&

YEARS | ISBA

WORKSHOP “STATISTICS AND ITS ROLE
IN SOCIETAL CHALLENGES"

In the framework of the 30TH ANNIVERSARY OF ISBA
MAY 12-13, 2022

Louvain House (Foyer Royal), LLN

Aula Magna | Place Lemaire, 1 - B-1348 Louvain-la-Neuve

Programme DAY 1
Thursday May 12, 2022

SESSION 1

9h00 | Opening

9h10 - 11h30 | Climate and energy
(incl. Coffee Break after second presentation 2)
1. Dan Cooley (Colorado State University) on "Statistics in Climate Science and
Extreme Event Attribution"
2. Anna Kiriliouk (University of Namur) on "Climate extreme event attribution
using multivariate peaks-over-thresholds modelling"
3. Qiwei Yao (London School of Economics) on "Probabilistic forecasting for daily
electricity loads and quantiles for curve-to-curve regression"
4. Hans Manner (University of Graz) on "Determinants of greenhouse gas emis-
sions in the transport Sector"

11h30 - 12h15 | Poster session
by PhD students and postdocs of ISBA: lightning talks

12h15 - 14h00 | Lunch with poster presentations

SESSION 2

14h00 - 15h30 | Personalised medicine

1. Marc Buyse (IDDI and University of Hasselt) on "Generalized Pairwise Compari-
sons as a Statistical Method for Patient-Centric Medicine"



2. Virginie Rondeau (University of Bordeaux) on "Improving dynamic models for
predicting cancer progression: the use of joint modeling"

3. Stefan Michiels (Institut Gustave Roussy, Paris) on "Survival prediction from
high-dimensional biomarker data in clinical trials"

15h30 - 16h00 | Coffee break

16h00 - 17h30 | Round table discussion

with ISBA Professor emeritus Léopold Simar and ISBA Doctores honoris causa Paul
Embrechts, Ray Carroll and Peter Buhlmann (moderator) on “Statistics and its role in
societal challenges"

18h30 - ... | Drink & Conference dinner : Louvain House

Programme DAY 2
Friday May 13, 2022

SESSION 3

9h00 - 11h00 | Statistical learning and data sciences

1. Peter Buhlmann (ETHZ) on "Robust, Generalizable and Causal-oriented Statis-
tical Machine Learning"
Johannes Lederer (University of Bochum) on "Sparse Deep Learning"
3. Tim Verdonck (University of Antwerpen and KULeuven) on "Cost-sensitive
Learning for fraud detection"
4. Hernando Ombao (KAUST) on "Detecting dynamic community structure
in functional brain networks across individuals: a multilayer approach"

N

TIhOO - 11h20 | Coffee break

11h20 - 12h50 | Pandemic crisis

SESSION 4

1. Niel Hens (University of Antwerp and University of Hasselt) on "Estimating
generation intervals and the time-varying reproduction number: an applica-
tion to SARS-CoV-2"

2. Catherine Linard (University of Namur) on "Investigating the drivers of the
spatio-temporal heterogeneity in COVID-19 hospital incidence - Belgium as a
study case"

3. Simon Dellicour (Université Libre de Bruxelles) on "Molecular epidemiological
approaches to track and understand the dispersal dynamic of SARS-CoV-2"

12h50 - 14h00 | Lunch and Good-bye
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“STATISTICS AND ITS ROLE
IN SOCIETAL CHALLENGES”"

CLIMATE AND ENERGY - SESSION 1

Dan Cooley (Colorado State University)

« Statistics in Climate Science and Extreme Event Attribution »

ABSTRACT

Climate is the distribution of weather. This talk will begin by describing statistics' role
in climate science. We will then turn our attention to climate or weather extremes and
extreme event attribution. In particular, we will perform extreme event attribution
on the 2020 wildfire season in Colorado. Assessing risk associated with a fire season
requires us to build and fit a model for the Fire Weather Index time series. We find that
the risk of experiencing a fire season like that Colorado's 2020 season has increased
since the middle of the 20th century.

Anna Kiriliouk (University of Namur)

« Climate extreme event attribution using multivariate peaks-over-thresholds
modelling »

ABSTRACT

The aim of extreme event attribution is to assess by how much human activities
have increased the risk of occurrence of an extreme climate event (e.g., a heatwave,
a flood,...). Such an assessment is obtained by calculating the Fraction of Attributable
Risk (FAR), i.e., the relative ratio of two probabilities of occurrence of an extreme event,
one calculated in the factual world, the other in the counterfactual world. The latter
is defined as a world without anthropogenic forcing, i.e., a world that “might have
been” if no humans inhabited the earth. Because randomized control trials cannot
be performed on the Earth’s climate, causal statements must be based on output
from General Circulation Models (GCMs), which simulate climate variables on a grid

1/8



of spatial locations. These models allow to conduct sensitivity experiments in which
the suspected causal link or driver is switched on or off, thereby assessing the role of
this causal mechanism or driver on the probability of occurrence of the extreme event
under study.

Current attribution studies are commonly based on univariate methods, ignoring
spatial tail dependence. We propose an estimator of the FAR based on the multivariate
generalized Pareto distribution (the asymptotically justified model for multivariate
threshold exceedances), taking into account such tail dependence. Applied to heavy
winter precipitation in central Europe, the proposed estimator leads to a higher FAR
with narrower confidence intervals when compared to a univariate attribution analysis.

inei Yao (London School of Economics)

« Probabilistic Forecasting for Daily Electricity Loads and Quantiles for Curve-to-Curve
Regression »

ABSTRACT

Probabilistic forecasting of electricity load curves is of fundamental importance for
effective scheduling and decision making in the increasingly volatile and competitive
energy markets. We propose a novel approach to construct probabilistic predictors for
curves (PPC), which leads to a natural and new definition of quantiles in the context of
curve-to-curve linear regression. There are three types of PPC: a predict set, a predictive
band and a predictive quantile, and all of them are defined at a pre-specified nominal
probability level. In the simulation study, the PPC achieve promising coverage
probabilities under a variety of data generating mechanisms. When applying to one
day ahead forecasting for the French daily electricity load curves, PPC outperform
several state-of-the-art predictive methods in terms of forecasting accuracy, coverage
rate and average length of the predictive bands. For example, PPC achieve up to 2.8-
fold of the coverage rate with much smaller average length of the predictive bands.
The predictive quantile curves provide insightful information which is highly relevant
to hedging risks in electricity supply management.

Hans Manner (university of Graz)

« Determinants of greenhouse gas emissions in the transport Sector »

ABSTRACT

The passenger transport sector plays a crucial role in achieving climate-neutrality.
Analysing the driving sources of transport emissions is crucial for assessing
and adjusting mitigation policies. While a switch to zero emission vehicles is a
crucial part in this process, policy makers likely have to resort to a differentiated
mix of complementary policy measures to accelerate this process. We study the
determinants of passenger transport related CO2 emissions as well as the mitigation
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potential of various environmental policies targeted at the transport sector. In a first
step, we consider the Austrian passenger transport sector for which we propose an
environmental policy stringency index for the period 1950-2019. In a second step, we
analyse the effectiveness of different components of this index on transport related
CO2 emission in a dynamic multivariate time series model. We find that taxes on
vehicle-related emissions, policies that influence the usage of cars, and measures to
improve the carbon intensity of fuels can reduce CO2 emissions and contribute to an
accelerated transition towards a carbon-neutral society. Next, we study the drivers of
transport related CO2 emissions on the EU level with a panel of EU-28 countries for
the period 1990-2019. Due to the presence of unit roots, appropriate methods for non-
stationary panel data are applied.

PERSONALISED MEDICINE - SESSION 2

Marc Buyse (IDDI and University of Hasselt)
« Generalized Pairwise Comparisons as a Statistical Method for Patient-Centric
Medicine »

ABSTRACT

The era of “precision medicine” isin full swing. Precision medicine, which aims at giving
the right treatment to the right patient at the right time, takes advantage of predictive
biomarkers to deliver targeted drugs. This is particularly important in oncology, given
the high stakes of treatment benefit vs. treatment harm. Precision medicine may be
taken one step further if individual patient preferences are factored into decision-
making to reach what might be truly called “patient-centric medicine”. Allowing
patients to make individualized treatment decisions is currently done informally,
since no statistical methods integrate several indicators of efficacy and toxicity into
a single, quantitative measure. We have proposed a new statistical method, named
“generalized pairwise comparisons” (GPC), which allows formal decisions based on the
totality of the available information in a rigorous way. Using GPC, all efficacy, toxicity
and quality of life data from patients enrolled in clinical trials comparing competing
interventions can be used to analyse any number of prioritized outcomes of any type
(binary, continuous, time to event, etc.) The method compares all possible pairs of
patients formed by taking one patient from the experimental group and one patient
from the control group of a randomized trial. A measure of the overall treatment effect,
which we have called the “Net Treatment Benefit” (NTB), is the difference between
the probability that a patient taken at random in the experimental group has a better
outcome than a patient taken at random in the control group. The NTB is an absolute
measure that directly addresses patient-centric questions about the probabilities
of benefits and harms from treatment. As such, the GPC method can be used to
individualize treatment choices. The general properties of GPC will be discussed, and
several applications will illustrate the interest of the approach.
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Virginie Rondeau (University of Bordeaux)

« Improving dynamic models for predicting cancer progression : the use of joint
modeling »

ABSTRACT

The Response Evaluation Criteria in Solid Tumors are used as standard guidelines for
theclinical evaluation of cancer treatments. The assessment is based on the anatomical
tumor burden: change in the size of target lesions and evolution of nontarget lesions
(NTL). Despite unquestionable advantages of this standard tool, Response Evaluation
Criteria in Solid Tumors are subject to some limitations such as categorization of
continuous tumor size or negligence of its longitudinal trajectory. In particular, it is
of interest to capture its nonlinear shape and model it simultaneously with recurrent
progressions of NTL and overall survival. We propose different multivariate nonlinear
joint frailty models for recurrent events and a terminal event with longitudinal data.
Furthermore, the biomarker is often characterized by an excess of zeros due to the
subset of patients reaching the complete response of target lesions state. A biomarker
distribution exhibiting inflated zeros and a continuous distribution of positive
values is referred to as semicontinuous, i.e, it is zero-inflated and right-skewed. An
appropriate model is needed for the longitudinal biomarker as well as an association
structure with the survival outcome. We propose here a joint model for a longitudinal
semicontinuous biomarker and a survival time. The semicontinuous nature of the
longitudinal biomarker is specified by a two-part model, which splits its distribution
into a binary outcome (first part) represented by the positive versus zero values and
a continuous outcome (second part) with the positive values only. An application to
advanced metastatic colorectal cancer data from the GERCOR study is performed
where our two-part model is compared to one-part joint models. Our results show
that treatment arm B (FOLFOX6/FOLFIRI) is associated with higher SLD values over
time and its positive association with the terminal event leads to an increased risk of
death compared to treatment arm A (FOLFIRI/FOLFOX®6).

Stefan Michiels (Institut Gustave Roussy, Paris)

« Survival prediction from high-dimensional biomarker data in clinical trials »

ABSTRACT

Thanks to the advances in genomics and targeted treatments, more and more
prediction models based on biomarkers are being developed to predict survival
outcome of patients or the expected treatment benefit from clinical trial data.

In the first part of the talk | will focus on the use of lasso-type penalizations with high-
dimensional biomarker data in a Cox regression model. Correct selection of prognostic
biomarkers among multiple candidates is becoming increasingly challenging as
the dimensionality of biomarker data becomes higher. Therefore, minimizing the
false discovery rate is of primary importance, while a low false negative rate is a
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complementary measure, and different penalty terms are compared.

For multi-omics or multi-pathway data, we propose an adaptive lasso method to select
grouped variables in order to further penalize variables that, in addition to having a low
effect, belong to a group with a low overall effect; and to favor the selection of variables
that, in addition to having a large effect, belong to a group with a large overall effect.

When the objective is treatment effect prediction, penalization of the biomarker main
effects and biomarker-by-treatment interactions are of importance.

In more recent work, we confront artificial neural network models with time-to-event
data, using specific ways to handle censored observations and tailored loss functions.

Different simulation studies are provided to study the operating characteristics of the
methods, which will be illustrated using gene expression data of several breast cancer
studies.

STATISTICAL LEARNING & DATA SCIENCES - SESSION 3

Peter Buhlmann (ETHZ)

« Robust, Generalizable and Causal-oriented Statistical Machine Learning »

ABSTRACT

Reliable, robust and interpretable machine learning is a big emerging theme in data
science and artificial intelligence, complementing the development of pure black box
prediction algorithms. New connections between distributional robustness, external
validity and causality provide methodological paths for improving the reliability and
understanding of machine learning algorithms, with wide-ranging prospects for
various applications.

Johannes Lederer (University of Bochum)

« Sparse Deep Learning »

ABSTRACT

Sparsity is popular in statistics and machine learning, because it can avoid overfitting,
speed up computations, and facilitate interpretations. In deep learning, however, the
full potential of sparsity still needs to be explored. In this presentation, we first discuss
sparsity in the framework of high-dimensional statistics and corresponding statistical
theories. We then use these insights to further our understanding of sparsity in deep
learning.
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Tim Verdonck (University of Antwerpen and KU Leuven)

« Cost-sensitive learning for fraud detection »

ABSTRACT

Predictive models are increasingly being used to optimize decision-making and
minimize costs. A conventional approach is predict-then-optimize: first, a predictive
model is built; then, this model is used to optimize decision-making. A drawback of this
approach, however, is that it only incorporates costs in the second stage. Conversely,
the predict-and-optimize approach proposes learning a predictive model by directly
minimizing the cost of the downstream decision-making task. This is achieved by
using a task-specific loss function incorporating the costs of different outcomes in
the first stage, with the eventual aim of obtaining more cost-effective decisions in the
second stage.

Fraud detection can be acknowledged as an (instance-dependent) cost-sensitive
classification problem, where the costs due to misclassification vary betweeninstances,
and requiring adapted approaches for learning a classification model.

In this presentation, we present some classifiers that directly minimize an (instance-
dependent) cost measure when learning a classification model. The methods are
evaluated on real data.

Hernando Ombao (KAUST)

« Detecting dynamic community structure in functional brain networks across
individuals: a multilayer approach »

ABSTRACT

Objective: We present a unified statistical framework for characterizing community
structure of brain functional net- works that captures variation across individuals and
evolution over time. Existing methods for community detection focus only on single-
subject analysis of dynamic networks; while recent extensions to multiple-subjects
analysis are limited to static networks. Method: To overcome these limitations, we
propose a multi-subject, Markov-switching stochastic block model (MSS- SBM) to
identify state-related changes in brain community organization over a group of
individuals. We first formulate a multilayer extension of SBM to describe the time-
dependent, multi-subject brain networks. We develop a novel procedure for fitting
the multilayer SBM that builds on multislice modularity maximization which can
uncover a common community partition of all layers (subjects) simultaneously.
By augmenting with a dynamic Markov switching process, our proposed method
is able to capture a set of distinct, recurring temporal states with respect to inter-
community interactions over subjects and the change points between them. Results:
Simulation shows accurate community recovery and tracking of dynamic community
regimes over multilayer networks by the MSS-SBM. Application to task fMRI reveals
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meaningful non-assortative brain community motifs, e.g., core-periphery structure
at the group level, that are associated with language comprehension and motor
functions suggesting their putative role in complex information integration. Our
approach detected dynamic reconfiguration of modular connectivity elicited by
varying task demands and identified unique profiles of intra and inter-community
connectivity across different task conditions. Conclusion: The proposed multilayer
network representation provides a principled way of detecting synchronous, dynamic
modularity in brain networks across subjects.

PANDEMIC CRISIS - SESSION 4

Niel Hens (University of Antwerpen and University of Hasselt)

« Estimating generation intervals and the time-varying reproduction number: an
application to SARS-CoV-2 »

ABSTRACT

Estimating key infectious disease parameters such as the generation interval
distribution and the effective reproduction number from the coronavirus disease
(SARS-CoV-2) outbreak is essential for modelling studies and guiding intervention
strategies. Inferring the generation interval and effective reproduction number of
SARS-CoV-2 from available data should be done with care given that what is observed
results from different sources of bias typically arising from the time-varying nature of
the epidemic, its management and reporting issues. In this talk, | will present several
of these issues and discuss methods that help resolving them. | will discuss a new
flexible Bayesian approach called EpiLPS (Epidemiological modeling with Laplacian-
P-splines) for smooth estimation of the epidemic curve and R(t).

Catherine Linard (University of Namur)

« Investigating the drivers of the spatio-temporal heterogeneity in COVID-19 hospital
incidence-Belgium as a study case »

ABSTRACT

The COVID-19 pandemic is affecting nations globally, but with an impact exhibiting
significant spatial and temporal variation at the sub-national level. Identifying and
disentanglingthedrivers of resulting hospitalisation incidence atthe local scaleiskey to
predict, mitigate and manage epidemic surges, but also to develop targeted measures.
However, this type of analysis is often not possible because of the lack of spatially-
explicit health data and spatial uncertainties associated with infection. To overcome
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these limitations, we propose an analytical framework to investigate potential drivers
of the spatio-temporal heterogeneity in COVID-19 hospitalisation incidence when
data are only available at the hospital level. Specifically, the approach is based on the
delimitation of hospital catchment areas, which allows analysing associations between
hospitalisation incidence and spatial or temporal covariates. We illustrate and apply
our analytical framework to Belgium, a country heavily impacted by two COVID-19
epidemic waves in 2020, both in terms of mortality and hospitalisation incidence.
Our spatial analyses reveal an association between the hospitalisation incidence and
the local density of nursing home residents, which confirms the important impact of
COVID-19 in elderly communities of Belgium. Our temporal analyses further indicate
a pronounced seasonality in hospitalisation incidence associated with the seasonality
of weather variables. Taking advantage of these associations, we discuss the feasibility
of predictive models based on machine learning to predict future hospitalisation
incidence. Our reproducible analytical workflow allows performing spatially-explicit
analyses of data aggregated at the hospital level and can be used to explore potential
drivers and dynamic of COVID-19 hospitalisation incidence at regional or national
scales.

Simon Dellicour (Université Libre de Bruxelles)

« Molecular epidemiological approaches to track and understand the dispersal
dynamic of SARS-CoV-2 »

ABSTRACT

Recent advances in genomics, mathematical modelling and computational biology
have enabled molecular approaches to become key methods to investigate the
spread of viral infectious diseases. In the emerging field of molecular epidemiology,
genetic analyses of pathogens are used to complement traditional epidemiological
methods in various ways. For instance, genetic analyses offer the possibility to infer
linkages between infections that are not evident without analysing viral genomes. In
particular, the development of phylogeographic methods has enabled to reconstruct
dispersal history of epidemics in a discretised or on a continuous space, using only a
relatively limited number of viral sequences sampled from known locations and times.
At the Spatial Epidemiology Lab (SpELL, ULB), we develop and applied new analytical
approaches exploiting such phylogeographic reconstructions to test epidemiological
hypotheses about the external and environmental factors impacting the dispersal
history and dynamic of viral epidemics.
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POSTER SESSION

Generating administrative data bases with Wasserstein GAN
Hugues Annoye, Université Saint-Louis-Bruxelles

Linear association models with heavy tail errors on trees of transitive tournaments
Stefka Asenova, UCLouvain

Quantile regression for interval-censored data using Laguerre polynomials
Benjamin Deketelaere, UCLouvain

Copula-based dependent censoring in cure models
Morine Delhelle, UCLouvain

Flexible joint model for time-to-event and non-Gaussian longitudinal outcomes
Hortense Doms, UCLouvain

A subdiffusive stochastic volatility jump model
. Jean-Loup Dupret, UCLouvain

Modelling multivariate extreme value distributions via Markov trees
« Shuang Hu, Southwest University, Chongqing

The penalized bootstrap Lorenz regression
Alexandre Jacquemain, UCLouvain

Outlier study detection in a meta-analysis of clinical trials
Chikéola Ladekpo, GSK Wavre

Time-to-event surrogate endpoint validation using mediation and meta-analytic data
Quentin Le Coént, Université Bordeaux

Concentration bounds for the empirical angular measure
Stéphane Lhaut, UCLouvain

An unbalanced, distributed estimator for the precision matrix in Gaussian graphical models
Ensiyeh Nezakati, UCLouvain

Number of years of life lost and multistate models for cancer patients
Antoine Soetewey, UCLouvain

Dynamic Autoregressive Liquidity (DArLiQ)
Lingi Wang, UCLouvain

Adaptive importance sampling with control variates
Aigerim Zhuman, UCLouvain
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Generating administrative data bases with Wasserstein GAN

Hugues Annoye, Cédric Heuchenne
Université Saint-Louis and ULiege

ABSTRACT

In a world increasingly surrounded by data, data privacy and anonymisation are
becoming more and more important. In these circumstances, the need for fake data
bases that replicate the characteristics of the population while preserving privacy is
arising. In this presentation, we investigate how we can use Wasserstein generative
adversarial network (WGAN), developed by Arjovsky 2017 in the context of image
synthesis, to create administrative data bases and we also adapt it to take weights
into account. Administrative data have the specificity of mixing continuous and
categorical data, which should be taken into account in the architecture of the WGANSs.
Then, we present a new method to evaluate the results based on Support Vector Data
Description (SVDD) on real data coming from Labour Force Survey (LFS).

Linear association models with heavy tail errors on trees of
transitive tournaments

Stefka Asenova, Johan Segers
UCLouvain

ABSTRACT

Linear structural equation models (SEMs) are used to model causality through parent-
child relations in directed graphs. SEMs represented by a graph which is acyclic are
called recursive. We present two linear recursive SEMs, max-linear and sum-linear, with
respect to a special graph called tree of transitive tournaments (ttt). While transitive
tournaments which are complete directed acyclic graphs (DAGs) have been known in
the literature for a long time, to the best of our knowledge, an object as the ttt appears
for the first time here. The linear recursive models with heavy tails with respect to a ttt
have been inspired on the one hand by the rich applications of max-linear Bayesian
networks in extreme value literature, and on the other hand by more recent results on
graphical models with respect to block graphs. The link between our work and these
two topics is the ttt viewed as a DAG whose skeleton is a block graph. Although the
motivation behind SEMs is causality, we prefer to interpret our model as associational
rather than causal. This is preferred in the light of applications where causality might
be rather a strong claim.

For our linear recursive models with respect to a ttt we show what is necessary for a
certain distribution to have a tail limit factorizable in independent increments along
the shortest paths within the ttt. Similarly to the “method of path coefficients” used at
the beginning of 20th century we study what is necessary for all edge weights to be
uniquely identifiable. It turns out that the studied properties are exactly identical for
both the sum- and the max-linear models. We reveal the two main reasons for this, at
least what regards them as SEMs with respect to a ttt.
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Quantile regression for interval-censored data using
Laguerre polynomials

Benjamin Deketelaere, Anouar El Ghouch, Ingrid Van Keilegom
UCLouvain and KU Leuven

ABSTRACT

Quantile regression (QR) is an alternative to the common mean regression. In QR,
conditional quantiles of aresponse variable are estimated across values of the predictor
variables. Inthe standard setting of complete observed data, the regression coefficients
are estimated by minimizing a check loss function. In this work we consider QR in the
case of interval-censored data.

Minimizing the standard check loss function is no longer possible with interval-
censored observations. As a first step, it is possible to transform the minimization of
the check function into a “maximum likelihood problem”. Indeed, if we assume that
the response variable conditional to the explanatory variables follows an Asymetric
Laplace distribution (ALD), it can be shown that minimizing the check function
is equivalent to fit an ALD to the data. For censored data, fitting an ALD leads to
inconsistent estimation of the regression coefficients. We propose to “enrich” the
Laplace Distribution by using Laguerre polynomial expansions. The idea behind this
is to use the extra-flexibility provided by the Laguerre polynomials in order to better
approximate the underlying distribution.

The outline of the poster is as follows. To begin, the methodology will be introduced and
motivations for the use of Laguerre polynomials will be provided. Then, two theoretical
results about consistency and convergence rate of our estimator are presented. Also,
the results of some finite samples simulations are shown. Finally, an application on a
real dataset illustrates that there is a significant difference between the starting salary
of a man and a woman.

Copula-based dependent censoring in cure models

Morine Delhelle, Ingrid Van Keilegom
UCLouvain and KU Leuven

ABSTRACT

Survival analysis examines and models the time it takes for events to occur. The typical
event is death, from which the name ‘survival analysis’ and much of its terminology
derives. Since the data can only be collected over a finite period of time, the ‘time to
event’ may not be observed for all the individuals. This is the case for example when a
patient leaves a clinical study prematurely or she/he is still alive by the end of the studly.
In such a case, the death time for this individual is unknown. Such a phenomenon,
named censoring, creates some unusual difficulties in the analysis of survival data
that cannot be handled properly by standard statistical methods. Most of the time,
‘independent censoring’ is assumed but that can lead to bias when there is actually
‘dependent censoring’, that is when the survival time and the censoring time are
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stochastically dependent of each other. This occurs, e.g., when the event of interest is
the time to death due to a certain disease, and censoring occurs (among other causes)
when a patient dies due to another disease that has the same risk factors.

In traditional survival analysis, all subjects in the population are assumed to be
susceptible to the event of interest, that is, every subject has either already experienced
the event or will experience it in the future. However it may happen that a fraction of
individuals will never experience the event and are considered to be event free. For
example, if we observe patients with breast cancer, fortunately some of them may
never die of their cancer and thus can be regarded as cured individuals. Models which
deal with such data are called cure models. One of them, the mixture cure model,
assumes that the underlying population is a mixture of two sub-populations : the
‘susceptibles’ (who will experience the event) and the ‘non-susceptibles’ (who are
event free).

In this poster we will propose a fully parametric survival model that takes dependent
censoring and the existence of a cure fraction into account, by working with copulas
(for the dependent censoring) and a mixture cure model. The model is inspired by
a previous work of Czado Claudia and Van Keilegom Ingrid (2021) on dependent
censoring without cure fraction.

Flexible joint model for time-to-event and non-Gaussian
longitudinal outcomes

Hortense Doms, Philippe Lambert, Catherine Legrand
UCLouvain and ULiege

ABSTRACT

In medical studies, while the primary interest is often to record the time at which
a particular event occurs, information on multiple biomarkers is also collected
longitudinally throughout the follow-up period. This provides a combination of
survival and longitudinal information on each individual under study. To measure the
association between repeated measurements and the risk of an event, joint models
for longitudinal and time-to-event data are frequently use. In the most common
joint model approach, repeated measurements of a biomarker are modelled using
a linear mixed model and the risk of event is modelled using a proportional hazard
model. The latter assumes a linear relationship between the survival covariates and
the log hazard. In this work, we propose an extension that allows for possible non-
linear effects of some survival covariates by using Bayesian penalised B-splines. Our
model is valid for non-Gaussian longitudinal responses since we use a generalized
linear mixed model for the longitudinal process. The parameters are estimated under
a Bayesian approach using Markov chain Monte Carlo algorithms. A simulation study
is conducted to evaluate the accuracy of our methodology.
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A subdiffusive stochastic volatility jump model

Jean-Loup Dupret, Donatien Hainaut
UCLouvain

ABSTRACT

Subdiffusions appear as good candidates for modeling illiquidity in financial markets.
Existing subdiffusive models of asset prices are indeed able to capture the motionless
periods in the quotes of thinly-traded assets. However, they fail at reproducing the
jumps and the time-varying volatility observed in the price of these assets. The aim of
this work is hence to propose a new model of subdiffusive asset prices reproducing
the main characteristics exhibited in illiquid markets. This is done by considering a
stochastic volatility jump model, time-changed by an inverse subordinator. We derive
the forward fractional partial differential equations (PDE) governing the probability
density function of the introduced model and we prove that it leads to an arbitrage-
free and incomplete market. By proposing a new procedure for estimating the model
parametersand using a series expansion for solving numerically the obtained fractional
PDE, we are able to price various financial derivatives on illiquid assets and to propose
a corresponding hedging strategy. This way, we show that the introduced subdiffusive
stochastic volatility jump model yields consistent and more reliable results in illiquid
markets compared with existing subdiffusive models of illiquidity.

Modelling multivariate extreme value distributions via
Markov trees

Shuang Hu, Johan Segers
Southwest University, Chongqing, and UCLouvain

ABSTRACT

Multivariate max-stable distributions are a primary choice for modelling multivariate
extremes. In high dimension, however, their construction is challenging. We propose a
method based on graphical models which consists of combining bivariate max-stable
distributions in a tree.

A Markov tree is a random vector indexed by the nodes of a tree and satisfying the
global Markov property. Its joint distribution is totally determined by those of pairs
of variables along the edges of the tree. Under proper conditions, partial maxima of
samples from a Markov tree converge to a max-stable distribution.

Under the assumption that the data-generating distribution is in the domain of
attraction of a max-stable distribution, we construct a Markov tree by letting each
connected pair of variables have the same distribution as the corresponding bivariate
margin of the max-stable distribution. The constructed Markov tree is shown to
belong to the domain of attraction of another max-stable distribution which inherits
its dependence structure from the tree. This second max-stable distribution serves as
a tree-based approximation to the first one, fully determined by the tree structure and
certain bivariate margins.
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Given the data, we learn the tree structure of the maximum weighted tree by applying
Prim's algorithm based on estimates of two commonly used bivariate dependence
measures: upper taildependence coefficientsand Kendall'stau. Once the tree structure
is settled, several estimation methods are used to estimate the distributions of pairs
of connected variables. The constructed Markov tree and its max-stable attractor can
be used for inference on probabilities of rare events in high dimension. The ideas are
illustrated with river discharges data from the upper Danube basin.

The penalized bootstrap Lorenz regression

Alexandre Jacquemain, Cédric Heuchenne, Eugen Pircalabelu
UCLouvain and ULiege

ABSTRACT

The explained Gini coefficient, introduced by Heuchenne and Jacquemain (2022), is
a measure of the economic inequality that can be attributed to a set of covariates.
Similarly to the R? in regression models, this quantity never decreases as we keep
introducing new covariates and may suffer from overfitting on datasets of large
dimension. We propose a penalized bootstrap procedure which selects the relevant
covariates and produces inference for the explained Gini coefficient, while avoiding
overfitting. The obtained estimator achieves the Oracle property and can be computed
efficiently. In this respect, we introduce the SCAD-FABS algorithm, an adaptation of
the FABS algorithm proposed by Shi et al. (2018) to the SCAD penalty. The performance
of the procedure is established by theoretical guarantees and assessed via Monte-
Carlo simulations.

References:

Shi X, Huang VY., Huang J,, Ma S., 2018. A Forward and Backward Stagewise
Algorithm for Nonconvex Loss Functions with Adaptive Lasso. Computational
Statistics and Data Analysis 124, 235-251.
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Outlier study detection in a meta-analysis of clinical trials

Chikéola Ladekpo, Brigitte Cheuvart, Catherine Legrand, Céline Bugli
GSK Wavre and UCLouvain

ABSTRACT

For the life cycle management of a vaccine and to leverage on existing historical data,
GSK seeks to improve the statistical methods for clinical monitoring including both
historical and new clinical trials data. The new methodology would involve complex
multivariate statistical analyses to determine whether the results of a new clinical
study are in line with historical data or if they are outliers. This is of particular interest
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in the scope of the post-marketing surveillance of immune response to a vaccine. In
the context of a meta-analysis of vaccine clinical trials, a mixed effect model is fitted
to the data to predict the antibody geometric mean titer. Based on a literature review,
four promising methods were selected to detect whether a new study appears as
an outlier in such meta-analysis with respect to the response variable: the variance
shift outlier model (VSOM][1], the external standardized residual method (ESR)[2], the
robust mixture model (RMM)[3] and the Forward Search Algorithm (FSA)[4]. These
methods are compared both theoretically and via a simulation study. The results of
our simulations study comparing these three approaches and the impact of the outlier
study size on their performance are presented in this poster.
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Time-to-event surrogate endpoint validation using mediation
and meta-analytic data

Quentin Le Coént, Catherine Legrand, Virginie Rondeau
Université Bordeaux and UCLouvain

ABSTRACT

With the ongoing development of treatments and the resulting increase of survival
in oncology, clinical trials based on endpoints such as overall survival can require long
follow-up times in order to observe enough events to ensure a sufficient statistical
power. The use of surrogate endpoints can thus be attractive for these trials. However,
prior to any use in a new trial, a surrogate must have been statistically validated. In
this work we propose an approach for surrogate validation when both the surrogate
and the true endpoint are time-to-event. This approach is based on the framework of
mediation analysis and is developed for meta-analytic data. It uses a joint regression
model for the hazard functions of both endpoints. The mediation analysis enables
one to decompose the total effect of the treatment on the true endpoint into a direct
effect and an indirect effect through the surrogate. This decomposition is defined
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using counterfactual outcomes. The surrogate is validated if the ratio of indirect effect
over total effect is sufficiently high. The meta-analytic nature of the data is taken into
account in the joint model by using random effects at the individual level and at the
trial level. The estimated parameters of the model are then used to compute the time-
dependent ratio of the indirect over total effect of the treatment on the true endpoint.
We designed a simulation study to evaluate the performances of this approach
regarding the estimation of the parameters of the model as well as the surrogacy
measure. This method was then applied to assess the time-to-relapse survival as a
surrogate of the overall survival in the context of resectable gastric cancers treated
with adjuvant chemoterapy.

Concentration bounds for the empirical angular measure

Stéphane Lhaut, Stéphane Clémenc¢on, Hamid Jalalzai, Anne Sabourin,
Johan Segers
UCLouvain and Télécom Paris

ABSTRACT

The angular measure on the unit sphere characterizes the first-order dependence
structure of the components of a random vector in extreme regions and is defined in
terms of standardized margins. Its statistical recovery is an important step in learning
problems involving observations far away from the center. In the common situation
that the components of the vector have different distributions, the rank transformation
offers a convenient and robust way of standardizing data in order to build an empirical
version of the angular measure based on the most extreme observations. However,
the study of the sampling distribution of the resulting empirical angular measure is
challenging. It is the purpose of the paper to establish finite-sample bounds for the
maximal deviations between the empirical and true angular measures, uniformly over
classes of Borel sets of controlled combinatorial complexity. The bounds are valid with
high probability and, up to logarithmic factors, scale as the square root of the effective
sample size.

An unbalanced, distributed estimator for the precision matrix
in Gaussian graphical models

Ensiyeh Nezakati, Eugen Pircalabelu
UCLouvain

ABSTRACT

Precision matrix estimation plays an important role in statistical and machine
learning, especially in the framework of probabilistic graphical modeling. Nowadays,
many datasets may be too large to fit and be read efficiently into a single ordinary
machine. Moreover, sometimes datasets from different sources are private and due
to security and privacy concerns, one is not allowed to aggregate all the data at one
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location. As such, the estimation of precision matrix via decentralized machines is of
contemporary interest. Much of the attention in distributed estimation has focused on
the setting where the sample size n is large and most approaches propose splitting
the observations into K independent sub-samples that are analyzed in parallel.
Once the analysis is performed, local estimators are combined together into a final
estimator. Most of the studies focused on averaging estimators by taking a simple
average. Nevertheless, when some of the available machines are more powerful than
others, it is not efficient to distribute a dataset on different machines with equal sizes.
In this case, one deals with unbalanced sub-samples and just taking a simple average
is not an optimal approach for aggregating estimators. In this talk, we present a new
estimator for the precision matrix using a pseudo likelihood function constructed
based on the asymptotic distribution of the de-biased estimators to aggregate the
estimators obtained using unbalanced sub-samples. It is shown that the performance
of this aggregated estimator is similar to that of the centralized, non-distributed
estimator. Theoretical properties of this estimator are investigated, a simulation study
and a real data example are used to assess the performance of this estimator.

Number of years of life lost and multistate models for cancer
patients

Antoine Soetewey, Michel Denuit, Catherine Legrand
UCLouvain

ABSTRACT

Over the last decade, the number of years of life lost (YLL) became a popular tool in
biostatistics and epidemiology to measure differences in life expectancy or mortality,
primarily thanks to its ease of interpretation and because information on the cause of
death is not required. On the other hand, multistate models are a powerful statistical
approach to study the evolution of individuals between different "states", providing
a convenient representation for patients diagnosed with cancer. Based on 140,241
melanoma, thyroid and female breast cancer cases recorded by the Belgian Cancer
Registry, we illustrate how cancer registry data can be used to fit a 3-state (healthy-
cancer-death) multistate model to estimate YLL.

Dynamic Autoregressive Liquidity (DArLIiQ)

Lingi Wang, Christian Hafner, Oliver Linton
UCLouvain and University of Cambridge

ABSTRACT

We introduce a new class of semiparametric dynamic autoregressive models for
the Amihud illiquidity measure, which captures both the long-run trend in the
illiquidity series with a nonparametric component and the short-run dynamics with
an autoregressive component. We develop a GMM estimator based on conditional
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moment restrictions and an efficient semiparametric ML estimator based on an
i.i.d. assumption. We derive large sample properties for both estimators. We further
develop a methodology to detect the occurrence of permanent and transitory breaks
in the illiquidity process. Finally, we demonstrate the model performance and its
empirical relevance on two applications. First, we study the impact of stock splits on
the illiquidity dynamics of the five largest US technology company stocks. Second,
we investigate how the different components of the illiquidity process obtained from
our model relate to the stock market risk premium using data on the S&P 500 stock
market index.

Adaptive importance sampling with control variates

Aigerim Zhuman, Rémi Leluc, Francois Portier, Johan Segers
UCLouvain, Téléecom Paris and ENSAI

ABSTRACT

Adaptive importance sampling and control variates are two widely used variance
reduction techniques associated with Monte Carlo integration. The adaptive
importance sampling method is based on updating the sampling policy, the sequence
of distributions used to generate the particles. The method of control variates consists
of projecting the integrand on the linear space spanned by a vector of auxiliary
functions with known expectations, called control variates. We propose to incorporate
control variates into the adaptive importance sampling procedure in order to improve
the accuracy of Monte Carlo integration. The obtained estimate, called the normalized
AISCV estimate, is the weighted least squares estimate for the intercept in a multiple
linear regression model where control variates are used as explanatory variables.
Our main result is the concentration inequality for the normalized AISCV integration
error. The approach for the proof combines martingale techniques along with a lower
bound for the smallest eigenvalue of an empirical Gram matrix, based on a Chernoff
inequality for matrices. The practical behavior of the derived estimate is illustrated in
a simulation study.
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