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Welcome to the RSSB2023 conference!

The UCLouvain scientific and organizing committees have prepared an attractive sci-

entific and social program, with sessions on varied topics and as well as a Statistics and

Data science Competition. The RSSB wishes a nice and enjoyable conference to all par-

ticipants, and especially to all PhD candidates who will get the opportunity to join the

competition and to get some tips on how to pursue an academic or a company career.

The RSSB takes the opportunity of this short welcome address to thank the UCLouvain

team for its hard work as well as all the sponsors for their support!

Gentiane Haesbroeck,

President of the Royal Statistical Society of Belgium

Dear Participants,

Since UCLouvain organized the RSSB 2014 meeting in Louvain-la-Neuve, a lot has

changed – apart from the elevation of the Belgian Statistical Society to its ”Royal” sta-

tus. Data Science has surged further ahead and Artificial Intelligence is revolutionizing

all spheres of our lives and professions. Against the backdrop of global crises, when the

quest for the truth is fought for ever higher stakes, statistics seeks to provide sound and

informative answers by careful methodological thinking, skilfully navigating the balance

between prudence and expediency.

TheUCLouvain team, supported by the scientific committee comprisingmembers from

academia, the public sector and private entreprises, has taken great efforts to offer you a

diverse and compelling program. Traditional scientific lectures delivered by distinguished

international speakers are interlaced with a data science competition and career talks. In

addition to the coveted Quetelet prize, awards will be given for the finest oral PhD pre-

sentation, the most outstanding poster, and the most convincing team presentation at

the end of the data science competition.

We wish you an inspiring and fruitful RSSB 2023 meeting. Together, let us explore

the evolving frontiers of statistics and data science, seeking to shape a brighter, more in-

formed future.

Johan Segers

UCLouvain

LIDAM/ISBA Research Director

vii
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Scientific and organizing committee

The RSSB2023 is organized with the support of the following members of the Scientific

committee (in alphabetical order):

External:

Roselinde Kessels Maastricht University

Christophe Ley University of Luxembourg

Belgium-based:

Kurt Barbé Vrije Universiteit Brussel

Irène Gijbels KU Leuven

Anna Kiriliouk UNamur

Eric Lecoutre WeLoveDataScience

Davy Paindaveine ULB

Michael Reusens Statistiek Vlaanderen

Arnout Van Messem ULiège

An Vandebosch Argenx, UGent

Stijn Vansteelandt UGent

Anneleen Verhasselt UHasselt

and under the coordination of the local organizing committee (in alphabetical order):

External:

Gentiane Haesbroeck ULiège

Jan de Neve UGent

UCLouvain-based:

Céline Bugli UCLouvain

Séverine De Visscher UCLouvain

Nancy Guillaume UCLouvain

Catherine Legrand UCLouvain

Eugen Pircalabelu UCLouvain

Tatiana Regout UCLouvain

Christian Ritter UCLouvain

Conference management:

Eugen Pircalabelu, eugen.pircalabelu@uclouvain.be

Nancy Guillaume, nancy.guillaume@uclouvain.be

Need assistance? Someone of the organization will help you at the registration desk.

In case of emergency, contact the hotel at +32 (0)10 45 07 51

In case of emergency during the conference, contact Nancy Guillaume at +32 (0)479 06

80 05
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Conference venue

The venue for the RSSB2023 event is the ibis Styles hotel located approximately 15 min-

utes away on foot from themain train station in Louvain-la-Neuve. It is located in a green,

6-hectarewooded park, and is easily accessible by car and train. The hotel is located close

to the E411, N25 and N4 highways, and in walking distance from Louvain-la-Neuve city

centre. Free parking and wifi for participants is foreseen at the hotel.

Address: Boulevard de Lauzelle 61, 1348 Louvain-la-Neuve, Belgium

Internet access: Free Wifi, no password needed.
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Conference dinner

Thedinner on Thursday eveningwill be held at LouvainHouse (https://uclouvain.be/fr/lou-

vainhouse) starting at 19h. The Louvain House, located on the third floor of the Aula

Magna, is a space for catering, gathering, discoveries andmultidisciplinary activities serv-

ing the university community of UCLouvain. It is located 5minutes away on foot from the

main train station in Louvain-la-Neuve and approximately 15minutes away from the con-

ference venue.

Address: Traverse Comte Yves du Monceau (ex Terrasse de l’Aula), 1348 Louvain-la-

Neuve, Belgium

https://uclouvain.be/fr/louvainhouse
https://uclouvain.be/fr/louvainhouse
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Awards and prizes

The organizing and scientific committees, together with the Board of the Royal Statistical

Society of Belgium, wish to promote the participation of PhD candidates andMaster level

students at the annual meeting. As such, to compensate their efforts and dedication to

providing research at the highest standards, a few prizes and awards are offered during

the conference.

Quetelet prize

Together with our partners from the Quetelet society an award is offered to one or

two students. The prize is intended for students finishing a Master/PhD degree in which

they produced statistical workwith biometric applications to the best standards desirable

for someone at their level of formation and experience. The prize is awarded on Thursday

afternoon.

Best PhD oral presentation

In order to encourage PhD students on the importance of dissemination of results

towards scientific peers, an award will be attributed to the best PhD presentation at the

end of the conference on Friday afternoon.

Best poster award

In order tomake an active participation to the poster session as attractive as possible,

an award will be attributed to the best poster at the end of the conference on Friday

afternoon.

DS/Statistics competition

The aim of the statistics and data science competition is to be a friendly competition

between teams working on a common subject. An award will be attributed to the best

team presentation at the end of the conference on Friday afternoon.
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The Royal Statistical Society of Belgium
…organizes the 30th Annual Meeting of the society.

The Belgian Statistical Society was founded in 1937. In 2017, the Society received

royal favour of the King of Belgium, and the Society became the “Royal Statistical Soci-

ety of Belgium (RSSB)”, with official names in French “Société Royale Belge de Statistique

(SRBS)”, and in Dutch “Koninklijke Belgische Vereniging voor Statistiek (KVBS)”.

The scope of the Society is to contribute to the scientific progress in statistics by pro-

moting co-operation between Belgian statisticians and to help the general public to get a

better understanding of the place of statistics in the modern world. The RSSB is a profes-

sional body for all statisticians and data analysts. It represents members of the research

and teaching community in Belgium in all major fields of statistical science. Researchers

and professors from Belgian universities constitute the largest part of its membership.

The second largest group is formed out of researchers and consultants in pharmaceutical

or chemical industry, in the insurance and the banking sector, as well as in computer and

software engineering. Statisticians and data analysts from governmental and non-profit

organizations make part as well. In total, we have more than 300 members in Belgium.

xv
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Program for Thursday, Oct. 19th, 2023

Room

8:30-9:20 Registration and coffee Fishing

9:20-9:30 Welcome and opening Plénière

9:30-10:20 Plenary Talk Plénière

A. Gretton: Relative goodness-of-fit tests for models with latent variables

10:20-10:40 Coffee break Fishing

10:40-11:40 General methodology session Plénière

S. Vansteelandt: Assumption-lean (causal) modeling

P. Lambert: Fast Bayesian inference and asymmetry issues in Laplace P-splines models

G. Mélard: A symbolic algorithm for checking the identifiability of a time-series model

11:45-12:45 Parallel sessions 1,2,3

Session 1: Testing Plénière

G. Bernard: Multivariate sign tests for sphericity : dealing with skewness and dependent

observations

M. Boucher: On directional runs tests and their local and asymptotic optimality properties

S. Lhaut: Testing parametric models for the angular measure with theWasserstein distance

Session 2: Disease modelling Arrosoir

O. Gressani: Flexible Bayesian estimation of incubation times

Y.A. Natalia: Fractal dimension based geographical clustering of COVID-19 time series data

T.H.T. Nguyen: Estimating the community incidence of SARS-CoV-2 based on SARS-CoV-2

positivity in asymptomatic patients screened pre-hospitalisation or pre-surgery in health

facilities in Flanders, Belgium

Session 3: Censored data Dactylo

B. Deketelaere: Quantile regression with a right or interval censored covariate

W. Waterschoot: Inferring the effect of a (randomised) treatment on a recurrent event pro-

cess under dependent censoring

G. Crommen: Estimation of the complier causal hazard ratio under dependent censoring

12:45-14:00 Lunch ibis Hotel
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Room

14:00-14:50 Plenary Talk - Invited by the Quetelet Society Plénière

S. Vanbelle: Statistical inference for agreement between multiple observers on a binary

scale

14:50-15:30 Quetelet award Plénière

B. Vernaillen: Do Cannabis Users Actually Make Worse Health and Lifestyle Choices Than

Non- Users? A Case Study in the Analysis of Complex Survey Designs

W. Smeets: Percentile curves for work productivity of a middle aged Dutch population

15:30-16:00 Coffee break Fishing

16:00-17:00 Parallel sessions 4,5,6

Session 4: Regularization Arrosoir

S. Pirenne: Selective inference for group lasso with randomization for a general class of

models

E. Nezakati: Directional false discovery rate control via debiased and distributed graphical

Lasso methods

S. Guglielmini: Post-selection inference for penalized graphical models

Session 5: Robustness Dactylo

G. Louvet: The influence function of scatter halfspace depth

C. Baum: Robustness under missing data: a comparison with special attention to inference

M. Hirari: Robust PARAFAC for cellwise and rowwise outliers

Session 6: Quantiles and extremes Bigoudis

G. Baklicharov: Assumption-Lean Quantile Regression

D. Debrauwer: Generalized extremiles and applications to risk measures

A. Mourahib: Multivariate generalized Pareto distributions along extreme directions

17:10 General Assembly of the RSSB Plénière

19:00 Welcome drink and conference dinner Louvain

House
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Program for Friday, Oct. 20th, 2023

Room

09:00-09:40 Academic career talk Plénière

J. Segers: Pursuing and enjoying an academic career, in statistics or other fields

09:40-10:20 Company career talk Plénière

L. Danielson: I never expected to end up here! Tips on developing a non-academic career in

statistics

10:20-10:30 Break

10:30-11:20 Plenary Talk Plénière

S. Zohar: Bayesian framework for multi-source data integration – Application to human

extrapolation from preclinical studies

11:20-12:00 Poster presentations Plénière

12:00-13:00 Sandwich & Poster discussions Fishing

13:00-13:50 DS/Stats competition presentations Plénière

13:50-14:40 Plenary Talk Plénière

T. Wang: High-dimensional changepoint estimation with heterogeneous missingness

14:45-15:45 Parallel sessions 7,8

Session 7: Biostatistics Arrosoir

M. Fajgenblat: Going back in time: spatiotemporal ordination of historical species commu-

nities using sparse data

K. Van Lancker: A new framework for fusing data frompragmatic trials and electronic health

records

C. Cametti: The use of exceedance probabilities in disease mapping: a simulation study

xxi
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Room

Session 8: Mathematical statistics Dactylo

P. Mansanarez: A contribution to the MMSE conjecture

P. Ortega-Jiménez: Conditional expectation given the sum when variables have regularly

varying densities

G. Germain: Wasserstein bounds through Stein’s method with bespoke derivatives

15:45-16:00 Coffee break Fishing

16:00-16:50 Plenary Talk Plénière

R.M. Crujeiras: An overview on regression methods for circular variables

16:50 Award ceremony Plénière

17:00 Closing Plénière



Keynote abstracts

1



Relative goodness-of-fit tests for models with latent variables19 Oct
09:30am
Plénière Arthur Gretton

University College London, UK

arthur.gretton@gmail.com

Chair: Christophe Ley

I will describe a kernel-based nonparametric test of relative goodness of fit, where

the goal is to compare twomodels, both of which may have unobserved latent variables,

such that the marginal distribution of the observed variables is intractable. Given the

premise that “all models are wrong,” the goal of the test is to determine whether one

model significantly outperforms the other in respect of a reference data sample. The test

generalises the kernel Stein discrepancy (KSD) tests of (Liu et al., 2016, Chwialkowski et

al., 2016, Yang et al., 2018, Jitkrittum et al., 2018) to the case of latent variable models,

a much more general class than the fully observed models treated previously. In the

case ofmodelswith low-dimensional latent structure andhigh-dimensional observations,

our test significantly outperforms the relative maximum mean discrepancy test, which

is based on samples from the models, and does not exploit the latent structure. I will

illustrate the test on probabilistic topic models of arXiv articles.

2



Statistical inference for agreement between multiple observers on a
binary scale 19 Oct

14:00pm
PlénièreSophie Vanbelle

Maastricht University, The Netherlands

sophie.vanbelle@maastrichtuniversity.nl

Chair: Jan De Neve

Agreement studies with binary outcomes are frequent in psychological and medical

sciences. For example, in clinical decision making, disagreement between psychiatrists

can lead to different treatments for the patient. In the presence of two observers or

two repeated measurements (R>2), simple agreement measures such as the proportion

of agreement and specific agreement measures (e.g., positive agreement) are popular.

These measures were generalised to account for more than two observers or repeated

measurements (R>2) by de Vet and al. (2017) but statistical inference was only proposed

on an empirical basis. In this talk, we propose statistical inference in the frequentist and

the Bayesian framework. In the frequentist framework, an analytical formula for the large

sample variance of the agreement measures is derived using the delta method and used

to construct a Wald confidence interval. In the Bayesian framework, statistical inference

is based on the results of Bloch and Watson (1967). The posterior distribution of the

agreement measures can be approximated analytically and does not require any spe-

cific Bayesian statistical software. Based on the study of the statistical properties of the

confidence and credibility intervals, guidelines to make statistical inference are provided.

Further, in the frequentist framework, analytical formulas are derived to determine the

number of participants needed in an agreement study for a given number of observers.

Finally, a Shiny application and a R package are presented to facilitate the use of the pro-

posed statistical techniques.

3



Pursuing and enjoying an academic career, in statistics or other fields20 Oct
09:00am
Plénière Johan Segers

UCLouvain, Belgium

johan.segers@uclouvain.be

Chair: Christian Ritter

An academic career is a highly interesting and potentially rewarding choice of profes-

sional life. It comes with lots of liberty and room for personal initiative and growth. As a

university professor, you are engaged in and responsible for a large number of processes,

projects and tasks, from research to teaching and governance. You get toworkwithmany

different people, in various situations, often in a leading role. Besides purely technical and

scientific knowledge, you need to acquire and develop soft skills regarding communica-

tion, interpersonal relationships, and team work. Your job is seldomly routine, especially

in our rapidly changing society. So how to embark on such a career? Once you are in it,

how to be successful, while also enjoying it and finding meaning in it, despite the many

difficult moments and frustrations that you will unavoidably encounter? Even though ev-

ery academic career path is unique, I will try to draw some lessons learned frommy own

personal experience that I hope may benefit others.

4



I never expected to end up here! Tips on developing a non-academic
career in statistics 20 Oct

09:40am
PlénièreLinda Danielson

IDDI, USA and Belgium

linda.danielson@iddi.com

Chair: Céline Bugli

Most students do not think of where they want to end up when they start graduate

school. However, statistics is a very good field of study and will help to open many doors.

The key part of having an interesting non-academic career in statistics is to find a subject

matter that you are passionate about. Just wanting to use statistics is not enough – you

should also have an idea in which area you would like to apply your statistical knowledge.

I personally studied biostatistics so I will focus more on that. There are several options

open for bothMasters’ level and PhD statisticians in the biopharmaceutical industry. Stu-

dents whowant to be sure towork as statisticians rather than statistical programmerswill

need to develop their communication skills as well as their statistical skills because they

will need to communicatewithmedical doctors, clinical trial experts and other colleagues

who often know nothing about statistics. I will present some examples from my own ex-

perience as well as current and former colleagues to show the many directions in which

a degree in statistics can lead.

5



Bayesian framework for multi-source data integration – Application to
human extrapolation from preclinical studies20 Oct

10:30am
Plénière Sarah Zohar

Inserm, Inria and Université de Paris, France

sarah.zohar@inserm.fr

Chair: Catherine Legrand

In preclinical investigations, e.g. in in vitro, in vivo and in silico studies, the phar-

macokinetic, pharmacodynamic and toxicological characteristics of a drug are evaluated

before advancing to first-in-man trial. Usually, each study is analyzed independently and

the human dose range does not leverage the knowledge gained from all studies. Taking

into account the preclinical data through inferential procedures can be particularly inter-

esting to obtain a more precise and reliable starting dose and dose range. We propose a

Bayesian framework for multi-source data integration from preclinical studies results ex-

trapolated to human, which allow to predict the quantities of interest (e.g. the minimum

effective dose, the maximum tolerated dose, etc.) in humans. We build an approach,

divided in four main steps, based on a sequential parameter estimation for each study,

extrapolation to human, commensurability checking between posterior distributions and

final information merging to increase the precision of estimation. The new framework is

evaluated via an extensive simulation study, based on a real-life example in oncology in-

spired from the preclinical development of galunisertib. Our approach allows to better

use all the information compared to a standard framework, reducing uncertainty in the

predictions and potentially leading to a more efficient dose selection.

6



High-dimensional changepoint estimation with heterogeneous
missingness 20 Oct

13:50pm
PlénièreTengyao Wang

London School of Economics, UK

T.Wang59@lse.ac.uk

Chair: Davy Paindaveine

We propose a new method for changepoint estimation in partially-observed, high-

dimensional time series that undergo a simultaneous change in mean in a sparse sub-

set of coordinates. Our first methodological contribution is to introduce a ’MissCUSUM’

transformation (a generalisation of the popular Cumulative Sum statistics), that captures

the interaction between the signal strength and the level of missingness in each coordi-

nate. In order to borrow strength across the coordinates, we propose to project these

MissCUSUM statistics along a direction found as the solution to a penalised optimisa-

tion problem tailored to the specific sparsity structure. The changepoint can then be

estimated as the location of the peak of the absolute value of the projected univariate

series. In a model that allows different missingness probabilities in different component

series, we identify that the key interaction between the missingness and the signal is a

weighted sum of squares of the signal change in each coordinate, with weights given by

the observation probabilities. More specifically, we prove that the angle between the

estimated and oracle projection directions, as well as the changepoint location error, are

controlled with high probability by the sum of two terms, both involving this weighted

sum of squares, and representing the error incurred due to noise and the error due to

missingness respectively. A lower bound confirms that our changepoint estimator, which

we call ’MissInspect’, is optimal up to a logarithmic factor. The striking effectiveness of

the MissInspect methodology is further demonstrated both on simulated data, and on

an oceanographic data set covering the Neogene period.

7



An overview on regression methods for circular variables20 Oct
16:00pm
Plénière Rosa M. Crujeiras

Galician Center for Mathematical Research and Technology, CITMAga

University of Santiago de Compostela, Spain

rosa.crujeiras@usc.es

Chair: Ingrid Van Keilegom

In this talk, wewill revise nonparametric regression tools for settings involving a circu-

lar covariate and/or response. In recent years, there have been important developments

on kernel regressionmethods for fitting regression curves in circular-linear, linear-circular

and circular-circular regression. The existing approaches somehow adapt to the circular

nature of the covariate and/or response the ideas in Euclidean local-polynomial meth-

ods. This reviewwill consider these previous approaches, originally devised for (classical)

mean regression, adapted to these new contexts. We will also consider more complex

scenarios where our data may exhibit dependence (Meilán-Vila et al., 2021), functional

covariates (Meilán-Vila et al., 2023) orwhere themeanmaynot be sufficient for capturing

the data relation (Alonso-Pena and Crujeiras, 2023). All the proposals will be motivated

with real data examples, aiming to engage the audience and inspire further developments

from different perspectives.

References:

Alonso-Pena, M. and Crujeiras, R.M. (2023). Analyzing animal escape data with circular

nonparametric multimodal regression. Annals of Applied Statistics, 19, 130-152.

Meilán-Vila, A., Panzera, A., Crujeiras, R.M. and Francisco-Fernández, M. (2021). Non-

parametric estimation of circular trend surfaces with application to wave direction.

Stochastic Environmental Research and Risk Assessment, 35, 923-939.
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timation for a functional-circular regression model. Statistical Papers.

8



Quetelet award abstracts

9



Do Cannabis Users Actually Make Worse Health and Lifestyle Choices
Than Non-Users?19 Oct

14:50pm
Plénière Brent Vernaille1, Elena Damian2, Stijn Vansteelandt1, Brecht Devleesschauwer2

1 Ghent University
2 Sciensano

Brent.Vernaillen@UGent.be

Chair: Beatrijs Moerkerke

Recently, there have been some studies that propose a positive effect of occasional

cannabis consumption on the frequency of leisure-time physical activity. Mechanisms

underlying this suggested association are believed to be a heightened level of enjoy-

ment during exercise, better recovery after exercising due to the inflammatory effects

of cannabis and more motivation to exercise in the future. Though it would be an in-

teresting finding that contradicts the stereotypical image of lower physical activity levels

in cannabis users, evidence has been mixed at best. The current study investigated the

association between cannabis use and physical activity levels in a representative sample

of the Belgian adult population through the Health Interview Survey dataset (HIS; Scien-

sano). We present two complementary analyses that accurately account for the complex

survey design that underlies theHIS. A logistic regressionmodelwas fit to the survey data,

accounting for clustering, stratification and unequal selection probabilities. Additionally,

a propensity-score matching analysis that allowed for more causal interpretations (i.e.

the average treatment effect in the treated) also allowed us to measure the evidence in

favour of the proposed effect. Based on both analyses, we conclude that no evidence

exists in the HIS dataset in favour of a positive effect of cannabis use on physical activity

levels. In addition to the results, we provide a detailed overview of the most important

implications of the complex survey design and how the current analyses dealt with these

complications. Finally, we discussed themajor strengths and limitations of this study and

highlighted ways in which future analyses can extend our findings.
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Percentile curves for work impairment of a middle aged Dutch
population 19 Oct

15:10pm
PlénièreWouter Smeets1, Roel Braekers1, Annelies Boonen2

1 Data science institute, Hasselt University, Hasselt, Belgium
2 Maastricht University Medical Center+, Maastricht, Netherlands

wouter.smeets@hotmail.com

Chair: Beatrijs Moerkerke

To estimate the impact of an inflammatory rheumatic or musculoskeletal disease

(iRMD) on the work ability and productivity of people, it is common to compare their

work ability and productivity against those of people without an iRMD. This is likely to re-

sult in an overestimation since also people without an iRMDmay experience work ability

or productivity loss. Therefore, centile curves based on the work ability and productiv-

ity of people without an iRMD are constructed to use as a benchmark for comparisons

with the work ability and productivity of iRMD-patients, while avoiding overestimation

of the impact of an iRMD. Self-measured scores are used to quantify the work ability and

productivity of people without an iRMD. They were described using a zero-inflated beta

distribution. Generalized additive models for location, scale and shape were used to find

potential relevant predictors and to construct centile curves. The resulting centile curves

indicate that a significant portion of people without an iRMD experience work ability of

productivity loss. The impact of an iRMD is lower onwork ability scores compared towork

productivity scores. The effect of an iRMD is also smaller for older people compared to

younger people.

References:

Arthritis and rheumatism associates, P.C. (2023). Common Rheumatic Diseases and

Musculoskeletal Conditions.

Stasinopoulos, M., Rigby, R. et al. (2020). Distributions for modeling location, scale and

shape. Chapman & Hall/CRC

Stasinopoulos, M., Rigby, R. et al. (2017). Flexible regression and smoothing. Chapman

& Hall/CRC

van Buuren, S. (2018). Flexible Imputation of Missing Data. Chapman & Hall/CRC
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Assumption-lean (causal) modeling19 Oct
10:40am
Plénière Stijn Vansteelandt1, Oliver Dukes1

1 Ghent University

stijn.vansteelandt@ugent.be

oliver.dukes@ugent.be

In 2001, Leo Breiman criticized the statistical community for its reliance on ‘data models’

(Breiman, 2001). In this talk, I will revisit Breiman’s critiques in light of recent developments in al-

gorithmic modeling, debiasedmachine learning, and targeted learning that have taken place over

the past 2 decades, largely within the causal inference literature (Vansteelandt, 2021). These ad-

vancements resolve Breiman’s critiques and have brought significant progress in providing more

useful answers to scientific questions while also targeting well-understood (causal) estimands.

However, these techniques require in-depth training in causal inference and primarily focus on

evaluating the effects of dichotomous exposures, sometimes leading to poor practice (such as

dichotomization of a continuous exposure, purely to ‘fit the framework’) or reversion to the tradi-

tional modeling culture when faced with more complex settings. Additionally, translating causal

questions into the effects of interventions may not always be feasible or of immediate interest in

the more descriptive phases of research where no specific interventions are (yet) envisaged; and

even when it is, onemay find the data to lack information about the wanted effects (e.g., because

the considered intervention is unlikely for some in current practice). To address these concerns,

I will present a conceptual framework on assumption-lean regression (Vansteelandt and Dukes,

2022), building on the debiased/targeted machine learning literature. This framework aims to

be as broadly useful as standard regression methods, while continuing to resolve Breiman’s con-

cerns and other typical concerns about regression. A large part of this talk will be conceptual and

is aimed to bewidely accessible; parts of the talkwill demonstrate inmore detail howassumption-

lean regression works in the context of generalised linear models (Vansteelandt and Dukes, 2022)

and Cox proportional hazard models (Vansteelandt et al., 2022)

References:

Breiman, L. (2001). Statistical modeling: The two cultures (with comments and a rejoinder by

the author). Statistical science, 16(3), 199-231.

Vansteelandt, S. (2021). Statistical Modelling in the Age of Data Science. Observational Studies,

7(1), 217-228.

Vansteelandt, S and Dukes, O. (2022). Assumption-lean inference for generalised linear model

parameters (with discussion). Journal of the Royal Statistical Society: Series B (Statistical

Methodology), 84(3), 657– 685.

Vansteelandt, S., Dukes, O., Van Lancker, K., Martinussen, T. (2022). Assumption-lean Cox re-

gression. Journal of the American Statistical Association, 1-10.

16



Fast Bayesian inference and asymmetry issues in Laplace P-splines

models 19 Oct
11:00am
PlénièrePhilippe Lambert1,2, Oswaldo Gressani3

1 Institut de Mathématique, Université de Liège
2 ISBA-LIDAM, Université catholique de Louvain

3 I-Biostat, Universiteit Hasselt

p.lambert@uliege.be

Laplace P-spline models (LPS) combine the P-spline smoother with Laplace approximations to

perform fast Bayesian inference without the need for Monte Carlo methods. While this approach

is appropriate for penalized parameters, inference may be misleading for others when there is

little prior or empirical information about them. We propose an update of the LPS methodology

by splitting the parameter space in two subsets. The first set involves parameters for which the

joint posterior distribution of carefully selected linear projections is approximated using asymmet-

ric families, while the conditional posterior distribution of penalised parameters can be treated

using Laplace approximations. The method remains entirely sampling-free and enables fast infer-

ence in a Bayesian framework. The methodology is illustrated with an additive model for ordinal

survey data.
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107088.
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Lambert, P. (2021). Fast Bayesian inference using Laplace approximations in nonparametric dou-

ble additive location-scale models with right-and interval-censored data. Computational

Statistics & Data Analysis, 161, 107250.

Lambert, P. (2023). ordgam: Additive Model for Ordinal Data using Laplace P-Splines. R package

version 0.9.1. https://CRAN.R-project.org/package=ordgam
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hood. Computational Statistics and Data Analysis, 28, 193–209.

Rue, H. and Held, L. (2005). Gaussian Markov Random Fields: Theory and Applications. Boca

Raton: CRC Press.
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densities. Journal of the American Statistical Association, 81 (393), 82–86.

Wood, S. N. and Fasiolo, M. (2017). A generalized Fellner-Schall method for smoothing parame-

ter optimization with application to Tweedie location, scale and shape models. Biometrics,
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A symbolic algorithm for checking the identifiability of a time-series

model19 Oct
11:20am
Plénière Guy, Mélard

Université libre de Bruxelles, ECARES

Guy.Melard@ulb.be

In a recent paper by Klein and Mélard (2023), an algorithm was proposed for the computa-

tion of the asymptotic Fisher information matrix for a multivariate time series, more precisely for

a controlled vector autoregressive moving average stationary process, or VARMAX process. Being

able to compute that matrix allows checking the invertibility of it and hence model identifiability.

The algorithm was compared to several algorithms published in the literature at least in special

cases since no existing algorithm holds for the general case. An implementation was shown for

Mathematica and illustrated by numerical computations for several examples taken from the lit-

erature. The advantage is that the results are entirely exact, not dependent on floating point

precision. There were, however, two problems. First, the computation was extremely slow, es-

pecially compared with the existing algorithms in the special cases. Second, we mentioned that

we tried to use other symbolic open-source computation software like Maxima or Octave, which

can integrate matrices of rational functions, but that the integration failed completely even on

simple examples. In the present communication, we propose the replacement of the symbolic

integration procedure in Maxima with an alternative symbolic procedure based on an algorithm

due to Söderström (1974), based on Peterka and Vidinčev (1967). Note that the approach was ex-

ploited, e.g., by Klein andMélard (1989) for computing numerically the Fisher information matrix

of ARMA models but was later replaced by a slightly more efficient numerical procedure. A few

illustrations of the new implementation will be shown for simple univariate examples for which

the approach is nevertheless new.

References:

Klein, A. andMélard, G. (1989). On algorithms for computing the covariancematrix of estimates

in autoregressive-moving average models. Computational Statistics Quarterly 5, 1-9.

Klein, A. and Mélard, G. (2023). An algorithm for the Fisher information matrix of a VARMAX

process. Algorithms 16(8), 364.

Peterka, V. and Vidinčev, P. (1967). Rational-fraction approximation of transfer functions. IFAC

Symposium on Identification in Automatic Control Systems, Prague, 1967.

Söderström, T. (1984). Description of a program for integrating rational functions around the

unit circle. Technical Report 8467R, Department of Technology, Uppsala University.
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Multivariate sign tests for sphericity : dealing with skewness and

dependent observations19 Oct
11:45am
Plénière Gaspard Bernard

University of Luxembourg

gaspard.bernard@uni.lu

We consider the problem of testing for the sphericity of a shape parameter when the sample

is drawn from a distribution with elliptical directions. This setting, introduced by Randles (1989),

encompasses both cases where some skewness is present and cases where the i.i.d. hypothesis

does not hold anymore. In the elliptical directions setting, the existing sphericity test based on the

multivariate signs of the observations is valid if we suppose the location parameter specifiedwhen

constructing the multivariate signs. In practice, the location parameter needs to be estimated

and the asymptotic validity of the test will depend on the asymptotic cost of this estimation. We

study this asymptotic cost, for the Hettmansperger and Randles (2002) estimator of the location

parameter.

References:

Hettmansperger, T. P. and Randles, R. H. (2002), A practical affine equivariant multivariate me-

dian, Biometrika 89(4), 851–860.

Randles, R. H. (1989), A distribution-free multivariate sign test based on interdirections, Journal

of the American Statistical Association, 84(408), 1045-1050.
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On directional runs tests and their local and asymptotic optimality

properties 19 Oct
12:05am
PlénièreMaxime Boucher1, Yuichi Gotto2, Thomas Verdebout1

1 Université libre de Bruxelles

maxime.boucher@ulb.be

thomas.verdebout@ulb.be
2 Kyushu University, Japan

yuichi.goto@math.kyushu-u.ac.jp

Directional data consists in observations on the (hyper-)sphere. In this presentation, we tackle

the problem of testing randomness of directional data. In the univariate context, runs are defined

as a consecutive series of observation with the same sign. In this work, we first define a new con-

cept of runs properly adapted to the directional context. We then show that tests based on the

later runs enjoy some local and asymptotic property against local alternatives with serial depen-

dence. We compute the finite sample performances of our tests using Monte-Carlo simulations

and show their usefulness on a real data illustration that involves the analysis of sunspots on the

Photosphere.
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Testing parametric models for the angular measure with the

Wasserstein distance19 Oct
12:25am
Plénière Stéphane Lhaut1, Johan Segers1

1LIDAM/ISBA, UCLouvain, Louvain-la-Neuve, Belgium.

stephane.lhaut@uclouvain.be

johan.segers@uclouvain.be

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 dif-

ferent 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.

In this paper, we consider the Wasserstein distance between the obtained empirical angu-

lar measure and the true angular measure as a tool for inference for random vectors in a two-

dimensional space. In this framework, the unit sphere is in bijection with a compact interval of

the real line, which leads to an explicit formula for the Wasserstein distance. We obtain asymp-

totic distributional results and consider their use in testing procedures for parametric model in

the context of bivariate extremes. A simulation study is provided to investigate the finite sample

performance of the proposed test procedure.

References:
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Flexible Bayesian estimation of incubation times19 Oct
11:45am
Arrosoir Oswaldo Gressani1∗, Andrea Torneri1, Niel Hens1,2, Christel Faes1

1Interuniversity Institute for Biostatistics and statistical Bioinformatics (I-BioStat),

Data Science Institute, Hasselt University, Hasselt, Belgium.
2Centre for Health Economics Research and Modelling Infectious Diseases, Vaxinfectio,

University of Antwerp, Antwerp, Belgium.

The incubation period is of paramount importance in infectious disease epidemiology as it in-

forms about the transmission potential of a pathogenic organism and helps to plan public health

strategies to limit contagiousness and keep an epidemic outbreak under control. Estimation of

the incubation period distribution from reported exposure times and symptom onset times is

challenging as the underlying data is coarse. We develop a new Bayesian methodology using

Laplacian-P-splines that provides a flexible estimationof the incubationdensity basedon a Langevinized

Gibbs sampler. A finite mixture density smoother informs a set of parametric distributions via

moment matching and an information criterion arbitrates between competing candidates. Our

method is shown to have a natural nest within the EpiLPS framework. Various simulation sce-

narios accounting for different levels of data coarseness are considered with encouraging results.

Applications to real data on Covid-19, MERS-CoV and Mpox reveal results that are in alignment

with what has been obtained in recent studies. The proposed flexible approach is an interesting

alternative to classic Bayesian parametric methods for estimation of the incubation distribution.

References:
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Fractal dimension based geographical clustering of COVID-19 time

series data 19 Oct
12:05am
ArrosoirYessika Adelwin Natalia1, Christel Faes1, Thomas Neyens1,2, Pieter Chys3,

Naïma Hammami3, Geert Molenberghs1,2

1I-BioStat, Data Science Institute, Hasselt University, 3500 Hasselt, Belgium

yessikaadelwin.natalia@uhasselt.be

christel.faes@uhasselt.be

thomas.neyens@uhasselt.be

geert.molenberghs@uhasselt.be
2I-BioStat, KU Leuven, 3000 Leuven, Belgium

thomas.neyens@kuleuven.be

geert.molenberghs@kuleuven.be
3Agency for Care and Health, Team Infection Prevention and Vaccination, 1030 Brussels, Belgium
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naima.hammami@vlaanderen.be

Understanding the local dynamics of COVID-19 transmission calls for an approach that char-

acterizes the incidence curve in a small geographical unit. Given that incidence curves exhibit

considerable day-to-day variation, the fractal structure of the time series dynamics is investigated

for the Flanders and Brussels Regions of Belgium. For each statistical sector, the smallest admin-

istrative geographical entity in Belgium, fractal dimensions of COVID-19 incidence rates, based

on a rolling time span of 7, 14, and 21 days were estimated using four different estimators: box-

count, Hall-Wood, variogram, and madogram. We found varying patterns of fractal dimensions

across time and location. The fractal dimension is further summarized by its mean, variance,

and autocorrelation over time. These summary statistics are then used to cluster regions with

different incidence rate patterns using k-means clustering. Fractal dimension analysis of COVID-

19 incidence thus offers essential insight into an infectious disease outbreak’s past, current, and

arguably future evolution.

References:
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Estimating the community incidence of SARS-CoV-2 based on

SARS-CoV-2 positivity in asymptomatic patients screened

pre-hospitalisation or pre-surgery in health facilities in Flanders,

Belgium19 Oct
12:25am
Arrosoir Steven Abrams1,2, Thi Huyen Trang Nguyen1, Peggy Bruynseels3, Reinoud
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1Data Science Institute, I-BioStat, Hasselt University, Hasselt, Belgium
2Global Health Institute, University of Antwerp, Antwerp, Belgium
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8Department of Laboratory Medicine, University Hospital Ghent, Ghent, Belgium
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10Department of Laboratory Medicine, Antwerp University Hospital, Antwerp, Belgium
11Department of Laboratory Medicine, GasthuisZusters Antwerpen, Antwerp, Belgium
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Background: The COVID-19 pandemic fueled routine screening of asymptomatic cases in sev-

eral settings. Intending to estimate the daily incidence of pre- and asymptomatic infections at the

population level, we used SARS-CoV-2 positivity ratios obtained from screening PCR tests of all

pre-admission/pre-surgery patients who had no COVID-19-related symptoms in nine hospitals in

Flanders, Belgium, between April 1, 2020, and March 31, 2021.

Method: We link age- and time-specific SARS-CoV-2 positivity ratios to the probability of PCR

detection in relation to the time since infection to calculate the daily incidence of SARS-CoV-2 dis-

ease. We use a Bayesian implementation of a generalized additive model to describe the general

population’s age- and time-specific SARS-CoV-2 positivity. The estimated cumulative SARS-CoV-2

incidence is compared to seroprevalence estimates from the early phase of the COVID-19 pan-

demic, thereby accounting for waning of humoral immunity.

Results: We found that the evolution in daily incidence estimates corresponded well with

temporal changes in the positivity ratio over time, as well as with the evolution of confirmed

cases in Flanders at the time of the study period. At the start of the pandemic, a higher posi-

tivity ratio and consequently daily incidence of SARS-CoV-2 infections was observed in pre- and

asymptomatic individuals older than 80 years of age compared to individuals of other ages.

Conclusion: In the absence of universal testing, our study demonstrates that screening of pre-

admission/pre-surgery specimens for COVID-19 can be adopted to estimate the daily incidence of

SARS-CoV-2 in the general population. Studying the evolution of estimates of the daily incidence
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obtained using this method provides a more rapid view on changes in the epidemiological situ-

ation in comparison with observed changes in confirmed cases and ultimately hospitalizations.

Consequently, this work is relevant for policymakers in the context of pandemic preparedness as

a tool for such screening efforts to closely monitor the transmission process, to design and evalu-

ate mitigation measures to reduce transmission in the community and to potentially serve as an

alternative to large-scale reactive testing of symptomatic cases.
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Quantile regression with a right or interval censored covariate19 Oct
11:45am
Dactylo Benjamin Deketelaere1, Ingrid Van Keilegom1,2

1 ORSTAT KULeuven; Leuven

benjamin.deketelaere@uclouvain.be
2 ISBA UCLouvain; Louvain-la-Neuve

ingrid.vankeilegom@kuleuven.be

In survival analysis numerous statistical methods have been developed to take censoring into

account. Yet, most of these methods, and the applications they are used for, are designed for

settings where the outcome in the statistical model is censored. In the last few years, there has

been growing interest in regressionmodels with censored covariates. This is of interest e.g. when

studying the symptom trajectory of a neurodegenerative disease (right censoring) or studying the

association between aspirin use and colorectal cancer (interval censoring) (see Nevo et al., 2020).

For a recent review of regression with censored covariates, we refer to Lotspeich et al. (2024).

We are interested in studying quantile regression models with covariates that are either right or

interval censored, since quantile regression allows to study the whole distribution contrary to

mean regression. To the best of our knowledge this has not been studied so far in the literature.

We propose a linear quantile regression model, and propose a two-stage estimator of the

regression coefficients, where both steps consist in a maximum likelihood estimation. The first

step is to model the distribution of the censored covariate given the other covariates, which can

be done using standard survival analysis techniques for censored outcomes. In the second step

the quantile regression coefficients are estimated. To do this, we propose to use an enriched

Laplace distribution employing Laguerre polynomial expansions. The choice of the latter distribu-

tion is motivated, among other things, by its demonstrated ability to attenuate the consequences

of censoring in the context of a censored response variable (Kreiss and Van Keilegom, 2023). We

investigate the finite sample performance of the proposed method by means of extensive simu-

lations. Finally, data on primary biliary cholangitis of the liver are analysed.
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This work is motivated by a recent GSK-guided clinical trial (NCT03281876, November 2017-

March 2020) whose secondary aim was to evaluate the efficacy of a randomised NTHi-Mcat vac-

cine versus placebo against recurrent severe exacerbations in patients suffering from acute ex-

acerbations of chronic obstructive pulmonary disease (AECOPD). The withdrawal of individuals

throughout the course of the study complicates vaccine efficacy estimation. In particular, the

exacerbation history wasfound to be strongly predictive for both time to withdrawal and time to

future exacerbations, making naïve analyses vulnerable to selection bias. In this talk, I will present

three different methods that consistently estimate the ratio of the expected number of counts ex-

perienced by a given time point in treated versus untreated individuals under the assumption that

the time to censoring and the time to future exacerbations are independent conditional on the

measured covariate history. The first approach comes down to an inverse probability of censoring

weighted (IPCW) regression method for count data, but is inefficient by considering just a single

time. We therefore next introduce an IPCW-GEE variant which considers multiple time points,

but is found computationally inefficient. To accommodate these concerns, we propose a novel

weighting technique, which we call hazard inverse probability of censoring weighting (HIPCW). It

retains the simplicity of IPCW, but extracts more efficiency by using the last recorded outcome

of each individual. The proposed methods are validated by extensive simulations and through

re-analysis of clinical trial NCT03281876.
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In this paper, we are interested in studying the causal effect of an endogenous binary treat-

ment on a dependently censored duration outcome. By dependent censoring, it is meant that the

duration time (T ) and censoring time (C) are not statistically independent of each other, even

after conditioning on the measured covariates. The endogeneity issue is handled by making use

of a binary instrumental variable for the treatment. To deal with the dependent censoring prob-

lem, it is assumed that on the stratum of compliers: (i) T follows a semiparametric proportional

hazards model; (ii) C follows a fully parametric model; and (iii) the relation between T and C
is modeled by a parametric copula, such that the association parameter can be left unspecified.

In this framework, the treatment effect of interest is the complier causal hazard ratio (CCHR).

We devise an estimation procedure that is based on a weighted maximum likelihood approach,

where the weights are the probability of an observation being a complier. The weights are es-

timated nonparametrically in a first stage, followed by the estimation of the CCHR. Conditions

under which the model is identifiable are given, a two-step estimation procedure is proposed,

and some important asymptotic properties are established. Simulations are used to assess the

validity and finite-sample performance of the estimation procedure.
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The group lasso performs selection of grouped covariates in statistical models, for example

when data include categorical covariates with multiple levels. In practice, one is interested in

conducting statistical inference on the selected model parameters only. Statistical inference then

needs to account for the selection step to avoid data snooping and the subsequent loss of type

I error control. Selective inference therefore conditions on the event of selection. We develop a

method of selective inference for estimators after selection by the group lasso with randomiza-

tion for a general class ofmodels, including generalized linearmodels andquasi-likelihoodmodels.

The added randomization term allows us to rewrite the selection event such that an asymptotic

post-selection likelihood can be obtained on which we base inference. Moreover, the resulting

confidence intervals for the selected coefficients are bounded, unlike previous methods for selec-

tive inference without randomization such as the polyhedral approach. Through experiments on

simulated data, we demonstrate that we obtain higher power than data splitting, while control-

ling the type I error rate. Themethod is illustrated on data from the National Health and Nutrition

Examination Survey (NHANES) (Centers for Disease Control and Prevention (CDC) - National Cen-

ter for Health Statistics (NCHS), 2021) as well.
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In this talk, we propose a multiple testing procedure for the conditional dependence in Gaus-

sian graphical models. In practice, it is important to determine whether the conditional depen-

dence between variables is positive or negative. However, there are several challenges to building

statistics for testing using sample data. For instance, due to privacy concerns, one is not able to

aggregate different datasets from several locations at one single location. In this talk, different

test statistics are proposed using debiased and distributed estimators to address this problem in

a multiple testing framework. It is shown that, under mild conditions, the proposed procedure

can control asymptotically the directional false discovery rate, which focuses on the sign of the

estimation, at a pre-specified level. An asymptotic power equal to one is also attainable under

mild conditions on the non-zero entries of the precision matrix. Different simulation scenarios

and real data examples are used to investigate the performance of the proposed procedure and

to confirm the theoretical results.
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Graphical models are used in a number of different fields to analyze complex data structures,

by characterizing the relationship between variables through the use of a graph. More specifically,

the conditional dependence between two variables is represented by the presence or absence of

an edge connecting the two corresponding nodes in the graph.

In many situations, it is desirable to estimate a sparse graph, where some or most of the edges

are excluded. The graphical lasso operates edge selection on graphical models through the appli-

cation of a penalty on the `1 norm of the edge parameters. While simple, the `1 penalty has some

drawbacks, such as the introduction of bias and the absence of the oracle property, that is model

selection consistency and asymptotic normality of the estimator. For these reasons, other types

of (convex and non-convex) penalties, such as the elastic net, the SCAD and the MCP, which can

also induce edge selection, have been explored. Furthermore, the graphical lasso, which is based

on the sample covariance matrix, lacks robustness and this can create issues in the presence of

outliers, heavy tails or contaminated data. In these cases it can be desirable to use a different

form for the loss function.

With any of these variations of the regularized estimation method, as with the original graphi-

cal lasso, the selection is data-driven, thus the resulting model is not fixed, but it is random as

it inherits the variability of the data. Therefore, the guarantees of classical statistical inference,

such as the control of the type I error rate, do not hold. Several procedures have been developed

in order to carry out valid inference after model selection, such as data splitting, simultaneous

inference and conditional inference.

The present paper uses the polyhedral lemma to carry out conditional inference which is asymp-

totically valid in the (possibly wrong) graphical model that has been selected minimizing a penal-

ized loss function. The penalty can be the `1 penalty, the elastic net, or the non-convex SCAD and

MCP penalties, and the loss can be arbitrary, under some regularity conditions.

Simulation studies show how the method yields optimal results in a variety of finite-sample set-

tings, also in the high dimensional case when permitted by the selection method.
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Statistical depth provides robust nonparametric tools to analyze distributions. Depth func-

tions indeed measure the adequacy of distributional parameters to underlying probability mea-

sures. In the location case, the celebrated halfspace depth has been widely studied, and its ro-

bustness properties are amply discussed. Recently, depth notions for scatter parameters have

been defined and studied. The robustness properties of this latter depth function remain, how-

ever, largely unknown. The influence function of scatter halfspace depth is derived. Expressions

are given in the known and unknown location cases under mild distributional assumptions. In

the latter case, the expression allows disentangling the unknown location effect from the scatter

contamination. The corresponding asymptotic variance is also provided.
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The size of datasets is increasing at a rapid pace, both in terms of the number of observations

as in the amount of included observed characteristics. Along with this, the probability that these

datasets contain missing values rises as well. However, certain statistical processes and machine

learning techniques are incapable of dealing with incomplete data. As such, it is of the utmost

importance that these missing values are dealt with in an adequate way.

Missing value imputation is a highly studied topic. A plethora of techniques have been pro-

posed over the years to find suitable values to replace missing data, ranging from very simple

techniques, such as mean or median imputation, to more complicated methods, such as the pop-

ular Multiple Imputation by Chained Equations method (MICE).

With larger datasets, it is also more likely to observe a number of atypical or extreme data

due to measurement and/or encoding errors. These outliers can, to a varying degree, influence

statistical analyses. To alleviate this problem, robust techniques have been introduced.

Nowadays, imputation techniques are widely in use, but a large-scale comparison of these

methods – and especially in terms of their robustness against outliers – seems to be missing.

During a first attempt to fill this gap, we evaluate a large selection of imputation techniques,

involving classic and robust procedures, by means of a simulation study with continuous data and

different configurations of missing data and outliers. Our simulations indicate that, among the

single imputation methods, robust linear regression using the MM-estimator and random forest

imputation are among the most efficient and robust imputation methods, but these advantages

naturally come at a cost, namely a higher computation time.

However, often, themain concern is on the analysis that is performed after imputation. There-

fore, in the second phase of our research, we evaluated the inferences and predictions made by

different robust regressionmethods combinedwith an imputation technique in a simulation study

with different configurations of outliers and missing data. For the simulations, both rowwise and

cellwise outliers were generated, so we considered in the evaluation rowwise robust regression

techniques as well as cellwise robust regression techniques. To evaluate the combined regression

and imputation strategies in terms of inference capability, we measured the bias and variance

of the estimated regression coefficients. To evaluate the prediction capability, we computed the

mean prediction error.
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Multi-way data extend two-way matrices to a higher dimensional tensor. In many fields, it is

relevant to pursue the analysis of such data by keeping it in its initial form without unfolding it

into a matrix. Often multi-way data are explored by means of dimensional reduction techniques.

Here, we study the Parallel factor analysis (PARAFAC) model, which expresses the multi-way data

in a more compact way through a small set of loading matrices and scores.

The most common algorithm to fit this model is by means of an Alternating Least Squares

(ALS) algorithm. However, it is well known that ALS is not robust to outliers. Robust alternatives

which are resistant towards rowwise outliers have been proposed in the past (Engelen andHubert,

2011; Hubert et al., 2012), the latter approach being able to cope with missing values as well.

Thesemethods are however not resistant towards cellwise outliers thatmight contaminate all

observations. A new algorithm is proposed that generalizes the MacroPCA method for two-way

data (Hubert et al., 2019) towards multi-way data. We show with simulations and the analysis of

real data that this MacroPARAFAC method is robust to rowwise and cellwise outliers while also

being able to handle missing elements.
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Quantile regression is a powerful tool for detecting exposure-outcome associations given co-

variates across different parts of the outcome’s distribution, but subject to 2 major concerns.

Firstly, the exposure coefficient estimator may not converge to a meaningful quantity when the

model is misspecified, and secondly, variable selection methods may induce bias and excess un-

certainty, rendering inferences overly optimistic. In this paper, we address these issues by in-

troducing partially linear quantile regression models along with a nonparametric main effect es-

timand that captures the (conditional) association of interest, even when the quantile model is

misspecified. This estimand is estimated using the efficient influence function under the non-

parametric model, allowing for the incorporation of data-adaptive procedures such as variable

selection and machine learning. Our approach provides a flexible and reliable method for de-

tecting associations that is robust to model misspecification and excess uncertainty induced by

variable selection methods.
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Quantiles are a well-known statistical concept used to describe random variables and their

tails. In addition to their common definition as an infimum, they can be defined via a minimiza-

tion problem. Also, extremiles, an alternative to quantiles introduced in Daouia, Gijbels, and

Stupfler (2019), are defined in terms of a minimization problem. We generalize these extrem-

iles in two ways. First, we extend the definition to allow for an arbitrary cumulative distribution

function, which introduces re-weighting in the expected loss. Second, we base the expected loss

on a general loss function. This results in a class of statistical functionals that includes numerous

risk measures of distortion as well as of non-distortion type. Our contributions include a deeper

understanding of the probabilistic properties of these functionals and the ability to perform es-

timation for a wide range of functionals. We establish consistency and asymptotic normality for

estimators of the broad class. Finally, we provide various interesting examples included in the

broad class, leading to new concepts, and their estimation.
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Consider a random vector representing risk factors and suppose that the interest is in extreme

scenarios. The Peaks-over-Thresholdsmethod relies on the property that asymptotically, excesses

over a high threshold are distributed according to a multivariate generalized Pareto distribution

(mgpd). In the literature, its statistical practice has been discussed only when all risk variables are

always large simultaneously. This condition is not realistic for example when the dimension of the

random vector is high. To address this point, we consider the case where some risks may be large

without all other ones being large aswell. Such a group of risks will be called an extreme direction.

We interpret extreme directions in terms of the angular measure on the one hand and in terms

of the mgpd on the other hand. We then construct a model that allows some groups of risks

to constitute an extreme direction. This model can be seen as a smoothed version of the well-

known max-linear model in the sense that we replace the complete dependence in the columns

of the matrix representation of the model by a weaker dependence structure. For the latter,

two examples are considered: the logistic and the Hüsler–Reiss model. For these two examples

of smoothed max-linear models, we provide simulation algorithms of the associated mgpd and

we compute its density with respect to an appropriate dominating measure, which is a sum of

Lebesgue measures of various dimensions.
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Anthropogenic pressure is influencing the way species assemble into communities across

the globe. Among others, changing climatological conditions, altered nutrient fluxes, land use

changes and invasive species have become key drivers determining how species perform and in-

teract, in addition to natural dynamics. Over time, these processes can result in species commu-

nities becoming more similar (biotic homogenization) or different (biotic differentiation) across

space. Quantifying changes in community composition requires a substantial amount of data, of-

ten restricting the spatial, temporal and taxonomic scope and resolution of such efforts. Further-

more, existing methods typically require highly structured datasets, leaving other data sources

unexploited. We developed a Bayesian hierarchical model that ordinates species communities

through space and time, using a latent factor approach in which the site-loadings are spatiotem-

porally structured by means of Gaussian processes. As such, information is efficiently shared

across space, time and species, mediating data sparseness. To flexibly accommodate opportunis-

tically collected data, the broadest and most available class of biodiversity data, we embedded

this construct within an occupancy-detection model structure to address false positives arising

from imperfect and heterogeneous detection, e.g. due to seasonal or observer-induced effects.

We applied our model to a large dataset of historical butterfly records in Flanders, enabling us

to quantify changes in butterfly community composition at high spatial resolution in over a cen-

tury’s time. In addition to visualizing the ordinated community trajectories through time, we also

quantify the speed of community change andwe exploremechanisms driving community change.
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The gold standard for establishing causal effects is through randomized controlled trials. While

trials havehigh internal validity, their external validity is often restricted due to thenon-representative

nature of consenting patients.

A Comprehensive Cohort Study design is a pragmatic trial design that counters this issue by

including patients who do not consent to be randomized in the study. Their treatment choice

is based on shared decision-making between the patient and physician. By incorporating those

who do not consent, this design reduces selection bias and improves generalizability compared

to typical pragmatic randomized controlled trials. However, a distortion in the patients who take

the preference treatment can remain because of residual confounding. Another limitation of this

design is its failure to integrate the existing historical electronic health records.

To address these challenges, we propose a novel pragmatic study design, the ‘Doubly Ran-

domized Comprehensive Cohort Study’. In this design, patients are randomized to either a Com-

prehensive Cohort Study or shared decision-making (i.e., routine clinical practice). Guided by this

design, we developed an optimal analysis strategy using instrumental variable methods to dimin-

ish the impact of confounding and selection bias. In particular, the procedure creates a sequence

of candidate estimators based on the electronic health records as well as the patients random-

ized to treatment assigned by physician (i.e., shared decision-making part of the design). The

optimal bias-minimizing estimator is subsequently chosen, whereby the bias is derived from the

Comprehensive Cohort Study part through instrumental variable techniques.

The newly proposed design and corresponding analyses thereby enable us to (1) eliminate se-

lection bias that may result due to patients who give consent being a possibly selective subgroup;

and (2) optimally makes use of non-randomized electronic health records in order to improve pre-

cision, while dynamically eliminating potential confounding bias in such records. We demonstrate

the performance of the proposed methods and design through simulation studies.
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Model-based disease mapping has been used as a valuable tool for analysis and communica-

tion in health studies, as it provides a principledmethod to estimate the geographical distribution

of disease risk within a population, based on areal data on a disease of interest. Amethodological

starting point is the generalized linear mixed model for counts, which analyses counts of disease

cases per areal unit through a Poisson distribution. The conditional mean of the Poisson distri-

bution is parametrized as the product of an expected number of disease cases for a particular

areal unit, often obtained through data standardization procedures, and the relative risk for that

areal unit, which is typically modelled through a linear predictor containing fixed and/or (spatial

and non-spatial) random effects. The methodology often employs exceedance probabilities to

detect areas or clusters of ‘unusual’ risk. The exceedance probability for a specific areal unit is

typically calculated as the probability that the relative risk within that unit is greater than a given

threshold value. In Bayesian context, this is equal to the proportion of the relative risk’s posterior

distribution that lies above that threshold value. However, instead of evaluating exceedance prob-

abilities related to the mean of the Poisson distribution, the Poisson-based posterior predictive

distributionmight bemore appropriate to flag locations with unusual disease risk. This strategy is

however rarely employed and it remains unclear how it performs in detecting hot spots of disease

risk.

Using a simulation study, we compare both approaches in their performance to detect hot-

spot areas. We test specificity and sensitivity of these measures under multiple scenarios which

differ in the characteristics of spatial patterns of increased risks, the magnitude of the elevated

risks, and the magnitude of the overall disease risk throughout the region. We provide recom-

mendations for statisticians and practitioners interested in hot spot detection in diseasemapping.
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A contribution to the MMSE conjecture20 Oct
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LetX,N be independent real valued random variables, withN standard Gaussian. The real

valued function MMSE(t) = E[(X − E[X |X +
√
2tN ])2] (with t ∈ R+) is called the MMSE

function forX; properties of this function have attracted a lot of attention and several important

conjectures remain open. In particular it is not yet knownwhether the behavior of MMSE(t) over
R+ characterizes the distribution ofX . This question is known as theMMSE conjecture, and was

first asked in Guo et al. (2005). In this paper we build on results from Ledoux (2016). to give

sufficient conditions on X under which the conjecture holds true. Our conditions, expressed in

terms of the cumulants ofX , are obtained by studying the properties of polynomials appearing

in the expression of the derivatives of the MMSE function. In particular, the cumulants of the

symmetric uniform distribution and the Rademacher distribution verify these conditions.
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Given two variablesX and Y , the study of the stochastic monotonicity of the variables given

the value of their sumS has been linked to logconcave densities, a non-realistic condition in some

applications. This work considers random variables with regularly varying densities to enlight how

heavy tails can lead to a decreasing behaviour in the regression function mX(s) = E[X|S = s]
and non-comonotonicity between E[X|S] and E[Y |S]. We consider the covariance of E[X|S] and
E[Y |S] to study their wholesomely joint behaviour. Our aim is to identify scenarios where a non-

comonotonic behavior appears, and for that purpose, we explore different frameworks based on

the differences in the index of the densities.

Furthermore, we extend the analysis to a higher-dimensional framework in the context of

peer-to-peer (P2P) insurance schemes, where losses are shared according to the conditionalmean

risk-sharing rule. Considering a larger pool with heavy tailed risks, we identify risks whose inclu-

sion in the pool may lead to sabotage scenarios. Parametric examples are provided in order to

illustrate the results.
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We revisit Stein’s method in order to bound the Wasserstein-1 distance between continu-

ous and discrete distributions. Our approach rests on a new family of discrete Stein operator

obtained using bespoke discrete derivatives. Appropriate choices of the derivatives make the

continuous and discrete score functions coincide, which allows to obtain sharper bounds on the

Wasserstein-1 distance. We also propose new bounds on the derivatives of the solutions of the

Stein equation, in the context of Integrated Pearson distributions, which is a crucial step of Stein’s

method. We apply our result to several examples of convergence, including the Central Limit

Theorem, the Polya-Eggenberger urn model, the empirical distribution of the ground state of a

many-interacting-worlds harmonic oscillator, and the stationary distribution of the Erlang-C sys-

tem.
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Nonlinear Wavelet Thresholding on a Log-Euclidean Riemannian

Manifold20 Oct
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The intrinsic wavelet transform for curves on Riemannian manifolds is an efficient method

for smoothing time-varying empirical covariance matrices – living in the manifold of symmetric

positive definite (SPD) matrices. We derive consistency of the nonlinear thresholding estimators

of smooth SPD curves based on scalar rules; i.e. estimators where the matrix wavelet coefficients

are set to zero if some scalar function of their entries is smaller than a threshold.

We also propose a new thresholding method for the SPD manifold equipped with the log-

Euclideanmetric: the intrinsic elementwise thresholding (IEWT), operating adaptive thresholding

on the coefficients elementwise and not on the entire matrix coefficients. This new thresholding

estimator works better in practice than estimators based on scalar rules. Consistency of IEWT for

smooth curves is also derived. The performance of the method and comparison with scalar rules

is assessed via Monte-Carlo simulations.
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Sequential Cauchy Combination Test for Multiple Testing Problems with
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We introduce a simple tool to control for false discoveries and identify individual signals in

scenarios involving many tests, dependent test statistics, and potentially sparse signals. The tool

applies the Cauchy combination test (Liu and Xie, 2020) recursively on a sequence of expanding

subsets of p-values and is referred to as the sequential Cauchy combination test. While the original

Cauchy combination test aims to make a global statement about a set of null hypotheses by sum-

ming transformed p-values, our sequential version determines which p-values trigger the rejec-

tion of the global null. The sequential test achieves strong familywise error rate control, exhibits

less conservatism compared to existing controlling procedures when dealing with dependent test

statistics, and provides a power boost. As illustrations, we revisit two well-known large-scale

multiple testing problems in finance for which the test statistics have either serial dependence

or cross-sectional dependence, namely monitoring drift bursts in asset prices and searching for

assets with a nonzero alpha. In both applications, the sequential Cauchy combination test proves

to be a preferable alternative. It overcomes many of the drawbacks inherent to inequality-based

controlling procedures, extreme value approaches, resampling and screening methods, and it im-

proves the power in simulations, leading to distinct empirical outcomes.
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Introduction. Traumatic Brain Injury (TBI) constitutes a significant public health challenge,

manifesting in approximately 475,000 cases among children aged 0–14 yearly in the United States

alone. As the leading cause of child mortality and disability in the US, TBI results in 7,000 deaths,

60,000 hospitalizations, and 600,000 emergency visits annually (1). Advancements in TBI care

have not advanced significantly in recent decades. It is important to have a strong evidence base

for the development of interventions for traumatic brain injury (TBI) and to gather country-specific

information to create targeted prevention programs. Additionally, understanding the variation in

TBI care is a prerequisite for better management policies. Healthcare is known for being dynamic,

complex, and loosely structured, which makes it difficult to analyse and improve. The complexity

of healthcare processes arises from the fact that each patient’s journey is unique. This makes

it difficult to capture the full complexity of these processes. Clustering care pathways is integral

for healthcare analysis and improvement. Grouping similar pathways helps analysts access rele-

vant treatment data and comprehend healthcare processes (2). This abstract proposes a novel

approach to map care pathways for TBI patients.

Methods. The study employs data from4074 children hospitalized for TBI in a Belgian hospital

in 2016. Medical records from a year post-TBI include 2995 unique treatment events categorized

into 77 variables. Administrative data provides long-term follow-up, enabling analysis of diverse

care pathways. The care pathway is represented by a Markov chain, wherein transitions depend

solely on the current treatment (3). A patient’s care intervention path forms an adjacency matrix,

which generates aMarkovmatrix of transition probabilities. Hierarchical clustering groups similar

care pathways based on Euclidian distance and Cosine similarity. As a final step, the pathways for

each cluster are formed and visualized.

Conclusion. The study presents a novel method tomap causal care pathways for TBI patients,

employing administrative data andMarkov chain models. This approach offers a valuable tool for

analyzing and enhancing patient care to aid in both policy and quality improvement efforts.
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Copula based dependent censoring in cure models with covariates 20 Oct
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In survival data analysis, datasets with both a cure fraction (individuals who will never expe-

rience the event of interest) and dependent censoring (loss to follow-up for a reason related to

the event of interest before the occurrence of that event) are not scarce, and appropriate models

and methods must be considered to avoid biased estimators of the survival function or incorrect

conclusions in clinical trials. Delhelle and Van Keilegom (2023) proposed a fully parametric model

for the bivariate distribution of survival (T ) and censoring (C) times, that takes these features

into account. The model depends on a parametric copula (with unknown association parameter)

and on parametric marginal distributions for T and C. An advantage is that it allows to estimate

the strength of the dependence and the cure rate.

This poster presents an improvement of this model. Administrative censoring is considered

separately from dependent censoring, and covariates are included in the model.
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Bayesian joint model for longitudinal health-related quality of life and
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In cancer clinical trials, the traditional endpoints are overall survival (OS) and progression-

free survival (PFS). Recently, the use of health-related quality of life (HRQoL) as a major endpoint

has become increasingly common. HRQoL data are measured using self-administered question-

naires collected longitudinally throughout the follow-up period and are used to assess changes

in patients’ perceptions of their physical and mental health over time. To analyse these data,

the standard approach in oncology is to calculate a score for each patient at each time point and

apply a linear mixed model (LMM) to the patient’s score. However, recent research has shown

that using the linear mixed model to analyse HRQoL is not scientifically appropriate. A more suit-

able methodology, known as item response theory (IRT), is therefore emerging. IRT models link

patients’ responses to a latent variable representing the studied HRQoL dimension. In addition,

missing data in HRQoL questionnaires may result from dropouts due to clinical events. As this

form of dropout can be informative, it is essential to take it into account when analysing longitu-

dinal outcomes in order to obtain valid results.

In this work, we explain how to extend the joint model to the framework of longitudinal

HRQoL data. A multilevel item response theory model is used for longitudinal data and a pro-

portional cause-specific hazards model is used for survival data. Inference is performed using

a Bayesian framework via the Markov chain Monte Carlo algorithm and the proposed model is

applied to data from patients with first progression of glioblastoma.
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CANCELED: Foreign affiliates and productivity in industrial sectors:

Evidence for EU Countries 20 Oct
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PlénièreAntonio Frenda1*, Abdoulaye Kané2

1ISTAT; Sapienza University of Rome

antonio.frenda@istat.it
2CSTB; EconomiX; Université Paris Nanterre

akane@parisnanterre.fr

This study analyses the relationship between foreign affiliates and labour productivity in in-

dustrial sectors, in order to best measure the share of the institutional unit having a centre of eco-

nomic interest abroad, using the European System of National and Regional Accounts (ESA 2010).

Through the aggregate and sectoral data provided by Outward Fats, the presence of global and

resident enterprises and the control of branches without legal autonomy can be verified and as-

sured: these data describe the activities of foreign affiliates abroad controlled by European legal

units. The residence of a unit is defined as the economic territory in which its predominant centre

of economic interest is situated, that is the area where a unit is active and carries out significant

operations for at least one year. The definition of the duration of the activity, as required in ESA

2010 (Eurostat, 2013), appears to be an element on which theoretical hypotheses can be made,

but not systematically detectable from business economic data and therefore domestic labour

productivity can be affected by the global production estimation; this latter must be depurated

because it includes a share of permanent foreign activities consolidated in the balance sheet ac-

counts of domestic enterprises.

This paper therefore examines the impact of specific economic and financial variables on

labour productivity in the construction and manufacturing sectors. Labour productivity is cal-

culated using EUKLEMS data, while foreign affiliates abroad data comes from Eurostat. Using 19

EU countries between 2010 and 2019, we show that both turnover per employee in foreign af-

filiates controlled by the reporting country and Outward foreign direct investment stocks have a

positive and significant impact on labour productivity in the construction sector. R&D spending

has no effect on construction productivity. However, apart from R&D expenditure, no variable

appears to have a significant and robust effect on labour productivity in manufacturing. These

results confirm the exigence for structural business statistics to select the perimeter of the com-

panies potentially interested in the phenomenon of foreign production with their local units not

constituting separate legal entities.
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“Right to be forgotten”: how to estimate excess risk mortality when no

disease-specific registry data are available 20 Oct
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Facilitating access to insurance products for people with a perceived aggravated risk has re-

cently become a hot topic, with in particular the adoption of the ”right to be forgotten” in France

(in 2016) and Belgium (in 2019). New studies based in part on relative survival analysis are cur-

rently being carried out to extend the right to be forgotten in Belgium (Soetwey et al. 2020) in

order to reach the same level as in France, to include other pathologies and to also include other

insurance products. A fundamental element is therefore access to follow-up data, both for the

“general population” and for cohorts suffering from the pathology studied. However, such data

are often non-existent, incomplete or unreliable. Concerning the survival of people suffering from

a given pathology for which there is no appropriate registry data available, a possible approach

could be to use data from cohorts or registers from other countries and to ”adjust” them to the

specificities of the country of interest, in the footsteps of the work carried out by Touraine et al.

(2020) in particular.

In this work, we propose a simulation algorithm that allows the use of an existing registry in

another country to predict survival in the country studied. This will be illustrated with an applica-

tion to an insurance in the framework of the right to be forgotten.
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With the advent of technology and the proliferation of data collection methods, researchers

now have access to vast amounts of data. High-dimensional regression models are designed to

handle datasets with more predictors than observations, allowing researchers to leverage the

wealth of informationavailable in these high-dimensional datasets. However, these high-dimensional

methods, such as the LASSO which is the most used in this context, depend on unknown tuning

parameters. The goal of our proposal is to eliminate that difficult choice of the tuning parameter

and obtain an estimator that allows inference. The main feature of our procedure is to pool to-

gether information from multiple estimators to obtain one single, final estimator. We propose a

strategy to aggregate these regression coefficients to reduce the prediction risk of the estimation

and to eliminate the tuning parameter.

Theoretical results on the distribution and the prediction risk of themethod are presented. In

particular, we show the normality of the estimator even after the aggregation, which allows for in-

ference for high-dimensional models. The performance of the method is illustrated by numerical

simulations and an application on real data.
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Matching households and individuals across different databases poses challenges due to the

lack of unique identifiers, typographical errors, and changes in attributes over time. Record link-

age tools play a crucial role in overcoming these difficulties. This study presents a multi-step

record linkageprocedure that incorporates household information to enhance the entity-matching

process across diverse databases. Our approach utilizes the Hausdorff distance to estimate the

probability of amatch between households inmultiple files. Subsequently, probabilities ofmatch-

ing individuals within these households are computed using a logistic regression model based on

attribute-level distances. These estimated probabilities are then employed in a linear program-

ming optimization framework to infer one-to-one matches between individuals. To demonstrate

the effectiveness of our methodology, we apply it to link the Italian Survey of Household Income

and Wealth. The results indicate that considering household information improves the accuracy

of matching individuals, with approximately 70%of correct matches obtained. A comparisonwith

direct matching, which excludes household information, clearly demonstrates the significant ben-

efits of incorporating such information. By employing our generalmulti-step record linkage proce-

dure, researchers and practitioners can tackle the complexities associated with matching house-

holds and individuals across different databases, leading to more accurate and reliable result.
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Rectal cancer is a very common and deadly disease. Locally advanced rectal cancer (LARC)

cases require neoadjuvant (chemo)radiotherapy and invasive surgery, which significantly affect

the patient’s quality of life (QOL). By making predictions in advance, a ”wait-and-see” approach

can be employed whenever feasible, thus preserving their QOL.

In our previous study, we utilized CT scans taken prior to any treatment to predict the cancer

response after treatment. Webuilt on previous research, whereweemployed radiomics extracted

from the CT scans to construct our Evolutionary Random Subspace Forest (ERSF).

Given the numerous challenges present in the data, including the subjective grading system

and the retrospective radiomics data, the complexity is noteworthy. It should be acknowledged

that predicting the instable regression grade using the retrospective data is quite demanding,

hence achieving flawless results is not anticipated. Nonetheless, our focus lies in optimizing our

prediction model to the best extent possible.

We therefore introduced a new method for quantitatively extracting data using the discrete

Fourier transform in three dimensions. Additionally, we incorporated information obtained from

the previous study into our ERSF, leveraging our new data. This approach provides a Bayesian

learning aspect to our Random Forest, as we integrate the previous radiomics-based results as

prior information in the updated Random Forest. Our hope was to observe an enhancement in

predictions when employing the prior information.

In total, we have 139 patients in our dataset suitable for prediction. From their CT scans, we

extracted 108 features using the discrete Fourier transform. When constructing an ERSF solely

based on the Fourier features, we achieved a training accuracy of 82.404%, and an accuracy of

59.127% using leave-one-out cross-validation (LOOCV). While the training data yielded good re-

sults, the ERSF performed poorly during LOOCV. As our aim involves applying the ERSF in real-life

scenarios, we strive for favorable training and validation outcomes. When incorporating informa-

tion from the ERSF created in the radiomics study as prior information for our newmodel utilizing

the Fourier data, we observed improved results. The training gave an accuracy of 73.290%, and

LOOCV exhibited an accuracy of 69.354%. Although the training accuracy was slightly lower com-

pared to the ERSF without the prior information, the LOOCV performance significantly improved

with the prior information. This suggests that the ERSF effectively incorporated the additional

insights from the radiomics data, enhancing its learning.
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Variations on the basic principles of random forests (RF) have shown great capability in the

field of machine learning. This work explored possible variations using the evolutionary RF pre-

sented in Raets (2022) as a starting point. The evolutionary RF is an iterative method in which,

during each iteration, randomly generated trees are added to the forest before removing those

that perform poorly. As a first modification to the original evolutionary RF, regression was used

instead of classification. A second modification then came in the form of allowing combinations

of trees to be included in the forest at the start of each iteration. Combinations were made by

randomly picking two trees that survived the previous iteration and fitting a newmodel that uses

the combined set of features of those two trees.

This algorithmwas then used to generate models that predict the cognitive andmotor Bayley

scores of preterm infants. Each model was given a set of features containing both general medi-

cal data as well as features obtained from SyMRI measurements (Vanderhasselt, 2021). Without

combination, the evolutionary RF was able to generate a model that predicted the cognitive Bay-

ley score of 91 infants with an R2 of 0.31 and the motor Bayley score of 90 infants with an R2

of 0.37. Allowing combinations improved the performance of the models, giving a R2 value of

0.56 for the cognitive scores and 0.66 for the motor scores. The improved performance was also

observed in terms ofmean squared error (MSE) of the predictions, lowering theMSE of the cogni-

tive predictions by 36% and that of the motor predictions by 25%. These results show promissing

signs for further research.

On the programming side, these models need to be compared to other machine learning

methods in order to better understand their performance. Given that least squares models were

used, the current RF could also benefit from recent investigations into matrix splitting theory (In-

ghelbrecht, 2022), potentially increasing learning speed. On the medical side, having a model

that can predict Bayley scores and detect preterm infants at risk of impairment could aid in early

detection. This would mean that therapy can be given during a period of maximal neuroplasticity,

thereby improving outcomes for preterm infants (Parikh, 2016).
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Radiomics has the potential of characterizing the tumor phenotype hidden inmedical images,

allowing us to get more out of medical images than the eyes can see and liberating us from only

using lesion size as a tumor response criterion. The extracted radiomic features are typically used

in machine learning models to predict tumor responses (Gillies et al., 2016; Lambin et al., 2012).

However, the inherent non-biological-interpretability of the features strongly hinders their clinical

application (Caruana et al., 2015). We propose an approach using factor analysis to help discover

the biological meaning of radiomic features.

The used approach consists of the modulation of tumor environments by performing con-

trolled and dedicated animal experiments. The changes that these interventions bring to the fea-

tures could then be tracked and we should consequently be able to deduce biological meanings

for the altered features.

In this work, we aimed to advance and optimize our original setup. Radiomic features from

computed tomography (CT) scans of an in vivo murine tumor model were extracted. Mice were

scanned, afterwards treated with RT, an oxygen-inducing drug or a combination hereof and re-

scanned. Features were analyzed and compared using an exploratory factor analysis (EFA). The

results revealed that some features are able to differentiate between the treatment groups. Fur-

thermore, the features exhibited a high level of repeatability upon rescanning.
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The method of control variates is a powerful technique that allows to reduce the variance of

the Monte Carlo estimate of a multivariate integral by introducing auxiliary functions with known

expectations, called control variates. We propose to use nearest neighbor estimates as control

variates in order to speed up the convergence rate of the Monte Carlo integration procedure.

Our novel estimate, called the Control Neighbor estimate, achieves the optimal convergence rate

of the order n−1/2n−1/d for Lipschitz functions, where d is the dimension of the domain of the

integrand. In addition, a non-asymptotic bound on the probabilistic error of the procedure is

obtained via an extension of McDiarmid’s inequality for functions with bounded differences on a

high probability set. Moreover, several numerical experiments confirm the good performance of

the proposed estimate.
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