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Nicolás Ballarini 

Medical University of Vienna, Austria 

 
Nicolás is from Rosario, Argentina. After receiving his Bachelor´s degree in Statistics at 

Universidad Nacional de Rosario, he worked in clinical research, public health studies and 

teaching. In 2015, he graduated with a Master’s degree in Biostatistics from the University of 

North Carolina at Chapel Hill.  As part of his Master’s thesis, he investigated “Working Model 

Selection in the Continual Reassessment Model” and his IDEAS project focusses on “The 

development of a biomarker score to identify a subgroup of treatment responders.  

Poster presentation:   

Optimising the sample allocation across a multi-stage adaptive confirmatory clinical trial 

Presentation time and abstract: 

Tuesday, 25th September (EFSPI Regulatory Meeting) 

Graphical approaches for subgroup analysis in clinical trials  

Nicolas Ballarini, Yi-Da Chiu, Franz König, Martin Posch, Thomas Jaki 

Subgroup analyses are a routine part of clinical trials to investigate the effect of treatments 

in subsets of the population under study. The purpose of this assessment may be to ensure 

that there are no groups of patients for whom the treatment is harmful despite being 

effective in the majority of patients or to identify groups of patients that may benefit from a 

treatment when the overall effect is small or zero.  

Graphical approaches play a key role in subgroup analyses to visualize effect sizes of 

subgroups, aid identification of groups that respond differentially, and communicate the 

results to a wider audience. However, many existing approaches do not capture the core 

information and/or are prone to lead to misinterpretation of subgroup effects. In this work, 

we critically appraise existing visualization techniques, propose useful extensions to increase 

their utility and attempt to develop an effective visualization approach. The graphical 

techniques considered include level plots, contour plots, bar charts, Venn diagrams, tree 

plots, forest plots, Galbraith plots, L'Abbé plots, the subpopulation treatment effect pattern 

plot, alluvial plots and UpSet plots. We illustrate the methods using a dataset of a treatment 

for prostate cancer with survival outcome.  

Non-Technical Summary of IDEAS Project 

Development of a biomarker score to identify a subgroup of treatment responders 

Nicolas Ballarini.  Supervisor:  Martin Posch (Medical University of Vienna) 
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An important objective in the development of personalized medicines is the identification of 

patient subgroups which are more likely to benefit from an experimental treatment. If such 

subgroups can be identified at an early stage of development, this will lead to a more efficient 

drug development overall. If the heterogeneity of the treatment effect is ignored this could 

result in stopping the development of a useful treatment due to a dilution of the treatment 

effect in the full population.  

Recent developments in subgroup analysis consider subgroups that are defined in terms of a 

score, also called the predicted individual treatment effect, which in turn may depend on 

multiple biomarkers. This measure indicates the difference on outcome for each subject 

should she receive the experimental treatment instead of the control one. In our work, we 

study the properties of different modelling strategies to estimate the predicted individual 

treatment effect. These strategies take into account that there may be a large number of 

potential markers to define subpopulations, but only few biomarkers may be useful. Using 

state-of-the-art inferential techniques, we were able to derive both point estimates and 

confidence intervals for the predicted individual treatment effect, which is challenging when 

biomarkers are selected to define the final statistical model. We evaluated the performance 

of using the predicted individual treatment effect and its confidence intervals to identify 

subgroups where a novel treatment leads to better outcomes compared to a control 

treatment. 

Part of our work centered on the communication of results of subgroup analyses in general. 

Graphical approaches play a key role in subgroup analyses to visualize effect sizes of 

subgroups, aid identification of groups that respond differentially, and communicate the 

results to a wider audience. However, many existing approaches do not capture the core 

information and/or are prone to lead to misinterpretation of subgroup effects. Therefore we 

also performed an extensive review in which we critically appraised existing visualization 

techniques. We proposed useful extensions to current approaches to increase their utility and 

attempted to develop an effective visualization approach. Our work can help to make 

effective graphics in the subgroup analysis setting. 

Initially, we also explored techniques to optimize clinical trials that are conducted in multiple 

stages and consider a pre-specified subgroup for investigation, in addition to the overall 

population. These types of techniques are encapsulated in the confirmatory subgroup 

analysis framework. Our work may help statisticians to define how many patients should be 

enrolled in the study, what is the best sample allocation, and to choose the optimal testing 

strategy when analysing the data in such situations. 
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José Jiménez 

Politecnico di Torino, Italy 

 

José is from Madrid in Spain.  He studied for a Bachelor’s degree in Statistics at Universidad 

Complutense de Madrid and a Master’s degree in Machine Learning at Universidad Autónoma 

de Madrid. As part of his Master’s thesis, he researched “Sparse Modeling and Proximal 

Optimization in the Cox Proportional Hazards Model”. He also worked in the pharmaceutical 

industry for three years while completing his studies.  As part of the IDEAS project, he is 

working on “Innovative designs for combination of existing therapies”.  

 

Poster presentation: 

   
A Bayesian adaptive design in cancer phase I/II trials with drug combinations using escalation 

with overdose control (EWOC) and adaptive randomization 

Presentation time and abstract: 

Tuesday, 25th September (EFSPI Regulatory Meeting) 

Cancer phase I trial design using drug combinations when a fraction of dose limiting 
toxicities is attributable to one or more agents 
 
Drug combination trials are increasingly common nowadays in clinical research. However, 
very few methods have been developed to consider toxicity attributions in the dose escalation 
process. We are motivated by a trial in which the clinician is able to identify certain toxicities 
that can be attributed to one of the agents. We present a Bayesian adaptive design in which 
toxicity attributions are modelled via Copula regression and the maximum tolerated dose 
(MTD) curve is estimated as a function of model parameters. The dose escalation algorithm 
uses cohorts of two patients, following the continual reassessment method (CRM) scheme, 
where at each stage of the trial, we search for the dose of one agent given the current dose 
of the other agent. The performance of the design is studied by evaluating its operating 
characteristics when the underlying model is either correctly specified or misspecified. We 
show that this method can be extended to accommodate discrete dose combinations. 
     

Non-Technical Summary of IDEAS Project 

Innovative designs for combination of therapies  
José Jiménez.  Supervisor:  Roberto Fontana (Politecnico di Torino) 

 

The use of drug combinations in clinical trials has emerged during the few last years as an 

alternative to single agent trials since a more favorable therapeutic response may be obtained 

by combining drugs that, for instance, target multiple pathways or inhibit resistance 

mechanisms. This practice is common in both early phase and late phase clinical trials. 

However, depending on the phase of the trial, we may find different challenges that will 
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require novel methodology. In early phase, where we model the probability of toxicity and 

efficacy, the main challenge is to find a suitable multivariate model that works well with a 

relatively low sample size. In late phase trials, the main challenge is to propose a design that 

allows to perfectly control the type-I error and the power while allowing for the trial to stop 

in case of a lack of efficacy or in case the interim analyses show an efficacy that is big enough 

so it would be unethical to continue the trial. Other challenges may involve certain 

characteristics of the drug, such as delayed effects. This issue is quite present nowadays in 

clinical research because of the use of immuno-therapy against cancer. 

 

In early phase trials, we studied the state of the art methodology and we observed that a 

large number of published methods are not appropriate for drug combination settings since 

they were originally designed for single agents and then adapted to drug combinations. This 

statement is not based only performance, because in fact many of these methods perform 

quite well even though they were not designed to be used in a drug combination setting, but 

because most of them do not take into account the interaction between drugs.  

In late phase trials we focused our attention in the design of clinical trials in the presence of 

delayed effects in a drug combination setting. We performed a state of the art methodology 

review, and we observed that there is enough published methodology to design efficient 

confirmatory trials under these conditions. However, we also observed that most of this 

methodology primarily focuses on power recovery rather than type-I error rate control, which 

makes it difficult to apply in practice given the nature of confirmatory trials.  

Our intention during this project was not only to develop novel methodology but to do it in 

areas that could be of interest for clinicians. In this project we make three contributions to 

the field of clinical trials with drug combinations. In early phase trials, we propose a Bayesian 

adaptive phase I trial design that allows the investigator to attribute a DLT to one or both 

agents in a unknown fraction of patients, even when the drugs are given concurrently. We 

also propose a Bayesian adaptive phase I/II design with drug combinations, a binary endpoint 

in stage 1, and a TTP endpoint in stage 2, where we aim to identify the dose combination 

region associated with the highest median TTP among doses along the MTD curve. In late 

phase trials, we did an assessment of the impact of delayed effects in group sequential and 

adaptive group sequential designs, with an empirical evaluation in terms of power and type-

I error rate of the weighted log-rank in a simulated scenario.   

Our last contribution includes several practical recommendations regarding which 

methodology should be used in the presence of delayed effects depending on certain 

characteristics of the trial. 
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Eleni Vradi 

Bayer AG, Germany. 

 

Eleni completed her undergraduate studies in Mathematics and further studied towards an 

MSc in Applied Statistics in AUEB, Greece. As part of her Master’s thesis, she worked on 

genetical statistics. Prior to starting the IDEAS programme, she was based at the Mathematics 

Department at University of Copenhagen, specialising in Theoretical Statistics, and her thesis 

focussed on “modelling environmental effects for family data”.  She also worked at the  

Department of Biostatistics in Copenhagen for three years  in the fields of survival analysis and 

epidemiology, with emphasis in registry-based studies.  Her research interests in the IDEAS 

programme focus on statistical methods for biomarker selection and cutoff estimation, 

motivated by applications in pre-clinical and clinical studies.” 

Poster presentation:   

Model selection based on combined penalties for biomarker identification 

Presentation time and abstract: 

Tuesday, 25th September (EFSPI Regulatory Meeting) 

Bayesian variable selection and classification with control of predictive values  
 
In clinical development, the selection of novel prognostic and/or predictive biomarkers has 

to be paired with the evaluation of the clinical utility of the risk score defined by these 

biomarkers.  To apply the selected biomarkers in routine clinical processes, for classification 

or patient selection purposes, a cut-off value for the risk score must be assessed based on the 

positive (PPV) and negative (NPV) predictive value. In this presentation, we propose a 

Bayesian variable selection method which incorporates information about the predictive 

values into the biomarker selection process and simultaneously estimates the cut-off value 

on the risk score of the selected biomarkers. A step function is used to model the probability 

of response, such that the cutoff and predictive values are parameters of the model. This 

model allows for a pre-specification of a minimum PPV (or NPV equivalently) in the variable 

selection algorithm. We compare the choice of different prior distributions through 

simulation studies, and apply our proposed method to a real data application.  

Non-Technical Summary of IDEAS Project 

Statistical aspects of animal to human translation 

Eleni Vradi.  Supervisor:  Richard Vonk (Bayer AG).   

 

The development of diagnostic tests based on biomarkers is increasingly becoming an integral 

part of clinical development. Especially in the field of oncology, biomarkers are used to 
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develop tests aiming to identify and treat those who are more likely to respond and 

demonstrate a higher therapeutic benefit.  

 

When using quantitative (sets of) biomarkers, a reliable threshold, or cutoff value needs to 

be established to constitute a diagnostic test. This is a critical step in the drug development 

process, as the patient selection in the subsequent development steps may depend on this 

value. Moreover, we wanted to include the clinical utility into the selection process to obtain 

actionable biomarkers that could, in combination, constitute an appropriate diagnostic test.  

 

In early clinical development, the challenge is that often only few data are available to 

determine a cut-point for biomarkers. Therefore, we investigated the possibility to include 

external information, for example from previous studies or from the literature, into the 

estimation process; this would potentially lead to a more precise estimation of the cutoff, and 

provide more information about the potential uncertainty of this estimation.  

 

We have proposed a statistical method to estimate a cutoff such that the populations below 

and above the threshold have a pronounced difference in their response rates. Most 

importantly, we estimate the uncertainty around the estimate of the cutoff and we can utilize 

possible prior information. 

 

In addition, in the current project we also focused on the development of a method that 

would simultaneously perform biomarker selection and cutoff estimation by controlling the 

predictive accuracy of the selected biomarkers. In other words, we aim to select only those 

biomarkers that relevantly increase the probability of correctly classifying patients with 

respect to, for example, the response to treatment and therapeutic benefit. We developed a 

method that combines biomarker selection and cutoff evaluation, leading to sets of 

biomarkers that can be used to develop a diagnostic test with high clinical utility. 
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Fabiola La Gamba 

Janssen Pharmaceutica, Belgium 

 

Fabiola obtained a BSc in Statistics (with a specialisation in Biostatistics) and an MSc in 

Biostatistics and Experimental Statistics at the University of Milano-Bicocca, Italy. During her 

studies, she spent time at the University of Gent (Belgium) as an exchange student. She also 

completed an internship in an Italian CRO and a research traineeship at the Erasmus 

University Medical Center of Rotterdam (the Netherlands), where she completed her 

Master’s thesis. As part of the IDEAS programme, Fabiola is working on nonlinear mixed 

effects differential equation models in a Bayesian framework and optimal design of 

experiments.   

Poster presentation:   

A novel Bayesian K-PD model for synergy: Challenges and opportunities for sequential 
knowledge integration 

 

Presentation time and abstract: 

09.10-09.35, Wednesday 26th September (IDEAS Dissemination Workshop) 

Bayesian pooling and sequential integration of small trials:  a comparison within linear and 
nonlinear modelling frameworks  
 
Bayesian sequential integration is an appealing approach in discovery and preclinical drug 

development, as it allows to recursively update the posterior distributions as soon as new 

data become available, with a consequent computational time saving. However, preclinical 

trials are often characterized by small sample size, which may hinder the estimation process 

during the first integration steps. In such scenario, the sequential integration would not be 

practicable, and trials should be pooled together. This work is aimed at comparing simple 

Bayesian pooling with sequential integration through a simulation study. The two techniques 

are compared under several scenarios using linear and nonlinear models. The results of our 

simulation study encourage the use of Bayesian sequential integration when a linear model 

is used and parameters are not correlated; when the model is nonlinear, several precautions 

should be undertaken to ensure accurate results: trials should be well designed and the 

information from previous trials could be borrowed through the choice of informative priors.  

Non-Technical Summary of IDEAS Project 

Detecting pharmacodynamic drug-drug interactions 

Fabiola La Gamba.  Supervisor:  Tom Jacobs (Janssen Pharmaceutica) 
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The statistical techniques developed during the PhD project are motivated by a case study 

which was part of the pre-clinical safety evaluation of a novel compound meant to be co-

administered with a compound already available on the market.  

For the marketed compound, a historical study was available to assess its safety. An extensive 

dose range, from 0.04 to 10 mg/kg, was investigated. For each animal, the body temperature, 

and the biomarker of interest, was assessed up to 24 hours after single oral administration. 

No plasma concentration-time profiles were measured in this study due to the possible 

impact of blood sampling on body temperature. With the intent to develop the novel 

compound for co-administration, 11 new studies were designed to evaluate whether a PD 

interaction between both compounds occurs (the absence of a PK interaction had already 

been confirmed). A total of 20 animals were used in each study, with 5 animals randomized 

to each of four treatment groups. Group 1 received a single dose of the vehicle, group 2 and 

group 3 received a single dose of the marketed and novel compound respectively. Finally, 

group 4 received a combination of both compounds. Body temperature was assessed every 

hour after administration for 4 hours. In each study, a different combination of dose levels 

was assessed, to understand this synergistic behaviour.  

The model proposed to analyze this type of data is an indirect response model which assumes 

that a virtual concentration of the marketed compound inhibits the production of body heat. 

In order to mimic the administration route, a one-compartment model with oral absorption 

is used. It is assumed that the co-administration of the novel compound increases the potency 

of the marketed compound for body temperature by expressing IC50 (the potency of the 

marketed compound) in function of both treatments’ doses.  

The model is developed in a Bayesian framework as it allows borrowing the information from 

the historical study on the marketed compound. In particular, two different Bayesian 

techniques are considered: on one side, the 11 synergy studies can be pooled together using 

the information of the historical data to choose the prior distributions for all parameters; on 

the other side, the synergy studies can be sequentially integrated so that the posteriors from 

a study are used to determine the hyperparameters of the priors of the following study.  

The latter method is particularly appealing as it allows the analysis of each study immediately, 

instead of waiting for the end of data collection. However, when non-linear hierarchical 

models are performed on small trials, the risk of parameter identifiability issues is pretty high, 

so several precautions should be taken. In this project, particular attention is devoted to: 

 prior specification; 

 the choice of random effects;  

 the experimental design.  

The sequential integration using the proposed K-PD model for synergy produced satisfactory 

results only when informative priors were specified and when the random effect was 

allocated to a parameter that was not highly correlated with others. Moreover, each study 

should be carefully designed: if each synergy study evaluates one dose combination only, the 
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identifiability issues encountered at the first integration steps produces unreliable estimates. 

This result was confirmed by simulation studies, which clearly show that such issues only arise 

when non-linear models are performed, whereas no discrepancies are found between the 

two pooling techniques when linear models are performed. 
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Elvira Erhradt  

Politecnico di Torino, Italy 

 

Elvira obtained her Master’s degree in Biostatistics at the University of Ulm (Germany) in 

2015, where she had previously studied for her Bachelor’s degree in the same specialization. 

Her thesis focussed on the “Evaluation of the impact of a clinical hold in survival studies under 

different assumptions regarding the true effect” at the Biostatistics department of Merck 

Serono in Darmstadt (Germany).  Due to a double-degree-program, Elvira also holds an 

American Master’s degree in Operations Research from the Florida Institute of Technology.  

Her research project for IDEAS looks at the models and simulations for the early development 

of a modified administration route. 

Poster presentation:   

Parametric inference for PK models defined by stochastic differential equations 

 

Presentation time and abstract: 

09.35-10.00, Wednesday 26th September (IDEAS Dissemination Workshop) 

A hierarchical Bayesian model for an in vitro-in vivo correlation (IVIVC) model. 
Elvira M. Erhardt1, Moreno Ursino2, Tom Jacobs3, Jeike Biewenga3, Mauro Gasparini1   

In vitro–in vivo correlation (IVIVC) methods play a key role in the drug development and 

optimization of formulations. The primary goal of IVIVC is the reliable prediction of the in vivo 

serum concentration-time course, based on the in vitro drug dissolution or release profiles. 

This tool can act as a surrogate for bioequivalence or bioavailability testing in human subjects, 

thus support biowaivers and thereby reduce cost and duration of the optimization process. 

However, most of the current IVIVC models are assessed using frequentist methods, such as 

linear regression, based on averaged data and entail complex and potentially unstable 

mathematical deconvolutions. We propose a Bayesian convolution-based IVIVC approach 

compromising: 

(a) a nonlinear mixed effects model for the in vitro release data;  

(b) a population pharmacokinetic compartment model for the in vivo immediate release data; 

(c) a system of ordinal differential equations containing the submodels (a) and (b), which 

approximates and predicts the in vivo blood concentration-time, using in vivo controlled 

release data.   

The innovation in this work consists of a shared parameter space merging the submodels (a) 

and (b) into (c). The uncertainty on these parameters is accounted for by making use of a 

hierarchical Bayesian framework. The frequentist estimates from the first two submodels 

serve subsequently as priors for the Bayesian third submodel. As such, this new method 
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ensures a natural integration and transfer of knowledge between various sources of 

information while balancing possible differences in sample size and parameter uncertainty of 

in vitro and in vivo studies. Consequently, this is a very flexible approach yielding results for a 

broad range of data situations We demonstrate the application of the method using study 

data of a transdermal patch, in (a) and (c), and of an intravenous infusion, in (b). 

 

Non-Technical Summary of IDEAS Project 

Non-Technical Summary of IDEAS Project 

Bayesian knowledge integration for an in vitro–in vivo correlation model 

Elvira Erhardt.   Supervisor:  Mauro Gasparini (Politecnico di Torino)  

 

Optimising the exposure of a compound becomes a key step during the drug development 

process. Formulation modification can occur throughout the lifetime of a compound, ranging 

from changes instituted during early pre-approval stages to supplementary formulation 

development after the initial marketing of the compound. Controlled release (CR) 

formulations, as opposed to traditional immediate release (IR) formulations, are a tool for 

such a release optimisation of the compound over time. The determination of the in vivo 

impact of a modification of the route of administration or the drug formulation is typically 

addressed in a clinical trial using bioequivalence testing. But studying the compound release 

and distribution in vivo through clinical trials is both time consuming and costly. 

 

When a set of CR formulations is under development, establishing an ‘in vitro–in vivo 

correlation’ (IVIVC) model has become an integral part of the drug development process; it 

links changes in the in vitro dissolution or release to modifications of the compound exposure 

and, if required, can predict key PK parameters, e.g., area under the curve (AUC) or the peak 

serum concentration (Cmax). If the release remains within pre-existing specifications, the 

exposure is assumed to remain as anticipated. For these reasons, in vitro drug dissolution or 

release can often be used as surrogate for the in vivo drug absorption once a, possibly 

nonlinear, relationship exists between the two. Under appropriate circumstances, in vivo 

bioequivalence trials may not be needed.  

 

To this end, many methods of developing IVIVC models have been proposed over the past 50 

years. Their most important pitfalls are: usage of unstable deconvolution methods, lack of 

propagating the estimation uncertainty between the different submodels, loss of information 

through averaged data and slow convergence (or even non-convergence) of the model due 

to the simultaneous estimation of a vast number of unknown variables.  

 

In this project, a new convolution-based approach to IVIVC modelling was developed that 

extends the current methodology. The Bayesian statistical method was chosen since it allows 

1 Politecnico di Torino, Department of Mathematical Sciences, Turin, Italy, 
2 INSERM, University Paris Descartes, Sorbonne University, Paris, France 
3 Janssen Research & Development, Pharmaceutical Companies of Johnson & Johnson, Beerse, Belgium 
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for the natural integration of knowledge from one source of information into the other by 

combining data from several submodels in the IVIVC model. The approach is illustrated on a 

case study, the controlled release (i.e., permeation) of a compound by a transdermal patch 

(TD), but can easily be applied to other CR routes as well. The IVIVC model was established by 

combining the in vitro release of the patch and the in vivo intravenous infusion blood serum 

concentration-time profiles of the IR formulation to predict the in vivo TD blood serum 

concentration-time profiles. 

 

By following this approach, preclinical in vitro and in vivo IR data is used not only to extract 

the parameter estimates, but also to understand the CR model structure. Once the CR model 

is built in this way the before acquired knowledge about the parameters of two separate 

sources (in vitro and IR data) enters the model together as prior information to predict the 

exposure of the new formulation in human blood serum. This step-by-step procedure is a 

general approach that can come flexibly into operation for many different kinds of dissolution 

or release, IR and CR studies. The method is also feasible in a very imbalanced data situation 

(i.e. high difference in sample size of in vitro and in vivo data), since it uses the first stage data 

to gather knowledge but stays flexible in the second stage (rather than fixing the parameters 

to their estimation in the first stage). Consequently, convergence is assured and uncertainty 

is accounted for in a more intuitive manner, i.e., both in the in vitro and the in vivo part of the 

IVIVC model. 
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Enya Weber  

Lancaster University, UK. 

 

Enya is from Stuttgart in Germany.  In 2009, she studied for her Bachelor’s degree in the 

Science of Mathematics at the University of Freiburg (Germany).  In 2012, she continued her 

studies with a Master’s degree in Mathematics at the same institution and completed her 

thesis on the topic of survival analysis.  During her Master’s studies, she held a position in the 

Institute of Biometrical and Medical Statistics Medical Center at the University of Freiburg 

which developed her interest in medical statistics.  Her research as part of the IDEAS 

programme looks at “Pooling information on progression-free and overall survival in multi-

arm cancer trials”. 

 

Poster presentation:   

Designs for oncology clinical trials: Exploring the relationship between time to progression and 
overall survival. 

 

Presentation time and abstract: 

10.00-10.25, Wednesday 26th September (IDEAS Dissemination Workshop) 

Quantifying the association between progression-free survival and overall survival in 
oncology trials.  
Enya Weber & Andrew Titman, Lancaster University, UK.   

In oncology trials, progression-free survival is often used as a surrogate endpoint for the 

traditional endpoint of overall survival. Defining the progression-free survival as the primary 

endpoint in a trial is efficient in terms of costs and time because potentially long follow-up 

periods after disease progression can be avoided. However, the extent to which the 

progression-free survival rate is effective is determined by the correlation between 

progression-free and overall survival. A brief review of existing approaches to estimating this 

correlation will be presented, including parametric model-based approaches [1], semi-

parametric copula models [2] and non-parametric methods based on inverse probability of 

censoring weights. The focus of the presentation will be the model-based approach, as it is 

based on multi-state models which are a realistic framework of modelling survival times.  

However, it is relatively restrictive since a common shape parameter is used for the Weibull 

hazard function for time to progression, time to death without progression and time from 

progression until death. Therefore, we will present a generalised model-based method, as we 

extended the parametric model-based approaches to a much wider class of parametric 

models. In addition, we used them to quantify the Kendall’s correlation rather than the 

Pearson correlation.  The performance of all methods, in terms of bias and efficiency will be 

investigated through simulation and also illustrated using data from a clinical trial of 
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treatments for colon cancer. The model fit to the data of this clinical trial will be improved 

using Royston-Parmar flexible splines [3]. 

 

 

 

 

Non-Technical Summary of IDEAS Project 

Investigation of the gain in efficiency from using a Gamma threshold model for joint 

modelling of PFS and OS in oncology trials 

Enya Weber.  Supervisor:  Andrew Titman (Lancaster University)   

 

In oncology trials, different clinical endpoints can be considered for the analysis of overall 

survival (OS). Time-to-progression (TTP) is defined as the time from study entry to recurrence 

of the disease (e.g. tumour growth). Progression-free survival (PFS) represents the time from 

study entry until cancer progression or death depending on what occurs first. 

 

OS is the most important endpoint but often TTP or PFS are strongly related to overall survival. 

Observing OS may require long follow-up after time-to progression, long and expensive trials 

might be the consequence. Progression-related endpoints are often used for the evaluation 

of treatment effects on OS in order to gain efficiency in terms of costs and time. PFS can also 

be used as a direct surrogate endpoint for OS for some cancers but is too stringent as an 

assumption for other type of cancers. Existing challenges of assessing the efficiency in the 

analysis of OS using information on progression are to adequately model the joint distribution 

of PFS and OS. It is of interest to investigate the extent to which existing modelling approaches 

can increase the efficiency in assessment of the treatment effects on survival using PFS. 
 

One framework for modelling PFS and OS is based on assuming a semi-competing risks model, 

where a patient can experience both a terminal event and nonterminal event. The terminal 

event such as death censors the nonterminal event such as progression but not vice versa. A 

new approach [1] of modelling semi-competing risks data considers the events to arise 

through the first passage times of an unobserved stochastic growth process. In other words, 

it can be considered as a threshold model with a fixed level for death and a level for 

progression of cancer. If the time crosses the level for relapse first, the random growth 

continues until the level for death has been crossed. If the process crosses the level for death 

first, it is stopped. 

 

[1] Li Y. & Zhang Q. (2015). A Weibull multi-state model for the dependence of progression-free survival and 
overall survival. Statist. Med., 34, 2497-2513.  
 
[2] Burzykowski T. & Molenberghs G. (2001). Validation of surrogate end points in multiple randomized clinical trials 
with failure time end points. Appl. Stat., 50(4), 405-422. 
 
[3] Royston P & Parmar MK.(2002). Flexible parametric proportional-hazards and proportional-odds models for censored 
survival data, with application to prognostic modelling and estimation of treatment effects. Statist. Med., 1(15), 2175–2197. 
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Our initial work in this project was to analyze this modelling approach in terms of the implied 

transition hazards between the states of the observable process. So far, we have derived an 

expression for the overall survival hazard function, the hazard function given progression and 

the hazard function without progression based on this new modelling approach. In addition, 

we have extended the modelling approach to include covariates such as treatment. 

 

We are currently investigating the performance of the modelling approach by conducting 

simulations. Our aim is to investigate the extent to which the extended modelling approach 

can increase efficiency in estimating the treatment effect on OS. One way to do that is to 

compare the extended approach with a simplified approach. In this modified approach, only 

death is modelled and the information on progression is ignored, therefore only parameters 

relating to OS need to be estimated. 

 

We will then apply both models to the same data and compare the hazard functions for OS 

for the two models and investigate if the extended approach including progression works 

better in terms of estimation of overall survival and standard error, and for which scenarios. 

We also plan to illustrate the extended approach by using data from a clinical trial of 

treatments for colon cancer.  

 

[1] Sildnes, B. , Lindqvist, B. H. (2017). Modeling of semi-competing risks by means of first passage times of a 

stochastic process. Lifetime Data Analysis, 1-32 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

Marius Thomas  

Novartis, Switzerland. 

 

Marius is from Dortmund in Germany. He studied for a Bachelor’s degree in Statistics with 

Theoretical Medicine as a minor subject at the Technical University of Dortmund. He also 

completed his Master’s degree in Statistics with a focus on Biometrics at the same institution, 

where his thesis focussed on subgroup analysis in clinical trials. During his studies, Marius 

worked as a teaching assistant at the university and also completed an internship at Novartis 

in Basel, Switzerland. His IDEAS project focusses on subgroup analyses in early phase clinical 

trials. 

  

Poster presentation:   

 

A multiple comparison procedure for dose-finding trials with subpopulations 
 

Presentation time and abstract: 

10.50-11.15, Wednesday 26th September (IDEAS Dissemination Workshop) 

Identifying treatment effect heterogeneity in dose-finding trials using Bayesian hierarchical 

models. 

An important task in drug development is to identify patients who respond better or worse 
to an experimental treatment. While many approaches for these types of problems have been 
proposed, most of them focus on the two-arm clinical trial setting, where patients are given 
either the treatment or a control. In this talk we consider parallel groups dose-finding trials, 
in which patients are administered different doses of the same treatment.  

To investigate treatment effect heterogeneity in this setting, we propose a Bayesian 
hierarchical dose-response model with covariate effects on dose-response parameters. We 
make use of shrinkage priors to prevent overfitting, which can easily occur, when the number 
of considered covariates is large and sample sizes are small. We compare several such priors 
in simulations and also investigate dependent modelling of prognostic and predictive effects 
as generally it seems preferable to include the prognostic effect of a variable, that is 
predictive. 

We illustrate the use of our proposed approach using a Phase II dose-finding trial and show 
how it can be used to identify predictive covariates and subgroups of patients with increased 
treatment effects. 

Non-Technical Summary of IDEAS Project 

Subgroup analyses in early-phase clinical trials  

Marius Thomas.  Supervisor:  Björn Bornkamp (Novartis).   
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The identification of patient subgroups (defined in terms of baseline covariates or 

biomarkers) with a modified response to a treatment is an important task in drug 

development. Identifying such subgroups of patients is essential to personalize medicine and 

guarantee that every patient receives the best possible treatment. It is however also a very 

challenging task. The identification task itself is not trivial: Many biomarkers will be 

prognostic, but usually one is interested in covariates or biomarkers modifying the response 

to the specific treatment administered (predictive covariates/biomarkers). Additionally the 

number of possible subgroup-defining covariates and biomarkers is often large, which 

increases the chance of false positive findings [1]. It is therefore generally recommended to 

prespecify the analysed subgroups if possible and check subgroup results for biological 

plausibility [2].  

 

In addition, there is a need for statistical methods that can deal with the challenges of 

subgroup analyses and provide results that are reliable, and can be used to determine if a 

subgroup exists or if the finding can be considered spurious. Many such methods have been 

proposed in the statistical literature, however most of them focus on trials with two 

treatment arms, where patients are either assigned to a placebo group or a group receiving 

one dose of the treatment.  

 

Clinical trials with more than two arms with multiple doses of the same treatment have been 

somewhat neglected in the literature on subgroup identification. In such trials one is often 

interested in estimating the dose-response relationship to decide on an efficacious and safe 

dose for the treatment. As part of our project we developed methods for subgroup 

identification for such dose-response trials. With our methods it is possible to identify 

subgroups with different dose-response curves. Therefore we can not only identify subgroups 

where the dose-response curve is raised or lowered (A) but also subgroups where the dose-

response curves are horizontally shifted (B) (please see the figures below).  
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This allows us to not only identify subgroups with a different treatment effect, but also 

subgroups, where it could be advisable to choose a different dose. For more details see our 

publication [3].  

 

[1] Lagakos, S. W. (2006). The challenge of subgroup analyses—reporting without distorting. New England 

Journal of Medicine, 354(16), 1667-1669. 

 

[2] EMA guideline on the investigation of subgroups in confirmatory clinical trials. 2014. Available at 

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2014/02/ WC500160523.pdf 

(accessed 29 May 2018) 

 

[3] Thomas, M., Bornkamp, B., & Seibold, H. (2018). Subgroup identification in dose‐finding trials via model‐based 

recursive partitioning. Statistics in medicine, 37(10), 1608-1624. 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

Arsénio Nhacolo  

University of Bremen, Germany. 

 

Arsénio is from Zavala in the Republic of Mozambique.  In 2007, he was awarded a BSc in 

Mathematics at Eduardo Mondlane University (Mozambique), where he continued to work 

as an Assistant Lecturer.  In 2009, he started working at Manhça Health Research Centre as 

the data manager and deputy head of the data management department.  In 2013, he moved 

to Hasselt University in Belgium to study for a Master’s degree in Biostatistics which he was 

awarded in 2015.  Arsénio’s research project with IDEAS looks at “Bias and precision in early 

phase adaptive studies and its consequences for the decisions about conducting and 

designing confirmatory studies”. 

  

Poster presentation:   

 

New inference methods for adaptive Phase II designs with binary endpoint 
 

Presentation time and abstract: 

11.15-11.40, Wednesday 26th September (IDEAS Dissemination Workshop) 

Oncology Phase II Adaptive Designs: Efficacy estimates and their use in planning Phase III 
trials. 

In oncology, like in other branches of medicine, treatment efficacy estimates from successful 
Phase II trials are often used to plan the sample sizes of the subsequent Phase III trials. 
Adaptive designs are becoming popular in Phase II trials, however many of these innovative 
designs come without the proper estimation methods. Due to this and other factors, Phase II 
estimates are often biased and imprecise, resulting in inadequately powered Phase III trials.  

We evaluate the consequences, in terms of power, of using estimates from adaptive phase II 
trials to plan Phase III studies. In addition, we propose new methods to adjust the phase III 
sample size estimates based on the observed Phase II data. For estimation, we employ the 
naive maximum likelihood estimator and our proposed estimators that take into account the 
adaptive nature of the designs. Simulation results showed that using estimates from our 
proposed methods yield better power as compared to the naive estimate. Nevertheless, to 
attain the nominal power, adjustments in the estimated sample size are necessary. Our 
proposed adjustment methods show good performance, resulting in power that is close to 
the nominal levels. The methods also show similar results across different Phase II efficacy 
estimators and design scenarios. 
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Non-Technical Summary of IDEAS Project 

Bias and precision in early phase adaptive studies and its consequences for the decisions 

about conducting and designing confirmatory studies 

Arsénio Nhacolo.  Supervisor:  Werner Brannath (University of Bremen).  

The project focusses on the studying of phase II adaptive designs and methods for efficacy 

estimation in such designs, and to investigate the consequences of bias and imprecision of 

phase II efficacy estimates on the planning of phase III trials. New estimation methods for a 

class of adaptive phase II designs are being proposed, and approaches for adjusting phase III 

sample size estimates are being discussed. In addition new basket designs are proposed for 

oncology phase II trials. The key points regarding the project are: 

 The study of the performance of different estimation methods proposed in the literature 
for oncology phase II group-sequential and adaptive designs. This was done via simulation 
studies, and included the commonly used single-arm designs with binary endpoint. 

 The proposal of new estimation methods for oncology phase II adaptive designs. This was 
for two-stage adaptive designs with binary endpoint in which the second stage sample 
size and decision rules are functions of the number of successes in the first stage. 

 The analysis of the consequences of using effect estimates from phase II adaptive design, 
which are often biased and imprecise, on planning phase III sample size and we discussed 
and proposed adjustment approaches in order to obtain adequately powered phase III 
trials. 

 The proposal of new design approaches for phase II basket trials in oncology. These 

designs are mainly modifications of the existing ones to accommodate new scenarios and 

assumptions. The scenarios include the one in which it is assumed that the treatment 

effect expectations are different across the baskets. 
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Haiyan Zheng  

Lancaster University, UK.   

 

Haiyan graduated with an MSc in Biostatistics from Osaka University (Japan), where she 

developed a deep interest in research topics including clinical trial designs, multiple testing 

procedures and survival analysis.  Her thesis for her Master’s degree focussed on “The 

optimal use of surrogate endpoint at the interim in two-stage adaptive enrichment designs 

with time-to-event endpoints”. Most recently, she has shifted the primary focus of her 

research to early phase clinical trials but still tries to keep up with the new developments in 

the field.  Haiyan’s research as part of the IDEAS project investigates the “Use of preclinical 

information to establish a safe dose in first-in-men studies”. 

 

Poster presentation:   

 

A Bayesian decision-theoretic approach to leverage preclinical information into a phase I first-
in-man trial.   
 

Presentation time and abstract: 

11.40-12.05, Wednesday 26th September (IDEAS Dissemination Workshop) 

Adaptive incorporation of preclinical animal data into phase I oncology trials: a robust 
Bayesian meta-analytic approach. 
Haiyan Zheng1, Lisa V. Hampson2, Simon Wandel2 

(1) Department of Mathematics and Statistics, Lancaster University, UK 

(2) Novartis Pharma AG, CH-4002 Basel, Switzerland 

 

First-in-man trials are typically preceded by a number of preclinical studies which characterise 

the toxicity profile of a new medicine in animals. The possibility of incorporating animal data 

into phase I clinical trials is intriguing but challenging. One concern is that the risk of toxicity 

could vary drastically across different animal species and humans given the same dose. This 

precludes the use of standard meta-analytic models to translate information on the dose-

toxicity relationship across species. 

We propose a Bayesian hierarchical model to synthesise animal and human toxicity data, 

using scaling factors to translate the doses administered to different animal species onto an 

equivalent human dosing scale. Parameters of logistic models for the dose-toxicity 

relationship in any tested animal species and humans can then be interpreted on a common 

scale. Prior distributions are used to capture uncertainty about the magnitude of the 

translation factor appropriate for each species. Within an animal species, study-specific dose-

toxicity model parameters are assumed to be exchangeable. Furthermore, species-specific 

population parameters on the common scale, say, the human-equivalent scale, are assumed 
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to be exchangeable and thus can be modelled with a “supra-species” random-effects 

distribution, allowing for increased borrowing of information across species.  

Robust borrowing of information from animals to humans is permitted by modelling the 

parameters of a future phase I first-in-man trial as exchangeable with those standardised 

study-specific animal parameters: for each animal species, a mixture weight is defined 

representing our prior scepticism about the plausibility of an exchangeability assumption, 

while the option of non-exchangeability with animals is also considered. In this way, 

information is borrowed only from the most relevant animal species. The proposed 

methodology is illustrated using data examples and simulations. Simulation results suggest 

our model improves the precision of estimates of the toxicity rates in most cases and leads to 

reduction of ethical hazard. 

Non-Technical Summary of IDEAS Project 

Incorporating preclinical information into phase I first-in-man trials 

Haiyan Zheng.  Supervisors:  Thomas Jaki (Lancaster University) & Lisa Hampson (Novartis)  
 

In early drug development, safety remains a key priority and special concern. 

Conventionally, phase I first-in-man trials are conducted on the basis of a dose-escalation 

procedure, which bases interim decision making on toxicity data accumulated from the 

ongoing human trial. However, no phase I clinical trials have been designed without 

preclinical studies characterising the toxicity profile of a new medicine in animals. 

Borrowing of information from preclinical studies may potentially lead to more informed 

decisions, especially when the human data are sparse. The question is whether, and how, 

we can incorporate such preclinical data into a phase I clinical trial. 

A challenge one faces when attempting to use preclinical information is whether it is 

commensurate with data accrued from the human trial. If, for example, preclinical and 

human toxicity data are consistent, augmenting the phase I clinical trial with animal data will 

result in improved estimation precision and a more efficient decision process. However, 

such advantages must be balanced against the risk that more patients may be treated with 

excessively toxic doses when the drug is more toxic in humans than it is in animals. 

We propose a new model for adaptive incorporation of preclinical data into a fully 

sequential phase I clinical trial. This approach is decision-theoretic, taking account of both 

advantage and ethical hazard that correspond to possible decisions of incorporating 

preclinical data. In order to borrow strength to an appropriate degree, preclinical data are 

used to make prior prediction of human toxicity outcome of the assigned dose. These 

predictions are optimal in the sense of maximising the prior expected utility. At each interim 

analysis, these prior predictions are compared with the actual human toxicity outcomes. 

The attained predictive utility, expressed as a fraction of the maximum utility achieved 
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when all prior predictions are correct, is then helping quantify the weight to be attributed to 

the preclinical data. We note that choosing suitable reward and penalty utilities requires 

expertise from clinicians and statisticians. 

The proposed methodology is robust and responsive to potential conflicts between animal 

and human data. It allows the data to speak and, more importantly, supports ethical phase I 

trial designs: in situations where there is a clear discrepancy, our model discounts preclinical 

information quickly. In an extreme case that it has to be completely discarded, our 

methodology is reduced to a standard Bayesian model currently used for running phase I 

trials. Whereas, in cases of consistency, benefits are suggested to be more accurate 

characterisation of toxicity in humans and higher proportion of patients allocated to the 

target dose. 

Finally, we note our proposal can be applied more broadly: it discusses in general how 

historical information can be down weighted relative to data from the new study and offers 

a feasible solution of formal incorporation to all relevant information. 
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Maria-Athina Altzerinakou  

INSERM, France.   

 

Maria-Athina is from Athens in Greece. In 2012, she graduated from the National and 

Kapodistrian University of Athens with a Bachelor’s degree in Mathematics. Two years later 

in 2014, she completed her Master’s degree in Biostatistics, also at the University of Athens. 

Maria-Athina’s current research as part of the IDEAS project revolves around dose finding in 

Phase I/II trials of molecularly targeted agents in oncology. 

 

Poster presentation:   

 

Cumulative Risk of Toxicity in Phase I Trials of Targeted Therapies: What to Expect at the 
Recommended Phase II Dose? 
 

Presentation time and abstract: 

12.05-12.30, Wednesday 26th September (IDEAS Dissemination Workshop) 

Optimal dose selection considering both toxicity and activity data; plateau detection for 
molecularly targeted agents.   
 

I present an adaptive dose-finding method, based on a joint model of repeated continuous 
activity measurements and a probit interval censored time-to-first DLT, with a shared random 
effect, using skewed normal distribution properties. Estimation relies on exact likelihood that 
does not require distribution approximation, an important property in the context of small 
sample sizes. The objective is to identify the optimal dose (OD), which is defined as the lowest 
dose within a range of highly active doses. The MTD is associated to some cumulative risk of 
DLT over a predefined number of treatment cycles. In the design we consider the important 
case of missing at random data that stem from unacceptable toxicity, lack of activity and rapid 
deterioration of phase I patients. In a set of linear dose-activity models with constant activity 
beyond all possible dose levels, we select the one with minimum AIC. This allows increasing 
modelling flexibility, while still having exact likelihood formulation. Operating characteristics 
were explored via simulations in various scenarios. The percentage of correct OD selection 
was quite high and patients were not exposed to highly toxic doses.  
 

Non-Technical Summary of IDEAS Project 

Statistical methods for phase I/II trials of molecularly targeted agents in oncology 

Maria-Athina Altzerinakou.  Supervisor:  Xavier Paoletti (INSERM) 

  

The purpose of this work is to provide an overview of the risk of severe toxicity per treatment 

cycle and the cumulative toxicity risk over 6 treatment cycles. We estimated these risks on 26 

phase I clinical trials of molecularly targeted agents (MTAs) administered as single agents, 
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from the Cancer Therapy Evaluation Program (CTEP) of the National Cancer Institute (NCI). A 

complementary objective is to analyze how time can affect severe toxicity occurrence. Using 

those data, we provide a nomogram that relates various risks of severe toxicity at cycle 1 with 

what can be expected over up to six cycles of treatment. 

 

Phase I trials traditionally report the maximum tolerated dose (MTD), that is defined based 

on the dose limiting toxicities (DLTs) observed during the first treatment cycle. The MTD and 

the recommended phase II dose (RP2D) are often associated with 20% to 33% of DLTs in the 

first cycle (21 or 28 days). However, the development of MTAs in oncology challenges this 

definition. Recently, the European Medicine Agency (EMA) followed a report from the 

European Organization for Research and Treatment of Cancer -led DLT-TARGETT group1 and 

stated that “in contrast to cytotoxic chemotherapy, MTAs are typically administered 

continuously and the toxicity profiles tend to differ so that DLTs may occur after multiple 

cycles of therapy. This is of importance for the RP2D in cases where tolerability and toxicity 

guide dose selection, and may require alternative strategies with regard to definition of DLT 

and MTD.” This guideline then recommends “Broader DLT definitions with longer DLT 

observation periods may therefore be relevant to consider. A distinction between cycle 1 

acute toxicity, prolonged toxicity impacting on tolerability and late severe toxicity may be 

informative. Adverse events (AEs) should therefore always be reported by treatment cycle 

and the RP2D should be based on an integrated assessment of likely adverse reactions2 ”. This 

requirement is even stronger with immune-toxic side effects, for which the median time 

varies from 5 to 15 weeks, which is beyond the usual DLT assessment period3 . However, 

whilst an acceptable rate of acute toxicity is rather well-defined to guide dose-escalation, no 

reference of an acceptable cumulative and per-cycle rate of toxicity has been provided so far 

to guide RP2D recommendation. In particular, when 20% of acute toxicity is observed at the 

MTD, what should we expect over several treatment cycles? 

 

Findings: in this work we have investigated the association of time, i.e. the treatment cycle, 

with the probability of having a severe toxicity. The probability of having a severe toxicity, for 

patients treated at the MTD, was 27% in cycle 1 and then it decreases for each successive 

cycle. At the MTD there was 53% cumulative probability of severe toxicity, at the end of cycle 

6, which was a lot higher than the 20%-33% usually targeted in cycle 1 for the determination 

of the MTD. This number increased to 80%, for doses exceeding the MTD, leading to highly 

toxic events. At the MTD, non-hematologic toxicities accounted for 35% of the overall 

cumulative toxicity, whereas hematologic or both non-hematologic and hematologic 

toxicities accounted for 18%.  

 

Recommendations:  for phase I designs we strongly believe that 3-6 cycles should be 

considered to better refine the identification of the RP2D. Grade 3, 4, or 5 toxicity rates of 

20% to 30% on the 1st treatment cycle were associated with 44% to 63% of severe toxicity at 

the end of the 6th treatment cycle (Table 1). A reasonable cumulative target could be 40%-
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45% over 6 cycles, so as to avoid undertreating or exposing patients to highly toxic doses. 

Moreover, we have shown the significance of time effect on the severe toxicity rate (often a 

reduction in the per cycle rate of toxicity throughout the treatment). Re-evaluation of the 

cumulative probability of severe toxicity would fit nicely in the objectives of expansion 

cohorts that have become quite popular in the last years4 . Nevertheless, toxicity is only one 

component of the overall evaluation of the optimal dose. Activity data, pharmacokinetic data 

or biomarker measurements are also keys to refine the dose to be pushed forward. A careful 

analysis of all collected data should improve the design of phase I trials of MTAs and avoid re-

evaluation of accepted doses in subsequent phases.  

 

Table 1. Nomogram. Cumulative probability of severe toxicity, assuming that toxicity in the 

first cycle ranges between 5% and 35%. 
 

 

 

 

 

 

 

 

 

 

1. Postel-Vinay S, Collette L, Paoletti X, et al: Towards new methods for the determination of dose limiting 

toxicities and the assessment of the recommended dose for further studies of molecularly targeted agents - Dose-

Limiting Toxicity and Toxicity Assessment Recommendation Group for Early Trials of T [Internet]. Eur J Cancer 

50:2040–2049  

2. European Medicines Agency: Draft Guideline on the evaluation of anticancer medicinal products in man. 2016  

3. Champiat S, Lambotte O, Barreau E, et al: Management of immune checkpoint blockade dysimmune toxicities: 

A collaborative position paper. Ann Oncol 27:559–574, 2016 

 4. Dahlberg SE, Shapiro GI, Clark JW, et al: Evaluation of statistical designs in phase i expansion cohorts: The 

Dana-Farber/Harvard cancer center experience. J Natl Cancer Inst 106, 2014 
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Pavel Mozgunov  

Lancaster University, UK.   

 

Pavel is from a small town called Mtsensk in Russia.  He has a Bachelor’s degree in Statistics 

and Data Analysis from the University Higher School of Economics in Moscow (HSE).  During 

his studies, he investigated many challenges in statistical science and studied several varied 

areas including signal processing, classification and information theory. Prior to starting his 

PhD, he worked as a research assistant in the Science Group of Probabilistic Methods and a 

member of the Laboratory of Stochastic Analysis at HSE. Pavel’s research project is a part of 

the IDEAS programme and focusses on “Dose finding for combination trials with many 

treatments” and he was awarded his PhD in June 2018. 

 

Poster presentation:   

Improving a safety of the Continual Reassessment Method via a modified allocation rule. 
 

Presentation time and abstract: 

 

15.00-15.25, Wednesday 26th September (IDEAS Dissemination Workshop) 

An information-theoretic approach for selecting arms in clinical trials (with applications to 
Phase I/II clinical trials)    
 
The question of selecting the “best” amongst different choices is a common problem in 
statistics. In drug development, the question can be, for example: which treatment gives the 
best response rate. Motivated by recent developments in the theory of context-dependent 
information measures, we propose a flexible response-adaptive experimental design based 
on a novel criterion governing arm selections. The design requires no parametric or 
monotonicity assumptions and can be used in adaptive experiments with various endpoints.  
 
We apply the proposed design to a Phase I/II clinical trial looking at schedules of a 
combination treatment involving a molecularly targeted agent. The main challenge of the trial 
is that a clinical could not order the combination-schedules according to the monotonically 
increasing toxicity and efficacy. We illustrate how the proposed design can be applied in this 
setting and compare its performance to a model-based alternative. We also discuss practical 
and ethical issues such as coherence, delayed and missing efficacy responses, safety and 
futility constraints. 
 

Non-Technical Summary of IDEAS Project 

Dose finding for combination trials with many treatments 

Pavel Mozgunov.  Supervisor:  Thomas Jaki (Lancaster University) 
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The primary motivation of the project is the growing complexity of early phase clinical trials. 

It starts to become common to consider more complex dosing regimens rather than doses of 

a single agent. For instance, therapies using a combination of drugs have become the 

mainstream approach to diseases such as cancer and tuberculosis. However, the combination 

context gives rise to additional challenges. 

 

A lot of single-agent dose finding trials are based on the assumption “the more the better” - 

the toxicity of the drug increases with the dose. This means that one can naturally order doses 

according to the monotonically increasing toxicity. This might not hold for combinations. 

Consider the combination of two agents in which one combination has a higher dose of the 

first compound, but a smaller dose of the second compound. In the vast majority of trials, one 

cannot define which of these combinations is more toxic prior to the study. Finally, the 

problem of unknown ordering of toxicities also appears in single-agent studies of molecularly 

targeted agents (MTA). For MTAs either dose-efficacy or dose-toxicity relationships can have 

a plateau or a dose-efficacy relationship can exhibit an umbrella shape. 

 

The problems in these clinical trials are similar in their nature as they suffer from the unknown 

ordering of dosing regimens. Additionally, study toxicity and efficacy endpoints in an integrate 

Phase I/II clinical trial is becoming common as well. To conduct more complex clinical trials, 

specific methods were developed in the course of work of the project. 

 
A novel criterion to govern the selection of dosing regimens in clinical trials was obtained. It 
was found that the criterion minimises the uncertainty in a dose finding experiment subject 
to the constraint to allocate as much as possible patients to the dosing regimen with the best 
characteristics defined by a clinician. The proposed criterion is generic and can be applied to 
trials with multinomial outcomes including, for examples, Phase I trials with binary toxicity 
and Phase I/II trials with binary toxicity and efficacy endpoints. It was found that a high 
probability of correct selections can be achieved without any parametric or monotonicity 
assumption due to specific properties of the criterion. It was found that the Phase I design 
employing the novel criterion performs comparably or outperforms the currently used in 
practice methods (Mozgunov and Jaki, 2018a). This criterion was also used to develop a novel 
Phase I/II design for an ongoing combination-schedule oncology trial (Mozgunov and Jaki, 
2018b). The main challenge faced by clinicians was that they could not order the combinations 
according to increasing toxicity and efficacy. This resulted in an infeasible parametric model 
which could not be used with a limited sample size. The proposed design not employing 
parametric assumption was found to be a high performing candidate for such trials and 
resulted in a high probability of correct selections under a variety of clinically relevant 
scenarios. 
 
The proposed criterion is generic and can be also applied to govern a selection in well 
established model-based dose finding design, for example, Continual Reassessment Method 
(O’Quigley et al., 1990). It was found (Mozgunov and Jaki, 2018c)  that the use of the criterion 
can lead to either (i) fewer number of patients experienced adverse events during the trial, 
but the similar probability of correct selections or (ii) a similar number of adverse events as 
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the Escalation with Overdose Control approach (Babb et al. 1998, widely employed by 
pharmaceutical companies), but in a significantly higher probability of correct selections of 
the dose for further trials. 
 
Finally, it was found that the proposed concept of the criterion can also be useful beyond the 
dose finding (Mozgunov et al., 2018) and was successfully applied to benefit-risk assessment 
as a criterion for Multi-Criteria Decision Analysis (Saint-Hilary et al., 2018). 
 
 
Babb, James, Rogatko, Andre and and Zacks, Shelemyahu (1998) Cancer phase I clinical trials: efficient 
dose escalation with overdose control. Statistics in Medicine 17(10), 1103–1120.  
 
Mozgunov, P. and Jaki, T. (2018a) An information‐theoretic approach for selecting arms in clinical 
trials. Preprint arXiv:1708.02426. Department of Mathematics and Statistics, Lancaster University. 
 
Mozgunov, P. and Jaki, T. (2018b), An information theoretic phase I–II design for molecularly targeted 
agents that does not require an assumption of monotonicity. J. R. Stat. Soc. C. doi:10.1111/rssc.12293 
 
Mozgunov, P. and Jaki, T. (2018c) Improving Safety of the Continual Reassessment Method via a 
Modified Allocation Rule. Preprint arXiv:1708.02426. Department of Mathematics and Statistics, 
Lancaster University. 
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Johanna Mielke   

Novartis, Switzerland.   
 

Johanna is from Herdecke in Germany. She holds Bachelor’s and Master’s degrees in 

Statistics from TU Dortmund University (Germany). During her studies, she spent a semester 

abroad at the University of Warwick (Coventry, UK) and completed internships at Monash 

University (Melbourne, Australia) and at Novartis (Basel, Switzerland). Johanna’s current 

research with IDEAS focussed on “Optimal designs and analysis methods for the 

development of Biosimilars” and she was awarded her PhD “summa cum laude” (with 

greatest honour) by TU Dortmund in June 2018. 

Poster presentation:   
 

Incorporating historical information in biosimilar trials. 
 

Presentation time and abstract: 

15.50-16.15, Wednesday 26th September (IDEAS Dissemination Workshop) 

Testing strategies for claiming success on at least k out of m hypotheses with an application 
to biosimilar development  
 
Multiplicity is a common issue in clinical development. There exists many proposals for the 
handling of multiple testing in clinical trials, however, the literature on testing strategies for 
claiming success on at least k out of m tests is still sparse. This is relevant, for example, in 
trials related to rheumatoid arthritis, where success can be claimed if at least 3 out of 4 
elementary hypotheses are rejected or also in biosimilar development, where products have 
gained regulatory approval in the past even though not all hypotheses could be rejected. 
Obviously, simple adjustments for multiplicity like the Bonferroni-adjustment or the Holm-
procedure are valid as well for this testing problem, but can be conservative.  
 
In this talk, we propose simple testing strategies for claiming success on at least k out of m 
tests which are more powerful than standard procedures while still providing control of the 
family-wise error rate.  
 

Non-Technical Summary of IDEAS Project 

Switchability assessment of biosimilars 

Johanna Mielke.  Supervisor:   Byron Jones (Novartis)   

 

Biosimilars are meant to be cheaper copies of biologic drugs. Biologics are large-molecule 

drugs that are developed from living organisms and have revolutionized the treatment and 

prevention of many disabling and life-threatening diseases like cancer, arthritis, psoriasis and 

growth disorders. Because of the complexities involved in their manufacture, biosimilars can 



33 
 

only be considered as similar to their reference biologic rather than equivalent. This is in 

contrast to a generic drug, which receives marketing approval on the basis that it has been 

shown to be equivalent to its small-molecule reference (original) drug. In many countries, 

substitution of the originator product with the generic at the pharmacy level without the 

intervention of the prescribing doctor is acceptable. 

 

The situation for biosimilars is quite different. Despite patients, physicians and health care 

providers in Europe having more than ten years of experience with biosimilars, there are still 

debates if switching between a biosimilar and its reference product influences the efficacy of 

the treatment. 

 
The European Medicines Agency states that “the Agency's evaluations do not include 

recommendations on whether a biosimilar should be used interchangeably with its reference 

medicine" [1] and recommends, "for questions related to switching from one biological 

medicine to another, patients should speak to their doctor or pharmacist". Within the 

member states of the European Union (EU), the viewpoints and handling of switching are 

diverse. The Finnish Medicines Agency [2], for example, published a position paper stating 

that "switches between biological products are common and usually not problematic", 

whereas the Health Products Regulatory Agency in Ireland [3], for example, explicitly "does 

not recommend that patients are switched back and forth between a biosimilar and the 

reference medicinal product”. 

 
In the USA, the Food and Drug Association (FDA) has the legal option to approve a biosimilar 

as an interchangeable biosimilar [4]. This status means that patients can be switched between 

the biosimilar and its reference product without the knowledge or approval of the prescribing 

doctor. So far, there are no approved interchangeable biosimilars in the US. 

 

In order to determine if switching should be allowed, it is first necessary to agree on which 

pattern in the data can be expected if the biosimilar and its originator are switchable or not 

switchable. For that, we compare subjects who are switching (e.g., first biosimilar, then 

originator, then biosimilar …) to patients with continuous treatment with the biosimilar or the 

originator over the complete duration of the study. This is shown in the figure overleaf: each 

line represents the measurement of the treatment effect (also known as the treatment 

response) of one subject which was observed over six periods (i.e., six assessments of the 

treatment effects).  

 

Situation (a) is a situation in which we do not see any difference in the treatment response 

between subjects who are switching (black) and subjects are not switching (red). In Situation 

(b), it seems as if subjects who are switching have a higher treatment response value 

compared to the non-switching patients. For example, this might mean that the target value 
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for systolic blood pressure is not met, but patients still experience, unexpectedly, a too high 

systolic blood pressure even after being treated with the medicine which is clearly to be 

avoided. Therefore, we do not call this situation switchable. In Situation (c), patients in the 

switching sequences have still on average the same response as patients in the non-switching 

sequences. However, the variability is higher for patients who are switching compared to the 

non-switching patients. Coming back to the blood pressure example, this would mean that 

switching patients sometimes have a too high and sometimes a too low systolic blood 

pressure. Again, this is not desirable. 

 

 
In our project we developed several statistical methodologies for distinguishing between 

Situation (a) and Situation (b) and (c) with a focus on testing Situation (a) vs. Situation (b). We 

evaluated the properties of the approaches, specifically the ability to distinguish between the 

different situations and applied the data sets to a real-world example. For more details, please 

see our publication [5]. 

 
[1] Questions and answers on biosimilar medicines (similar biological medicinal products). 2012. Available at 

http://www.medicinesforeurope.com/wp-content/uploads/2016/03/WC500020062.pdf (accessed 1 September 

2018).  

 

[2] Interchangeability of biosimilars - position of Finnish Medicines Agency Fimea. 2015 Available at 

https://www.fimea.fi/documents/542809/838272/29197_Biosimilaarien_vaihtokelpoisuus_EN.pdf (accessed 

24 March 2017). 

[3] Considerations for physicians on switching decisions regarding biosimilars. 2017. Available at 

https://www.ifpma.org/wp-content/uploads/2017/03/Considerations-for-switchingdecisions_IFPMA-vF.pdf 

(accessed 1 September 2018).  
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[4] Biologics Price Competition and Innovation Act. 2009.Available at 

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/ucm216146.pdf (accessed 

29 September 2016).  

 

[5] Mielke, J., Woehling, H. and Jones, B. (2018). Longitudinal assessment of the impact of multiple switches 

between a biosimilar and its reference product on efficacy parameters. Pharmaceutical Statistics, 17 (3), 231-

247. 
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Saswati Saha   

University of Bremen, Germany.     

 

Saswati holds Bachelor’s and Master’s degrees in Statistics from the Indian Statistical Institute 

in Kolkata.  Prior to joining the IDEAS programme, she worked at Risk Analytic in Bangalore 

for two years before deciding to pursue a career in medical statistics.  Saswati’s current 

research focusses on “Interval estimation for dose-finding studies”. 

Poster presentation:   

 

Multiple testing approaches for evaluating the effectiveness of a drug combination in a 
multiple-dose factorial design. 
 

Presentation time and abstract: 

16.15-16.40, Wednesday 26th September (IDEAS Dissemination Workshop) 

Multiple testing and modelling techniques in dose finding studies in Phase II 
clinical trials. 
 
Proper understanding and characterization of dose-response relationships is a vital step in 
drug development. In this project we have explored four state of the art dose-finding 
approaches whose objectives are to detect a dose-response signal (proof of concept, PoC), 
characterize the dose-response relationship and thereafter select the adequate dose for the 
subsequent phases of the drug development process. These approaches are: MCP-Mod 
approach, two variants of MCP-Mod approach and a hierarchical model selection approach.  
We will start our presentation by summarizing the key findings from our extensive numerical 
comparison  
between the above approaches. 
 

It should be noted that identification of the target dose is as important as the characterization 
of the dose-response relationship and it is often observed that the dose selected in Phase II 
clinical trials using the above dose-finding approaches fails to perform well in Phase III trials. 
Furthermore, the confidence intervals for target doses have not been broadly investigated in 
the literature. Hence we focus on building an approach for precise and accurate estimation 
of target doses and corresponding confidence intervals using weighted regression modelling.  
 
After a dose-response signal is detected and model selection is done, we propose to fit a 
weighted non-linear regression with the selected model where the weights are so designed 
such that residuals around the estimated target dose are given more importance than the 
residuals away from the target dose. Following the above approach we have first derived the 
asymptotic distribution of the non-linear regression parameters and then applied the delta 
method on it to derive the asymptotic distribution of the minimum effective dose (MED). We 
have further compared the above estimation approach with the classical approach of MED 
estimation in MCP-Mod. The confidence interval of the MED obtained under the above 
weighted regression approach is also compared numerically with the confidence interval of 
MED obtained using percentile bootstrap approach and profile likelihood approach. With the 
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help of extensive simulations we show that the suggested approach is performing well under 
the different scenarios. 
 

Non-Technical Summary of IDEAS Project 

Interval estimation for dose-finding studies 

Saswati Saha.  Supervisor:  Werner Brannath (University of Bremen) 

 

Dose-finding trials are clinical studies with the objective of determining the optimal dose of 

a drug. The objective of these studies is to determine the dose with highest potential for 

efficacy in the patient population that still meets safety criteria or the toxicity threshold. 
 

Two typical analytical approaches for dose finding are: multiple comparison procedures and 

modelling techniques. These approaches are heavily dependent on the model assumptions 

and do not give robust estimates. The first objective of this project was to explore different 

statistical methods for characterizing the dose-response relationship and for identifying the 

optimum dose that overcome the shortcoming of the historical approaches. A review article 

elaborating the pros and cons of some of the new dose-finding approaches has been 

submitted to the Biometrical Journal and is currently under review. 

 

The calculations of confidence intervals for the optimal doses have not been thoroughly 

investigated in literature. Currently the ESR is focused on devising an estimation method for 

the optimal dose in a clinical trial based on modelling approach and then comparing it with 

the existing estimation procedures. She also aims to extend the estimation problem so that 

it can provide solutions to the confidence interval problem stated above. This procedure will 

not only help clinicians in getting an accurate estimate of the optimal dose but also give an 

idea on the range of the optimal dose that is quite desirable in many situations. 
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Julia Niewczas   

Medical University of Vienna, Austria.     

 

Julia is originally from Poland but moved to the UK to study at Lancaster University where 

she gained a BSc in Mathematics with Statistics and an MSc in Statistics with a medical 

focus. She was awarded a PSI student prize for academic excellence for her MSc.  Julia’s 

research now focusses on adaptive designs and multiple testing procedures as part of the 

IDEAS programme.   

 

Poster presentation:   

 
Clinical trial designs with data-driven selection of subgroups.   
 

Presentation time and abstract: 

16.40-17.05, Wednesday 26th September (IDEAS Dissemination Workshop) 

Clinical trials with multiple objectives - optimal rejection regions based on Neyman-Pearson 
tests  
Niewczas, Julia1; Burman, Carl-Fredrik2; Hampson, Lisa2,3; Posch, Martin1; König, Franz1 

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 

 

1Medical University of Vienna, Section for Medical Statistics, Vienna, Austria 
2AstraZeneca R&D, Mölndal, Sweden 
3Novartis Pharma AG, Basel, CH-4002,Switzerland, 
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Non-Technical Summary of IDEAS Project 

Monitoring clinical trials using short-term information when long-term information is 

missing. 
Julia Niewczas.  Supervisor:  Franz König (Medical University of Vienna)  

 

The use of interim analyses has become popular in drug development. An interim analysis allows us 

to assess the results of an ongoing trial. During the analysis a trial can be stopped early for efficacy or 

futility, or some design adaptations such as sample size reassessment or dropping of treatment arms 

can be performed. Consideration of futility stopping is seen to be important and useful for both ethical 

and economic reasons, and is therefore widely used [1- 3]. Sample size could be also increased in case 

the interim results are promising in order to make sure that efficacy can be claimed on a treatment 

being tested. 

 

During interim assessment of the trial, there might be some information available in addition to the 

outcome on the primary endpoint. It could be beneficial to add such information into the analysis as 

the number of patients with complete observations on the primary endpoint might be limited. An 

example of including such additional data could be incorporation of shorter observations on patients. 

Let us consider a primary outcome of interest in a trial, which is observed after some pre-specified 

time, for example one year. Then, there could be more patients available at interim with complete 

observations on a shorter amount of time, which is e.g. 6 months. An example showing such a setting 

is represented in Figure 1 below, which shows the patient recruitment over time. At some point during 

the trial an interim analysis is performed. There is a number of patients recruited in the trial, and a 

fraction of them have already collected response on the long-term primary outcome in the trial, which 

is denoted by shaded circles. It can be seen that at the same time, there are some additional patients 

that have completed the shorter observations (denoted by shaded triangles), which could be 

incorporated into the interim analysis in order to improve the decision-making process. 
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Therefore, in our research we investigated the impact of inclusion of such groups of patients 
into interim analyses for clinical trials. At first, we considered a design, which would allow for 
futility stopping. We compared our approach with one including only long-term information, 
as well as one in which only the short-term data was used. We looked at different scenarios, 
taking into account the correlation between the short and long observations or the timing of 
an interim analysis. We showed that the use of both long- and short-tem endpoints could 
increase the power of a trial, which would result in a higher chance of claiming efficacy of the 
treatment being tested. A range of correlations between short- and long-term data was 
investigated and the higher the correlation the higher was the increase in power. 
 
We further extended our methodology to adaptive designs with sample size reassessment. 
This means that if the trial would not be stopped for futility, we would also look at the results 
and see if smaller number of participants would be sufficient to claim efficacy on the 
treatment. Or, in a case where the results were promising but possibly not good enough for 
the pre-specified number of patients, we could recruit more patients and then be able to 
reject the null hypothesis. The methods were based on the well-established combination 
function [4], which controls the chance of having a false positive. Use of both short- and 
longterm observation during the interim analysis was shown to increase the power of a trial 
when compared to the other two approaches. This however resulted in an increased average 
sample size. Therefore, if the objective of the sample size reassessment is to increase the 
power, then use of both short- and long-term data is recommended. When, however, the aim 
is to reduce the average sample size, use of only long-term information is recommended and 
in such a case, no power increase can be seen. 
 
[1] Elsäßer, A., Regnstrom, J., Vetter, T., Koenig, F., and Hemmings, R. J., Greco, M., Papaluca-Amati, M., and 
Posch, M. (2014). Adaptive clinical trial designs for European marketing authorization: a survey of scientific 
advice letters from the European Medicines Agency. Trials 13:383.  
 
[2] Hatfield, I., Allison, A., Flight, L., Julious, S. A., and Dimairo, M.(2016). Adaptive designs undertaken in clinical 
research: a review of registered clinical trials. Trials 17:150.  
 
[3] Lin, M., Shiowjen, L., Boguang, Z., Scott, J., Horne, A., Solomon, G., and Russek-Cohen, E. (2016). CBERs 
Experience With Adaptive Design Clinical Trials. Therapeutic Innovation & Regulatory Science 50:(2)195-203.  
 
[4] Bauer, P. and Köhne, K. (1994). Evaluation of experiments with adaptive interim analyses Biometrics 16:1029-
1041 


