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Post-Doctoral Research Visit F/M Post-Doctorant F/H
PATH (PAtient PaThway in the Hospital environment)

(F/M)

Contract type : Fixed-term contract
Level of qualifications required : PhD or equivalent

Fonction : Post-Doctoral Research Visit

About the research centre or Inria department

The Inria University of Lille centre, created in 2008, employs 360 people including 305 scientists in 15
research teams. Recognised for its strong involvement in the socio-economic development of the Hauts-
De-France region, the Inria University of Lille centre pursues a close relationship with large companies
and SMEs. By promoting synergies between researchers and industrialists, Inria participates in the
transfer of skills and expertise in digital technologies and provides access to the best European and
international research for the benefit of innovation and companies, particularly in the region.

For more than 10 years, the Inria University of Lille centre has been located at the heart of Lille's
university and scientific ecosystem, as well as at the heart of Frenchtech, with a technology showroom
based on Avenue de Bretagne in Lille, on the EuraTechnologies site of economic excellence dedicated to
information and communication technologies (ICT).

Context

The research project is part of an INRIA exploratory action of a consortium of physicians, bio-
statisticians, statisticians. The objective is to allow a better understanding of the key stages in the care of
patients by associating the producers of data as close as possible to the patient, those who manage
them, those who pre-process them, those who analyze them, in order to have a result as close to the field
as possible and a return to the clinician and the patient as efficient as possible.

The project, which is essentially interdisciplinary and exploratory, is in line with past collaborations
between members of the two units INRIA-MODAL and METRICS (University of Lille). It could not be
conducted without a close collaboration between physicians and researchers in applied mathematics.

INRIA-MODAL: Sophie Dabo, Guillemette Marot, Vincent Vandewalle, Cristian Preda and Christophe
Biernacki

METRICS-University of Lille: Evgeniya Babykina, Jean-Baptiste Beuscart, Emmanuel Chazard, Cyrielle
Dumont, Grégoire Ficheur, Michaél Génin, Antoine Lamer

European healthcare systems are faced with multiple challenges, including an aging population, an
increase in chronic diseases and patients with multi-morbidity, and limited financial and human
resources [4]. The response to these challenges is based in particular on the organization of care into
care pathways, justified by abundant scientific literature [20] and supported in France by regional and
national political orientations. According to the French National Authority for Health (HAS), the care
pathway is not simply a succession of one-off acts independent of the producers of care, but "the right
sequence and timing of these different professional skills linked directly or indirectly to care [..]". More
generally, the care pathway, as defined in [18], is the complex intervention for decision-making and
organization of care processes for a well-defined group of patients during a well-defined period of time.

The analysis of care pathways and their adequacy to needs and means has thus become a major scientific
and administrative challenge. Although the numerical data available for this purpose are increasing
rapidly, the statistical methods and tools available to researchers and health authorities remain limited
and inefficient.

The types of care pathways are very numerous. Within the framework of this exploratory action, we
propose to focus on two cases of application: 1) an ambulatory care pathway (city-hospital link); 2) an
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intra-hospital care pathway. This choice is justified by METRICS' solid expertise in these pathways, based
on several years of research, as well as close links with clinicians who are experts in these issues.

The computerization of health care providers (hospitals, medical practices, medical laboratories) and
insurance companies (including the French National Health Insurance) has led to the accumulation of
massive data related to the care of de_concentrated patients [5]. These data can be reused (data reuse)
[6] in order to study patient care pathways, but also to develop predictive models of these pathways,
which can be integrated into artificial intelligence (Al) procedures. These data are:

o alltime-dependent;

highly heterogeneous (coded procedures and diagnoses, results of medical tests, drugs
administered, pathway data, etc.)

qualitative, with several thousand possible modalities, and therefore very strongly unbalanced
mainly made up of missing data, and almost never by chance;

represented in dozens or hundreds of related tables;

often spatial.

In the current state of methodologies, the extraction of data and their characteristics seems inaccessible

to most teams outside the health field [13]. The association of clinicians who are experts in the pathways

considered, experts in medical data, and specialized statisticians should enable us to automate, at least

Ln part, certain extraction steps and to remove methodological obstacles in the modeling of this type of
ata.

The construction of care pathways from raw data implies an expert (medical) decision and the
implementation of automated processes. The details of the expert decisions are never explained in the
publications, which hinders the reproducibility of the work and, to our knowledge, is not the subject of a
methodological consensus. The automated processes that we propose to use are based on statistical
analysis algorithms (clustering, latent class analysis, embedding) at the heart of the MODAL scientific
project.

Once the data necessary for the construction of a care pathway are acquired, several problems appear in
the exploration and analysis of these data: (1) heterogeneous populations; (2) the endpoint disrupted by
competing events, such as death; (3) the endpoint measured as repeated data (e.g, change in a functional
score) whose evolution is not necessarily homogeneous over time; (4) the response to the treatment
evaluated from several criteria of judgment simultaneously (multivariate outcome), such as for example,
time to death, evolution of the quality of life and cognition; (5) the taking into account of longitudinal
exposure factors (ex: (5) taking into account longitudinal exposure factors (e.g. daily measurement of air
pollution by sensors on a territory) and evaluating their impact on spatial variations of pathologies or
detection of spatial clusters of temporally recurrent events (e.g. geographical areas with an abnormally
high rate of re-hospitalization following surgery, etc.); description of the temporal dynamics of the
pathologies (e.g. time to death, quality of life, cognition, etc.); and (6) taking into account the impact of
longitudinal exposure factors (e.g. time to death, quality of life, etc)); description of the temporal
dynamics of spatial variations of health events in the context of the search for etiological signals; (6) the
measurement at different times of thousands of variables simultaneously, structured or not by block, for
example omics data.

Regular travel is expected for this position between INRIA, METRICS (University of Lille) and the
University Hospital of Lille.

Assignment

Although many statistical approaches (clustering, regression, survival analysis) of complex data with
temporal or spatio-temporal dependence have been developed in the last decade ([8, 12, 1, 10], etc.), they
need to be extended to patient pathway data of the two use cases described above, in order to answer
the following questions:

1. Identify typical and atypical pathways.
2. Predict future states of a care pathway.
3. Predict events (some recurrent): re-hospitalizations, deaths, interventions.

In order to analyze the two proposed application cases (intra-hospital ambulatory care pathway) and to
answer the above questions, recent works on patient pathways on visualization [11] (METRICS), on
sequence analysis algorithms [16, 3] (ORPAILLEUR, LACODAM), and on re-hospitalization risk analysis [21]
(METRICS) will be exploited in a first step, and then extended with the help of the MODAL, METRICS
research and the literature on:

« joint, temporal and spatio-temporal models

« generative models of patient pathways in the same spirit as the joint models

« supervised learning models with multivariate functional response and functional time series
models with outliers developed in the literature.

The implementation of these existing models, their extensions, applications and interpretations in the
clinical domain require clinical, statistical and numerical optimization skills. The missions entrusted to us
concern the production/development of statistical methods for the construction/analysis of the
patient's pathway through application cases concerning the re-hospitalization of the elderly and post-
operative complications.



Main activities

The person recruited will focus on linking feature extraction (done in particular by an engineer) and data
analysis (statistical learning of temporal, spatio-temporal data), identifying relevant statistical analysis
methods, identifying limitations of current statistical methods, proposing developments with respect to
the above objectives.

Additional activities

Present the work to different partners, in scientific events Analyze the requests of different partners

Skills

Technical skills and level required: Development of R packages, Python, expert level.
Languages: French, English

Additional skills appreciated : Autonomy, Rigor, Passion for innovation, applications

Benefits package

o Subsidized meals

o Partial reimbursement of public transport costs

o Leave: 7 weeks of annual leave + 10 extra days off due to RTT (statutory reduction in working hours)

+ possibility of exceptional leave (sick children, moving home, etc.)

. Eossibility of teleworking (after 6 months of employment) and flexible organization of working
ours

Professional equipment available (videoconferencing, loan of computer equipment, etc.)

Social, cultural and sports events and activities

Access to vocational training

Social security coverage

Remuneration

2 653 € gross salary (before taxes)

General Information

« Theme/Domain: Optimization, machine learning and statistical methods
Statistics (Big data) (BAP E)

Town/city :Villeneuve d'Ascq

Inria Center : Centre Inria de 'Université de Lille

Starting date :2022-03-01

Duration of contract:1year, 6 months

Deadline to apply :2022-02-07

Contacts

¢ InriaTeam:MODAL
¢ Recruiter:
Dabo Sophie/ Sophie.Dabo@inria.fr

About Inria

Inriais the French national research institute dedicated to digital science and technology. It employs
2,600 people. Its 200 agile project teams, generally run jointly with academic partners, include more
than 3,500 scientists and engineers working to meet the challenges of digital technology, often at the
interface with other disciplines. The Institute also employs numerous talents in over forty different
professions. 900 research support staff contribute to the preparation and development of scientific and
entrepreneurial projects that have a worldwide impact.

The keys to success

Technical skills and level required: Experience in statistical modelling (knowledge of time-dependent
data analysis)

Warning : you must enter your e-mail address in order to save your application to Inria. Applications
must be submitted online on the Inria website. Processing of applications sent from other channels is
not guaranteed.

Instruction to apply

CV + lettre de motivation + lettre(s) de recommandation


http://www.inria.fr/centre/lille
https://www.inria.fr/equipes/MODAL
mailto:Sophie.Dabo@inria.fr

Defence Security:

This position is likely to be situated in a restricted area (ZRR), as defined in Decree No. 2011-1425 relating
to the protection of national scientific and technical potential (PPST).Authorisation to enter an area is
granted by the director of the unit, following a favourable Ministerial decision, as defined in the decree
of 3 July 2012 relating to the PPST. An unfavourable Ministerial decision in respect of a position situated
in a ZRR would result in the cancellation of the appointment.

Recruitment Policy :
As part of its diversity policy, all Inria positions are accessible to people with disabilities.
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