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Welcome to NCS2016!
NCS2016 celebrates the 18-year anniversary of this Non-Clinical Statistics conference, which
has become a “gold-standard” in the field and a mandatory meeting for many statisticians
from all parts of the world.
It’s actually 20 years since the idea of this conference first came to fruition and it has
provided opportunities to visit many marvellous places across Europe: 1998 in Nice, France;
2000 in Montreux, Switzerland; 2002 in Barcelona, Spain; 2004 in Dublin, Ireland and 2005
in Nice again, all under the banner of “Statistical Methodology in Non-Clinical R&D”. The
first “Non-Clinical Statistics Conference” occurred in September 2006 in Potsdam, Germany
and was followed by very successful meetings in 2008 in Leuven, 2010 in Lyon, 2012 again
in Potsdam and 2014 again in Bruges.
This year we have another first, as the conference makes its way from mainland Europe to the
UK. On behalf of the local organizing committee of this conference on non-clinical statistics,
we have the pleasure to welcome you to the University City of Cambridge, UK. Thank you
for making the journey across to join us! We hope that this meeting will be for each of you
an opportunity to meet and share your experiences around stimulating scientific themes. In
addition, given we are based at one of the ancient colleges in the University of Cambridge
during the 2016 Freshers’ week, we hope this meeting will fondly remind you of where your
careers all started (rather than bring back bad memories of student days!).
We warmly thank the Quetelet Society (the Belgian Chapter of the International Biometrics
Society) for their financial contribution and support of this conference.

We wish you a very pleasant stay in the city of Cambridge!

David Willé and Kat Gore on behalf of the Local Organising Committee

The Venue – Corpus Christi College
Corpus Christi College is one of the ancient
colleges in the University of Cambridge,
located right in the city centre. Founded in
1352 by the Guilds of Corpus Christi and the
Blessed Virgin Mary, it bears the distinction of
being the only Oxbridge College founded by
the townspeople. The College is committed to
teaching and research, carried out on the site
of its original foundation in the heart of
medieval Cambridge and at its postgraduate
site at Leckhampton.

Main sessions will be held in the McCrum lecture theatre, with additional parallel sessions in
the New Combination Room (NCR). The McCrum theatre is also where we will meet for
registration and to start and finish the meeting.
McCrum
Lecture

Toilets

Parker
Room

New
Combination
Dining
Room
Hall

All details, including times and venues, of other events such as food, poster sessions and
Tuesday’s drinks reception will be given in the main programme booklet. We will also
explain the best way between locations at the meeting itself. You can however always access
the college via the porter’s lodge with your conference badge.

Social Events
Day 1, Drinks Reception at Corpus Christi College
On Tuesday 2nd October, after the short course on Dose Response Modelling, there will be a
drinks reception at Corpus Christi College, Cambridge for approximately 1.5 hours. All
participants of the NCS2016 conference are invited to attend. See the programme for details
and timings of this event.

Day 2, Walking Tour of Cambridge
Cambridge has something to interest everyone, from the beautiful King's College and Chapel,
claimed to be the finest building of its type in Europe, the intimate Queens' College with its
wonderful sun and moondial, to Pembroke College and Emmanuel College with their
peaceful gardens and chapels designed by Sir Christopher Wren. Those interested in
Architecture can explore 1000 years of some the finest buildings in the UK, whilst the wealth
of scientific history can cover Newton, Darwin, the splitting of the atom and the unravelling
of the structure of DNA.
We invite all delegates to join us on a one hour walking tour of the delights of Cambridge.
We will leave Corpus Christi at 18:15 in the hands of experienced guides who will explain
the origins of the city and University, the difference between the University and colleges and
relate some of the fascinating stories regarding the famous people connected with Cambridge,
all whilst looking at some of the most important and impressive sites Cambridge has to offer.
Please make sure to bring easy walking shoes since the pavements of the streets of
Cambridge can be a little challenging!

Day 2, Conference Dinner
For those of you who have chosen to join us for the conference dinner, we will be gathering
straight after the walking tour in Browns Restaurant, 23 Trumpington St, Cambridge, CB2
1QA. Browns is a contemporary British brasserie located in the heart of the City in a
converted wing of the old Addenbrookes Hospital and should provide a relaxed atmosphere
for us all to meet and exchange notes.

Half-day Workshop on Dose Response Modelling
Day 1, Tuesday October 4

Mixed-effects dose-response analysis
Daniel Gerhard, University of Canterbury (NZ)
Model selection versus model averaging in dose finding studies
Bjoern Borkamp, Novartis
Trend tests assuming dose as a qualitative factor and/or as a quantitative
covariate
Ludwig Hothorn, University of Hannover
In this half-day workshop three alternative perspectives are given on dose response
modelling, each offering new technologies for our toolkit looking at the choice of dose
response function (Björn Bornkamp, Novartis, Basel), hierarchical and repeated non-linear
mixed models (Daniel Gerhard from the University of Canterbury NZ and Christian Ritz
from Copenhagen) before an extension of trend tests to qualitative predictors and covariates
from Ludwig Hothorn from the University of Hannover. This half day session will be open
to all with practical illustrations of packages developed by the authors in R.

Main Conference Themes and Invited Speakers
Days 2 & 3, October 5-6
This conference welcomed any contribution from the world of non-clinical statistics and this
year we have received an outstanding number of high-quality submissions across an
extensive range of topics. The broad themes below will be explored across the 2 main
conference days, but many other topics will also be represented in oral and poster
presentations.

Chemical, Manufacturing & Control
Controversies, questions and recent advances in stability modelling
Stan Altan, Janssen
The CMC sessions will focus on recent advances in statistics for this popular area. With the
rapid development of the biopharmaceutical industry and the implementation of more
sophisticated manufacturing processes and control techniques, the demand of more advanced
statistical applications in the areas of e.g. quality by design, process validation and
qualification, process control, continuous manufacturing, process analytical technologies,
method/assay development and validation, stability, is increasing. The presentations in this
session will show how statisticians can utilize this “statistics-in-strong-need” trend and play
an important role in the decision making and strategy planning in the CMC area by increasing
the understanding of manufacturing data.

High Dimensional Statistics
In this session the latest statistical technology to handle big data will be discussed. Some
focus will be on Omics data. However integration of different sources of high dimensional
data has become a request from most of the pharmaceutical research labs. Statistical solutions
for that integration with be illustrated and discussed during this session.

Microbiome
An Introduction to Microbiome Research
Marcus Rauch, Janssen Prevention Center, London
Statistical Aspects of Microbiome Experiments
Susan Holmes, Stanford University
Microbiome research studies the commensal and pathogenic microbes that life together with
plants, animals and humans. It has gained more and more interest in the pharmaceutical
industry because of its potential for curing patients with treatment that are fundamentally
different from classical pharmaceutical products. Data generated by this kind of research
have very specific features that impact the statistical analysis viz. high dimensionally, overdispersion, zero inflation etc. In this section both the biology and the statistical aspects will
be covered by world leading experts in the field.

Pharmacology and Bayesian Statistics
Statistical Mediation in Early Discovery by Bayesian Analysis and
Visualization
Max Kuhn, Pfizer
In recent years, there has been an increased recognition that the traditional approach to drug
development is not sustainable due to low success rates. As a result, many more early phase
clinical trials are utilising adaptive designs and Bayesian approaches. These sessions will
explore the potential impact that Bayesian Statistics is now having on Preclinical Research, as
well as highlighting other statistical developments in the Pharmacological field.

Reproducibility in Preclinical Research
Risks of Bias in Animal Research – and How to Mitigate Them
Malcolm Macleod, University of Edinburgh
Recent scientific papers in high profile journals have raised considerable questions about the
quality and in particular reproducibility of published preclinical research and the difficulties
this poses for wider research and drug development. Whilst the reasons for such problems
are multifaceted, considerable research has already been done into the meta analysis and
systematic review of animal studies to try to understand how this field can be improved.
Lead by an invited presentation from Prof. Malcolm Macleod from the CAMARADES
project, this promises to be a very active and nowadays relevant discussion.

Synergy
Drug combination studies have been a recurring topic in the long series of the NCS
conference over the past decade. The notion of synergy is a concept under development for
many years and statisticians have tried to address the data analysis aspects with statistical
solutions. In this session several different methods will be covered and compared in the hope
to clarify the positive features and to create awareness of the short coming of each of them.
At the same time the latest new statistical developments in the field will be illustrated
including response surface and pharmacodynamics approaches.

Toxicology
New Developments in Statistics for Mutagenesis and Genetic Toxicology
David Lovell, St George’s, University of London
Toxicological assessments have always been an important part of the drug development
process, and current revisions of several OECD guidelines influences corresponding
statistical strategies to a considerable degree. The need for quantitative considerations has
moved into focus of preclinical safety evaluations, including, for example, the involvement of
historical control data into the decision finding process. This session presents recent
statistical developments that enable up-to date quantitative assessments in toxicology.

Contributed Abstracts for
Oral and Poster Presentations

1. Evaluation of modeling approaches for longitudinal and hierarchical designs, Balazs
Banfaia,b
a

Roche Pharmaceutical Research and Early Development, Pharmaceutical Sciences, Roche Innovation
Center Basel, Switzerland; bSoladis GmbH, Basel, Switzerland

Complicated models can arise in longitudinal studies in proteomics, cytometry or
behavioral experiments. Repeated measures call for mixed effects models; regularization
may be needed for collapsing the peptide data to protein information; and cytometry and
behavioral readouts show non-normal distributions. These experiments usually contain
treatment effects, covariates for different cohorts, and factors of experimental conditions.
Integrating these modeling approaches may prove to be complex in practice.
The commonly used R packages for mixed models (nlme, lme4), beta regression
(betareg), and regularization (glmnet) are compared to the generalized additive models,
particularly the GAMLSS framework. In GAMLSS random effects, non-normal response
variables and regularization can be handled in a convenient fashion.
The results of the frequentist modeling approaches are contrasted to Bayesian
hierarchical models, focusing on model construction, using historical data for prior
selection, and technical problems of running the models.
In pharmaceutical research high-throughput analyses are needed, with data management
preceding and bioinformatics analysis following the statistical modeling step. Therefore
it is important that modeling can be integrated in an analysis pipeline with as much
automatization as possible. A comparison is made between the two approaches focusing
on modeling performance, and the ease of integration and evaluation. Simulated and
real-world examples are presented to show the strengths and weaknesses of the different
approaches.
2. Optimal designs for pharmacokinetic studies analysed using non-compartmental
methods, Helen Barnett1, Helena Geys2, Tom Jacobs2 and Thomas Jaki1.
1

Lancaster University, Lancaster, UK; 2Janssen Pharmaceutica, Beerse, Belgium.

Investigating pharmacokinetics (PK) is an indispensable task in drug development in
order to understand how externally administered compounds are absorbed, distributed,
metabolised and excreted by an organism. PK behaviour is typically assessed by
measuring the substance’s concentration in blood, plasma or other tissues at a number of
time points after administration. Based on the resulting concentration-time profile, a
variety of pharmacokinetic parameters such as the area under the concentration versus
time curve (AUC) are considered. Two strategies, the non-compartmental approach or a
modelling approach, are available for estimating PK. Modelling allows for unstructured
sampling schemes, which comes at the cost of uncertainty about the correct model to use,
and technical difficulties in model fitting may arise. The noncompartmental approach on
the other hand uses minimal assumptions about the data-generating process. The
drawback is, however, that a more structured sampling design and some approximation
(usually linear) of the curve between two observed time points is necessary.
In this talk we discuss how optimal designs for the non-compartmental approach can be
found using a simulations scheme. We explore the robustness of the design to its
assumptions and introduce a mini-max design for increased robustness.

3. A Dynamic Graphical Model of a Nonparametric MANOVA, Alfred Barron, Davit
Sargsyan, and Kathryn Durham, Department of Nonclinical Statistics/TMEDS Statistics
and Discovery Sciences, Janssen Pharmaceutical Research & Development
Classical multivariate methods such as Hotelling’s T2 or MANOVA are based on the
sample mean and covariance matrix and arguably optimal under the assumption of
multivariate normality. They are, however, adversely affected by outliers and subefficient for heavy tailed data. As such, they can provide a misleading fit of the data and
subsequent inference based upon it.
Building on earlier multivariate estimation and testing methods based on marginal signs
and ranks (e.g., Puri and Sen, 1971), Randles, the school of Oja, and others have
extended multivariate analysis to multivariate spatial signs and rank methods that are
also affine equivariant using an L1-metric geometry (e.g. Oja, 2010)
These alternative nonparametric statistical methods are resistant to extreme values, more
efficient to heavy tailed distributions, and thus provide a more stable inference about the
research treatments in question. Moreover, these methods provide working options for
researchers concerned with data integrity, thus helping to meet some of the goals of
regulatory and quality compliance concerns.
To illustrate these techniques, an example consisting of 3-dimensional antimicrobial data
will be used to illustrate testing of a research compound to control by using Hotelling’s
T2-test, a spatial rank test, and a spatial sign test. The R graphics package, Shiny
(RStudio, 2016), will be used to highlight the dynamic structure of the data sample cloud
and the tests statistics in full animation.
4. 1+1 = 3 – A Search for In Vivo Synergy, Mandy Bergquist, GSK; Jonathan Hommel,
Andrea Acker and Mark Paulik, previously GSK
In some disease areas, there exist established pharmaceutical therapies with moderate
efficacy – efficacy that is clearly better than a placebo, but far short of a cure. Toxicity
concerns often prevent physicians from simply increasing the compound dose to gain
additional efficacy. Instead, research scientists may combine compounds, hoping that the
compounds synergize to provide enhanced efficacy without increased toxicity.
Developing such a combination requires finding compounds with synergy and then
choosing both an optimal ratio of the compounds and an efficacious total dose of that
ratio.
A number of mathematical models have been developed to examine drug combinations.
Traditional methods often focused on detecting synergy in cellular or chemical assays
under restrictive assumptions. In some disease areas, however, cellular models are
poorly predictive of clinical outcomes, and preclinical scientists must rely on in vivo
studies with accompanying sample size restrictions and highly variable responses. This
work briefly reviews traditional approaches and then summarizes the application of a
more recent nonlinear mixture amount model proposed by Minto et al. (2000) to
characterize the dose-response relationship between two compounds in an in vivo drug
combination study.
Keywords: drug combination, nonlinear, response surface, synergy, dose response

5. Simulating sampling scenarios from amplified clone populations, Eloisa Brook, GSK
Helping scientists understand complex statistical concepts is a challenge for all of us, and
I recently came across a project that required significant computation to help explain the
answer to the problem. I was asked the question “If I have a clone library in the order of
10^9 different clones, and I replicate each one 100 times, what proportion of the original
population (diversity) would I likely sample if I randomly chose, say, 10^9 clones?”. I
knew what the answer was theoretically, but this did not satisfy my scientist. “How is
that possible?” He asked “It doesn’t make sense” He said. I tried explaining it to him by
showing him some formulas but somehow he wasn’t convinced. So, I took a different
approach and looked at simulating various possible scenarios to “show him” that this was
the answer and how the diversity changed. A dozen hours of R programming and a few
histograms later and the scientist understood exactly how the sampling distributions were
behaving under each of the scenarios. Armed with this information I was also able to
convince them that they could reduce their amplification rate and save the company a
huge amount of resource and time on all future projects. In this talk I will discuss the
theoretical solution as well as the simulations performed to illustrate the point that as
Statisticians we can do a lot to improve scientists’ understanding of statistics.
6. Assessment of priors to Estimate Uncertainty in Variance Estimates in small
studies, Marion Chatfield, GSK
In the pharmaceutical industry small studies are used to identify the sources of variability
of chemical analytical methods and estimate the variance components. This information
is important in estimating the precision of the analytical method to measure attributes of
material in the manufacturing process and to improving the precision of the method. The
small size of the designs being used means that statistical methodology based on
asymptotics is unlikely to be appropriate. Thus the design and analysis of these studies is
being researched using Bayesian methodology to assess the uncertainty of the variance
component estimates. The choice of prior is a key decision and a range of priors from
non-informative to those intended to be mildly informative (e.g. half-Cauchy as
recommended by Gelman, 2006) are evaluated. The talk discusses the approach used to
assess the priors and describes the simulation results for study designs typical of those
used in this application area. The results show that many of the priors considered were
not satisfactory and confirm the half-Cauchy prior on the variance components to be a
reasonable choice. They also provide an alternative in the form of inverse gamma
distributions on the stratum variances.
Gelman, A. (2006). Prior distributions for variance parameters in hierarchical models.
Bayesian Analysis 1 (3), 515-533.

7. Analysis of Imaging of Hippocampal Epileptiform Calcium Motifs, Zhenya Cherkas,
Mariusz Lubomirski
Calcium signaling plays a crucial role in the control of neuronal processes. Calcium ions
generate versatile intracellular signals that control key functions in all types of neurons.
Imaging calcium in neurons is particularly important because calcium signals exert their
highly specific functions in well-defined cellular sub-compartments.
Recent technological advancements allowed functional large-scale real-time
microendoscopic imaging of the calcium indicator GCaMP6f in the CA1 region of the
hippocampus. In vivo brain imaging in freely behaving mice is performed via miniature,
integrated fluorescence microscope. It is able to record videos of large-scale neuronal
activity that can provide insights into the calcium-dependent regulation of neuronal
processes.
The application of this technology with the associated data analysis will be discussed
investigating the prolonged exposure to abnormally high calcium concentrations which is
thought to be core mechanism underlying hippocampal damage in epileptic patients. We
have observed in vivo direct calcium activity during seizures in the live, intact
hippocampus of mice treated with the proconvulsant kainic acid (KA). KA administration
led to several systematic patterns of epileptiform calcium activity characterized as: (i) a
series of large-scale, intensifying flashes of increased calcium fluorescence, (ii) steady
increases in cellular calcium, and (iii) a combination of a steady build-up of the cellular
calcium accompanied by abrupt flashing changes of lower amplitude. The patterns were
compared and statistically evaluated between the untreated and treated animals with two
different proconvulsant agents.
Additionally, calcium dynamic patterns were contrasted with established assessments of
seizure activity.

8. Hippocampal Place Cells Analysis via Calcium Imaging, Zhenya Cherkas
The hippocampus has been shown to encode neural representations and memories of
spatial location by modulating cellular activity. Location-modulated cells are called place
cells and are thought to form a navigational map of the external environment. Place cells
offer a unique opportunity to study the effects of stress on hippocampal function during
cognition and behavior. Stress reliably increases depression-like behaviors in rodents,
causes hippocampal neurodegeneration, and impairs spatial working memory and
executive function. Importantly, many antidepressants reduce both cortisol levels and
anhedonia in patients suffering from major depression.
In this study we analyze prolonged calcium imaging of neurons in the hippocampal CA1
of mice. We compare spatial memory in a mouse model of chronic stress to the one in
control animals. Analysis of in vivo direct calcium activity videos was performed to (1)
identify cells in the brain that are location modulated (place cells), (2) compare several
metrics of place cell functioning between mouse model of chronic stress and control
group: (i) Spatial information contained in place cells; (ii) Place cell properties such as
firing, amplitude, size, coherence and stability; (iii) Retention and remapping rates of the
place cells over time.

9. Multivariate analysis strategies for the design of image-based compound profiling
experiments, Marjolein Crabbe, Steffen Jaensch
High content imaging combined with multivariate data analysis is a promising platform
in drug discovery to characterize compounds in an early stage. It was shown for instance
in a proof-of-concept study how with high content imaging one is able to phenotypically
group compounds with a similar mechanism of action, based on profiling in one cell line.
As hundreds of features can be generated and current experiments extend the profiling to
multiple cell lines, it is clear that high content imaging generates huge amounts of data,
and thus many challenges in its (statistical) analysis.
Choosing an appropriate sample size is an important decision in the experimental setup
of high content imaging experiments. How many technical replicates must be included in
a batch? How many biological batches are required? Increasing the number of replicates
heavily affects processing time, throughput, and cost. To more efficiently design the
experiments, it is therefore beneficial to obtain knowledge on the reproducibility of
technical and biological replicates.
To gain insights on replicate reproducibility an approach was applied assessing the
agreement in correlation between high content imaging compound profiles when altering
the number of replicates. The procedures use correlation matrices generated from a wellselected set of high content imaging features, more specifically evaluating the overlap
and the similarity in rankings of the top most highly correlated treatments. The analyses
were exploratory, but advocated the possibility to reduce the number of (technical and
biological) replicates by more than a half, compared to the experimental setup currently
applied.
The same statistical measures can also be used to assess which cell lines yield the most
complementary information, which may guide the selection of cell lines.

10. Statistical consulting for next generation sequencing and ‘omics technologies:
design, analysis and interpretation, Erika Cule, Andrew Gehman, David Willé, Katja
Remlinger, Mark Lennon, Yaqing Zhao, GSK
Statement of purpose: Next-generation sequencing (NGS) technologies and other highthroughput (‘’omics’) technologies allow the biological processes going on in cells and
tissues to be measured in new ways. In pre-clinical research, biologists use NGS and
‘omics experiments to probe the cellular systems that they research in a global way. It is
difficult to conceptualise the data generated by these technologies. Plotting data in more
than three or four dimensions is difficult, and these NGS and ‘omics data have
dimensions in the thousands. These are the big data of contemporary pre-clinical biology.
Here, we describe the state of the art in bringing together the evolving statistical tools
that aim to enable the massive complexity of biology to be understood in simple,
reproducible terms. We provide a series of guidelines based on peer-reviewed literature.
Further, we draw on our experience as statistical consultants working on designed
experiments across cell types, tissues, and technologies. Our aims are:

1) To increase the confidence of non-clinical statisticians who are asked to design NGS
and ‘omics experiments, and
2) To enable statisticians to communicate simple impactful statistical principles to the
bioinformaticians typically tasked with the analysis of these data.
Methods used: Literature review, practical experience and specific examples in the
design and analysis of NGS and ‘omics studies across disease areas and technologies.
Summary of results: We conclude with ten simple rules for statistical consultants who
are asked to advise on the design and analysis of NGS and ‘omics studies. These practical
guidelines aim to help statisticians to help their colleagues avoid common pitfalls, false
positives, and wasted resources and to make best use of the data from these exciting
technologies.
Acknowledgments: Chris Larminie, Enrico Ferrero, George Royal, Klio Maratou, Nicholas
Galwey, Rab Prinjha, Shanker Kalyana Sundaram

11. Connectivity Scores using Factor Analysis, Ewoud De Troyer, Ziv Shkedy and Nolen
Joy Perualila-Tan, Institute for Biostatistics and Statistical Bioinformatics, Hasselt
University, Belgium
One of the many challenges in current drug discovery experiments is the goal of
connecting compounds/molecules/samples together which have similar properties by
gene expression. Such techniques allow the discovery of new molecule properties by
connecting their signatures with those derived from already known molecules.
In Lamb et al. (2006), a reference collection of gene expression profiles from human cells
treated with bioactive small molecules was created in order to design a systematic
approach to discover these functional connections. However, the approach presented in
Lamb et al (2006) is unable to measure statistical significance. Zhang and Gant (2008)
proposed a statistical procedure to test connections between the compounds based on a
resampling based inference.
In the current study, we propose a new approach based on the usage of factor analysis
methods (Principal Component Analysis (= PCA), Multiple Factor Analysis (= MFA)
and FABIA) to derive the connectivity scores between compounds. Using these methods,
we obtain information about the connectivity between the compounds and gain
information about which genes are responsible for guiding this connectivity.
In contract with the methods proposed Lamb et al. (2006) and Zhang and Gant (2008)
which are based pairwise comparison between compounds, the factor analysis approach
is developed to discover local structures in the full dataset without pre selection of genes.
The factor analysis methods allow us to detect a connectivity set (i.e. a set of compounds
which are connected based on gene expression profiles). The compound loadings can
either be used directly or transformed to a new Connectivity Score bounded between -1
and 1. Further, resampling based inference procedures are developed in order to test the
statistical significance of the connectivity scores.

The proposed method is applied to several case studies and compared with the
approaches proposed by Lamb et al. (2006) and Zhang and Gant (2008). All methods are
implemented in the R package “CSFA” as well as in a Shiny App.

12. Modeling dissolution profiles using a Bayesian beta mixed regression model, Luwis
Diya 1*, Tom Jacobs 1and Helena Geys 1,2
1

Janssen Pharmaceutica NV, Turnhoutseweg 30, B-2340 Beerse, Belgium
Center for Statistics, Interuniversity Institute for Biostatistics and statistical Bioinformatics, Campus
Diepenbeek, Agoralaan building D, B-3590 Diepenbeek, Belgium

3

Introduction: In-vitro dissolution testing is a means of identifying the release over time
of the Active Pharmaceutical Ingredient (API) for a given drug formulation. It is assumed
to mimic the in-vivo release of the API in the intestines by assessing the rate of release of
the API in a physiologically relevant dissolution medium. Changes to the in-vivo release
profiles over time might modify the concentration time profile and as such potentially
modify the safety or efficacy of the treatment. Therefore, there is a need to understand
critical drug release information essential for both drug development (e.g., 1. predict drug
release profiles; 2. stability of dissolution profiles; and/or 3. specification setting) and
quality control purposes (consistent behavior from batch-to-batch).
Methods: Dissolution curves for manufactured products with controlled release are
usually modeled using linear or non-linear mixed effects models assuming the error terms
having a normal distribution. However, dissolution values are per definition bounded
between 0 and 100%. Further, dissolution time profiles have a heterogeneous variance;
larger near the middle of the response region, restricted near the edges of the distribution.
The assumption of a normal distribution with homogenous variance distribution is not
only questionable, it might impact the specifications and tolerance intervals and as such
the quality of the formulation.
We propose to utilize a beta regression using the Ferrari and Cribari-Neto
parametrization for modeling the dissolution profiles as it allows for a direct estimation
of the mean dissolution profile as well as the over-dispersion parameter. As such, the beta
regression allows for flexibility in modeling the mean structure (e.g., non-linear profiles)
and also the variance structure of the dissolution profile (heterogeneous variance). Batch
and analytical variability can be accommodated by fitting a beta mixed regression model.
The Bayesian approach will be used to fit the beta mixed effects model.
Keywords: Bayesian analysis; dissolution; stability; multilevel; beta regression;

13. Characterization of vascular retinal diseases by causal modeling, Gonzalo DuránPacheco1, Everson Nogoceke1, Michael Koss2, Guido Hartmann1
1
2

Roche Pharma Research and Early Development, Roche Innovation Center Basel, Switzerland
Universtitätsklinikum Heidelberg, Germany

Understanding the biological pathways implicated in retinal vascular complications such
as age-related macular degeneration (AMD), diabetic retinopathy (DR) or retinal vein
occlusion (RVO) provides valuable insight to disease specific biomarker or target
identification programs. Different risk factors (e.g. Age, hyperglycemia, obesity, etc.) as
well as molecular, anatomical alterations are well described. However it is not entirely
known the way how those factors interrelate in the biological pathways of each disease
phenotype. It is unclear for example whether inflammation is a result of aging rather than
an independent process that leads to neovascularization and consequently to disease. Data
on different variables reflecting processes of interest are often measured and analysed
assuming unconditional independence, i.e. testing marginal associations without regard to
the behavior of other variables or ignoring structural relationships such as pathways.
We analyzed data from vitreous samples of patients diagnosed with retinal diseases
(AMD, DR, RVO and Control). We present statistical analyses based on causal models
where we test for conditional independence. We thus characterize each disease in terms
of how the measured variables interrelate, testing biological paths that lead ultimately to
disease status. The causal modeling approaches allowed in addition to obtain point and
interval estimates of direct and indirect effects by fitting frequentist and Bayesian
models.

14. Evaluation of touchscreen based visual discrimination in rats across multiple
laboratories*, Linda Mulryan1,2, Fanni Natenegara3 and Brian J Eastwood1 on behalf of
the IMI/NewMeds Work Package 2 Working Group
1

Eli Lilly and Company, Erl Wood Manor, Sunninghill Road, Windlesham, Surrey GU20 6PH, UK
Left Eli Lilly and Company, 2014
3
Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285, USA.
2

In order to allow development of novel drugs that will successfully target the cognitive
deficits associated with Schizophrenia the IMI NEWMEDS Work Package 2 aims to
develop and validate assays which can provide preclinical measures of cognition in
rodents analogous to those impaired in Schizophrenic patients. The basis of any
touchscreen task requires acquisition of successful visual discrimination of the stimuli
and so we sought to assess the reliability of this measure across multiple laboratories.
The study involved eight independent sites from the NEWMEDS consortium located in
Europe and the US, each agreeing to test one or more cohorts using a common protocol
for the Visual Discrimination test and to use animals of the same strain, gender and age.
However, testing equipment, pretesting habituation protocols, animal supplier and
general husbandry parameters were allowed to vary between sites. Acquisition of the task
is being assessed in adult male Lister Hooded rats.

To assess the comparability of acquisition information across sites we developed a
Bayesian nonlinear mixed-effects model to assess the comparability of acquisition
parameters across cohorts and sites. Unlike our experience with frequentist nonlinearmixed effect models, the model converged reliably using weakly-informative priors. As
assessed visually, the final model adequately fit the individual animal, cohort and site
summary statistics. The results indicate the harmonization of protocols did improve the
cross-site reliability of acquisition parameters when compared to historical acquisition
data provided by IMI/NewMeds partners.
*This work has received funding from the European Community's Seventh Framework Programme
(FP7/2007-2013) for the Innovative Medicine Initiative under grant agreement n° 115008.

15. Combining sources of evidence to identify gene-disease associations as targets for
drug development, N.W. Galwey, P. Fisher and P. Wilson, Target Sciences,
GlaxoSmithKline
Evidence is available from a range of sources – genetics, pharmacology, scientific
literature etc. – on reported associations between human genes and diseases, scored as 1
(evidence of association) or 0 (no reported evidence): genes associated with disease are
potential ‘targets’ for pharmaceutical drug development. A weighted sum of scores from
several sources of evidence can be used to rank novel gene-disease combinations in order
of priority for investment of research effort, but how should appropriate weights be
chosen? They should clearly reflect expert judgement of the relevance and reliability of
each evidence source, but should they also reflect the information in the covariance
matrix among the scores? These questions were explored using the association scores
for >32,000 representative gene-disease combinations. The score for each source could
be standardised according to its standard deviation (SD), and/or the weights given to
different sources could be adjusted to take account of the covariances between them, in
the same way that univariate regression coefficients are related to multiple regression
coefficients obtained from the same data. The impact of standardisation and adjustment
was assessed in an independent set of >21,000 gene-disease combinations. In the
representative data set there was wide variation in the SD (range 0.048 to 0.498), so a
decision to standardise had a considerable effect.
However, covariances between
sources were weak (range of correlation coefficients: r = -0.296 to 0.201), so a decision
to adjust for covariance made little difference. The weighted sums were compared with
known associations (i.e. gene-disease combinations for which a drug has been launched)
in the independent data set. There was no weighting method that out-performed the unweighted sum, as assessed by positive predictive value or relative risk. However, we
recommend that users should continue attempts to specify appropriate weights based on
new expert knowledge as it arises.

16. Design considerations for process qualification activities applied to dissolution
testing, Coppenolle Hans, Janssen Pharmaceutica, Johnson & Johnson, Beerse, Belgium
Process performance qualification (PPQ) is an important phase of process validation and
requires statistical input to justify the number of samples per lot for acceptance testing of
a product critical quality attribute thereby compromising consumer and producer risk.
This presentation discusses design considerations for PPQ based on a real life example of
dissolution testing where different analytical variability components play a role and
interfere with the performance of the acceptance test. Dissolution data are collected in
runs of 6 vessels as determined by the design of a dissolution apparatus. The run
variability represents a structural part of the test procedure and adds to the vessel
variability. A Bayesian simulation approach was used to generate a series of operating
characteristic (OC) curves that represent a credible zone of the probability to pass the
multistage acceptance criteria for dissolution based on available prior information for the
two variance components.
Coverage and confidence are important statistical concepts at the time of PPQ where
statistical assurance about batch quality is required. A tolerance interval was considered
as an alternative quality acceptance test criterion for dissolution. The need for
information on the run variance component to construct such a tolerance interval would
imply unacceptable sample sizes and workload. This information need can be mitigated
by the use of prior information on the run component during lot acceptance testing. The
run variance is an inherent characteristic of the analytical method and information about
the run variance is usually obtained well before the time of PPQ. OC curves were
generated for different sampling plans based on the tolerance interval approach
considering an uninformative prior and an informative prior obtained from dissolution
stability data for the run variance. The application illustrates how such a methodology
accounts for different variance components in sample size justification for variable
acceptance testing thereby compromising the validation objective and workload
restrictions. The approach is also applicable to the traditional multistage dissolution
criteria.

17. Self-service statistical evaluation of the micronucleus test in vitro and in vivo
according to the new OECD guidelines, Volker Harm
The procedures for the statistical evaluation of the micronucleus test in vitro and in vivo
have been revised and adapted to the requirements of the new OECD test guidelines 487
and 474. Adequate statistical tests were implemented as well as the automatic collection
of historical controls. A web-based interface allows the evaluation of the test data as a
self-service in the laboratory. Results are given in a format suitable for insertion into final
reports.

18. A broken promise: Microbiomics differential abundance methods do not control
false discovery rate, Stijn Hawinkel1, Olivier Thas1;2 and Luc Bijnens3;4
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Microbiomics research often aims to relate a bacterial species' abundance with human
disease condition or treatment. Statistical methods that test for this "differential
abundance" have to cope with some particular features of microbiomics count data, such
as high frequencies of zero counts and differences in sequencing depth. Comparative
studies of the existing methods are required to guide researchers in their choice of
analysis method. We performed simulations and real data resampling to evaluate simple
t- and Wilcoxon rank sum tests as well as specialized RNA-Seq and microbiomics
methodologies. The results indicate that commonly used methods for differential
abundance detection do not properly control the false discovery rate (FDR), i.e. the
fraction of reported hits that are false discoveries. This violation is especially worrying
since it gives a researcher a false sense of certainty and may lead to fruitless but costly
follow-up research. FDR-control procedures rely on the accuracy of obtained P-values
and thus also on the validity of the applied model. Like RNA-seq data, microbiome
count data are routinely modeled with the negative binomial distribution, but its validity
has not been thoroughly validated. By using data from the American Gut Project (AGP),
we have found subsets of OTUs for which the negative binomial fails to appropriately
model the skewness or the fraction of zero counts of the data. Recently also the Dirichlet
multinomial has been proposed as a multivariate model for sequence count data. The
AGP data show the Dirichlet multinomial to be too restrictive for microbiome data, as it
imposes a common, inflated dispersion to all OTUs and fails to model their correlation.
Despite its deficiencies, the negative binomial seems to be the best available distribution
for microbiome data, and the insufficient FDR-control may be due to other factors, such
as underestimation of the variance.

19. Model-based visualization provides insightful biplots of microbiome datasets,
Olivier Thas1;2, Stijn Hawinkel1 and Luc Bijnens3;4
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Microbiomics sequence count assays frequently generate datasets with hundreds to
thousands of species or OTUs. Hence, explorative visualization of these datasets requires
dimension reduction. Currently, principal coordinates analysis (PCoA) is the most
popular plotting paradigm, since it can summarize any distance measure in a two- or
three dimensional subspace. These distance measures are most often adopted from
ecology but may lack robustness versus outliers, high zero frequencies and variability of
sequencing depth.

Correspondence analysis (CA) is a well known tool for summarizing compositional or
count data, but is inappropriate for microbiome data with its preponderance of zero
counts and skewed residuals. We propose a visualization method based on the negative
binomial and zero-inflated negative binomial distributions that represents samples and
taxa that deviate from the assumption of independence between taxa and samples. The
negative binomial distribution is frequently used to model RNA sequencing data but we
showed through goodness of fit tests that it is also appropriate for microbiome count data.
The extension to zero-inflated models allows visualizing of taxa and samples with an
aberrant number of zeroes. Our parametric approach allows us to weigh the deviations
from independence more accurately than an approach based on residuals, and is much
more flexible. Also deviations from other models than the independence model can be
represented.

20. Multiplex immunoassay for early detection of cancer: Aspects of control and
calibration, (Mr) Graham F Healey, Principle Statistician, Oncimmune Ltd, City
Hospital, Nottingham UK.
We have developed a multiplex assay for measuring serum autoantibodies (AAb) to a
panel of seven cancer associated antigens using an indirect enzyme-linked
immunosorbent assay (ELISA). All tic instruments. It has been technically validated
and shown to have precision, linearity, calibratability and reproducibility in line with
other immunoassays used clinically and has achieved CLIA and CE mark accreditation.
Since the test was launched commercially in 2009 we have processed 130,000 samples.
The test is used as an early cancer detection tool and helps to stratify an individual’s risk.
From case:control validation studies the diagnostic performance of the test has a
specificity of 91% and sensitivity of 41%. However this is a quite complex assay which
can have quite high variability, and to permanently maintain this performance in the
commercial setting can be challenging. This talk focuses on how statistical analysis is
involved in preserving this diagnostic claim.
Topics will include constraining the calibration curve-fitting to guarantee convergence,
whether or not to carry out daily calibration, setting up metrics and charts for production
monitoring of QC controls and calibration curves, the importance of between-run
variation in designing validation and stability studies, procedures for replacing of
materials such as antigens, controls and calibrators, using log potency adjustment to
preserve test cut-points, the use of concordance to measure similarity between validation
sample sets, and finally the crucial importance of consistent protein production.

21. From the laboratory to the clinic: A Bayesian perspective to accelerate the
validation of a diagnostic test, Maud Hennion and Bruno Boulanger, Arlenda S.A,
Mont-saint-Guibert, Belgium
In the frame of a disease with a low prevalence –or unknown prevalence as for
immunogenicity test- but with major consequences, the development and validation of
diagnostic tests with high PPV –Positive Predictive Value (or NPV – Negative Predictive
Value) is crucial for ensuring reliable decision making by the medical bodies. Not taking
appropriate actions while needed could be deleterious for the patient and on the other side
taking too often action could be unnecessarily expensive. In this presentation we’ll
present a global Bayesian perspective to develop and validate in a clinical setting a
diagnostic test from the data published to the final assessment of the performances. First
we’ll reformulate the overall objective of sensitivity, specificity, prevalence and PPV
(NPV) in a Bayesian setting. Second we’ll present a methodology to derive quantitatively
priors based Meta-analytic Predictive Prior (MAP) methodology adapted to binary
outcomes using the Beta-Binomial distribution. Third, we’ll show how to theoretically
leverage available laboratory and published data to inform the design. Finally, we’ll also
show the ways and simulations to perform to optimize and justify a clinical trial to obtain
the best posterior information about the PPV (NPV), bringing the appropriate level of
confidence.

22. A comparison of experiments to estimate qualitative microbiological test
parameters, Pieta IJzerman-Boon1, Abu Manju1, Edwin van den Heuvel2
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The performance of a qualitative microbiological test can be described by its detection
probability, an increasing function of the true number of organisms in a sample. This
detection probability may be based on the binomial distribution, and include a parameter
for the probability that an organism is detected (the detection proportion). An additional
parameter may represent the false positive rate. During validation of new and rapid
microbiological tests, which many companies are currently struggling with, these
parameters must be estimated based on experiments. This is however not straightforward,
since it is impossible in microbiology to accurately or precisely generate test samples
with a known true number of organisms. A common assumption is that the true number
of organisms in a sample follows a Poisson distribution, but other assumptions, including
under- or overdispersion, may be reasonable as well. Under various assumptions for this
underlying distribution, the presentation will compare different designs and parameter
estimates, based on different optimality criteria. The different designs keep the total
amount of testing the same, but vary the creation of samples (either start with one stock
solution and divide it completely over test samples, thus generating correlations between
the samples, or create test samples independently from each other), the volume, number
and spike level of different dilutions, as well as the number of test samples per dilution.
Simulations will be used to illustrate the results.

23. Comparing sampling methods for pharmacokinetic studies using the derived
parameters, Helen Barnett, Helena Geys, Tom Jacobs, Thomas Jaki
Pharmacokinetic (PK) studies aim to study how a compound is absorbed, distributed,
metabolised and excreted (ADME). Concentration of the compound in the blood or
plasma is measured at different time points after administration and pharmacokinetic
parameters such as the area under the curve (AUC) or maximum concentration (Cmax) are
derived from the resulting concentration time profile. Our interest lies in establishing
whether a new technique for collecting drug concentration levels, called microsampling,
results in equivalent PK profiles to the traditional method of sampling. For this
comparison we utilize the derived parameters (such as the AUC and Cmax) and wish to
infer about the simultaneous equivalence of them. Based on asymptotic results we
develop a method for testing for simultaneous equivalence of these parameters and
evaluate the performance in small sample situations through simulations. We find that
moderately large sample sizes are necessary to show equivalence of the two sampling
methods.

24. Embracing variation to address replicability challenge, Natasha Karp, Mouse
Informatics Group
The International Mouse Phenotyping Consortium aims to generate and phenotype
20,000 knockout mice strains, using a high throughput phenotyping pipeline, and freely
disseminate the data and mice. For downstream researchers utilising these mice,
reproducible phenotypes need to be identified. Identifying phenodeviants statistically is
challenged due to a low sample size of knockout mice, lack of concurrent controls at
some institutes and variation in how mice are issued to the phenotyping pipeline.
Typically, biologists believe standardisation is the answer. Resampling studies, utilising
the large quantity of control data from a highly standardised pipeline, found that mice
were sensitive to minor environmental perturbations leading to outliers regardless of
genotype, which could lead to false calls. The sensitivity to the environment was evident
in all continuous traits, not just behavioural. Issuing mice in multiple batches allows a
mixed model approach to be used which gives robust phenotypes and increases external
validity by embracing the variation.

25. The Experimental Design Assistant. Natasha Karp, Mouse Informatics Group
The poor reproducibility of findings from animal research has received much attention
over the last few years (Nature editorial, 2013). It has been estimated that over half of
preclinical research is irreproducible (see Freedman et al., 2015). There are many reasons
for this but flawed experimental design, inappropriate statistical analysis and inadequate
reporting have been flagged as major concerns (Kilkenny et al., 2009, Begley and Ellis,
2012, Begley and Ioannidis, 2015). Here we present the Experimental Design Assistant, a
free to use web-based tool that guides the user through the experimental design and
analysis process, provides critical feedback and generates a graphical summary that aids
communication with colleagues, funders, regulatory authorities and the wider scientific
community.

26. Multivariate statistics for PAT data analysis: an application to IR synthesis
monitoring, Tatsiana Khamiakova, Robin Van Oirbeek, Michel Thiel, Tor Maes, Jef
Cuypers, Ivan Vervest, Koen De Smet, Helena Geys
Process analytical technology (PAT) is defined as a system for designing, analyzing, and
controlling manufacturing processes through timely measurements (i.e., during
processing) of critical quality and performance attributes [1]. Regulatory agencies
encourage the pharmaceutical industry to use PAT strategy for better manufacturing
process understanding and control [2]. PAT poses many data analysis challenges, such as
appropriate techniques for data preprocessing, quantification and integration with the
external information (e.g. DoE factors).
In this presentation we will focus on a specific application of using IR technology for
synthesis reaction monitoring and multivariate analysis of IR spectra by factor analysis
for bicluster acquisition (FABIA) [3]. Unlike PLS - which is commonly used in
chemometrics - this is an unsupervised technique allowing to extract and explore the
most essential information in the IR spectra. This reduces the task of monitoring about
600 highly correlated points per spectrum to monitoring a few independent factor scores
only. For the proof of concept, the FABIA scores are compared to the offline UPLC
measurement of the main compounds and after verification, the estimated scores are used
for exponential modeling to estimate reaction rates. Furthermore, the reaction rates are
used as an outcome in analysis of DoE experiment to establish the influence of different
factors on those reaction rates. Suggestions for further development of statistical models
are provided.
[1]

Assessment of Recent Process Analytical Technology (PAT) Trends: A Multiauthor Review. (2015)
Org. Process Res. Dev. 19, 3−62. dx.doi.org/10.1021/op500261y.
[2]
Guidance for Industry PAT — A Framework for Innovative Pharmaceutical Development,
Manufacturing, and Quality Assurance (2004). FDA guidance: Pharmaceutical CGMPs.
[3]
Hochreiter S., Bodenhofer U., Heusel M., Mayr A., Mitterecker A., Kasim A., Khamiakova T, Van
Sanden S, Lin D., Talloen W., Bijnens L., Göhlmann H. H.W., Shkedy Z., Clevert D.-A. (2010) FABIA:
Factor Analysis for Bicluster Acquisition. Bioinformatics, 26 (12), 1520-1527.

27. Growth-Inhibition Model in Pre-Clinical In-Vivo Modelling: Advances and
Improvements with Bayesian Methodology, Robert Kozarski, Harry Yang, Athula
Herath, and Conor Barry
Stein et al. [2008] proposed a new paradigm to assess cancer therapy effectiveness. The
model decomposes with two-phase equation the observed individual tumor
measurements over time into a (constant) inhibition and growth rates. Original
application concerned evaluation of PhII clinical outcomes, but we found it relevant in
modelling the pre-clinical experimental data. In the current application framework
(Wilkerson [2016]), the model is split into four different sub-models: growth only,
inhibition only, growth and inhibition, and growth and inhibition weighted by the celldeath rates. These four ‘competing’ models are fit (Levenberg-Marquardt algorithm) to
the observed individual tumour measurements and the one with all significant parameters
is chosen as representative. If more than one models show all significant outcomes, the
Akaike criterion (AIC) applies. Efficacy assessment relies on comparison of individual
outcomes pooled within therapy lines.

Such a framework has some advantages but it also yields some challenging issues. From
a statistical perspective it could be caused by the inability to find the model global
optimum (Gelman et al. [2015]), or the hierarchical rather than single line (pooled)
modelling approach given the longitudinal form of the empirical data. Methodologically,
the fact that the individual outcomes could be represented by structurally different
models seems to undermine the ability to compare the observed growth and/or inhibition
rates within one study and between study remit. These issues will be addressed in the
talk, and the application of Bayesian methodology to handle the model will be discussed.
The strategies for variety of pre-preclinical experiments, including Antibody-Drug
Conjugates will be discussed.

28. A bayesian PK/PD model for synergy; a case study, F. La Gamba1,2, T. Jacobs1, C.
Faes2
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The co-administration of two or more treatments can alter underlying body exposure
(pharmacokinetic interaction) and/or effects (pharmacodynamic interaction) of the
individual compounds. Studies on drug-drug interactions are usually performed in invitro setting. In our work, the co-administration of a novel molecule with a marketed
treatment was studied by gathering in-vivo data, where the continuous safety biomarker
under study was assessed four times after oral administration of the two drugs.
The biomarker variation over time was expressed with an indirect response model, where
a virtual PK profile of the marketed treatment is assumed to drive the effect. Since
previous studies showed no drug-drug interaction at the PK, a pharmacodynamic
interaction was assumed by expressing EC50 as a function of both treatments’ doses.
Besides the marginal model, several mixed-effect models were performed, in order to
account for possible inter-subjects variations.
Several studies at different dose level combinations were performed sequentially. A
traditional analysis consists of a pooled modeling of all the data simultaneously. Here, a
Bayesian framework was used in order to sequentially pool data collected in different
studies; modeling results from the previous study serves as prior distribution for the
analysis of the next study. Both fixed- and mixed-effects models showed a significant
pharmacodynamic interaction. Future work will focus on improving the efficiency of the
Bayesian nonlinear mixed models performance.

29. Assessing practical significance of a process parameter in pharmaceutical technical
development using the “Impact Ratio”, Jens Lamerz*,1, Oana Danila*,1, Dan Coleman2
(*) Authors have contributed equally.
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Pharmaceutical development aims for a manufacturing process that consistently delivers
a quality product, with desired high safety and efficacy characteristics, described by the
critical quality attributes (CQA, e.g. API content, tablet dissolution)1. In designed
experiments, the statistical effects of process parameters (PP) on the CQAs are estimated.
Current guidelines of the ICH and FDA recommend statistical significance to evaluate
their impacts1,2. However, the PP's effect on a given CQA may be small in comparison to
the allowed range defined by the CQA's specification limits. Furthermore, the intended
process mean value of a CQA may be far from these limits. Therefore, the practical
significance of a PP on a given CQA may be very low even when it is statistically
significant. Because statistical and practical significance are not necessarily related, we
developed the impact ratio to quantify practical significance of parameters’ effects to
their specifications. The impact ratio is calculated as IR = (predicted change of a CQA
when the pCPP is changed from the process set point to the limit of its acceptable range)
/ (difference between adjacent specification limit and magnitude of CQA at set point of
PP). This ratio aids in assessing the practical significance ("criticality"). The IR is
flexible to different designs, allows process set points different from the center points, is
robust to curvature in the data and considers the direction (= sign) of effects with regard
to the direction to the next critical specification limit.
We hope it will be easily and broadly applied in the pharmaceutical technical
development.
1
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30. Using general linear models to adjust for total cell number and technical artefacts in
high-throughput screens, Stanley E. Lazic1,*, Paul Selzer1, Sebastian Hoersch1, Marjo
Goette1, Christine Halleux1
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The number of cells that are positive for a key protein marker is the primary outcome in
many high-throughput cell culture experiments. Since the number of positive cells (PN)
depends on the total number of cells (TN) in a well or field of view, it is common practice
to divide PN by TN to obtain the proportion of positive cells, which are used for
subsequent analyses. However, often both PN and TN are affected by technical factors
such as plate and batch effects. Given these complex dependencies, simple ratios
combined with other ad hoc corrections are unlikely to effectively account for artefacts in
cellular screening assays.

We show that the traditional method of dividing PN by TN performs poorly and can
introduce new artefacts. A better solution is to describe the dependencies between the
relevant variables with general linear models (or probabilistic graphical models), but
excluding the direct effect of compounds or other treatments on PN. The model residuals
represent the number of positive cells adjusted for TN and all of the technical factors. The
residuals can then be used for hit calling or any downstream analysis. Using statistical
models to adjust for covariates is standard practice in many fields, and this approach
performs especially well in cellular screening assays.

31. Accounting for dropout in xenografted tumour efficacy studies: Integrated endpoint
analysis, reduced bias and better use of animals, Emma C. Martin, Leon Aarons,
James W.T. Yates
Background: Xenograft studies are commonly used to assess the efficacy of anti-cancer
treatments and characterise dose response relationships. Analysis often involves
comparing the final tumour sizes across doses. This can cause bias, as often an ethical
tumour burden limit (TBL) is imposed, leading to those animals with the largest tumours
being excluded from the analysis. Meaning the average tumour size, particularly in the
control group, is underestimated, leading to an underestimate of the treatment effect.
Methods: Four proposed methods to account for dropout due to the TBL using all the
available data, were applied to a simulated data set and real example. The methods
included:
• Modelling – tumour growth modelled ignoring drop out
• Pattern mixture – mice treated as belonging to different drop out patterns [1], missing
data imputed for each drop out pattern based on similar patterns
• Censoring – using the M3 method [2], often applied to data below the limit of
quantification. The likelihood for missing values was replaced by the likelihood of
the missing value truly being above the tumour burden limit, given that the
observation is missing due to drop out
• Joint modelling – tumour growth data and missing data jointly modelled.
Results: All methods led to an improved estimate of treatment effect in the simulated
data. The joint modelling and censoring methods gave the best estimates of treatment
effect; however the censoring method resulted in high uncertainty. In the real data
example, evidence of a dose response was found when using the censoring and joint
modelling methods, which standard analysis did not detect.
Conclusions: Accounting for dropout using the proposed censoring or joint modelling
methods improves the estimate of the treatment effect, and allows dose response
relationships to be recovered in studies where it may have been obscured due to dropout
caused by the TBL.
[1]
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Beal, S.L., Ways to fit a PK model with some data below the quantification limit. J Pharmacokinet
Pharmacodyn, 2001. 28(5): p. 481-504.

32. Efficient algorithm to locate design space within a multidimensional experimental
space. Jean-François Michiels, Pierre Lebrun, Arlenda SA, Liège, Belgium
ICH Q8 advocates the Design Space methodologies to optimize processes or bioassay.
The power of experimental design to explore efficiently the experimental space is already
proven. A Bayesian framework is used to analyze the results of experimental design.
While taking into account the uncertainty of parameters estimates, the posterior
probability of success for a critical quality attributes (CQAs) to meet specifications for
given values of critical process parameters (CPPs) is obtained. Therefore, this probability
of success for any combination of values of CPPs can be computed iteratively. The
Design Space is the part of the experimental design where the CQA can meet the
specifications with a high probability of success. This is usually achieved by exploring
sequentially the complete experimental space using grid search. However, for highly
dimensional problems (say, more than 5 CPPs), these poorly optimized algorithms
require a long computer time, with a combinatorial explosion when the number of factor
increases. Improved search algorithms have been developed for decades, such as
simulated annealing or space-filling designs, but never applied to the design space
localization. We will present an efficient search algorithm that converges quickly to the
area of the experimental space where probability of success to meet specifications is the
highest.

33. Multivariate logistic/probit regression using STAN: model and prediction, JeanFrançois Michiels, Pierre Lebrun, Arlenda SA, Liège, Belgium
In biological applications, although continuous responses are commonly analyzed using
appropriate statistical methods (regression), discrete binary responses are analyzed using
descriptive methods (simple plots and tables of raw data). However, lots of biological
variables are binary: gene expression, smoking habits of patients, patient exhibiting or
not pneumonia, survival, etc. Furthermore, responses can be multiple: one can study the
expression of several genes, several clinical covariates, etc. In most cases, the responses
are correlated, i.e. the model is multivariate.
We present here the analysis of binary responses using logistic/probit regression. Using
maximum likelihood estimation, the derivation of prediction intervals and the analysis of
multivariate model is difficult. Those problems can be overcome using a Bayesian
framework, in which the likelihood is explicitly described. With a simplified example,
the talk will present how to fit, interpret and obtain prediction intervals for a multivariate
logistic/probit regression.

34. Evaluation of Magnetic Resonance Imaging (MRI) parameters as Biomarkers in
Alzheimer’s Disease, Leacky Muchene1, Ziv Shkedy1, Luc Bijnens2, Nikolay
Manyakov2, Tom Van De Casteele2, Tom Jacobs1, Marleen Verhoye3, Jelle Praet3,
Annemie Van der Linden3, Astrid Bottelbergs2, Mark Schmidt2 and Darrel Pemberton2
1
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Alzheimer's disease (AD), the most common forms of dementia, is an irreversible agerelated condition resulting in an increase in dependency on care providers for basic
functioning. A proper diagnosis of sporadic AD suffers from the lack of diagnostic tools
that can accurately distinguish AD from other forms of dementia at an early stage of the
disease. If validated, non-invasive biomarkers such as Magnetic Resonance Imaging
(MRI) variables hold the most promise for timely diagnosis and management of the
disease. We propose a two-stage model for validation of MRI parameters as biomarkers
for a specific histology staining in selected brain regions of interest. In the first stage, a
bivariate joint distribution for histology and MRI endpoints is specified to estimate the
disease progression effect on both endpoint. Subsequently, a linear regression model of
the disease effects is used to estimate the disease-level surrogacy using the model
coefficient of determination. Results indicate that the surrogacy of MRI variables for a
given histology staining depends highly on the MRI variables being evaluated and the
brain region of interest.
Keywords: biomarker, disease-level surrogacy, individual-level surrogacy

35. Longitudinal analysis of infant gut microbiome in relation to onset of Type 1
Diabetes, Kathy Mutambanengwe1 and Luc Bijnens 2
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Type 1 diabetes (T1D), is a form of diabetes mellitus that results from the autoimmune
destruction of the insulin-producing beta cells in the pancreas. This in turn leads to a
situation where the body does not produce enough insulin to process glucose in the
blood. In recent years, the study of the human microbiome has increased, helping to
understand links between Type 1 diabetes and the gut microbiome in particular. Gut
microbiome-related studies from different parts of the world have reported a possible
association of diseases such as obesity and diabetes with compositional changes in the
human gut microbiome. Kostic et al. 2015* found that decreased community diversity
occurs after seroconversion but before onset of T1D, and they use the MaAsLin
framework to investigate correlations between the gut microbiome and diet and
environmental factors using the relative abundances of the operational taxonomic units
(OTUs). We use the same data, but apply different methods to analyze the longitudinal
aspects of the microbiome in relation to potential risk factors. Linear mixed models are
used to analyze the Chao1 richness (alpha diversity), negative binomial mixed models are
used to analyze the original counts observed for each OTU, while per-mutational
multivariate analysis of variance (PERMANOVA) is applied to the Bray-Curtis
dissimilarity matrix (beta diversity) to explore differences between samples.
*Aleksandar
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36. Analytical biosimilarity: an analysis of current practices and a Bayesian proposal
for a successful strategy, Timothy Mutsvari and Bruno Boulanger, Arlenda S.A., Montsaint-Guibert, Belgium
For the submission of a Biosimilar product, the Analytical Similarity is the first step to
achieve in the “Totality of Evidence” strategy, which also involves bioavailability
studies, safety and efficacy clinical trials. The main objective of the Analytical Similarity
is to give evidence that the test biological product is as similar as possible as the
reference product. The challenge with biological products, as opposed to chemical
products, is that the biosimilarity can only be assessed by using a large number of Quality
Attributes (QA) in head-to-head evaluation based on assays and measurement methods
developed for this purpose.
From a statistical perspective the challenges for Analytical Similarity are numerous
linked to the fact that, first, it is an “equivalency” question with limits to be defended,
second, to be applied to batches of product instead of patients and, third, with a major
“multiplicity” issue. The FDA has proposed a 3-Tier approach to deal with the Analytical
Similarity question.
In this presentation, we’ll reformulate the very nature of the question, making the
difference between “patients” and “batches” in an equivalence study. We’ll also present
simulations to evaluate the operating characteristics of the 3-Tier approach. Finally we’ll
propose and present a Bayesian way to model the data and design optimally the
validation study using development data, including the benefits of incorporating
informative prior when available.

37. Internal Release Limits (IRL) computation for products with linear and non-linear
degradations, Laurent Natalis1, Annick Hendrickx2, Fabrice Nollevaux1, Jean-François
Michiels1, Eric Rozet1, Pierre Lebrun1 and Bruno Boulanger1
1
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When releasing a batch of a pharmaceutical product it is mandatory to ensure that at the
end of the shelf-life of the product, the main quality attributes, such as the content or the
impurities, will still be within the specifications: this is the Internal Release Limits or
IRLs. When linear models are considered for degradation, WHO has proposed simple
frequentist formulas to derive those IRLs by using the historical degradation data to
predict the value at the end of shelf-life, usually 24 months.
This approach works reasonably well when the degradation model is linear and when
there is a very limited batch-to-batch variability. But once the degradation is non-linear
or when the batch-to-batch component is very important, the simple formulas show their
limitations.

In fact the question is a very Bayesian one: what is the probability to be out of
specifications at the end of shelf life, given the observed value at release (t=0), the
precision of measurement system and the historical data observed with previous batches
and the corresponding models. Once we can answer this question, then it is possible to
compute the range of observed values at release that will ensure the observed value at end
of shelf life will be within the specifications. The problem will also be solved for
degradation following non-linear models, a problem that can hardly be solved using
frequentist approaches.
It is important to notice that the raise of biological products, such as monoclonal
antibodies, vaccines or cell therapies, require reliable and efficient computation of IRL
for non-linear models and with important batch-to-batch variability.

38. Promotion of the Quality by Design principles in the pharmaceutical industry via
the Robustness Index initiative, Laurent Natalis1, Tatsiana Khamiakova2, Jean-François
Michiels1, Bruno Boulanger1 and Philippe Cappuyns2
1
2

Arlenda SA, Belgium
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Quality by Design promotes a science- and risk-based approach to the development,
manufacturing and control of pharmaceutical products. The application of these
principles, together with scientific rigor and data-driven approach are key to the
successful execution of high-quality medicines development and deliver.
To promote Quality by Design principles in the pharmaceutical industry, JNJ has
specifically developed the Robustness Index (RI). This index aims to translate
development goals and deliverables into objectively measurable success criteria to assess
scientific knowledge, development and performance data.
The success criteria of the Robustness Index have been specifically designed to lead the
teams towards Quality by Design and data-driven approaches at all stages of the
development process. The RI includes, but is not limited to, a focus on Measurement
System quality, Process Capability, long term process performance predictions, and
Design Spaces Analyses.
The Robustness Index methodology has been applied in several pilot projects. The results
of the statistical analyses performed together with their impact on the business choices
will be presented. The knowledge acquired from these statistical analyses can contribute
to improve resources allocation in the context of Continuous Process Improvement and to
drive the teams towards a better application of the Quality by Design principles.

39. One and two-stage modelling approaches for assessing synergy in Harbron's
framework. Maxim Nazarov (Open Analytics), Nele Goeyvaerts (Janssen R&D)
Harbron1 introduced a flexible framework to assess synergy by fitting a hierarchy of
interaction index models to drug combination data. The method integrates several
previously introduced models such as response surface models and ray design models.
The method allows selection of the model that “best” describes the combination data at
hand. However, one of the drawbacks, as highlighted in Zhao et al.2, is that monotherapy
dose-response parameters are estimated together with the interaction indices from the
pooled monotherapy and drug combination data. Using simulations, Zhao et al.2 showed
that this so-called 'one-stage approach' could lead to biased estimates for both
monotherapy parameters and the interaction index in a response surface model.
Alternatively, they proposed a ‘two-stage approach’ in which the monotherapy doseresponse parameters are first estimated and then incorporated in the estimation of the
interaction indices.
Here, we extend Harbron's framework by implementing the two-stage approach including
a bootstrap method to calculate confidence intervals. We compare the performance of the
one- and two-stage approaches in a simulation study. Further, we illustrate the difference
in an application to data from in-vitro drug combination experiments in oncology.
1

Harbron C. A flexible unified approach to the analysis of pre-clinical combination studies. Statistics in
Medicine 2010, 29, 1746-1756.
2
Zhao W, Zhang L, Zeng L, Yang H. A Two-Stage Response Surface Approach to Modeling Drug
Interaction. Statistics in Biopharmaceutical Research 2012, 4:4, 375-383.

40. Setting control limits using Bayesian methods when most observations are below the
limit of quantitation, Steve Novick
In manufacturing settings, control limits are often set using a three-sigma rule (i.e., three
estimated standard deviations above and below the estimated mean). More sophisticated
statistical methods might include the use of confidence, prediction, or tolerance
intervals. In this scenario, most of the measured observations are below the limit of
quantitation (LOQ). Thus, 100p% of measurements are given as less than the LOQ and
100(1-p)% of measurements are observed to be a single number for p > 0.9. In addition,
the system under study contains two sources of variability: testing occasions and
measurements made within a testing occasion. I am using Bayesian methods and a tobit
likelihood to generate a predictive posterior distribution to create control limits (warning
limits and action limits) as well as Western Electric-type rules for action.

41. A novel survival analysis for rodent oncology modeling, Steve Novick
Rodent oncology experiments often involve measuring a series of tumor size outcomes
on subjects that are treated with a substance. Further, a typical goal of such an
experiment is to rank-order the effectiveness of various drug treatments in shrinking the
tumor size. Because experimental unit drop-outs occur when the tumor size is excessive
or when the rodent dies, comparing mean tumor sizes at some time point may be an
unsuitable approach due to the not-at-random missing-ness of data.

Survival analysis to link the time of the event (e.g., tumor size quadruples or animal dies)
with the drug treatment is an appropriate avenue to differentiate drug effectiveness. The
common practice of comparing median survival times (or some other quantile) can be
difficult given the limited sample sizes in rodent oncology studies. A novel approach to
comparison is offered that overcomes this issue by comparing the entire survival
probability profile across time (but not using AUC). I illustrate the concept using the
Weibull survival model, using both Bayesian and frequentist methods. The method is
easily extended to Kaplar-Meier, Cox proportional hazards, or to more complex
modeling approaches.

42. Continuous Manufacturing of Pharmaceuticals: Statistical Challenges, Martin
Otava1,* & Stan Altan2
1

Manufacturing, Toxicology and Applied Statistical Sciences, Janssen Research & Development, Janssen
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2
Manufacturing, Toxicology and Applied Statistical Sciences, Janssen Research & Development, NJ, USA
* motava@its.jnj.com

Continuous manufacturing (CM) approach has potential to significantly improve
production process of pharmaceuticals. Its advantages compared to traditional batch
process includes reduced footprint, easier scale-up of production and much faster product
delivery and reaction to the market. The use of continuous in-line process analytical tools
(PAT) provides continuous quality assessment, in contrast to sampling techniques of
batch processes.
However, the technology shift poses multiple challenges. The CM line is much more
complex than any single unit operation. Moreover, all the operations need to be done in
one flow, so the residence times at unit operations (e.g. inside of blender, mixer, dryer,
etc.) cannot be decided upon separately, as in case of batch process. Similarly, all process
parameters are connected and new parameters appear due to change of technology (e.g.
higher importance of premixing; twin screw granulator) which further complicates
optimization of target values.
In-line measurements offer possibilities of feedback control of the process. The output of
in-line PATs, such as near infrared sensors, can be used for immediate decision of
diverting nonconforming product before reaching final stage and for real time change of
target values of parameters in order to achieve conformity. For this purpose, PAT need to
be thoroughly investigated and clear link between the measurements of PAT and final
product quality needs to be established.
We will summarize current experience of Janssen with implementation of CM line for
commercial purposes. We will explore the statistical challenges that we have faced so far
and discuss suggested solutions and their possible improvements.

43. Development of microbiome biomarkers for Immunoglobulin A: a joint modeling
approach, Nolen Joy Perualila1, Rudradev Sengupta1, Victoria E. Ruiz2, Thomas
Battaglia2, Martin J. Blaser2, Luc Bijnens1,3 , Ziv Shkedy1
1
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3
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We discuss a high-dimensional microbiome experiments in which hundreds of
Operational Taxonomic Unit (OTU) frequencies are observed for each subject. In the
study, microbiome biomarkers were developed for intestinal immunoglobulin A (IgA)
levels taking into account the high number of zeros in the microbiome dataset, indicating
either a low signal beyond the technical limits or true absence of an OTU. As a case
study, we use the transPAT study where germ-free mice were conventionalized with a
normal or antibiotic-perturbed microbiota with the aim of understanding the effects of
antibiotic administration on the intestinal microbiota and host immunity. The dataset
consists of 15 murine subjects and 355 OTUs, with representation > 0.01% in relative
abundance. Longitudinal microbiome measurements (OTU counts) and longitudinal IgA
data (μg/ml) were available at 11 time-points for all the subjects randomized into the two
treatment groups. Our goal is to establish a link between the OTU counts and the IgA,
taking into account that the treatment may influence both OTU and IgA data. An OTUspecific and time-specific joint modeling analysis was performed in which two aspects of
the association between IgA and OTU counts were modeled: (1) an association which is
driven by the treatment effect and (2) an association reflecting the correlation between
the OTUs and IgA. Further, using the dynamic joint modeling approach, we identified
OTUs that are differentially abundant between the two groups and/or correlated with the
IgA level over time.
44. High throughput screening of compounds for drug induced liver injury (DILI),
Mark Pilling, AstraZeneca
Drug induced liver injury (DILI) is a major cause of drug failure in the pharmaceutical
industry, accounting for around 20% of late development program cancellations
[Arrowsmith, 2011a 2011b] from serious adverse events (SAE). DILI is a common cause
of SAEs, and in particular accounts for more than half of acute liver failures [Holt & Ju,
2006]. The biological process behind DILI are not well understood, and additionally a
subset of marketed drugs produce idiosyncratic reactions (1 in 10,000 patients).
Using high content screening (HCS) approaches, various attempts have been made to use
a panel of endpoints to screen out these by definition hard-to-predict compounds, such as
with the Quadprobe assay [Persson, 2013]. A summary of approaches in the literature
will be discussed, and this talk will consider the statistical considerations of using
techniques such as data quality issues, ROC analyses, applying bootstrapping for robust
estimation, and adapting these techniques in the presence of missing data. These
approaches will be illustrated using various data collections available to AstraZeneca.
Arrowsmith, J. (2011a / 2011b). Trial watch: Phase II failures: 2008–2010 / Trial watch: phase III and
submission failures: 2007–2010. Nature Reviews. Drug Discovery, 10, 328–329 and 87.
Holt, M. P., & Ju, C. (2006). Mechanisms of drug-induced liver injury. The AAPS Journal, 8, E48–E54.
Persson, M., Loye, A.F.,Mow, T., Hornberg, J.J., 2013. A high content screening assay to predict human
drug-induced liver injury during drug discovery. J. Pharmacol. Toxicol. Methods 68 (3), 302–313.

45. Robust Estimation and Interpretation of Dose-Response Curves in Pre-clinical
Experiments, Davit Sargsyan, Alfred Barron, Kathryn Durham and Mariusz Lubomirski,
Department of Nonclinical Statistics, Janssen Pharmaceutical Research & Development
One of the most common problems in drug development is the estimation of efficacy –
the medical intervention capacity for beneficial change, or therapeutic effect. The
procedure employs serial dilution to test the compound effect in a concentration range.
The data can then be approximated with a sigmoidal curve to estimate the minimum and
maximum effective concentrations (the top and the bottom asymptotes), half maximal
effective concentrations (EC50) or half maximal inhibitory concentration (IC50) for
agonist and antagonist drugs, respectively, and the Hill slope. Once estimates are
obtained, they must be interpreted in terms of accuracy and comparability across multiple
experiments, which is often the most challenging part of the analysis.
Our R package ricf robustly estimates four-parameter logistic dose-response curves using
data potentially contaminated by outliers. The package is based on work of Douglas M.
Bates, et al. (packages nls and MASS), and Andreas Ruckstuhl, et al. (package
robustbase). Multiple curves can be estimated at once and stored into a single object. The
package automates many intermediate steps in processing the data: selecting initial
values for the iteratively reweighted least squares (IRLS) procedure, fitting and
displaying the curves, and comparing the experiments. It makes full use of the S4 class
system to define methods that are then applied to the object to produce visualizations,
assess goodness of the non-linear fit, and cluster and compare the experiments. Since its
creation 3 years ago, the package has been integrated into several data analysis packages,
both commercial and in-house developed, as a part of Janssen’s effort to harmonize
statistical analysis across different platforms.

46. Evaluation of Surrogate Endpoint in High Dimensional Data: A Longitudinal
Analysis of Family-level Microbial Diversity and Immunoglobulin A, Rudradev
Sengupta1, Victoria E. Ruiz2, Nolen Joy Perualila1, Thomas Battaglia2, Ziv Shkedy1,
Martin J. Blaser2, Luc Bijnens1,3
1 Center for Statistics, Universiteit Hasselt, Martelarenlaan 42, B-3500 Hasselt, Belgium
2 New York University, Langone Medical Center, 550 First Avenue, New York, NY 10016, USA
3 Quantitative Sciences, Janssen Pharmaceutical companies of Johnson and Johnson, Turnhoutseweg 30,
2340 Beerse, Belgium

In microbiome studies, the observed α-diversity for a subject is the number of
Operational Taxonomic Units (OTUs) with non-zero counts. For the analysis presented in
the current study, instead of modeling OTU-level data, we model higher level in the
phylogenetic tree (e.g. genus-level, phylum-level, family-level etc.) and investigate the
observed α-diversity at that level. We consider the transPAT case study in which the αdiversity and intestinal immunoglobulin A (IgA) data are available for each subject at 4
time points and for two treatment groups. In the study, mice were conventionalized with
a normal or antibiotic-perturbed microbiota with the aim to study the effect of antibiotic
administration on the intestinal microbiota and host immunity.

Our aim in this study is to evaluate α-diversity as a potential surrogate endpoint for IgA.
Hence, the analysis we present in this study is focused on the quotation whether
information about the treatment effect on α-diversity is useful in predicting the treatment
effect on a clinical outcome such as IgA level. A joint mixed effects model for αdiversity and IgA is formulated in order to evaluate the α-diversity as a surrogate
endpoint for IgA. The model allows us to establish two levels of surrogacy between the
two endpoints: (1) A family-level surrogacy in which the treatment effect on α-diversity
is used to predict the treatment effect on IgA and (2) an individual level surrogacy in
which subject specific α-diversity is associated with subject specific IgA.

47. Integrated analysis of gene expression, chemical structure and bioassay data in drug
discovery experiments, Ziv Shkedy1, Nolen Joy Perualila-Tan1 and Adetayo Kasim2
1
2
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Quantitative Structure Transcriptional Activity Relationship (QSTAR) involves relating
the three data sources in early drug discovery namely (1) chemical structure (fingerprint
features), (2) bioactivity (bio-assay read-outs) data for targets of interest, and (3)
transcriptomic (gene expression) data of a set of compounds. We focus on two different
examples. The first example is based on publicly available dataset (Connectivity Map or
CMap) and the second example is based on a company specific set of compounds. The
analysis of the two examples consists of
•
•

Modeling the association between gene expression and target prediction scores
using CMap data.
Modeling the association between gene expression, bioassays and chemiical
structures (measured by fingerprints) from a specific drug development project.

The analysis of the first example consists of clustering group of compounds from CMap
based on their target prediction scores and investigation of gene expression profiles for
selected clusters. In that way, the transcriptional profile of the compound clusters can be
discovered.
The analysis of the second example presents a gene-specific and fingerprint featurespecific joint model as a tool to model the association between gene expression and
biological activity taking into account the chemical structure of the compounds. The
model allows detecting genes that are associated to the bio-assay read-out for which
some of the associations are mainly induced by certain fingerprint feature(s) of
compounds.

48. Causal modeling of histo-pathology image marker proteins in treated inflammation,
Juliane Siebourg-Polster1, Nazia Maroof2, Fethallah Benmansour3, Liz Spycher2, Helga
Remy2, Krisztina Oroszlan-Szovik2, Thomas Emrich4, Annika Herrmann4, Maria
Cristina de Vera Mudry4, Gonzalo Duran-Pacheco1, Markus Britschgi2
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Estimating the structure of complex biological pathways is hindered by the fact that often
only few components of a process can be measured in an experiment. Causal modeling
enables to resolve dependencies among observed network entities. For the estimation of
causal relationships, perturbations of the system are needed in addition to observational
data. In controlled animal experiments, such active interventions are for example made
by inducing a disease.
We apply causal modeling in the context of treated colitis (gut inflammation), where
measurements for two marker proteins are obtained from mice, using gut tissue
immunohistochemistry imaging followed automated image analysis. The first protein was
used as an inflammation independent background staining for gut plexus tissue
identification. Presence of this protein guided the tissue selection for images. For the
second protein, it was to be tested whether it is affected by inflammation. In this case,
known active interventions to the system are induced inflammation and
immunomodulatory treatment of mice. Additional cytokine measurements are available
as quantitative inflammation readouts.
Through an initial exploratory data analysis, we reveal that both proteins are correlated
with inflammation severity. To further identify how the two proteins causally relate with
each other and with inflammation, we evaluate their conditional dependencies.
Furthermore, for three different treatments we assess their direct and indirect causal
impacts on the two marker proteins and inflammation.

49. Bias in AUC estimation using NCA for TK studies, Fetene Tekle, Tom Jacobs &
Helena Geys, Janssen Research & Development, Beerse, Belgium
Most common approaches to characterize a drug’s kinetics involve non-compartmental
analysis (NCA) and nonlinear regression modeling (compartmental models). NCA does
not require the assumption of a specific model for either drug or metabolite and it is
easier to use and automate in practice. If the primary requirement is to determine the
degree of exposure following administration of a drug, then Area Under the plasma
Concentration-time curve (AUC) is the most common measure and NCA is the preferred
methodology for use. The methodology commonly applies the trapezoidal rule for
estimation of the AUC. We investigate, using simulation study, the bias that could arise
due to approximation of the AUC using NCA to the true AUC. The NCA methodology is
widely used in preclinical ToxicoKinetic (TK) studies where data are available at only a
few time points per animal. We will discuss the impact of the choice of the measurement
time points and certain design factors on the bias of AUC measure. Based on our
findings, we will present practical suggestions on the design of TK studies.
Keywords: NCA, AUC, TK, Bias, Compartmental-model, Time-points.

50. Statistical considerations in setting product specifications, Bianca Teodorescu, UCB
BioPharma Sprl
Following ICH Q6B, for biological products, product specific specifications need to be
established for the Drug Substance and Drug Product. Degradation of drug substance and
drug product, which may occur during storage, should be considered when establishing
specifications.
Classical approach in setting up the specification consists in using the sample mean plus
and minus three standard deviations. Tolerance interval method is commonly used
method in revision of specifications. Sometimes, minimum and maximum from the
sample are also used to establish specifications. The drawback of these approaches is that
they rely on the normality assumption and do not take into account the shape of the data,
meaning the degradation rate that may occur during stability.
In practice, attributes that evolve with time do not necessarily exhibit normality, due to
the way the stability studies are designed (unequally time-spaced testing points with more
testing in the beginning of the stability studies), making the above procedures unfit for
the purpose.
During this talk I will present a new approach to set up specifications at UCB, that takes
into account the degradation rate of the attributes during stability studies. 99% prediction
intervals of the degradation rate for each batch under study are used to set up the
specifications, which ensure that a future observation at a fixed time-point has 0.99
probability of being inside the prediction interval, thus in the specification limits, given
the already observed data. For attributes that do not evolve in stability, an adjusted
method of the classical sample mean plus and minus three standard deviations method is
proposed, that takes into account the process capability.

51. Nonparametric synergy call: two F-tests Olivier Thas (Ghent University), Annelies
Tourny (Statter), Bie Verbist (Janssen R&D)
We developed two nonparametric statistical tests for detecting synergism or antagonism.
The statistical tests are considered nonparametric, because they do not assume a
particular (parametric) model for synergism or antagonism. The method is constructed
along the lines of the traditional F-test for lack-of-fit for linear regression models, but it is
adapted to the specificities of the synergy setting. In particular, the non-linear nature of
the model is accounted for. Moreover, the method also accounts for a two-stage
procedure: using only on-axis observations (monotherapy) for parameter estimation of
the Loewe additivity model, and using only off-axis observations (combined therapies)
for the calculation of the test statistic.
The first test statistic basically measures the overall difference between the observed offaxis observations and the expected outcomes according to the Loewe additivity model.
Under certain conditions the test statistic is shown to have an F null distribution, but from
a simulation study it is concluded that the use of a bootstrap null distribution gives better
results.
The second test statistic makes use of the same residuals, but allows to identify at which
off-axis points the observed outcomes significantly deviate from what is expected under
additivity, while controlling for the familywise error rate (i.e. the risk for false positive
synergism or antagonism calls is controlled at a desired level).
The two statistical tests are evaluated in a simulation study.

52. Analyzing unbalanced multifactorial experiments with ASCA and APCA:
Application in metabolomics, Bernadette Govaerts1, Michel Thiel2
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Metabolomics is one of the newer domains in the "omics" field, similar to proteomics,
transcriptomics and genomics all of which appeared when the human genome was being
decoded in the 90’s [1]. Metabolomics looks at the entire pool of endogenous metabolites
in biofluids with the aim to extract biochemical information reflecting biological events
[1,2]
.
Analytical methods used in metabolomics produce spectra for each experimental unit. As
a result, one is confronted with multivariate databases where the number of variables
(descriptors) tends to be much larger than the number of experimental units [3]. It is
therefore impossible to detect spectral differences by visual inspection and, in addition,
systemic differences are often masked by random variations (noise). Therefore,
multivariate statistical tools are needed to highlight those descriptors that are consistently
modified by different biological states [3]. To that extent, two methods have been
established that combine ANOVA and PCA, namely ASCA (ANOVA-simultaneous
component analysis) and APCA (ANOVA-principal component analysis). Their main
limitation is that they provide biased estimators of the factors effects when the design of
experiment is unbalanced.

This presentation will first introduce two new methods: ASCA+ and APCA+ that allow,
respectively, to extend the use of ASCA and APCA to unbalanced designs. Next, both
methods will be applied on real-life data, clearly favoring the ASCA+ and APCA+
methods in highlighting biomarkers corresponding to a factor of interest in unbalanced
designs.
[1]

J.C. Lindon, J.K. Nicholson, E. Holmes, The Handbook of Metabonomics and Metabolomics, p. 413
(2011).
[2]
D. Beyoğlu, J.R. Idle, Biochemical pharmacology Vol. 85 (1), p. 12 (2013).
[3]
M. Lämmerhofer, W. Weckwerth, Metabolomics in Practice: Successful Strategies to Generate and
Analyze Metabolic Data, (2013).
[4]
A.K. Smilde, J.J. Jansen, H.C.J. Hoefsloot, R.J.A.N. Lamers, J. van der Greef, M.E. Timmerman,
Bioinformatics Vol. 21 (13), p. 304 (2005).
[5]
P.B. Harrington, N.E. Vieira, J. Espinoza, J.K. Nien, R. Romero, A.L. Yergey, Analytica Chimica Acta
Vol 544 (1–2) p. 118 (2005).

53. Sample Size for diagnostic agreement studies, Herbert Thijs, Senior Biostatistician
Biocartis, Mechelen (Belgium)
In validating diagnostic tests one of the key components is to show sensitivity and
specificity or in the case where the true value is unknown positive and negative percent
diagnostic agreement with a validated comparator test are mandatory measures. An
important question while setting up a performance evaluation study is the number of
samples required in order to get meaningful results. Aspects like confidence level,
prevalence of positive samples, the expected agreement and the minimal target agreement
are necessary input for such sample size estimations.
S. R. Jones et al (2003) provides a closed form expression in order to calculate the
sample size based on the prevalence (P) the desired confidence level (z), the lower limit
of the positive (PPAll) or negative percent agreement (NPAll) and the accuracy (W) as
follows:

𝑁𝑃𝑃𝑃 =

𝑁𝑁𝑃𝑃 =

𝑧2 ×

�𝑃𝑃𝑃𝑙𝑙 (1−𝑃𝑃𝑃𝑙𝑙 )�
𝑊2

𝑃
𝑧2 ×

�𝑁𝑃𝑃𝑙𝑙 (1−𝑁𝑃𝑃𝑙𝑙 )�
𝑊2

1−𝑃

The scope of this manuscript is to describe a simulation based approach in order to
estimate the required sample size taking into account confidence level, power (mostly
80%), positive and negative o% diagnostic agreement and the prevalence. It can be
shown that the calculations based on the formulas above are good approximations but
with the simulation based approach some more assumptions can be worked into the
estimation.
Jones S. R., Carley S. and Harrison M. (2003), An introduction to power and sample size estimation.
Emergency Medical Journal, 20, 453 – 458

54. How to make better use of advanced statistical methods in animal experiments in
research, Hannes-Friedrich Ulbrich, Bayer Pharma Aktiengesellschaft, Pharmaceuticals
Division
Animal studies in pharmaceutical research should be seen as rather exploratory, there is
less decision-theoretic rigor than later phases of pharmaceutical development. Although
applying quite advanced designs to their experiments, researchers’ expectations on
statistical support are often quite limited and based on a keep it simple idea of
significance testing only. Unlike in clinical development statisticians face challenges
when proposing state of the art model based approaches to researchers and management
for animal studies.
We present an example of an experiment where the primary parameter was evaluated by
a mixed model including predictions and prediction intervals. The researcher team opted
for an effect measure that can easily be translated into a measure for the magnitude of
superiority. Based on the idea of stochastic superiority we developed such a measure and
explored its properties as well as the relationship to the model based results. This new
approach was considered by the researchers and management as easier understandable
and therefore more helpful for further decisions.

55. A Bayesian approach to tobit regression for longitudinal and censored data. Ariëlla
Van de Sompel1, Heidi Wouters1, Sandra Li1, Maud Hennion2, Jean-François Michiels2,
Eric Rozet2
1
2

Ablynx NV, Technologiepark 21, 9052 Zwijnaarde, Belgium
Arlenda s.a., Rue Edouard Belin 5, 1435 Mont-Saint-Guibert, Belgium

Preclinical in vivo proof-of-concept studies in animal models are necessary to
demonstrate the efficacy of a compound. A CT26 colon carcinoma model was run in
mice to evaluate the efficacy of anti-GITR Nanobodies either as mono or combination
therapy with an anti-PD-1 antibody on tumour growth. The tumour volume was
measured longitudinally up to day 48 following tumour challenge. For ethical reasons,
mice were sacrificed if the tumour volume exceeded 2000 mm³. As a result, longitudinal
data was available up to the time point at which the mice were sacrificed, and missing or
censored at all subsequent time points. A tobit model – also called censored regression
model – is designed to estimate linear relationships between variables when there is
either left- or right-censoring in the dependent variable. Therefore, the effect on tumour
growth was evaluated by applying the tobit model in a Bayesian framework. Classical
applications of tobit models are restricted to independent measurements. Here, the
methodology was extended to deal with longitudinal data with a specific correlation
structure.
In addition, two simplified analyses were performed and contrasted to the tobit model: (i)
longitudinal analysis where the censored data was imputed by last observation carried
forward, and (ii) time-to-event analysis where the event was defined as ‘tumour volume >
2000 mm³’. Each classical analysis provides its own conclusion, while an advantage of
the extended tobit model is that it combines both approaches and provides one overall
conclusion.

56. Generalized Loewe model, Koen Van Der Borght (Janssen R&D), Hugo Ceulemans
(Janssen R&D)
A commonly used model to quantify the zero-interactive state is the Loewe1 additivity
model:
𝑑1 𝑑2
+
=1
𝐷1 𝐷2
with d1 and d2 the doses of compound 1 and 2 given in combination to produce a certain
effect y, and with D1 and D2 the doses of compound 1 and 2 that produce the same effect
y when given as a monotherapy. We propose an extension of this model to allow for
different maximal effects in the monotherapies. This so-called generalized Loewe model
is biochemically interpretable by calculating the combined occupancy rate for the
common site to which two or more compounds mutually exclusively bind.
1

Loewe S. The problem of synergism and antagonism of combined drugs. Arzeimittelforsch. 1953, 3, 285–
290

57. Evaluating surrogate endpoints based on causal-inference and information theory,
with illustrations in a microbiome setting, Wim Van der Elst, Ariel Alonso Abad, &
Luc Bijnens
In some situations, the most credible indicator of a therapeutic response (the so-called
true endpoint) is difficult to measure. For example, the true endpoint may be distant in
time (e.g., survival time in early cancer stages) or rare (e.g., pregnancy in luteinizing
hormone deficiency). An appealing strategy in these circumstances is to substitute the
true endpoint by a so-called surrogate endpoint that can be measured earlier or that
occurs more frequently. If such an endpoint further allows for a precise prediction of the
clinical effect of the treatment on the true endpoint, then it is termed a valid surrogate
endpoint.
In this presentation, recently developed surrogate evaluation methods based on causalinference and information-theory are briefly discussed. The methodology is illustrated
using simulated data of a randomized experiment where the impact of a treatment on a
microbiome metric (alpha diversity) and the true endpoint was examined.

58. Integrated Cluster Analysis in Drug Discovery Experiments using Multi-Source
Data, Marijke Van Moerbeke1, Nolen-Joy Perualila-Tan1, Ziv Shkedy1 and Dhammika
Amaratunga2
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Discovering the exact activities of a compound is of primary interest in drug
development. A single drug can interact with multiple targets and unintended drug-target
interactions could lead to severe side effects. Therefore, it is valuable in the early phase
of drug discovery to not only demonstrate the desired on-target efficacy of compounds
but also to outline its unwanted off-target effects. Further, the earlier the behaviour is
documented, the better. Otherwise, the drug could fail in a later stage which means that
the invested time, effort and money are wasted.

In the early stages of drug development, different types of information on the compounds
are collected: the chemical structures of the molecules (fingerprints), the predicted targets
(target predictions), on various bioassays, the toxicity and more. An analysis of each data
source could reveal interesting yet disjoint information. It only provides a limited point of
view and does not give information on how everything is interconnected in the global
picture (Shi et al. 2009). Therefore, a simultaneous analysis of multiple data sources can
provide a more complete insight on the compounds’ activity.
An analysis based on multiple data sources is relatively new and growing area in drug
discovery and drug development. Multi-source clustering procedures provide us with the
opportunity to relate several data sources to each other to gain a better understanding of
the mechanism of action of compounds. The use of multiple data sources was
investigated in the QSTAR (quantitative structure transcriptional activity relationship)
consortium (Ravindranath and Perualila-Tan et al, 2015). The goal was to find
associations between chemical, bioassay and transcriptomic data in the analysis of a set
of compounds under development.
In the current study we extend the clustering method presented in Perualila-Tan et. al.
(2016) and review the performance of several clustering methods on a real drug
discovery project and in a large simulation study. We illustrate how the new clustering
approaches provide a valuable insight for the integration of chemical, bioassay and
transcriptomic data in the analysis of a specific set of compounds. The proposed methods
are implemented and publicly available in the R package IntClust.

59. Statistical detection of outlying reaction conditions, Robin Van Oirbeek1, Tor Maes2,
Tatsiana Khamiakova2, Michel Thiel2, Jef Cuypers2, Koen De Smet2, Tobias Verbeke1,
Helena Geys2
1
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During the development cycle of an active pharmaceutical ingredient (API), the process
aims to produce the API in a consistent, repeatable and reliable manner (Simon et al.,
2015). The reaction conditions therefore need to be carefully controlled and monitored.
It is essential that the reaction conditions remain under control when a chemical process
is monitored. If not, the outcome of the reaction will be influenced by changes of these
conditions and the measurement will not be a signature of the reaction itself. In order to
detect, sometimes minute, reaction signatures in the measurement noise and differentiate
these observations from external undesired influences, statistical methodology is needed.
In this work, we focused on monitoring the reactor temperature and on detecting time
intervals during which the reactor temperature deviate from the fixed reactor temperature.
To this end, we make use of the central limit theorem and from existing methodology to
detect outliers in normal distributions (Grubbs, 1950). In a next step, the cause of these
deviations from the fixed reactor temperature is elucidated by checking the revolutions
per minute pattern of the stirrer and the absorbances of the IR spectral pattern during the
outlying time period. All the developments were done in R and the resulting functions
are part of the `spectralAnalysis' R package.

Simon L. L., Pataki H., Marosi G., Meemken F., Hungerbuhler K., Baiker A., Tummala S., Glennon B.,
Kuentz M., Steele G., Kramer H. J. M., Rydzak J. W., Chen Z., Morris J., Kjell F., Singh R., Gani R.,
Gernaey K. V., Louhi-Kultanen M., O'Reilly J., Sandler N., Antikainen O., Yliruusi J., Frohberg P., Ulrich
J., Braatz R. D., Leyssens T., von Stosch M., Oliveira R., Tan R. B. H., Wu H., Khan M., O'Grady D.,
Pandey A., Westra R., Delle-Case E., Pape D., Angelosante D, Maret Y., Steiger O., Lenner M., AbbouOucherif K., Nagy Z. K., Litster J. D., Kamaraju V.K., and Chiu M. (2015). Assessment of Recent Process
Analytical Technology (PAT) Trends: A Multiauthor Review. Organic Process Research & Development,
19, 3-62.
Grubbs, F. E. (1950). Sample criteria for testing outlying observations. Annals of Mathematical Statistics,
21, 27-58.

60. Leading chemometrics into the lab: a case study, Robin Van Oirbeek1, Tor Maes2,
Tatsiana Khamiakova2, Michel Thiel2, Jef Cuypers2, Koen De Smet2, Tobias Verbeke1,
Helena Geys2
1
2

Open Analytics, Antwerpen, Belgium
The Janssen Pharmaceutical Companies of Johnson & Johnson, Beerse, Belgium

In modern day pharmaceutics, the development of a powerful process analytical
technology (PAT) is key, especially for the early process development stage of the drugsubstance manufacturing process. The use of PAT enables an increased mechanistic and
process understanding (Simon et al., 2015). One of the current ambitions in this respect
is to render chemometric analyses more accessible to lab scientists by tailoring statistical
methodology to the lab data generating process. By lowering the threshold for statistical
computing, information present in the data generated by the lab activities is more readily
accessible to the lab scientists, which facilitates data-driven decision-making in the lab.
As a result, data crunching becomes an integral part of the lab activities, rather than it
takes place after the data collection phase. We shall provide an illustration of how the
latter ambition can be realized in practice. To this end, we consider as a case study the
IR spectral analysis of a chemical reaction over time. By combining the latter
information with UPLC data, wavelengths/peaks can be identified that correlate strongly
to the UPLC profile of known compounds, hereby generating a spectral fingerprint of the
compound in question. As will be shown, this exercise requires skills at the intersection
of statistics and data science, as one needs to standardize input data, automate procedures
and deal with noisy data. All the developments were done in R, resulting in the
‘spectralAnalysis’ R package.
Simon L. L., Pataki H., Marosi G., Meemken F., Hungerbuhler K., Baiker A., Tummala S., Glennon B.,
Kuentz M., Steele G., Kramer H. J. M., Rydzak J. W., Chen Z., Morris J., Kjell F., Singh R., Gani R.,
Gernaey K. V., Louhi-Kultanen M., O'Reilly J., Sandler N., Antikainen O., Yliruusi J, Frohberg P., Ulrich
J., Braatz R. D., Leyssens T., von Stosch M., Oliveira R., Tan R. B. H., Wu H., Khan M., O'Grady D.,
Pandey A., Westra R., Delle-Case E., Pape D., Angelosante D., Maret Y, Steiger O., Lenner M., AbbouOucherif K., Nagy Z. K., Litster J. D., Kamaraju V. K., and Chiu M. (2015). Assessment of Recent Process
Analytical Technology (PAT) Trends: A Multiauthor Review. Organic Process Research & Development,
19, 3-62.

61. Calculating the area under the curve in toxicology studies using microsampling on
non-standard sparse designs, Robin Van Oirbeek1, Fetene Tekle2, Hilde De Man2,
Tobias Verbeke1, Loeckie De Zwart2, Helena Geys2
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Advances in bioanalytical techniques have opened up the potential to use smaller sample
volumes, i.e. microsamples, to measure the concentration of a drug in blood, plasma
and/or serum. This sampling procedure provides a refinement over the standard
procedure because microsampling is less stressful for the study animal and allows for
repeated measurements on the same study animal (Powles-Glover et al., 2014). Hence
less animals are needed for blood sampling.
In toxicology studies, the exposure of the drug of interest in the blood/plasma is
monitored over time. To this end, measurements are taken from the study animals at a
limited fixed set of time points. Pharmacokinetic parameters such as the area under the
curve (AUC) of the concentration over time are typically calculated using the noncompartmental approach (NCA) or the modeling approach. In contrast to the latter
approach, the NCA only makes minimal assumptions on the data-generating process, yet
requires that the data is collected in a structured manner (Jaki and Wolfsegger, 2011).
Nevertheless, the NCA remains the most accessible of both approaches such that we will
focus on this approach only. Jaki and Wolfsegger (2009, 2011) developed a standard
error of the AUC, three different confidence intervals and an equivalence test for a wide
class of sampling designs. However, in practice one often has to deal with non-standard
sparse designs that do not comply with the set of designs that are assumed in Jaki and
Wolfsegger (2009, 2011). Therefore, we have investigated the minimal requirements to
which the design needs to comply in order to apply the different components of the
methodology proposed in the latter articles. Also, we have set up a simulation study using
a realistic intra-animal correlation for the repeated measurements to gauge the effect of
non-standard sparse sampling from a statistical point of view. Finally, we propose a
computational strategy to measure the effect on the AUC of a reduced design as
compared to a full design. All the developments were done in R and C++, resulting in the
‘AUC’ R package.
Powles-Glover N., Kirk S., Wilkinson C., Robinson S., Stewart J (2014). Assessment of toxicological
effects of blood microsampling in the vehicle dosed adult rat. Regulatory Toxicology and Pharmacology,
68, 325-331.
Jaki T. and Wolfsegger M. J. (2009). A Theoretical Framework for Estimation of AUCs in Complete and
Incomplete Sampling Designs. Statistics in Biopharmaceutical Research, 1, 176-184.
Jaki T. and Wolfsegger M. J. (2011). Non-compartmental estimation of pharmacokinetic parameters for
flexible sampling designs. Statistics in Medicine, 31, 1059-1073.

62. Interactive Apps for and by Non-Clinical Statisticians, Tobias Verbeke (Open
Analytics NV)
In the last decade automations of statistical analyses have liberated non-clinical
statisticians from repetitive work on experiments that follow standard analysis protocols.
This allowed them to keep focus on methodology development and exploratory data
analyses. However, the presentation of static reports no longer satisfies the scientists
served by non-clinical statistics departments and expectations now include the
development of tailored applications for exploratory work. Technology has followed this
trend and in recent years different frameworks have been developed to allow statisticians
to quickly develop such applications in statistical programming languages rather than
relying on software engineers to implement applications in generic programming
languages.
In this talk an overview will be given of the different technologies, their use cases and
strengths. First, we will demonstrate frameworks that had an initial focus on web
application development (Shiny, Bokeh). Then we will describe technology that evolved
from the interactive notebook paradigm (IPython, Jupyter, Zeppelin). In a third and final
part, we will demonstrate how these two worlds are converging and provide practical
guidance regarding choice of technologies to weapon non-clinical statisticians in their
day to day project work.
Shen, H. (2014). Interactive Notebooks: Sharing the Code, Nature, vol. 515 p. 151-152.

63. Introduction to drug synergy. Bie Verbist, Janssen R&D
Interactions between biological active agents are of interest in different fields and often
provide therapeutic advantages over single agents.1,2,3 Interactions are generally
described as being synergistic or antagonistic. The term synergy is derived from the
Greek syn-ergos which means working together, while antagonism means working
against each other. These terms imply the existence of an intermediate, zero interactive
state in which agents do neither of both. A quantification of this zero interactive state that
would allow investigating the deviations is not unambiguously defined. We would like to
highlight some criteria the modelling of the zero-interactive state should fulfil and we
will introduce some commonly used models.
1

Dunning J, Baillie JK, Cao B, Hayden FG. Antiviral combinations for severe influenza. Lancet Infect Dis
2014, 14, 1259-1270.
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Bulusu KC et al. Modelling of compound combination effects and applications to efficacy and toxicity:
state-of-the-art, challenges and perspectives. Drug Discovery Today 2016, 21, 225-238.
3
Mathews Griner et al. High-throughput combinatorial screening identifies drugs that cooperate with
ibrutinib to kill activated B-cell-like diffuse large B-cell lymphoma cells. Proc Natl Acad Sci U S A. 2014,
111, 2349-54

64. Well-Plate Data Feature Selection using the MRMR Algorithm, Jason Waddell
We present a practical R-based implementation of the Maximum Relevance, Minimum
Redundancy (MRMR) algorithm, used in the context of high-content screening data. The
algorithm enables users to select a set of compact set of diverse features that collectively
cover a large proportion of variation in the data. We present pitfalls encountered in the
analysis process, and tweaks made to improve the performance of the algorithm.

65. Using Bayesian statistical methods to model potential outliers in in-vivo studies, John
Sherington, Anastasiia Raievska, Joe Rastrick, Gill Watt, Ros Walley
At UCB we have started piloting Bayesian methods for repeated in vivo studies in 2014.
We leveraged historical data to create informative priors, thereby supporting the “3Rs
initiative” to refine, reduce and replace animals in research. In this poster we focus on
potential ways to handle outliers. We will illustrate these with a case study from the
Inflammation therapeutic area, exploring the use of Normal-mixture models and the use
of Student’s t-distribution. We conclude that Bayesian analysis is a useful framework for
dealing with occasional outlying observations, and avoids unjustifiable decisions to
include or exclude a potential outlier from the analysis.

66. Reproducibility – the good, the bad and the ugly, Ros Walley, John Sherington and
Andy Grieve
In the past decade, several scientific papers were published focussing on the standard of
preclinical literature and reproducibility. This led to the development of the ARRIVE
guidelines which provide a framework for the reporting of in vivo studies. They cover a
wide range of aspects of animal experimentation, including promoting good statistical
practice, and have been widely embraced with currently over 300 journals incorporating
the ARRIVE guidelines into their Instructions to Authors or Editorial Policies. Since then
the discussion in the literature has continued, focusing on topics such as the impact of the
guidelines, development of additional journal-specific requirements and the cost of
“irreproducibility.” In some cases, this discussion has revealed confusion with the
terminology and a mistaken belief about how similar we should expect repeated studies
to be. This talk will describe some very positive features of these guidelines and their
attempted implementation as well as some areas for concern, where, for example, we
believe topics appear to have been overlooked or have become misleading.

67. A new initiative for selecting and validating drug targets. David R. Willé, GSK
Understanding what gene or protein targets actually do, and verifying and validating their
role in modulating their target disease, is a vital step towards reducing attrition through
the pipeline due to loss of efficacy.
Open Targets, formally known as the Centre for Therapeutic Target Validation (CTTV),
is a new collaboration currently between GSK, Biogen and two academic partners,
EMBL-EBI and the Wellcome Trust Sanger Institute to try to address this task by making
use of high dimensional data from some of the most exciting rapidly expanding fields of
biological and computational science.
In this poster presentation, we explore some of approaches being used, describe the
challenges we face and show how statistics and statistical thinking can be used to further
our research. Working with lab and in silico scientists, our aim is to bring this work and
the resulting target validation platform to the wider scientific community.

68. A Bayesian approach for shelf-life prediction by accelerated stability tests, Els
Pattyn1, Heidi Wouters1, Hilde Stals1, Jean-François Michiels2, Eric Rozet2
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Although the eventual evidence of shelf-life claims lies in real-time stability testing,
accelerated stability tests are often needed at the early stage of shelf-life prediction. In an
accelerated stability testing set-up, the product is subjected to stress conditions, most
commonly temperature and/or humidity.
In this study, the shelf-life claim is based on the molecule’s high molecular weight
(HMW) formation, which is deemed the product’s most critical deteriorating
characteristic. This HMW forming process is supposed to satisfy a second order
dimerization reaction (monomer to dimer formation). In order to enable long-term
predictions, the HMW content of several temperature-stressed samples was determined.
Temperature-specific dimerization rates were determined using a longitudinal model
acknowledging the batch correlation.
Shelf-life predictions based on accelerated stability tests require a known relationship
between the elevated stressed factor and degradation rate. The Arrhenius equation is
supposed to capture the kinetic relationship between the temperature-specific
dimerization rates and temperature.
In order to make reliable predictions, the variability of the temperature-specific
degradation rates should be taken into account in the predictions by the Arrhenius
equations. This is quite challenging in a two-stage frequentist approach. Here, the
Bayesian approach was employed to overcome this limitation.

