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Sunday, 25/Mar/2018
1:15 pm – 5:30 pm
Lecture Hall H 22-2

Tutorial: Modeling Discrete Time-to-Event Data
Moritz Berger, Matthias Schmid, Thomas Welchowski
1:15 pm – 5:30 pm
Seminar Room S20-8

Tutorial: Eine Einführung in die Versorgungsforschung für
Biostatistiker
Freia De Bock, Jochem König
6:00 pm – 7:30 pm
Lecture Hall H 22-1

Öffentlicher Vortrag: Zu Risiken und Nebenwirkungen fragen Sie
Ihre Ärztin und Ihren Statistiker
Hatten Sie auch schon einmal Fragen beim Anblick der langen Liste der Nebenwirkungen in der
Packungsbeilage?
Die Ärztin Dr. med. Sabine Jeck-Thole (Boehringer Ingelheim) und der Statistiker Dr. Jürgen Kübler
(QSciCon, Marburg) erklären, wann und wie Nebenwirkungen zur Bewertung von Risiken in die
Packungsbeilage aufgenommen werden.
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Monday, 26/Mar/2018
8:40 am – 10:00 am
Lecture Hall H 20-5

Adaptive Designs I
Master Protocols: Chances and challenges in drug development
Hofner, Benjamin1
1

Section Biostatistics, Paul-Ehrlich-Institut, Bundesinstitut für Impfstoffe und biomedizinische
Arzneimittel, Langen, Germany
Abstract. With the advent of novel targeted therapies and complex combination therapies, especially
in oncology, new trial designs were developed to allow quicker and more specific investigations.
These designs are subsumed as master protocols, with basket and umbrella trials being specific
subtypes. Master protocols have in common that they are composed of multiple sub-studies each
with a specific target population. The target populations are usually defined based on biomarkers,
tumour histology or type of tumour.
Master protocols usually offer operational benefits such as a unified biomarker screening platform
and thus easier enrolment of patients. Additionally they allow the efficient usage of a single trial
infrastructure for all sub-studies. Statistical benefits which are discussed include an increased power
by sharing of controls or by pooled analyses, and the potential to transfer evidence from larger to
smaller sub-studies. These possible benefits, however, might not always be clinically justified and
thus depend on a good clinical rationale and regulatory agreement.
If one uses group sequential or adaptive designs, master protocols may offer an efficient way to
screen treatments in a flexible manner for promising candidates. However, due to the complexity and
flexibility statistical issues such as multiplicity and bias arise. We discuss these problems from a
statistical and regulatory perspective and provide possible solutions to retain the validity and
integrity of the trial and to allow sound decisions on the basis of master protocols.

Impact of biomarkers’ positivity prevalence on recruitment time
and statistical properties in umbrella trials
Kesselmeier, Miriam1; Scherag, André1,2
1 Clinical Epidemiology, Center for Sepsis Control and Care, Jena University Hospital, Jena,
Germany
2 Institute of Medical Statistics, Computer Sciences and Documentation, Jena University Hospital,
Jena, Germany
Abstract. Umbrella trials are applied to facilitate the trial conduct when investigating several
candidate therapies each related to a specific biomarker positive status. This design is able to shorten
the recruitment time but introduces in the subtrials a shift in the biomarker status distribution, i.e. in
the proportions of patients tested positive for a single biomarker to those tested positive for multiple
biomarkers. Among others, the magnitude of this shift is defined by the biomarkers’ positivity
prevalence and the subtrial allocation scheme for patients tested positive for multiple biomarkers. An
accumulation of multiple positively tested patients within one subtrial leads to questions of external
validity of the trial results.
Here, we address the impact of the accumulation of multiple positively tested patients on umbrella
subtrial results. In a simulation study, we first asses for a varying prevalence of biomarkers’
positivity the recruitment time, i.e. the number of patients needed to be screened, and the biomarker
status distribution in the subtrials. Then, we define the introduced bias in the subtrials when applying
4
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a standard regression model. Finally, we analyse the subtrials accounting for the shift in the
biomarker status distribution by using non-standard regression techniques and compare the results
with respect to several subtrial-wise properties (type I error rate, statistical power, bias, variance,
mean squared error).

Multi-arm multi-stage clinical trials: Design and some practical
experiences
Jaki, Thomas1
1Medical and Pharmaceutical Statistics Research Unit, Department of Mathematics and Statistics,
Lancaster University, Lancaster, UK
Abstract. Adaptive designs that are based on group-sequential approaches have the benefit of being
efficient as stopping boundaries can be found that lead to good operating characteristics with test
decisions based solely on sufficient statistics. The drawback of these so called ‘pre-planned adaptive’
designs is that unexpected design changes are not possible without impacting the error rates.
‘Flexible adaptive designs’ on the other hand can cope with a large number of contingencies at the
cost of reduced efficiency. In this talk, we focus on two different approaches for multi-arm multistage trials, which are based on group-sequential ideas, and discuss how these ‘pre-planned adaptive
designs’ can be modified to allow for flexibility. We then show how the added flexibility can be used
for treatment selection and sample size reassessment and discuss some practical experiences with the
design.
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Monday, 26/Mar/2018
8:40 am – 10:00 am
Lecture Hall H 22-1

Safety Assessments I
Key Note: Safety Assessments
Berlin, Conny1
1

Novartis International AG, CH

Abstract. Pharmaceutical industry and regulators aim to develop and approve effective and safe
medicinal products. Drug withdrawals because of safety issues triggered the introduction of risk
management plans and a change in mindset towards early safety planning, routine signal detection
and safety monitoring during the whole life cycle of a drug. Over the last decade there has been an
increasing need for structured approaches and statistical methods to collect and analyze safety
information from different data sources like clinical trial data, spontaneous reports and real world
data to prevent missing any new safety issues and to allow a holistic assessment of safety.
Statisticians became close partners of safety physicians, epidemiologists and IT specialists in
developing and implementing frameworks and targeted methods.
The introduction of the session “Safety Assessments” will provide a brief overview of the
quantitative safety evolution over the last years.

On estimands and the analysis of adverse events at varying followup times in the benefit assessment of therapies: recommendations
by the ATF/APF project group
Unkel, Steffen1; Amiri, Marjan2; Ose, Claudia2; Langer, Frank3; Skipka, Guido4; Benda, Norbert5;
Schwenke, Carsten6; Knoerzer, Dietrich7; Proctor, Tanja8; Schmoor, Claudia9; Beyersmann, Jan10;
Voss, Florian11; Unnebrink, Kristina12; Leverkus, Friedhelm13; Friede, Tim1
1

Department of Medical Statistics, University Medical Center Goettingen, Germany
Center for Clinical Trials, University Hospital Essen, Germany
3
Lilly Deutschland GmbH, Bad Homburg, Germany
4
Institute for Quality and Efficiency in Health Care, Cologne, Germany
5
Biostatistics and Special Pharmacokinetics Unit, Federal Institute for Drugs and Medical Devices,
Bonn, Germany
6
Schwenke Consulting: Strategies and Solutions in Statistics (SCO:SSiS), Berlin, Germany
7
Roche Pharma AG, Grenzach, Germany
8
Institute of Medical Biometry and Informatics, Heidelberg University Me- dical Center, Germany
9
Clinical Trials Unit, University Medical Center Freiburg, Germany
10
Institute of Statistics, Ulm University, Germany
11
Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim, Germany
12
AbbVie Deutschland GmbH & Co. KG, Ludwigshafen, Germany
13
Pfizer Deutschland GmbH, Berlin, Germany
2

Abstract. Although the current debate on estimands and their role in clinical trials seems mainly
related to efficacy evaluation, the concept is applicable to safety endpoints as well and only very
recently this perspective has found its way into publications such as [1].
The analysis of adverse events is a key component in the assessment of a drug’s safety profile.
Inappropriate analysis methods may result in misleading conclusions on a therapy’s safety and
6
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consequently benefit-risk ratio. The statistical analysis of adverse event data is complicated by the
fact that the follow-up times can vary between the patients included in a clinical trial. The Working
Group Therapeutic Research (ATF) of the German Society for Medical Informatics, Biometrics and
Epidemiology (GMDS) and the Working Group Pharmaceutical Research (APF) of the German
Region of the International Biometric Society (IBS-DR) have established the joint project group
“Analysis of adverse events at varying follow-up times in the context of benefit assessments”.
Members of the project group include statisticians from academia, pharmaceutical industry and
government agencies.
This talk, given on behalf of the project group, focuses on the analysis of adverse event data in the
presence of varying follow-up times in the context of benefit assessments of therapeutic
interventions. Instead of approaching this issue only from an analysis point of view, we first discuss
what should be estimated in the context of safety data, leading to the concept of estimands. Within
the framework of estimands, we present statistical methods for analysing adverse events with the
focus being on the time to the occurrence of first adverse events. We also give recommendations
which estimators should be used for the estimands described. Furthermore, we provide a review of
current practices of health technology assessment (HTA) agencies with respect to the evaluation of
safety data [2].
References
1. Akacha, M., Bretz, F., Ruberg, S. (2017): Estimands in clinical trials - broadening the perspective,
Statistics in Medicine, 36: 5-19.
2. Unkel, S., et al. (2018): On estimands and the analysis of adverse events at varying follow-up
times in the benefit assessment of therapies, submitted for publication.

Quantitative assessment of adverse events in clinical trials –
comparison of methods
Hollaender, Norbert1; Gonzalez-Maffe, Juan1
1

Novartis Pharma AG, Basel, Switzerland

Abstract.
The incidence proportion (IP) is still the standard technique to describe adverse events (AEs) in
clinical trials, but IPs could be misleading when comparing treatments with different exposure
duration. Exposure-adjusted-incidence-rates (EAIRs) aim to solve this issue; however, EAIRs
assume constant incidence rates. Time to event methodology are more flexible, however, using oneminus-Kaplan-Meier to estimate the time to AE onset ignores competing events such as death or
treatment discontinuation. The cumulative incidence function (CIF) takes into account censored and
competing events. An overview of the topic can be found in the paper by Allignol et al. (1).
In this presentation, we compare the different methods to describe AEs to investigate potential bias.
Furthermore, we considered the situation of ‘complete’ study data used for a final clinical study
report and the partial data situation at the time of an interim analysis. The problem is illustrated using
selected data of a study in breast cancer and a hypothetical example. The potential bias is
investigated by simulation.
To estimate the CIF we used the Aalen-Johansen estimator and a parametric approach. The IPs often
underestimate the true incidence of AEs, whereas one-minus-Kaplan-Meier overestimates the
incidence. Best results were obtained with the Aalen-Johansen estimator of the CIF. The bias
increases with higher censoring rate which is especially relevant when performing an interim
analysis.
7
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References
1. Allignol A., Beyersmann J., Schmoor C. (2016). Statistical issues in the analysis of adverse events
in time-to-event data. Pharmaceutical statistics. 15(4) p. 297-305
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Lecture Hall H 22-2

Bayesian Approaches I
A design-by-treatment interaction model for network metaanalysis and meta-regression with integrated nested Laplace
approximations
Günhan, Burak Kürsad1; Friede, Tim1; Held, Leonhard2
1
2

Department of Medical Statistics, University Medical Center Göttingen, Göttingen, Germany
Epidemiology, Biostatistics and Prevention Institute, University of Zurich, Zurich, Switzerland

Abstract. Network meta-analysis (NMA) is gaining popularity for comparing multiple treatments in
a single analysis. Generalized linear mixed models (GLMMs) provide a unifying framework for
NMA, allow us to analyze datasets with dichotomous, continuous or count endpoints, and take into
account multi-arm trials, potential heterogeneity between trials and network inconsistency. To
perform inference within such NMA models, the use of Bayesian methods is often advocated. The
standard inference tool is Markov chain Monte Carlo (MCMC), which is computationally expensive
and requires inspection of convergence diagnostics. A deterministic approach to do fully Bayesian
inference for latent Gaussian models (LGMs) can be achieved by integrated nested Laplace
approximations (INLA) [1], which is a fast and accurate alternative to MCMC. We show how NMA
models fit in the class of LGMs, how NMA models are implemented using INLA and demonstrate
that the estimates obtained by INLA are in close agreement with the ones obtained by MCMC [2].
Specifically, we emphasize the design-by-treatment interaction model with random inconsistency
parameters (also known as the Jackson model [3]). Also, we have proposed a network metaregression model which is constructed by incorporating trial-level covariates to the Jackson model in
order to explain possible sources of heterogeneity and/or inconsistency in the network. A publicly
available R package, nmaINLA, is developed to automate the INLA implementation of NMA models
which are considered in this talk [4]. An application in aiding smoking cessations illustrates the use
of INLA for a NMA.
References
1. Rue H., Martino S., Chopin N. (2009) Approximate Bayesian inference for latent Gaussian
models by using integrated nested Laplace approximations. Journal of the Royal Statistical Society:
Series B (Statistical Methodology), 71:319-392.
2. Sauter, R., Held, L. (2015) Network meta-analysis with integrated nested Laplace approximations.
Biometrical Journal, 57:1038-1050.
3. Jackson D., Barrett J.K., Rice S., White I.R., Higgins J.P.T. (2014) A design-by-treatment
interaction model for network meta-analysis with ran- dom inconsistency effects. Statistics in
Medicine, 33:3639-3654.
4. Günhan, B. K., Friede, T., Held L. (In press) A design-by-treatment inter- action model for
network meta-analysis and meta-regression with integrated nested Laplace approximations. Research
Synthesis Methods.
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A Bayes view on negative variance components
Nehmiz, Gerhard1
1

Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach, Germany

Abstract. We investigate a simple 1-way ANOVA model with random effects [1]:
yij = μ + si + εij, whereby
i = 1,…,I (I ≥ 2) and j = 1,…,ni (all ni ≥ 1, at least one ni ≥ 2), and
si ~ N(0,τ) i.i.d., εij ~ N(0,σ) i.i.d., all si independent from all εij.
The si can be imagined as subjects and the yij as measurements. Var(yij) = τ2 + σ2. The variance
components τ2 and σ2 are estimated from the ANOVA table:

ꞈ

with a factor J that depends from the unbalancedness and is, if all ni are equal =: n, equal to n,
otherwise smaller than the maximal ni. If σ2 and σs2 are estimated from m1 and m2, a small m2 will
lead to a variance ratio m2/m1 < 1 or, equivalently, to a negative 𝜏̂ 2 = (m2-m1)/J. These estimates are
“unbiased” in so far as they are equal to their expectations under infinite repetition. Now if m2 < m1,
it is current practice to estimate τ2 as 0 and σ2 in a “pooled” manner as (S1+ S2)/(ν1+ ν2).
Real examples are rare. We consider a theoretical example [2] and a real example from
pharmacokinetics (a crossover trial of the food effect on the absorption of Substance A); here only
the residuals relative to the fixed effects of treatment, period and sequence group are shown. The
random subject effects, J, τ and σ are estimated [3] with ML and also with REML in the subspace
μ = 0.
We compare this with the Bayesian solution with nearly-uninformative priors [4] on μ, τ and σ and
look at the marginal posterior distribution of τ. Both examples show that the data do not contain any
information about τ, and that the solution to “pool” all variability in σ and to set τ to zero is adequate.
References
1. Robinson, G.K. (1991). That BLUP Is a Good Thing: The Estimation of Random Effects.
Statistical Science, 6: 15-51 (with comments by Campbell K, Harville DA, Spall JC, Speed T,
Steffey D/Kass RE, Thompson R and concluding remarks by Robinson GK, from p. 32 on).
2. Box, G.E.P., Tiao, G.C. (1973/1992) “Bayesian Inference in Statistical Analysis”. John Wiley and
Sons Inc.: New York / Chichester / Brisbane / Toronto / Singapore.
3. Harville, D.A. (1977). Maximum Likelihood Approaches to Variance Component Estimation and
to Related Problems. Journal of the American Statistical Association 72: 320- 338.
4. Gelman, A. (2006). Prior distributions for variance parameters in hierarchical models (Comment
on Article by Browne and Draper). Bayesian Analysis 1: 515-534.
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Planning a randomized controlled trial in pediatric oncology: A
Bayes design with informative prior distribution can reduce the
required sample size, yet providing type I error control
Gerß, Joachim1
1

WWU Münster, Institut für Biometrie und Klinische Forschung (IBKF), Deutschland

Viele klinische Studien im Bereich der pädiatrischen Onkologie müssen mit kleinen Fallzahlen
durchgeführt werden. Trotzdem sollten die Studiendesigns etablierte statistische Gütekriterien bzgl.
des Fehlers 1. und 2. Art erfüllen. Ein Weg zur Lösung dieses Problems stellen Bayes‐Verfahren dar.
Bayes‐Verfahren ermöglichen es, bei der Planung und statistischen Auswertung einer Studie
zusätzliche Informationen zu nutzen, die aus anderen Quellen als der aktuellen Studie stammen. Von
der Einbeziehung dieser Zusatzinformation erhofft man, dass sie einen Teil der Patienten einer neu
geplanten Studie ersetzt. D.h. die neu geplante Studie kann mit einer niedrigeren Fallzahl
durchgeführt werden, als wenn die Zusatzinformation nicht einbezogen werden würde. Die
eingebrachte Zusatzinformation wird im Rahmen eines Bayes‐Ansatzes in Form einer informativen
A‐priori‐Verteilung modelliert. Eine große Schwierigkeit eines einfachen Bayes‐Modells ist, dass es
zwar zu einer größeren Power als ein Design führt, in dem keine Zusatzinformation genutzt wird;
gleichzeitig steigt aber auch die Wahrscheinlichkeit eines Fehlers 1. Art. Die Reduktion der Fallzahl
der neu geplanten Studie geht also mit einem Verlust der Gütekriterien einher. Im Vortrag wird ein
verbessertes Modell vorgestellt, das dieses Problem löst. Das vorgestellte Bayes‐Modell erlaubt es,
Zusatzinformation in eine neu geplante Studie einzubringen und dadurch deren notwendige Fallzahl
zu reduzieren, ohne dass Gütekriterien wie der Fehler 1. verletzt werden.
Als Beispiel dient eine geplante klinische Studie aus dem Bereich der pädiatrischen Onkologie, in
der die Patienten in zwei Behandlungsarme randomisiert werden und der Erfolg der Behandlung
durch das Gesamtüberleben gemessen wird. Zu einer der beiden Behandlungen liegen Daten aus
einer bereits laufenden Registerstudie vor. Die vorliegenden Daten zeigen, dass das Gesamtüberleben
gut mit einem parametrischen Lognormal‐Mixture‐Cure‐Model modelliert werden kann. Darüber
hinaus erlauben die vorliegenden Registerdaten, das Gesamtüberleben in einem der beiden
Behandlungsarme der neu geplanten Studie zu schätzen. Diese Schätzung wird als Zusatzinformation
in die neu geplante Studie eingebracht. Dazu wird im erstellten Bayes‐Modell den entsprechenden
Parametern eine informative A‐priori‐ Verteilung zugewiesen. Das Hazard Ratio zwischen den
beiden Behandlungen wird dagegen mit einer nicht‐informativen A‐priori‐Verteilung modelliert. Mit
Hilfe von Simulationen werden die Gütekriterien des erstellten Modells untersucht. Es zeigt sich,
dass die Einbeziehung der Zusatzinformation tatsächlich dazu führt, dass die neu geplante Studie mit
einer niedrigeren Fallzahl durchgeführt werden kann, wobei der Signifikanztest des Hazard Ratio
trotzdem die gleichen Wahrscheinlichkeiten eines Fehlers 1. und 2. Art erfüllt, als wenn keine
Zusatzinformation genutzt werden würde.
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Lecture Hall H 23-3

Machine Learning and Big Data Analyses I
Incorporating interaction effects in trait prediction using MBMDR
Gola, Damian1; König, Inke R.1
1

Institut für Medizinische Biometrie und Statistik, Universität zu Lübeck, Universitätsklinikum
Schleswig-Holstein, Campus Lübeck, Germany
Abstract. Common complex traits are based on complex molecular mechanisms. These mechanisms
involve multiple, possibly interacting genetic features and may also depend on interactions with
environmental features. Importantly, interacting features may have only negligible main effects.
However, most algorithms used in prediction such as penalized regression or random forests tend
favour features with clear main effects and thus do not exploit information from interaction effects.
In the context of common complex diseases this can therefore lead to lower prediction performance.
To improve this, we propose a novel prediction algorithm that is based on the Model-Based
Multifactor Dimensionality Reduction (MB-MDR) [1] method. MB-MDR is a non-parametric
method to identify interacting features in whole genome datasets. It ranks all possible feature
combinations based on an association test statistic with the trait. In our algorithm, the highest ranked
feature combinations are used for trait prediction of new observations. Specifically, the estimated
trait values conditioning on the respective geno- type combination in each of the feature
combinations are aggregated, and the optimal value for is determined by internal cross-validation.
The proposed algorithm is compared with state of the art prediction algorithms in an extensive
simulation study regarding prediction performance and runtime. The performance in real data is
illustrated by application of the proposed algorithm to a coronary artery disease case/control dataset.
References
1. Cattaert, T., Calle, M., Dudek, S., Mahachie John, J., van Lishout, F., Urrea, V., Ritchie, M., van
Steen, K. (2011) Model-based multifactor dimensionality reduction for detecting epistasis in casecontrol data in the presence of noise. Annals of Human Genetics, 75:78-89.

Sampling uncertainty versus method uncertainty: a general
framework with applications to omics biomarker selection
Klau, Simon1; Martin-Magniette, Marie-Laure2,3,4; Boulesteix, Anne-Laure1
1

Institute for Medical Information Processing, Biometry and Epidemiology, University of Munich,
Munich, Germany
2
Institute of Plant Sciences Paris Saclay IPS2, CNRS, INRA, Université Paris-Sud, Université
Evry, Université Paris-Saclay, Batiment 630, 91405 Orsay, France
3
Institute of Plant Sciences Paris-Saclay IPS2, Paris Diderot, Sorbonne Paris-Cité, Bâtiment 630,
91405, Orsay, France
4
UMR MIA-Paris, AgroParisTech, INRA, Université Paris-Saclay, 75005, Paris, France
Abstract. Uncertainty is a crucial issue in statistics, which can be considered from different points of
view. One aspect of uncertainty follows from the variability of the results obtained when the same
analysis strategy is applied to different samples (drawn from a considered distribution). We denote it
as the “sampling uncertainty” which has concentrated much of the attention of the statistical
12
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community so far. Another aspect related to uncertainty is the variability between results obtained
using the same sample but different analytical strategies addressing the same research question. We
denote this latter type of variability as “method uncertainty” and contrast it to the sampling
uncertainty. The method uncertainty results from all the choices to be made for an analysis, e.g.,
related to data preparation, method choice, model selection, parameter settings, adjustment
procedures.
In medical sciences, a large part of “omics” research is focused on the identification of molecular
biomarkers out of a large number of candidates, which includes a selection process. In this paper, we
introduce a general framework to quantify and compare the method uncertainty and the sampling
uncertainty with a focus on the selection of omics markers - however, our approach can be applied to
other contexts as well. More precisely, we randomly split the considered dataset into two dataset
halves a number B of times and perform, for each of these B runs, a comparison of the results
obtained for the two dataset halves, as well as a comparison of the results obtained using two
different analytical strategies. We present and apply simple measures for this purpose and visualize
the results in an intuitive and illustrative way.
For illustration, we apply this framework to different contexts related to omics biomarker selection:
variable selection based on multivariable regression modelling using Lasso, ranking and selection of
a given number of variables using random forest variable importance measures, and the selection of
significantly differentially expressed genes from RNA-Seq data.

Priority-Lasso: a simple hierarchical approach to the prediction of
clinical outcome using multi-omics data
Klau, Simon1; Jurinovic, Vindi1; Hornung, Roman1; Herold, Tobias2; Boulesteix, Anne-Laure1
1

Institute for Medical Information Processing, Biometry and Epidemiology, University of Munich,
Munich, Germany
2
Medical Faculty, Department of Medicine III, University of Munich, Munich, Germany
Abstract. In the last decade the measurement of various types of omics data, such as gene expression
data, methylation data or copy number data has become increasingly fast and cheap. Consequently,
there exist more and more patient data for which several types of omics data (denoted as
“modalities” from now on) are available for the same patients. It is desirable to use such so-called
multi-omics data as covariate data in prediction modeling, because each modality may contribute
information valuable for the prediction of phenotypic outcomes.
Practitioners often prefer using variables from modalities that are cost-effective and easy to collect.
In this context, we present a simple and pragmatic lasso-type method for prediction using multiomics data called priority-Lasso. This method incorporates the “priority sequence” of the
practitioner, say, “clinical data > gene expressions > methylation > ...”. In an iterative manner and in
decreasing order of priority, a Lasso model is fitted to each modality using the (cross-validated)
fitted values from the respective previous model as an offset. The rationale underlying this procedure
is that variables from a certain modality should only be used if they carry predictive information not
carried by variables from modalities of higher priority. Priority-Lasso thus delivers easily useable
and transportable models for clinical practice.
We apply priority-Lasso with different settings on a dataset of acute myeloid leukemia (AML)
consisting of clinical variables, cytogenetics, gene mutations and expression variables, and compare
its performance on an independent validation dataset to standard Lasso models. In our application
priority-Lasso was able to keep pace with Lasso in terms of prediction accuracy and deli- vered
models that would be easy to implement in practice.
13

Monday, 26/Mar/2018
A user-friendly R package ‘prioritylasso’ implementing the priority-Lasso method is publicly
available on CRAN.

Identification of typical patterns in the circadian activity rhythm
of patients with mild cognitive impairments
Neumann, Konrad1; Rackoll, Torsten2; Paßmann, Sven3; Ladenbauer, Julia4; Külzow, Nadine5; Flöel,
Agnes4; Grittner, Ulrike1,2
1
Institute of Medical Biometrics and Clinical Epidemiology, Charité - Universitätsmedizin Berlin,
Germany
2
Center for Stroke Research Berlin, Charité - Universitätsmedizin Berlin, Germany 3Clinic of
Neurology and experimental Neurology, Charité - Universitätsmedizin Berlin, Germany
4
Clinic of Neurology, Universitätsmedizin Greifswald, Germany
5
Berlin Insitute of Health, Charité - Universitätsmedizin Berlin, Germany
Abstract. Accelerometers have become a widely used tool to measure physical activity. In our
pooled two studies sixty-two young healthy volunteers (age 18-35 years), sixty-six old healthy (age
50-90 years) volunteers and thirty-one participants with mild cognitive impairments (MCI, age 50 –
90 years) wore an acceleration sensor (ActiGraph GT3X ™) for a period of seven consecutive days.
Acceleration magnitude is a good proxy for intensity of activity; in particular, it is argued to reflect
the circadian rhythm. Time series data from accelerometers were analysed using different methods.
E.g. the method of Goldsmith et al. [1] applies function-on-scalar regression models, Xiao et al. [2]
uses functional mixed models. Both take the longitudinal structure of the data into account. Since
accelerometer data is rather noisy it has to be smoothed before graphical representation,
interpretation and further processing. We compare different smoothing techniques such as low-pass
filter based on discrete-time Fourier transform (DFT) and the more modern wavelet approach [3].
Since wavelet base functions are localized in time, they are more appropriate to recognize patterns in
time-series than DFT. Moreover, the abundance of different wavelet base function makes
customizing to specific patterns possible. The wavelet coefficients of the top layers of the wavelet
pyramid algorithm [3] serve as input for a neural network that is trained to separate the groups of
young, old and MCI individuals. Main objectives of this machine learning approach are to show that
accelerometer data is different in the three study groups and to identify typical activity patterns for
young, old and MCI individuals.
References
1. Goldsmith, J., Liu, X., Jacobson, J. S. & Rundle, A. New Insights into Activity Patterns in
Children, Found Using Functional Data Analyses. Med. Sci. Sports Exerc. 48, 1723–1729
2. Xiao, L. et al. Quantifying the lifetime circadian rhythm of physical activity: A covariatedependent functional approach. Biostatistics 16, 352–367 (2015).
3. Donald B. Percival & Andrew T. Walden, Wavelet Methods for Time Series Analysis,
Cambridge University Press

14

Monday, 26/Mar/2018
8:40 am – 10:00 am
Lecture Hall H 23-4

Mathematical Models in Medicine and Biology
Mathematische Modellierung
Morbus Basedow

zur

Schilddrüsenfunktion

bei

Haug, Janina1; Schork, Diana2; Langenstein, Christoph1; Meyer, Gesine2; Schork, Diana2;
Badenhoop, Klaus2; Herrmann, Eva1
1

Institut für Biostatistik und Mathematische Modellierung, Goethe-Universität, Frankfurt am Main,
Deutschland
2
Zentrum der Inneren Medizin, Goethe-Universität, Frankfurt am Main, Deutschland
Abstract. Morbus Basedow ist eine autoimmune Form der Hyperthyreose, für die es heutzutage
mehrere etablierte Behandlungsmethoden gibt. Eine häufig gewählte Ersttherapie ist die
Hemmung der Synthese der Schilddrüseunhormone T3 und T4 durch die Gabe von
Thyreostatika. Diese Form der Therapie birgt jedoch eine Rezidivwahrscheinlichkeit von etwa 50%
innerhalb der ersten zwei Jahre nach Therapieende. Da bisher noch weitestgehend unklar ist welche
Faktoren mit einem Rezidiv assoziiert sind, wurde ein mathematisches Differentialgleichungsmodell,
welches die pathogenetischen Faktoren von Morbus Basedow und deren wechselseitige Beziehungen
darstellt, entwickelt und mit wenigen Patientendaten verglichen [1,2].
In dem hier vorgestellten Projekt wurden zunächst Parameteranpassungen an Patientendaten
einer kleineren Gruppe von Patienten mit ausreichender Anzahl von Beobachtungen individuell
durchgeführt. Auf diese Weise konnte das bisherige Modell und die Automatisierung der
Parameteranpassung des komplexen nicht-linearen Modells mit mehreren Kompartimenten optimiert
werden. Neben der individuellen Anpassung wurden die Modellparameter zusätzlich mit Hilfe eines
mehrdimensionalen, nichtlinearen gemischten Modells mit vereinfachter Varianzstruktur für eine
größere
Patientenpopulation evaluiert. Trotz praktischer Identifizierbarkeitsprobleme des
nichtlinearen Modells konnten biologisch plausible Parameterschätzungen und Beschreibungen der
Kompartimente erzielt werden.
Literaturverzeichnis
1. Langenstein, C. (2016). Madthematische Modellierung zur Schilddrüsen- funktion bei Morbus
Basedow. Dissertation am Fachbereich Medizin, Goethe- Universität Frankfurt am Main.
2. Langenstein, C., Schork, D., et al. (2016). Relapse prediction in Graves’ disease: Towards
mathematical modeling of clinical, immune and genetic markers. Reviews in Endocrine and
Metabolic Disorders, 17: 571-581.

A multiple comparison procedure for overdispersed multinomial
data
Vogel, Charlotte1; Schaarschmidt, Frank1; Hothorn, Ludwig A.1
1
Institut für Biostatistik, Leibniz Universität Hannover, Germany
Abstract. Usually a multinomial regression model is considered for the analysis of multinomial
count data. Frequently, such data exhibits overdispersion especially if the data is acquired in clusters.
For example the collection of data in cell cultures, litters, members of a family or classroom will lead
to observations that are more similar within clusters than observations from different clusters.
Therefore, it has to be expected that some sources of variation may differ between clusters and
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overdispersion is present. In addition, multiple treatments are often of interest for such data. While
for normally distributed data multiple comparison procedures proposed by Tukey and Dunnett are
standard since decades, multiple treatment comparisons between several overdispersed multinomial
samples have been rarely investigated.
We extend the work of Schaarschmidt et al. [1] and develop a method to obtain simultaneous
confidence intervals for the comparison of multiple polytomous vectors that lack independence
among experimental units due to a collection of data in clusters. Our proposed method allows for
multiple comparisons of odds ratios between multiple multinomial samples taking overdispersion
into account. To assess validity, we use a simulation approach to determine the simultaneous
coverage probability of confidence intervals for different magnitudes of overdispersion.
Our simulation study indicates that the proposed method provides control of the familywise error rate
in a strong sense. The familywise error rate is retained in case of high event counts for all magnitudes
of overdispersion. If the number of clusters and its sample size is low, the method tends to be
conservative. Finally, we offer a user-friendly implementation in R that allows standard multiple
comparisons such as multiple comparisons to control and all pairwise comparisons as well as userdefined contrasts for multiple odds ratios.
References
1. Schaarschmidt, F., Gerhard, D., Vogel, C. (2017) Simultaneous confidence intervals for
comparisons of several multinomial samples. Computational Statistics & Data Analysis, 106:65-76.

Mathematical models for the prognosis and diagnosis of sepsis
using a SIRS algorithm and ICU routine parameters
Balaban, Ümniye1,2,3; Schneider-Lindner, Verena1; Lindner, Holger A.1; Sturm, Timo1; Thiel,
Manfred1; Weiß, Christel2
1

Department of Anaesthesiology and Surgical Intensive Care Medicine, Medical Faculty Mannheim,
Heidelberg University, Germany
2
Department of Medical Statistics, Medical Faculty Mannheim, Heidelberg University, Germany
3
Department of Biostatistics and Mathematical Modelling, Medical Faculty Frankfurt, GoetheUniversity Frankfurt, Germany
(Presentation in German)
Abstract. Background: Despite the use of antibiotics, nosocomial and postoperative infections are a
major complication of intensive care patients. The early reliable diagnosis of sepsis is still a major
challenge due to the high prevalence of SIRS and the lack of specific biomarkers for sepsis detection.
The early detection and treatment of sepsis improves the patient's clinical outcome and survival.
Objectives: The aim of this retrospective study was to improve the prediction and diagnosis of sepsis
in a polytrauma cohort with the use of routine parameters and an automatic algorithm which
quantifies the systemic inflammatory response syndrome at every minute of a patient stay.
Methods: We analyzed routine parameters and SIRS-criteria of 256 polytrauma patients from the
electronic medical records of a tertiary care center’s surgical ICU, 2006-2011. Basing on the SIRScriteria for each minute of the first 24 hours after admission and before sepsis therapy initiation, we
developed a mathematical algorithm which estimates the probability of a sepsis diagnosis or
prediction, respectively, Routine parameters and the average of the SIRS-criteria were statistically
evaluated with logistic regression for the prediction and conditional logistic regression analysis for
the diagnosis of sepsis which is in this study equivalent to a proportional hazard function.
Results: The average prevalence of conventional SIRS (≥2 criteria) in the intensive care unit was
43.3%. 85 (33.2%) of 256 polytrauma patients developed sepsis. With using an average SIRS-criteria
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Cutoff value of 1.72 the sepsis prediction had a sensitivity of 49% and a specificity of 77%. With a
Cutoff value of 1.34 the sensitivity for sepsis diagnosis was 85% and the specificity was 60%.
Adding routine parameters in the statistical model we reached a sensitivity of 78% and a specificity
of 79% for sepsis prediction, and a sensitivity of 86% and a specificity of 75% for sepsis diagnosis.
Conclusions: Quantifying SIRS-criteria with an algorithm showed an improvement in the specificity
and sensitivity of sepsis prediction and diagnosis. With adding routine parameters it was possible to
achieve better sensitivities and specificities for prediction and diagnosis of sepsis for a polytrauma
cohort than with established biomarkers.
References
1. Gaieski, D.F., Edwards, J.M., Kallan, M.J., and Carr, B.G. (2013). Benchmarking the incidence
and mortality of severe sepsis in the United States. Critical care medicine 41, 1167- 1174.
2. Lindner, H.A., Balaban, U., Sturm, T., Weiss, C., Thiel, M., and Schneider-Lindner, V. (2016).
An Algorithm for Systemic Inflammatory Response Syndrome Criteria-Based Prediction of Sepsis in
a Polytrauma Cohort. Crit Care Med 44, 2199-2207.

3D Spatially Resolved Models of the Hepatitis C Genome
Replication Cycle
Knodel, Markus M.1, Nägel, Arne1, Reiter, Sebastian1, Grillo, Alfio1, Targett-Adams, Paull2;
Herrmann, Eva;3,† Wittum, Gabriel1,†
1

Goethe Center for Scientific Computing (G-CSC), Goethe Universität Frankfurt, Frankfurt am
Main, Germany;
2
Medivir AB, Huddinge, Sweden;
3
Department of Medicine, Institute for Biostatistics and Mathematic Modeling, Goethe Universität
Frankfurt, Frankfurt am Main, Germany;
†

These authors contributed equally to this work.

Abstract. The replication of the hepatitis C virus (HCV) viral RNA (vRNA) occurs within special
replication complexes formed from membranes derived from endoplasmatic reticulum (ER). These
regions, termed membranous webs, are generated through interactions between nonstructural virusencoded proteins (NSPs) and host cellular factors. We are developing fully spatio-temporal resolved
models of the vRNA replication cycle of HCV [1]. Our simulations are performed upon realistic
reconstructed cell structures – namely the ER surface and the membranous webs – based on data
derived from immunostained cells replicating HCV vRNA. We present 3D simulations that
reproduce the dynamics resulting from interplay of the different components of our models (vRNA,
NSPs, and a host factor) in a qualitative manner. Further, the mimicking of experimental FRAP
(fluorescence recovery after photobleaching) time series data lead to the estimation of the NS5A
diffusion constant [2]. NS5A is an important NSP of HCV. These results provide, for the first time, a
quantitative biophysical description of the movement properties of a viral component.
References
1. Knodel, M.M.; Reiter, S.; Vogel, A.; Targett-Adams, P.; Grillo, A.; Herr- mann, E.; Wittum, G.
3D spatially resolved models of the intracellular dy- namics of the Hepatitis C genome replication
cycle. Viruses 2017, 9.
2. Knodel, M.M.; Nägel, A.; Reiter, S.; Rupp, M.; Vogel, A.; Targett-Adams, P.; Herrmann, E.;
Wittum, G. Multigrid analysis of spatially resolved he- patitis C virus protein simulations.
Computing and Visualization in Science 2015, 17, 235-253.
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Opening Session
Dynamic prediction: A challenge for biostatisticians but highly
needed by patients, people and physicians
Schumacher, Martin1
1Institut für Medizinische Biometrie und Statistik Medizinische Fakultät/Universitätsklinikum
Freiburg, Germany
Abstract. Prognosis is usually expressed in terms of the probability that a patient will or will not
have experienced an event of interest t years after diagnosis of a disease. This quantity, however, is
not very informative for a patient (and his/her treating physician) who is still event‐free after a
number of years. Such a patient would be much more interested in the conditional probability of
being event-free after further t years, given that he/she did not experience the event s years after
diagnosis. This conditional probability, often referred to as “conditional survival” is the simplest
form of a dynamic prediction and can be dealt with by using straight forward extensions of standard
time‐to-event analyses in clinical cohort studies. Further complications arise when, for a healthy
individual, the so‐called “age‐conditional probability of developing cancer” in the next t years shall
be determined. Here, the competing risk of dying from other diseases has to be taken into account
when using routinely available data, e.g. from cancer registries and other sources. For both situations,
the hazard function provides the central dynamic concept that can be further extended in a natural
way to build dynamic prediction models that incorporate baseline as well as time-dependent
characteristics. Such models are able to exploit the most current information accumulating over time
in order to accurately predict the further course or development of a disease. In this presentation, the
biostatistical challenges as well as the relevance and importance of dynamic prediction are illustrated
by means of studies in multiple myeloma, a hematologic malignancy with a rather poor prognosis.
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Safety Assessments II
Multi-state Model for the Analysis of an Association between
Safety and Efficacy Events
Manitz, Juliane1; Loos, Anja H.2; Allignol, Arthur2; Zwiener, Isabella2; von Heydebreck, Anja2
1
2

EMD Serono, Billerica, MA, USA
Merck KGaA, Darmstadt, Germany

Abstract. Safety and efficacy data in clinical trials are mostly analysed separately. However,
especially the treatment of life-threatening disease such as cancer requires a good understanding of
benefit and associated risks to make an informed therapy decision for an individual patient. Recently
approved immunotherapeutic drugs in oncology are associated with potential side effects such as
immune-related hypothyroidism, rash and colitis [1]. There is some biological reasoning that the
occurrence of immune-related adverse events and corresponding management may compromise the
drug response [1]. On the other hand, it has been observed that patients responding to treatment
might face a higher likelihood of adverse drug reactions [1,2]. A multi-state model is able to explore
these hypotheses and offers the opportunity of insights into potential associations while addressing
some of the methodological challenges [3]. For example, the necessity of a time-dependent approach
to accommodate the fact that safety and efficacy events can occur throughout the treatment.
Moreover, longer treatment duration can impact simultaneously the likelihood of efficacy as well as
safety events, i.e., introducing immortal time bias. The multistate model is able to unfold this
spurious correlation. We present an approach for analysis and exemplify the methodology with
simulated data.
References
1. Michot, J. M., Bigenwald, C., Champiat, S., Collins, M., Carbonnel, F., Postel-Vinay, S., ... &
Massard, C. (2016). Immune-related adverse events with immune checkpoint blockade: a
comprehensive review. European Journal of Cancer, 54, 139-148.
2. von Pawel, J., Syrigos, K., Mazieres, J., Cortinovis, D., Dziadziuszko, R., Gandara, D.R.,
Conkling, P., Goldschmidt, J., Thomas, C.A., Bordoni, R., Kosty, M., Braiteh, F., Hu, S., Ballinger,
M., Patel, H., Gandhi, M., Fehrenbacher, L. (2017) Association Between Immune- Related Adverse
Events (irAE) and Atezolizumab Efficacy in Advanced NSCLC: Analyses from the Phase III Study
OAK. European Society for Medical Oncology 2017 (ESMO 2017); September 8-12; Madrid, Spain.
3. Beyersmann, J., Allignol, A., & Schumacher, M. (2011). Competing risks and multistate models
with R. Springer Science & Business Media.

Adverse Event Discovery for Spontaneous Reporting Systems: A
Systematic Comparison
Dijkstra, Louis1; Garling, Marco2; Foraita, Ronja1; Pigeot, Iris1
1
2

Leibniz-Institut für Präventionsforschung und Epidemiologie – BIPS
Wissenschaftliches Institut der TK für Nutzen und Effizienz im Gesundheitswesen – WINEG

Abstract. Despite great efforts in testing drugs for side effects before they are allowed to enter the
market, some adverse drug events (ADEs) remain undetected until after their launch due to, for
example, their low incidence rate or their prevalence in groups that are ordinarily not tested (e.g.,
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children). In order to identify drugs that pose an unacceptable risk, spontaneous reporting systems
(SRSs) have been established; doctors, pharmaceutical companies and (sometimes) patients can
report drugs to the system that are suspected to be related to currently not registered ADEs.
Over the last two decades a plethora of methods have been proposed to aid in detecting drug-ADE
associations in SR data, ranging from classical hypothesis tests (e.g., Fisher’s exact test), Bayesian
shrinkage (e.g., the Gamma Poisson Shrinker [1]) to sparse regression (e.g., LASSO [2]). Although
comparison studies have been done, they commonly consider only a handful of methods. In addition,
each study assesses the performance in a different way, which makes it difficult (if not impossible) to
decide which method to prefer in which setting.
In this study, we overcome this problem by casting the net wide: we compare over 20 different
methods on a large number of differently parameterized simulation SR data sets. While other
simulation studies rely on the (rather unrealistic) assumption of independence between the drugs and
between the events themselves, our set-up is unique for allowing to tune these correlations, providing
us with a better handle to explore the performance of these me- thods in a wide variety of settings.
We expect that this form of confounding (better known in the field as the innocent bystander effect)
will especially affect the disproportionality measures’ performance.
References
1. DuMouchel, W. (1999) Bayesian Data Mining in Large Frequency Tables, with an Application to
the FDA Spontaneous Reporting System. The Ame- rican Statistician, 53(3), 177–190.
2. Caster, O., Madigan, D., Noren, G. N., Bate, A. (2008) Large-Scale Regression- Based Pattern
Discovery in International Adverse Drug Reaction Surveillance. Proceedings of the KDD Workshop on
Mining Medical Data and KDD Cup, 24–27.

Comparing three modelling strategies to detect an non-constant
hazard in signal detection of adverse drug reactions
Sauzet, Odile1; Cornelius, Victoria2
1
2

School of Public Health & Zentrum für Staitistik, Bielefeld University, Bie- lefeld, Germany
Imperial College, London, UK

Abstract. Signal detection methods are employed to flag potential previously unknown associations
between drugs and adverse events (AE). The availability of longitudinal electronic health records
(EHRs) with validated pharmacotherapy recording makes it possible to associate drug prescriptions
with health outcomes over time. The aim of signal detection methods is to find automated tests for
the detection of potential adverse event reactions.
Cornelius et al [1] have developed a method based on the Weibull shape parameter to detect nonconstant hazards with the advantage that no control group needed and can be used with EHRs. But
the method works well only if the increase hazard occurs at the beginning or end of the observation’s
period. We compare how two other ways of modelling the hazard function which allows to test if the
hazard is constant, compare with the Weibull model. The first one is using a mixture exponential and
Weibull, the second is using the power generalised Weibull distribution introduced by
Bagdonaviˇcius and Nikulin [2]. The latest is generalisation of the Weibull distribution in which a
second shape parameter allows for a wider range of forms of hazard functions. For both models we
use a numerical maximisation of the likelihood which under certain assumptions can provide
confidence intervals on which to base a test for constant hazard. The two models behave very
similarly in terms of sensitivity and specificity. They provide less false positives than the Weibull
model but are less sensitive. Because this might be due to the need to estimate the shape parameter
separately, a better estimation approach would be needed.
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1. Cornelius, V., Sauzet, O., Evans S.: Signal detection method using a parametric time to event
model. Drug Safety 2012; 7: 599–610.
2. Bagdonavicius, V., and Nikulin, M.: Accelerated life models: modeling and statistical analysis.
CRC press, 2001.
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Young Statistician Session
Sample Size Estimation for Pilot Animal Experiments by
Using a Markov Chain Monte Carlo Approach
Allgöwer, Andreas1; Mayer, Benjamin1
1
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Abstract. The statistical determination of sample size is mandatory when planning animal
experiments, but it is usually difficult to implement appropriately. The main reason is that prior
information is hardly ever available, so the assumptions made cannot be verified reliably. This is
especially true for pilot experiments. Statistical simulation might help in these situations. We used a
Markov Chain Monte Carlo (MCMC) approach to verify the pragmatic assumptions made on
different distribution parameters used for power and sample size calculations in animal experiments.
Binomial and normal distributions, which are the most frequent distributions in practice, were
simulated for categorical and continuous endpoints, respectively. The simulations showed that the
common practice of using five or six animals per group for continuous endpoints is reasonable. Even
in the case of small effect sizes, the statistical power would be sufficiently large (≥ 80%). For
categorical outcomes, group sizes should never be under eight animals, otherwise a sufficient
statistical power cannot be guaranteed. This applies even in the case of large effects. The MCMC
approach demonstrated to be a useful method for calculating sample size in animal studies that lack
prior data. Of course the simulation results particularly depend on the assumptions made with regard
to the distributional properties and effects to be detected, but the same also holds in situation where
prior data are available. MCMC is therefore a promising approach toward the more informed
planning of pilot research experiments involving the use of animals.

An application of Bayesian logistic regression models with
covariates for dose finding in cancer phase I trials
Pohl, Moritz1,2,3; Fischer, Daniela2; Beyersmann, Jan3; Stucke-Straub, Kathrin2
1

Institute of Medical Biometry and Informatics, University of Heidelberg, Germany
Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach, Germany
3
Institute of Statistics, Ulm University, Germany
2

Abstract. Cancer drugs with cytotoxic treatment mechanism can cause severe side effects. Hence,
dose finding in phase I oncology trials is conducted in patients in an advanced cancer stage. This
means that high accuracy and a responsible choice of the trial design are essential requirements to the
trial sponsor. Bayesian model-based designs like the Bayesian logistic regression model (BLRM)
address these problems and are established in pharmaceutical industry for the estimation of a
maximally tolerated dose (MTD) [1-3]. This master thesis arose from an ethical and statistical
challenge Boehringer Ingelheim was faced in their research and planning of clinical trials. Treatment
with a combination of two drugs usually requires dose finding on monotherapy before a dose finding
can be conducted for the combination treatment. However, those single drug treatments are assumed
to have rather low efficacy, which raises the question how to proceed with patients included in those
single drug trials. Ideally, they can be included in the subsequent combination treatment dose finding
and in the analysis they are indicated with a binary covariate. Consequently, in this talk we propose
models for dose finding with covariates for both monotherapy and combination treatment and those
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models are then compared to models without covariate use. For this purpose different dose-finding
scenarios are set up and are used in simulations to investigate the performance of the models. The
necessary MCMC calculations for the BLRM were done with WinBugs. In the single drug treatment
setting, the use of covariates in the BLRM showed overall the most convincing results compared to
the other designs. The same holds true for the proposed model for the use of covariates in
combination treatment. According to the simulation results, patients with pre-treatment should also
be included into the combination treatment trial if the difference in the dose-toxicity relationship
between the monotherapy pre-treated patients and the non-pre-treated patients is not extreme.
References
1. O'Quigley, J., Pepe, M., Fisher, L. (1990) Continual reassessment method: A practical design for
phase 1 clinical trials in cancer. Biometrics; 46:33-48.
2. Neuenschwander, B., Branson, M., Gsporner, T. (2008) Critical aspects of the Bayesian approach
to phase I cancer trials. Statistics in Medicine; 27:2420-2439.
3. Bailey, S., Neuenschwander, B., Laird, G., Branson, M. (2015) A Bayesian case study in
oncology phase I combination dose-finding using logistic regression with covariates. Journal of
Biopharmaceutical Statistics; 19:469-484.

Evaluating long-term influenza forecasts from spatio-temporal
model components
Reeve, Kelly1; Held, Leonhard1
1

University of Zurich: Epidemiology, Biostatistics and Prevention Institute

Abstract.
Forecasting the spread of infectious disease provides health professionals and policymakers with
crucial information needed to prevent and control epidemics. Here we use an analytical method for
producing long-term predictions within a probabilistic endemic-epidemic model framework1. This
paper studies whether inclusion of spatial model components improves prediction of reported
influenza cases in southern Germany from 2001 to 2017. These model components include powerlaw approximations for transmissions in space, gravity components scaling a region’s susceptibility
by measures of its population, and border covariates for possible transmission from outside the
observation window. We use proper scoring methods to evaluate the calibration and sharpness of the
predictive distributions conditioned on early-season count data. Furthermore, we ask whether these
improvements are still detected when aggregating predictions over space to obtain weekly count
predictions or over both time and space dimensions for final count predictions. The scoring rules are
also applied to subsets of the data in order to better detect changes over the time and space
dimensions. We show that power law models with and without gravity components often perform
better than baseline models across prediction aggregation levels. Conversely, border covariates do
not greatly improve predictions here. These results are supported by univariate, weekly, and regional
scores. We also show that all models have difficulty accurately predicting the timing of peak
incidence and instead predict the same peak time each year. We hypothesize that the model inflexibility with respect to this changing peak time relates to the sensitivity of the spatial models to
unexpectedly high conditioning week counts. For example, in 2017 the season peaks early, resulting
in high counts in the conditioning week and causing spatial models to predict excessively high counts
during this season.
References
1. Held, L., Meyer, S., Bracher, J. (2017) Probabilistic forecasting in infectious disease
epidemiology. Statistics in Medicine, 36 (22): 3443-3460.
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Bayesian Approaches II
Bayesian Sample Size Calculation – a Critical Review of Expected
Power and Probability of Success.
Kunzmann, Kevin1; Kieser, Meinhard1
1
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Abstract. The true effect size is often unknown at the planning stage of clinical trials. To fix a
sample size, two principal approaches are viable. One could compute the required sample size based
on a minimally clinically relevant effect which has to be defined by domain experts. Alternatively,
the sample size can be based on the most likely effect which will typically be much larger than the
minimal clinically relevant one. In situations where even small effects are relevant and prior
evidence for a larger effect is available, this is often the only way to obtain a manageable sample
size. Bayesian expected power can be seen as a combination of both approaches by considering the
expected power conditional on a relevant effect. The expectation is formed with respect to a prior
reflecting the existing a priori evidence about the effect size.
In this talk, we contrast Bayesian expected power with probability of success [1, 2] before
proceeding to an in-depth analysis of the expected power constraint seen as a functional of a designs
power curve. This functional-analytic view allows us to highlight controversial properties of
expected power for sample size calculation. Based on these insights, we propose an alternative
approach to formulating a Bayesian power constraint for sample size calculation. We illustrate the
impact on required sample size primarily for single-stage designs but briefly discuss implications for
two-stage adaptive designs as well.
References
1. Spiegelhalter, D. J. and Freedman, L. S. (1986). A predictive approach to selecting the size of a
clinical trial, based on subjective clinical opinion. Statistics in Medicine, 5(1), 1–13.
2. Rauch, G. and Kieser, M., 2013. An expected power approach for the assessment of composite
endpoints and their components. Computational Statistics & Data Analysis, 60, pp.111-122.

Eine Meta-Analyse individueller, aggregierter und unvollständiger
aggregierter Daten
Vonthein, Reinhard1, Jobs, Alexander2
1

Institut für Medizinische Biometrie und Statistik, Universität zu Lübeck, Universitätsklinikum
Schleswig-Holstein, Campus Lübeck und Zentrum für Klinische Studien Lübeck, Universität zu
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2
Universitäres Herzzentrum Lübeck, Medizinische Klinik II / Kardiologie, Angiologie,
Intensivmedizin, Universität zu Lübeck, Universitätsklinikum Schleswig-Holstein, Campus Lübeck,
Lübeck, Deutschland
Abstract.
Hintergrund: Für die Blutdrucksenkung in den ersten Stunden mit ACE-Hemmern liegen in der
Literatur zahlreiche Berichte über kleine Studien vor. Einige bieten individuelle Patientendaten zu
Baseline und nach der Behandlung, einige arithmetisches Mittel und Standardabweichung der
Differenzen, viele aber nur arithmetische Mittel und Standardabweichungen zu beiden Zeitpunkten,
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eine Studie entsprechende Mediane und Interquartilspannen.
Zweck: Dennoch sollen die Daten in eine Meta-Analyse einfließen.
Methoden: Mediane und Interquartilspannen werden nach Cochrane Handbook1 umgerechnet. Aus
Studien weise doppelt zentrierten individuellen Daten wird die Korrelation geschätzt. Kenntnis
dieser erlaubt die Schätzung der Varianz der Differenzen auch in den unvollständigen aggregierten
Daten in einem Zwischenschritt. Anschließend erfolgt die Meta- Regression mit zufälligen Effekten.
Bleibt dabei die Unsicherheit der Schätzung des Korrelationskoeffizienten unberücksichtigt? Kommt
es zu Verzerrungen? Also wird die Meta-Analyse auch in einem Schritt geschätzt mittels MCMC.
Die Rechnungen erfolgen mit R2.
Ergebnisse: Die medizinischen Schlussfolgerungen ändert man dadurch nicht wesentlich. Die
eigentliche Herausforderung besteht in der Modellierung der Heterogenität zwischen den Studien.
Diskussion: Jetzt liegt eine Deklaration des Modells zur Nutzung bereit, deren Vor- und Nachteile
nun bekannt sind.
Literaturverzeichnis
1. Higgins JPT, Green S (Hrsg.) (2011). Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0 [updated March 2011]. The Cochrane Collaboration. http://handbook-51.cochrane.org/ [10.12.2017].
2. R Core Team (2017) R: A Language and Environment for Statistical Computing, Version 3.4.2.
Wien, https://www.R-project.org [28.09.2017]
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Machine Learning and Big Data Analyses II
Assessing false positive findings in a viral detection pipeline using
high-throughput sequencing data
Kruppa, Jochen1,2; Jung, Klaus1
1

Institute for Animal Breeding and Genetics, University of Veterinary Medicine Hannover, Hannover
Institute of Medical Biometrics and Clinical Epidemiology, Charité Universitätsmedizin Berlin,
Berlin
2

Abstract. The analysis of high-throughput data has become more and more important in genomic
research. Here, we want to present the development of a virus detection pipeline for the analysis of
high-throughput data in infection research. The approach is using high-throughput data generated by
next generation sequencing (NGS), which has become the state of the art for the analysis of genomic
samples. Importantly, the viral detection pipeline is designed for revealing viral sequences in
reference free host organisms. Normally, the raw reads are filtered from the host reads by mapping
the reads to the host reference. Afterwards larger assemblies, contigs, can be build. This is not
always possible in the case of infectious zoonoses research because the host reference is often not
available.
Here, we present a full bioinformatic pipeline for the NGS-based virus detection: The mapping of the
reads to an artificial genome consisting of ~ 2.4 million viral sequences, the translation of DNA
sequencing reads into amino acid sequences, which are then mapped to an artificial genome
consisting of ~ 3.3 million amino acid sequences, and the visualization of mapping results in an
assembly plot. Due to many multiple mapped reads many false positive findings can occur.
Therefore we estimate beforehand the detection error rates using a decoy sequence database [1]. The
decoy database allows to compare different DNA mapper by the false positive rates of the mapped
reads. (https://github.com/jkruppa/viralDetectTools)
References
1. Reidegeld, K. A., et al. (2008). An easy-to-use Decoy Database Builder software tool,
implementing different decoy strategies for false discovery rate calculation in automated MS/MS
protein identifications. Proteomics, 8(6), 1129-1137.

Recovery of IPD inferences from key IPD summaries only:
Applications to research reproduction and synthesis
Bonofiglio, Federico 1
1

Institute of Medical Biometry and Statistic, University Medical Center of Freiburg, Freiburg,
Germany
Abstract. Access to Individual Person Data (IPD) is regarded as golden standard for accurate
inferential recovery. Few cases are exceptions. For instance, reconstruction of a pooled IPD linear
regression from slope’s estimates combination suffers minimal information loss, if the model’s only
covariate is categorical [1], or if the slopes’ covariance is available [2]. In generic multi-variable
modeling, with maybe covariates interactions, it is typically accepted that standard summaries metaanalysis has some limitations versus pooling of raw IPD. However, original IPD may not be always
available. For instance, only certain IPD summaries may be shared to protect data privacy. Then, it
remains the problem on how to recover good IPD inferences when no IPD is available. Here, I
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present a method that accomplish the following. First, it stochastically re-constructs IPD from
disclosed IPD’s marginal moments and correlation matrix. Second, it recovers a generic IPD
inference from the re-constructed IPD. The approach is based on Maximum Entropy methods,
specifically tailored to easily apply to the multi-dimensional case. I show the re-constructed IPD
leads to good recovery of commonly used IPD inferences, including (multi-variable) Generalized
Linear Model, Cox, and Nelson-Aalen/Breslow estimates. Agreement with the standard nonparametric bootstrap is shown. Application to meta-analysis is shown via recovery of pooled IPD
estimates from a Cox frailty regression.
References
1. Olkin, I., Allan, S. (1998) Comparison of meta-analysis versus analysis of variance of individual
patient data. Biometrics: 317-322.
2. Lin, D. Y., Zeng, D. (2010) On the relative efficiency of using summary statistics versus
individual-level data in meta-analysis. Biometrika (97): 321- 33.

Deep learning: methods and applications in biomedicine
Marchiori, Elena1
1

Institute for Computing and Information Sciences, Faculty of Science, Radboud University
Nijmegen, The Netherlands
Abstract.
Deep learning algorithms are more and more used by researchers and practitioners in health
informatics. In this talk we will overview popular deep neural network models and their applications
in health informatics. Then we will zoom in on a couple of recent case studies from our research
collaborations, mainly involving medical image analysis.
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Multiple Testing I
Probability inequalities between one- and two-sided unionintersection tests
Finner, Helmut
Institute for Biometrics and Epidemiology, German Diabetes Center (DDZ), Leibniz Center for
Diabetes Research at Heinrich Heine University Düsseldorf, Düsseldorf, Germany
Abstract. In this talk we focus on collections of
X = (Xt : t ∈ T ) and the validity of the probability inequality
P X(A) ≤ P X(A1)P X(A2),

real

valued

random

variables
(1)

where A = A1 ∩ A2 for suitable sets A1, A2. For example, one may think of A1 and A2 as lower and
upper acceptance regions of multivariate one-sided tests, that is, A1 = {x ∈ IRn : xi ≤ di,
i = 1, . . . , n}, A2 = {x ∈ IRn : xi ≥ ci, i = 1, . . . , n}. Note that we always have a lower (Bonferroni) bound for P X(A), that is, P X(A) ≥ P X(A1) + P X(A2) − 1. Already 1939, Wald and Wolfowitz
conjectured that (1) should be true for one and two-sided acceptance regions of KolmogorovSmirnov tests, cf. [1]. Eighteen years later, Vandewiele and Noé confirmed this conjecture and
proved several inequalities for Kolmogorov-Smirnov type statistics, cf. [2]. At the same time, Esary,
Proschan and Walkup delivered a general theory on the asso- ciation of random variables in their
pathbreaking paper [3]. Herewith it is easy to prove that (1) is valid if X is positively associated and
if A1 is a non-decreasing set and A2 is a non-increasing set. We illustrate this result by means of oneand two-sided multivariate union-intersection tests based on associated random variables. An
important consequence of inequality (1) is that the combination of two one-sided multivariate level
α/2 tests yields a two-sided test which is only slightly conservative for conventional values of α.
References
1. Wald, A., Wolfowitz, J. (1939) Confidence limits for continuous distribution functions. Ann.
Math. Statist. 10: 105-118.
2. Vandewiele, G., Noé, M. (1967) An inequality concerning tests of fit of the Kolmogorov-Smirnov
type. Ann. Math. Statist. 38: 1240-1244.
3. Esary, J. D., Proschan, F., Walkup, D. W. (1967) Association of random variables, with
applications. Ann. Math. Statist. 38: 1466-1474.

Evaluation of multiple prediction models
Westphal, Max1; Brannath, Werner1
1

University of Bremen, Faculty 3 - Mathematics/Computer Science, Institute for Statistics, Bremen,
Germany
Abstract. Performance evaluation of a prediction model Yˆ = fˆ(X) is an important and
difficult task in machine learning. The predominant recommendation in the literature is that training,
validation and evaluation should be carried out on independent data sets to avoid overly optimistic
estimates of the generalization performance ϑ. It is usually assumed that only one model is selected
in the validation step and hence only this model needs to be evaluated. In this case, it is usually not
difficult to derive a statistical test for the null hypothesis H0 : ϑ≤ ϑ0 which controls the type 1 error
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rate.
If evaluation of M > 1 models is required, adjusting for multiple testing is necessary in the evaluation
stage, in order to avoid an inflation of the global type 1 error rate. We are, however, not aware of any
literature concerned with multiple testing in the context of model evaluation.
In case the joint distribution of the test statistics is (approximately) multivariate normal, we propose
to use the so-called maxT-approach which is based on the distribution of the maximum test statistic.
It is capable to benefit in terms of statistical power in case the test statistics are positively correlated,
which is usually the case.
We compared this approach to the established procedure of evaluating only the presumably best
model from the validation stage with regards to type 1 error rate, statistical power and bias using
computer simulations. We demonstrate that our procedure is capable of (approximately) controlling
the type 1 error and yielding increased power compared to the default approach. When considering
the fraction of candidate models to be evaluated as a parameter of the evaluation procedure, a tradeoff between power and bias can be observed.
We conclude that our approach is valuable when the goal is to identify with high probability, out of
M > 1 candidate models, at least one model which is able to beat a given performance benchmark
while controlling the type 1 error rate.

Estimating the proportion of true null hypotheses under arbitrary
dependency
Dickhaus, Thorsten1; Neumann, André1; Bodnar, Taras2
1
2

Institute for Statistics, University of Bremen, Germany
Department of Mathematics, Stockholm University, Sweden

Abstract. It is a well known result in multiple hypothesis testing that the proportion π0 of true null
hypotheses is not identified under general dependencies. However, it is possible to estimate π0 if
structural information about the dependency structure among the test statistics or p-values,
respectively, is available. We demonstrate these points, and propose a marginal parame- tric
bootstrap method. A pseudo-sample of bootstrap p-values is generated, which still carry information
about π0, but behave like realizations of sto- chastically independent random variables. Theoretical
properties of resulting estimation procedures for π0 are analyzed and their usage is illustrated on
synthetic and real data. The presentation is based on [1].
References
1. Neumann, A., Bodnar, T., Dickhaus, T. (2017) Estimating the Proportion of True Null
Hypotheses under Copula Dependency.
Research Report 2017:09. Mathematical Statistics, Stockholm University.
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Award Session
Resampling-basierte Variablenselektion: Wahl der SubsamplingRatio
Litzka, Leonie1
1

Ludwig-Maximilians-Universität München, Deutschland

Die Bachelorarbeit „Resampling-basierte Variablenselektion: Wahl der Subsampling-Ratio“
betrachtet anhand von drei Datensätzen aus dem medizinischen Anwendungsbereich die Stabilität
der Ergebnisse Resampling-basierter Variablenselektionen in Abhängigkeit unterschiedlicher
Subsampling-Ratios.
Die Modellierung des Zusammenhangs zwischen einer Zielgröße und mehreren möglichen
Einflussgrößen erfolgt häufig mithilfe statistischer Regressionstechniken. Ein wichtiges Thema ist
dabei die Auswahl der Einflussgrößen. Um die Stabilität der Ergebnisse schrittweiser
Variablenselektionsverfahren wie der Backward Elimination zu untersuchen, wurde die Resamplingbasierte Variablenselektion entwickelt (vgl. Sauerbrei, Willi; Schumacher, Martin: A bootstrap
resampling procedure for model building: Application to the cox regression model. In: Statistics In
Medicine 11 (1992), Nr. 16, S. 2093-2109). Hierbei werden aus dem Datensatz nochmals zufällige
Stichproben gezogen und auf diesen jeweils eine Variablenselektion durchgeführt. Für die
Einflussgrößen können dann relative Häufigkeiten berechnet werden, sogenannte
Inklusionshäufigkeiten, die angeben, wie oft eine Variable in das Modell selektiert wurde. Die
Stichprobenziehung aus dem Datensatz wurde häufig über Bootstrap realisiert, neuere Studien
empfehlen Subsampling (vgl. Bin, Riccardo de; Janitza, Silke; Sauerbrei, Willi; Boulesteix, AnneLaure: Subsampling versus Bootstrapping in Resampling-Based Model Selection for Multivariable
Regression. In: Biometrics 72 (2016), Nr. 1, S. 272-280).
Ziel der Bachelorarbeit war es, zu untersuchen, ob es bei der Verwendung von Subsampling ein
Ziehverhältnis gibt, die sogenannte Subsampling-Ratio, bei dem die Ergebnisse der Resamplingbasierten Variablenselektion stabiler sind als bei anderen Ratios. Diese Untersuchung geschah pro
Datensatz über das Bilden von jeweils zwei Subdatensätzen zur gegenseitigen Validierung. Auf
jedem Subdatensatz wurde eine Resampling-basierte Variablenselektion durchgeführt. Der Vergleich
der Inklusionshäufigkeiten der Variablen der Subdatensätze ermöglicht die Untersuchung der
Stabilität der Resampling-basierten Variablenselektion. Die ganze Prozedur wurde 50 Mal pro
Datensatz wiederholt. Als Ratios wurden die Ziehverhältnisse 9-1, 4-1, 2-1 und 1-1 betrachtet.
Die Stabilität wurde über Diskordanzkriterien aus Sicht der Iterationen sowie aus dem Blickwinkel
der Variablen beurteilt. Ein Ziehen im Verhältnis 1-1 hat sich bei allen drei Datensätzen als stabiler
herausgestellt als die anderen Ratios. Betrachtet man die Stabilität aus der Sicht einzelner Variablen,
spielt zusätzlich die Deutlichkeit des Einflusses der Variablen auf die Zielgröße eine Rolle. Die
Abhängigkeit der Stabilität vom Stichprobenumfang wurde ebenfalls betrachtet, Ratio 1-1 wurde
dabei bestätigt.
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Increased mortality of heads of government
Fecker, Julian1
1

F. Hoffmann-La Roche Ltd, Schweiz

Abstract. This talk is about a recent study which reported increased mortality of heads of
government. To avoid the time-dependent bias, survival from last election was compared between
election winners and runners-up. We will claim that this data manipulation results in bias due to
conditioning on future events and we will show that survival should be compared from first election
as well as winning should be considered as a time-dependent covariate. After re-designing the study
we will display this bias using Lexis diagrams and multistate methodology. Finally, we will compare
these two biases by using Cox-models and will conclude that the healthy candidate bias was even
more severe than the time-dependent bias.

On the correlation between progression-free survival and overall
survival
Meller, Matthias1
1

Roche, Germany

Abstract. Progression-free survival (PFS) is a commonly used surrogate endpoint in oncology trials.
Quantities of interest in this context are the correlation coefficient between PFS and OS, the joint
distribution of PFS and OS as well as the survival function for OS. Fleischer et al. and Li and Zhang
use a latent-time illness-death model without recovery to jointly model PFS and OS and based on
this model, derive parametric point estimates for the correlation between PFS and OS and the
survival function of OS [1,2]. They either assume exponential or Weibull transition hazards with a
common shape parameter. We generalize their approach by showing that the latent time assumption
is not necessary, derive parametric and nonparametric point estimates as well as inference methods
for the transition hazards, the correlation between PFS and OS, the joint distribution of PFS and OS
as well as the survival function of OS. We do this by relaxing the equal shape parameter assumption
and under various assumptions on the stochastic process underpinning the multistate model, namely
time-homogeneous and time-inhomogeneous Markov, semi-Markov as well as non-Markov. Our
results shed light on the implicit assumptions in Fleischer et al and Li and Zhang [1,2]. The methods
are illustrated using a large Phase 3 oncology clinical trial.
References
1. Fleischer, F., Gaschler-Markefski, B. and Bluhmki, E. (2009). A statistical model for the
dependence between progression-free survival and overall survival. Stat. Med. 28 2669-2686.
2. Li, Y. and Zhang, Q. (2015). A Weibull multi-state model for the dependence of progression-free
survival and overall survival. Statistics in medicine 34 2497-2513.
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Nonparametric estimation of pregnancy outcome probabilities
Friedrich, Sarah1
1

Institute of Statistics, Ulm University, Ulm, Germany

Estimating pregnancy outcome probabilities based on observational cohorts has to account for both
left-truncation, because the time scale is gestational age, and for competing risks, because, for
example, an induced abortion may be precluded by a spontaneous abortion. The applied aim of this
work was to investigate the impact of statins on pregnancy outcomes using data from Teratology
Information Services. Using the standard Aalen-Johansen estimator of the cumulative event
probabilities suggested the medically unexpected finding that statin exposure decreased the
probability of induced abortion and led to more live births. The reason was an early induced abortion
in a very small risk set in the control group, leading to unstable estimation which propagated over the
whole time span. We suggest a stabilized Aalen-Johansen estimator which discards contributions
from overly small risk sets. The decision whether a risk set is considered overly small is controlled
by tuning parameters which we choose using a cross-validated Brier Score. We show that the new
estimator enjoys the same asymptotic properties as the original Aalen-Johansen estimator. Small
sample properties are investigated in extensive simulations. We also discuss extensions to more
general multistate models.

Boosting Factor-Specific Functional Historical Models for the Detection of
Synchronisation in Bioelectrical Signals
Rügamer, David†, Brockhaus, Sarah†, Gentsch, Kornelia‡, Scherer, Klaus‡, Greven, Sonja†
† Department of Statistics, LMU Munich, Munich, Germany.
‡ Swiss Center for Affective Sciences, University of Geneva, Geneva, Switzerland
The link between different psychophysiological measures during emotion episodes is not well
understood. To analyse the functional relationship between electroen-cephalography (EEG) and
facial electromyography (EMG), we apply historical function-on-function regression models to EEG
and EMG data that were simultaneously recorded from 24 participants while they were playing a
computerised gambling task. The resulting data set yields over 20 thousand observed time series with
384 time points for each of the two recorded signals. Given the complexity of the data structure for
this application, we extend simple functional historical models to models including random historical
effects, factor-specific historical effects, and factor-specific random historical effects. Estimation is
conducted by a component-wise gradient boosting algorithm, which scales well to large data sets and
complex models.
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Biometrical Methods in Agriculture, Forestry and Ecology
Spatial Designs for Field Trials: Construction, Efficiency and
Error Variance Bias
Williams, Emlyn1
1

Australian National University, Canberra, Australia

Abstract. Spatial designs are widely used in field trials and also in other areas where there are twodimensional arrangements of experimental units. When treatments can be arranged into replicates,
there is an automatic separation of treatment replications; otherwise, as is often the case, there can be
the need to consider their spread in the construction process. The neighbour balance of adjacent pairs
of treatments should also be addressed in construction. Spatial restrictions such as these constrain the
normal randomization process for a row and column design and are likely to lead to error variance
bias; the degree of this bias will be discussed.

Optimal Designs for the Prediction of Individual Parameters in
Multiple Group Models with Random Coefficients
Prus, Maryna1
1

Otto-von-Guericke-Universität Magdeburg, Germany

In random coefficients regression (RCR) models observational units (individuals) are assumed to
come from the same population with an unknown population mean and differ from each other by
individual random parameters. In multiple group RCR models individuals in different groups get
different kinds of treatment. If group sizes are fixed and the unknown mean parameters may differ
from group to group, statistical analysis can be performed in each group separately. This talk
presents analytical results for optimal group sizes for the prediction of the individual parameters in
multiple group RCR models with a common population mean for all individuals across all groups.

Posterior Probabilities of Genome-Wide Associations in Backcross
Families
Reichelt, Manuela1; Mayer, Manfred1; Teuscher, Friedrich1; Reinsch, Norbert1
1

Leibniz Institute for Farm Animal Biology, Institute of Genetics and Biometry, Dummerstorf,
Germany
Abstract. Bayesian methods that use all available markers simultaneously are frequently used for the
purpose of genomic predictions. Fernando et al. [1] suggested to compare the genetic variance of
chromosome segments with an expected value that can be derived under the assumption of the
genetic variance being equally distributed over all markers. Under the null hypothesis of no
association the ratio of estimated and expected variance is one. An association can be inferred, if the
posterior probability of a ratio greater than one exceeds e.g. 95 %.
For backcross populations a covariance matrix of marker effects can be derived from prior
information [2]. By capitalizing on this covariance matrix it is also possible to consider genetic
covariances between chromosome segments and their posterior probabilities to exceed expectations.
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We included this new approach into the analyses of simulated backcross data. In 18 different
scenarios it could be demonstrated that the variance ratio approach is better suited for finding
genome-wide associations compared to inferences drawn from the posterior distributions of the
marker effects alone.
References
1. Fernando, R.L., Toosi, A., Garrick, D.J., Dekkers, J.C.M. (2014) Application of Whole-Genome
Prediction Methods for Genome-Wide Association Studies: a Bayesian Approach. Proceedings of the
10th World Congress of Genetics Applied to Livestock Production, 17-22 August, Vancouver, BC,
Canada, 201.
2. Bonk S., Reichelt M., Teuscher F., Segelke D., Reinsch N. (2016): Mendelian sampling
covariability of marker effects and genetic values. Genet Sel Evol 48: 36.
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Free Topics
An Augmented Likelihood Ratio Index for Categorical Response
Models
Ugba, Ejike R.1; Gertheiss, Jan1
1

Institute of Applied Stochastics and Operations Research, Clausthal University of Technology,
Germany
Existing studies on measures of goodness of fit of categorical response models typically focus on
binary outcome models rather than ordinal models. In this study, we provide a simple generalization
of some widely recognized likelihood-based goodness-of-fit measures for categorical response
models, comparing their predictive strength with a linear model for a latent, continuous response. We
propose a response-adjusted likelihood ratio index that takes cognizance of the effect of increasing
number of response categories on the likelihood ratio index and that also applies to both binary and
polytomous outcome models estimated via maximum likelihood. Simulation studies and a real-life
data example show that the proposed measure approximates the latent R2 measure closely. In fact, it
provides a very good substitute to the McKelvey & Zavoina's measure known for its approximation
of the underlying R2. Compared to other measures, the proposed measure further shows the strongest
association with changes in the odds ratios of a binary model and also yields stable results under
increasing number of response category in ordinal models.

Guidance for the selection of variables and functional form for
continuous variables – Why and for whom?
Sauerbrei, Willi1 for TG2 of the STRATOS initiative.
1Institute for Medical Biometry and Statistics, University of Freiburg, Germany
During recent times, research questions have become more complex resulting in a tendency towards
the development of new and even more complex statistical methods. Tremendous progress in
methodology for clinical and epidemiological studies has been made, but has it reached researchers
who analyze observational studies? Do experts (whoever they are) agree how to analyze a study and
do they agree on potential advantages and disadvantages of competing approaches?
Multivariable regression models are widely used in all areas of science in which empirical data are
analyzed. A key issue is the selection of important variables and the determination of the functional
form for continuous variables. More than twenty variable selection strategies (each with several
variations) are proposed and at least four approaches (assuming linearity, step functions (based on
categorization), various types of spline based approaches and fractional polynomials) are popular to
determine a functional form. In practice, many analysts are required de facto to make important
modelling decisions. Are decisions based on good reasons? Why was a specific strategy chosen?
What would constitute a ‘state-of-the-art’ analysis?
Considering such questions we will argue that guidance is needed for analysts with different levels of
statistical knowledge, teachers and many other stakeholders in the research process. Guidance needs
to be based on well designed and conducted studies comparing competing approaches. With the aim
to provide accessible and accurate guidance for relevant topics in the design and analysis of
observational studies the international STRengthening Analytical Thinking for Observational Studies
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(STRATOS) Initiative (http://stratos-initiative.org) was recently founded.
More about issues mentioned is given in the short summary of topic group 2 ‘Selection of variables
and functional forms in multivariable analysis’ in a paper introducing the initiative and its main aims
(Sauerbrei et al (2014), Statist Med 33: 5413-5432).

Graphical principles for creating effective data visualizations
Baillie, Mark1; Jones, Julie1; Magnusson, Baldur1; Margolskee, Alison2; Vandemeulebroecke, Marc1
1
2

Novartis Pharma AG, Basel, Switzerland
Novartis Pharmaceuticals, Cambridge, USA

Abstract. Effective visualizations communicate complex statistical and quantitative information to
facilitate insight, understanding, and decision making. But how do you make an effective graph?
Start with identifying the purpose (i.e. the question) the graph will address. Knowing the purpose
will help to select the correct graph type for the data being displayed. Use proximity and alignment
of graphical elements to facilitate comparison. Give consideration to axis scales and orientations to
support interpretation. Use colour sparingly and only for a specific purpose. Use descriptive and
legible axis labels and annotations to help convey the message. This talk will present these and other
graphics principles to consider when creating graphs, and give examples of applying these principles
to some commonly used graphs.

On the implications of influential points for the selection and
reproducibility of MFP models
Fermin, Yessica1, Kotwa, Ewelina1, Royston, Patrick2, Sauerbrei, Willi1
1
2

Institute for Medical Biometry and Statistics, University of Freiburg, Germany
MRC Clinical Trials Unit at UCL, London, UK

Abstract. In fitting regression models data analysts are often faced with many predictor variables
which may have an influence on outcome. Variable selection strategies are used in order to identify
the subset of 'important' predictors. A further important issue of model building is how to deal with
the relationship between outcome and a continuous variable X. Often a linear functional relationship
is assumed. However, this assumption may be incorrect, leading to a misspecified final model in
which a relevant variable may not be included or in which the assumed functional form differs
substantially from the unknown true form.
For nearly two decades fractional polynomials (FP) have been found useful in univariate and
multivariable non-linear regression analysis [1,2,3]. For the latter task the multivariable fractional
polynomial (MFP) approach has been proposed. It combines backward elimination with the FP
function selection procedure (FSP). FSP is a closed test procedure consisting of three steps testing
whether there is (1) an overall association of outcome with X, (2) evidence for non-linearity and (3)
evidence that a more complex non-linear function fits the data significantly better than a simple nonlinear function.
As with many flexible regression models, they may be prone to distortion of the fitted function
caused by single values with influence on the function selected. Using simulated data, Royston and
Sauerbrei (2008, chapter 10) discuss diagnostic plots to investigate for influential points. The
approach will be extended for pairs of observations and two approaches will be considered for
multivariable model building. Implications of influential points and sample size for the selection and
reproducibility of MFP models will be illustrated and discussed.
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2. Royston P., Altman D. (1994) Regression using fractional polynomials of continuous covariates:
parsimonious parametric modelling (with discussion). Applied Statistics, 43, 429- 467.
3. Royston P., Sauerbrei W. (2008) Multivariable Model-Building – A pragmatic approach to
regression analysis based on fractional polynomials for modelling continuous variables. Wiley.
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Transformation of the predictors by using fractional polynomials. Journal of the Royal Statistical
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Statistical Methods in Bioinformatics I
The right word in the right place: Optimizing codon usage for
protein translation
Trösemeier, Jan-Hendrik1; Rudorf, Sophia2; Loessner, Holger1; Hofner, Benjamin1; Reuter,
Andreas1; Schulenborg, Thomas1; Koch, Ina3; Bekeredjian-Ding, Isabelle1; Lipowsky, Reinhard2;
Kamp, Christel1
1

Paul-Ehrlich-Insitut, Langen, Germany
Max Planck Institute of Colloids and Interfaces, Potsdam-Golm, Germany
3
Goethe University Frankfurt, Molecular Bioinformatics, Frankfurt am Main, Germany
2

Abstract. Predicting and optimizing protein expression levels of synthetic genes is a complex task.
One important aspect is the adjustment of codon usage which is largely done by adaptation of codon
choices to those seen in highly expressed genes of a given organism. In view of frequently
encountered suboptimal outcomes we introduce the codon-specific elongation model (COSEM) as a
mechanistic approach to study translational control by codon choice. COSEM allows for stochastic
simulations of ribosome dynamics based on codon- specific translation speed and accuracy and as
such for predictions on protein translation rates per mRNA. We refine this predictor for protein
synthesis rates into a protein expression score by considering additional mRNA sequence features
whose impact on translation we estimate by model-based boosting methods. We validate the protein
expression score by comparing predicted with observed protein levels from genes found in E. coli, S.
cerevisiae and human HEK293 cell lines. Choosing codons that maximize the protein expression
score further allows for inference of optimal codons, i.e. those that maximize protein synthesis rates
as often desired in heterologously expressed genes. In contrast to standard, heuristic procedures for
codon adaptation, our systems view of translation allows for fine tuning of features such as
translation speed or accuracy in a context dependent manner to achieve improved results particularly
where standard procedures do not deliver satisfactory results. To demonstrate this, we optimized and
tested heterologous expression of two genes, manA and ova, in Salmonella enterica serovar
Typhimurim, which showed a threefold increase in protein yield compared to wild type and
commercially optimized sequences. Our multi-parameter algorithm for codon- adaptation is
implemented in the software OCTOPOS (Optimized Codon Translation fOr PrOtein Synthesis),
which will be briefly introduced in combination with potential applications including tailor-made
protein synthesis or pathogen attenuation.

Optimal Selection of Genetic Variants for Adjustment of
Population Stratification in European Association Studies
Brinster, Regina1; Scherer, Dominique1; Lorenzo Bermejo, Justo1
1

Institute of Medical Biometry and Informatics, University of Heidelberg, Heidelberg, Germany

Abstract. Population stratification due to different environmental exposures and genetic composition
of study subpopulations can lead to spurious associations in genetic studies. A well-known method to
avoid false positive and false negative findings attributable to population stratification relies on
principal component analysis (PCA) of genotype data. The estimated principal components (PCs) are
subsequently included as covariates in regression models that investigate the genotype-phenotype
relationship. Alternative correction approaches are based on the identification and subsequent
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inclusion of genetic variants which show large differences in allele frequency among subpopulations,
so-called ancestry informative markers (AIMs). In contrast to the commonly applied PCA correction,
relatively few AIMs are needed to adjust for population stratification. The optimal set of AIMs
needed for stratification adjustment can be found using several approaches, including PCA methods
which are robust against individuals departing from the majority of the study population (outliers).
We compared several approaches for AIM identification and subsequent stratification adjustment
including the method proposed by Bauchet et al. [1]. Generalizing this method, we examined the
correction performance of standard, robust and sparse PCA using the European subset of the
Population Reference Sample (POPRES) [2]. Extreme individuals were identified according to
significant PCs, and the genetic variants with the largest Weir’s unbiased f-statistics among extreme
individuals were selected to adjust for stratification.
The correction performance of the examined approaches was evaluated by means of the type I error
rate and the genomic inflation factor in simulated case-control studies relying on the POPRES data
set. Investigated scenarios comprised the case-control distribution in each subpopulation as well as
the number and genetic heterogeneity of study subpopulations.
Preliminary results show that AIMs based on PCA have the potential to correct for population
stratification. Details on the applied methodology and results for the most promising approaches will
be presented during the colloquium.
References
1. Bauchet, M. et al. (2008) Measuring European Population Stratification with Microarray
Genotype Data. The American Journal of Human Genetics, 80(5): 948-956.
2. Nelson, M.R. et al. (2008) The Population Reference Sample, POPRES: A Resource for
Population, Disease, and Pharmacological Genetics Research. The American Journal of Human
Genetics, 83(3): 347-358.

Identification of SNP interactions associated with survival time
using survivalFS
Tietz, Tobias1; Selinski, Silvia2; Golka, Klaus2; Hengstler, Jan2; Gripp, Stephan3; Ickstadt, Katja4;
Ruczinski, Ingo5; Schwender, Holger1
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Abstract. Many genetic studies aim to identify single nucleotide polymorphisms (SNPs) associated
with time to an event such as survival time or time to recurrence of a disease. In these studies, it is
typically assumed that complex interactions of SNPs are responsible for this time to an event. One of
few methods enabling the direct search for interactions associated with time to a certain event is
logic regression, an adaptive regression methodology particularly developed for the detection of SNP
interactions. To cope with the instability of the logic expressions used in logic regression, we
propose an extension of the logic regression approach for time-to-event data called survivalFS that
creates a variety of logic regression models based on subsamples of the data. To quantify the
importance of the identified SNP interactions for the prediction of the survival or recurrence-free
time, we consider four importance measures based on different scores for determining the goodness
of prediction. Furthermore, we show how these importance measures can be modified for an
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assessment of the individual SNPs that takes the multivariate data structure into account. The
performance of survivalFS and its importance measures is evaluated, on the one hand, in a simulation
study, and on the other hand, in an application to genotype data from an urinary bladder cancer
study. Finally, we show that the importance measures of survivalFS for individual SNPs are able to
outperform the variable importance measure used in random survival forests, an adaptation of
random forests to survival data.

Better regression models for the analysis of methylation data
Gambietz, Agnes1 2; Edelmann, Dominic2; Benner, Axel2
1University of Heidelberg, Heidelberg, Germany
2German Cancer Research Center, Heidelberg, Germany
Abstract. The analysis of DNA methylation is a key component in the development of personalized
treatment approaches in the field of epigenetics. High-throughput profiling using techniques such as
Illumina’s 450k BeadChip array are used to generate methylation levels at specific CpG sites,
represented by beta-values which are of the form M/(M+U), i.e. bounded variables between 0 and 1.
Simple linear regression is often used to model such methylation levels at individual CpG sites with
respect to clinical covariates of interest. These models are based on assumptions that are not met by
the distribution of the beta-values as they are often asymmetric, bimodal and heteroscedastic with
peaks close to 0 and 1. These properties are often conserved even after transformation. Therefore,
other approaches such as beta regression, quantile regression or rank based regression may be
preferred. We give a short introduction to these techniques in order to identify differential
methylation. The performance of these approaches is compared in a large real-world methylation
data set of colorectal cancer patients comprising more than 2000 patients. We develop
recommendations which techniques to use under which conditions in practice. Additionally we give
an overview of a new approach: Semiparametric transformation of nonparametric regression models
has been recently developed in order to provide a more objective view on these models.
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Multiple Testing II
The gatekeeping approach in the world of animal studies - benefits
and limitations
Mayer, Benjamin1; Stahl, Vicky1; Kron, Martina1
1
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Abstract. Statistical sample size calculation is essential when planning animal experiments in basic
medical research. Usually multiple hypotheses are tested in these trials, so interpreting them in a
confirmative manner would require adjusting the type 1 error appropriately. This has to be taken into
account already during sample size estimation. Otherwise, all results would be rather exploratory, i.e.
without cogency. However, this may not the scope of some animal trials.
In our talk, we will shortly recap the concept of gatekeeping [1] along with alternative approaches for
type 1 error adjustment. The application of gatekeeping when calculating the sample size for animal
studies is demonstrated by means of data sets from practice.
Overall, evaluation of the practical examples showed that gatekeeping is able to keep the required
number of animals comparatively small. In contrast to an exploratory planning, which led to lowest
sample sizes, gatekeeping suggested a mean increase of 12% in sample size while conservative
Bonferroni-adjustment raised the sample size by 34% on average.
Gatekeeping is a prominent strategy to handle the multiple testing problem and has been proven to
keep required sample sizes in animal studies comparatively low. It is therefore suitable to make a
compromise between the 3R-principle [2] and an appropriate handling of the multiplicity issue in
animal trials with a confirmative focus.
References
1. Dmitrienko, A. & Tamhane, A.C. (2007). Gatekeeping procedures with clinical trial applications.
Pharmaceutical Statistics 6: 171-180.
2. Russell, W.M.S. & Burch, R.L. (1959). The Principles of Humane Experimental Technique.
Methuen, London.

Considerations on Model-Based Approaches for Proof of Concept
in Multi-Armed Studies
Mielke, Tobias1
1

Janssen, Germany

Abstract. Prior to larger Phase 2b dose-finding or confirmatory Phase 3 studies, initial signs of
efficacy are established in small proof of concept (PoC) studies. Multiple dose groups are frequently
not considered in these studies, as the sample size shall be kept at a minimum due to the uncertainty
on the efficacy of the drug. The inclusion of multiple dose groups reduces the power for the PoC,
while adding valuable insight on the dose-response relation.
Model-based methods support efficient sharing of data between treatment groups, what could also
reduce the loss of efficiency in multi-armed PoC-studies. The commonly used MCPMod approach
consists of a model-based trend test to establish any drug-related effect, followed by a dose-responsemodelling step. In particular the model-based trend test serves as a PoC-criterion in multi-armed
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studies (1).
Generally not only the existence of any drug related effects is of interest, but also the size of effects.
Lalonde et al. (2) use confidence intervals on a minimum reference and a targeted effect as
quantitative decision criteria in clinical development. An extension to multi-armed studies using
model-based tests is in the Lalonde framework not straight forward, as the model assumption would
typically bias the effect estimator, such that the Go/No-Go criterion might not be well controlled.
Different approaches to extend the model-based MCPMod approach to test for a targeted effect
difference will be introduced in the presentation and their benefits and limitations will be discussed.
References
1. Bornkamp, B., Pinheiro, J. and Bretz, F. (2010). MCPMod: An R Package for the Design and
Analysis of Dose-Finding Studies . Journal of Statistical Software, (29): 1-23.
2. Lalonde, R., Kowalski, K.G., Hutmacher, M.M., Eq, W., Nichols, D.J., Milligan, P.A., Corrigan,
B.W., Lockwood, P.A., Marhsall, S.A., Benincose, L.J., Tensfeld, T.G., Parivar, K., Amantea, M.,
Glue, P., Koide, H., and Miller, R. (2007) Model-Based drug development. Clinical pharmacology
and therapeutics (82): 21-32.

Clinical trials with multiple objectives – optimal rejection regions
based on Neyman-Pearson tests
Niewczas, Julia1; Burman, Carl-Fredrik2; Hampson, Lisa2; Posch, Martin1; König, Franz1
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Abstract. In clinical trials it is common to have several primary objectives. Typical examples
include multiple endpoints, subgroup testing or comparison of several treatment groups to a control.
To adjust for multiplicity popular adjustments include e.g. Bonferroni and Dunnett tests. For these
methods marginal tests are used splitting the alpha accordingly. Instead we propose a test statistic for
the intersection null hypothesis (i.e., to test if there is any treatment effect) that is a weighted
combination of the marginal test statistics. We derive optimal rejection regions for the test of the
intersection hypothesis by applying the Neyman-Pearson (NP) lemma. To allow for testing of
elementary null hypothesis, the NP optimal test is further embedded into a full closed test by
applying a truncated version of the optimal intersection test. We show that if the difference between
the assumed effects becomes larger, the optimal test coincides with a classical hierarchical test in the
framework of a closed test. Bayesian decision theoretic approaches based on discrete priors are used
to derive optimal weights and rejection regions in the context of frequentist testing. We compare the
proposed tests with more conventional ones such as the weighted Dunnett test for many-one
comparisons in terms of power (e.g., disjunctive power or assurance) and efficiency.
This project has received funding from the European Union's Horizon 2020 research and innovation
programme under the Marie Sklodowska-Curie grant agreement No 633567
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Estimands and Causal Inference in Randomized Clinical Trials
Choosing estimands and estimating them in randomised controlled
trials with treatment changes
White, Ian1
1

MRC Clinical Trials Unit at UCL, Institute of Clinical Trials & Methodology, UCL, UK.

Participants in randomised controlled trials commonly change treatment: for example, patients in the
control arm of a cancer trial may start the experimental treatment on disease progression, or patients
in an asthma trial may receive highly effective rescue medication if their symptoms are not
controlled by their trial medication. In such situations, different analyses may estimate different
quantities (estimands): for example, the effect of treatment as actually given (“treatment policy”
estimand), the effect of treatment if experimental treatment were not available to the control arm
(“hypothetical” estimand), or the effect of treatment in a subgroup who will not require rescue
(“principal stratum” estimand). I will discuss how to choose a suitable estimand. This topic has
recently received much interest in the pharmaceutical industry [1] but is also relevant to nonpharmaceutical trials. I will show that the language of causal inference is helpful in this task.
I will then discuss estimation methods [2, 3]. For the treatment policy estimand, the main challenge
is missing data. For the hypothetical estimand and the principal stratum estimand, we need to draw
again on causal inference ideas. Randomisation-respecting (instrumental variables) methods are more
appealing with simple treatment changes, while inverse probability weighting methods handle
complex treatment changes at the cost of stronger assumptions.
References
1. European Medicines Agency (2017). ICH E9 (R1) addendum on estimands and sensitivity
analysis in clinical trials to the guideline on statistical principles for clinical trials.
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/
2017/08/WC500233916.pdf.
2. Dodd, S., White, I. R., Williamson, P. (2017). A framework for the design, conduct and
interpretation of randomised controlled trials in the presence of treatment changes. Trials, 18: 498.
3. Dodd, S., Williamson, P., White, I. R. (2017). Adjustment for treatment changes in epilepsy trials:
A comparison of causal methods for time-to-event outcomes. Stat Methods Med. Res,
http://journals.sagepub.com/doi/10.1177/0962280217735560.
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Using principal stratification to address post-randomization
events: A case study
Magnusson, Baldur1
1

Novartis Pharma AG

Abstract: In a randomized controlled trial, occurrence of post-randomization events associated with
treatment and the primary endpoint may complicate the interpretation of the overall treatment effect.
In this presentation, we discuss how these events may be accounted for at the estimand and the
estimator level in the context of a recent case study. We define a principal stratification estimand
derived from the scientific question of interest. Consideration is given to identifying assumptions,
model-based derivation of an estimator, handling of covariates and missing data. We also discuss the
role of sensitivity analyses.

Causal inference in randomized trials and
epidemiology: what can each one teach the other?

observational

Bowden, Jack1
1

MRC Integrative Epidemiology Unit at the University of Bristol, UK

It is well known that causal conclusions cannot be drawn from observational associations between a
health exposure and a disease outcome, unless all possible confounders are identified, perfectly
measured and appropriately adjusted for. For this reason, epidemiologists often use instrumental
variable (IV) methods in an attempt to circumvent the issue of confounding and recover true ‘causal’
effects. When genetic variants play the role of the IV, this technique is known as ‘Mendelian
randomization’ (MR) 1. Its name reflects the fact that the over-arching aim of an IV analysis is to
emulate a perfectly conducted randomized controlled trial (RCT).
To address the scepticism that genetic variants may in fact violate the IV assumptions and lead to
invalid inference, recent research in MR has focused on developing methods that can detect and
adjust for instrument invalidity. I will discuss the potential applicability of these approaches in
RCTs, for example to account for treatment cross-over and to identify principal strata.
Causal inference in epidemiology is especially challenging when we wish to estimate the effect of a
time-varying treatment or exposure on a later outcome. This is because one must adjust for timevarying confounders of the exposure2. I will discuss the parallels between time varying confounding
and response adaptive randomization in RCTs, and consider whether methods developed for bias
adjusted estimation in the trials context3 could instead be usefully employed in epidemiology.
References
1. Davey Smith G, Ebrahim S. ‘Mendelian randomization’: can genetic epidemiology contribute to
understanding environmental determinants of disease? International Journal of Epidemiology 2003
32: 1-22.
2. Hernan MA, Brumback BB, Robins JM. Estimating the causal effect of zidovudine on cd4 count
with a marginal structural model for repeated measures. Stat Med. 2002. 21:1689– 1709
3. J. Bowden and L. Trippa. Unbiased estimation for Response Adaptive Clinical Trials. Statistical
Methods in Medical Research. 2017 26:2376-2388.
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Nonparametric Methods I
Resampling-Based Inference for Comparing the Reliability of
Tests
Umlauft, Maria1; Ünlü, Ali2; Pauly, Markus1
1
2

Ulm University, Germany
Technical University of Munich, Germany

Abstract. Reliability is a cornerstone concept in the classical true-score test theory of psycological
or educational measurements. Thus, the aim of the present work it to develop resampling procedures
for inferring hypotheses formulated in reliability measures, where the main focus lies on Cronbach’s
Alpha. As a special case, the two-sample case is studied which has attracted little attention although
it is necessary to compare the reliability, e.g., of tests for different subgroups, for different tests or
the short and long format of a test. For this purpose, resampling-based permutation and bootstrap
tests are proposed for multivariate non-normal models under the general asymptoti- cally distribution
free (ADF) setting. The novel testing procedures ensure a better type-I error control in finite or small
sample sizes, when the state- of-affairs ADF large-sample test may fail to properly attain the nominal
significance level.
The usefulness of the proposed inference methods is demonstrated in extensive simulations and also
illustrated by two real data applications on a childhood trauma questionnaire and a negative problem
orientation questionnaire.

Tree-Based Modelling of Varying Coefficient Terms
Berger, Moritz1; Tutz, Gerhard2; Schmid, Matthias1
1

Department of Medical Biometry, Informatics and Epidemiology, Rheinische Friedrich-WilhelmsUniversität Bonn, Sigmund-Freud-Straße 25, 53127 Bonn, Germany
2
Department of Statistics, Ludwig-Maximilians-Universität München, Akademiestraße 1, 80799
München, Germany
Generalized linear and additive models are very efficient tools that are widely applied to regression
problems in various fields of application. A flexible way to appropriatly capture predictor-response
relationships are varying coefficient models, proposed by [1]. The inclusion of varying coefficients is
particularly useful if there are several covariates on different scales that potentially interact with one
another.
The principle of varying coefficient models is that the coefficients of the covariates x1, … , xp are
allowed to change with the value of other variables z1, . . . , zp, called effect modifiers. It is typically
assumed that the effect modifier zj changes the coefficients of xj through a smooth function of
unspecified form, respectively. Several strategies have been proposed for the estimation of these
smooth functions, for example by [2] and [3].
All the traditional approaches have in common that they aim at distinguishing between varying and
non-varying coefficients. Given a specific effect modifier zj one wants to know if the effect of xj is
constant over the whole range of zj or varies across values of zj. Thus, the effect modifier has to be
specified beforehand. Then one determines the way it modifies coefficients. However, it is often not
known which variable is a potential effect modifier and if more than one effect modifier causes
varying coefficients.
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To adress this issue, we propose a method based on recursive partitioning techniques that itself
identifies the effect modifiers that induce varying coefficients if they are present. We consider only
one set of covariates x1, ... , xp and assume that the coefficient of each
covariate xj can be modified by all the other variables xm, m  {1, ... , p} \ j. As with classical trees
the coefficients are successively split into two regions and in each region the coefficient is fitted by a
constant. In each step of the algorithm one chooses a coefficient (corresponding to a covariate), an
effect modifier and a corresponding split-point. The method yields an individual tree for each
covariate that shows varying coefficients. If varying coefficients are present the relevant effect
modifiers are selected simultaneously.
References
1. Hastie, T. and Tibshirani, R. (1993). Varying-coefficient models. Journal of the Royal Statistical
Society B 55, pp. 757-796.
2. Fan, J. and Zhang, W. (1999). Statistical estimation in varying coefficient models. Annals of
Statistics 27 (5), pp. 1491-1518.
3. Lu, Y., Zhang, R. and Zhu, L. (2008). Penalized spline estimation for varying-coefficient models.
Communications in Statistics - Theory and Methods 37 (14), pp. 2249-2261.

Asymptotics of a non-Markov state transition probability
estimator with applications to the expected length of stay
Dobler, Dennis1; Titman, Andrew C.2
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Abstract. In right-censored multi-state models without the Markov assumption, the well-known
Aalen-Johansen estimator ceases to estimate the state transition probabilities consistently. Therefore,
an alternative estimator had been proposed in [1] which is based on an artificial competing risks
model. In this talk, based on [2], we discuss the convergence in distribution of this estimator in a
càdlàg function space with an increasing sample size and provide detailed formulas for the
asymptotic covariance function. In a next step, the estimator is applied to derive confidence intervals
for the expected length of stay in a specific state. The methods are illustrated with the examination of
a historical two-sample liver cirrhosis data-set for which the Aalen-Johansen estimator produces a
completely different result.
References
1. Titman, A. C. (2015) Transition Probability Estimates for Non-Markov Multi-State Models.
Biometrics, 71(4): 1034–1041.
2. Dobler, D., Titman, A. C. (2017) Weak convergence of a non-Markov transition probability
estimator under right-censoring with applications to expected lengths of stay. Preprint,
arXiv:1704.03304v1.
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Diskrete
Mischverteilungsmodelle
Überlebenszeitanalyse ohne Kovariate

für

nichtparametrische
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In der Medizin gibt es häufig unbeobachtete Heterogenität innerhalb von Patientengruppen. Um dies
zu berücksichtigen werden für Überlebenszeitdaten üblicherweise Frailty-Modelle angewendet [1].
Dabei wird für die Modellierung der Variabilität zwischen den Patienten eine stetige Verteilung
angenommen. Alternativ kann für die Modellierung von Heterogenität ein diskretes
Mischverteilungsmodell angenommen werden [2, 3].
Wir entwickeln die nichtparametrische Likelihood-Funktion für Ereigniszeitdaten ohne Kovariate für
diskrete Mischverteilungsmodelle. Dabei werden nur rechts zensierte Überlebenszeitdaten betrachtet.
Die Schätzung der Parameter des Modells erfolgt mit Hilfe des EM-Algorithmus [4] und die Anzahl
der zugrundeliegenden Klassen wird über das BIC- Kriterium bestimmt. Abschließend präsentieren
wir die Anwendung der vorgestellten Methode anhand realer Daten.
Literaturverzeichnis
1. Therneau, T. M., Grambsch, P. M. (2000) Modeling Survival Data: Extending the Cox Model.
Springer-Verlag: New York.
2. Schlattmann, P. (2009) Medical Applications of Finite Mixture Models. Springer-Verlag: Berlin.
3. McLachlan, G. J., Giffin, D. C. (1994). On the role of finite mixture models in survival analysis.
Statistical Methods in Medical Research, 3: 211-226.
4. Dempster, A. P., Laird, N. M., Rubin, D. B. (1977). Maximum likelihood estimation from
incomplete data via the EM algorithm. With Discussion. Journal of the Royal Statistical Society,
Series B, 39: 1-38.
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Biometrical Methods in Agriculture, Forestry and Ecology II
A combined physical-genetic map for dairy cattle
Hampel, Alexander1; Teuscher, Friedrich1; Wittenburg, Dörte1
1
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Abstract. Molecular markers can be used to assess the genetic variation in a livestock population.
Not only are the physical but also the genetic position of markers important for characterizing a
livestock population and for planning mating decisions in livestock breeding. The genetic position
can be derived from the probability that the molecular variants at marker pairs are transmitted jointly
to the next generation, i.e. the recombination rate. For several species (e.g. human), a combined
physical-genetic map exists, which connects both scales. However, such a map is not available in
high quality for dairy cattle.
The population structure, which may be caused by family stratification, has an influence on the
estimates of genetic parameters. As half-sib families are typical in livestock, and particularly for
dairy cattle, we studied and further extended a likelihood approach considering the marker genotypes
of half sibs for estimating the recombination rate between pairs of markers [1,2]. An expectation
maximization algorithm was used with different sets of start values to exploit the properties of the
corresponding log-likelihood surface. We analysed the genotypes at 39,780 single nucleotide
polymorphisms of 265 Holstein-Friesian cows, leading to 12,759,713 estimates of intrachromosomal
recombination rate. Then, a smoothing B-spline approach was applied to all estimates of
recombination rate, and a physical mapping function was achieved for each chromosome. These
curves were validated using the known physical and genetic position of 727 microsatellites which
were available from NCBI (National Center for Biotechnology Information). Our investigation can
be refined by taking into account the genome location of each marker because markers near the
centromere may have a lower recombination rate than elsewhere on a chromosome.
References
1. Gomez-Raya, L. (2012) Maximum likelihood estimation of linkage disequilibrium in half- sib
families. Genetics, 191: 195-213.
2. Hampel, A, Teuscher, F., Wittenburg, D. (2015) A combined approach for the estimation of
recombination rate and linkage disequilibrium in half-sibs, Book of Abstracts of the 68th Annual
Meeting of the EAAP, p.370.

More on computer-generated augmented designs
Piepho, Hans-Peter1; Vo-Thanh, Nha1
1
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Abstract
Augmented designs play an important role in plant breeding for early-generation field trials when
new varieties are developed and sufficient material is often not available for planting more than one
experimental plot. The key idea popularized by Walter Federer is to include check varieties that can
be replicated in order to obtain a valid estimate of error and allow adjustments for blocks, whereas
the test lines are tested without replication. The simplest augmented design with one blocking factor
can be constructed using a randomized complete block design for a few check varieties and then
augmenting each block of this design with unreplicated test lines. The basic idea is readily extended
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to incomplete blocks, and it is also applicable with augmented row-column designs. Recently, Piepho
and Williams (2016) proposed a method to generate augmented designs with three blocking factors,
i.e. rows, columns and block super-imposed onto the row-column layout. The approach, however,
works only for a small number of checks. In order to overcome this limitation, in this paper, we
propose a search strategy to generate augmented block designs including three blocking factors. Our
augmented designs are allowed to estimate contrasts of checks that are orthogonal to the contrasts of
the three blocking factors. The proposed approach consists a two-step approach. The first step is to
search an augmented design with a single pseudo check. By doing so, we avoid a computational
burden that can be caused due to a large number of check plots. The second step is to allocate the real
checks according to pseudo check locations, which are obtained from the resulting design in the first
step. Finally, we compare our designs with those in the literature and those generated by using the
CycDesigN and DiGGeR packages in terms of design efficiency which is based on A-optimality
criteria.
Reference
1. Piepho, H.-P., & Williams, E. R. (2016). Augmented Row-Column Designs for a Small Number
of Checks. Agronomy Journal, 108, 2256-2262.

Non-Parametric Resampling Methods for Testing Multiplicative
Terms in AMMI and GGE Models
Malik, Waqas Ahmed1; Piepho, Hans-Peter1
1

Biostatistics Unit, Institute of Crop Science, University of Hohenheim, Stuttgart, Germany

Abstract. The additive main effects and multiplicative interaction (AMMI) and genotype and
genotype x environment interaction (GGE) models have been extensively used for the analysis of
genotype x environment experiments in plant breeding and variety testing. Since their introduction,
several tests have been proposed for testing the significance of the multiplicative terms, including a
parametric bootstrap procedure. However, all of these tests are based on the assumptions of
normality and homogeneity variance of the errors. In this paper, we propose tests based on
nonparametric bootstrap and permutation methods. The proposed tests do not require any strong
distributional assumptions. We also propose a test that can handle heterogeneity of variance between
environments. The robustness of the proposed tests is compared with the robustness of other
competing tests. The simulation study shows that the proposed tests always perform better than the
parametric bootstrap method when the distributional assumptions of normality and homogeneity of
variance are violated. The stratified permutation test can be recommended in case of heterogeneity of
variance between environments.

Re-randomization in greenhouse experiments – is it efficient?
Möhring, Jens1; Wagener, Juliane1; Piepho, Hans-Peter1
1

Biostatistics Unit, Institute of Crop Science, University of Hohenheim, Stuttgart, Germany

Abstract. In field trials blocking is commonly used to account for spatially varying environmental
conditions. Compared to field trials, greenhouse experiments are performed under more controlled
environmental conditions. Nevertheless, often there are still varying environmental conditions like
gradients of light or temperature within the greenhouse. Thus, experimental units allocated to
different positions within the greenhouse are exposed to different environmental conditions. To
account for this environmental variation between experimental units two approaches are used. One
option is to rotate experimental units in a random or fixed scheme so that each experimental unit gets
exposed to all or a large number of positional effects with the aim that positional effects average out.
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This approach is labour- intensive and is called re-randomization. An alternative is to use the
randomization-based approach comparable to what is commonly done in field trial. In this approach,
experimental units are distributed to blocks, where positions within the block have relatively more
homogeneous environmental conditions than positions in different blocks. By fitting block effects in
the analysis, the variation between blocks is eliminated from the error variance at the cost of some
error degrees of freedom. Furthermore, if block size is small, blocks tend to be incomplete resulting
in some loss of design efficiency. For greenhouse experiments, it is not clear which approach
performs better. Therefore, we performed a greenhouse uniformity experiment with the two mainplot treatments “randomization-based“ and “re-randomization“ in two replicates. Within each main
plot a uniformity trial with 20 pots, each of which planted with 20 barley seeds, was performed. We
then virtually allocated varying numbers (2 to 20) of sub-plot treatments to pots and analyzed the
resulting design by a mixed model approach. The estimated error variances for both approaches were
compared for different traits. Furthermore, estimated average standard errors of a difference were
calculated for each approach. The results indicated that there is no or only a minor advantage of the
labour-intensive re- randomization.
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Statistical Methods in Bioinformatics II
Plasmode data sets: a real-life data simulation with application on
RIP-Seq experiments
Tichy, Diana1; Benner, Axel1
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Abstract. RNA immunoprecipitation combined with high-throughput sequencing (RIP-Seq) is a
newly developed method to identify micro-RNA (miRNA) target genes. Analysis of RIP-Seq data is
a challenge due inherent noise in the underlying experiments. This noise is caused by unspecific
background bindings and artificially created overexpression of specific miRNAs necessary to detect
these targets. In other words, Rip-Seq data is similar to RNA-data with respect to overdispersion in
the distribution of the genewise read counts, but differs with respect to the underlying noise
distribution. To investigate different approaches for the analysis of RIP-Seq data we conduct a
simulation study. A central aspect of this study is to avoid distributional assumptions of the RIP-Seq
read counts and to preserve the real-life structure of genewise read counts for the underlying RIP-Seq
experiment. This can be achieved by using plasmode methods, which generate simulated data sets
via resampling from the original data. In doing so a genewise permutation of read counts is applied
in a specific manner. Based on the idea of plasmode data generation, we develop a real-life data
simulation approach for the RIP-Seq scenario. In this talk we focus on the presentation of the
simulation workflow within our published studies on miRNA target identification.
References
1. Tichy, D., Pickl, J., Benner A., Sueltmann, H. (2017) Experimental design and data analysis of
Ago-RIP-Seq experiments for the identification of microRNA targets. Briefings in Bioinformatics.
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Oncotarget, 7(37): 59589-59603.

Demonstrating an association between a clinical covariate and
multiple analytes, partly with detecting limits, in cross-sectional
metabolomics data
Hothorn, Ludwig A.1; Ferrario, Paola G.2
1
2

Retired from Leibniz University Hannover
Max Rubner-Institut, Department of Physiology and Biochemistry of Nutrition, Karlsruhe

A recent problem is to demonstrate the association between a selected clinical covariate and multiple
analytes from diverse metabolomic platforms, e. g. between glomerular filtration rate (to characterize
allograft dysfunction) and analytes from both liquid chromatography-mass spectrometry and two
dimensional correlated spectroscopy (Bassi, 2017).
A first issue is the style of modeling the clinical covariate: either quantitatively, i.e. in a regression
context, or qualitatively, i.e. multiple comparisons by design, or post-hoc classification. In the
regression context, a maximum test on three regression models for the arithmetic, ordinal, and
logarithmic-linear dose metameters is used (Tukey et al., 1985), whereas the distribution is available
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via multiple marginal model approach (mmm) (Pipper, 2012).
The second issue is the different distribution of the many analytes. Some publications ignore this
problem (and assume implicitly normal distribution throughout) or use the same transformation for
all analytes, such as log-transformation. But it is not a realistic assumption that all analytes follow
the same distribution.
The third issue is the measurement of complete analytes and those with detection limits (Snowden,
2017). Analytes with detection limits are considered as left-censored variables assuming some data
points are below a certain limit but it is unknown how many.
The fourth issue is the joint consideration of analytes without or with detection limits and following
different distributions. Therefore, the concept of most likely distribution (mlt) (Hothorn, 2015) is
used, where models for the unconditional or conditional distribution function of any univariate
response variable can be estimated by choosing an appropriate transformation function and related
parametrisation. Fortunately, most left-censored variables belong to the class of distributions within
the mlt-framework.
Using the KarMeN cross-sectional data (Rist, 2017) and the CRAN packages multcomp (for mmm),
tukeytrend and mlt, the association between age and selected analytes without and with detection
limits are shown in detail.
References
1. Bassi, R., et al.: Metabolomic proling in individuals with a failing kidney allograft. Plos One
12(1), 0169077 (2017).
2. J. W. Tukey, et al. Testing the statistical certainty of a response to increasing doses of a drug.
Biometrics, 41(1):295{301, 1985. Hothorn, T., Moest, L., Buehlmann, P.: Most likely
transformations. eprint arXiv:1508.06749 (2015)
3. C. B. Pipper, et al. A versatile method for conrmatory evaluation of the eects of a covariate in
multiple models. Journal of the Royal Statistical Society Series C-applied Statistics, 61:315{326,
2012.
4. Snowden, S.G., et al. Association between fatty acid metabolism in the brain and alzheimer
disease neuropathology and cognitive performance: A nontargeted metabolomic study. Plos
Medicine 14(3), 1002266 (2017).
5. Rist, M. Et al.. Metabolite patterns predicting sex and age in participants of the Karlsruhe
Metabolomics and Nutrition (KarMeN) study PLOS ONE 12;8 ; e0183228 2017
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Rank aggregation for meta-analysis and integration of 'omics data
Kolde, Raivo1
1Phillipps Research, Cambridge, MA, USA
Abstract. The explosion of publicly available high throughput experimental data has created ample
opportunities for exploring biological phenomena through meta-analyses and data integration. The
format and availability of the data often do not allow to carry out proper statistical modeling of effect
sizes and variation, however, simpler rank aggregation approaches can be applied in much larger
variety of contexts. Here, I present a statistical rank aggregation method that is optimized for
genomic setting and show a couple of successful real world applications of the method.
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Clinical Trials I
Reflections on statistical methods used for comparison of quality
attributes in drug development
Rondak, Ina-Christine1
1

Seconded national expert from Münchner Studienzentrum des Klinikums rechts der Isar, TU
München, Munich, Germany to European Medicines Agency, London, United Kingdom
Abstract. Comparative statistical approaches are often used to explore the similarity of two
medicinal products at the manufacturing or quality level. The comparison of such quality attributes
(i.e. any kind of physico-chemical/biological characteristics) is an important first step in the
development of generics and biosimilars and equally important for the assessment of manufacturing
changes. However, there are no specific recommendations given by European regulators on which
statistical methodology to use to demonstrate ‘similarity at the quality level’ and various inferential
statistical approaches are currently presented in submissions to the European Medicines Agency
(EMA).
In order to foster discussions on the suitability and applicability of these methods, EMA published a
draft reflection paper on statistical methodology for the comparative assessment of quality attributes
[1] which is open for public consultation until 31 March 2018.
It aims at establishing a common language and understanding among experts from different
disciplines in order to reflect upon fundamental concepts underlying inferential statistical methods
used at quality level.
Based on this framework, an overview of commonly seen statistical methods as well as the
fundamental concepts and challenges of inferential approaches used at quality level will be presented
and discussed.
References
1. EMA, Committee for Human Medicinal Products (CHMP) (2017) Draft reflection paper (RP) on
statistical methodology for the comparative assessment of quality attributes in drug development
(EMA/CHMP/138502/2017).

An evaluation of statistical approaches for the comparative
assessment of quality attributes in drug development
Klinglmüller, Florian1, Lang, Thomas2
1

AGES, Ges.m.b.H. the Austrian Agency for Health and Food Safety, Vienna, Austria

Abstract. Recently the European Medicines Agency (EMA) and the US Regulatory Agency FDA
published draft guidance documents concerning statistical methodology for the comparative
assessment of quality attributes in drug development. These documents cover various aspects and
open questions in relation to comparative data analysis at the level of critical quality attributes of
medicinal products. The content of these draft documents is highly relevant in various areas of drug
development, especially in the development of Biosimilars.
In this talk we discuss a number of methodological issues raised in these documents. These include
questions related to comparison objectives, sampling strategies, sources of variability, acceptance
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ranges and statistical analysis approaches to conclude on the similarity of two drug products based on
quality attribute data. Based on a comprehensive simulation study we evaluate and compare the
operating characteristics of a wide variety of statistical decision rules that have been proposed for the
assessment of similarity of quality attributes. Our investigation covers a wide range of distributional
scenarios reflecting situations commonly observed in practice. These include scenarios assuming that
test and reference product are similar (or differ) in mean or variance, as well as situations simulating
changes in the production process leading to shifts in the distribution of a products quality attributes.

ERDO - Eine Anleitung zur Bestimmung der “best Practice”
Randomisierung für eine Klinische Studie
Heussen, Nicole1,2; Hilgers, Ralf-Dieter1
1
2

Institut für Medizinische Statistik, RWTH Aachen, Aachen, Deutschland
Zentrum für Biostatistik und Epidemiologie, Sigmund Freud Universität, Wien, Österreich

Abstract Randomisierung ist - neben Verblindung - die Schlüsselmethode zur Vermeidung von Bias
in Klinischen Studien. In der Literatur findet sich eine Vielzahl von Randomisierungsverfahren,
deren mathematische Eigenschaften zum Teil gut verstanden sind [1]. Bei der Evaluation der
Verfahren wurde dem praktischen Aspekt der Vermeidung von Bias nur indirekt Beachtung
geschenkt, was in der Praxis zu erheblichen Problemen führt. Im Rahmen des Vortrags wird ein
Template zur Evaluierung von Randomisierungsverfahren vorstellen, mit dessen Hilfe der mögliche
Einfluss von Selection Bias und Time Trend Bias auf den Endpunkt reflektiert wird [2]. Das
Template wird anhand eines Beispiels einer Studie im zwei-Arm Parallelgruppendesign ohne
Zwischenauswertung mit kontinuierlichem (normalverteiltem) Zielparameter erläutert. Die
Berechnungen erfolgen mit Hilfe des R-Paketes randomizeR [3]. Erweiterungen der Modellbildung
werden besprochen. Es zeigt sich, dass die Missachtung von Bias in der Planungsphase einen
deutlichen Einfluss auf die Wahrscheinlichkeit für einen Fehler 1. Art hat, der von den
Randomisierungsverfahren in unterschiedlichem Ausmaß und häufig nicht ausreichend kompensiert
werden kann.
Literaturverzeichnis
1. Rosenberger, WF. Lachin J. (2016) Randomization in Clinical Trials: Theory and Practice. New
York: Wiley
2. Hilgers, RD., Uschner, D., Rosenberger, WF., Heussen, N. (2017) ERDO - A framework to select
an appropriate randomization procedure for clinical trials. BMC-Medical Research. 17:159 , DOI
10.1186/s12874-017-0428-z
3. Uschner, D., Schindler, D., Hilgers, R.-D., Heussen, N. (2018) randomizeR: An R Package for the
Assessment and Implementation of Journal of Statistical Software, to appear.

Carry-over effects in multi-arm cohort stepped wedge designs
Foldenauer, Ann Christina1
Fraunhofer IME, Project Group ‘Translational Medicine and Pharmacology’ (TMP), Frankfurt a.M.,
Germany.
1

Abstract.
Background The (multi-arm) stepped wedge design (SWD) is a unidirectional cross-over design
with a step-wise treatment application [1,2]. Novel approaches use multi-arm SWDs as adaptive
early phase designs with interim analysis. If carry-over effects are neglected in the statistical model,
the unidirectional assignment may produce a bias on the treatment effect. We discuss different
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methodologies to model carry-over for selected multi-arm cohort SWD and investigate the impact of
carry-over on the treatment effect under model misspecification.
Methods: Selected multi-arm cohort SWDs will be analyzed in the presence of carry-over effects
assuming correlated outcomes (AR(1)) within patients across periods for a continuous endpoint using
GLS theory. Our statistical model will be based Hussey and Hughes model for cluster randomized
SWD trials, but evaluated on patient level. Carry-over bias will be calculated for the miss-specified
model ignoring carry-over effects. Self- and between treatment carry-over effects are modeled as
fixed effects following ideas of J. Kunert and Senn.
Results and Conclusion: Multi-arm SWDs are prone to carry-over effects as the general SWD
structure implies linear dependence between treatment and carry-over. Model choices depend
strongly on the type of multi-arm SWD and treatment characteristics. While multi-arm SWD may be
an attractive option for early phase designs, since it can minimize the number of patients exposed to
treatment-related risks, it may entail a biased treatment effect.
References
1. Lyons, V.H. Li, L., Hughes, J.P., Rowhani-Rahbarab A. (2017) Proposed variations of the
stepped-wedge design can be used to accommodate multiple interventions. Journal of Clinical
Epidemiology, 86: 160-167
2. Grayling, M., Mander, A., Wason, J. (Submitted on 10 Oct 2017) Admissible multi-arm steppedwedge cluster randomized trial designs. arXiv:1710.03496
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Machine Learning and Big Data Analyses III
Distributed multivariable modeling for signature development
under data protection constraints
Zöller, Daniela1; Lenz, Stefan1, Binder, Harald1
1

Institute of Medical Biometry and Statistics, Faculty of Medicine and Medical Center – University of
Freiburg, Germany
Abstract. Data protection constraints might require distributed analysis of data, i.e. individual level
data remains at the different sites of a consortium but the data are analysed jointly. There are some
proposals for how to perform multivariable regression modelling in such a setting. Yet, hardly any
practical implementations of these approaches are available, and the important task of variable
selection, e.g. for developing biomarker signatures, has been neglected. We build on our own
proposal for variable selection by regularized regression, to illustrate how this can be practically
implemented in a research consortium.
Specifically, we consider DataSHIELD [1] (Data Aggregation Through Anonymous Summarystatistics from Harmonised Individual-levEL Databases) as a technical platform. Here, the
communication between data hosts only consists of non-disclosive information while simultaneously
allowing for e.g. multivariable analysis with results similar to the ones obtained with pooled
individual data. Due to the structure of DataSHIELD, each statistical function has to be implemented
in a special way to meet the data protection requirements. As a result, the functionality of
DataSHIELD is currently strictly limited. In particular, methods for variable selection are missing.
Our proposal for multivariable regression modelling and variable selection for this kind of data
requires only data that can be provided using already implemented DataSHIELD functions.
Specifically, we investigate a modification of the regularized regression approach componentwiselikelihood-based boosting [2], automatically performing variable selection. The resulting approach
only requires univariable coefficient estimates obtained from a linear regression for the endpoint of
interest and the covariance matrix of the covariates. Additionally, to further reduce the risk of
information disclosure, we propose the use of a heuristic of the above given method [3]. With the
help of this version, only a small fraction of the whole covariance matrix is needed. By adopting the
approach, the number of data calls and thus the run time can be reduced, too.
The proposed method is evaluated in a simulation study comparing the results to the results based on
pooled individual data. The results show that the proposed method is able to detect covariates with
true effects to a comparable extent as data based on individual data, although the number of false
positive detected covariates is moderately increased in general and considerably if the number of data
hosts is increased.
References
1. Wolfson, M. et al. (2010) DataSHIELD: resolving a conflict in contemporary bioscience –
performing a pooled analysis of individual-level data without sharing the data. Int. J. Epidemiol., 29:
1372-1382.
2. Tutz, G., Binder, H. (2006) Generalized additive modelling with implicit variable selection by
likelihood-based boosting. Biometrics, 62: 961-971.
3. Binder, H., Benner, A., Bullinger, L., Schumacher, M. (2013) Tailoring sparse multivariable
regression techniques for prognostic single-nucleotide polymorphism signatures. Stat. Med., 32:
1778-1791.
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Modeling of the immunome expression in lung cancer using deep
learning - effect of regularization and independent training data
Hess, Moritz1; Lenz, Stefan1; Binder, Harald1
1

Institute of Medical Biometry and Statistics, Faculty of Medicine and Medical Center of the
University of Freiburg, Stefan-Meier-Str. 26, 79104 Freiburg, Germany
Abstract. Tumor immune cell infiltration is a well known factor related to survival of cancer patients.
Correlation between the expression of immune cell-type specific marker genes and tumor
characteristics has been demonstrated [1]. Still, the underlying structure is complex, requiring
dedicated approaches to identify prognostic patterns in a clinical context.
Deep architectures employed in deep learning approaches are capable to model higher order
correlations in high dimensional data [2]. Consequently they should allow to generate smoothed
representations of the data that may help to better uncover patterns.
Here we adapt a deep learning approach, deep Boltzmann machines (DBMs), for modeling immune
cell gene expression patterns in lung adenocarcinoma. Using a sampling-based approach that smooths
the original data according to a trained DBM, we evaluate modeling success. Compared with the
original expression data, the smoothed expression data generated from a DBM allows for a better
prognosis of tumor stage based on the immunome expression, indicating that the DBM learned a
meaningful pattern which has been uncovered in [1]. Since the number of parameters in a DBM
require large amounts of training data, we also investigate the effect of regularization. We evaluate
different partitioning schemes that effectively restrict connections in the network to correlated
features. We show that these restrictions improve the capability of the network to learn meaningful
patterns. Finally we demonstrate how using independent training data, in particular immunome
expression data from different tumor entities, affects the learning of patterns.
References
1. Gentles, A. J., Newman, A. M., Liu, C. L., Bratman, S. V., Feng, W., Kim, D., ... & Diehn, M.
(2015). The prognostic landscape of genes and infiltrating immune cells across human cancers.
Nature medicine, 21(8), 938-945.
2. Salakhutdinov, R., & Hinton, G. (2009, April). Deep Boltzmann machines. In Artificial
Intelligence and Statistics (pp. 448-455).
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Clinical Trials II
Fallzahlplanung bei binären und normalverteilten Zielgrößen im
unverbundenen Zweistichproben-Vergleich über Konfidenzintervalle unter Einführung eines nominellen Power-Parameters
Geis, Berit1, Tulka, Sabrina1; Krummenauer, Frank1
1

Institut für Medizinische Biometrie und Epidemiologie der Universität Witten/Herdecke

Fragestellung: Für eine transparente Berichterstattung von Fallzahlplanungen in Publikationen
fordern Leitlinien für Berichte randomisierter kontrollierter Studien wie das CONSORT-Statement
die Erwähnung der zugrunde liegenden Power und gleichzeitig für eine nachvollziehbare
Ergebnisdarstellung die Verwendung von Konfidenzintervallen. Da es nicht ratsam erscheint,
Planung und Auswertung einer Studie über zwei verschiedene Ansätze (Planung via Signifikanztest
und Ergebnisdarstellung via Konfidenzintervall) durchzuführen, sollte eine einheitliche
Herangehensweise angestrebt werden. Die bekannten Vorteile von Konfidenzintervallen gegenüber
Signifikanztests motivieren hierbei als Ziel der Untersuchung die Kombination beider Ansätze durch
die Einführung eines Power-Parameters in die Fallzahlplanung über Konfidenzintervalle.
Methodik: Für eine Fallzahlplanung über Konfidenzintervalle ist die Vorgabe eines
Präzisionsparameters üblich, welcher die maximale Breite des Intervalls vorgibt. Für die Wahl dieses
Parameters gibt es keine klaren Richtlinien, weshalb es in vielen Fällen schwierig ist, eine sinnvolle
Annahme zu treffen. Für die Fallzahlplanung über Tests hingegen wird üblicherweise ein PowerParameter vorgegeben, welcher häufig auf 80% oder 90% festgelegt wird und als Wahrscheinlichkeit
direkter interpretiert werden kann als der Präzisionsparameter. Für normalverteilte und binäre
unverbundene Stichproben wurden die Zugänge zur Fallzahlplanung nun kombiniert, indem die
Abhängigkeiten zwischen den jeweils vorzugebenden Parametern „Power“ und „Präzision“ für die
verfügbaren Fallzahlformeln analysiert wurden.
Ergebnisse: Nach Kombination der Darstellungen zur Fallzahlplanung via Test und
Konfidenzintervall lassen sich die beiden interessierenden Parameter in jeweils gegenseitiger
Abhängigkeit darstellen. Hierdurch wird es analytisch möglich, zu einer vorgegebenen Power den
exakt korrespondierenden Präzisionsparameter für die Planung über ein Konfidenzintervall zu
bestimmen.
Schlussfolgerung: Die parallelen Parametrisierungen ermöglichen die einheitliche Darstellung der
Planungs- und Auswertungsschritte einer Studie unter Fokussierung auf Konfidenzintervalle.
Speziell für Anwender kann durch die erfolgreiche Einführung eines Power-Parameters in die
Fallzahlplanung über Konfidenzintervalle die anschaulichste Strategie geboten werden unter direkter
Nutzung der regulatorisch etablierten Standardvorgaben zur Power.
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Querschnittsstudie zur Qualität berichteter Fallzahlplanungen in
Publikationen von RCTs zur Versorgung von AMD-Patienten
Tulka, Sabrina1, Geis, Berit1; Krummenauer, Frank1
1

Institut für Medizinische Biometrie und Epidemiologie der Universität Witten/Herdecke

Fragestellung: Die Fallzahlplanung ist ein wichtiger Teil einer Klinischen Studie und sollte in jeder
Publikation zur transparenten Studienbeschreibung nachvollziehbar berichtet werden. Auch das
CONSORT-Statement fordert die Beschreibung der gesamten Fallzahlplanung mit Angabe des
Signifikanzniveaus, der Power, des erwarteten Effekts und der damit kalkulierten Mindest-Fallzahl.
Ein Pilotprojekt von Knippschild et al. (2016) konnte jedoch zeigen, dass in nur einem Drittel von
Studien aus dem Bereich der Kataraktchirurgie eine Fallzahlplanung überhaupt berichtet wurde. Ziel
dieser Studie ist die Untersuchung der Nachvollziehbarkeit und Korrektheit berichteter
Fallzahlplanungen in RCT-Publikationen der Ophthalmochirurgie am Beispiel von Studien zur
Therapie der Alters-bedingten Makuladegeneration (AMD).
Methodik: Mit einer PubMed-Suche wurde eine Vollerhebung von RCTs zur Versorgung von
AMD-Patienten gefunden, die im Zeitraum von 2004 bis 2014 auf englischer Sprache publiziert
wurden. Aus diesen wurden zufällig 97 Publikationen ausgewählt, die hinsichtlich der Qualität der
beschriebenen Fallzahlplanung bewertet wurden. Geprüft wurde, ob in der Publikation eine konkrete
und korrekte Fallzahlplanung beschrieben oder auf diese verwiesen wird. Es wurde geprüft, ob diese
Fallzahlplanung passend zur Studie ist, und ob alle Angaben zum Reproduzieren der
Fallzahlkalkulation geliefert werden. Die Re-Kalkulation wurde vorgenommen, wenn immer dies
möglich war (in unvollständigen Studien wurden fehlende Angaben, falls möglich, passend gewählt).
Konkret wurde als primärer Endpunkt das Vorliegen einer zu der Studie passenden, vollständigen
und korrekten Fallzahlplanung (Abweichung bei Nachberechnung um maximal ± 2 Personen
zugelassen) festgelegt. Re- Kalkulationen erfolgten mit der Software nQuery® (Version 4.0 für
Windows).
Ergebnisse: In nur 8 von 97 (8%) (95%-KI: [3% – 13%]) Publikationen aus dem Bereich der AMD
wurde eine vollständige und korrekte Fallzahlplanung beschrieben. Insgesamt 50 von diesen 97
Publikationen (52%) (95%-KI: [42% – 62%]) machten keinerlei Angaben zur Fallzahlplanung; für
36 der 97 Studien (38%) konnte eine Re-Kalkulation erfolgen. Die Abweichung der re-kalkulierten
Fallzahl und der Fallzahl laut Publikation ergab sich im Median zu 1% (Interquartilspanne -1% ; 5%)
mit maximal aufgetretenen Abweichungen von 66% (Fallzahl 261 laut Publikation versus 763 laut
Nachberechnung) und -43% (Fallzahlen 10 versus 7).
Schlussfolgerung: Es zeigte sich, dass in einem großen Teil von Publikationen zu RCTs trotz der
schon 1996 erfolgten Einführung des CONSORT-Statements keine belastbaren Fallzahlplanungen
berichtet werden. Formulierte Fallzahlplanungen sind ferner nicht selten unvollständig berichtet oder
sogar fehlerhaft. Zeitschriften sollten in ihren Review-Prozessen dementsprechend stärker darauf
achten, dass Fallzahlplanungen in Publikationen explizit berichtet werden; biometrische Gutachter
sollten sich hierbei zudem ermutigt fühlen, auch plausibel klingende Angaben explizit
nachzurechnen.
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Meta Analysis I
An empirical example of a network meta-analysis combining count
and hazard ratio statistics
Seide, Svenja1; Jensen, Katrin1; Hackbusch, Matthes1
1

Institute of Medical Biometry and Informatics, University Hospital Heidelberg

Abstract. Data on survival endpoints may differ with respect to the effect measure reported in the
final study publication. In particular, in a systematic review one might identify a mixture of studies
to be included, of which some report hazard ratios and others report cumulative counts at a specific
time point. Meta-analysis however, is typically based on one type of summary statistic. If multiple
summary statistics are available the usual approach is to evaluate the respective primary studies in
separate meta-analyses. This approach takes into account the fact that cumulative counts ignore the
incorporation of time-to-event information and any possible adjustment for covariables and,
therefore, should not be pooled with time-to- event summary statistics [1].
Woods et al. 2010 [2] proposed a method to transform the available cumulative counts of a treatment
to a single measure on the log hazard ratio scale. Using this transformation allows to perform a joint
meta-analysis of count and hazard ratio statistics. The situation of several treatments to be ranked
within a network meta-analysis combining all direct and indirect evidence of treatment comparisons
was already dealt with, there. In the present contribution we want to apply and discuss in detail the
method by Woods et al. 2010. An empirical example on a network on treatments for chronic heart
failure will illustrate that in practical situations considerable gains with respect to the precision of the
combined effect estimate might be achieved. Additional challenges and results from our empirical
data set, such as the presence of zero events or the inclusion of a potential covariate, are also
discussed.
References
1. Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of Interventions
Version 5.1.0. The Cochrane Collaboration, 2011.
2. Woods BS, Hawkins N, and Scott DS. Network meta-analysis on the log-hazard scale, combining
count and hazard ratio statistics accounting for multi-arm trials: A tutorial. BMC Medical Research
Methodology, 2010, 10:54.

Freeman-Tukey Double Arcsine Transformation in Meta-Analysis
of Single Proportions
Schwarzer, Guido1; Rücker, Gerta1
1

Institute of Medical Biometry and Statistics, Faculty of Medicine and Medical Center - University
of Freiburg, Germany
Abstract.
Several meta-analysis methods exist for the combination of single proportions, e.g., prevalences.
Standard approaches are based on untransformed or transformed proportions including the log, logit,
arcsine, and Freeman-Tukey double arcsine transformations. These (un)transformed proportions and
corresponding standard errors are utilized in classic fixed effect and random effects meta-analysis
methods. Another more elaborate approach is the alternative use of generalized linear mixed models
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(GLMMs) [1]. Irrespective of the approach, meta-analysis results are typically back-transformed to
the original scale in order to ease interpretation. Whereas the back-transformation of meta-analysis
results is straightforward for most transformations, this is not necessarily the case for the FreemanTukey double arcsine transformation, albeit possible [2].
Using a meta-analysis with five studies estimating the prevalence of hepatitis C virus infections in
the general population, we demonstrate how seriously misleading the back-transformation of the
Freeman-Tukey double arcsine transformation can be. Similar problems exist in a larger unpublished
meta-analysis including the five studies as a subset.
We conclude that the Freeman-Tukey double arcsine transformation should be avoided or used with
special caution for the meta-analysis of single proportions due to potential problems with the backtransformation. As an alternative, we recommend the use of GLMMs.
References
[1] Stijnen, T. et al. (2010), Random effects meta-analysis of event outcome in the framework of the
generalized linear mixed model with applications in sparse data. Statistics in Medicine, 29: 3046–67.
[2] Miller, J. J. (1978), The inverse of the freeman-tukey double arcsine trans- formation. The
American Statistician, 32: 138.

Meta-analysis of Transcriptome Expression Profiles after WestNile-Fever-infections – benefits and limitations
Klaus Jung1
1

Institute for Animal Breeding and Genetics, University of Veterinary Medicine Hannover,
Hannover, Germany
Abstract. Meta-analyses of high-throughput expression data from DNA microarrays or RNA- seq
are more and more used to obtain results with a higher-levels of evidence. While a lot of methods
have been developed for the integration of such data (e.g. data merging, p-value and effect size
combination), the methods have been very little employed for cocrete meta- analyses and research
questions.
We used the case of West-Nile-Fever infections to screen public databases for high- throughput gene
expression data to be merged in meta-analysis. A special focus of our analysis were infections that
affect neurological tissues. We used different variants of meta- analysis, such as direct merging of
the data or p-value combination of the individual study results. In addition, different variants of geneset enrichment analysis within meta-analysis was performed.
We observed that the findings of the meta-analysis depend strongly on the way how the analysis is
performed. We critically discuss the benefits and limitations of the individual approaches, and
conclude that taking an overlap of findings provides a conservative solution to obtain robust results.
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A systematic survey shows that reporting and handling of missing
outcome data in networks of interventions is poor
Spineli, Loukia1; Yepes-Nuñez, Juan2,3; Schünemann, Holger2,4
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Hamilton, Ontario, Canada
3
School of Medicine, University of Antioquia, Medellin, Colombia
4
Department of Medicine, McMaster University, Hamilton, Ontario, Canada
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Abstract.
Objectives: To provide empirical evidence about prevalence, reporting and handling of missing
outcome data (MOD) in systematic reviews with network meta-analysis (NMA) and
acknowledgement of their impact on the inferences.
Study design and setting: We conducted a systematic survey including all published systematic
reviews of randomized controlled trials and at least three interventions from January 1, 2009 until
March 31, 2017.
Results: We retrieved 387 systematic reviews with NMA. Description of MOD was available in 63
reviews. Intention-to-treat analysis was the most prevalent method (71%), followed by MOD
investigated as secondary outcome (e.g. acceptability) (40%). Bias due to MOD was evaluated in
half the reviews with explicit judgments in 18 (10%) reviews. Only 88 reviews interpreted their
results acknowledging the implications of MOD and mostly using the NMA results on MOD as
secondary outcome. We were unable to judge the actual strategy applied to deal with MOD in 65%
of the reviews due to insufficient information. Six percent of NMAs were re-analysed in sensitivity
analysis considering MOD, while 4% explicitly justified the strategy for dealing with MOD.
Conclusions: The description and handling of MOD as well as the acknowledgement of their
implications in the inferences of NMA are deemed underreported.
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Survival Analysis I
A weighted combined effect measure for the analysis of a
composite time-to-first event endpoint
Ozga, Ann-Kathrin1; Rauch, Geraldine2
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Abstract. To increase the number of events and thereby to increase the power of a clinical study one
may combine several events of interest within a so-called composite endpoint [1]. However, the
effect of the individual components might differ, either in magnitude or even in direction, from the
effects of the combined composite which leads to difficulties in interpretation of results.
Furthermore, in clinical application the individual event types might be of different clinical relevance
leading also to interpretational difficulties. The all-cause hazard ratio is the common effect measure
for composite endpoints by assessing the time to the first occurring event. This effect measure is
based on the same weights for the different event types irrespective of their clinical relevance [2].
The all-cause hazard referring to the composite thereby is the sum of the unweighted event-specific
hazards. However, there also exist weighted effect measures to incorporate the different relevance of
the individual event types [3, 4]. Rauch et al. [5] recently proposed a weighted effect measure as a
natural extension of the standard all-cause hazard ratio. Thereby the individual hazards for each
component are multiplied with a predefined relevance weighting factor. They used the parametric
Weibull survival model to identify the cause-specific hazards of the individual components which
defines a considerable restriction. To overcome the necessity of a parametric survival model, we
systematically examined a non-parametric alternative approach [5] via Monte-Carlo simulations. The
non-parametric estimator could potentially be tested by a weighted log-rank test which might be
preferred over the time consuming permutation test used by Rauch et al.
References
1. Lubsen, J., Kirwan, B.A. (2002) Combined Endpoints: can we use them? Statistics in Medicine,
21:2959-7290.
2. Rauch, G., Beyersmann, J. (2013) Planning and evaluating clinical trials with composite time-tofirst-event endpoints in a competing risk framework. Statistics in Medicine, 32:3595- 3608.
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Analyzing the effect of critical drug discontinuation on adverse
pregnancy outcomes
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Abstract. Observational studies are an essential tool to investigate the risk of adverse pregnancy
outcomes (e.g., spontaneous abortion) after exposure to certain drugs. This talk is motivated by a
recent study addressing the safety of exposure to coumarin derivatives during pregnancy. The data
has been provided by the German Embryotox Pharmacovigilance Institute in Berlin. Since coumarin
derivatives have shown a pronounced abortive potential, we aim to investigate the effect of treatment
discontinuation time on the risk of adverse pregnancy outcome. Primarily, statistical methodology
has to account for the following three conceptual issues: First, gestational age is the natural timescale
of pregnancy, but women enter the cohort several weeks after conception. This phenomenon is
known as left-truncation (also called delayed study entry). Second, live birth may be precluded by
the competing events ‘elective termination of pregnancy’ or ‘spontaneous abortion’. Third, it is
natural to model coumarin discontinuation as a time-dependent process. We briefly discuss that
failure to account for these points leads to distorted effect estimators through different types of
biases. As a solution, advanced event history techniques are used, which are amenable to lefttruncation, competing risks, time-dependent exposures, and time-varying effects. We fit hazardbased regression models and illustrate that multistate models are an adequate tool to answer the
medical questions at hand.

Estimating cumulative incidence functions in situations with
dependent left-truncation
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3
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Abstract. In a typical competing risks setting with delayed study entry the Aalen-Johansen estimator
is used to estimate the cumulative incidence functions of the competing events. But one assumption
for using this estimator is independent left-truncation. However, for illustrative purpose only, an
example: in studies about the usage of coumarin derivatives during pregnancy the risk of
experiencing an induced abortion may depend on the study entry time. This is called dependent lefttruncation, since the risk of experiencing one of the competing events depends on the study entry
time. Therefore, the Aalen-Johansen estimator can not be used and we propose a new semiparametric
estimator of the marginal cumulative incidence function that does not require independence. To this
end, the dependence between entry times and time-to-event is modelled using a Cox proportional
hazards model and the marginal estimates are derived via inverse probability weighting arguments.
Simulations as well as the data example show that the new estimator is preferable compared to the
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Aalen-Johansen estimator.

Subdistribution Hazards Models for Competing Risks in Discrete
Time
Schmid, Matthias1; Berger, Moritz1; Beyersmann, Jan2
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Abstract. The purpose of time-to-event modeling is to analyze the time span T until the occurrence
of an event of interest. In many clinical and epidemiological studies there is not only one single type
of event but J > 1 competing events, which require the use of appropriate statistical techniques for
competing risks analysis (Beyersmann et al. 2011, Andersen et al. 2012).
A common approach to account for the occurrence of competing events is to model
the effects of a set of predictors X on the cumulative incidence function
Fj(t) = P(T ≤ t, event type = j | X) of one specific event j∈ {1, . . . , J}. A widely used method to
estimate Fj(t) is the subdistribution hazard ap- proach by Fine and Gray (1999), which is based on the
Cox proportional hazards assumption in continuous time.
While the method by Fine and Gray has become popular in clinical and epidemiological research, it
does not apply to situations where event times are measured (or have been recorded) on a discrete
time scale t = 1, 2, ... . These situations are likely to occur when it is only known that events have
happened between pairs of consecutive points in time (e.g., between two follow-up visits of an
epidemiological study, cf. Tutz and Schmid 2016).
To address this issue, we propose a technique for the estimation of cumulative incidence functions
from a set of discrete time-to-event data. Our method, which results in consistent and approximately
normal estimators of Fj(t), is based on a weighted maximum-likelihood estimation scheme for binary
regression. We will illustrate the proposed method by an analysis of the development of age-related
macular degeneration among elderly people that were monitored by annual study visits over the
course of four years.
References
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Evaluating medical tests: From results to consequences
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Abstract. Like all other interventions in health care, medical tests should be thoroughly evaluated
before they are introduced into daily clinical practice. There should be sound evidence to support the
recommendations about testing in clinical practice guidelines, to provide coverage through
reimbursement decisions, or to invest in testing technology at the hospital level.
For a very long time, tests were introduced based on a generic promise that new technology will
improve things. In laboratory medicine, the available evidence largely focused on the analytical
performance of medical tests: to what extent can results be trusted? In imaging, reader studies were
expected to convince potential users about the reproducibility of findings.
Increasingly, there is shift towards patient outcomes in the appraisal of health care interventions. In
more and more countries reimbursement decisions are guided by considerations about effectiveness
and cost-effectiveness: will these interventions improve the health of patients and other citizens, or
simplify health care while not affecting quality?
We argue that the evaluation of medical tests cannot and should not escape from this consequentialist
transition. Yet accepting this transition poses specific challenges, as trials that document the effects
of testing on patient outcomes are relatively few in number in most areas of clinical medicine. The
reasons for this evidence gap, and solutions for overcoming it, will be discussed.

Adaptive designs for diagnostic trials – in comparison to treatment
studies
Zapf, Antonia1
1

Department of Medical Statistics, University Medical Center Göttingen, Göttingen, Germany

Abstract.
Planning a clinical trial is always tainted with uncertainty. On the one hand for the sample size
calculation assumptions are necessary, which prove to be false during the ongoing trial. On the other
hand it can be of interest to modify design aspects during the study (whereas these modifications
have to be pre-specified in the study protocol). For treatment studies there are plenty of methods for
such adaptive study designs, and these approaches are often used. In contrast, for diagnostic trials
there are almost no methods for adaptive designs - neither for diagnostic accuracy trials (with
sensitivity and specificity as co-primary endpoints) nor for randomized diagnostic trials (with
randomization to diagnostic strategies together with the following therapy). Accordingly, no
diagnostic trials with an adaptive design could be found in the literature. Since diagnostic trials fail
very often because of wrong assumptions, it is highly necessary to develop methods for adaptive
designs in the field of diagnostic trials. An example is the recently published randomized diagnostic
trial from Holm et al. [1].
In the talk I will present different settings where adaptations would be helpful in diagnostic trials and
I will distinguish between blinded and unblinded sample size re-estimation. Furthermore, drawing
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from the literature on adaptive designs in the field of treatment studies, I will show where existing
methods can be transferred to diagnostic trials [2,3]. Regarding the remaining blind spots, I will
present existing and new methods specific for diagnostic trials [4].
References
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2. Asakura et al. (2017). Interim evaluation of futility in clinical trials with co‐primary endpoints.
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Abstract. Current methods for the meta-analysis of diagnostic test accuracy studies are manifold and
still under development in recent years. This is due to the increased complexity of diagnostic studies
as they report on a bivariate outcome of sensitivity and specificity. The situation becomes even more
challenging in case the single studies report on full ROC curves with several pairs of sensitivity and
specificity, each corresponding to a different threshold. However, this information is often ignored
and only a single pair of sensitivity and specificity is used to arrive at meta-analytic estimates.
Although there exist methods that incorporate all observations from the single studies, many of them
come with disadvantages as, for example, ignoring the concrete threshold values or allowing only for
the same numbers or values of thresholds across studies.
In extension of our previous approach of borrowing ideas from interval-censoring [1], we propose a
further development for the meta-analysis of ROC curves based on the principle of piecewise
constant modeling [2]. This approach avoids the mentioned disadvantages and allows additionally for
a more flexible, quasi-nonparametric modelling of the underlying distribution of continuous test
values.
We illustrate the model by an example from population-based screening for type 2 diabetes mellitus.
References
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Clinical Trials III
Optimal designs for phase II/III drug development programs
including rules for discounting of phase II results
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Abstract. The conduct of phase II and phase III programs is costly, time consuming and, due to high
failure rates in late development stages, risky. There is a strong connection between phase II and
phase III trials as the go/no-go decision after phase II and the sample size chosen for the phase III
trial are based on the results observed in the phase II trial. An integrated planning of phase II and III
trials is therefore reasonable. The success of phase II/III programs crucially depends on the allocation
of the resources to phase II and III in terms of sample size and the rule applied to decide whether to
stop or to proceed with phase III. Recently, a utility- based framework was proposed, where optimal
planning of phase II/III programs is achieved by taking fixed and variable costs of the drug
development program and potential gains after a successful launch into account [1].
Due to a data-driven decision rule, only phase II trials with promising results lead to a phase III trial.
Therefore, treatment effect estimates from phase II that lead to a go decision generally overestimate
the true treatment effect. This may result in a disappointing treatment effect observed in the phase III
trial, leading a potentially expensive drug development program to fail. This phenomenon is not rare;
for some disease areas the failure rate for phase III trials is reported to be as high as 62.5% [2].
Kirby et al. [3] and Wang et al. [4] attempt to reduce the impact of overestimation by discounting the
phase II treatment effect estimate with a multiplicative or additive adjustment. However, their
suggestions are not universally applicable, since they depend, for example, on the rarely known true
underlying treatment effect size in phase II and III.
We integrate the concepts of using a multiplicative or additive adjustment in our framework of
utility-based optimization. In addition to simultaneously optimizing the go/no-go decision rule and
the sample size allocation, we also optimize over the adjustment parameters for the phase II
treatment effect estimator. The adjustment parameters in the multiplicative and additive adjustment,
respectively, are a retention factor 𝑟 ∈ [0.2, 1] and the significance level
𝛼 ∈ [0.05, 0.5] of the lower bound of the confidence interval for the treatment effect estimate of
phase II. Given the specific drug development program characteristics (e.g. fixed and variable costs,
potential gain after successful launch), optimal designs in terms of maximal expected utility with
regard to adjustment parameters, decision rules and sample size allocation can be determined.
Application to practical examples typically met in oncology trials illustrates the proposed methods.
References
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III trial based on phase II data. Pharmaceutical Statistics 5: 85-97.

Towards evidence-based biostatistics: lessons from clinical
research on the role and design of studies comparing statistical
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The goal of medical research is to develop interventions that are in some sense superior, with respect
to patient outcome, to interventions currently in use. Similarly, the goal of research in
methodological statistics is to develop data analysis tools that are themselves superior to the existing
tools. The methodology of the evaluation of medical interventions continues to be discussed
extensively in the literature and it is now well accepted that medicine should be at least partly
“evidence-based”. Although we statisticians are convinced of the importance of unbiased, wellthought-out study designs and evidence-based approaches in the context of clinical research, we tend
to ignore these principles when designing our own studies for evaluating statistical methods in the
context of our methodological research.
In this talk, I first draw an analogy between clinical trials and real-data-based benchmarking
experiments in methodological statistical science, with datasets playing the role of patients and
methods playing the role of medical interventions. Through this analogy, I suggest directions for
improvement in the design and interpretation of studies which use real data to evaluate statistical
methods, in particular with respect to dataset inclusion criteria and the reduction of various forms of
bias (Boulesteix et al., 2017a). I then discuss the concept of “evidence-based” statistical research
with a particular emphasis on the design of simulation studies, which is the focus of the “simulation
panel” (Boulesteix et al., 2017b) of the STRATOS initiative (Sauerbrei et al., 2014).
In conclusion, I stress the necessity of neutral comparison studies and suggest that studies comparing
statistical methods might benefit from adopting (some) concepts from evidence-based medicine
towards the goal of more evidence-based statistical research.
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Recommendations for Each Subgroup
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Abstract. One aim of personalized medicine is to provide tailored therapies for subgroups of patients
and therefore reduce unnecessary exposure to ineffective treatments. In order to identify these
subgroups so-called predictive biomarkers are used. “Predictive biomarkers,[...] are molecules or
other characteristics of a patient or a patient’s malignancy that predict increased benefit from a
particular drug” [1]. Personalized medicine is based on the concept of biomarker-by-treatment
interaction, which means that the benefit for one versus the other treatment has to be examined in
both biomarker subgroups. However, most biomarker validation trials do not take the biomarker–
negative subgroup into account or do not show inefficiency of a treatment in the biomarker–negative
subgroup [2].
We present a biomarker-stratified design for the validation of the clinical utility of a dichotomous
biomarker. While controlling for the family-wise error in the strong sense and considering the
proportion of biomarker-positive and biomarker- negative patients in the population, we test the
hypothesis of superiority and inefficiency in each biomarker–defined subgroup. This means after the
trial has been conducted there is a clear therapeutic recommendation for each biomarker– defined
subgroup.
Literaturverzeichnis
1. Beckman, R.A., Chen, C.V. (2013). New evidence-based adaptive clinical trial methods for
optimally integrating predictive biomarkers into oncology clinical de- velopment programs. Chinese
Journal of Cancer, 32: 233—241.
2. Vivot, A. et. al (2017). Evidence for Treatment-by-Biomarker interaction for FDA-approved
Oncology Drugs with Required Pharmacogenomic Biomarker Testing. Scientific Reports, 7: 6882.
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Abstract.
With the advances in genomic sequencing, predictive biomarkers have become a useful tool for the
development of personalized medicine. Predictive biomarkers can be used to select subsets of
patients, which are most likely to benefit from a treatment. A number of approaches for subgroup
identification were proposed over the last years. Although overviews of subgroup identification
methods [1,2] are available, systematic comparisons of their performance in simulation studies are
rare. Interaction Trees (IT) [3], Model-based recursive partitioning (MOB)[4], SIDES [5] , STIMA
[6] and Adaptive refinement by directed peeling (ARDP) [7; chapter 8] were proposed for subgroup
identification. We compared these methods in a Monte Carlo simulation study. Besides ARDP all
methods have the ability to identify multiple subgroups. In order to identify a target population for
subsequent trials a dichotomization of these subgroups is needed. Therefore, we propose a subgroup
criterion leading to a target subgroup consisting of the identified subgroups with an estimated
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treatment difference no less than a prespecified threshold. In our simulation study we evaluated these
methods by considering measures for binary classification, like sensitivity, specificity and accuracy.
In settings with large effects or huge sample sizes, most methods perform well.
For most methods, difficulties in identifying any subgroup arise in realistic settings for drug
development involving data from one trial. In these settings, the performance of STIMA and IT can
be improved by using the subgroup criterion as alternative to their original pruning procedures. The
methods and the subgroup criterion are illustrated by application to Amyotrophic Lateral Sclerosis
(ALS).
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A comparison of arm-based and contrast-based approaches to
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Network meta-analysis is an effective and increasingly popular way to combine the evidence on all
available treatments in order to guide clinical decision making. The choice between arm-based and
contrast-based approaches to modelling network meta-analysis has recently become controversial
[1], [2]. Both approaches model arm-level data (for example, using a binomial likelihood for binary
outcome data). However, the standard contrast-based approach has separate submodels for (i) the
mean outcome under the reference treatment and (ii) the contrasts between treatments, whereas the
new arm-based approach jointly models all the arm-level mean outcomes. This talk describes the two
approaches and proposes clear terminology and notation. We then assess the claims made by each
approach.
First, we show that all arm-based models, and some contrast-based models, use between-study
information (they “break randomisation”), and that the contribution of this information can be
important. Second, we show that both approaches make a missing at random assumption, but the
nature of this assumption differs between different models and may be more plausible in arm-based
models. Finally, we discuss claims made about estimands and show that useful estimands can be
reported from each approach. We define models which do and do not assume the heterogeneity
variance is the same across all treatment contrasts, and we propose careful choices of priors for these
variances [3].
To explore how large the differences between approaches can be, we use analyses of artificial data
and a selected real network. We find that the approaches primarily differ through use of betweenstudy information, and that any gains from better missing data assumptions may be small. We also
report results from an empirical comparison across a database of 456 published networks [4]. Current
evidence does not support switching to arm-based models.
References
1. Hong, H., Chu, H., Zhang, J., Carlin, B. P. (2016). A Bayesian missing data framework for
generalized multiple outcome mixed treatment comparisons. Res. Synth. Methods 7:6–22.
2. Dias, S., Ades, A. E. (2016). Absolute or relative effects? Arm-based synthesis of trial data. Res.
Synth. Methods 7:23–28.
3. Turner, R. M., Davey, J., Clarke, M. J., Thompson, S. G., Higgins, J. P. T. (2012). Predicting the
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Abstract. In medical research, meta-analyses are used to pool research results, often employing a
random-effects model which accounts for between-study variation. Estimating this variation is
known to be associated with substantial uncertainty in case of few studies and may influence
conclusions about the combined effect. Recommendations by the German Institute for Quality and
Efficiency in Health Care (IQWiG) regarding the choice of models and methods are therefore given
for meta-analyses of at least five studies. However, the case of meta-analyses of less than five studies
is empirically common [1].
One general- and two generalized linear mixed-models are considered for pairwise binary metaanalysis of few studies. Likelihood-based methods, the DerSimonian-Laird approach [2], and a
Bayesian specification are compared empirically and in a simulation study. The empirical data set of
40 meta-analyses was extracted from the IQWiG by chronologically scanning their most recent
publications in March 2017 and included a majority of meta- analyses with only two studies and
commonly unbalanced study sizes. The simulation study of meta-analyses of balanced and
unbalanced studies evaluates the coverage rate and width of confidence or credible intervals for the
combined effect. Confidence intervals are based on the normal distribution, the Hartung-KnappSidik-Jonkman adjustment [3, 4], and a modification thereof [5], or Student’s t-distribution.
Coverage probability is in the presence of heterogeneity below the nominal level using any
frequentist method, but improves when confidence intervals are adjusted. Coverage rates are lower
when study sizes are not balanced. Bayesian methods result in better coverage in most scenarios and
their intervals are wider than unadjusted confidence intervals, but narrower than adjusted ones.
In the presence of heterogeneity, caution needs to be taken applying meta-analytical methods to few
studies, especially when study sizes are unbalanced, as either the type I error is inflated or intervals
may be too wide to be conclusive. In the considered setting, Bayesian estimation with sensibly
chosen prior may offer a more promising compromise than likelihood-based methods or the classical
DerSimonianLaird estimator.
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Evaluating the effects of complex interventions using metaanalytical models: a methodological review
Petropoulou, Maria1; Efthimiou, Orestis2; Salanti, Georgia2; Mavridis, Dimitris1
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Abstract. Many healthcare problems evaluate the effects of complex interventions, i.e. interventions
comprising multiple, possibly interacting components. Network meta-analysis can estimate the effect
of different interventions but using too narrow criteria for defining interventions may result in each
trial comparing different sets of interventions. For example, in a systematic review of interventions
targeting on weight loss we may encounter trials comparing dietary, pharmacological and fitness
interventions or even a combination of these components. If the definitions of the interventions are
too narrow we may end up with a disconnected or very sparse network. Disentangling the effects of
different components included in interventions is a challenging issue, as standard meta-analytical
approaches cannot estimate how much each component contributes to the overall intervention effect.
We conducted a review of the literature to describe how complex interventions have been considered
in systematic reviews, emphasizing at the methods used for evidence synthesis. We searched in
PubMed from 1st January 2002 to 29th August 2017 (to be updated) for relevant methodological
articles addressing the issue of complex interventions in a systematic review or in a meta-analytical
context. We identified 51 articles; 44 articles discussed methods for complex interventions at the
systematic review level and 7 articles provided meta-analytical methodology developed to account
for complexity. We hereby present an overview of the meta-analytical approaches we identified.
We identified two generic approaches that can be used to address intervention complexity in metaanalysis. The majority of papers (6 out of 7) included the ‘Clinically meaningful unit’ approach
(lumping) that classifies interventions into several groups according to a set of clinical and
theoretical criteria. Such an approach leads to increased statistical power but with a possible increase
in heterogeneity, especially if there are important clinical differences in the interventions within the
same unit. The ‘Components and dismantling’ approach focuses on estimating the individual effects
of each component. This approach can identify the most effective components of a complex
intervention, but with a possible loss of statistical power. Four papers provide a priori defined
subgroup and meta- regression analyses to explore differences in effectiveness among interventions
in the same unit. Two papers suggest conducting network meta-analysis to dismantle the effect of
components in complex interventions. The identified statistical evidence synthesis models are
illustrated via a real example in mental health in which interventions consist of clinically welldefined components.
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Survival Analysis II
Investigating Time-dependent Exposures Using Past Information
In Non-standard Nested Case-Control Designs
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Abstract. For large cohort studies with rare outcomes the nested case-control design is favorable due
to an efficient use of limited recourses. Small subsets of the individuals at risk are randomly sampled
at the observed event times and a weighted, stratified analysis takes over the role of the full cohort
analysis. We propose a non-standard nested case-control design, where the sampling probability
evolves over time and may even depend on the cohort and sampling history. This is especially
helpful when the outcome is not necessarily rare, but interest lies in the impact of a time-dependent
exposure such as the occurrence of an adverse event or disease progression. The martingale
arguments underlying both the standard and non-standard nested case-control design allow for
choosing controls in a more sophisticated manner than simple random sampling which is usually
applied in practice. We will discuss several options how to account for past time-dependent exposure
status within a nested case-control design and their relative merits. It will be seen that a smart
utilization of the available information at each point in time can lead to a more powerful and
simultaneously less expensive design. The methods will be illustrated by observational data on the
impact of hospital-acquired infection on hospital mortality.

A comparison of statistical methods for analysing recurrent
exacerbations in COPD-trials under dependent treatment
discontinuation
Toenges, Gerrit1; Voss, Florian2; Jahn-Eimermacher, Antje1,3
1Institute for Medical Biostatistics, Epidemiology and Informatics (IMBEI), University Medical
Center Mainz, Mainz, Germany
2Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim, Germany
3Darmstadt University of Applied Sciences, Darmstadt, Germany
Abstract. This work is motivated by clinical trials in chronic obstructive pulmonary disease
(COPD), where treatment-efficacy is assessed by the analysis of recurrent exacerbations. The
patient’s rate of disease exacerbations under study may influence his decision on treatment
discontinuation. If the exacerbation rate does not only depend on known covariates, but also on
unmodeled patient characteristics, the independent censoring assumption that classical models for
recurrent events rely on might be violated. Recently, a joint frailty proportional hazards model has
been proposed to overcome that issue [1].
Fitting a joint frailty model requires input parameters, which are crucial for convergence of the
estimates but might be difficult to pre-specify in a statistical analysis plan. We therefore identified
those parameters that contribute to the difference between estimates derived from joint frailty and
classical models. For derivations we investigate the asymptotic bias of classical model estimates in
the situation where the drop-outs are associated with the recurrent events according to a joint frailty
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model.
We show that direction and degree of differences in effect estimates can be analytically derived from
model parameters. In particular, we also identify situations where hazard ratio estimates of classical
models are still unbiased despite model misspecification. These results are related to findings of a
COPD case study.
References
1. Rogers JK, Yaroshinsky A, Pocock SJ, Stokar D and Pogoda J. Analysis of recurrent events with
an associated informative dropout time: Application of the joint frailty model. Statistics in Medicine
2016; 35:2195-2205.

Estimating transition probabilities in non-Markov multi-state
models with covariates
Gran, Jon Michael1
1
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The traditional Aalen-Johansen (AJ) estimator for state transition probabilities is generally not valid
in non-Markov multi-state models. An alternative, suggested by Putter and Spitioni (2016), is to use
the AJ estimator for state occupational probabilities on a subsample of the full data, where the subset
consists of the individuals present in the state in question at a given landmark time-point. Exploiting
a result by Datta and Satten (2001), this Landmark Aalen-Johansen (LMAJ) estimator provides
consistent estimates of transition probabilities.
We here extend the LMAJ estimator for the use together with semi-parametric regression models and
inverse probability of treatment weighting, with aims of either covariate-specific predictions or
causal inference for a dichotomous main exposure. The methods are studied in a simulation study
and an application to Norwegian registry data on long-term work, education and health-related
absence for a population-wide birth-cohort of young adults. Results using the traditional AJ estimator
and the LMAJ estimator are compared, and show large differences in estimated transition
probabilities under non-Markovianity.
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Teaching and Education I
‘I am better than you’ – How social and environmental factors
affect human learning processes
Borzikowsky, Christoph1
1
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Abstract. Teaching and learning scientific knowledge (e.g., statistical methods) does not happen in a
social vacuum [1]. Reference group effects on self-concept have been examined in a multitude of
empirical studies in various educational settings [2,3]. In this contribution, we will present how
social and environmental factors affect human learning processes. First, we will introduce the bigfish-little-pond effect (BFLPE) to the audience. The BFLPE describes the phenomenon that students’
self-concept is negatively affected by the achievement level of other students in the same class or
school [4,5]. In this context, we will discuss how teacher behavior can counterbalance the BFLPE
and present several teaching strategies. Second, we will address environmental factors that affect
human learning processes. For example, learning complex topics can be optimized with external selfexplanation prompts that fit to the prior knowledge of the learner (i.e., adaptive learning) [6].
Cognitive psychological research has demonstrated that prior knowledge is a tremendously relevant
factor for learning new scientific knowledge [7]. Based on this, we will discuss educational
implications and provide further recommendations how to increase students’ motivation and learning
success.
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Wie kann man bei der biometrischen Betreuung an exakte
Verfahren für das Arbeiten mit Kontingenztabellen heranführen?
Rempe, Udo1
1
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Abstract. In der Lehre für Anwender wird aus Zeitgründen das Arbeiten mit Kontingenztabellen in
der Regel nur für den Sonderfall der zweidimensionalen Kontingenztabellen und beispielhaft mit 3
Merkmalszuständen für eine erste Variable und 4 für eine zweite Variable möglich sein (vgl. 1. S.
176). Dann enthält die Kontingenztabelle Häufigkeiten f[i,k] für i>0 und k>0 sowie Randsummen
f[0,k] für entweder i=0 oder k=0 sowie die Gesamtzahl der Beobachtungen f[0,0]. Zeilen und Spalten
sollten beliebig vertauschbar sein.
Asymptotische Unabhängigkeitstests prüfen, ob die Merkmale voneinander unabhängig sind. Für den
Likelihood-Quotienten-Test (2) kann man alle Häufigkeiten f[i,k] über z[i,k]=numln(f[i,k])
transformieren, wobei numln(f):=( wenn f=0 dann 0 sonst f*ln(f) ). Man summiert alle z[i,k] für i>0
und k>0, subtrahiert alle z[i,k] für entweder i=0 oder k=0 und addiert z[0,0]. Das Doppelte dieses
Resultats ist dann asymptotisch chi-Quadrat-verteilt mit (3-1)*(4-1) Freiheitsgraden.
Man kann auch für alle kombinatorisch möglichen Zeilenpaare und alle kombinatorisch möglichen
Spaltenpaare je eine Teilkontingenztafel mit 2 Zeilen erstellen und für diese Unabhängigkeitstests
durchführen. Für jenes Zeilen- oder Spaltenpaar, für das man die niedrigste Quantile des Testwerts
erhält, kann man die beiden Zeilen oder Spalten der Gesamtkontingenztabelle durch eine
Summenzeile oder Summenspalte ersetzen und die Kontingenztabelle schrittweise abbauen. Die
Testwerte und die Freiheitsgrade aller Teilkontingenztafeln ergeben den Gesamttestwert und die
Gesamtfreiheitsgrade. Auch innerhalb jeder Teiltabelle aus zwei Zeilen kann man wieder
Teiltabellen aus zwei Spalten bilden und für diese Unabhängigkeitstests durchführen, je zwei Spalten
zusammenfassen und die Testwerte und Freiheitsgrade summieren. Sofern ein derartiges
assymptotisches Vorgehen vermittelt ist oder schon bekannt ist, kann man für jede der dabei
entstehenden 2x2-Tafeln aber im Rahmen einer biometrischen Beratungssituation dem Anwender
auch zeigen, wies man die die Quantile der hypergeometrischen Verteilung feststellt und dass man
sie durch eine normal verteilte Quantile ersetzen und die Quadrate der normal verteilten Quantilen zu
chi-Quadrat-Werten zusammenfassen kann.
So kann man bei der biometrischen Betreuung erreichen, dass exakte Tests auch für
p-dimensionale Kontingenztabellen durchgeführt werden und dass bei mehreren Kontingenztabellen
multiples Testen vermieden wird.
Literaturverzeichnis
1. Fuchs, Günter (1969). Mathematik fürMediziner und Biologen. Springer-Verlag: Berlin,
Heidelberg, New York
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Einsatz verschiedener interaktiver Lehrformate
Gummibärchen den Lernerfolg verbessern?

–

Können

Feißt, Manuel1; Sander, Anja1; Kunzmann, Kevin1; Kieser, Meinhard1
1
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Deutschland
Abstract. Viele Studierende der Medizin begegnen den biometrischen Inhalten in ihrem Studium mit
Vorbehalten [1]. Die Herausforderung besteht unter anderem darin, Interesse für biometrische
Themen zu wecken und ihnen die Relevanz des Faches bewusst zu machen. Um dieses Ziel zu
erreichen, werden in der Fachliteratur interaktive Lehrformate propagiert, bei denen die Studierenden
aktiv in die Lehrveranstaltung miteinbezogen werden. Studien haben gezeigt, dass dadurch sowohl
das Interesse am Fach als auch der Lernerfolg verbessert werden kann [2-4].
In Anlehnung an diese Überlegungen wurde am Institut für Medizinische Biometrie und Informatik
(IMBI) des Universitätsklinikus Heidelberg der zwei Vormittage umfassende Einführungskurs
„Propädeutik der Medizinischen Biometrie“ überarbeitet und dabei, statt des bisher überwiegenden
Frontalunterrichts, besonderer Fokus auf die Verwendung interaktiver Lehrformate gelegt. Als
Ergebnis entstand eine vierteilige Veranstaltung, bei der in jeder Einheit ein etwas anderes
Lehrformat eingesetzt wird: a) ein Videoclip zum Thema Studiendesign und Studienplanung, um
Vorwissen abzurufen und zu vertiefen; b) eine Gruppenarbeit mit Übungsaufgaben zum Thema
Deskription und Grafiken; c) eine praktische Einführung in die Grundprinzipien des statistischen
Testens anhand einer gemeinsam durchgeführten Datenerhebung über die Vorhersage des
Geschmacks von Gummibärchen; d) eine weitere Gruppenarbeit mit selbstständiger Bewertung von
Publikationen und anschließender Diskussion.
Die Ergebnisse der Evaluation am Ende der Lehrveranstaltung zeigen, dass der Einsatz verschiedener
interaktiver Lehrformate von den Studierenden zum Großteil sehr gut aufgenommen und auch meist
mit einer positiven Auswirkung auf ihr Lernen gesehen wurde. Ebenfalls gab die Mehrheit der
Studierenden an, dass sich ihr Interesse am Fach Biometrie gesteigert hat und sie biometrische
Themen im Vergleich zu vor der Veranstaltung eine größere Relevanz für ihren weiteren Werdegang
beimessen.
Auch von Seiten der Dozenten wurde das neue Konzept als durchweg positiv bewertet und deren
Einschätzungen deckten sich mit den Evaluationsergebnissen der Studierenden.
Aufgrund dieser Erfahrungen sollen auch in Zukunft weitere Lehrveranstaltungen mit interaktiven
Bausteinen versehen werden.
Literaturverzeichnis
1. Astin, J., T. Jenkins, and L. Moore, Medical students' perspective on the teaching of medical
statistics in the undergraduate medical curriculum. Statistics in Medicine, 2002. 21.
2. Freeman, J.V., et al., Innovations in curriculum design: A multi-disciplinary approach to teaching
statistics to undergraduate medical students. BMC Medical Education, 2008. 8(1): p. 28.
3. Jaki, T. and M. Autin, Using a problem-based approach to teach statistics to postgraduate science
students: a case study. MSOR connections, 2009. 9(2): p. 40-47.
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A cooperative learning and flipped classroom approach for a
seminar in statistics for medical students
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Abstract. Teaching statistics to medical students is a challenge due to heterogeneity in prior
knowledge, interest in the subject, and motivation for participation across and within classes. At the
Technical University of Munich each medical student has to attend a lecture and an accompanying
seminar on medical statistics in his/her fourth year. The seminar was revised in 2016 and cooperative
learning1 and flipped-classroom2 elements were included with the aim to involve all students,
increase participation in discussions, increase efficiency, and ultimately improve teaching success in
the seminar.
Each student has to attend three ninety minute sessions. The seminar is designed to cover the most
relevant biometrical aspects in clinical trials:
1) Study planning and design
2) Analysis of clinical trial data
3) Publication/presentation and interpretation of results
Within the seminar discussion of these aspects is performed exemplarily for one clinical research
question: Can acupuncture help people suffering from migraine?
Students get tasks that have to be worked through in groups of four to five students. In the first
session aspects of study design and planning are considered and groups have to debate various design
aspects for the given research question and think about consequences regarding applicability and
interpretation. In the second session students are introduced to the statistical software SPSS. An open
dataset of a randomized acupuncture trial3 is used. The student groups have to analyse different
variables available in the dataset and present their results in the last session. Additionally, metaanalyses are introduced and discussed in the last session and strengths and potential problems are
deliberated in an open discussion.
Material (an introductory video for SPSS for the second session and a methodological article for the
third session) is given to students for preparation. Within the sessions multiple choice questions with
answers covered by scratch-off labels are provided to the groups to check knowledge and activate
students to think about and argue for the correct answer(s).
In the planned talk, we want to present our approach to a statistics seminar for medical students and
illustrate strengths and problems of our approach. We also want to show results of the latest
evaluations and present some of the students’ opinions on cooperative learning. We want to discuss
possible improvements with the audience and potential sharing of preparation material, questions for
readiness assurance tests, or tasks for student groups.
References
1. Davidson, N., & Major, C. H. (2014). Boundary crossings: Cooperative learning, collaborative
learning, and problem-based learning. Journal on Excellence in College Teaching, 25.
2. Lage, M. J., Platt, G. J., Treglia, M. (2000). Inverting the classroom: A gateway to creating an
inclusive learning environment. The Journal of Economic Education, 31(1), 30-43.
3. Vickers, A. J., Rees, R. W., Zollman, C. E., McCarney, R., Smith, C. M., Ellis, N., ... & Van
Haselen, R. (2004). Acupuncture for chronic headache in primary care: large, pragmatic, randomised
trial. Bmj, 328(7442), 744.
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Statistical Methods in Epidemiology I
Estimating causal effects of time-varying exposures using
observational data: What can we do using standard regression
methods?
Keogh, Ruth1
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Abstract. This talk will focus on estimation of causal effects from observational studies with
longitudinal repeated measures of exposures and outcomes, such as when individuals are observed at
repeated visits, which is a common problem in epidemiology. Interest may lie in studying the ‘total
effect’ of an exposure at a given time on a concurrent or subsequent outcome, or the effect of a
pattern of exposures over time on a subsequent outcome. It is sometimes not appreciated that
standard regression methods can be used, even in the presence of time-dependent confounding, to
estimate the total effect of an exposure on a subsequent outcome by controlling appropriately for
prior exposures, outcomes and time-varying covariates. On the other hand, while standard regression
adjustment is often employed in studies using longitudinal measures, issues of potential biases due to
time-dependent confounding are not always carefully considered and do indeed result in bias if
control is not made for prior values of the exposure and outcome. I will discuss the important
considerations for estimating causal total exposure effects using standard methods, and make
comparisons with alternative approaches from the causal inference literature, in particular using
marginal structural models fitted by inverse probability weighting. I will give an example in which
we have used patient registry data to study the causal effect of a treatment used in cystic fibrosis on
lung function. The talk will be partly based on recent work in the paper:
Keogh, Daniel, VanderWeele, Vansteelandt. Analysis of longitudinal studies with repeated outcome
measures: adjusting for time-dependent confounding using conventional methods. Am J Epidemiol
2017; https://doi.org/10.1093/aje/kwx311.

Adjusting for response misclassification in a study on age-related
macular degeneration
Günther, Felix1,2; Brandl, Caroline2,3; Stark, Klaus2; Heid, Iris2; Küchenhoff, Helmut1
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Abstract
In studies on age-related macular degeneration (AMD) it is common practice to grade both eyes of
each participant using an ordinal disease stage classification scheme and derive the participant’s
overall disease stage based on the more severly affected eye. If one measurement is missing for some
of the participants, using the observed disease stage of the single eye as overall disease stage can lead
to misclassification towards a lower disease stage. Being interested in modeling the occurrence of
such a disease, one has to consider potential response misclassification for the subset of the study
data with partly missing response measurements.
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It is known that ignoring response misclassification leads to biased estimates and invalid inference
[1]. We illustrate this bias for the scenarios of prevalence estimation and logistic regression modeling
based on simulations and data of the AugUR study on AMD [2]. Assuming that the participants with
both response measurements can be utilized as internal validation sample, we derive an approach to
adjust the analyses for response misclassification. The accompanying assumptions are discussed and
the effect of potentially existing additional misclassification in single eye disease stages is analysed.
References
1. Carroll, R. J.; Ruppert, D.; Stefanski, L. A.; Crainiceanu, C. M. (2006) Measurement Error in
Nonlinear Models. A Modern Perspective. Chapman & Hall, Second Edition.
2. Stark, K.; Olden, M.; Brandl, C.; et al. (2015) The German AugUR study: study protocol of a
prospective study to investigate chronic diseases in the elderly. BMC Geriatr 2015; 15:130.

Bayes-Schätzer
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Illness-Death
Modell
chronischer
Erkrankungen: Relative Sterblichkeit bei Typ 2 Diabetes
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Abstract
Der Zusammenhang zwischen der Prävalenz einer chronischen Erkrankung und den Übergangsraten
im Illness-Death Model kann als Differentialgleichung (DGL) dargestellt werden [1,2]. Dies erlaubt
es, die Inzidenzrate aus Prävalenzdaten zu schätzen, falls die Mortalitätsraten im Illness-Death
Model bekannt sind [3]. Basierend auf der DGL konstruieren wir in dieser Arbeit einen BayesSchätzer für das altersspezifische Sterberatenverhältnis (mortality rate ratio, MRR) bei bekannter
Prävalenz und Inzidenz analog zu [4].
Als Anwendung schätzen wir das alterspezifische MRR für Männer mit Typ 2 Diabetes verglichen
mit Männern ohne Diabetes auf der Grundlage von sämtlichen in Deutschland gesetzlich
Krankenversicherten im Zeitraum 2009 bis 2015 (n = 70 Millionen) [5]. Dabei verwenden wir nichtinformative Prior-Verteilungen. Der maximum a-posteriori-Schätzer für das MRR im Alter von 20
bzw. 90 ist 2,99 bzw. 1,46. Damit haben wir zum ersten Mal die Möglichkeit, die Übersterblichkeit
bei Typ 2 Diabetes in Deutschland auf Basis einer Vollerhebung gesetzlich Krankenversicherter zu
schätzen.
Literaturverzeichnis
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IDEAL - New developments on Design and Analysis of Small
Population Group Trials
Hilgers, Ralf-Dieter 1; Heussen, Nicole1,2
1
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Abstract. During the last decade the statistical methodology for design and analysis of small
population group clinical trials has become major interest [1]. This relates to the unmet need for
these methods in rare diseases including rare cancers, personalised (stratified or individualised)
medicine etc.. The IDeAl project, which was funded during the last 3 years by the European Union
within the 7th framework program integrates design and analysis methods of small population group
trials to utilize and connect all possible sources of information in order to optimize the complete
process of a clinical trial. Within the talk I will summarize the major findings of integrated research
including assessment of randomization, the extrapolation of dose-response information, the study of
adaptive trial designs, the development of optimal experimental designs in mixed models, as well as
pharmacokinetic and individualized designs, simulation of clinical studies, the involvement and
identification of genetic factors, decision-theoretic considerations, and the evaluation of biomarkers.
Further the IDeAl-net will be used to illustrate the relations [2].
References
1. Hilgers, RD., Roes, KC. and Stallard, N. Directions for new developments on statistical design
and analysis of small population group trials. Orphanet Journal of Rare Diseases. June 2016, Vol. 11,
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Randomized building blocks: A plea to provide best evidence in
trials under sample size restrictions
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Abstract. In planning a clinical trial for demonstrating the efficacy of pioglitazone to resolve
leucoplakia and erythroplakia in Fanconi anemia patients the need for a randomized controlled trial
particularly under sample-size restrictions had to be discussed as very promising results were
available from a single-arm clinical trial. Unfortunately, when at a later stage results of a randomized
controlled trial had become available, we had to suffer from the fact that single-arm clinical trials
may sometimes mislead.
Based on this example we highlight some major problems when research is based on single- arm
trials compared to randomized controlled trials.[1]
The assumption of knowing the counterfactual is easily violated in single-arm trials and it is not
possible to test it. Undocumented and undetected patient selection is one of the main downfalls of
single-arm trials. Contrary to the common opinion, addressing a new research question with singlearm trials requires more patients in the long run than starting with a (small) RCT from the beginning.
Therefore, we contrast a single-arm based research strategy with a decision making strategy based on
RCTs, which can be viewed (and used) as Lego®- type building blocks.
Particularly in rare disease, research should be based on randomized building blocks because more
robust evidence is generated: unbiased estimates of the treatment effect, avoidance of undocumented
selection of patients and evidence-synthesis requiring fewer assumptions. In addition, it is possible to
use such building blocks in further evidence-synthesis methods, such as extrapolation, where in our
opinion prior information about the treatment effect should be based on results of randomized
controlled trials.
Therefore, the plea for single-arm trials should be substituted by a plea for cooperation of all
stakeholders to provide best evidence for decision making under sample-size restrictions.
References
1. Lasch F*, Weber K*, Chao MM, Koch A. A plea to provide best evidence in trials under samplesize restrictions: the example of pioglitazone to resolve leukoplakia and erythroplakia in Fanconi
anemia patients. Orphanet J. Rare Dis., Orphanet Journal of Rare Diseases; 2017;12:102. Available
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http://ojrd.biomedcentral.com/articles/10.1186/s13023-017-0655-8

85

Tuesday, 27/Mar/2018
12:50 pm –2:20 pm
Foyer in Building 23, 1st Floor
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50 Jahre Biometrie in Magdeburg
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Deutschland
Abstract. Als sich in den 1960er Jahren in Deutschland die ersten Biometrie-Einrichtungen in
Deutschland bildeten [1,2], erhielt im Jahre 1967 auch in Magdeburg Frau Dr. Hannelore Beyer vom
damaligen Rektor der Medizinischen Akademie Magdeburg den Auftrag, eine eigenständige
Abteilung Biomathematik zu gründen. Mit dem Ziel, die Mediziner mit statistischen Verfahren und
mit der sich entwickelnden elektronischen Datenverarbeitung (EDV) vertraut zu machen, wurden die
ersten Mitarbeiter gewonnen. Es dauerte etwas, bis sich eine stabile Arbeitsgruppe etabliert hatte,
aber es war der Beginn der langen biometrischen Tradition in Magdeburg.
Im Poster wird ein Rückblick auf die 50-jährige Geschichte der Arbeitsgruppe gegeben, auf die
Zielstellungen und Arbeitsaufgaben sowie auf die Forschungsschwerpunkte. Als Konstante über die
ganze Zeit blieb die Beschäftigung mit multivariaten Verfahren, für die Prof. Jürgen Läuter als einer
der wesentlichen Repräsentanten in Deutschland gilt.
Es soll dargestellt werden, wie sich die Ausbildung von den ersten Seminaren, die Dank der
Weitsicht des damaligen Rektors schon vor der offiziellen Einführung der entsprechenden
Approbations-Ordnung eingeführt wurden, über die ersten Computerseminare bis zur aktuellen Form
entwickelt hat. Von Anfang an war die Beratung der Studenten und der wissenschaftlichen
Mitarbeiter der Medizinischen Akademie bzw. später der Medizinischen Fakultät im Rahmen von
Promotionen, Habilitationen oder Publikationen ein wesentlicher Anteil an der Tätigkeit unserer
Institutsmitarbeiter, natürlich auch die eigene Qualifikation. Mitarbeiter des Instituts gehörten zu den
ersten Absolventen des 1984 in der DDR neu eingeführten postgradualen Studiums zum
„Fachmathematiker für Medizin“.
Aus der Beratungstätigkeit entstanden viele Kooperationen mit Instituten und Kliniken, was der
Biometrie stets einen guten Rückhalt in der Einrichtung sicherte. Eine weitere wichtige
Unterstützung waren die langjährigen Kontakte mit nationalen Partner-Instituten. Das betrifft
insbesondere auch die Zeit der deutschen Wiedervereinigung mit den einhergehenden
Umstrukturierungen in der ostdeutschen Hochschul-Landschaft. Die Hinweise der Partner und die
starke Unterstützung durch Repräsentanten der Biometrischen Gesellschaft ermöglichte einen relativ
reibungslosen Übergang des Instituts in die neue Ära, die Erschließung neuer Fördermaßnahmen und
auch die Einarbeitung in die strengeren Regularien für klinische Studien. So fanden schon in den
1990er Jahren das Symposium „Anwendungsbezogene klinische Forschung“ sowie das 42.
Biometrische Kolloquium in Magdeburg statt.
Auch nach dem Wechsel der Institutsleitung in das Gebiet der Medizinischen Informatik setzte die
Arbeitsgruppe Biometrie ihre Tätigkeit erfolgreich fort, konnte sich an nationalen
Forschungsverbunden beteiligen und auch ein Verbundprojekt leiten.
Mit dem laufenden Berufungsverfahren für eine neue Leitung der Arbeitsgruppe Biometrie wird ein
weiterer Generationswechsel in der Magdeburger Biometrie eingeleitet, welcher ihr einen neuen
Auftrieb verleihen und die Tradition über viele weitere Jahre fortführen soll.
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Kosteneffektivität der DFG-Nachwuchsakademie „Klinische
Studien“ – Investition des Förderers in Relation zur akademischen
Verwertung durch die Teilnehmenden
Dahmen, Levka1, Krummenauer, Frank1
1
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Einleitung: Die Nachwuchsakademie „Klinische Studien“ ist ein Förderinstrument der Deutschen
Forschungsgemeinschaft, das dem Mangel an Nachwuchskräften im Bereich der Klinischen
Forschung entgegen wirken soll. 2015 wurden die vier bisher ausgerichteten Veranstaltungsrunden
erstmalig bezüglich der aus den Akademien teilnehmerseitig generierten Forschungsleistung
evaluiert [1]. Anhand einer Kosteneffektivitäts-Analyse wurde nun zudem ermittelt, in welchem
Verhältnis den DFG-seitig investierten Ressourcen zur Initiierung der Akademien der Teilnehmerseitig generierte akademische Output steht.
Methoden: Einbezogen werden konnten Angaben von 64 der insgesamt 92 Teilnehmenden aller
bisherigen vier Ausrichtungsrunden der Jahre 2008 – 2012, welche von den Teilnehmenden im
Rahmen eines freiwilligen anonymen Surveys berichtet wurden. Als DFG-seitige Investition wurden
die für diese 64 Teilnehmenden verausgabten Veranstaltungskosten betrachtet sowie die DFG-seitige
Anschubförderung von Akademie-Projekten der Teilnehmer. Als akademischer Output wurden die
aus dem Akademie-Projekt erwachsene Publikations-Leistung betrachtet, quantifiziert in Form der
Impact Faktor-Punktesumme [IP] sämtlicher generierter Publikationen, ferner die von den
Teilnehmenden aus deren Akademie-Projekten kumulativ eingeworbene Folge-Fördersumme [€] zu
Folge-Forschungsvorhaben.
Ergebnisse: Die Gesamtkosten aus DFG-Perspektive betrugen für das evaluierte Kollektiv
1.7 Millionen €. Dem investierten Kapital standen 27 Publikationen mit einem kumulierten Impact
von 130 IP und 5.8 Millionen € generierte Folge-Fördermittel gegenüber. Demnach wurde von den
Teilnehmern das 3,4-fache der initial DFG-seitig investierten Mittel in Folge- Forschungsvorhaben
eingeworben.
Schlussfolgerung: Vor allem bezüglich aus den Akademie-Projekten erwirkter Folge- Förderungen
kann dem Förderinstrument der DFG-Nachwuchsakademie „Klinische Studien“ eine mehr als
ermutigende Kosteneffektivität attestiert werden.
Referenz
1. Dahmen L, Krummenauer F. Evaluation der DFG-Nachsuchsakademie "Klinische Studien" –
Publikationen und Folgeförderungen. Dtsch Med Wochenschr 2016; 141: e213– e217
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Einbindung von EbM-Elementen in das Seminar Q1/Biometrie:
das Lehrprojekt „EbM-Corner“
Muche, Rainer1; Rohlmann, Friederike1, Meule, Marianne1, Mayer, Benjamin1
1
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Abstract. Im Seminar Q1/Biometrie (7. Semester) an der Universität Ulm werden die grundlegenden
statistischen Methoden für die Planung, Auswertung und Interpretation von Studien in 6
Seminarterminen (2UE) und einer Vorlesung (8 Termine) gelehrt. Diese sind relevant für eigene
Forschungsarbeiten der Studierenden. Im späteren Praxisalltag wird ihnen allerdings die klinische
Forschung eher in Publikationen und Fortbildungen begegnen, die sie verstehen, beurteilen und in ihr
praktisches Handeln umsetzen müssen. Dieser EbM-Aspekt wird bisher nur in Ansätzen, aber nicht
systematisch gelehrt.
Im Lehrprojekt „EbM-Corner“ [1] sollen nach einer systematischen Einführung in einer Vorlesung in
jedem der 6 Seminartermine an einer Publikation einer klinischen Studie die dort angewandten
statistischen Methoden und deren Interpretationen mit den Studierenden diskutiert werden. An den
sechs Terminen (Versuchsplanung, Deskriptive Statistik, Konfidenzintervalle, Korrelation und
Regression, Statistische Tests I, Statistische Tests II) wird die jeweilige Anwendung der Methodik in
der Publikation untersucht. Dazu bekommen die Studierenden eine Übungsaufgabe, die sie vorher
bearbeiten können. Die Lösungen werden im Seminar jeweils 15 Minuten vorgestellt und diskutiert.
So bekommen die Studierenden über das gesamte Seminar einen umfassenden Eindruck zur
Methodik und den Ergebnissen der vorgestellten Studie.
Die Evaluation im WS 2016/17 ergab, dass etwa ein Drittel der Studierenden diesen zusätzlichen
Aspekt im Seminar gut fanden. Die meisten der anderen Studierenden haben trotz Kritik bzgl.
fehlender praktischer Relevanz des Seminars den Artikel nicht gelesen und sich nicht an der
Diskussion beteiligt. Zwei Gründe waren dafür ausschlaggebend: erstens war vorab darauf
hingewiesen worden, dass der EbM-Aspekt in diesem ersten Durchlauf nicht mit geprüft wird.
Zweitens wurde angegeben, schon ausreichend EbM-Kenntnisse zu haben.
Wir ziehen nach der ersten Durchführung und Evaluation dieses relativ niedrigschwelligen EbMAnsatzes das Fazit, dass wir eine solche Diskussion publizierter Studien weiter einsetzen wollen,
aber den Fokus mehr auf den Teil der statistischen Methodik lenken, die Fragestellungen präziser
formulieren, nur das Lesen einzelner Teile des Artikels für jedes Seminar erwarten und eventuell
einen leichter lesbaren Artikel finden.
Im Folgenden Semester werden wir diese Änderungen sowie den Einbau des Aspektes in die Prüfung
im Rahmen einer cluster-randomisierten Lehrforschungsstudie untersuchen. Eventuell können wir
schon ganz aktuelle Ergebnisse präsentieren.
Literaturverzeichnis
1. Muche, R, Rohlmann, F., Meule, M., Mayer, B. (2017) EBM-Corner: Einbindung von Evidence
based Medicine (EbM) Aspekten in den Regelunterricht Q1/Biometrie im Humanstudium. In:
Vonthein, R., Burkholder, I., Rauch, G., Muche, R. (Hrsg.): Zeig‘ mir mehr Biostatistik. Springer
Verlag, Berlin: 133-148
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Multizentrischer Survey zur Vertrautheit klinisch tätiger
Ärztinnen und Ärzte eines Universitätsklinikums mit gängigen
Kenngrößen der Evidenz-basierten Medizin
Ahrens, Sünje-Theresa1; Tulka, Sabrina1; Krummenauer, Frank1
1
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Hintergrund: Seit längerem zeigt sich im Umfeld verschiedener Ärztekammern eine Diskussion um
eventuelle Pflicht-Weiterbildungen zu Inhalten der Evidenz-basierten Medizin (EbM). Offen sind
jedoch der faktische Bedarf an Weiterbildungen zur methodischen Basis der EbM sowie der hierfür
bestmögliche Zeitpunkt. Vor diesem Hintergrund sollte ein Survey unter klinisch tätigen Ärztinnen
und Ärzten eines Universitätsklinikums durchgeführt werden zur Messung deren Vertrautheit mit
gängigen Termini und Kenngrößen der EbM.
Material und Methoden: An vier Kliniken der Universität Witten / Herdecke, darunter zwei
operative und zwei konservative Disziplinen, wurde im Februar 2017 ein jeweils anonymer Survey
auf Basis eines Papier-Fragebogen durchgeführt. Der Survey-Fragebogen bot 12 ausformulierte
Aufgaben zu klassischen Methoden der Medizinischen Biometrie (Interpretation und Anwendung
von z.B. negativem Vorhersagewert oder Relativem Risiko) sowie zu üblichen Methoden der EbM
(Interpretation und Anwendung von Forrest Plot oder diversen Bias-Formen). Sämtliche Aufgaben
waren eindeutig mit „richtig“ oder „falsch“ zu beantworten. Primärer Endpunkt des Survey war der
Anteil [%] korrekt beantworteter unter allen „aktiv“ gegebenen Antworten (d.h. von einer / einem
Teilnehmenden nicht beantwortete Aufgaben wurden für diesen / diese nicht einbezogen). Die
primäre Fragestellung des Survey bestand im Vergleich der vier teilnehmenden Kliniken bezüglich
des Anteils korrekter „aktiver“ Antworten mittels eines Kruskal / Wallis-Tests zum Niveau 5%.
Ergebnisse: Aus den vier Kliniken resultierten 70 auswertbare Fragebögen (15 – 19 pro Klinik).
Unter den 70 Teilnehmenden zeigte sich über alle 12 Aufgaben hinweg ein medianer Anteil
korrekter Antworten von 48 % (Quartilspanne 33 – 50 %). Teilnehmende mit Facharzt- Status
zeigten darunter einen Anteil korrekter Antworten von 42 % (33 – 50 %), Teilnehmende mit
Assistenzarzt-Status einen Anteil von 50 % (33 – 53 %). Die vier Kliniken unterschieden sich nicht
signifikant zum Niveau 5% bezüglich des Anteils korrekter Antworten über die 12 Aufgaben hinweg
(Kruskal / Wallis p = 0.388), konkret zeigten sich mediane Anteile zwischen 40 % und 50 % in den
vier Kliniken. Der Anteil korrekter Antworten rangierte bei den sechs Aufgaben mit direkter
Relation zur EbM-Methodik zwischen 19 – 72 %, bei den vier Teil-Aufgaben zur Interpretation eines
Forrest Plot zwischen 19 – 42 %. Unter den sechs Aufgaben zu klassischen Termini und Zielgrößen
der Medizinischen Biometrie rangierte der Anteil korrekter Antworten zwischen 25 % (Aufgabe zum
Relativen Risiko) und 84 % (Aufgabe zur NNT).
Schlussfolgerung: Klinisch tätigen Ärztinnen und Ärzten an Universitätsklinika kann eine gewisse
Vertrautheit mit gängigen Methoden der Klinischen Forschung unterstellt werden mit Blick auf
deren teilweise akademische Karriere-Orientierung. Obiger Survey zeigte dies in der Tat zu
klassischen Termini und Kenngrößen der Medizinischen Biometrie, gleichzeitig jedoch merklich
geringere Vertrautheit und Sicherheit im Umgang mit Methoden speziell der EbM. Im Ergebnis
motiviert dieser Survey die Erwägung zielgerichteter Weiterqualifikations- Angebote zu neueren
Methoden der EbM; gleichzeitig konnte keine Konzentration solcher Empfehlungen auf den Weg
zum Facharzt-Status abgeleitet werden.

89

Tuesday, 27/Mar/2018

Graphical Principles Cheat Sheet
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Abstract.
Effective visualizations communicate complex statistical and quantitative information to facilitate
insight, understanding, and decision making. But how do you make an effective graph? Start with
identifying the purpose (i.e. the question) the graph will address. Knowing the purpose will help to
select the correct graph type for the data being displayed. Use proximity and alignment of graphical
elements to facilitate comparison. Give consideration to axis scales and orientations to support
interpretation. Use colour sparingly and only for a specific purpose. Use descriptive and legible axis
labels and annotations to help convey the message.
This poster summarizes and illustrates these core principles (and more) and is accompanied by a
single-page “cheat sheet” handout. We encourage everyone to make use of the cheat sheet whenever
preparing a graph. Good graphs speak for themselves.

Testing treatment effects in nested subgroups with adjustment for
baseline covariates: Testing procedure, sample size determination
and blinded sample size reestimation
Gera, Roland Gerard1; Friede, Tim1
Institut für Medizinische Statistik, Universitätsmedizin Göttingen, Göttingen, Deutschland
Abstract.
There is an increasing interest in personalized treatment strategies. The gold standard for the
evaluation of efficacy and safety of new treatments are the randomized controlled trials (RCT).
Furthermore, analyses of RCT are commonly adjusted for baseline covariates to minimize bias and
increase the efficiency of the inference, i.e. higher power for hypothesis tests or shorter confidence
intervals (EMA, 2003). As in Placzek and Friede (2017) we consider the analysis of continuous
endpoints testing for treatment effects in several nested subgroups, which might be defined by
several thresholds of a continuous biomarker. In contrast to the work by Placzek and Friede,
however, here we adjust the analyses for baseline covariates by considering an analysis of covariance
(ANCOVA) model. Taking a similar approach as Mehta et al. (2014) we divide the population in
disjunctive subsets, in which the hypotheses of interest are tested. Then the hypothesis tests of
subpopulations consisting of one or more disjunctive subsets are tested by combining the p-values
for the relevant subsets. This approach was also considered by Graf et al. (2017), but without
adjustment for baseline covariates. A method for sample size determination is developed.
Furthermore, we propose a design with blinded sample size re- estimation to correct wrong initial
assumptions about nuisance parameters in sample size calculation. We investigate the performance
of the proposed testing strategy, sample size determination and blinded review approach using Monte
Carlo simulations.
References
1. European Medicines Agency (2003) Points to consider on adjustment for baseline covariates.
(www.ema.europa.eu)
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Evaluation verteidigter Dissertationsschriften zum „Dr. med.
(dent.)“ bezüglich methodischer Qualitäts-Indikatoren in
Anlehnung an das CONSORT-Statement zur transparenten
Berichterstattung Klinischer Studien
Hohage, Jana1; Tulka, Sabrina1; Krummenauer, Frank1
Institut für Medizinische Biometrie und Epidemiologie der Universität Witten/Herdecke
Zielsetzung: Diskussionen um die Qualität (zahn-) medizinischer Dissertationen und dem daraus
ableitbaren Erkenntnisgewinn werden zunehmend offen geführt, nach wie vor aber zumeist ohne
belastbare Daten zur Quantifizierung „vermuteter“ Defizite. Aus Sicht der Studien-Methodik sollte
daher in Anlehnung an das CONSORT-Statement zur transparenten Berichterstattung Klinischer
Studien (und damit zur Offenlegung der zugrunde liegenden Methodik) die Qualität bereits
verteidigter Dissertationsschriften zur Erlangung des Grades „Dr. med.“ / „Dr. med. dent.“ bewertet
werden.
Material und Methoden: Sondiert wurden im Zeitraum 01 / 2014 – 12 / 2016 an der Fakultät für
Gesundheit jeweils 37 zum „Dr. med.“ sowie 38 „Dr. med. dent.“ verteidigte Dissertationsschriften
zu Patientenstudien. Für jede Dissertationsschrift wurden in Anlehnung an Qualitäts-Indikatoren des
CONSORT-Statement 10 Kriterien bewertet zur Belastbarkeit und Dokumentation von biometrischer
Planung, Auswertung und Berichterstellung. Über diese 10 jeweils binär bewerteten Kriterien wurde
ein normierter Summenscore mit Wertebereich 0 – 100% bestimmt [100% = alle für die betreffende
Dissertation relevanten Kriterien waren als suffizient dokumentiert attestiert worden].
Geprüft werden sollte nun konkret, ob sich zwischen zum „Dr. med.“ respektive zum „Dr. med.
dent.“ verteidigten Dissertationsschriften ein Unterschied in diesem Summenscore zeigt: Im
Department Humanmedizin agieren insgesamt vier Professuren mit biometrischer Expertise (z.B. für
Forschung in der Operativen Medizin), für Promovierende der Zahnmedizin „nur“ das Departmentübergreifende Institut für Medizinische Biometrie und Epidemiologie. Um eine vermutete mediane
Differenz von 20% mit einem 95%- Konfidenzintervall der maximalen Breite +/- 15% schätzen zu
können, war eine Anzahl von jeweils 37 verteidigten Dissertationsschriften notwendig.
Ergebnisse: Bewertet wurden insgesamt 37 Promotionen zum „Dr. med.“ sowie 38 zum „Dr. med.
dent.“. Unter allen 75 sondierten Dissertationsschriften zeigte sich ein medianer Summenscore von
50 % (Interquartilspanne 33 – 66%), wobei sich bei den Kriterien „Fallzahlplanung“ mit 19% sowie
„korrekte Berücksichtigung multipler Testung“ mit 10% die geringsten Häufigkeiten einer als
suffizient attestierten Erfüllung zeigten.
Für die 37 Dissertationsschriften zur Erlangung des „Dr. med.“ ergab sich ein medianer
Summenscore von 44% (33 – 67%), für die 38 zur Erlangung des „Dr. med. dent.“ einer von 56%
(46 – 67%). Das 95%-Konfidenzintervall für die mediane Differenz ergab sich zu [-19%; +6%]
(Hodges / Lehmann-Schätzer); somit zeigte sich kein zum Niveau 5% signifikanter Unterschied
zwischen zum „Dr. med.“ bzw. zum „Dr. med. dent.“ verteidigten Dissertationen.
Schlussfolgerung: Im Median zeigten verteidigte Dissertationsschriften nur bei der Hälfte der
sondierten methodischen Qualitäts-Indikatoren eine inhaltlich belastbare Dokumentation; v.a.
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bezüglich der jede Patientenstudie determinierenden Fallzahlplanung fanden sich in 81% der
sondierten Arbeiten substantielle Fehler oder sogar gar keine Angaben. Zwischen den zur Promotion
qualifizierenden Eingangs-Studiengängen Humanmedizin und Zahnmedizin zeigten sich gleichzeitig
keine nennenswerten Unterschiede in der Erfüllung der sondierten methodischen QualitätsIndikatoren.

A list of A-eﬃcient treatment-control designs
Kazuhiro, Ozawa 1; Shinji, Kuriki 2
1
2

Gifu College of Nursing, Japan
Osaka Prefecture University, Japan

Abstract. We consider an experiment to compare v treatments (called test treatments) with a
standard treatment (called a control) using b blocks, each of size k. Such a design is called a
treatment-control design.
Das, Dey, Kageyama and Sinha [1] and Mandal, Gupta and Rajender Pars- ad [2] have given a list of
A-eﬃcient balanced treatment incomplete block (BTIB) designs in the practically useful ranges of
the parameters.
In this poster, we give a list of A-eﬃcient treatment-control (not always BTIB) designs constructed
by cyclic and generalized cyclic designs given by John [3] and Hall and Jarrett [4]. Moreover, we
compare the eﬃciencies of our designs with the eﬃciencies of the designs given by Das, Dey,
Kageyama and Sinha [1] and Mandal, Gupta and Rajender Parsad [2] as treatment-control designs.
References
1. Das, A., Dey, A., Kageyama. S., Sinha, K. (2005) A-eﬃcient balanced treatment incomplete block
design. Australasian Journal of Combinatorics, 32: 243-252.
2. Mandal, B. N., Gupta, V. K., Rajender Parsad (2017) Balanced treatment incomplete block
designs through integer programming. Communications in Statistics - Theory and Methods, 46(8):
3728-3737.
3. John, J. A. (1987) Cyclic designs. Chapman and Hall, New York.
4. Hall, W. B. and Jarrett, R. G. (1981) Nonresolvable incomplete block designs with few replicates.
Biometrika 68(3): 617-627.

Establishing a database for the German Patient Blood
Management Network to monitor its safety and effectiveness
Schmitt, Elke1,2; Zacharowski, Kai1; Füllenbach, Christoph1; Herrmann, Eva2; Meybohm, Patrick1
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Frankfurt, Germany
2
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Background: Germany is the country with the highest amount of RBC transfusions per 1,000
patients in Europe [1]. Patient Blood Management (PBM) includes a bundle of procedures to
enhance patients’ blood quality, to save blood loss and to avoid unnecessary blood transfusions.
The present project is based on the two-year pilot project with four German University hospitals on
Patient Blood Management (PBM; http://www.patientbloodmanagement.de). Now we want to extend
the study allowing for all types of hospitals and patients groups over a longer time period of several
years (open-end study design). This new study is initiated to evaluate the step-wise establishment of
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PBM more widely in Germany or even worldwide.
Methods: In the ongoing first step, anonymous routine clinical data of in-hospital patients over 18
years with at least one surgical procedure relevant to PBM endpoints is gathered from the
participating hospitals and after screening for errors transferred into an R-database. During this
observation period, monitoring safety and effectiveness using descriptive analysis for each hospital
for the overall patient cohort and per surgery groups are provided on a regular time schedule. All
participating hospitals receive regular individual status reports.
In a second step, comprehensive data analysis is planned when data from at least 1,000,000 patients
is included following the lines of the pilot study. Primary aim is to proof non- inferiority of patient
safety after implementation of PBM with respect to a safety composite outcome (in-hospital
mortality, myocardial infarction, ischemic stroke, acute renal failure, all until hospital discharge)
compared to the standard of care before implementing PBM. The hospitals are included as random
effects for multivariable regression analysis or used as stratification factor in all statistical analyses.
The primary endpoint will be investigated by a nonparametric Cochrane Mantel-Haenszel test. For
this aim, the standard R-function for the Cochrane Mantel-Haenszel test has been extended to also
test non-inferiority assumptions.
Results: The pilot study achieved the non-inferiority aim with a non-inferiority margin of 0.5%
(p<0.001) and even showed a trend in superiority of the PBM group with respect to safety [2]. It also
showed superiority in the reduction of red blood cells transfusions and indicated PBM most receptive
surgery groups. Preliminary new results confirmed these findings.
Conclusion: Correctly accounting to cluster effects in large observational trials is challenging. Here
it is solved by nonparametric stratified tests and parametric random effect estimators. The new largescale trial is important for confirming the results also allowing more general implications.
Literaturverzeichnis
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BMI trajectories during puberty among patients with type 1
diabetes - a longitudinal group-based modeling approach
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Abstract
Weight often changes during puberty, especially in individuals with chronic disorders. The aim was
to identify longitudinal patterns of age/sex-standardized body mass index (BMIz) during puberty in
patients with type 1 diabetes (T1D) and to examine associated covariates.
5665 individuals with follow-up from age 8 to 20 years were extracted from the German/Austrian
diabetes registry DPV. BMIz trajectories were identified using latent class growth modeling (LCGM)
according to D. Nagin (SAS macro PROC TRAJ) (1,2). LCGM is a semi-parametric finite-mixture
modeling approach that clusters longitudinal data using polynomial functions. The optimal number
of latent classes and the appropriate polynomial order were selected using the BIC and clinical
relevance of cluster sizes. As PROC TRAJ is not an official SAS procedure, we used the PROC NLP
procedure for validation. Subsequently, multinomial logistic regression models were used to assess
covariates associated with the membership in the respective trajectories.
Six distinct BMIz trajectories were identified; four of them had an almost constant BMIz over time at
different levels. One group (60% girls) gained weight during puberty, whereas the sixth group was
characterized by weight loss (65% boys). The near-normal group differed significantly from the
other groups in terms of sex, migration background, mental health, height, diabetes treatment,
hypertension, and smoking.
The group-based modeling approach is a valuable tool to examine longitudinal disease histories by
identifying and characterizing distinct clusters of patients. Due to the heterogeneity of BMIz
trajectories in youth with type 1 diabetes, personalized intervention programs adapted to unique
patient profiles should be offered to individuals at risk for unfavorable BMI development.
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Fast and reliable detection of antibiotic resistance by real-time
analysis of bacterial growth
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Abstract. The fast and reliable detection of antibiotic resistance in bacteria is essential for
appropriate treatment and infection control. Whereas the microbiological literature presents several
techniques for measuring bacterial growth continuously, well-developed statistical methods for
automatic growth monitoring (e.g. to detect antibiotic resistance) are still missing in literature. We
therefore propose new statistical approaches for fast and reliable discrimination between resistant
and susceptible bacteria. These are based on the ongoing monitoring of growth [1], of changes in
growth [2], and of the coherence of growth [3] in time series with and without antibiotics. Since all
methods base upon fitting robust Repeated Median regression lines to moving window samples, they
can be applied in real-time without difficulty to any kind of time series of bacterial concentrations.
Current methods of susceptibility testing require about 12-24 hours for reliable results. Applications
to several types of bacteria indicate that the new approaches discriminate between resistant and nonresistant bacteria with estimated sensitivities and specificities of around 95% (estimation by leaveone-out cross-validation) already after 3-4 hours [4,5].
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Abstract. A large outbreak of influenza A(H1N1) happened in 2009 and a huge number of people
was infected and died during this pandemic event. The natural hosts of influenza viruses are wild
birds, however, the infection spreads mainly by human-to-human transmission once the viruses are
adopted to humans. Thus, it is important to identify how the viruses spread during pandemic event in
order to develop health countermeasures. In this study, the transmission route of influenza A(H1N1)
in 2009 in Japan was estimated using epidemiological and non-epidemiological data, namely
geographic distance, domestic transportation network and genome information.
Material and methods: In the beginning of pandemic, from the end of May to the middle of June,
H1N1 viruses were imported to 5 cities from abroad and 9 domestic importation cases were observed
in Japan. The genome sequences of viruses detected in 14 cities were taken from GenBank and the
geographic data and the human travel data used were from Geospatial Information authority of Japan
and Ministry of Land, Infrastructure, Transport and Tourism, respectively.
The mutation of influenza virus is quite fast and, firstly, we calculated the differeces among genome
sequences of reported viruses and the distances of each pair of viruses were measured. Recently, it
was shown that there is a strong correlation between the effective distance, given by the frequencies
of human migration, and arrival time of viruses/infection [1]. Applying this idea to domestic human
travel data, the effective distances from one city to another were computed. Geographic distance
plays an important role in the spread of infectious diseases and the distances among cities were also
computed. Three distances were described in the form of likelihood function and the corresponding
parameter values were estimated.
Results: All pairs of transmission network were evaluated by the constructed likelihood functions
using the influenza importation cases from abroad and the domestic transmission cases. The
estimated transmission trees were compared by AIC and the most possible transmission route was
identified.
Conclusion: Recent development of big data analysis gives us new insights in modelling the
transmission route identification. Our approach suggests that more plausible results can be obtained
by combining epidemiological and non-epidemiological data than epidemiological data alone.
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Abstract.
Background: Autism Spectrum Disorder (ASD) is a highly heritable polygenetic disorder with
several forms and different degrees of handicap. The cumulative burden of disease depends on age
and thus age at diagnosis. Symptomatic children are currently diagnosed around the age of six years.
Genetic tests might contribute to earlier diagnosis and treatment, but their cost-effectiveness (CE) is
unproven.
Objective: Model scenarios with genetic diagnostics and the current state of the art psychometric
diagnosis.
Methods: We compare the state of the art psychometric diagnosis with three other diagnostic
scenarios: prior genetic screening, prior genetic testing on demand, and prior genetic testing in cases
with a family history of ASD. The models shall be simulated as decision tree and Markov models
based on parameters found in the literature. The time horizon considered reaches from birth to the
15th year of life. The cycle length was confined to one year. We choose the insurance view in our
evaluation. The number of years of detected ASD children spent after successful early intervention
was used for effectiveness. Direct cost for diagnostics and early intervention was used for the costs.
We evaluated the CE and the incremental cost- effectiveness-ratio (ICER). We use the software
TreeAge version 17.
Results: A German diagnostic guideline states the psychometric tests and their accuracies. Their
costs are listed in reimbursement rules. Costs of treatment were explicitly vague. We made a rough
estimation of annual costs of treatment and so forth, 20% below costs stated in an American study.
One important input is the age distribution of children when diagnosis is first attempted. Different
values were available for patients and used in simulations. The age- dependent rate of non-ASD
children tested for ASD seems unknown. Different assumptions here would influence results. The
genetic screening scenario should not be an option at the current sensitivities and specificities for
genetic tests of ASD. The decision tree simulation hints at a possibly higher cost effectiveness for
scenarios with targeted genetic diagnostics, as it should. Our model allows the psychometric
diagnosis to be complemented with genetic diagnostics.
Discussion: The accuracy of genetic diagnostics show room for improvement. More data on children
tested negative are needed for psychometric tests as well. Although ASD is a developmental
disorder, literature is divided about age-dependency of symptom reduction. We considered all
patients equal despite the wide spectrum of handicaps. Nevertheless, our model can become helpfull
for the economic evaluation of genetic diagnostics.
Conclusion: Further evaluations with real data need to underpin the current results.
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AccuFusion: A new statistical algorithm for detecting gene fusions
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The advent of next-generation sequencing technologies allows for the detection of gene fusions at
unprecedented efficiency. However, the naive approaches often produce an unmanageable number of
false predictions due to several confounding factors such as non-specific alignments.
We developed a highly scalable software, AccuFusion, which implements a robust statistical modelbased algorithm for gene fusion discovery by paired-end RNA-Seq. Specifically, a given paired- end
read alignment is first quantified in terms of the genomic location (L) of the aligned read pair, the
distance (D) between the aligned read pair of the fragment (insert) and the orientation (O) of the read
pair. The specific pattern in (L, D, O) space is used as a constraint to define the discordant read pair.
This algorithm begins by detecting and clustering discordant read pairs that support the same fusion
event (e.g. BCR-ABL1) and selects the discordant read clusters as fusion candidates. Next, a greedy
strategy is applied to define the boundaries of discordant read clusters to address the existence of
multiple fusion products with different fusion junctions in the same fusion partners. Specifically, the
boundary for each discordant read cluster of candidate fusion is estimated on the basis of discordant
read mapping locations and orientations with fragment length (e.g. within mean plus three standard
deviations, μ+3*σ) as a constraint of cluster size. Meanwhile, an in-silico fragment length for each
read pair within the discordant read clusters is calculated against the read cluster boundary, and any
discordant read pair whose in-silico fragment length falls outside mean plus three standard deviations
in the fragment size distribution is discarded. An in-silico sequence generated by using the consensus
of reads within discordant read clusters for each fusion candidate is used to detect breakpointspanning reads. Those steps and other filtering metrics are used to reduce the false positive fusion
candidates.
Different from existing work on gene fusion detection by RNA-Seq, the analytical power of
AccuFusion lies in joint analysis of hundreds of RNA-Seq samples with accurate detection of fusion
junctions for multiple fusion products with same fusion partner across samples, and it is more
sensitive at identifying recurrent fusions that occur in multiple samples with low signal level. It
outputs fusion candidates in a single table across hundreds of samples. Our AccuFusion is capable to
scale to whole- transcriptome analysis of hundreds of patient samples for gene fusion detection and
thus will prove useful for large datasets to come from The Cancer Genome Altlas (TCGA) and other
large-scale cancer transcriptome sequencing projects.

Identifying differential distributions for single-cell
sequencing data comprising biological replicates
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Abstract.
Major advances in technology in the current decade allow to sequence information from individual
biological cells and thus offer a high resolution of cellular differences. Single cell sequencing
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facilitates fundamental insights into biology and was chosen as the method of the year 2013 by
Nature Publishing Group. In particular, performing high-throughput ribonucleic acid (RNA)
sequencing at the single-cell level (scRNA-seq) has enabled the quantification of cellular
heterogeneity. However, it remains a challenge to account for the natural biological variation for the
detection of differential gene expression, cellular heterogeneity and clustering in the scRNA-seq
data. Thus, the design of appropriate statistical analysis methods for scRNA-seq data currently is of
great interest and importance.
Recently developed tools are able to detect differences in gene expression distributions across
conditions which are more involved than a shift in the mean. For instance, a current approach allows
for a classification of genes with a differential distribution (DD) into categories that represent distinct
DD patterns such as differential modality or differential proportion of cells within each component.
Our aim is to develop a statistical method that identifies DDs in the scenario in which the scRNA-seq
data consist of read counts obtained by different biological replicates for each physiological
condition. In such a case, the gene expression for each condition can first be represented by a mixture
distribution, where each mixture component corresponds to a kernel density estimate fitted to the
expression data of an individual biological replicate. Due to this strategy, the information given by
the corresponding multiple biological replicates is aggregated for each condition separately. Then,
the condition-specific distributions so obtained are checked for significant differences applying the
L2 Wasserstein distance and a permutation test. Our procedure is illustrated and evaluated using
data from a recent scRNA-seq experiment.

Splitting on categorical predictors in random forests
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Abstract. One reason for the success of random forests in many applications is their ability to
analyze most datasets without preprocessing. In contrast to other statistical methods and machine
learning approaches, no recoding such as dummy coding is required to handle ordinal and nominal
predictors. The standard approach for nominal predictors is to consider all 2k−1 – 1 2-partitions of the
k predictor categories. However, this exponential relationship produces a large number of potential
splits to be evaluated, increasing computational complexity, and restricts the possible number of
categories to 32 or 64, depending on the implementation.
For binary classification and regression, it was shown that ordering the predictor categories in each
split leads to the exact same splits as the standard approach. This reduces computational complexity
because only k – 1 splits have to be considered for a nominal predictor with k categories. However,
the memory limit for the number of categories remains.
We propose to order the categories just once before growing the forest. With this approach, the
nominal predictor can be treated as an ordinal one, simplifying the split point to a single number and
speeding up the computation. For multiclass classification and survival prediction no such ordering
methods exist. We propose to order the categories according to their empirical corre- lation with each
other in multiclass classification and by the median survival time in survival prediction.
We compare different approaches to handle nominal predictors in random forests in several
simulation settings and on real data in terms of prediction performance and computationally
efficiency. The prediction performance of our approach is at least as good as the standard approach
in all datasets considered, while being computationally faster. For multiclass and survival outcomes
it allows efficient splitting on nominal predictors for the first time.
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Palmes, Christiana; Bluhmki, Ericha,b
aBoehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der Riß, Germany
bHS Biberach, University of Applied Sciences, Biberach an der Riß, Germany
Abstract
The two one-sided t-tests (TOST) is a widly used equivalence test in the pharmaceutical industry.
Sample size calculation is needed in order to detect existing equivalence with a certain power,
usually not lower than 0.80. However, the resulting sample size is highly sensible to the assumed true
mean-difference that has to be anticipated by the investigator. In this talk, a new TOST power
representation is derived that allows a handy interpretation concerning the impact of the true meandifference and TOST sensitivity , as introduced in Schuirmann (1987), to the resulting power. Such
a representation reduces asymptotically to a quadratic equation that gives raise to a useful rule of
thumb for sample size calculations in case of larger dispersions. In a further step, the true meandifference is assumed to follow an a-priori distribution to overcome the explicit guessing of the true
mean-difference. Closed-form power formulas and sample size tables are presented for the uniform
and centered triangle distribution as a-priori distributions. Finally, we show that every a-priori
distribution can approximately be replaced by a fixed true mean-difference. Using our asymptotics
instead of exact power representations guarantees that this replacement is independent of the
dispersion, equivalence interval and even sample size. In honor of D. J. Schuirmann, the assigned
mean-difference to an a-priori distribution is called the Schuirmann constant.
Keywords: Equivalence tests, asymptotical power, sample size estimation, Schuirmann constant
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Abstract.
It is known that when random forests are applied using the Gini index as split criterion, a selection
bias occurs that favours variables with many split points [1]. To avoid this bias, it is recommended to
perform a two-step procedure for variable selection [2]. In the first step, a statistical test is performed
to identify the variable with the strongest association with the outcome. The second step then
determines the best split point for this specific variable. Since variable may be measured on different
scales, it is generally recommended to use p-values instead of the test statistics in the first step.
However, in this case, the specific test statistics are maximally selected statistics, so that the
calculation of p-values is not possible. As a solution, it has been suggested to estimate the required pvalues by permutation procedures [2]. These are very time-consuming in the context of random
forests, because the calculations have to be done for every variable in every node of every tree. It has
therefore been recommended to use approximations for maximally selected statistics [3]. In the case
of a binary outcome, a maximally selected chi-square statistic can be assumed as the underlying test
statistic, and different approximations have been suggested for this by Miller & Siegmund (1982) [4]
and by Betensky & Rabinowitz (1999) [5]. We applied both of these methods to random forests for
the estimation of p-values. As expected, both methods substantially reduced the computation time.
Through extensive simulations we found that the method by Betensky & Rabinowitz (1999) [5] is
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able to reduce the described selection bias in random forests. In contrast, the bias remains when the
method by Miller & Siegmund (1982) [4] is used. We therefore recommend to use the method by
Betensky & Rabinowitz (1999) [5] to speed up the two-step procedure [2] for binary variables in
random forests while reducing the selection bias.
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Abstract:
Pathway analysis has become the first choice for analyzing high-throughput measurements at
functional level. Existing pathway analysis methods are classified into three groups, overrepresentation analysis, functional class scoring and pathway topology, each with different
requirements, advantages and disadvantages. The analytical data obtained from high-throughput
measurements, e.g. as mass spectroscopy, are often subject to left-censoring when the values to be
quantified fall below the limit of the detection.
We will give an overview of the different proposed approaches, such as deleting or replacing with a
fixed value, parametric and nonparametric, to deal with those “non-detects”. We will illustrate this
using an example of 190 lipid mediators measured on over 220 subjects which are grouped in
different pathways. Finally, this is completed by a simulation study to compare the different
approaches.

Methods for left-censored biomarker data: A simulation study in
the two-sample case
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Abstract. Classifying patients into subgroups in precision medicine strongly relies on the availability
of biomarker data [1]. Although there is a huge amount of candidate data, finding suitable
biomarkers still is challenging due to the lack of reproducibility and statistical power [1]. In addition,
biomarker data is frequently left-censored, and it is yet unclear how best to handle data where a nonnegligible proportion has values under a given detection limit. In this work we target this issue by
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investigating the analysis of left censored data. While imputation methods are commonly used in
practice, it was shown that these perform badly (Zhang et al - univariate [2]; Thulin - multivariate
[3]). Current literature suggests that the best method relies highly on the research question and
setting. However, recent studies considered only specific small sample settings without comparing
methods comprehensively. To fill this gap, we performed a comprehensive simulation study
considering univariate and multivariate distributions and varying sample sizes to systematically
compare different suggested methods. The distributions and sample sizes were chosen based on
observed data from the DZL All Age Asthma Cohort (ALLIANCE). Our results will help to guide
researchers to select most efficient methods for a specific setting.
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Abstract. Nichtparametrische Rangtests wie der Wilcoxon-Mann-Whitney Test oder der KruskalWallis Test sind eine beliebte und ha¨ufig angewandte Alternative um explorativ oder
konfirmatorisch Unterschiede in der Lage von zwei oder mehr Gruppen zu untersuchen, auch wenn
Nicht-Transitivitätseigenschaften die Interpretation der Ergebnisse erschweren können. Gerade bei
komplexen, nicht-randomisierten Beobachtungsstudien kann eine Adjustierung der Daten,
beispielsweise in Form von Propensity-Score Gewichtungen interessant sein [1].
In dieser Präsentation werden Varianten von gewichteten Rangtests für unabhängige Stichproben
beschrieben und insbesondere auch exakte Varianten für kleine Stichproben vorgeschlagen. Dabei
wird auf Algorithmen des R- Pakets survey Version 3.31-2 (Analysis of Complex Survey Samples,
Thomas Lumley, 2016) aufgebaut.
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Abstract. In observational studies, propensity score methods are of increasing importance to
compare treatment effects. Besides matching methods, propensity score methods may also use
inverse probability weighting schemes or stratification with respect to the estimated propensity score.
In this presentation, we describe a simulation study comparing different me- thods focusing on the R
packages MatchIt and twang [1-2].
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The simulated settings mimic current application problems of our group. Firstly, a situation related to
special analyses for the GARY registry (German Aortic Valve Registry) which recruited a total of
about 52000 patients which are followed up for several years. Secondly, a smaller mono-center
retrospective study with only about 50 patients in the explorative treatment group and 300 patients in
the control group. In both situations, time-to-event analyses should be performed to compare the
clinical outcome between two main treatment groups with heterogeneous patient populations.
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Abstract. Randomized controlled trials in pregnancy are not feasible due to ethical concerns.
Therefore, studies on adverse pregnancy outcomes after maternal drug exposure in pregnancy are
mostly based on observational studies, requiring adjustment for selection bias and confounding. For
analysis of rare outcomes like birth defects conventional regression adjustment using covariates is
not possible due to the limited number of exposed pregnancies, and propensity score (PS) based
methods are generally preferred in this situation. However, clear recommendations for the method of
choice among the various PS-score methods in settings with small case numbers and rare outcomes
are still missing.
We have compared the performance of different PS adjustment methods using empirical data from
prospective observational cohort studies. Treatment effects on birth defects were assessed in a
logistic regression model. Graphical diagnostics were applied to evaluate the distribution of the
estimated PS. We used the inverse probability of treatment weighting (IPTW) and regression
adjustment using the PS. Matching and stratification by PS may be less feasible for rare events.
Adjustment methods yielded similar results when covariates were relatively balanced. However, if
groups showed strong differences in covariates resulting in insufficient overlap in the PS, the
estimated odds ratio varied by adjustment method. IPTW was found to work best in controlling for
confounding when investigating rare events. Since IPTW tends to underestimate the variance of the
estimated treatment effect, IPTW with stabilized weights and a robust variance estimator should be
used [1].
References
1. Austin, P.C., Stuart, E.A. (2015) Moving towards best practice when using inverse probability of
treatment weighting (IPTW) using the propensity score to estimate causal treatment effects in
observational studies, Statistics in Medicine, 34: 3661-3679.
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Empirische Güteeigenschaften statistischer Verfahren zu MetaAnalysen diagnostischer Studien
Strömer, Annika1,2; Rey, Julia1; Herrmann, Eva1
1

Institut für Biostatistik und Mathematische Modellierung, Fachbereich Medizin, Goethe-Universität
Frankfurt, Frankfurt am Main, Deutschland
2
Hochschule Koblenz, RheinAhrCampus Remagen, Remagen, Deutschland
Abstract. In dieser Präsentation werden verschiedene Verfahren zur Schätzung von Sensitivitäten
und Spezifitäten zur Beurteilung der diagnostischen Güte in Patientendaten-basierten Meta-Analysen
evaluiert. Die individuellen Patientendaten für einen quantitativen diagnostischen Marker wurden
simuliert, wobei die zugrundeliegenden Verteilungen an die Meta-Analyse von Friedrich-Rust et al.
[2] angelehnt wurden.
Ausgewertet wird ein nichtparametrischer Ansatz, der in Rey [3] eingeführt wurde, und der in
Simulationen in der Regel dem parametrischen Ansatz von Arends et al. [1] überlegen ist. Der
parametrische Ansatz führt teilweise zu starken Verzerrungen. Die Verfahren wurden außerdem mit
dem hierarchischen SROC-Modell (HSROC) verglichen [4]. Allerdings ist der HSROC- Ansatz stark
von den gewählten Parametern der a priori Verteilung abhängig.
Literaturverzeichnis
1. Arends, L.R., et al (2008) Bivariate random effects meta-analysis of roc curves. Medical Decision
Making, 28:621-638.
2. Friedrich-Rust, M., et al (2012) Performance of acoustic radiation force impulse imaging for the
staging of liver Fibrosis: a pooled meta-analysis. Journal of Viral Hepatitis, 19):e212-e219.
3. Rey, J. (2014) Optimierung statistischer Methoden zu Meta-Analyse diagnostischer Studien.
Dissertation Goethe-Universita¨t Frankfurt, Fachbereich Medizin.
4. Rutter C.M., Gatsonis C. (2001) A hierarchical regression approach to meta-analysis of diagnostic
test accuracy evaluations. Statistics in Medicine, 20:2865-2884.

A hierarchical Bayesian model for an in vitro - in vivo correlation
(IVIVC)
Erhardt, Elvira M. 1; Ursino, Moreno2; Jacobs, Tom3; Biewenga, Jeike3; Gasparini, Mauro1
1

Politecnico di Torino, Turin, Italy
INSERM, University Paris 5 and 6, Paris, France
3
Janssen Pharmaceutica NV, Beerse, Belgium
2

Abstract. The objective was to establish a predictive model for the pharmacokinetic (PK) data of a
controlled release (CR) formulation through combination of an in vitro surrogate of the drug release
with an in vivo immediate release (IR) model, while accounting for the uncertainty in their parameter
estimates.
The proposed innovation is a Bayesian parameter estimation of convolution based ordinal differential
equations (ODE). This method divided the model into three submodels. First, the blood
concentration measurements after IR administration (e. g., intravenous infusion) are estimated using
a population PK model. Second, the observed drug release is approximated by a cumulative
distribution function. The parameter estimates contain useful information aboutin vivo drug
disposition and the in vitro release is considered to mimic the in vivo permeation. These models are
performed in a frequentist manner and the parameter estimates with uncertainties serve as priors for
the CR plasma concentration profile ODE modelling. This method was illustrated at a transdermal
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patch as CR formulation, using the software R and STAN.
The resulting three-compartment model described the IR concentration data of the population
adequately. Combining this model with a Weibull function- based surrogate for the in vivo release,
led to the prediction of drug concen- tration-time profiles comparable with the in vivo observations.
In conclusion, the Bayesian framework provides for a natural integration of knowledge from
different models into one, simultaneously acknowledging for the uncertainty in the data. This brings
an advantage compared to the current IVIVC methodology, where biased deconvolution techniques
and averaged data are common. The developed IVIVC model resulted in a satisfactory estimation of
the case study.
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Network Meta Analyses
Population-adjusted treatment comparisons: overview
approaches and recommendations from the NICE DSU

of

Phillippo, David1
1

Population Health Sciences, Bristol Medical School, University of Bristol, Bristol, UK

Abstract. Standard methods for indirect comparisons and network meta-analysis are based on
aggregate data, with the key assumption that there is no difference between trials in the distribution
of effect-modifying variables. Several methods which relax this assumption, including MatchingAdjusted Indirect Comparison (MAIC) and Simulated Treatment Comparison (STC), are becoming
increasingly common in industry-sponsored treatment comparisons where a company has access to
individual patient data (IPD) from its own trials but only aggregate data from competitor trials. These
methods use IPD to adjust for between- trial differences in covariate distributions. Another class of
methods extend the standard network meta-regression framework to simultaneously incorporate
evidence at the individual and aggregate level.
Drawing from a recent NICE Decision Support Unit Technical Support Document [1,2] we review
the properties of population adjustment methods, and identify the key assumptions. Notably, there is
a fundamental distinction between “anchored” and “unanchored” forms of indirect comparison,
where a common comparator arm is or is not utilised to control for between-trial differences in
prognostic variables, with the unanchored comparison making assumptions that are very hard to
meet. Furthermore, both MAIC and STC as currently applied can only produce estimates that are
valid for the populations in the competitor trials, which do not necessarily represent the decision
population. We provide recommendations on how and when population adjustment methods should
be used to provide statistically valid, clinically meaningful, transparent and consistent results for the
purposes of health technology appraisal.
References
1. Phillippo, D.M., Ades, A.E., Dias, S., Palmer, S., Abrams, K.R., Welton, N.J. (2016) NICE DSU
Technical Support Document 18: Methods for population-adjusted indirect comparisons in
submission to NICE. Available from www.nicedsu.org.uk.
2. Phillippo, D.M., Ades, A.E., Dias, S., Palmer, S., Abrams, K.R., Welton, N.J. (2017) Methods for
population-adjusted indirect comparisons in Health Technology Appraisal. Medical Decision
Making, first published online August 19, 2017.
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Network meta-analysis of treatment combinations
Rücker, Gerta1; Schwarzer, Guido1
Institute for Medical Biometry and Statistics, Faculty of Medicine and Medical Center – University
of Freiburg, Germany
1

Abstract. Treatments in network meta-analysis (NMA) can be complex interventions. Some
treatments may be combinations of others or have common components. The standard analysis is a
NMA where all existing (single or combined) treatments are different nodes in the network.
However, we may be more interested in an alternative model exploiting that some treat- ments are
combinations of common components. The additive NMA model assumes that the effect of a
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treatment combined of several components is the sum of the effects of its components. This implies
that common components cancel out in comparisons. Bayesian analyses have been suggested [1,2].
We report an implementation of the additive model in the frequentist R package netmeta, version
0.9-7. Our model is
δ = Bθ,

θ = Cβ

where δ is the vector of true relative effects (differences) from the studies, B is a design matrix
describing the structure of the network, θ is a parameter vector that represents the existing combined
treatments, C is a matrix describing how the treatments are composed, and β is a parameter vector
representing the treatment components. All parameters are estimated using weighted least squares
regression. We illustrate the model’s application using two network meta-analyses of treatments for
chronic obstructive pulmonary disease [2] and depression [3].
References
1. Welton, N.J. et al. (2009) Mixed treatment comparison meta-analysis of complex interventions:
psychological interventions in coronary heart disease. American Journal of Epidemiology,
169(9):1158–1165.
2. Mills, E.J. et al. (2012) Calculating additive treatment effects from mul- tiple randomized trials
provides useful estimates of combination therapies. Journal of Clinical Epidemiology, 65(12):1282–
1288.
3. Linde, K. et al. (2016) Questionable assumptions hampered interpretation of a network metaanalysis of primary care depression treatments. Journal of Clinical Epidemiology,71:86–96.

Estimating the variance for heterogeneity in arm-based network
meta-analysis
Piepho, Hans-Peter1; Madden, Laurence2; Roger, James3; Payne, Roger4; Williams, Emlyn5
1

Universität Hohenheim, Deutschland
Ohio State University, Wooster, USA
3
London School of Hygene, UK
4
Rothamsted Research, Harpenden, UK
5
Australian National University, Canberra, Australia
2

Network meta-analysis can be implemented using arm-based or contrast-based models. Here we
focus on arm-based models and fit them using generalized linear mixed model procedures. Full
Maximum Likelihood (ML) estimation leads to biased trial-by-treatment interaction variance
estimates for heterogeneity. Thus, our objective is to investigate alternative approaches to variance
estimation that reduce bias compared to full ML. Specifically, we use penalized quasi-likelihood
(PQL)/pseudo-likelihood (PL) and hierarchical (h) likelihood approaches. In addition, we consider a
novel model modification that yields estimators akin to the residual maximum likelihood (REML)
estimator for linear mixed models. The proposed methods are compared by simulation and two real
datasets are used for illustration.
Simulations show that PQL/PL and h-likelihood reduce bias and yield satisfactory coverage rates.
Sum-to-zero restriction and baseline contrasts for random trial-by-treatment interaction effects, as
well as a REML-like adjustment also reduce bias compared to an unconstrained model when ML is
used, but coverage rates are not quite as good. PQL/PL and h-likelihood are therefore recommended.
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Identifying and assessing inferior treatments in network metaanalysis with control of the family-wise error rate
König, Jochem
University Institute of Medical Biostatistics, Epidemiology and Informatics, University Medical
Center Johannes Gutenberg University, Mainz, Germany
Abstract. Whenever more than two treatments can be given in one indication, network metaanalysis is becoming state of the art for comprehensive review and interpretation of available
evidence. Several methods have been proposed to rank treatments with respect to some outcome that
include point estimates and uncertainty: surface under the cumulative ranking curve, SUCRA, and
probabilistic ranking [1, 2]. Little attention has been given to more rigorous procedures, which have
been developed for the case of one multi armed study like multiple testing procedures and statistical
selection procedures. We demonstrate how some of these multiple decision procedures can be
applied to network meta-analysis results. We propose a new method tailored to sort out treatments
that are inferior to the best. We claim that Hsu’s method [3], which provides a contrast estimate
comparing a given treatment to the best among all others, can be modified to more effectively meet
the unbalanced situation often encountered in network meta-analysis. We consider contrasts that can
be presented as the difference between the weighted mean of some treatments outcomes and that of
an index treatment. We maximize a t-statistic over all such contrasts by means of a quadratic
optimization algorithm. Confidence intervals with multiplicity adjusted critical values are presented.
The new procedure is compared to Hsu’s procedure and to the ranking approaches on published
network meta-analyses including that by Cipriani et al. [4] comparing twelve antidepressants. We
demonstrate that in some instances some treatments can be shown to be inferior to some others
without identifying which single one is superior, all with control of family-wise type one error. We
conclude that this method may serve as a useful element of rational evidence based benefit risk
assessment.
References
1. Salanti, G., Ades, A.E., Ioannidis, J.P.(2011) Graphical methods and numerical summaries for
presenting results from multiple-treatment meta-analysis: an overview and tutorial. J Clin Epidemiol.
64:163–71.
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without resampling methods. BMC Med Res Methodol. 15:58.
3. Hsu, J.C. (1985) A method of unconstrained multiple comparisons with the best. Communications
in Statistics - Theory and Methods, 14: 2009-2028.
Cipriani, A. et al. (2009) Comparative efficacy and acceptability of 12 new-generation
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Nonparametric Methods II
A Frequency-Domain Model Selection Criterion for Dynamic
Factor Models
Sirotko-Sibirskaya, Natalia1
1Institute for Statistics, Faculty of Mathematics, University of Bremen, Bremen, Germany
Abstract.
We consider a multivariate time series model of the form
∞

X(𝑡) = ∑ Λ(𝑠) f(𝑡 − 𝑠) + 𝜀(𝑡), 1 ≤ 𝑡 ≤ 𝑇
𝑠=−∞

denoted a dynamic factor model as a p-dimensional, covariance-stationary stochastic process in
discrete time with mean zero, X = (X(t) : 1 ≤ t ≤ T), can be decomposed into a
k-dimensional vector of so-called common factors, f(t) = (f1(t), ... , fk(t))T, and a p-dimensional vector
of “specific” or “idiosyncratic” factors, ε(t) = (ε1(t), ... , εp(t))T. This decomposition is used when it is
assumed that k << p, therefore, the key step is in finding the rank of
Λ(s) f (t – s) (for each s), so that the dynamics of the process itself, i.e. in X, can be recovered by
such lower-rank representation.
Up to now there is no unanimous agreement among the researchers on which method to use in order
to choose the optimal number of factors. Classical methods include computing likelihood-ratio tests
and using screeplots in principal-component analysis, however, these methods impose an assumption
of homoskedastic noise of idiosyncratic factors which can be regarded as limiting in view of the
current research. Recent develop- ments include AIC/BIC type of criteria adaptation to factor model
analysis, see Bai and Ng (2002), dynamic principal component analysis, see Hallin and Liska (2007),
bi-cross-validation, see Owen and Wang (2015), and others.
We propose a data-driven method for selecting an “optimal” number of factors. The method is based
on cross-validation technique for a factor model evaluated in the frequency domain and allows to
relax the assumption of homoskedasticity of idiosyncratic components. In the spirit of Hurvich and
Zeger (1990) we define a frequency-domain-cross-validation criterion, in this case, for a factor
model. It can be shown that expectation of a frequency-domain cross-validation criterion is
approximately equal to the sum of the MSE of a spectrum estimate and variance of idosyncratic
components. This criterion is evaluated for each possible choice of k. The choice of the “optimal”
model is based on minimization of the corresponding criterion. The proposed method is then
compared to several existing criteria in Monte-Carlo simulations as well as applied to a data set to
evaluate its performance empirically.
References
1. Bai, J., and Ng, S. (2002), Determining the Number of Factors in Approximate Factor Models,
Econometrica 70/1: 191–221.
2. Hallin, M., and Liska, R. (2007), Determining the Number of Factors in the General Dynamic
Factor Models, Journal of the American Statistical Association 102/478: 603 - 617.
3. Owen, A. B., and Wang, J. (2015), Bi-cross-validation for factor analysis,
arxiv.org/abs/1503.03515.
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with Autocorrelated Errors, Journal of the American Statistical Association 85/411: 705 - 713.

Nonparametric MANOVA in Mann-Whitney effects
Friedrich, Sarah1; Dobler, Dennis2; Pauly, Markus1
1
2

Institute of Statistics, Ulm University, Ulm, Germany
University of Amsterdam, The Netherlands

Abstract. Multivariate analysis of variance (MANOVA) is a powerful and versatile method to infer
and quantify main and interaction effects in metric multivariate multi-factor data. It is, however,
neither robust against change in units nor a meaningful tool for ordinal data. To this end, we propose
a novel nonparametric MANOVA, where we infer hypotheses formulated in terms of meaningful
Mann-Whitney-type effects instead of distribution functions. The tests are based on a quadratic form
in multivariate rank effect estimators and critical values are obtained by a wild bootstrap procedure.
This newly developed procedure consequently provides asymptotically exact and consi- stent
inference for general models such as the nonparametric Behrens-Fisher problem as well as
multivariate one-, two-, and higher-way crossed layouts. Extensive simulation studies for ordinal as
well as metric data with covariance heterogeneity confirm the reliability of the developed method in
small samp- les. Finally, an analysis of a real data example illustrates the applicability and correct
interpretation of the results.

A Fast and Robust Way to Estimate Overlap of Niches, and Draw
Inference
Bathke, Arne1; Parkinson, Judith1; Trutschnig, Wolfgang1
1

Universität Salzburg, Österreich

The problem of quantifying the overlap of niches or their distributions has received much attention
lately, in particular in quantitative ecology from where the concept of Hutchinsonian niches also
originates. However, the niche concept has the potential to also be useful in many other application
areas, as for example in economics. We are presenting a fully nonparametric, robust solution to this
problem, along with exact shortcut formulas based on rank‐statistics, and with a rather intuitive
probabilistic interpretation. Furthermore, by deriving the asymptotic sampling distribution of the
estimators, we are proposing the first asymptotically valid inference method, providing confidence
intervals for the niche overlap. Theoretical considerations are supplemented by simulation studies
and a real data example.

Semiparametric
outcomes

regression

models

for

indirectly

observed

De Neve, Jan1
1

Department of Data Analysis, Ghent University, Belgium

In several applications the outcome of interest is not measured directly, but instead a proxy (or
multiple proxies) is (are) used. Examples include the body mass index as a proxy for body fat
percentage, fluorescence intensity as a proxy for gene expression and the proportion of words
correctly recalled as a proxy for the information stored in the memory. We illustrate by examples that
the relationship between the outcome of interest and the proxy can be non-linear. The majority of the
available methods (e.g. standard structural equation models), however, typically assume that this
relationship is linear. We illustrate how slight deviations from linearity can have a substantial impact
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on the validity of these inferential procedures (Wagenmakers et al. 2012).
We therefore present a semiparametric regression strategy that quantifies the effect of observed
covariates on a summary measure of the unobserved outcome without assuming linearity (but
assuming monotonicity). We use the probabilistic index as a summary measure, i.e. the probability
that the outcome of one subject exceeds the outcome of another subject, conditional on covariates
(Thas et al., 2012, De Neve and Thas, 2015). Since this effect measure is invariant under monotone
transformations, we do not need to model the relationship between the unobserved outcome and the
proxy. By considering this relationship as nuisance, we can apply the inferential procedure to settings
where the outcome of interest cannot be observed and hence only weak assumptions about the
relationship can be imposed. The estimation strategy makes use of semiparametric linear
transformation models (Cheng et al., 1995) due to their invariance under monotone transformations
of the outcome. Since the relationship between the proxy and outcome of interest is typically subject
to noise, we then extend these models to account for outcome measurement error. This extension
uses an approach similar to the pseudo-value idea of Andersen et al. (2003).
References
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Teaching and Education II
Weiterbildung zum Medical Data Scientist – Konzept für ein
Zertifikat an der Universität Heidelberg
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1

Institut für Medizinische Biometrie und Informatik, Universität Heidelberg, Heidelberg,
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Abstract. Big Data hat eine neue Ära eingeläutet, die moderne statistische Analyseverfahren
erfordert, um aus großen Datensätzen Erkenntnisse zu gewinnen. In vielen Bereichen wird über die
Auswirkung von Big Data diskutiert, und auch in der Medizin werden die Chancen und
Herausforderungen erörtert. Big Data verspricht viele neue Möglichkeiten, stellt aber auch neue
Anforderungen. Insbesondere steigt die wachsende Nachfrage nach Statistikexperten weiter an. Data
Scientists, die Techniken zur Auswertung von großen Datensätzen beherrschen und im Idealfall
schon während des Studiums Berufserfahrung gesammelt haben, sind gefragt. Dies erfordert eine
entsprechende Ausbildung; jedoch gibt es derzeit noch zu wenige Angebote, um den Bedarf zu
decken.
Am Institut für Medizinische Biometrie und Informatik der Universität Heidelberg soll es zukünftig
die Möglichkeit geben, das Zertifikat Medical Data Scientists zu erwerben. Das geplante Konzept
und dessen konkrete Umsetzung sollen in diesem Vortrag vorgestellt werden, um zu einer
Diskussion über die Ausbildung zum Data Scientist anzuregen.
Ziel des Zertifikates ist es, Data Scientists auszubilden, die in der Lage sind, Daten, denen eine
komplexe Struktur zugrunde liegt, mit modernen statistischen Verfahren auszuwerten und die
Ergebnisse dem Anwender in geeigneter Form zu präsentieren. Dies schließt den Umgang mit
großen Datensätzen – Big Data – ein. Neben der mathematisch-theoretischen Betrachtung steht vor
allem die praktische Anwendung im Zentrum der Ausbildung. Dabei sollen sowohl die
Herausforderungen, Chancen und Limitationen bei der Durchführung von Analysen, als auch die
Umsetzung mittels geeigneter Software behandelt werden. Aufbauend auf der langjährigen
Erfahrung aus dem weiterbildenden Masterstudiengang Medical Biometry/Biostatistics soll das
Zertifikat auch als weiterbildende (berufsbegleitende) Ausbildung angeboten werden mit
Blockveranstaltungen und einer Projektarbeit, in der die Anwendung der erworbenen Kenntnisse
eingeübt wird. Stand und Perspektiven des geplanten Zertifikats werden in diesem Vortrag
präsentiert. Zudem wird die Umsetzung der bisherigen Ideen unter Berücksichtigung der
Qualitätskriterien, die an der Universität Heidelberg an die Einrichtung einer wissenschaftlichen
Weiterbildung gestellt werden, vorgestellt.

Lernzielkatalog Biometrie: Hintergrund, Vor- arbeiten und
weitere Planung
Kruppa, Jochen1; Rauch, Geraldine1
1

Institut für Biometrie und Klinische Epidemiologie, Charité - Universitätsmedizin Berlin, Berlin

Abstract. Spätestens mit dem Erscheinen des Nationalen Kompetenzbasierten Lernzielkatalog
Medizin (NKLM) wird in der Lehre immer weiter der Fokus auf den Erwerb von Kompetenzen in
der Medizinerausbildung gelegt. Der Trend zur Vermittlung von Kompetenzen und die Definierung
von Lernzielen werden so zu einem immer wichtigeren Teil der Lehrvorbereitung und
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Modulerstellung. Der Lernzielkatalog Biometrie soll hierbei eine Hilfestellung geben und zukünftige
Planungen erleichtern. Welche Lernziele sollte daher ein fiktives Basismodul Biometrie vermitteln
und welche Lernziele sind optional?
Die AG Lehre in der Epidemiologie (GMDS) hat in diesem Rahmen einen Lernzielkatalog
Epidemiologie erstellt. Ziel eines längeren Prozesses soll es nun sein, einen ähnlichen
Lernzielkatalog für die Biometrie zu erstellen. In diesem Vortrag werden daher die Ergebnisse des
Lernzielkatalogs Epidemiologie vorgestellt und die Rahmenbedingungen an einen Lernzielkatalog
Biometrie diskutiert. Vorarbeiten und mögliche Limitierungen werden erläutert sowie die zukünftige
Planung über weitere Workshops skizziert. Interessierte sind ausdrücklich eingeladen sich dem
Prozess der Erstellung eines Lernzielkatalogs der Biometrie anzuschließen und ihre Erfahrungen
sowie Ideen für die technische Verwirklichung beizusteuern. Der Prozess ist explizit offen und stellt
eine erste Ideenfindung dar und ist nicht auf Mitglieder der AG Lehre und Didaktik beschränkt.

Bayes-Statistik in der Lehre für Anfänger und Anwender sinnvoll, notwendig, möglich?
Merkel, Hubert1
1

Fakultät Ressourcenmanagement, HAWK Hildesheim, Holzminden, Göttingen, Deutschland

Abstract. Bayessches Gedankengut wurde in der Statistik-Lehre über Jahrzehnte weitestgehend tot
geschwiegen. Die Gründe dafür waren zwar nie stichhaltig, aber doch so wirkmächtig, dass
insbesondere Anfänger und Anwender wenig bzw. keine Möglichkeiten hatten, sich explizit damit
auseinanderzusetzen.
Diese Situation hat sich spätestens um die Jahrtausendwende geändert: Ein erbittert und nur
vordergründig mit wissenschaftlichen Argumenten geführter Streit ist endlich der Einsicht gewichen,
dass jede Herangehensweise (Bayessche vs. Frequentistische Analyse) unentbehrlich für die
vollständige Entwicklung der jeweils anderen ist [1]. Damit ist die Frage nach der Sinnhaftigkeit
beantwortet.
In fortgeschrittenen Lehrbüchern tauchen Kapitel zur Bayes-Statistik auf, Lehrbücher widmen sich
dem Thema exklusiv und werden mit guten Gründen nicht mehr als Spezialliteratur für eine
sektiererische Gruppe betrachtet [2]. Fortgeschrittene Anwender werden deshalb nicht
umhinkommen, sich mit Bayes-Methoden auseinanderzusetzen. Dies wird umso leichter sein, je
besser die Annahmen hinter den Theorien verstanden sind. Nur so lassen sich die mathematischen
Schlussfolgerungen korrekt interpretieren.
Deshalb und aus grundsätzlichen Erwägungen muss auch in der Anfängerlehre zumindest eine Tür
zum Verständnis von Bayesschem Denken geöffnet werden. Eine klare Vorstellung von bedingtem
Wahrscheinlichkeiten zu entwickeln, wäre ein erster Schritt. Dies ist mit vertretbarem zeitlichem
Aufwand möglich.
Was darüber hinaus leistbar ist, hängt von der zu Verfügung stehenden Zeit ab. Erste übersichtliche
vergleichende Betrachtungen [3] und ein populärwissenschaftlicher geschicht- licher Abriss sind
erschienen [4].
Sieht man in der Begeisterung für Statistik auch ein Lernziel, so erscheint es durchaus lohnend, der
Vermittlung von „Werkzeugen“ eine kleine „Ideengeschichte“ beizufügen. Die Beantwortung der
Frage „Was wurde in der Statistik wann mit welcher Motivation zu welchem Zweck und in welchem
gedanklichen Umfeld entwickelt?“, kann bei Anfängern und Anwendern wahrscheinlich mehr zu
einem grundlegenden Methodenverständnis beitragen als formal korrekte, aber abstrakte Ableitungen
und Lösungsalgorithmen, die später ohnehin von Maschinen übernommen werden.
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p-Hacking and other common forms of statistical malpractice in
medical research –ideas to effectively address them
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Abstract. Methodological competencies of both researcher and public are essential for the quality,
credibility and correct interpretation of research results. Specifically, familiarity with key statistical
and epidemiological concepts is integral to a project’s success. However, common misconceptions
can lead to misuse of statistical and/or epidemiological methods in research, which consequently can
lead to misinterpretation of the results. This, in turn, can lead to incorrect conclusions, have
detrimental effects in the development of research fields, and may even negatively affect patient
health. In recent years, many leading scientists have described a reproducibility crisis in multiple
research fields [1], much of which may be preventable with the proper application of appropriate
methodology. Two widespread malpractices include so called ‘p-hacking’ (data dredging) in which
large numbers of hypotheses are tested extensively until some significant results are obtained, and
the misrepresentation of the standard error of the mean as measure of variability of the data [2].
The aims of our project to address these widespread misconceptions are two-fold. First, we plan to
evaluate the extent of these common malpractices amongst medical students, PhD candidates as well
as established researchers. This insight could help our second objective, which is to develop adaptive
web-based teaching tools designed to improve statistical knowledge. After identifying an
individual’s knowledge gaps in statistical and epidemiological concepts relevant to medical and
health sciences, these teaching tools will use a targeted, application-oriented approach to clarify
specific concepts [3].
Literaturverzeichnis
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2(8), e124. doi:10.1371/journal.pmed.0020124
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Statistical Methods in Epidemiology II
A plea for randomization: Lessons learned from a post-hoc
analysis of the DIG trial
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Abstract.
Estimation of a treatment effect requires comparable groups of patients treated with a drug and a
comparator. In observational data, it is usually not clear whether differences in outcome between
treated and untreated (or differently treated) patients can be attributed to the treatment of interest.
Although statistical methods to adjust for observed variables and to compensate for population
differences can be applied, it cannot be assumed with certainty that potential bias is overcome, as
important differences may remain unmeasured.
An illustrative example is the case of digoxin which has been used for over a century as a treatment
for heart failure (HF). The DIG-trial, the only randomized trial evaluating the impact of digoxin on
mortality, showed a neutral effect of digoxin compared to placebo. However, continuing concerns
have been raised about higher mortality associated with digoxin use based on observational data. The
present analysis aims to illustrate the fundamental methodological error underlying causal
conclusions on a treatment effect from observational analyses and demonstrates in a real-life
example the existence of indication bias.

Use of resampling methods to account for uncertainty arising from
model selection
Schöpe, Jakob1; Bekhit, Abdelshafi1; Wagenpfeil, Gudrun1; Schneider, Antonius2; Wagenpfeil,
Stefan1
1
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2
Institute of General Practice, University Medical Center Klinikum rechts der Isar, TUM, Munich,
Germany
Abstract. Model selection is widely used to derive parsimonious multivariable predictive models in
clinical research. Selection of variables is often carried out by an automatic procedure such as
stepwise regression with a predefined optimization criterion. However, uncertainty arising from this
process is not incorporated in classical theory of statistical inference. Recently, Efron suggested an
approach using bootstrapping to take this problem into account and to approximate standard errors of
smoothed estimators derived from bagging [1,2]. Therefore, the primary aim of this study was to
implement and evaluate Efron’s approach in R with an application to clinical data.
Clinical data were obtained from a previously published study, which was designed to develop
clinical prediction rules for diagnosing asthma in patients suspected of suffering from obstructive
respiratory disease [3]. Results from stepwise regression, penalized regression, and fractional
polynomial regression based on sets of pseudorandom resampling replicates to account for
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uncertainty arising from model selection were compared with results obtained from the original
sample. Additionally, practical properties of Efron’s approach were further assessed using results
from simulations.
References
1. Efron, B. (2014) Estimation and accuracy after model selection. Journal of the American
Statistical Association, 109: 991-1007.
2. Breiman, L. (1996) Bagging predictors. Machine Learning, 24: 123-140.
3. Schneider, A., Wagenpfeil, G., Jörres, R. A., Wagenpfeil, S. (2015) Influence of the practice
setting on diagnostic prediction rules using FENO measurement in combination with clinical signs
and symptoms of asthma. BMJ Open, e009676.

Causal Reasoning for Censoring and Drop–Out
Didelez, Vanessa1
1

Leibniz Institute for Prevention Research and Epidemiology – BIPS, Bremen, Germany

Abstract. Time-dependent data, e.g. longitudinal data, event histories or time series, form the basis
of many investigations. They are typically concerned with the effects of early exposures or sequential
treatments on later / repeated outcomes. Some of the issues encountered in the analyses of timedependent data include time-varying confounding, censoring, irregular observation times, drop-out
and censoring. These are problems that could render the target parameters of interest unidentifiable,
e.g. due to non-ignorable drop-out. The presentation will use graphical models to characterise
situations in which target parameters are identified from the available, possibly incomplete, data. A
notion central to this characterisation is that of stability [1] — it essentially demands that certain
aspects of the underlying joint distribution be equal across regimes of interest, e.g. in the
observational regime with irregular observation times and an experimental regime where a fixed
schedule is enforced. We will illustrate how identifiability can be based on this notion of stability in
very different contexts, e.g. the identification of causal effects in censored survival data [2] or the
ignorability of the timing of observations in longitudinal studies [3].
References
1. Dawid, A.P., Didelez, V. (2010). Identifying the consequences of dyna- mic treatment
strategies: A decision theoretic overview. Statistics Surveys, 4: 184-231.
2. Roysland, K., Didelez, V., Nygard, B., Lange, T., Aalen, O.O. (2018). Causal reasoning in
survival analysis: reweighting and local independence graphs. In preparation.
3. Farewell, D., Huang, C., Didelez, V. (2017). Ignorability for general longi- tudinal data.
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Chronic health conditions, educational support and school
performance in the first school year: Investigating the role of
educational support as a mediator variable in the ikidS study
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Abstract.
Children with chronic health conditions (CHC) are likely to perform poorer at school. In
consequence of these conditions, special educational support is prescribed, which may have
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beneficial effects on school performance. Estimating the effect of CHC on children’s school
performance without considering the beneficial influence of educational support may lead to an
underestimation of the effect.
If one wants to estimate the effect of CHC on children’s school performance, one has to be aware of
the intervening effects of the mediators lying on its causal pathway. The educational support is part
of the causal path between the disease and the outcome. We aimed at disentangling the role of CHC
and educational support as determinants of school performance.
Different approaches for the analysis of mediators are available. The standard approach for
mediation analysis is the approach by Baron and Kenny (1), where the direct and indirect effects are
estimated by comparing the effects of a model with and without adjusting for the mediator. A second
approach separates the direct and indirect effects on the basis of counterfactual analysis and the
mediation formula (see Pearl (2,3) by marginal structural models and inverse probability weighting
(see Robins etal (4,5), ) under the assumptions of no unmeasured confounders (see VanderWeele
(6)).
The ikidS study is a population-based cohort study in the area of Mainz-Bingen (Germany), where
2003 preschoolers were enrolled in 2015. Chronic health conditions and potential confounders were
assessed by parental questionnaires at three time points ((i) six weeks before school entry, (ii) three
months after school entry and (iii) at the end of first grade) and educational outcomes were assessed
by teacher questionnaires at the end of the first grade.
We estimated the direct and indirect effects of chronic health conditions on school performance by
different methods for mediation analysis. We contrasted the different approaches and compared them
by Monte Carlo simulation and on the ikidS data.
References
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Comparing apples and oranges? Should propensity scores be used
for matching?
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Abstract. Propensity score (PS) methods are frequently used to adjust for confounding in
observational studies in order to estimate treatment effects. Beside PS weighting or stratification
117

Tuesday, 27/Mar/2018
methods, PS matching is popular, in which groups with different exposures or treatments are
matched using the PS. Per definition, the PS is the conditional probability of exposure or treatment
given a set of covariates, which calculated using a binary logistic regression model. The advantage of
this approach is that all observed possible confounders are condensed in one single score. King and
Nielsen [1] recently criticised this method as being biased, arguing that PS matching may result in
matched pairs with different covariate profiles, ultimately resulting in analyses that compare “apples
and oranges”. Instead, they propose using matching methods that directly use the specific covariateprofiles of the individuals, such as Mahalanobis Distance Matching or Coarsened Exact Matching.
Recently, Nguyen et al. [2] compared diplfferent double-adjustment matching methods for PS. These
methods can be useful to remove residual confounding. Following a discussion of these results, we
will compare different matching methods using simulation data and ultimately try to answer the
question of whether PS matching is a ‘safe’ option with regard to bias.
Literaturverzeichnis
1. King, G., & Nielsen, R. (2016). Why propensity scores should not be used for matching. Copy at
https://gking.harvard.edu/files/gking/files/psnot.pdf.
2. Nguyen, T. L., Collins, G. S., Spence, J., Devereaux, P. J., Daurès, J. P., Landais, P., & Le
Manach, Y. (2017). Comparison of the ability of double‐robust estimators to correct bias in
propensity score matching analysis. A Monte Carlo simulation study. Pharmacoepidemiology and
Drug Safety.
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Survival Analysis III
A simulation study comparing confidence interval estimators for
the changepoint of favourable treatment
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Abstract. The major goal in stratified medicine is to administer the best treatment to a given patient.
In many real-life applications it could be shown, that not all patients benefit from the same treatment,
but that the choice of the best available treatment might depend on certain patient characteristics.
Such treatment stratification relies on identification of a covariate-treatment interaction, which is
often assessed by inclusion of an interaction term between treatment and the covariate of interest in a
regression model. For a continuous covariate, the cutpoint of the estimated treatment effect with the
line of equivalence between both treatments, i.e. with the zero line of an expected mean difference
between two treatment groups in a linear regression model or with a zero log-hazard ratio in a Cox
regression model, can be derived from the estimated regression coefficients under common linearity
assumptions. We call this cutpoint the estimate for the changepoint of favourable treatment.
We performed a simulation study considering a time-to-event outcome analyzed using a Cox
regression model to compare the coverage of different methods for confidence interval estimation for
this changepoint. Analytical methods as the delta method and an adaptation of Fieller's theorem1 and
resampling methods using parametric and nonparamteric bootstrap approaches2 were investigated
and compared. In the simulation study relevant aspects as the number of included patients, the
proportion of censored observations, and the location of the true changepoint of favourable treatment
were varied.
It was observed that the coverage was close to 95% for all methods, when the number of observed
events was large. When the true changepoint was located at the 50th percentile of the covariate
distribution, which was assumed to follow a normal distribution, coverage was larger than 95% for
all methods when event numbers were lower, indicating that estimated confidence interval were too
wide. In scenarios with the true changepoint located at the 70th or 90th percentile of the covariate
distribution and small numbers of observed events, the coverage of the confidence intervals
estimated by the delta method decreased to about 90%, while coverage was substantially above 95%
for the adaptation of Fieller’s method. For the Fieller approach confidence intervals with at least one
limit of minus or plus infinity were obtained in a large amount of simulation runs, when sample size
was small.
When covariate-treatment interactions are investigated in randomized clinical trials, we recommend
showing the cutpoint of the estimated treatment-effect with the zero line with a corresponding
confidence interval. The simulation study is performed to assess properties of different confidence
interval estimators and to identify the best method(s) for different scenarios.
References
1. Cox, C. (1990) Fieller’s theorem , the Likelihood and the Delta Method. Biometrics, 46: 709-718.
2. Efron, B., Tibshirani, R. J. (1994). An introduction to the bootstrap. CRC press.
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Intermediate endpoints for gating of early phase clinical trials with
applications in cancer immunotherapy
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Abstract. There is renewed interest by sponsors and regulators to use intermediate endpoints for
early phase clinical trials. A gating decision for further development frequently has to be made based
on limited patient numbers and follow-up time, making the use of overall survival (OS) as primary
study endpoint unfeasible in most cases. Intermediate endpoints that mature early and are suitable for
the drug’s mechanism of action can be helpful to gate the next phases of development. This issue is
particularly relevant for cancer immunotherapies, due to late separation of survival curves,
challenges in using classic proxies such as progression-free survival (PFS) to predict ultimate OS
benefit, and the need to consider the possibility of tumour pseudoprogression.
Data on responder status and initial lesion shrinkage are available early, while data on lesion change
dynamics and progression take longer to mature. Combinations of several endpoints can also be
considered, either as a composite endpoints or using dual endpoint gating.
In this study, we provide an overview of several established and novel intermediate endpoints, such
as objective response rate, duration of response, time in response, durable response rate, and depth of
response. We discuss their relative merits and shortcomings. By simulating early phase trials using
data from larger late phase trials (including cancer immunotherapies), we investigate the association
of intermediate endpoints with OS and the robustness of decisions made based on intermediate
endpoints. We discuss maturity of the intermediate endpoints and availability of historical controls.

Restricted Mean Survival Time and it’s Alternatives Facing NonProportional Hazards
König, André1
1

Merck KGaA, Global Biostatistics, Epidemiology and Medical Writing, Darmstadt, Germany

Abstract. Hazard ratio and log-rank test are almost invariably used to estimate and test a survival
benefit in clinical trials with survival outcome. The hazard ratio as estimator for the treatment effect
implicitly requires proportional hazards without any guarantee that this assumption will hold. One
alternative approach is the restricted mean survival time (RMST) up to a predefined time point τ ,
which gives a well-interpretable summary of the survival properties of the study population. The
difference or ratio of the RMST estimates corresponding to the two arms of a clinical trial can be
used to estimate and test the superiority of the intervention arm against a control arm. Other
alternatives include the difference in survival rates at a fixed time point or the generalized pairwise
comparison approach [1].
The presenter shows results of an extensive simulation study comparing different test and estimation
approaches under various proportional and non- proportional hazard scenarios in a two-arm setting.
References
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outcomes in the presence of censoring. Statistical Methods in Medical Research.
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Abstract. Kaplan-Meier estimates for mortality or other primary endpoints in randomized controlled
trials in diabetes pharmacotherapy are often remarkably linear [1-3]. Using this linearity in statistical
modeling leads naturally to parametric models which have a proportional risk, but not a proportional
hazard or a proportional odds property. Extensions to more flexible, non-linear survival functions are
possible [4] while the proportional risk property is retained. The simplicity of the models leads to
further desirable properties in terms of accelerated failure time interpretations of model parameters,
also in the non-linear case. Moreover, absolute risk measures like risk differences and numbers
needed to treat can easily be computed. Parameter estimation by maximum likelihood, while
properly accounting for censoring, is straightforward and can be realized with any software that
allows maximizing a hand-coded non-linear likelihood function, e.g., SAS NLMIXED. As a current
limitation, our models are only available for the two-group situation of a randomized controlled trial
and do not allow to adjust for additional covariates.
References
1. Look AHEAD Research Group, Wing, R.R., …, Yanovski, S.Z. (2013) Cardiovascular effects of
intensive lifestyle intervention in type 2 diabetes. N Engl J Med, 369: 145-54.
2. Scirica, B.M., …, Raz, I., SAVOR-TIMI 53 Steering Committee and Investigators. (2013)
Saxagliptin and cardiovascular outcomes in patients with type 2 diabetes mellitus. N Engl J Med,
369: 1317-26.
3. Marso, S.P., …, Buse, J.B., LEADER Steering Committee, LEADER Trial Investigators. (2016)
Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med, 375: 311-22.
4. Tahir, M.H., Nadarajah, S. (2015) Parameter induction in continuous univariate distributions:
Well-established G families. Annals of the Brazilian Academy of Sciences, 87: 539-568.

More efficient treatment effect estimation in pre-specified
subgroups displayed in forest plots for time-to-event outcomes
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Abstract.
In randomized controlled trials, the homogeneity of treatment effect estimates in pre-defined
subgroups based on clinical, laboratory, genetic, or other baseline variables is frequently investigated
using forest plots. However, the interpretation of naïve subgroup-specific treatment effect estimates
requires great care because of the smaller sample size of subgroups (implying large variability of
estimated effect sizes) and the frequently large number of investigated subgroups. Treatment effect
estimates in subgroups with a lower mean-square error based on frequentist and Bayesian shrinkage,
Bayesian model averaging, and the bootstrap have recently been investigated but focused on
continuous outcomes [1,2]. We propose two novel general strategies for treatment effect estimation
in subgroups for survival outcomes. The first strategy is to build a flexible model based on all
available observations including all relevant subgroups and subgroup-treatment interactions as
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covariates. This model is then marginalized to obtain subgroup-specific effect estimates. The noncollapsibility of the hazard ratio complicates marginalization and, to circumvent this, we propose to
use the average hazard ratio corresponding to the odds of concordance instead. The second strategy
is based on simple subgroup-specific models which are combined via (penalized) composite
likelihood. We implement these strategies to obtain shrinkage estimators using lasso and ridge
penalties, and Bayesian methods. We then present a simulation study which compares these methods
for realistic clinical trial scenarios and demonstrates a pronounced improvement in mean squared
error compared to the naïve method. Moreover, the methods are illustrated with data from a large
randomized registration trial in follicular lymphoma.
References
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for subgroup analysis in clinical trials. Clinical Trials 8:129–143.
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subgroups in clinical trials. Statistics in Biopharmaceutical Research 9:160-171.
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Adaptive Designs II
Enhancing single-arm phase II trials by inclusion of matched
control patients – the Matched-Threshold-Crossing (MTC) design
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Abstract. When a novel treatment has successfully passed phase I, different options to design
subsequent phase II trials are available. One approach is a single-arm trial, where the response rate in
the intervention group is compared to a fixed proportion based on clinical judgement and historical
data. Another alternative is to conduct a randomised phase II trial, comparing the new treatment with
placebo or the current standard. A significant problem arises in both approaches when the
investigated patient population is very heterogeneous regarding prognostic and predictive factors
associated with the response, which is frequently the case, e.g. in oncology. In such a case, especially
for small sample sizes, the observed response rates may substantially differ from the true response
rate since the study population might not well reflect the characteristics of the underlying patient
population. Additionally, in a usually small-sized randomised phase II trial, an imbalanced
distribution of confounders across treatment arms may cause severely biased treatment effect
estimates, as was pointed out by Gan et al. [1]. An adjustment can only be performed for known
confounders and is impeded as imbalanced populations may cause instability in statistical models.
For the situation that a substantial dataset of historical controls exists, which is the case in many
clinical fields by use of, e.g. registry data, we propose an approach to enhance the classic single-arm
trial design by including matched control patients. This approach overcomes the previously described
disadvantages, since the expected outcome of the observed study population can be adjusted based
on the matched controls with a comparable distribution of known prognostic and predictive factors
and balanced treatment groups lead to stable statistical models. The goal of a trial with the proposed
design can either be a standard hypothesis test comparing treatment and control group at a specified
significance level 𝛼, or a successful crossing of a pre-defined threshold. The latter criterion is a
common requirement for the initiation of a subsequent randomized phase III trial, as was, e.g.,
proposed by Eichler et al. [2]. A priori unknown parameters in such a design are the matching rate
and the number of matched controls per patient in the intervention group, which, however, can be
determined at an interim analysis using an iterative procedure. We propose an adaptive two-stage
design with a possible (non-binding) stop for futility in case the observed treatment effect does not
seem promising at interim. Furthermore, a sample size recalculation is performed using a conditional
power argument taking the matching rate and observed treatment effect into account. Performance
characteristics of the proposed design regarding number of matched controls, type I error rate, power,
and expected sample size are investigated using simulation studies. Our proposed methods are
illustrated by a real clinical trial example from oncology.
References
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Timing of the interim analysis in adaptive enrichment designs with
sample size reassessment
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Abstract. Due to growing interest in personalized medicine, adaptive enrichment designs become
increasingly popular. For example, in oncology studies it is often expected that a subgroup defined
by a specific biomarker has a higher benefit from the investigated treatment as compared to the total
patient population. In this case, adaptive enrichment designs offer the possibility to select the target
population (total population or subgroup) in an interim analysis based on the observed effects (see,
e.g. [1]). In addition, the sample size can be recalculated in the interim analysis for the selected
population. However, the question remains how the sample size in the first stage should be chosen.
On the one hand, an early interim analysis might result in false interim decisions due to the high
uncertainty of observed treatment effect estimates. On the other hand, the later an interim analysis is
conducted, the further the advantage of the adaptive design regarding flexibility is diminished.
We consider a two-stage adaptive enrichment design, where the sample size for the second stage is
recalculated based on conditional power. For the situation of a normally distributed outcome, we
investigate performance characteristics of the design when varying the timing of the interim analysis.
Amongst others, the average sample size and its variability, the probability for a correct decision in
the interim analysis, and the probability for a higher sample size compared to the sample size
required in a fixed design are considered as performance criteria. Various scenarios with differing
effects, prevalences of the subgroup, and decision rules used in the interim analysis are considered in
a comprehensive simulation study. The results are discussed and recommendations for practical
application are given.
References
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Sample size calculation for analysis of covariance models with
multiple random covariates
Zimmermann, Georg1,3; Kieser, Meinhard2; Bathke, Arne C.3
1

Spinal Cord Injury and Tissue Regeneration Center Salzburg, Paracelsus Medical University,
Salzburg, Austria.
2
Institute of Medical Biometry and Informatics, University of Heidelberg, Germany
3
Department of Mathematics, Paris Lodron University, Salzburg, Austria.
Abstract. We consider the situation of comparing two groups of patients with respect to a univariate
outcome of interest and adjusting for one or several covariates. If the outcome variable is continuous,
the adjusted group means are usually compared by applying the analysis of covariance (ANCOVA)
approach. The case of random covariates is of particular interest, because adjustment for baseline
measurements is strongly recommended by regulatory agencies [1]. Moreover, controlling for
additional variables that are supposed to be correlated with the outcome could further reduce the bias
of the effect estimators and increase the inferential power. However, methods for sample size
calculation are only available for ANCOVA models with a single random covariate [2]. Therefore,
we consider the case of a univariate ANCOVA model with multiple random covariates and possibly
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unequal group sizes. We derive an asymptotic sample size formula and examine some special cases
thereof, which might be frequently encountered in practice. We evaluate the accuracy of our
proposed sample size formula in a simulation study. Furthermore, an internal pilot study design is
discussed which may be a potentially appealing alternative to the fixed sample size approach.
References
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2. Friede, T. and Kieser, M. (2009) Blinded sample size recalculation for clinical trials with normal
data and baseline adjusted analysis. Pharm Stat, 10(1): 8-13.
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Abstract. Robust semiparametric models for recurrent events [1] have received increasing attention
in the analysis of clinical trials in a variety of diseases including chronic heart failure. In comparison
to parametric recurrent event models, robust semiparametric models are more flexible in that neither
the baseline event rate nor the process inducing between-patient heterogeneity need to be specified in
terms of a specific parametric statistical model. However, implementing group sequential designs is
complicated by the fact that the sequence of Wald statistics in the robust semiparametric model does
not follow asymptotically the canonical joint distribution [2]. In this presentation, we propose two
types of group sequential procedures for a robust semiparametric analysis of recurrent events. The
first group sequential procedure is based on the asymptotic covariance of the sequence of Wald
statistics and it guarantees asymptotic control of the type I error rate. The second procedure is based
on the canonical joint distribution and does not guarantee asymptotic type I error rate control but is
easy to implement and corresponds to the well-known standard approach for group sequential
designs. Moreover, we describe how to determine the maximum information when planning a
clinical trial with a group sequential design and a robust semiparametric analysis of recurrent events.
We contrast the operating characteristics of the proposed group sequential procedures in a simulation
study motivated by the ongoing phase 3 PARAGON-HF trial (ClinicalTrials.gov identifier:
NCT01920711) [3] in more than 4600 patients with chronic heart failure and a preserved ejection
fraction. We found that both group sequential procedures have similar operating characteristics and
that for some practically relevant scenarios the group sequential procedure based on the canonical
joint distribution has advantages with respect to the control of the type I error rate.
References
1. Lin, DY., Wei, LY., Yang, I., Ying, Z. (2000) Semiparametric regression for the mean and rate
functions of recurrent events. Journal of the Royal Statistical Society: Series B (Statistical
Methodology), 62: 711-730.
2. Jennison, C., Turnbull, BW. (2000) Group sequential designs with applications to clinical trials.
Chapman & Hall/CRC, London.
3. Solomon, SD., Rizkala, AR., Gong, J., Wang, W., Anand, IS., Ge, J., Lam, CS., Maggioni, AP.,
Martinez, F., Packer, M., Pfeffer, MA. (2000) Angiotensin receptor neprilysin inhibition in heart
failure with preserved ejection fraction: rationale and design of the PARAGON-HF trial. JACC:
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Heart Failure, 5: 471-482.
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Estimands: Communicational Challenges
Estimands: from monologues to dialogues
Rondak, Ina-Christine1
1

Seconded national expert from Münchner Studienzentrum des Klinikums rechts der Isar, TU
München, Munich, Germany to European Medicines Agency, London, United Kingdom
Abstract.
The International Council for Harmonization of Technical Requirements for Pharmaceuticals for
Human Use (ICH) and a number of regulatory agencies have published an addendum to the ICH E9
guideline “Statistical Principles for Clinical Trials” [1] on estimands and sensitivity analysis in the
second half of 2017. One main objective of the addendum is to help identifying the scientific
questions of interest for each clinical trial, and as a consequence its various aspects of planning,
design, conduct as well as data analysis and interpretation should be aligned. Clearly defining the
treatment effect of interest in a particular clinical setting is thought to support a better conversation
not only between drug developers and regulators, but also between clinicians and statisticians. The
number of these discussions has been steadily increasing over the last months and it will be
exemplified in a number of examples.
References
1. ICH (2017) E9 (R1) addendum on estimands and sensitivity analysis in clinical trials to the
guideline on statistical principles for clinical trials, Step 2b, (EMA/CHMP/ICH/436221/2017)

The Estimands Concept - Experiences when Introducing the
Concept in a Global Development Organization
Tamm, Miriam1; Gerlinger, Christoph2; Kunz, Michael2
1
2

Bayer AG, Wuppertal, Germany
Bayer AG, Berlin, Germany

Abstract. The draft addendum to the ICH E9 guidance on statistical principles for clinical trials has
major implications on almost all aspects of drug development trials. Despite being a
multidisciplinary topic it is often perceived as an exclusively statistical topic in adjacent functions
like medical, project management, or regulatory affairs.
A broad working group of statisticians interested in the estimands framework was founded in our
company early 2016 to prepare not only the statisticians but also the whole company for the changes
in the way we plan, run, and analyze clinical trials in the future.
This talk will review the actions taken before the release of the ICH draft addendum: Creation of a
white paper, summaries of the key publications, and two pilot workshops all aimed mainly at
clinicians in drug development. We will also discuss our further plans to roll out the estimands
concept both within the statistics department and also to the whole company.
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Statistical and Operational Considerations in Longitudinal Studies
Under the Estimand Framework
Squassante, Lisa1; Palermo, Giuseppe1; Rufibach, Kaspar1; Abt, Markus1
1

F. Hoffman-La Roche AG, Department of Biostatistics, Basel, Switzerland

Abstract. The draft addendum to the ICH E9 guidance1 on estimands and sensitivity analyses
proposes a structured framework to link trial objectives to a suitable trial design and corresponding
analysis. A key element is the handling of intercurrent events, referring to events which may happen
to patients after entering the trial but prior to evaluation of the endpoint. Typical examples are the
withdrawal from study drug or the start of rescue medication. While traditionally data collection
often stops upon the occurrence of such events, the new framework mandates a detailed description
of the objectives of the study, which then determines the need for and extent of further data
collection also beyond the intercurrent event. Once final, the new guidance will require extensive
discussions between clinical scientists, statisticians, but also operational team members to more
clearly define the scientific question a study intends to answer. This will then translate into more
thoughtful and fit for purpose data collection and data analysis strategies.
In this work we share our experience with estimands in neurodevelopmental and neurodegenerative
diseases and illustrate how discussions in cross-functional teams can lead to estimands which are a
combination of the strategies mentioned in the draft ICH E9 addendum. We discuss statistical
approaches to be considered, but also illustrate the considerable operational consequences. Albeit the
same estimand concept may scientifically apply to several disease areas, practical implementation
may, despite best efforts, be hampered by the disease itself. Examples of different data analytic
strategies required by different estimands and their consequences for sample size estimation will be
presented.
References
1. European Medicines Agency, Committee for Human Medicinal Product. ICH E9 (R1) Addendum
on Estimands and Sensitivity Analysis in Clinical Trials to the Guideline on Statistical Principles for
Clinical Trials. EMA/CHMP/ICH/436221/2017. August 30, 2017.
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Statistics in Practice I
Education for Statistics in Practice: Dynamic prediction in survival
analysis
Putter, Hein1
1

Department of Biomedical Data Sciences, Leiden University Medical Center, The Netherlands

Extended abstract
This course will focus on methodology for dynamic prediction. The dynamic aspect of dynamic
prediction involves using information on events and/or measurements up to the present, in order to
“update” the prediction. It will be shown in this course how dynamic predictions may be obtained
using the concept of landmarking. Analyses will be illustrated using R, in particular the dynpred
package. Implementation of the methods in other statistical software packages like SAS, Stata and
SPSS will be discussed.
Participants are expected to have a fair knowledge of the techniques from classical survival analysis.
Dynamic prediction
The medical literature abounds with prediction models. They are statistical models based on patientand disease characteristics, used to inform treatment decisions, to provide personalized risk estimates
for the patient, and also to stratify patients in clinical trials. Important prognostic models include
Adjuvant! Online in cancer and the Framingham risk score in cardiovascular disease. The vast
majority of these models are focused on prognosis at one well-defined baseline moment, typically at
diagnosis, shortly before treatment is initiated. It is at this time that the most important decisions on
primary treatment are made. There is little doubt that the available prognostic models are important
tools for the treating physician to guide treatment decisions at diagnosis. However, once primary
treatment has been initiated, the prognosis of the patient will change over the course of time, as a
result of the effect of treatment, possible treatment toxicity, and clinical events such as disease
recurrence that may have occurred, and, very simply, because of the fact that the patient is still alive.
As a result, these prediction models need to be “updated” to use the knowledge that has become
available since baseline. Prediction models that incorporate this dynamic aspect are called dynamic
prediction models, and they are the topic of this course.
Dynamic use of familiar survival analysis techniques
A short overview of survival analysis will be given, including the Cox model. The emphasis in this
overview will be on how these familiar techniques can be used to obtain dynamic predictions. We
will introduce conditional survival (the effect of being alive) and the fixed width failure function, and
their relation to the familiar hazard function. Extensions to competing risks will briefly be
mentioned.
Time-dependent covariates and landmarking
We will then introduce time-dependent covariates and discuss techniques to handle them such as
time-dependent Cox regression and landmarking. The differences between these approaches and the
relative merits will be discussed.
Landmarking and dynamic prediction
Then we will show how landmarking can be used to include time-dependent information in the
dynamic predictions. We will briefly discuss more traditional methods that can also be used for
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dynamic prediction, such as multi-state models. Advantages and disadvantages of different
approaches will be discussed.
Practical implementation
Methods discussed during the lectures will be illustrated using R, and in particular the dynpred
package. Data used is available from the presenter upon request.
About the presenter
Hein Putter is Professor at the Leiden University Medical Center (Department of Biomedical Data
Sciences). His research interests include competing risks and multi-state models, frailty models and
dynamic prediction. He is co-author of the book “Dynamic Prediction in Clinical Survival Analysis”,
with Hans van Houwelingen
References
1. Klein JP, Moeschberger ML. Survival Analysis. Techniques for Censored and Truncated Data.
Springer, New York; 2003.
2. Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: competing risks and multistate models.
Stat Med 2007;26:2389-430.
3. van Houwelingen HC. Dynamic prediction by landmarking in event history analysis. Scand J
Statist 2007;34:70-85.
4. van Houwelingen HC, Putter H. Dynamic Prediction in Clinical Survival Analysis. Chapman &
Hall / CRC Press, Boca Raton; 2012.
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Extrapolation, Bridging and Borrowing Information
Incorporating historical data in two-armed clinical trials with
binary outcome
Feißt, Manuel1; Kieser, Meinhard1
1

Institute of Medical Biometry and Informatics, Heidelberg University, Heidelberg, Germany

Abstract. The feasibility of a new clinical trial may be increased by incorporating historical data of
previous trials. Thus, the required sample size can be reduced or the power of the new trial can be
increased, respectively. In the particular case where only data from a single historical trial are
available, there exists no clear recommendation in the literature regarding the most favorable
approach. Viele et al. [1] give an excellent overview over several methods for the case of a binary
outcome. They focus on the ‘borrowing’ of historical data from the historical control arm. However,
there are situations where incorporation of historical data from two treatment arms (i.e., borrowing
information from both intervention and control arm) may be useful, e.g. in rare diseases.
A main problem of the incorporation of historical data is the possible inflation of the type I error rate.
A possible way to control the type I error rate is the so called power prior approach [1]. This method
does not borrow the full historical information but uses a parameter 0 ≤ δ ≤ 1 to determine the
amount of borrowed data.
Based on these considerations, we propose a method that allows incorporation of historical data from
two-armed trials with binary outcome, while simultaneously controlling the type I error rate. In a first
step, the recommended methods of [1] are extended to two-armed clinical trials. In a second step, we
particularly focus on the power prior approach and on the choice of the parameter δ. The Bayesianbased power prior approach is transferred to a frequentist setting in which we aim to control the type
I error rate by considering a confidence interval for the response rate of the control calculated from
the historical data. It is shown that, for specific scenarios a value of δ > 0 can be determined such that
the type I error rate falls below than the pre-specified significance level. Consequently, due to the
increase of the utilized sample size, we obtain a power increase as compared to a trial without
borrowing. The existence and magnitude of a δ which ensures type I error rate control depend on the
true control response rate, the sample size of the new trial, on the effect size (e.g., the rate difference)
observed in the historical trial. The results are discussed, and application is illustrated by an example.
References
1. Viele, K., et al., Use of historical control data for assessing treatment effects in clinical trials.
Pharmaceutical Statistics, 2014. 13(1): p. 41-54.

Appropriate statistical measures for decision making after
exploratory cut-off selection
Götte, Heiko1; Kirchner, Marietta2; Kieser, Meinhard2
1
2

Merck KGaA, Darmstadt, Germany
Institute of Medical Biometry and Informatics, University of Heidelberg, Germany

Abstract. Defining the target population based on predictive biomarkers plays an important role
during clinical development. After establishing a relationship between a continuous biomarker and
response to treatment in exploratory phases, a subsequent confirmatory trial ideally involves only
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subjects with high potential of benefiting from the new compound. In order to identify those subjects,
a biomarker cut-off is chosen that led to a subgroup with a high observed treatment effect in an
exploratory trial. However, such a data-driven selection may lead to over-optimistic expectations for
the following confirmatory trial.
Treatment effect estimates, probability of success, and posterior probabilities are useful measures for
deciding whether or not to conduct a confirmatory trial enrolling the biomarker-defined population.
These measures need to be adjusted for selection bias. We extend previously introduced
Approximate Bayesian Computation techniques for adjustment of binary subgroup selection with
binary endpoint [1] to the continuous biomarker setting with time-to-event endpoint. Time-to-event
endpoints exhibit the inherent challenge that even in case of underlying exponential distributions the
hazard ratios for the subgroups might become time-dependent [2].
Simulation studies show that the proposed method provides adjusted statistical measures which show
better performance characteristics in terms of bias and mean squared error than Maximum
Likelihood and simple shrinkage estimators.
References
1. Götte, H., Kirchner, M., Sailer, M.O., Kieser, M. (2017). Simulation-based adjustment after
exploratory biomarker subgroup selection in phase II. Statistics in Medicine 36:2378–2390.
2. Mendenhall, W. 3rd. (1957). Estimation of parameters of mixed exponentially distributed failure
time distributions from censored life test data. Institute of Statistics Mimeo Series.
http://www.stat.ncsu.edu/information/library/mimeo.archive/ISMS_1957_171.pdf

Robust extrapolation in random-effects meta-analysis
Röver, Christian1; Wandel, Simon2; Friede, Tim1
1
2

Department of Medical Statistics, University Medical Center Göttingen, Germany
Novartis Pharma AG, Basel, Switzerland

Abstract. Meta-analyses are frequently based on few studies only, for example when investigating
pediatric populations. In such cases it is usually desirable to formally utilize external information that
might come e.g. from studies in adults [1]. In a Bayesian framework, an obvious solution is the use
of an informative prior distribution. However, implementation needs great care in order to avoid
overconfidence due to ‘naive’ pooling, and the possibility of a prior/data conflict should be
anticipated.
We describe an extrapolation strategy based on heavy-tailed mixture priors [2]. The simple model
setup is easily interpretable and leads to robust estimates. The robustness feature here may be
interpreted as an implicit model averaging over models that allow for different degrees of pooling.
We illustrate the approach using examples involving extrapolation from adults or adolescents to
children, and utilizing the bayesmeta R package [3].
References
1. European Medicines Agency (EMA) (2016). Reflection paper on extrapolation of efficacy and
safety in pediatric medicine development, EMA/199678/2016.
2. Schmidli, H., Gsteiger, S., Roychoudhuri, S., O’Hagan, A., Spiegelhalter, D., Neuenschwander,
B. (2014). Robust meta-analytic-predictive priors in clinical trials with historical control information.
Biometrics, 70(4):1023–1032.
3. Röver, C. (2017). Bayesian random-effects meta-analysis using the bayesmeta R package. arXiv
preprint 1711.08683 (submitted for publication).
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Special Session Erich Lehmann
Leben und Werk Erich Lehmanns
Neuhäuser, Markus1; Hothorn, Ludwig A.2
1
2

Hochschule Koblenz, RheinAhrCampus Remagen, Germany;
Retired from Leibniz University Hannover, Germany

Erich Leo Lehmann wurde 1917 im damals zum deutschen Reich gehörenden Straßburg geboren. Er
wuchs in Frankfurt am Main auf, floh dann aber 1933 mit seiner jüdischen Familie aus Deutschland.
Nach Stationen in der Schweiz und Großbritannien studierte und arbeitete er in Berkeley an der
University of California.
Aufgrund seiner bedeutenden Beiträge zur Schätztheorie sowie zu nichtparametrischen statistischen
Tests und auch wegen seiner Lehrbücher gehört Erich L. Lehmann zu den großen Statistikern des 20.
Jahrhunderts.
In unserem Vortrag stellen wir Leben und vor allem Werk Erich Lehmanns vor.

Verliert Erich Lehmann’s Hauptwerk durch das “ASA statement
on p-values and statistical significance” an Relevanz für die
Biometrie?
Wellek, Stefan1,2
1
2

Abt. Biostatistik, ZI Mannheim/Univ. Heidelberg, D–68159 Mannheim, J5
IMBEI, Univ.-Medizin Mainz, D–55101 Mainz

Abstract. Im März 2016 wurde vom Board of Directors of the American Statistical Association
(ASA) mit beträchtlichem medialem Aufwand eine Initiative gestartet, die sich zum Ziel gesetzt hat,
die gegenwärtige Praxis der statistischen Datenanalyse in den experimentellen und empirischen
Wissenschaften zu “revolutionieren”. Diese habe aufgrund der Prädominanz von Hypothesentests
und der Fokussierung auf p-Werte wesentlich beigetragen zu einer „reproducibility crisis in science“.
In dem vorliegenden Beitrag wird dargelegt, dass die in dem ASA-Statement gegen die
vorherrschende Praxis der statistischen Inferenz vorgebrachten Kritikpunkte zu einem wesentlichen
Teil allenfalls dann gerechtfertig sind, wenn man Signifikanztests gleichsetzt mit Verfahren, die auf
unter traditionellen Einpunkt-Nullhypothesen berechneten p-Werten basieren. Die Beschäftigung mit
dem in insgesamt 3 Auflagen erschienen Referenzwerk Erich Lehmann’s zeigt, dass diese Sichtweise
dem Potential, das eine auf Hypothesentests basierende statistische Inferenz für die wissenschaftliche
Bewertung empirischer Daten bietet, in keiner Weise gerecht wird. Da kaum vorstellbar ist, dass die
Biometrie langfristig ohne Verfahren für die Absicherung von Binär-Entscheidungen auskommen
wird und das ASA-Statement im übrigen auch keine wirklich konstruktiven Aussagen darüber macht,
was an deren Stelle treten soll, ist die Verfügbarkeit einer umfassenden, mathematisch strengen
Datellung der klassischen Theorie des Hypothesentestens für Biometriker unverändert eine zentral
wichtiges Arbeitsinstrument. Unbeschadet dessen ist festzustellen, dass es für die Methodologie der
nicht-exakten empirischen Wissenschaften hoch relevante Fragestellungen gibt, die sich auf der
Basis des frequentistischen Paradigmas der Inferenz nicht adäquat behandeln bzw. noch nicht einmal
als Problem sinnvoll formulieren lassen. Beispielhaft hierfür wird u.a. auf Analysen zur
Reproduzierbarket von Studienresultaten eingegangen, für die das Bayessche Paradigma einen
vielversprechenden Rahmen bietet.
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Control of the “population-wise error rate” in clinical trials with
multiple populations
Brannath, Werner1; Rohmeyer, Kornelius1; Hillner, Charlie1
1

Kompetenzzentrum für Klinische Studien Bremen (KKSB) und Institut für Statistik (IfS), FB 03
Mathematik/Informatik, Universität Bremer, Linzer Str. 4, 28359 Bremen
In confirmatory clinical trials in which several populations are investigated simultaneously, control
of the multiple type I error rate is usually considered necessary. However, if a treatment or a
treatment strategy is tested in several disjoint populations, each population is effected by only a
single hypothesis test. Hence, multiple testing adjustments appear unnecessarily conservative in this
case. This observation leads us to define a new and more liberal concept of multiple type error
control that accounts for the actual risk of the individual populations by any of the trials false
rejections. The new concept should lead to an almost unadjusted testing when the population
overlaps are small. To this end we suggest to control the risk for a randomly chosen, future patient to
belong to a population that is exposed to an inefficient treatment by the trials final test decisions. We
call this the “population-wise” error rate. We will introduce single stage and sequential two-stage
multiple test procedures with control of the “population-wise” error rate and will investigate their
utility in comparison to more traditional approaches by examples and simulations.

Hodges-Lehmann Schätzer
Brunner, Edgar1; Konietschke, Frank2
1
2

Institut für Medizinische Statistik, Universität Göttingen, Deutschland,
Department of Mathematical Sciences, University of Texas at Dallas, Richardson, USA

Der Hodges-Lehmann Schätzer wurde von Hodges und Lehmann [3] vorgeschlagen und seine
Eigenschaften wurden in den folgenden Jahren in verschiedenen Modellen für zwei unverbundene
Stichproben in den Arbeiten von Lehmann [6,7,8], Hoyland [4,5], Ramachandramurthy [9], Fine [2]
und Sen [11] näher untersucht. In diesem Vortrag werden die verschiedenen Resultate
zusammengestellt. Dabei wird auf die restriktive Annahme stetiger Verteilungen verzichtet und
Konfidenzintervalle werden über die von Walter [10] zuerst vorgeschlagene und später von Bauer [1]
nochmals aufgegriffene Technik hergeleitet. Ferner wird eine Verallgemeinerung auf faktorielle
Designs diskutiert, die bei der robusten Schätzung von Behandlungseffekten in multizentrischen
Studien Auftritt.
Literaturverzeichnis
1. Bauer, D.F. (1972) Constructing Confidence Sets Using Rank Statistics. Journal of the
American Statistical Association, 67: 687–690.
2. Fine. T. (1966). On the Hodges and Lehmann shift estimator in the two-sample problem. Annals
of Mathematical statistics, 37: 1814-1818.
3. Hodges, J.L. and Lehmann, E.L. (1963). Estimation of location based on rank tests. Annals of
Mathematical statistics, 34: 598-611.
4. Hoyland, A. (1965). Robustness oft the Hodges-Lehmann estimates for shift. Annals of
Mathematical statistics, 36: 174-197.
5. Hoyland, A. (1968). Robustness oft the Wilcoxon estimate of location against a certain
dependence. Annals of Mathematical statistics, 39: 1196-1201.
6. Lehmann, E.L. (1963a). Robust estimation in analysis of variance. Annals of Mathematical
statistics, 34: 957-966.
7. Lehmann, E.L. (1963b). Asymptotically nonparametric inference: An alternative approach to
linear models. Annals of Mathematical statistics, 34: 1494-1506.
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Mathematical statistics, 34: 1507-1512.
9. Ramachandramurthy, P.V. (1966). On some nonparametric estimates of shift in ther BehrensFisher situation. Annals of Mathematical statistics, 37: 593-610.
10. Walter, E. (1962). Verteilungsunabhängige Schätzverfahren. Zeitschrift für Angewandte
Mathematik und Mechanik,. 42: 85–87. 957-966.
11. Sen, P.K. (1966). On a distribution-free method of estimating asymptotic efficiency of a class of
nonparametric tests. Annals of Mathematical statistics, 37: 1759-1770.
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Adaptive Designs III
Adjusting Simon's two-stage design for heterogeneous populations
using historical controls
Edelmann, Dominic1; Habermehl, Christina1; Schlenk, Richard F.2; Benner, Axel1
1
2

Division of Biostatistics, German Cancer Research Center, Heidelberg, Germany
NCT Trial Center, National Center for Tumor Disease, Heidelberg, Germany

Abstract. The optimal two-stage design developed by Richard Simon is a popular concept for
conducting phase II clinical trials. This design is optimal in the sense that it minimizes the expected
sample size under the null hypothesis among all two-stage designs subject to constraints for the type
1 and type 2 error of the study.
In many cancer studies, the population under consideration is highly heterogeneous in terms of
clinicopathological parameters. In these settings, the prognoses for individual patients entering the
study can strongly differ. As an example, we consider acute myeloid leukemia (AML). For AML, it
is well-known that the response rates crucially depend on cytogenetic and molecular risk factors and
age of the patients. In such settings, where the individual prognosis is largely determined by
clinicopathological covariates, the operating characteristics of a classical Simon's two stage design
heavily depend on the covariates of the specific patients entering the study. In cases, where many
high-risk patients enter the study, the power of the study is worse than targeted. On the other hand,
when many low risk patients enter the study, the type I error is by far too high. However, for many
clinical trials historical data are available, enabling the possibility of estimating the null response rate
of individual patients.
In this talk, we first demonstrate the unsatisfactory performance of Simon's two stage design in the
case of heterogeneous population. We then present two modifications of Simon's two stage design
that correct for the specific patients entering the study by adjusting the threshold for futility and the
number of patients for the second stage at interim and the threshold for rejection after completion of
the study. The first modification is based on matching historical controls to the individual patients
entering the study. The second modification uses a logistic regression model based on the historical
controls to estimate the null response rate of the patients. The performance of both approaches is
demonstrated in various simulations. As a specific example, we propose using the first approach for
conducting a clinical study involving patients with both refractory and relapsed AML.

A new approach to construct adaptive designs for one-sample-logrank-test via stochastic integral processes
Kwiecien, Robert1; Faldum, Andreas1; Schmidt, Rene1
1

University of Münster, Institute of Biostatistics and Clinical Research

Abstract.
In financial mathematics, stochastic integral processes usually represent the value of assets and
portfolios in the course of time. The stochastic integrand represents the actions of the corresponding
shareholder.
We will demonstrate that this approach also works for some test statistic processes in survival
analysis regarding adaptive designs, where the integrand represents the adaptation rules of these
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designs. We will also show how to characterize the (asymptotic) distribution of those test statistic
processes in a comfortable way.

Optimized Rules and Performance Criteria for Adaptive Designs
with Sample Size Recalculation
Rauch, Geraldine1; Kunzmann, Kevin2; Kieser, Meinhard2
1
2

Charité - Universitätsmedizin Berlin, Germany
Institute of Medical Biometry and Informatics, University of Heidelberg, Germany

Introduction:
In standard clinical trial designs, the required sample size is fixed in the planning stage based on
initial parameter assumptions. It is intuitive that the correct choice of sample size is of major
importance for an ethical justification of the trial and a responsible spending of resources. In an
underpowered trial, the research hypothesis is unlikely to be proven, resources are wasted and
patients are unnecessarily exposed to the study-specific risks. If the sample size is too large, the
market approval is prolonged and later recruited patient in the control arm are exposed to a treatment
already known to be less effective.
The parameter assumptions required for sample size calculation should be based on previously
published results from the literature and on aspects of clinical relevance. In clinical practice,
however, historical studies for the research topic of interest are often not directly comparable to the
current situation under investigation or simply do not exist. Moreover, the results of previous studies
often show a high variability or are even contradictory.
Calculating the ‘correct’ sample size is thus a difficult task. On the other side, the consequences of a
‘wrong’ sample size are severe. Adaptive group sequential designs allow a sample size recalculation
after a planned unblinded interim analysis in order to adjust the trial sample size during the ongoing
trial. Most often, the sample size recalculation within an adaptive design is based on conditional
power arguments using an updated estimate of the treatment effect.
Methods:
The global aim is to provide methods which enable a more effective planning of medical research
projects in the future by means of adaptive sample size recalculation designs with good performance
properties. To do so, there exist two separate main challenges: The first challenge is to establish
sensible criteria for ‘good’ performance. The second challenge is the development of new adaptive
sample size recalculation rules which overcome the existing problems and which show good
performance properties.
Results:
Our results confirm that the standard approach to recalculate the required sample size based on the
conditional power of the observed effect at interim has major shortcoming.
We illustrate and discuss the reasons for the bad performance of this approach and present new
performance criteria that should be investigated to judge an adaptive design. Moreover, we present
first results of a new approach for a potential better sample size recalculation.
Discussion:
Although adaptive group sequential designs seem to be an elegant option to overcome uncertainties
in the planning stage the actual gains of these designs can often be questioned. This talk contributes
new aspects on the quantification of a good performance and discusses approaches to develop better
recalculation strategies.
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BOP2: Bayesian Optimal Design for Phase II Clinical Trials with
Simple and Complex Endpoints
Zhou, Heng1; Lee, Jack J1; Yuan, Yin1
1

Department of Biostatistics, The University of Texas MD Anderson Cancer Center, Houston, TX,
U.S.A.
Abstract. We propose a flexible Bayesian optimal phase II (BOP2) design that is capable of
handling simple (e.g., binary) and complicated (e.g., ordinal, nested and co-primary) endpoints under
a unified framework. We use a Dirichlet-multinomial model to accommodate different types of
endpoints. At each interim, the go/no-go decision is made by evaluating a set of posterior
probabilities of the events of interest, which is optimized to maximize power or minimize the number
of patients under the null hypothesis. Unlike most existing Bayesian designs, the BOP2 design
explicitly controls the type I error rate, thereby bridging the gap between Bayesian designs and
frequentist designs. In addition, the stopping boundary of the BOP2 design can be enumerated prior
to the onset of the trial. These features make the BOP2 design accessible to a wide range of users and
regulatory agencies, and particularly easy to implement in practice. Simulation studies show that the
BOP2 design has favorable operating characteristics with higher power and lower risk of incorrectly
terminating the trial than some existing Bayesian phase II designs. The software to implement the
BOP2 design is freely available at www.trialdesign.org.
References
1. Zhou, H., Lee, J.J. and Yuan, Y. (2017) BOP2: Bayesian Optimal Design for Phase II Clinical
Trials with Simple and Complex Endpoints. Statistics in Medicine, 36: 3302-3314.
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Estimands: Applying the ICH E9 Addendum
In Defence of the Hypothetical; Real Clinical Relevance, Real
Importance
Bell, James1; Fleischer, Frank2
1
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Abstract. The draft publication of ICH E9 (R1) [1] has created a useful framework for
understanding and documenting estimands in clinical trials. In the process, it has exposed that few,
mainly outcome, clinical trials to date have actually applied a strict Intention To Treat (ITT) policy
without exceptions. Despite this, ICH E9 (R1) implicitly favours the corresponding Treatment Policy
estimand as a default, even in some cases where it is less clinically relevant. In this talk, we instead
present a two-stranded argument in favour of hypothetical estimands (the treatment effect, assuming
no intercurrent event would have occurred). Firstly, we contend that in some well-characterised areas
hypothetical estimands offer increased clinical relevance for efficacy by removing confounding
caused by unavoidable aspects of clinical trial design. Secondly, we address reliability concerns by
highlighting the inherent underlying tension in the ICH E9 (R1) draft between clinical relevance and
statistical robustness. To resolve this, the concept of clinical bias in decision making is proposed and
it is illustrated how primarily focussing on the requirement for robust statistical testing may mislead.
We conclude by arguing that in cases where the Hypothetical strategy is more clinically relevant, it
will also be a more suitable primary estimand than Treatment Policy. Examples from real trials will
be used to illustrate the talk.
References
1. International Conference on Harmonization (2017) ICH E9 (R1) addendum on estimands and
sensitivity analysis in clinical trials to the guideline on statistical principles for clinical trials. Step 2b
draft.

The Estimand Framework Applied to Time-to-event Endpoints
Rufibach, Kaspar1
1

Methods, Collaboration, and Outreach (MCO) Group, Department of Biostatistics, F. Hoffmann-La
Roche, Basel, Switzerland
Abstract. A draft addendum to ICH E9 has been released for public consultation in August 2017. It
focuses on two topics particularly relevant for randomized confirmatory clinical trials: estimands and
sensitivity analyses. The need to amend ICH E9 grew out of the realization of a lack of alignment
between the objectives of a clinical trial stated in the protocol and the accompanying quantification
of the “treatment effect” reported in a regulatory submission. While the estimand framework has
been developed broadly with different clinical trial settings and endpoints in mind, the examples
discussed in publications, at scientific meetings, and in the draft addendum have largely focused on
symptomatic studies and continuous, longitudinal endpoints. We embed time-to-event endpoints in
the estimand framework and discuss how the four estimand attributes described in the draft
addendum apply to time-to-event endpoints. We illustrate how the estimand framework can bring
more alignment, clarity and transparency to currently used endpoints and methods, e.g. progression139
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free survival or treatment switching. The role of censoring of time-to-event endpoints is discussed in
the estimand context. In a first case study on progression-free survival in lymphoma, we illustrate
how an intercurrent event, new-anti lymphoma therapy, can necessitate a different estimand strategy
depending on the indication the trial is run in.
In a second case study we outline how the analyses for the primary and secondary endpoints as well
as the sensitivity analyses actually performed in a large randomized clinical trial can be seen in the
context of the draft addendum. We conclude with recommendations for planning of future trials,
hoping that this will provide a contribution to developing a common framework based on the draft
addendum that can applied to protocols, statistical analysis plans, and clinical study reports in the
future.
References
1. Rufibach, K. (2017) Treatment Effect Quantification for Time-to-event Endpoints – Estimands,
Analysis Strategies, and beyond. Submitted.

The concept of Estimands in the day to day practice of safety
analyses: Both a blessing and a curse?
Schüler, Armin1; Loos, Anja1
1

Merck KGaA, Darmstadt, Germany

In August 2017, about 20 years after finalization of the ICH guideline E9 Statistical Principles for
Clinical Trials, a draft addendum has been released [1,2]. Whereas the main focus of the ICH-E9 was
around essential considerations on the design and analysis of clinical trials, the proposed addendum
is not on the use or acceptability of statistical procedures or methods. Instead, it introduces a
structured framework linking clinical trial objectives with the concept of estimands with the purpose
of a precise definition of corresponding treatment effects to be estimated. and puts estimands into
perspective to sensitivity analyses. The draft addendum focuses on effects predominant directly
related to treatment efficacy. Consequently, the generic example given in the draft addendum is an
efficacy example using response to treatment by means of a continuous measurement.
However, the concept of estimands can also be transferred to the assessment of a drug’s safety, even
when safety is not the primary objective. The presenter will reflect on different estimands in the
context of safety and discuss opportunities and challenges of its implementation into clinical trials.
References
1. ICH Harmonised Tripartite Guideline. Statistical Principles for Clinical Trials – E9. Step 4, 1998,
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E9/Step4/E
9_Guideline.pdf, last accessed December 2017.
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Health Technology Assessment
Evidence synthesis for two populations: incorporating baseline
comparisons in the research strategy
Lasch, Florian1; Weber, Kristina1; Koch, Armin1
1 Department of Biostatistics, Hannover Medical School, Germany
Abstract.
Evidence synthesis is one of the most discussed topics in rare diseases and other limited populations
in the context of drug approval. One of the main challenges in this field is the use of already
available information about a treatment, such as real-world evidence or data from registries or prior
clinical trials, in the analysis of a new clinical trial involving this treatment. Both, the EMA and the
FDA, provide general guidance: while the use of real world evidence is permitted, caution is advised
in the acceptance and generalization of these data [1,2]. Common scenarios are using a historical
control group in a single-arm trial [3] and supplementing the control arm in RCTs with historical
controls [4]. To avoid erroneous conclusions, in this context the EMA and FDA requirement can be
adopted by using two- group comparison methods to investigate structural differences between the
reference population and the external population regarding prognostic baseline characteristics. This
can be done not only at the analysis stage, but consequently should be considered already at the
planning stage.
Based on these considerations we calculate the power for the detection of existing structural
differences regarding continuous and binary prognostic factors or treatment responses between two
populations that are used for evidence-synthesis. The true differences are modelled using Cohen`s d
as a standardized effect size and odds ratios. Calculated scenarios include varying sample sizes of the
reference and external population.
The calculations show that the power for the detection of structural baseline inequalities is poor
especially for binary endpoints unless the sample sizes of the reference and external group or the true
effects are large. Having small reference groups with less than 25 patients, only standardized
and odds rations
can be detected with a power of at least 80%.
Summarizing, incorporating the detection of structural baseline inequalities in the research strategy
implies that considerations regarding the power to detect structural baseline inequalities should be
reflected in the sample size determination. This results in lower limits for the sample sizes in the
prospective trial and the historical cohort.
References
1. EMA. Guideline on Clinical Trials in Small Populations. 2006; (July 2006):1–10.
doi:10.1016/j.euroneuro.2009.01.012.
2. FDA. Use of Real-World Evidence to Support Regulatory Decision-Making for Medical Devices
(Draft). 2016; :1–21.
3. FDA. Statistical Review(s) [Internet]. 2014 [cited 2017 Nov 30]; :1–25. Available from:
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randomized trial. JAMA : the journal of the American Medical Association. 2006; 295(11):1264–
1273. doi:10.1001/jama.295.11.1264.
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Statistische Methoden zur Übertragbarkeit von Ergebnissen von
Studienpopulationen auf Teilpopulationen
Beckmann, Lars1; Grouven, Ulrich1; Kieser, Meinhard2; Sieben, Wiebke1; Skipka, Guido1; Bender,
Ralf1.
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Institut für Medizinische Biometrie und Informatik, Ruprecht-Karls-Universität, Heidelberg,
Deutschland
2

Abstract.
In Nutzenbewertungen ist die Zielpopulation (ZP) der Fragestellung nicht immer identisch mit der in
vorhandenen Studien untersuchten Studienpopulation (SP). Eine besondere Situation liegt vor, wenn
sich SP aus einer ZP und Nicht-ZP (nZP) zusammensetzt und ein nicht statistisch signifikanter
Behandlungseffekt in ZP und ein statistisch signifikanter Behandlungseffekt in SP beobachtet wird.
Es stellt sich hier die Frage, ob der nicht signifikante Effekt in ZP eine Folge zu geringer Power ist
und unter welchen Umständen und mit welcher Methodik das Ergebnis in SP auf ZP übertragen
werden kann.
In einer mehrstufigen Testprozedur ergibt sich für ZP ein statistisch signifikanter Effekt, wenn die
Effektschätzung in ZP statistisch signifikant ist oder, falls dies nicht der Fall ist, bei bestimmten
Voraussetzungen eine geeignete Testprozedur ein statistisch signifikantes Ergebnis aufzeigt. Daraus
ergibt sich konstruktionsbedingt eine Niveauüberschreitung für den Test auf einen Effekt in ZP.
Die Voraussetzungen für die Anwendung einer solchen Testprozedur sind gegeben, wenn
gleichgerichtete Effektschätzungen in ZP und nZP vorliegen und der Interaktionstest zwischen ZP
und nZP nicht statistisch signifikant zu α = 5 % ist sowie das Verhältnis der Stichprobengrößen von
ZP und nZP nicht größer als 5 bzw. kleiner als 0,2 ist.
Wir haben mehrere Testprozeduren untersucht: eine Anhebung des Signifikanzniveaus αZP für ZP
und weitere simulationsbasierte Testprozeduren auf eine qualitative Interaktion zwischen ZP und
nZP. Die Testprozeduren wurden in einer Simulationsstudie bzgl. des Fehlers 1. Art und der
statistischen Power verglichen.
Die simulationsbasierten Testprozeduren zeigen für einzelne Datenkonstellationen eine nicht
akzeptable Niveauüberschreitung. Die Anhebung des Signifikanzniveaus auf αZP = 15 % und eine
modifizierte Testprozedur unter Berücksichtigung der Relation der Stichprobengrößen in ZP und
nZP führen zu einer Reduktion der Niveauüberschreitung. Aus dem Vergleich der empirischen
Power ergibt sich die Testprozedur mit bedingter Anhebung des Signifikanzniveaus auf αZP = 15 %
als das angemessenste Verfahren.

Indirekte Vergleiche in der frühen Nutzenbewertung: Akzeptanz
und Ablehnungsgründe in den Jahren 2011 bis 2016
Kromp, Mandy1; Kiefer, Corinna1; Sturtz, Sibylle1; Bender, Ralf1,2
1
2

Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen (IQWiG), Köln, Deutschland
Medizinische Fakultät der Universität zu Köln, Deutschland

Abstract. Bei der Bewertung des Zusatznutzens von Arzneimitteln mit neuen Wirkstoffen gemäß
§35a SGB V kann es erforderlich sein, indirekte Vergleiche einzubeziehen [1]. Eine transparente und
ausführliche Dokumentation ist notwendig, um publizierte Ergebnisse von indirekten Vergleichen
und Netzwerk-Metaanalysen adäquat beurteilen zu können [2]. Vorgaben und Hinweise dazu sind in
den Dossiervorlagen des Gemeinsamen Bundesausschusses zu finden [3]. Von 2011 bis Ende 2016
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wurden insgesamt 183 Dossiers und 77 Addenda vom IQWiG bewertet. In 71 Dossiers zog der
pharmazeutische Unternehmer indirekte Vergleiche für seine Analysen heran, von denen 11 (15%)
vom IQWiG in der Nutzenbewertung berücksichtigt wurden. Im Rahmen einer deskriptiven Analyse
werden die Gründe für die Nichtberücksichtigung der einzelnen indirekten Vergleiche in den
Dossierbewertungen des IQWiG ausgewertet. Dabei zeigte sich, dass etwa ein Drittel der indirekten
Vergleiche in Dossiers nicht die vom Gemeinsamen Bundesausschuss gestellte Fragestellung
behandeln, sodass die entsprechenden Ergebnisse in der Nutzenbewertung nicht verwendbar sind.
Die fehlende adäquate statistische Methodik der indirekten Vergleiche ist ebenfalls ein häufiger
Ablehnungsgrund. Der Evidenzgewinn durch indirekte Vergleiche im AMNOG-Verfahren ist daher
bisher gering. Indirekte Vergleiche sollten nur durchgeführt werden, wenn diese auch die vom
Gemeinsamen Bundesausschuss gestellte Fragestellung adressieren. Des Weiteren sollten adäquate
Methoden für indirekte Vergleiche verwendet werden, sodass die entsprechenden Ergebnisse
interpretierbar sind.
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Closing Session with Key Note Martin Posch
Multiplicity, Interim Analyses and Adaptations: Blurring the
boundaries between confirmation and exploration?
Posch, Martin1
1

Center of Medical Statistics, Informatics, and Intelligent Systems, Medical University of Vienna,
Austria
Abstract. Advances in the development of new medical therapies have lead to a wide range of novel
clinical trial designs to address increasingly complex trial objectives in an efficient way.
Methodological approaches include procedures to simultaneously test multiple hypotheses and to
allow for interim analyses and mid-trial adaptations of trial designs. Statistical procedures are
developed that aim to maintain standards as the control of the multiple type I error rate, the power
and to minimize the bias of estimates. As a next step, not last because of the emergence of even more
complex designs, the question arises to which extent these standards are still adequate and if more
flexible criteria should be applied. These can include a redefinition of the family of hypotheses for
which multiple error rates should be controlled, the application of decision theoretic methods to
optimize clinical trial designs (instead of controlling the power), or to completely drop requirements
for frequentist error rate control in favour of Bayesian and decision theoretic approaches.
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