
Advanced methods for group sequential trials 

Half day course (morning) 

Kaspar Rufibach (kaspar.rufibach@roche.com) and Marcel Wolbers (marcel.wolbers@roche.com); 
Methods, Collaboration, and Outreach group; Biostatistics Department; Roche; Basel; Switzerland 

 

Description of the course 

Group sequential methods are frequently used in the design of pivotal/confirmatory randomized 
controlled trials. They allow for multiple looks at the data at pre-defined interim analyses and the early 
rejection or non-rejection of the null hypothesis without inflating the type I error. The course will start 
with a short overview of the basic concepts of group sequential designs for confirmatory clinical trials 
and then cover the following more advanced topics: inference after group sequential trials (whether 
stopped early or not), group sequential designs with multiple endpoints, and hierarchical testing of 
secondary endpoints in a group sequential design (where the naïve method of testing secondary 
endpoints at the overall significance level inflates type I error). Examples from real clinical trials from 
drug development, including discussions of Health Authority interactions, will be used to illustrate the 
concepts.  The course will be a mix of presentations and computer practicals. Practicals will be based 
on the R package rpact, a free and fully validated package for the design, simulation, and analysis of 
group sequential and adaptive methods.  

At the end of the course, participants should understand: 

• the basic concept of group sequential designs, 
• the challenge of doing inference in a group sequential design, 
• the challenge of testing co-primary or secondary endpoints in a group sequential design. 

Note: In the afternoon, a half-day course on “Advanced methods for adaptive trials” will be taught by 
Gernot Wassmer and Marc Vandemeulebroecke. The two courses will be aligned and complement 
each other but can also be taken independently. 
  

Time schedule of the course 
 

Basic methods and 
case study 

• Introduction to group-sequential trials 
• Pocock's and O'Brien-Fleming's designs for normal data 
• Extensions of the basic model (non-normal data, flexible timing of 

interim analyses, stopping for futility) 
• Case study of a pivotal trial with survival data 

Practical • Introduction to the rpact package 
• Case studies 

Coffee break  
Advanced methods • Inference in group-sequential designs 

• Group-sequential trials with multiple endpoints 
• Hierarchical testing of primary and secondary endpoints in a group-

sequential trial 
• Conclusions 

 
 

 
Prerequisites 
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Participants should bring their laptop with R and the package rpact (https://CRAN.R-
project.org/package=rpact) installed prior to the course. 

 
Technical level 

  
The course is intended for biostatisticians who are interested in learning more about group-
sequential designs, whether in pharma, academia, or collaborative groups.  
The technical level is moderate (while basic concepts will also be presented, some familiarity with 
group sequential designs is preferable to fully appreciate the content). Practicals will use R, so basic 
knowledge of R is required. 
 
References 

1. Wassmer, G. and Brannath, W. (2016). Group Sequential and Confirmatory Adaptive Designs 
in Clinical Trials. Springer. 

2. Proschan, M., Lan, K. and Wittes, J. (2006). Statistical Monitoring of Clinical Trials: A Unified 
Approach. Springer. 

3. Jennison, C. and Turnbull, B. W. (2000). Group Sequential Methods with Applications to 
Clinical Trials. Chapman & Hall/CRC. 
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Advanced methods for adaptive trials  

Half day course (afternoon) 

Gernot Wassmer (gernot.wassmer@uni-koeln.de, University Cologne) and Marc Vandemeulebroecke 
(marc.vandemeulebroecke@novartis.com, Novartis, Basel) 

 

Description of the course 

Confirmatory adaptive designs generalize group sequential designs. Besides early stopping while 
controlling the type I error rate, one can also perform data-driven changes of the study design at 
interim stages. This includes sample-size reassessment, treatment-arm selection or the selection of a 
pre-specified sub-population. The essential adaptive methodology was introduced in the 1990s. Since 
then, it has become popular and intensely discussed, and it still represents a very active field of 
statistical research today.  

This course starts with the basic principles of the adaptive design methodology, i.e. the combination 
testing principle and the conditional error rate approach. We describe methods to perform sample size 
adaptations based on conditional power, and methods to provide p-values and confidence intervals 
that account for the adaptive nature of the design. We then move to more advanced topics, combining 
techniques to control different sources of multiplicity (multiple treatment arms, interim analyses and 
design changes).  

The course will mix presentations with computer examples. Practical examples will use the R-package 
RPACT (https://www.rpact.com), a fully validated package for the design, simulation, and analysis of 
group sequential and adaptive methods. It is freely available from CRAN. 

The course is intended for biostatisticians who are interested in learning more about or are exposed 
to such designs, in pharma, academia, or collaborative groups. After the course, participants should 
understand: 

• the basic concept of adaptive confirmatory designs, 

• the challenge of doing inference in adaptive confirmatory designs, 

• the challenge of performing data driven adaptations. 

Note: In the morning, a half-day course on “Advanced methods for group sequential trials” will be 
taught by Kaspar Rufibach and Marcel Wolbers. The two courses will be aligned and complement each 
other but can also be taken independently. 
  

Time schedule of the course 
 

Half day 
  

Introduction • Historical overview 
• Brief recap: interim analyses and group sequential trials 

Basic methods • Adaptive designs: motivation and overview 
• Fundamental concepts: p-value combinations and conditional error 

functions 
• Early stopping and sample size adaptations 

Practical • Introduction to the rpact package 
• Case study: setting stopping bounds and adapting the sample size 

Coffee break  
Advanced methods • Inference in adaptive trials: confidence intervals and p-values 
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• Dealing with multiple sources of multiplicity: population 
enrichment and multi-armed designs 

Practical • Examples with rpact 
 

 
 

Prerequisites 
 

Participants should bring their laptop with R and the package rpact (https://CRAN.R-
project.org/package=rpact) installed prior to the course. 

 
Technical level 

  
The technical level of this course is moderate; familiarity with group sequential designs or 
participation in the morning course is recommended. Practical exercises will use R, so basic 
knowledge of R is required. 
 
 
References 

1. Wassmer, G. and Brannath, W. (2016). Group Sequential and Confirmatory Adaptive Designs in 
Clinical Trials. Springer. 
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Quantitative Bias Analysis for Unmeasured Confounding  

Full day 

Instructor: Matthew Fox 
 mfox@bu.edu  

Departments of Epidemiology and Global Health  
Boston University School of Public Health 

 

Description of the course 
 

Random error is nearly always quantified in biomedical / epidemiologic research results, while 
systematic error is rarely quantified. This disparate treatment exists despite the fact that systematic 
error often dominates the uncertainty about an estimate, and the fact that methods for quantitative 
bias analysis have been described for decades. Shifting point estimates to account for bias, as well as 
widening study intervals to account for the uncertainty due to systematic error, provides a more 
complete assessment of total study error and reduces the chances of inferential errors. The course will 
give an introduction to the available methods for the case of bias due to unmeasured confounding. 
We will cover both simple methods to adjust for uncontrolled confounding as well as probabilistic 
Monte Carlo simulation methods. The course will provide examples in SAS and STATA and software is 
available in R as well to conduct the simulations (though these are not covered). 
 

Time schedule of the course 
 

Session 1 Introduction to Bias Analysis 
Coffee break  

Session 2 Simple Bias Analysis for Uncontrolled Confounding 
Lunch break  

Session 3 Multidimensional Bias Analysis for Uncontrolled 
Confounding 

Coffee break  
Session 4 Probabilistic Bias Analysis for Uncontrolled Confounding 

 
 

Prerequisites 
 

Students should bring a laptop with Microsoft Excel. STATA of SAS is helpful but not essential for the 
course. 

 
Technical level 

  
This is a course aimed at mid-level epidemiologists and biostatisticians. Strong knowledge of bias 
(especially confounding) is important but the math require for the course is basic with few formulas 
being introduced.  
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Analysis of interval-censored data: Still excuses to ignore interval censoring? 

Full day 

Instructors: Arnošt Komárek (komarek@karlin.mff.cuni.cz), Faculty of Mathematics and Physics, 
Charles University, Prague, Czech Republic, Kris Bogaerts (kris.bogaerts@kuleuven.be),  I-BioStat, KU 

Leuven, Belgium 

 

Description of the course 

Interval-censored data occur in basically all clinical research, but is rarely taken into account properly. 
Appropriate methodology has been developed for a large number of problems. Despite the available 
statistical technology, interval-censoring is often swept under the carpet. A notorious example is the 
analysis of cancer trials with progression-free survival as outcome, in which almost invariably interval-
censoring is ignored. We argue that one of the reasons that the appropriate technology is not used is 
the ignorance of many statisticians what the effects are of ignoring interval-censoring, but also what 
software is available. In the recently published book (Bogaerts, Komárek and Lesaffre, 2017)  an 
overview is given of the pitfalls of ignoring interval-censoring, of the different approaches both in a 
frequentist and a Bayesian context and of the currently available statistical software. The course builds 
upon selected parts of the book. 
 

Time schedule of the course 
 

Session 1: Introduction to censoring mechanisms, effects of ignoring interval-censoring, methods for 
single samples in frequentist context (NPMLE Turnbull estimator, parametric and semi-parametric 
methods), two-group comparisons (interval-censored extensions of the logrank test) + applications 
with R and SAS software. 

Coffee break 

Session 2: Regression models (proportional hazards, accelerated failure time) and selected 
multivariate problems (shared frailty models) in frequentist context + applications with R and SAS 
software. 

Lunch break 

Session 3: Estimation of survival distribution in a parametric and flexible Bayesian way + applications 
with R, SAS and BUGS software. 

Coffee break 

Session 4: Regression and multivariate problems in Bayesian context + applications with R, SAS and 
BUGS software. 
 

Prerequisites 
 

Applied knowledge of survival analysis (with classical right-censored data) and regression models. Basic 
knowledge of Bayesian concepts (only for sessions 3 and 4). There will be no computer sessions during 
the course, i.e., no need to bring own laptop. Nevertheless, data and full programs (R, SAS, BUGS/JAGS) 
will be available for review after the course. 
 

 
Technical level 



  
The course is mainly intended for biostatisticians, both junior and senior level. Concepts and ideas of 
the introduced methods will be explained, nevertheless, without going deeply into technical details. 
Emphasis of the course is to explain the main problems (which are often ignored in practice), to provide 
an overview of the most important methods to overcome those problems and their software 
implementations. The software code will only be used for illustration without covering all technical 
details.  
 

References 

Bogaerts, K., Komárek, A., Lesaffre, E. (2017).  Survival Analysis with Interval-Censored Data: A Practical 
Approach with examples in R, SAS, and BUGS. Chapman and Hall/CRC, ISBN 978-1-4200-7747-6. 
  

https://www.crcpress.com/Survival-Analysis-with-Interval-Censored-Data-A-Practical-Approach-with/Bogaerts-Komarek-Lesaffre/p/book/9781420077476
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Multiple imputation of multilevel data 

Half day 

Instructor(s): Ian White (ian.white@ucl.ac.uk), University College London; Matteo Quartagno 
(m.quartagno@ucl.ac.uk), University College London; Shahab Jolani 

(s.jolani@maastrichtuniversity.nl), Maastricht University; Thomas Debray (T.Debray@umcutrecht.nl), 
UMC Utrecht; Matthieu Resche-Rigon (matthieu.resche-rigon@univ-paris-diderot.fr), Université 

Diderot Paris. 
 

Description of the course 
 
Multiple imputation is widely used to handle missing data, but standard implementations assume 
independent data. Recent developments enable imputation of multilevel (clustered) data, such as data 
from multi-centre studies and individual participant data meta-analysis. This course describes the 
difficulties in handling missing values in such data: notably the challenge of systematically missing data 
(where a variable is missing for all individuals in a cluster), and the importance of respecting the 
hierarchical structure of the data. We will give some theoretical background and show how the 
imputation model must be tailored to the intended form of analysis. We will then describe the two 
main families of imputation methods for multilevel data that are available in statistical software 
packages, joint modelling and chained equations (fully conditional specification), and summarise their 
strengths and weaknesses. The course will end with a practical session in which participants may apply 
the methods in R to data that we provide, and/or have further discussion.  
 
By the end of the course, participants should understand the difficulties of multiply imputing 
multilevel data, understand the strengths and weaknesses of two main families of imputation 
methods, and be able to apply them to their own data. 
 

Time schedule of the course 
 

Session 1 Principles in imputing multilevel missing data 
Session 2 Imputing multilevel missing data using joint modelling 
Coffee break   
Session 3 Imputing multilevel missing data using chained equations 
Session 4 Practical 

 
Prerequisites 

 
We invite participants who are R users to bring their laptop for the practical session: they should 
install the mice, jomo, micemd and lme4 packages prior to the course. Participants who prefer 
further discussion, or who are not familiar with R, will join a small group discussion about the 
appropriateness of the methods in about 4 specific example data sets  

 
Technical level 

  
This course will run at an intermediate technical level. It is aimed at biostatisticians or 
epidemiologists with some knowledge of multiple imputation but no experience of its use in 
multilevel data.  
 
  

mailto:ian.white@ucl.ac.uk
mailto:m.quartagno@ucl.ac.uk
mailto:s.jolani@maastrichtuniversity.nl
mailto:T.Debray@umcutrecht.nl
mailto:matthieu.resche-rigon@univ-paris-diderot.fr


Post-omic data analysis 

Half day 

Instructor(s): Juan R Gonzalez (juanr.gonzalez@isglobal.org) 

 

Description of the course 
The ultimate goal of omic association studies is to find biomarkers that can be used in personalized 
medicine. Several methods (GWAS, EWAS, penalized regression, machine learning algorithms, ….) are 
used towards this end. However, it is essential to know whether the selected biomarkers (SNPs, 
transcripts, CpGs, …) have a functional impact, are involved in key genes or biological pathways. Post-
omic data analysis performs an integrated visualization new experimental data and known genomic 
information. In this short course we will first illustrate how to visualize omic results to help data 
analysts and biologists to interpret the results obtained after association analyses. This will include 
how to create genomic circos plots which help, for instance, the visualization of interaction between 
variants, or how to visualize cis- and trans- transcriptome or epigenome effects. We will also illustrate 
how to create plot tracks using GViz to incorporate gene annotation and other features such as eQTLs, 
GWAS hits or motifs in Manhattan or Locus Zoom plots. Biological interpretation will be facilitated by 
describing how to annotate variants into databases from large genomic projects such as ENCODE, the 
1000 Genomes, Roadmap Epigenomics. Enrichment analysis at pathway, disease, or environment level 
using different Bioconductor packages will also be shown. The methodology will consist on a short 
introduction describing the main methods followed by an illustration using real datasets. Then, the 
attendees will practice by analyzing real data problems. A virtual machine will be created having all the 
required R/Bioconductor packages to avoid package installation issues. The R code, exercises and 
answers will be available in a GitHub repository. 
 

Time schedule of the course 
 

Half day 
  

Session 1 • Bioconductor infrastructures (GenomicRanges, ExpresionSet, 
MultiAssayExperimient, …) 

• Bioconductor annotation  
• Circos plots 

Coffee break  
Session 2 topics 

  • Plotting experimental data and annotation using GViz  
• Enrichment analysis (pathway, disease, exposures, …) 
• Functional annotation (GTEx, …) 
• Molecular enrichment analysis 

o CpG sites 
o Overlap with public databases (ENCODE, ROADMAP 

Epigenomics, …) 
 

 
Prerequisites 

 
The participants should bring their laptops. They will receive a list of required packages prior the 
course. They will also be able to install a Docker containing the required R version and 
R/Bioconductor packages.  
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Technical level 
  

The course is for biostatisticians who are familiar with genomic, transcriptomic and/or epigenomic 
data analysis. They should also have a good knowledge of R.  
 
  



Mediation analysis using R 

Full day 

Instructor(s):  
Theis Lange (thlan@sund.ku.dk), Section of Biostatistics, University of Copenhagen,  

Stijn Vansteelandt (stijn.vansteelandt@ugent.be), Department of Applied Mathematics, Computer 
Science and Statistics, Ghent University, 

 

Description of the course 
Within fields spanning drug testing, epidemiology, and social sciences researchers are often faced 
with the challenge of decomposing the effect of an exposure into different causal pathways working 
through defined mediator variables. The goal of such analyses is often to understand the 
mechanisms of the system or to suggest possible interventions. Over the last two decades, a rigorous 
theoretical framework has been developed for understanding effect decomposition, along with 
specific estimation tools.  
One of the most recent developments is natural effects models, which casts causal inference based 
mediation analysis within a traditional regression framework. The associated R package medflex 
allows for an uncomplicated use of natural effects models. 

In this course we will introduce the modern causal inference based understanding of effect 
decomposition in the context of real life research problems from medical testing and epidemiology. 
The course will enable the participants to conduct their own mediation analyses in settings with 
either single or multiple mediators, using medflex. Several shorter exercise sessions throughout the 
course will ensure that participants actively use the just taught concepts. 

Upon completion the participants will: 
• understand the limitations of traditional mediation analyses 
• understand the meaning of natural direct and indirect effects 
• be able to assess the plausibility of the assumptions required for the identification of natural 

direct and indirect effects 
• be able to interpret natural effect models 
• be able to conduct mediation analyses based on medflex 
• be able to communicate the results and in-built assumptions of a mediation analysis to a non-

specialized audience. 
Time schedule of the course 

  
Session 1 Theory of counterfactual based mediation analysis 

Coffee break  
Session 2 Natural effect models and their estimation 

(with computer exercises) 
Lunch break  

Session 3 Advanced use of the medflex package 
(with computer exercises) 

Coffee break  
Session 4 Causally ordered mediators: theoretical 

understanding and estimation 
(with computer exercises) 

 
 



Prerequisites 
 

Students must bring their own laptop with Rstudio and the medflex package preinstalled. A zip-files 
with data files and more will be provided before the course or made available online.  

 
Technical level 

Low to moderate. No prior knowledge of mediation analysis or causal inference required. Previous 
experience with R is a prerequisite for gaining full benefit. In addition familiarity with use of 
regression models is required.  
 
  



Bayesian Approaches for Meta-Analysis of Diagnostic Test Data with Applications in R  

Half day 

Instructor: Pablo Emilio Verde (pabloemilio.verde@hhu.de), Coordination Center for Clinical Trials, 
Heinrich Heine University Dusseldorf 

Description of the course 

This short course presents Bayesian approaches to perform meta-analyses of diagnostic test data. 
These types of meta-analyses fit well into flexible Bayesian hierarchical modeling approaches due to 
the need to combine studies' results that are interdependent (e.g., sensitivity and specificity), with 
possible different study types (e.g., prospective and retrospective), different levels of quality and 
possible different diagnostic setups. We present an introduction to Bayesian hierarchical models and 
we cover specific Bayesian models for this kind of meta-analysis. Those Bayesian models include 
flexible multivariate random effects distribution, meta-regression models, extensions for imperfect 
reference standard and models for comparative diagnostic studies.  

The methodological aspect of the course is complemented with practical exercises using the R package 
bamdit (Bayesian meta-analysis of diagnostic test data). This package has the advantage that 
practitioners need to know neither MCMC (Markov Chain Monte Carlo) methods, nor programming 
languages like BUGS, JAGS or Stan to perform a Bayesian meta-analysis. The package bamdit is also 
equipped with a series of useful visualization tools to present and to analyze results. In addition to 
bamdit, we are going to discuss alternative R packages that are useful for this type of meta-analysis.   
 

Time schedule of the course 
 

Session 1 1) Introduction to meta-analysis of diagnostic test data. 
2) Concepts of Bayesian hierarchical modeling. 
3) Bayesian models for combining diagnostic results. 

Coffee break  
Session 2 4) Applications of the R package bamdit and a review of other R 

packages for meta-analysis of diagnostic test data. 
5) Advanced topics: comparative diagnostic studies, imperfect 

reference standard and complex meta-regression models. 
 

Prerequisites 
 

The course is intended for statisticians, health researchers and data scientist interested in Bayesian 
modeling of complex meta-analysis problems. The course is a mixture of lectures and computer 
exercises with emphasis on practical problems. The lectures material and the software code to 
perform the exercises will be provided. Participants are encourage to bring their own laptops for the 
practical part of the course. 

 
Technical level 

  
This is a moderate technical level course suitable for junior and for senior biostatisticians. It is 
expected some familiarity with meta-analysis, classical random-effects models and some practical 
experience in R. We do not expect previous knowledge in Bayesian methods, but some familiarity will 
be helpful as well.   
 
 


