated that out of 10 major European
pharmaceutical companies, the importance of AOD for NLMEM was ranked, 4
on a scale of 5, on average [1]. The usefulness of AOD approaches for NLME
models has been previously demonstrated for PET occupancy studies [2],
bridging studies [3] and pediatric PK studies [4].

Aims: To develop a general computational platform for adaptive optimal
study design in the context of NLME models.

Methods: A general algorithm for implementing AOD methodology was
created using the optimal design software package PopED [5,6] which links to
NONMEM [7] and Perl speaks NONMEM [8] for the estimation steps. The
proposed AOD methodology consisted of the following steps:

i) definition of prior NLME model(s);

ii) study design optimization of an initial cohort of subjects based on the prior
NLME model(s);

iii) collection and estimation of a cohort of data using the optimized study
design (alternatively, stochastic simulation and re-estimation);

iv) updating of the prior NLME model(s) from the estimation step.
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Steps ii-iv are repeated (and might change between each iteration) until a
predefined stopping criteria has been reached.

Results: An initial implementation of the AOD platform was successfully
implemented, allowing the evaluation of feasibility and the identification of
technical challenges. The AOD platform has a modular setup and a
generalized and flexible design, allowing modifications for specific study
design characteristics. As proof-of-concept, an application of adaptive
optimal design of a pediatric PK bridging study supported by a maturation
model [9] was implemented, in which study designs were optimized for age-
cohorts and sampling times.

Conclusion: We successfully developed an initial implementation of an AOD
computational platform, which will be available as freeware when released.
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Poster: Endocrine

Daniel Hovdal 11-42 PKPD modelling of drug induced changes
in thyroxine turnover in rat

D. Hovdal (1)
(1) Modelling & Simulation, iMed DMPK CVGlI, AstraZeneca R&D Méindal,
Sweden

Objectives: To determine the in vivo potency of drug induced reduction in
plasma thyroxine, T4, levels for three different drugs in rat and to explore
how in vivo potency correlates with in vitro data.

Methods: A three day toxicological study with a two days washout period in
rat was performed. Vehicle and three different compounds were tested at
two or three dose levels. The study was designed to monitor the onset and
extent of T4 reduction, as well as the return of T4 levels to baseline during
washout. In all blood samples collected, the drug exposure and T4 levels
were measured. A pharmacokinetic model was developed for each
compound. Since all treatment groups share the systems parameters related
to the turnover of T4, one PD model in form of a standard turnover model
was applied to all T4 data. To identify the effects of the different compounds,
the drug induced changes in T4 levels were driven by the individual
pharmacokinetic profiles and unique in vivo potency of T4 reduction (/C50)
was used for each compound. All analysis was performed using the NMLE
module in Phoenix.

Results: The pharmacokinetics of the three drugs could be described by oral
one or two compartment models with modified absorption. A drift in the
baseline levels of T4 was observed and accounted for in the turnover model.
The drug induced changes in T4 levels were successfully modeled by applying
an Imax function on the production rate of T4. In contrast to consider one
compound at a time, the simultaneous fit of the model to all T4 data allowed
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determination of the systems parameters of T4 turnover. As a result the
potency of the different compound could be determined; despite
administration of insufficient dose ranges to appropriately define the full
inhibitory function of each compound. The derived in vivo potencies
confirmed the ranking the compounds obtained by in vitro data.

Conclusions: Population PKPD modeling of preclinical data allows generation
of more robust models (takes into account all available information) and
allows conclusions to be drawn when the available information of each data
set is insufficient for individual analysis.
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Poster: Covariate/Variability Model Building

Yun Hwi-yeol 11-43 Evaluation of FREM and FFEM including
use of model linearization

Hwi-yeol (Thomas) Yun, Ronald Niebecker, Elin M. Svensson, Mats O.
Karlsson
Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden

Objectives: In full model approaches, covariate relations are predefined [1].
Attaching covariate relations selectively to only some of the model
parameters can lead to selection bias [2,3]. By allowing all covariates of
interest to affect all parameters, this risk of selection bias is mitigated. In the
present work we evaluate and compare two full model approaches that both
allow estimation of all parameter-covariate relations: a full random effects
model (FREM [3,4]) and a full fixed effects model (FFEM) saturated with
respect to parameter-covariate relations.

Methods: A semi-mechanistic myelosuppression model with four structural
parameters and a dataset containing 636 individuals and 3549 observations
was used [5]. In addition, two dummy covariates having correlations of 0.5
and 0.75 respectively with a clinically relevant covariate were generated to
investigate the performances of correlated covariates in both models.
Linearization to decrease run times during model development and
evaluation was assessed for both methods [6,7]. The performance was
evaluated in terms of model run times, estimates and precision of
parameters and ability to identify clinically relevant covariates. Precision was
derived from variance-covariance matrix and bootstraps. FOCE-I with
NONMEM 7.2 assisted by PsN was used.

Results: Both FREM and FFEM were successfully implemented, also as
linearized models with good agreement and several magnitudes shorter run
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times. FFEM and FREM were found to be similarly precise. Run times for
FREM and FFEM were similar. Both methods identified the same parameter-
covariate relationships to be clinically relevant. However, in the case of
correlated covariates, only FREM was able to identify all clinically relevant
parameter-covariate relations. Furthermore, the coefficients were more
precisely estimated compared to FFEM.

Conclusions: Although FREM and FFEM performed equally well in this case
with an informative dataset and predominantly uncorrelated covariates,
FREM has advantages in comparison with FFEM when investigating
correlated covariates. This first combination of linearization and
FREM/saturated FFEM appears to be promising and should be further
evaluated.

Acknowledgement: This work was supported by the DDMoRe
(www.ddmore.eu) project.
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Poster: Paediatrics

Ibrahim Ince 11-44 Oral bioavailability of the CYP3A substrate
midazolam across the human age range from preterm
neonates to adults

I. Ince (1,2), S.N. de Wildt (1), M.Y.M. Peeters (3), K. Burggraaf (4), E. Jacqz-
Aigrain (5), J.S. Barrett (6), M. Danhof (2), C.A.J. Knibbe (1,2,3)
1.Erasmus MC - Sophia Children's Hospital, Rotterdam, The Netherlands;
2.Leiden/Amsterdam Center For Drug Research, Leiden, The Netherlands;
3.St. Antonius Hospital, Nieuwegein, The Netherlands; 4.Centre for Human
Drug Research, Leiden, The Netherlands; 5.University Diderot, Paris, France;
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Objectives: A maturation model for midazolam clearance from preterm
neonates to adults has been previously developed, analyzing data that were
obtained after IV dosing of midazolam across the entire human age range.[1]
The aim of this study was to investigate changes in oral bioavailability and
absorption rate of midazolam across the pediatric age range upon oral dosing
of midazolam. The results can be used for the development of evidence-
based dosing of oral midazolam in children.

Methods: Pharmacokinetic (PK) data were obtained from a combined dataset
of 7 previously reported studies in 52 preterm infants (26-37 weeks GA, PNA
2-13 days), 305 children (3 months-18 years) and 20 adults, who received IV
and/or PO midazolam. Population PK modeling was performed using
NONMEM v6.2, and the influence of postnatal age (PNA), bodyweight (BW)
and study population was investigated in a systematic covariate analysis.

Results: Oral bioavailability of midazolam with a population estimate of 24%
(CV of 7.5%) was negatively influenced by BW in an allometric function,
resulting in a value of 67% in a preterm neonate of 0.77 kg to 17% in an adult
(70 kg). Previous results on the influence of BW on midazolam CL,
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characterized using an allometric function with a BW dependent exponent
(BDE),[1] were confirmed.

Conclusions: Oral bioavailability of midazolam decreases from preterm
neonates to adults, leading to higher systemic availability of midazolam in
preterm neonates (67%) compared to older children or adults (17%). While
this information may aid for the development of evidence-based dosages of
oral midazolam for children of different ages, further physiologically-based
modeling should elucidate the exact subprocesses that contribute to the
reported age related changes in oral bioavailability of midazolam.
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Poster: Other Modelling Applications

Lorenzo Ridolfi 11-45 Predictive Modelling Environment -
Infrastructure and functionality for pharmacometric activities
in R&D

Lorenzo Ridolfi (1), Chris Franklin (1), Oscar Della Pasqua (1)
(1) Clinical Pharmacology Modelling and Simulation, GlaxoSmithKline,
Stockley Park West, Uxbridge, Middlesex UB11 1BT

Objectives: The Predictive Modelling Environment (PME) supports Clinical
Pharmacology Modelling & Simulation, enabling the implementation of M&S
activities which are used to facilitate decision making within GSK. The
system's architecture has been developed taking into account a pre-defined
workflow and the interaction between software packages such as R and
NONMEM 7.2. Here we describe how a server-based tool has been
implemented within the regulated R&D environment. Moreover, we show
how workflow and software functionalities are integrated to meet the needs
of a continuously growing pharmacometric community.

Methods: Architecture and system requirements to integrate hardware
(platforms), software and user interface functionality have been summarised
and reviewed against user requirements and workflows for data
manipulation, model building, validation and reporting. An overview of
system performance is provided, which includes a GAP analysis and a
summary of modelling outputs and typical computation times.

Results: The current environment provides access to NONMEM 7.2 as
executable software in the web and command line (Linux shell), which are
linked to a grid engine with PsN, RStudio and R as ancillary tools supporting
the pre-defined M&S workflow. Integrated modules have been identified to
provide functionality for project management, data warehouse (DCP), data
set creation (DEP) as well for analysis and reporting (DMP). In addition,
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structured user interface features allow efficient access to previously
generated files and templates (e.g. reports). Gaps remain in terms of data
reuse, as analysis-ready datasets include software- and model-specific syntax.
Likewise, workflows may not always be fully transferred across analyses in an
automatic manner due to differences in model selection criteria and data set
structure.

Conclusions: PME 2.5 is the result of years of internal and external
development where the users' needs have been balanced with the industry
standards, taking into account the requirements for an integrated workflow.
Many of the technical challenges arising from the development and upgrade
of modelling and simulation environment are due to differences in the
expectation and expertise within the user community, which impose
flexibility and consensus on workflows. System modularity, standard
processes and grid computing are essential to ensure M&S tools can be
upgraded in a rapidly evolving field.
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Poster: Safety (e.g. QT prolongation)

Masoud Jamei 11-46 Accounting for sex effect on QT
prolongation by quinidine: A simulation study using PBPK
linked with PD

Manoranjenni Chetty1, Sebastian Polakl, Pavan Vajjah1,3, Masoud Jameil,
Amin Rostami 1,2
(1) Simcyp Ltd (a Certara Company), Blades Enterprise Centre, John St,
Sheffield, S2 45U; School of Pharmacy and Pharmaceutical Sciences,
Manchester University, Manchester; (3) Current affiliation: UCB Celltech, 208,
Bath road, Slough, SL13WE; UK

Objectives: To evaluate the sex effects on the potential risk of significant QT
prolongation using a physiologically based
pharmacokinetic/pharmacodynamic (PBPK/PD) model.

Methods: The Simcyp Population Based Simulator (version 12 release 1) was
used to simulate the concentration-time profiles of quinidine in virtual male
and female Caucasian healthy volunteers with a full PBPK model and a
systemic clearance of quinidine of 20.59 (CV 38%) L/h1. Clinically observed
changes in QT prolongation corrected for heart rate (QTc)2 were used to
develop the Emax models with differences in baseline QTc values between
males and females obtained from the literature2. Parameter estimation was
used to determine the AEmax (the maximum value of AQTc) and the
concentration of quinidine required to produce 50% of the maximum
response (EC50). Following evaluation of the developed models to predict
clinically observed data, the models were used to simulate PD profiles in 500
males and females respectively. The proportion of subjects of each sex who
showed QTc >500ms and hence probably carried a greater risk of
experiencing torsade de pointes3, were then estimated.
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Results: Visual predictive checks suggested that the PBPK model recovered
the clinical PK profiles adequately and there was no significant difference
between the PK profiles in males and females. The estimated parameters for
the Emax models were not significantly different with respect to the A Emax
values in males and females (128.9 ms and 130.8 ms respectively) but
differed in the values for EC50 (6.28 uM for females and 7.01 uM for males),
suggesting a greater sensitivity to change in QT in females. The PBPK/PD
model recovered the clinical data adequately. Simulation of QTc in the sexes
showed that 56% of females were likely to show maximum QTc > 500ms
while the corresponding value for males was 43%.

Conclusions: This PBPK/PD model effectively recovered the higher rate of QT
prolongation reported in females and predicted a 1.3 times higher risk of
significant QT prolongation in females on quinidine. The estimated sensitivity
parameter (EC50) of the PD model suggests a female/male ratio of 0.89.
Clinical support for a lower EC50 in Caucasian females comes from the study
by Benton and coworkers who reported that at a ‘therapeutic’ concentration
of 3pug/mL women are likely to show a 38ms greater increase in QT change
than men4. Future PBPK/PD models should include 3-hydroxyquinidine.
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Poster: New Modelling Approaches

Alvaro Janda 11-47 Application of optimal control methods to
achieve multiple therapeutic objectives: Optimization of drug
delivery in a mechanistic PK/PD system

A.Janda (1,2), S. Ardanza-Trevijano (2), E. Romero (1), N. Vélez de
Mendizabal (3), I.F. Trocéniz (1)

(1) Department of Pharmacy and Pharmaceutical Technology and (2)
Department of Physics and Applied Mathematics; University of Navarra,
Pamplona, Spain. (3) Indiana University School of Medicine; Indianapolis, IN,
USA.

Objectives: Optimizing delivery systems targeting constant drug
concentration levels in plasma represents always a challenge, especially for
long periods of treatment, and in case of complex non-linear
pharmacokinetics/pharmacodynamics (PKPD) systems. Recently we have
developed a mechanistic PKPD model for the testosterone (TST) effects of
triptoreline (TRP) in prostate cancer patients using data from five different
sustained formulations [1]. TST profiles are characterised by an undesired
initial flare-up, following by a profound receptor-down regulation eliciting
castration (TST

Methods: The analysis has been performed in three steps. First, a population
of individual set of disposition PK, PD, and system-related paremeters is
generated [1]. Second, using this set of parameters, the optimal drug
absorption and TST profiles for each patient are derived by means of optimal
control methods implemented by the softwares PSOPT and GPOPS [2,3].
Finally, and to summarize the absorption properties the optimal (non-
parametric) absorption profiles are described using standard absorption
models considering several simultaneous absorption processes based on zero
and first order kinetics. The individual model parameters are estimated by
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the R package DEoptim which performs global optimization by differential
evolution [4].

Results:The optimal TST profiles obtained reveal that the time to castration
can be minimized to 21 days (13 — 36) while the increase of TST levels at the
flare is only 30% (0,1% — 50%) with respect to baseline (95% interval
confidence between parenthesis). The castration time has been evaluated for
different doses of TRP and the administration of 20 mg achieve the castration
time longer than 9 months for 95% of patients. Additionally, the therapeutic
objectives obtained have been compared to those from the formulations
reported in [1] showing an important improvement, especially on the flare-
up and the castration time.

Conclusions: The application of optimal control methods profiles are useful
techniques for the optimization PK/PD profiles. They are more relevant in
physiological systems with complex dynamics where simple simulation
exercises tuning parameters are not effective. Moreover, the flexibility of the
method allows to deal with multiple and tight therapeutic objectives
performing real optimization.
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Poster: Infection

Nerea Jauregizar 11-48 Pharmacokinetic/Pharmacodynamic
modeling of time-kill curves for echinocandins against
Candida.

Sandra Gil-Alonso (1), Nerea Jauregizar (1), Ignacio Ortega (2), Elena Eraso (3)
and Guillermo Quindés (3)

(1) Department of Pharmacology, Faculty of Medicine, University of the
Basque Country (UPV/EHU), Spain. UFI11/25 “Microbios y Salud”. (2)
Research Development and Innovation Department, Faes Farma S.A. Leioa.
Spain. (3) Department of Immunology, Microbiology and Parasitology, Faculty
of Medicine, University of the Basque Country (UPV/EHU), Spain. UFI11/25
“Microbios y Salud”

Objectives: In vitro time-kill studies are commonly used in the assessment of
efficacy of antimicrobial agents. The aim of the present study was to develop
a general semi-mechanistic pharmacokinetic/pharmacodynamic
mathematical model that fits three echinocandins time-kill data against
Candida isolates in vitro.

Methods: Time-kill curve data from static in vitro experiments with Candida
albicans, Candida glabrata and other emerging species exposed to constant
concentrations of three echinocandins (caspofungin, micafungin and
anidulafungin) were used for model development. The concentrations ranged
from 0.06 to 2 pg/mL and samples for viable counts were taken at time
points 0, 2, 4, 6, 24 and 48 h after start of experiments. Data was modeled
using NONMEM V7.2.0 [1] with first order conditional estimation method.
Diagnostic plots and precision of parameter estimates were evaluated to
assess model performance.

Results: Time-kill data were best fit by using an adapted sigmoidal Emax
model that corrected for delay in the growth of Candida and the onset of the
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three drugs activity, steepness of the concentration-response curve, and
saturation of the cell number of Candida. Time-kill curves of all investigated
strains, drugs and concentrations were well predicted by the model.

Conclusions: The activity of the three echinocandins against Candida isolates
can be accurately described using this semi-mechanistic mathematical model.
The developed model allowed the estimation of pharmacodynamic
parameters (EC50: concentration of echinocandin necessary to produce 50%
of maximum effect; Kmax: maximum killing rate constant and delay in the
onset of killing) for the comparison of the three echinocandins.
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Poster: Study Design

Roger Jelliffe 11-49 Multiple Model Optimal Experimental
Design for Pharmacokinetic Applications

David Bayard and Roger Jelliffe
Laboratory of Applied Pharmacokinetics, USC School of Medicine, Los Angeles
CA USA

Objective: To develop an experiment design approach for multiple model
problems where the population model associated with the Bayesian prior is
specified as a finite discrete probability distribution. Such population models
are generated routinely by nonparametric population modeling programs
such as NPEM and NPAG.

Methods: The multiple model estimation process can be interpreted as a
classification problem. As a classification problem, estimator performance
can be scored in terms of how well it minimizes the Bayes risk, i.e., the
probability of a misclassification. The use of Bayes risk as an experiment
design criteria provides an alternative to D-optimality and other criteria
based on the asymptotic Fisher Information matrix. Unfortunately, the Bayes
risk is difficult to compute. However, a theoretical upper bound on the Bayes
risk has recently appeared in the literature (cf., Blackmore, Rajamanoharan
and Williams 2008). Because of its clear computational advantages, this
poster proposes experiment designs for pharmacokinetic applications based
on minimizing the Bayes risk upper bound.

Results: In a simulated example, sampling times were discretized to every 15
minutes rather than continuously. An additive assay error of 0.1 units was
assumed. It is not necessary to get one sample for each model parameter.
For a 1 compartment model with parameters V and Kel, and a 1 hour infusion
IV, the 1 sample strategy was best at 4.25 hrs, with a cost of 1.6457. The 2
sample strategy was best at 1 hr and 9.5 hrs, with cost of 0.7946. The 3
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sample strategy was best at 1, 1, and 10.5 hrs, with cost of 0.5988. The 4
sample strategy was best at 1, 1, 1, and 10.75 hrs, with cost of 0.5062.

Conclusions: Multiple Model Optimal Design (MMOpt) can potentially
improve on D-optimal design, as it is based on a true MM formulation of the
problem (classification theory), and is optimal with respect to a Bayesian
prior. It is applicable to the full assay error polynomial: Sigma_noise=c0 +
cl*y + c2*y~2 + c3*y~3. It is based on a recent theoretical overbound on
Bayes Risk. In contrast to D-optimal designs, MMOpt discriminates models by
using global differences in model response curves rather than local sensitivity
to small parameter variations. Also, MMopt experiment designs can handle
populations of heterogeneous model types, for example, models having
different numbers of compartments. MMOpt will soon be included in the
USC RightDose software.

Supported by NIH Grants GM068968 and HD070886
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Sangil Jeon 11-50 Population Pharmacokinetics of Piperacillin
in Burn Patients

Sangil Jeon (1), Heungjeong Woo (2), Seunghoon Han (1), Jongtae Lee (1),
Taegon Hong (1), Jeongki Paek (1), Hyeongsik Hwang (2), Dong-Seok Yim (1)
(1) Department of Clinical Pharmacology and Therapeutics, Seoul St. Mary’s

Hospital, The Catholic University of Korea, Seoul, Korea, (2) Department of

Internal Medicine, Hangang Sacred Heart Hospital, Hallym University Medical
Center, Seoul, Korea

Objectives: Piperacillin-tazobactam is a parenterally administered
combination of B-lactam antibiotic/B-lactamase inhibitor. It shows broad
antibacterial activity against Pseudomonas aeruginosa and other pathogens.
This combination has been frequently used for the empirical treatment of
infection in intensive care patients including burn patients. The purpose of
this study was to develop a population pharmacokinetic (PK) model for
piperacillin in burn patients.

Methods: Fifty patients with burns ranging from 1% to 81% of total body
surface area treated with piperacillin-tazobactam were enrolled. Piperacillin-
tazobactam was administered via infusion for about 30 minutes at a dose of
4.5 g every 8 h. Blood samples were collected right before and at 1, 2, 3, 4
and 6 h after more than 5 infusions. The population PK model of piperacillin
was developed using a nonlinear mixed effect method (NONMEM, ver 7.2).

Results: The final model was a two-compartment model with first-order
elimination. Covariates included in the final model were creatinine clearance
(CLcr) on the clearance and sepsis on the central volume of piperacillin. The
mean population PK parameters were; clearance (L/h) = 15 x CLe (mL/min) /
132, V1 (central volume) = 24.6 + 16.3 x presence of sepsis L, V2 (peripheral
volume) = 14.6 L, and Q (intercompartmental clearance) = 0.645 L/h with
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interindividual variability (CV%) of 36.0%, 38.3%, 0%(not estimated) and
93.7%, respectively.

Conclusions: The population PK of piperacillin have been characterized in
burn patients after infusion. These results are to be used for further
pharmacodynamic modeling and simulation in burn patients.
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Poster: Other Drug/Disease Modelling

Guedj Jeremie 11-51 Modeling Early Viral Kinetics with
Alisporivir: Interferon-free Treatment and SVR Predictions in
HCV G2/3 patients

Jeremie Gued;j, Jing Yu, Micha Levi, Bin Li, Steven Kern, Nikolai V. Naoumov,
Alan S. Perelson
1INSERM UMR 738, University Paris Diderot, F-75018 Paris

Objectives: Alisporivir (ALV) is a cyclophilin inhibitor with pan-genotypic
activity against hepatitis C virus (HCV). We characterized viral kinetics (VK) in
249 patients infected with HCV genotypes 2 or 3 during treatment with ALV
interferon-free regimens for six weeks +800 mg ribavirin (RBV) daily.

Methods:We used a VK model that integrated pharmacokinetic (PK) and
pharmacodynamic effects to analyze patient data as well as to predict the
effect of different doses of ALV twice a day with RBV on the sustained
virologic response (SVR) rate.

Results: The VK model was able to fit the individual viral load profiles of 214
(86%) patients by assuming that ALV blocked viral production. A mean
antiviral effectiveness of 0.93, 0.86 and 0.75 in patients treated with 1000,
800 and 600 mg ALV QD, respectively was estimated. Patients receiving RBV
had a significantly faster rate of viral decline, which was attributed in our
model to an effect of RBV in increasing the loss rate of infected cells, 6 (mean
6=0.35d-1 vs 0.21 d-1 in patients +/- RBV, respectively, P=0.0001). The
remaining 35 patients (14%) had a suboptimal response (i.e. flat or increasing
levels of HCV RNA after week 1), and their viral kinetic profile was not
described using the model. The occurrence of this suboptimal response was
higher in patients that received ALV monotherapy than those receiving
ALV+RBV (21.5 vs 10.5%, P=0.02). Moreover, high body weight and low RBV
levels were associated with suboptimal response (in patients receiving RBV).
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There was a trend for low exposure to ALV to be associated with suboptimal
response as well, suggesting that high RBV and ALV exposures are important
in reducing the suboptimal response rate. The model predicts 71.5% SVR
following 400 mg ALV BID + 400 mg RBV BID for 24 weeks. The predicted SVR
rate following response-guided therapy was 79%.

Conclusions: Alisporivir 400 mg BID plus RBV may represent an effective IFN-
free treatment that is predicted to achieve high SVR rates in genotypes 2 or 3
patients. Response-guided therapy would further increase SVR. In addition,
weight-based RBV dosing should be considered to prevent suboptimal
exposure.
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Claire Johnston 11-52 A population approach to investigating
hepatic intrinsic clearance in old age: Pharmacokinetics of
paracetamol and its metabolites

Claire Johnston (1,2), Andrew J Mclachlan (3,4), Carl M Kirkpatrick (5) and
Sarah N Hilmer (1,2)

1. Sydney Medical School, University of Sydney, Sydney, Australia; 2.
Department of Clinical Pharmacology, Royal North Shore Hospital, Sydney,
Australia; 3. Centre for Education and Research on Ageing, Concord RG
Hospital, Sydney, Australia; 4. Faculty of Pharmacy, University of Sydney,
Sydney, Australia; 5. Centre for Medicine Use and Safety, Monash University,
Melbourne, Australia.

Objectives: The aims of this study were to investigate the pharmacokinetics
of paracetamol and its sulfide and glucuronide metabolites in older people.
Paracetamol can be used as a marker of hepatic intrinsic clearance and Phase
2 metabolism. This is due to its capacity limited clearance and low protein
binding [1]. There is large variability in drug response in older people that is
often not explained by chronological age. The investigation of important
covariates to pharmacokinetic and pharmacodynamic responses in this
population is vital as they are frequently excluded from clinical trials and
dosing recommendations may not be appropriate. The concept of frailty as a
determining factor of health outcomes in older people is an increasing trend
in geriatric medicine [2]. There are only a handful of papers that have
investigated the use of frailty in explaining pharmacokinetic changes in old
age. To our knowledge this is one of the only studies to use frailty as a
covariate in population modeling. We aim to determine the important
covariates that can describe the variability seen in paracetamol
pharmacokinetics in pain patients aged over 70 years.
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Methods: Data from two studies of oral paracetamol were pooled. The first
was a study of steady state paracetamol in healthy volunteers with intensive
plasma sampling over 6 hours post dose [3]. The second was a large
observational study of inpatients over 70 years old, admitted for pain. These
patients had residual blood taken from routine blood tests, with 1-25
samples per patient. Frailty was measured using the Reported Edmonton
Frailty Scale (REFS), with a score of more then or equal to 8 out of a possible
18 being considered frail [4]. Both the categorical and continuous frailty score
will be included in the model. The paracetamol glucuronide and sulfide
metabolites were measured for each sample along with the parent drug
concentration using HPLC. Population pharmacokinetic analysis was
undertaken using NONMEM (version 7.2) and Pirana software. Missing data
for weight and height was imputed [5].

Results: The total study population was 219; 20 healthy volunteers and 199
inpatients. The average age of the volunteers was 35.7 years and the
inpatients was 84.7 years. There were 139 frail patients and 61 non-frail. The
best model was a one-compartment linear model for parent drug and one
compartment models for each of the metabolites. There was high variability
in both populations.

Conclusions: Decreasing variability in the model will allow for more
predictable therapeutic outcomes in older people. Frailty may be an
important measure for predicting drug responses in older people.
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Niclas Jonsson 11-53 Population PKPD analysis of weekly pain
scores after intravenously administered tanezumab, based on
pooled Phase 3 data in patients with osteoarthritis of the
knee or hip

E. Niclas Jonsson (1,2), Rosalin Arends (3), Rujia Xie (3) and Scott Marshall (3)
(1) Exprimo NV (2) now Pharmetheus AB, (3) Pfizer

Objectives: To characterize the relationship between tanezumab
concentrations and weekly pain scores (WPS) over time (measured daily on a
0-10 numerical rating scale) after IV administration in patients with OA of the
knee or hip, including covariate relationships and probability of dropout.

Methods: Data were available from four Phase 3 studies (n=2449) for which a
population PK model previously had been developed. Separate models for
the response and dropout probability after placebo and active treatment
were developed. The final PKPD model described the WPS response as the
sum of the tanezumab and the placebo effects. The impact of covariates was
characterized for all models and simulations, integrated with the PK model,
were used to quantify their impact on the clinically relevant endpoint - the
baseline and placebo corrected WPS response at week 16, both with and
without BOCF imputation.

Results: A set of exponential functions was used to describe the onset of
placebo response after the first and subsequent doses. The higher placebo
effect with higher baseline pain score and the higher placebo effect in knee
compared to hip patients were only evident over the first dosing interval. The
rate of placebo onset was faster in two studies investigating patients with
more severe osteoarthritis (population not appropriate for NSAID use).

The placebo dropout pattern as well as the tanezumab dropout pattern was
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characterized for the first 3 doses separately using a parametric survival
model.

An indirect response model was used to link the PK to WPS. The maximal
achievable decrease in WPS by tanezumab was higher in females compared
to males, higher in patients with OA of the hip and higher in patients with
more severe pain at baseline. The potency of tanezumab was lower with
higher baseline pain score and higher with higher body weight.

The simulations indicated the site of OA (knee or hip) to be the most
potentially clinically relevant covariate for the clinical endpoint, followed by
weight, baseline pain score and sex.

Conclusions: The established population PKPD model adequately describes
the relationship between tanezumab concentration and WPS after IV
administration in patients with OA. The most potentially clinically relevant
covariate in terms of the endpoint is the site of OA. While other covariates
predict additional small differences in the endpoint, all characterized groups
gain benefit from treatment with tanezumab.
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Marija Jovanovic 11-54 Effect of Carbamazepine Daily Dose on
Topiramate Clearance - Population Modelling Approach

M. Jovanovic (1), D. Sokic (2) I. Grabnar (3), T.Vovk (3), M. Prostran (4), K.
Vucicevic (1), B. Miljkovic (1)

(1) Department of Pharmacokinetics and Clinical Pharmacy, Faculty of
Pharmacy, University of Belgrade, Serbia; (2) Clinic of Neurology, Clinical
Centre of Serbia, Belgrade; (3) Department of Biopharmaceutics and
Pharmacokinetics, Faculty of Pharmacy, University of Ljubljana, Slovenia; (4)
Departmant of Pharmacology, Clinical Pharmacology and Toxicology, School
of Medicine, University of Belgrade, Serbia.

Objectives: The aim of the study was to investigate influence of
carbamazepine (CBZ) on topiramate (TPM) oral clearance (CL/F) in adult
patients with epilepsy.

Methods: Data were collected from 78 adult epilepsy patients on mono- or
co-therapy of TPM and other antiepileptic drug(s). Daily doses of TPM were
in range from 50 - 1200 mg and dosage regimens were once, twice or three
times a day. One to two blood samples were taken per patients in steady-
state. Patients co-treated with CBZ administered doses in range from 300 -
1600 mg. The population pharmacokinetic (PK) analysis was performed using
NONMEM® software (version 7.2).

Results: A one-compartment model with first-order absorption and
elimination was used as a structural model. The interindividual variability was
evaluated by an exponential model while residual variability was best
described by proportional model. Volume of distribution was estimated at
0.575 (0.499 - 0.651) I/kg. TPM CL/F was significantly (p < 0.001) influenced
by CBZ daily dose. The estimate of CL/F for a typical patient was 1.534 (1.448
- 1.612) I/h while the interindividual variability in studied population was
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16.514% (11.780 - 20.166%). Mean TPM CL/F during CBZ co-therapy was
higher for 60.78% than in patients not co-treated with CBZ. The stability of
the model was confirmed by bootstrap resampling technique.

Conclusions: Final population PK model quantifies influence of CBZ daily dose
on TPM CL/F. The results from the study allow individualization of TPM
dosing in routine patient care, especially useful for patients on different CBZ
dosing regimens.
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Rasmus Juul 11-55 Pharmacokinetic modelling as a tool to
assess transporter involvement in vigabatrin absorption

Rasmus Vestergaard Juul (1), Martha Kampp Nghr (2), Carsten Uhd Nielsen
(2), Rene Holm (3) and Mads Kreilgaard (1)
(1) Department of Drug Design and Pharmacology and (2) Department of
Pharmacy, University of Copenhagen, Denmark, (3) Biologics and
Pharmaceutical Science, H. Lundbeck A/S, Valby, Denmark

Objectives: Vigabatrin is an anti-epileptic drug used for the treatment of
infantile spams. Vigabatrin has been identified as a substrate of the human
proton-coupled amino acid transporter, hPAT1 [1], and in vitro studies
suggest that PAT1 mediates the transepithelial transport [2]. The aim of this
study was to develop a population-based pharmacokinetic (PK) model of the
oral absorption of vigabatrin and to assess the potential involvement of
PAT1.

Methods: Vigabatrin plasma concentration-time profiles were obtained from
78 rats dosed either orally (0.3mg/kg, 1mg/kg, 3mg/kg or 30mg/kg) or
intravenously (i.v.) (1mg/kg). The involvement of PAT1 was investigated by
co-administration of the hPAT1 substrate and inhibitor, proline (100mg/kg)
and tryptophan (100mg/kg). PK models were fitted to data using non-linear
mixed-effects modelling implemented in NONMEM (V7.2.0.). One to three
compartment models with 1°* order elimination were investigated to describe
disposition of vigabatrin. Oral absorption of vigabatrin was investigated
among zero-order, 1% order and saturable (Michaelis-Menten) absorption
models encompassing lag-time or transit compartments [2,3]. Models were
selected and evaluated based on objective function value, visual goodness of
fit, parameter precision, visual predictive checks and bootstraps.
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Results: A two-compartment model best described the disposition of
vigabatrin after oral and i.v. administration. A transit compartment model
with estimated 1.4 compartments and a population mean transit time (MTT)
of 4.5 min best described the oral absorption of vigabatrin. An apparent dose
dependent absorption was observed, as the MTT of 0.3mg/kg doses were
lower (3.0 min) than for other doses. Administration of proline and
tryptophan resulted in significantly prolonged MTT of 9.2 min.

Conclusions: The oral absorption of vigabatrin in rat was successfully
described by a population PK model with dose-dependent transit that could
be prolonged by the PAT1 inhibitors proline/tryptophan. These findings are
the first in vivo evidence suggesting that PAT1 could be involved in intestinal
vigabatrin absorption.
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Matts Kagedal 11-56 A modelling approach allowing different
nonspecific uptake in the reference region and regions of
interest — Opening up the possibility to use white matter as a
reference region in PET occupancy studies.

M. Kagedal(1), MO Karlsson(2) AC Hooker(2)
(1) AstraZeneca R&D Sédertilje, Sweden (2) Department of Pharmaceutical
Biosciences, Uppsala University, Uppsala, Sweden

Objectives: Analyses of receptor occupancy studies are often performed
using the concentration in a reference region in the brain as input function.
These analyses assume identical non-specific binding in the reference region
and in the region of interest (ROI). In the present work it is investigated if an
apparent difference in occupancy between regions could be explained by
different non-specific uptake. In addition it is investigated whether the use of
white matter as reference region is possible by estimation of non-specific
uptake in the ROI relative to reference. The analysis is based on data from a
study published previously (Varnas et al 2011) [1].

Methods: Nonlinear mixed effects modelling of data from PET scans with the
5-HT1B radioligand [*'C] AZ10419369 was applied. Data from all PET-scans
and several brain regions of interest were included simultaneously in the
analysis. The simplified reference tissue model with cerebellum as reference
region was applied as described previously (Zamuner et al) [2] but modified
to allow nonspecific uptake to differ between regions. The use of white
matter as reference region was also explored. A simulation experiment was
performed to assess the ability of the model to pick up a difference in non-
specific uptake and the consequence of not accounting for this difference.
The study included six healthy subjects with PET-scans at baseline and after
different oral doses of the 5-HT1B antagonist AZD3783.

Page | 342



Results: Based on the likelihood ratio test, regional difference in occupancy
was more likely than differences in non-specific uptake. Using white matter
as reference region resulted in a similar affinity estimate as that obtained
with cerebellum as reference region if the difference in non-specific uptake
was accounted for. The simulation experiment, showed a bias in occupancy
when differences in non-specific uptake were not accounted for.

Conclusions: In the present case, difference in occupancy rather than in non-
specific uptake between regions was concluded. This evaluation was possible
by a simultaneous analysis of several regions of interest and all PET-
measurements. Estimation of occupancy by the use of white matter is
possible by accounting for any difference in non-specific uptake. Results
presented show that differences in non-specific binding between the
reference region and the regions of interest can markedly bias the occupancy
estimate if not accounted for.
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Ana Kalezic 11-57 Application of Item Response Theory to
EDSS Modeling in Multiple Sclerosis

Ana Kalezic (1), Radojka Savic (2), Alain Munafo (3), Mats O Karlsson (1)
(1) Dept of Pharmaceutical Biosciences, Uppsala University, Uppsala, Sweden

Objectives: Traditional approaches to measurement scales generally
disregard the underlying nature of the subcomponent data. In contrast, item
response theory (IRT) refers to a set of mathematical models that describe, in
probabilistic terms, the relationship between a person's response to a survey
guestion and its level of the "latent variable" being measured by the scale [1].
In the area of clinical pharmacology, IRT modeling has previously been
applied to ADAS-cog assessments [2].

The objective of this analysis was to apply IRT methodology to the Expanded
Disability Status Score (EDSS) [3], a widely used measure of disease disability
in multiple sclerosis (MS).

Methods: Data were collected from a 96-week Phase Il clinical study with
relapsing-remitting MS. For this analysis, 41664 EDSS observations from 1319
patients at baseline or treated with placebo were used.

The assumption is that the outcome of each item constituting EDSS depends
on an unobserved variable "disability."

Unlike most measurement scales, EDSS total score does not result from
simple addition of individual items, but instead results from individual
components via a decision tree.

For each EDSS item, a model was developed in accordance with the nature of
data, describing the probability of a given score as a function of disability
variable. Sets of parameters characterizing each item were modeled as fixed
effects, while the MS disability was modeled as subject-specific random
effect with or without time components. All models were fitted using
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NONMEM 7.2; simulation-based diagnostics for model evaluation also used
PsN and R/Xpose4 software.

Results: The final model contained 8 ordered categorical submodels for a
total of 54 parameters. Simulations from the IRT model were in good
agreement with the observed EDSS and item-level data. The disability
variable showed a significant increase (p<0.01) over time in the typical
individual, but with considerable variability across patients.

Conclusions: This is the first time that the IRT methodology has been applied
to the MS area and to a score that is not a summation of items. For the latter
type, IRT models have been shown to increase precision in predictions and
power to predict drug effects and linkage to biomarkers [4, 5]. The developed
model can be used to explore potential benefits of the IRT methodology for
characterizing MS disability.

Acknowledgement: This work was supported by the DDMoRe project.
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Takayuki Katsube 11-58 Pharmacokinetic/pharmacodynamic
modeling and simulation for concentration-dependent
bactericidal activity of a bicyclolide, modithromycin
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(1) Clinical Research Department, Shionogi & Co., Ltd., Japan, (2) Medicinal
Research Laboratories, Shionogi & Co., Ltd., Japan, (3) Education and
Research Center for Clinical Pharmacy, Kyoto Pharmaceutical University,
Japan

Objectives: The aim of this study was to develop a
pharmacokinetic/pharmacodynamic (PK/PD) model of a bicyclolide,
modithromycin, to explain its concentration-dependent bactericidal activity
against Staphylococcus aureus, Haemophilus influenzae and Streptococcus
pneumoniae based on the drug-bacterium interaction model [1].

Methods: We have already developed a PK/PD model to explain the time-
dependent bactericidal activity of B-lactams [1-4]. In this study, the model is
extended to explain the concentration-dependent bactericidal activity and
was applied to in vitro time-kill data of modithromycin, telithromycin and
clarithromycin. An effect compartment model was incorporated into our
original model [1] to explain the time delay between pharmacokinetics and
pharmacodynamics. A turnover model for reversible reduction of drug
efficacy was also incorporated to explain the re-growth.

Results: The model adequately described the time-kill profiles for each drug-
bacterium combination. The estimated model parameters related to drug
efficacy strongly correlated with MIC, and the simulated bacterial counts at
24 hours strongly correlated with both ratios of area under concentration-
time curve to MIC (AUC/MIC) and ratios of maximum drug concentration to
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MIC (Cmax/MIC). Based on the results, simulations of bactericidal activity of
modithromycin in patients could be performed.

Conclusions: These results suggested that the proposed drug-bacterium
interaction model can be applied to both concentration-dependent and time-
dependent bactericidal kinetics, and would be useful for predicting the
bactericidal activity of modithromycin.
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analysis of colistin after administration of inhaled colistin
methanesulfonate.
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Objectives: Colistin is an antimicrobial agent administered to treat multidrug-
resistant gram-negative bacterial infections [1]. The aim of the present study
was to develop a population PK model of colistin after inhalation of colistin
methanesulfonate (CMS), an inactive prodrug of colistin. Nebulized CMS was
administered via a vibrating-mesh nebulizer to critically ill patients suffering
from ventilator-associated tracheobronchitis (VAT).

Methods: Pharmacokinetic data were obtained from a previous study [2] and
included concentrations of colistin in serum and in lung epithelial lining fluid
(ELF) after the first inhalation of CMS. Population pharmacokinetic analysis
was performed using the FOCE method with interaction in NONMEM (version
7.2). Model parameters clearance (CL/F), volume (V/F), Weibull scale (a) and
shape parameters (b) together with OMEGAs for CL/F, V/F and b were
estimated. Diagnostic graphs were generated by the Xpose program (version
4). Demographical and biochemical data were tested as covariates for the
pharmacokinetic parameters. Visual predictive check and a nonparametric
bootstrap resampling method were performed to evaluate the model. Also, a
monoexponential model was used to fit each patient's ELF data to obtain the
elimination rate constant of colistin from ELF (ke,er) which 