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de Pamukkale, je sais qu’on continuera de se suivre, avec toujours autant de fous rires.

A Hugo, précieux ami ornithophile et définitivement meilleure rencontre de fin d’externat, je suis
heureuse et fiere de notre amitié qui perdure malgré la distance, et toujours ravie de rire avec toi.

A Eulalie, mon coup de coeur amical ayant suivi I’arrivée a Toulouse, cocktail de sagacité et d”humour
qui sait me plier de rire. Ta sensibilité et la justesse de tes mots font de toi un de mes piliers. Tu es une
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A Merouane, généreux et passionné dans tout ce que tu entreprends, je suis heureuse de te compter
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Liste des abréviations

En anglais
AAN : American Academy of Neurology

AD : Associated diagnosis

AIDS : Acquired immunodeficiency syndrome
cART : Combination antiretroviral therapy

CI : Confidence interval

CLL : Chronic lymphocytic leukemia

CNS : Central nervous system

CSF : Cerebrospinal fluid

CVID : Common variable immunodeficiency
FLAIR : Fluid attenuated inversion recovery

HIV : Human immunodeficiency virus

HR : Hazard ratio

HSCT : Haematopoietic stem cell transplantation
ICD : International classification of diseases

IQR : Interquartile range

IRIS : Immune reconstitution inflammatory syndrome
JCV : JC virus

LTD : Long-term disease

MRI : Magnetic resonance imaging

MS : Multiple sclerosis

PCR : Polymerase chain reaction

PD : Primary diagnosis

PID : Primary immune deficiency

PLHIV : Patients living with human immunodeficiency virus
PML : Progressive multifocal leukoencephalopathy

PML-IRIS : Progressive multifocal leukoencephalopathy-related immune reconstitution inflammatory
syndrome

PPV : Positive predictive value

RA : Rheumatoid arthritis
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RD : Related diagnosis
SCID : Severe combined immunodeficiency
SLE : Systemic lupus erythematosus

SOT : Solid organ transplantation

En francais

CépiDC : Centre d’Epidémiologie sur les Causes Médicales de Décés
CHU : Centre hospitalo-universitaire

CNIL : Commission Nationale de I’Informatique et des Libertés
INDS : Institut National des Données de Santé

IRM : Imagerie par résonance magnétique

LCS : Liquide cérébro-spinal

LEMP : Leucoencéphalopathie multifocale progressive

PMSI : Programme de Médicalisation des Systémes d’Information
SIDA : Syndrome d’immunodéficience acquise

SNC : Systéme nerveux central

SNDS : Systéme National des Données de Santé

SNIIRAM : Systéme d’Information Inter-Régimes de I’ Assurance Maladie

VIH : Virus de I’immunodéficience humaine

VPP : Valeur prédictive positive
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Introduction

La leucoencéphalopathie multifocale progressive (LEMP) est une infection opportuniste
du systéme nerveux central (SNC) causée par la réactivation du polyomavirus JC (JCV). Il
s’agit d’une maladie rare, qualifié¢e d’orpheline (code Orphanet 217260,
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Ing=FR&Expert=217260). Le JCV est un

virus ubiquitaire dont la séroprévalence dans la population générale varie de 60 a 80% a I'age
de 70 ans'. Chez les hotes immunocompétents, le JCV se caractérise par une latence ou par une
réplication asymptomatique. Chez les patients dont l'immunité cellulaire est altérée, la
réactivation virale associée a 1’acquisition d’un neurotropisme sont responsables d’une
infection lytique des oligodendrocytes aboutissant a des lésions de démyélinisation du
parenchyme cérébral, et aux symptomes cliniques de LEMP?. 1l peut s’agir de patients souffrant
d’une infection par le virus de I'immunodéficience humaine (VIH) au stade de syndrome
d’immunodéficience acquise (SIDA), d’une hémopathie maligne ou d’un cancer solide traités
ou non par une chimiothérapie, de patients recevant un traitement immunosuppresseur ou
immunomodulateur pour une pathologie inflammatoire chronique ou une transplantation
d’organe, ou encore porteurs d’un déficit immunitaire primitif. La LEMP se manifeste par des
symptdomes neurologiques multifocaux d’aggravation progressive, principalement des troubles
cognitifs et du comportement, divers déficits neurologiques, et parfois de I'épilepsie®. Le
diagnostic repose sur l'association 1) de manifestations cliniques compatibles, ii) de signes
évocateurs a I’imagerie par résonance magnétique (IRM) cérébrale, a savoir des lésions
multifocales et asymétriques de la substance blanche apparaissant en hyposignal en séquence
T1 et en hypersignal en séquences T2 et FLAIR (fluid-attenuated inversion-recovery), ne
prenant habituellement pas le contraste apres injection de gadolinium, et ii1) d’'une PCR positive
pour le JCV dans le liquide cérébro-spinal (LCS). Enfin, dans les situations les plus complexes,
une biopsie cérébrale stéréotaxique peut s’avérer nécessaire afin de confirmer le diagnostic, en
combinant des arguments histologiques, immunohistochimiques et de biologie moléculaire
(PCR JCV sur le tissu cérébral). Ces quatre parametres déterminent le caractére certain,
probable ou possible du diagnostic de LEMP, selon la classification de I'American Academy of

Neurology (AAN) (voir Annexe I)°.

La LEMP est grevée d’un pronostic sévere, avec une mortalité variant de 29% a 90% en
fonction de la pathologie immunosuppressive sous-jacente®®, et la persistance fréquente de
séquelles chez les patients survivants’. Aucune thérapie n’a encore prouvé son efficacité dans

le traitement de la LEMP, et celui-ci repose a I’heure actuelle sur la restauration, lorsqu’elle est
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possible, des réponses immunitaires effectrices antivirales, par I’instauration d’une trithérapie
antirétrovirale chez les patients infectés par le VIH, ou par I’allégement voire I’arrét complet
des thérapies immunosuppressives favorisantes au cours des LEMP iatrogénes™®. Cette
restauration immunitaire, salvatrice par nature, peut étre délétére par intensité et s’accompagner
d’une aggravation soudaine des symptomes neurologiques dans le cadre d’un syndrome
inflammatoire de reconstitution immunitaire (dont 1’acronyme anglo-saxon est IRIS). Le
diagnostic d’IRIS est parfois difficile a distinguer de celui d’une aggravation de la LEMP elle-
méme. En effet, les manifestations cliniques peuvent se recouper. Les signes clés du diagnostic
d’IRIS a ’IRM cérébrale sont le rehaussement des Iésions apres injection de gadolinium, la
présence d’un cedéme péri-lésionnel, ou d’un effet de masse, mais leur absence n’exclut pas le
diagnostic’. A nouveau, une biopsie cérébrale est parfois nécessaire pour établir de fagcon
certaine le diagnostic d'IRIS, défini par la présence d'un infiltrat lymphocytaire parenchymateux
a prédominance de lymphocytes T CD8". La survenue d’un IRIS ne semble pas associée a une

augmentation de la mortalité liée a la LEMP!*!!,

Plusieurs stratégies d’immunothérapie visant a favoriser la restauration des réponses
immunitaires antivirales ont été suggérées comme pouvant améliorer le pronostic de la maladie,

avec I’utilisation de cytokines comme I’interleukine 7 recombinante humaine'? '® d’inhibiteurs

19-22

de molécules de points de controle immunitaire’” =, ou de transferts adoptifs de lymphocytes

T antiviraux®> %

. Ces stratégies thérapeutiques font 1’objet actuellement d’une intense
concertation sur le plan international afin d’initier des essais cliniques de grande ampleur qui
permettront d’apporter des réponses a un  besoin clinique urgent

(https://www.fda.gov/drugs/news-events-human-drugs/considerations-progressive-multifocal-

leukoencephalopathy-clinical-trial-designs-09212021-09212021). Toutefois, ces stratégies ne

peuvent uniformément s’appliquer a tous les patients atteints de LEMP et doivent étre
individualisées selon le type de pathologie ayant prédisposé a la survenue de la maladie. Un des
prérequis a ces essais cliniques est donc une bonne connaissance de 1’épidémiologie de la
LEMP et des pathologies la favorisant. Peu de données a ce sujet sont toutefois disponibles a
ce jour. La majorité des études abordent son épidémiologie chez un type précis de pathologie
sous-jacente. Six études de cohorte rétrospectives, toutes d’effectif relativement faible, et
nationales pour seulement deux d’entre elles, ont permis de fournir des premiéres données
d’incidence et de mortalité¢ de la LEMP, tous terrains prédisposants confondus (décrites dans le
Tableau 1)"*3° Parmi celles-ci, une récente étude nord-européenne a suggéré une

augmentation de I’incidence de la LEMP au cours de la derniere décennie, ainsi qu’une
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modification de la répartition des terrains prédisposants avec une diminution de la part relative

des LEMP liées a I’infection par le VIH, et une augmentation de la part des LEMP iatrogénes?’.

Afin de disposer de données épidémiologiques récentes permettant une compréhension
d’ensemble de I’épidémiologie de la LEMP, de ses terrains prédisposants, et de leur évolution
au cours du temps, nous avons exploité les bases de données nationales de 1’ Assurance maladie,
constituant le Systéme National des Données de Santé (SNDS), afin de constituer une cohorte
nationale de patients atteints de LEMP entre 2010 et 2017. Ce travail est présenté ci-apres sous
forme d’un article scientifique rédigé en anglais et qui sera soumis prochainement au Lancet

Neurology, revue scientifique de haut niveau avec comité de lecture.
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Article Période Région géographique et échelle Effectif Incidence Données de survie Réfe-
rence

Eng et al, Neurology 2002-2004 Etats-Unis : échantillon de 10 44 patients Non applicable Déces pour 43.2% des patients | 2
2006 millions d’habitants sur la période d’étude
Iacobaeus et al, 1988-2013 Suéde (étude nationale) 108 patients 0.11/100,000 patient- Mortalité a 2 ans 74% 2
Neurology 2018 années de 2011 a 2013
Kartau et al, Open 2004-2016 Sud de la Finlande et région 31 patients 0.12/100,000 patient- Survie a 5 ans 9.7% 28
Forum Infect Dis 2019 capitale finlandaise années de 2004 a 2016
Sipila et al, Journal of 2004-2014 Finlande (étude nationale) 35 patients 0.072/100,000 patient- Survie a 1 an 79% 30
Neurology 2019 années de 2004 a 2014
Anand et al, Neurol 1994-2019 Etats-Unis : bicentrique 91 patients Non applicable Mortalité a 1 an 54.2% 7
Neuroimmunol and
Neuroinflammation
2019
Graf et al, Frontiers in 2013-2019 Allemagne : monocentrique 37 patients Non applicable Survie a 2 ans 56% »
Neurology 2021

Tableau 1. Caractéristiques des cohortes rétrospectives publiées dans la littérature concernant I’épidémiologie de la LEMP quel que soit

le terrain prédisposant.
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Epidemiology and spectrum of predisposing conditions of
progressive multifocal leukoencephalopathy: a French nationwide
population-based study

Abstract

Background: Although crucial to raise awareness among clinicians and to lay foundations for
future therapeutic trials in immunomodulating therapies, large scale data on the epidemiology
of progressive multifocal leukoencephalopathy (PML), its predisposing conditions and prior

drug exposure are lacking.

Methods: Patients were identified by interrogating a national healthcare reimbursement
database from January 1%, 2010 to December 31%, 2017, using PML International Classification
of Diseases (ICD) code and a patient’s selection algorithm. Overall incidence rate, one-year all-
cause mortality rate and survival patterns were calculated, and factors associated with death

were identified using a multivariate Cox proportional hazards regression model.

Findings: Our cohort consisted of 584 patients with incident PML. The overall incidence in
France from 2010 to 2017 was stable during the study period at 0.11 per 100 000 person-years,
95% CI [0.10-0.12]. Predisposing diseases were Human Immunodeficiency Virus (HIV)
infection (43.7%), followed by haematological malignancies (21.9%), chronic inflammatory
diseases (20.2%), solid organ transplantation (SOT) (4.3%), solid neoplasm (4.1%), and
primary immune deficiency (PID) (1.5%). Prior exposure to immunosuppressive therapies was
mainly represented by corticosteroids, rituximab and natalizumab. The one-year mortality rate
was 38.2%, 95% CI1 [34.2-42.2]. In multivariate analysis, factors independently associated with
death were older age (p = 0.02), male gender (p = 0.04), and predisposing disease, with the
highest risk for solid neoplasms, followed by haematological malignancies and HIV infection,
compared with chronic inflammatory diseases (p < 0.0001). Immune reconstitution
inflammatory syndrome (IRIS) occurred in 7.0% of patients and tended to be associated with

increased survival (p = 0.05).

Interpretation: Incidence of PML is stable in France, and HIV infection remains the main
predisposing disease. PML in the context of solid neoplasm was associated with the highest

mortality.

Funding: None.
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Research in context

Evidence before this study

The rarity of PML makes it difficult to produce large-scale epidemiological data. We searched
for case series and cohort studies through PubMed in May 2021 using the keywords
“progressive multifocal leukoencephalopathy”, “JC virus”, “epidemiology”, and “incidence”.
Several studies reported epidemiological characteristics of PML occurring in the context of
specific immunosuppressive diseases or therapies, but only six retrospective cohorts of
relatively small sizes investigated the overall epidemiology of PML on a regional or national
scale. Incidence rate was estimated as 0.11-0.12/100,000 person-years in Sweden and Finland,

and global mortality rate was reported as 56% to 71% at one year. However, knowledge of

PML overall epidemiology is still limited.
Added value of this study

Our nationwide cohort study comprised 584 cases of incident PML from 2010 to 2017,
corresponding to an incidence of 0.11 per 100,000 person-years, 95% CI [0.10-0.12]. The
primary single predisposing disease was HIV infection (43.7%), followed by haematological
malignancies (21.9%, mainly lymphomas, chronic lymphocytic leukemias, other leukemias and
myelomas), and chronic inflammatory diseases (20.2%, mainly multiple sclerosis). Prior
exposure to immunosuppressive therapies was represented in top positions by corticosteroids,
rituximab and natalizumab. All-cause one-year mortality rate was 38.2%, 95% CI [34.2-42.2].
After adjustment for age, sex and IRIS, risk of mortality was increased in patients with solid
neoplasm (adjusted HR 4.34, 95% CI [2.25-8.37]), haematological malignancies (adjusted HR
3.13,95% CI[1.85-5.30]) and HIV infection (adjusted HR 1.83, 95% CI[1.12-3.00]), compared
with chronic inflammatory diseases. The large size of our cohort highlighted characteristics
little described beforehand, such as sarcoidosis and primary immune deficiencies as rare
predisposing conditions for PML, worst prognosis for patients with solid neoplasm, and female
gender as an independent protective factor in PML (p = 0.04). IRIS tended to be associated

with better survival in multivariate analysis (p = 0.05).
Implications of all the available evidence

Our findings, together with the available literature, provide important data on the different
pathologies and the increasing prominence of immunosuppressive therapies that can underlie

the development of PML. Such insight is essential to raise awareness among practitioners to
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the diagnosis of this rare disease. No treatment has proven to be efficient in treating PML so
far, and data on overall and disease-specific mortality rates are an essential prerequisite for

future and urgently needed clinical trials.
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Introduction

Progressive multifocal leukoencephalopathy (PML) is a rare demyelinating disease of
the central nervous system (CNS, ORPHA:217260). Reactivation of the JC virus (JCV) in
immunocompromised patients leads to a lytic infection of oligodendrocytes that is responsible
for PML neurologic symptomatology®. To date, the single effective strategy to intend to treat
PML remains reconstitution of antiviral immune responses, by introduction of combined
antiretroviral therapy (cART) in the context of human immunodeficiency virus (HIV)-
associated PML?!, or by discontinuation or alleviation of immunosuppressive therapies in
iatrogenic PML**. Immune reconstitution inflammatory syndrome (IRIS) might occur in this
context, defined by a sudden worsening of clinical manifestations concomitant with immune
restauration. Nevertheless, such immune restoration is not achieved in many patients, and the
burden of PML remains dramatic, with high mortality rate and heavy neurologic sequelae’.
Recent evidence suggests that control of PML evolution could be achieved with

immunotherapeutic approaches promoting the recovery of anti-JCV immune responses, such

19-22 23-25
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as immune checkpoint blockade'” “~, adoptive transfer of polyomavirus-specific T cells

and the use of cytokines like Interleukin-7'"18,

Initially described in 1958 in patients with haematological malignancies®®, the incidence
of PML dramatically increased during the HIV pandemic in the 1980s**, when PML prevalence
reached 5-8% of patients living with HIV (PLHIV)*. In the cART era, the incidence of PML
significantly decreased to 0.49 per 1000 HIV-infected patient-years over the period 2009-
20113, Iatrogenic PML then emerged with the development of new immunosuppressive
biotherapies for chronic inflammatory diseases, such as the a4-integrin monoclonal antibody
natalizumab used in relapsing-remitting multiple sclerosis (MS), and the anti-CD20 monoclonal
antibody rituximab used in rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE)*’.
The incidence of PML has been estimated at 2.4 per 100,000 patients/year in patients with
SLE*. In haematological malignancies, it has been reported as 8.3-11.1 per 100,000
patients/year in the context of B cell lineage malignancies, rising up to 35.4 per 100,000

patients/year in haematopoietic stem cell allografted patients*®.

The above-mentioned studies involved disease-specific subgroups of PML patients. To
our knowledge, six retrospective cohort studies of limited size have investigated the overall
epidemiology of PML on a local, regional or national scale so far’?°=°, Among them, a Finnish

study estimated PML prevalence at 1.56 per 100,000 individuals and its incidence at 0.12 per
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100,000 individuals per year from 2004 to 2016, A Swedish study found a significant increase
in PML incidence from a stable level of 0.026 per 100,000 individuals per year from 1988 to
2010, to 0.11 per 100,000 from 2011 to 2013, associated with a decrease in the proportion of
HIV-related PML?’,

A better knowledge of PML epidemiology and of the conditions that underlie its
development appears crucial, first, to raise awareness among practitioners to the diagnosis of
this rare disease, and second, to achieve a personalized management in the choice of the
immunotherapeutic approach depending on the underlying pathology. We aimed to delineate
the characteristics of PML epidemiology and predisposing conditions in a French nationwide

study.

Material and Methods

Study design

We conducted a nationwide population-based cohort study using data from the French
national health insurance system database called SNDS (Systeme National des Données de
Santé). The SNDS prospectively collects health data for all insured individuals in France (> 65
million inhabitants) from the French health insurance system database (SNIIRAM: Systeme
d’Information Inter-Régimes de |’Assurance Maladie), from the public and private hospital
discharge database (PMSI: Programme de Médicalisation des Systemes d’Information), and
from the medical causes of death database (CépiDC: Centre d’Epidémiologie sur les Causes
Médicales de Déces). Data from January 1%, 2008 to December 31%, 2017 were extracted from
the SNDS database for analysis of the present study.

Data source

All recorded data in the SNDS are individualized and anonymous. They include socio-
demographic characteristics (age, gender, place of residence), long-term disease (LTD)
affections, and all reimbursed community health expenditures. These data are linked to the
PMSI, which exhaustively records all hospital stays and links each one of these with a list of
diagnoses encoded according to the International Classification of Diseases, 10" revision (ICD-

10). This list includes one primary diagnosis (PD) code and one optional related diagnosis (RD)
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code corresponding to the main reason for hospitalization, and several associated diagnoses
(AD) codes corresponding to comorbidities or events occurring during hospitalization. In case

of death, date and cause are also linked and recorded for each individual using the CépiDC.

Preliminary validation study of PML diagnosis code

To assess the reliability of PML diagnosis code (A81.2 “Multifocal
leukoencephalopathy”, under A81 “Atypical viral infections of the CNS” according to the ICD-
10) to predict a hospital stay for PML, we conducted a preliminary multicenter validation study
in three French public hospitals (Toulouse, Montpellier, and Rennes University Hospitals). Any
patient with at least one hospital stay linked in the PMSI to a PD, RD and/or AD code A81.2
from January 1%, 2010 to December 31%, 2017 was included in this preliminary study. We
revised the medical charts to classify these patients as having PML or no PML, based on the
American Academy of Neurology (AAN) classification®, and we calculated the positive
predictive value (PPV) of the A81.2 code. We established a patients’ selection algorithm that
improved the PPV of the A81.2 code. This algorithm considered that a patient had PML if he
met the following criteria : 1) Presence of the A81.2 code as PD and/or RD in the PMSI; ii)
Presence of a predisposing immunosuppressive condition ICD code (including HIV infection,
haematological malignancy, chronic inflammatory disease, solid neoplasm, solid organ
transplantation (SOT), and primary immune deficiency (PID)) in the PMSI from 2 years before
to 1 year following PML diagnosis (see Appendix II); iii) Presence of a brain MRI within 6
months before PML diagnosis, and iv) Absence of the A81.2 code in the PMSI before January
1%, 2010.

Data collection and definitions

When extracting data from the national database SNDS, every patient with at least one
hospital stay linked to a PD, RD and/or AD code A81.2 from January 1%, 2008 to December
31%, 2017 was included. We excluded the patients who did not meet the selection algorithm

criteria, and this defined the study population.

Date of PML diagnosis was defined as date of entry of the first hospital stay linked to
an A81.2 code as PD or RD in the PMSI. All the following data were screened within 12 months

prior to PML diagnosis, except immunosuppressive drug exposure (24 months). Comorbidities
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other than immunosuppressive conditions were screened according to Bannay et al*’ (including
diabetes, vascular disease, renal or liver disease, chronic pulmonary disease, dementia,
hemiplegia, ulcer disease, but excluding cancer, metastatic disease, connective tissue disease,
and HIV/AIDS, see Appendix III). Exposure to an immunosuppressive drug was defined as at
least one reimbursement in the SNIIRAM database (for outpatient prescriptions only) or in the
in-hospital database (for costly immunosuppressive drugs dispensed in-hospital only). The
occurrence of an immune reconstitution inflammatory syndrome (IRIS) was defined as the

presence of a D893 or D898 code in the PMSI.

Statistical analyses

Descriptive statistics were calculated for patient characteristics for the whole cohort,
and for each group of underlying conditions. Quantitative variables were presented as mean and
standard deviation or as median and interquartile range (IQR) depending on variable
distribution. Categorical variables were presented as counts and percentages. The overall
incidence rate per 100,000 person-years during the study period was calculated as mean of the
incidence rates of each calendar year (2010-2017), defined as the number of new PML
diagnoses divided by the French general population of each year. The one-year all-cause
mortality rate was defined as the number of deaths occurring within 12 months following PML
diagnosis, divided by the total PML population during the study period. 95% confidence
intervals (CI) were calculated for each variable. Delay in days between PML diagnosis and date

of death was calculated.

Survival patterns (for survival duration following diagnosis) were displayed using
Kaplan-Meier plots of cumulative survival probabilities. Overall survival function was
displayed for the whole cohort. For the following analyses, we focused on patients with a single
predisposing disease to avoid interaction between groups, and we excluded groups of less than
30 patients, namely patients with SOT, patients with PID, and patients under 18 years of age.
In this subpopulation, survival patterns were displayed for the four main predisposing diseases.
Differences between survival functions were analysed using the log-rank test. To investigate
the factors associated with death, a bivariate Cox proportional hazards model was performed to
identify associations with a significance threshold of p < 0.20. A co-linearity diagnosis was
performed for the variables to be included in the model. Interactions with time were also tested.

Qualitative variables were compared using the Chi-square test, and quantitative variables using
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Mann-Whitney U test. A stepwise multivariate Cox proportional hazards regression model was
performed, including significant co-variates in the bivariate analysis. Significant variables

(threshold of p < 0.05) were retained in the final model.

All statistical analyses were performed with the software SAS (version 9.4).

Ethical approvals

Our study obtained ethical authorizations from the “Institut National des Données de
Sant¢” (approval number TPS 1125184, December 2019) and the “Commission Nationale de
I’Informatique et des Libertés” (authorization number DR-2020-285, August 2020).

Results

Preliminary validation study of PML diagnosis code

Our preliminary multicenter study comprised 115 patients from 2010 to 2017, of whom
50 were PML after review of medical charts, hence a gross PPV of the A81.2 diagnosis code
0t 43.5% (95% CI [34.4-52.5]). We determined a selection algorithm that improved the PPV to
90.0% (95% CI [81.7-98.3]) and excluded five genuine PML patients as false negatives.

Nationwide cohort study population

A total of 2175 patients had an A81.2 diagnosis code for PD, RD and/or AD in the PMSI
from January 1%, 2008 to December 31%, 2017. After application of our selection algorithm,
584 patients (26.9% of the source population) were considered as having incident PML from
2010 to 2017 and represented our study population (Figure 1). The median age at the time of
first PML diagnosis was 52 years (IQR [44-64]) and 58.0% were male (Table 1). Two patients
from our cohort were children: one 4-year-old child with severe combined immunodeficiency
(SCID), and one 10-year-old child with central nervous system Epstein-Barr virus-positive
lymphoma. They had both received allogeneic haematopoietic stem cell transplantation

(HSCT).
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Incidence rate and underlying immunosuppressive conditions

The overall incidence rate over the study period was 0.11 per 100 000 person-years
(95% CI110.10-0.12]). The incidence rate remained stable during the whole study period (Figure
2). Predisposing immunosuppressive pathologies were represented by HIV infection for 43.7%
of patients, haematological malignancies for 21.9%, chronic inflammatory diseases for 20.2%,
SOT for 4.3%, solid neoplasm for 4.1%, and PID for 1.5% (Figure 3). Twenty-five patients
(4.3%) combined two or three predisposing pathologies (see Appendix V). There was no
significant evolution in the respective weight of predisposing diseases during the study period
(Figure 2). Haematological malignancies comprised lymphoma (43.4%), chronic lymphocytic
leukemia (CLL) (32.2%), other leukemia (12.6%), myeloma (8.4%), myelodysplastic
syndromes (2.1%) and polycythemia vera (1.4%). All patients with myelodysplastic syndrome,
three with lymphoma and four with acute leukemia had received allogeneic HSCT. Chronic
inflammatory diseases were mostly represented by MS (76.7%), followed by sarcoidosis
(9.2%), SLE (3.3%), RA and psoriasis (2.5% each). The remaining seven patients had myositis,
granulomatosis with polyangiitis, inflammatory bowel disease, myasthenia gravis and
Sjogren’s syndrome. In total, inflammatory diseases other than MS represented 4.8% of all
PML incident cases in our study. The 35 patients with solid neoplasm comprised eight digestive
cancers, seven intra-thoracic cancers, four brain cancers, four Kaposi’s sarcomas in PLHIV,
two breast cancers, two prostate cancers, two kidney cancers, and six other miscellaneous
malignant tumors. Among patients with SOT, 19 had renal transplantation, six had liver
transplantation, three had heart transplantation. Nine patients had PID, including four SCIDs,
three common variable immunodeficiencies (CVID), one hypogammaglobulinemia and one X-

linked lymphoproliferative lymphoma.

Besides, 78.9% of patients had no associated comorbidity other than the
immunosuppressive conditions. This was homogeneous in all categories of predisposing
conditions, except in solid organ transplant recipients who had one or more comorbidity for

85.7% of them.

Immunosuppressive drug exposure

48.8% of patients in our cohort had received glucocorticoids, and this exposure was
found in all conditions but was lower for PLHIV (Table 1). The two most represented

monoclonal antibodies were rituximab (13.9%) and natalizumab (13.7%). 11.6% of patients,
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mostly solid organ transplant recipients, patients with haematological malignancy or chronic
inflammatory disease, had received another immunosuppressive drug (see Appendix V for

detailed immunosuppressive drug exposure).

A majority of patients with MS had been administered natalizumab within 24 months
prior to PML diagnosis (n = 79, 85.9%) (among them one PLHIV), while 44 had received
corticosteroids, nine fingolimod, two mycophenolate mofetil, one dimethyl fumarate and one
azathioprine. Among solid organ transplant recipients, 22 had received mycophenolate mofetil,

20 corticosteroids, 13 tacrolimus, eight ciclosporin, three rituximab and one sirolimus.

Mortality

All-cause mortality rate at one year following PML diagnosis was 38.2% (95% CI [34.2-
42.2]) for the whole cohort (Table 1). The median time from diagnosis to death was 63 days
(IQR [42-102]). Kaplan-Meier survival curve is presented in Figure 4A. For patients with HIV
and concomitant haematological malignancy or solid neoplasm (n = 16), all-cause mortality
rate at one year was 56.3%, 95% CI [31.9-80.6]. Mortality rate was not significantly different
between the 2010-2013 and the 2014-2017 periods (p = 0.92).

Kaplan-Meier curves for the four main subgroups of predisposing diseases are presented
in Figure 4B. After adjustment for age, sex, underlying disease and IRIS in Cox regression
model, factors independently associated with death were 1) older age, with an adjusted HR of
0.33, 95% CI [0.20-0.53] for patients aged 20 to 40, an adjusted HR of 0.44, 95% CI [0.32-
0.59] for patients aged 40 to 60, compared with patients aged over 60 (p = 0.02), i) male gender,
with an adjusted HR of 0.73, 95% CI [0.54-0.99] for females compared with males (p = 0.04),
and iii) predisposing immunosuppressive disease, with an adjusted HR of 4.34, 95% CI [2.25-
8.37] for solid neoplasms, an adjusted HR of 3.13, 95% CI [1.85-5.30]) for haematological
malignancies and an adjusted HR of 1.83, 95% CI [1.12-3.00]) for HIV infection, compared
with chronic inflammatory diseases (p < 0.0001) (Tables 2 & 3).

Immune reconstitution inflammatory syndrome

The incidence of IRIS within 12 months following PML diagnosis was 7.0%, 95% CI
[4.9-9.1]. 58.5% of patients with IRIS were men and median age was 46 years old (IQR [43-
53]). Median time between PML diagnosis and IRIS onset was 26 days (IQR [0-43]). The two
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main conditions associated with IRIS were HIV and chronic inflammatory diseases (Table 1).
Two of the nine patients with PID presented IRIS within 12 months following PML diagnosis.
Mortality rate at one year following PML diagnosis was 14.6%, 95% CI [3.8-25.4] among
patients with IRIS and was significantly lower than that in patients without IRIS (p = 0.001).
Occurrence of IRIS tended to be associated with increased survival in multivariate analysis but
was not statistically significant (adjusted HR 2.39 [0.98-5.84] for patients without IRIS, p =
0.05).
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Discussion

In this nationwide population-based study, the overall incidence of PML from 2010 to
2017 was 0.11 per 100,000 person-years, 95% CI [0.10-0.12]. HIV infection remained the main
predisposing disease, followed by haematological malignancies and chronic inflammatory
diseases. The overall one-year mortality rate was 38.2%, 95% CI [34.2-42.2], with an increased
risk of mortality in patients with solid neoplasm, haematological malignancies and HIV

infection, compared with chronic inflammatory diseases, after adjustment for age, sex and IRIS.

The overall incidence of PML in France during the study period was that expected of an
orphan disease. Incidence was also consistent with previous data from two recent studies®’2®,
supporting the validity of our algorithm for PML patients’ selection. One of these studies
demonstrated a four-fold increase in PML incidence from the 1988-2010 period to the 2011-
2013 period?’. This can be explained by the ever-growing knowledge on PML and the
improving performances of diagnosis tools such as JCV PCR in the CSF*, but also by the
advent of modern immunotherapies for cancer, organ transplantation and chronic inflammatory
diseases, most notably natalizumab for MS. However, in our study, the incidence rate remained

stable. Nevertheless, the small number of PML incident cases made it little probable to

demonstrate any significant evolution in a relatively short study period.

For the same reasons, we were not able to highlight, if existent, any significant evolution
in the relative proportions of predisposing diseases over time. Conversely to what was found in
Northern Europe, HIV infection remained in France the primary underlying condition, present
in 47.3% of PML patients (including those who cumulated with another predisposing disease).
Previous cohorts reveal a decline in the relative share of HIV in PML incident cases, from ~80%
until the 2000s*! to a less predominant proportion of ~50%’, which is consistent with our
findings. Haematological malignancies are the historical causes of PML and still were the
second most represented condition in our study. These were dominated by lymphomas, chronic
lymphocytic leukemia and acute leukemias, comparable to what was described in a recent
single-center cohort*?. Haematological diseases are intrinsically immunosuppressive and can
foster PML development in the absence of immunosuppressive therapy*?, but in most cases,
PML develops as a result of cytotoxic chemotherapy, total body irradiation, immunomodulating
therapy such as the anti-CD20 monoclonal antibody rituximab, or HSCT, and only the two

latter could be described in our cohort.
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The important share of chronic inflammatory diseases reported in our study confirms
the trend highlighted in recent literature. MS represented by far the main entity. The first alert
of PML cases in natalizumab-treated patients in 2005 marked the beginning of the iatrogenic
PML era, which has since become an increasingly prevalent clinical entity. A recent review
reported that 58.6% of iatrogenic PML occurred in the context of an underlying chronic
inflammatory disease, surpassing haematological malignancies and SOT*. Consistent with our
findings, prior studies report an exposure to corticosteroids in 39-67.7% of them?®?3. Overall
risk of PML in natalizumab-treated patients with MS is estimated at 1 in 1,000*, while the
relative risk of PML in patients receiving rituximab for RA has been estimated at 1 in 30,000%.
The number of reported cases of natalizumab-associated PML is now decreasing thanks to the
publication of guidelines for close monitoring of natalizumab-treated MS patients*®. Our study
also points out the occurrence of PML in non-natalizumab-treated MS patients receiving

fingolimod, mycophenolate mofetil, dimethyl fumarate, and azathioprine.

Non-MS chronic inflammatory diseases, led by sarcoidosis, SLE, RA and psoriasis,
represented 4.8% of all PML incident cases. The occurrence of PML in this context can be due
to immunosuppressive therapies but also to innate immunosuppressive factors of the disease
itself. Few reports have highlighted sarcoidosis as a potential cause of PML before this study®’.
SLE and RA have been reported as <1% of all PML cases in a US cohort*!. Since then, two
more recent cohorts have highlighted the increasing prevalence of chronic inflammatory

disorders among patients developing PML over time’-*’.

Consistent with our findings, rarer predisposing pathologies, namely solid neoplasm,
SOT and PID accounted for 10 to 18% of incident PML cases according to two recent
cohorts”?’. To our knowledge, solid neoplasms have never been individually described in
previous PML cohorts, except by Anand et al/ who found 7% of patients with carcinoma in their
cohort’, and few case reports described association between PML and solid cancers. We can
assume that cytotoxic chemotherapy and/or targeted immunotherapy presumably triggered
immunosuppression underlying PML development in these patients. Regarding PID, few case
reports and a recent case series of eleven patients have reported an association with PML*4,
Of note, several patients with PID had received prior immunosuppressive therapies, which is
explained by the fact that these patients can develop inflammatory manifestations or

malignancy, but primary immunodeficiency by itself can account for PML development. Thus,

our large-size cohort highlighted solid neoplasms and PID as rare yet significant predisposing
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diseases for PML. SOT, mainly kidney transplantation, was another rare cause of PML as

previously described**.

The one-year all-cause mortality rate was 38.2% in our study. Survival data vary greatly
across recent cohorts, from a 2-year mortality rate of 74% to a 1-year mortality rate of 21%"
30 The limited sizes, the heterogeneous PML populations and the limited geographical scopes
of these studies can partly account for these discrepancies. In addition, mortality should be
interpreted taking into consideration the immunosuppressive predisposing disease, that
emerged as an independent factor influencing mortality in our multivariate analysis. Patients
with chronic inflammatory disorders had the lowest mortality rate. This mainly reflected
prognosis of natalizumab-associated PML, which is known to be better than that of other
conditions*® thanks to clear monitoring guidelines, as well as underlying antiviral
immunocompetence once immune cell trafficking is restored upon treatment discontinuation.
With the widespread use of cART, one-year mortality rate in HIV-related PML patients has
improved to 25-37%?>!>1:>2, that is consistent with the 33% mortality rate in our study. Patients
with SOT also had a comparable mortality rate to that described in literature>’. Prognosis was
worse for patients with haematological malignancies but was not as poor as the 90% mortality
within 2 months described in previous studies®*-*. PID were also associated with a somewhat
better survival than what was described in previous case series*®*. This finding suggests that
previous PML reports may be subject to publication bias that can influence survival estimations,
one possible explanation being the use of stringent diagnostic criteria for patients’ inclusion
(including CSF and sometimes histological criteria) that may have selected more severe cases.
Lastly, an original finding that has never been reported thus far is that patients with solid

neoplasms were afflicted with the worst mortality rate in this study.

Other factors significantly associated with greater mortality in multivariate analysis
were older age and male gender. Two studies have already reported an association between
older age and mortality in HIV-associated PML>? and in natalizumab-associated PML>®. There
is growing evidence that sex influences immune responses to viral infections in humans>®, but
sex differences in response to JCV infection have never been reported in previous literature.
Infection by Epstein Barr virus, hepatitis B virus, West Nile virus, and severe acute respiratory
syndrome coronavirus 2 have been shown to cause more severe diseases in males than
females®’°. Regarding adaptive immunity, females have greater levels of CD4" T cell counts
and higher CD4"/CDS8" ratios, while men have greater levels of CD8" T cell counts®!%%, Sex

steroids, by binding to cytoplasmic receptors and interacting with nuclear hormone response
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elements, affect the expression of genes involved in antiviral immunity®>. Random X-
chromosome inactivation in females leads to allelic diversity for several X-linked immune-
related genes, which can be an advantage when facing infection®*. In addition, some X-linked
immune-related genes like TLR7, involved in immune sensing of viral RNA, escape X-
chromosome inactivation, resulting in greater expression in females®>. Our clinical finding
suggests that similar mechanisms could be implicated in sex differences in immunity to JCV

infection and could account for a higher severity of PML in males.

Our study brings the first description of IRIS incidence among all-cause PML cases,
which was of 7% within 12 months following PML diagnosis. However, IRIS diagnosis in the
context of PML (PML-IRIS) is difficult to distinguish from natural evolution of PML itself,
due to identical clinical manifestations and non-specific brain MRI signs. Like PML, the rarity
and complexity of IRIS diagnosis infers a poor reliability of IRIS ICD codes in the PMSI, which
was not evaluated here. The incidence of PML-IRIS in patients diagnosed with AIDS was
previously reported as 16.7%%. In contrast, IRIS occurs in almost all cases of natalizumab-
associated PML after discontinuation of this therapy®’, while we found an incidence of 9.2% in
the year following diagnosis in patients with chronic inflammatory diseases. Thus, IRIS
incidence may have been underestimated in our study due to underdiagnosis and
underreporting. Mortality of PML-IRIS has been described as 5-28%?°, but is much lower
among patients with natalizumab-associated PML3?. In previous literature, some studies

associated PML-IRIS with higher survival rates!'!:%

, while some other did not show any
significant difference in PML mortality'*®. In our study, mortality was significantly lower in
patients who developed IRIS, and there was a tendency towards an independent association in
multivariate analysis, though it did not reach statistical significance maybe due to a lack of

power.

One of the strengths of our study is the use of a national healthcare database system that
covers 98% of the French population and is thus a precious tool to study rare illnesses. The
SNDS has already been widely used in large epidemiological studies® ">, Our population-based

study comprises the largest PML cohort to date.

However, our study has several limitations. First, its retrospective design and the
intrinsic characteristics of the SNDS database make it subject to reporting bias. The SNDS is

an anonymous database and does not comprise clinical, radiological, biological nor histological
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results, which prevents the assessment of PML diagnosis accuracy. To deal with this
impediment, we conducted a preliminary multicenter assessment of PML A81.2 diagnosis code
in the PMSI and constructed a selection algorithm to obtain the best possible PPV with a limited
proportion of false negatives. Our final algorithm dramatically improved the PPV to 90.0%.
The poor reliability of PML reporting has already been pointed out in previous literature, with
PPVs ranging from 35% to 54% in Swedish and US databases’??7. This can be explained by
the low prevalence of PML and its particularly difficult diagnosis, requiring expertise by
infectious diseases specialists and/or neurologists. The publication of a consensus statement for
PML diagnosis by the AAN in 2013 may contribute to improve the reliability of PML reporting

in registries®.

Second, the selection algorithm intrinsically excluded from the study population all
PML occurring in patients with no evidence of immunocompromise. The presence of a
predisposing immunosuppressive pathology was an essential criterion to discriminate authentic
PMLs from alternative neurological diagnoses wrongly coded A81.2, the most frequent being
stroke, vascular leukopathy, epilepsy or congenital leukopathy, that are all independent of the
patient’s immune status. A review recorded 38 cases of PML in minimal or occult
immunosuppression conditions from 1966 to 200974, and two recent cohorts reported that PMLs
in this context accounted for ~6% of incident PML diagnoses®’-*. Besides, the sensitivity of
A81.2 code could not be assessed in our preliminary assessment study, due to the absence of
PML registries in the 3 centers, thus we cannot rule out that genuine PML diagnoses may have
been miscoded and missed. Lastly, the results of our preliminary validation study infer that a
small proportion of patients with genuine PML was presumably excluded from our national
cohort, while a small proportion of patients who did not have authentic PML were included,
due to the limits of the selection algorithm. These points may have biased incidence estimation.

However, our findings were consistent with what was most recently described by other authors.

Third, it is important to note that one-year mortality was calculated from the date of
diagnosis and not from the onset of symptoms (information unavailable in the SNDS). Indeed,
the median symptom-to-diagnosis interval ranged from 40 to 74 days in previous reports’>%7>,
which is easily explained by the rarity and complexity of PML diagnosis. In accordance with
this statement, the median time from diagnosis to death in our study was lower than the reported
median time from onset of symptoms to death, which ranged from 4 months [3-7] to 130 days

in previous studies?’?®. This underlies a bias in Kaplan-Meier survival curves and a possible
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overestimation of mortality rate. Nevertheless, overall and disease-specific mortality rates in

our study were either equivalent or lower to those described in previous literature.

Fourth, the SNDS comprises data on all reimbursements for medication dispensed out-
of-hospital, whereas the in-hospital dispensing database reports reimbursements of costly
therapies only. Data on drug dosing and precise length of exposure are not available. Besides,
we could not describe exposure to chemotherapy due to the poor reliability of coding in the
PMSI. Thus, description of immunosuppressive drug exposure could not be exhaustive in our
study and is underestimated. This explains why exposure to an immunosuppressive drug used
in solid organ transplantation was not found in all patients of this group. Last, we could not
describe the pharmacological or immunomodulating therapies attempted by clinicians to treat

PML.

In conclusion, our study shows the feasibility of an epidemiological study using the
national healthcare database system SNDS. It dramatically highlights the need for a preliminary
assessment of the ICD coding of the disease of interest, with a particular stress on rare and
difficult to diagnose pathologies. Our large national cohort contributes to a better knowledge of
PML incidence, predisposing immunosuppressive conditions and mortality. It participates to
enhance clinicians’ awareness and earliness of diagnosis, which are critical points to improve
management of this rare but severe disease. Finally, these epidemiological data, and especially

mortality rates, are a prerequisite for future research and urgently needed clinical trials.
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Figures and Tables

Figure 1. Flow chart.

Source population (n =2175)

Patients with an A81.2 diagnosis
code as PD and/or RD and/or AD

from January 1%, 2008 to December

31%,2017 [ Patients excluded from the analysis (n = 1591)
o Absence of A81.2 code as PD or RD
(n=1201).

e Absence of predisposing
immunosuppressive condition diagnosis
code* (n = 209).

e Absence of brain MRI within 6 months prior
to first PML diagnosis (n = 121).

e Presence of A81.2 code prior to January 1%,
2010 (n = 60).

A \ J
Study population (n = 584)

A 4

Patients with incident PML from January 1%,

2010 to December 315, 2017

* Predisposing immunosuppressive conditions included HIV infection, haematological malignancy,
chronic inflammatory disease, solid neoplasm, SOT, and PID. Exhaustive diagnoses codes are listed in
Appendix II.

PD : principal diagnosis; RD : related diagnosis; AD : associated diagnosis;, MRI : magnetic resonance
imaging; PML : progressive multifocal leukoencephalopathy.
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Figure 2. Evolution of PML incident cases and underlying immunosuppressive

conditions during the study period.
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Figure 3. Distribution of immunosuppressive pathologies predisposing to PML.

<1%

CLL : Chronic lymphocytic leukemia; HIV : Human immunodeficiency virus; MDS : Myelodysplastic syndrome; PID : Primary immunodeficiency; SLE : Systemic lupus erythematosus.

39



Figure 4A. Kaplan-Meier survival curve at one year following PML diagnosis (n = 584).
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Figure 4B. Kaplan-Meier survival curves at one year following PML diagnosis in sub-
groups of adult patients with chronic inflammatory disease, HIV, haematological

malignancy and solid neoplasm (n = 524).
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Summary of the Number of Censored and Uncensored Values

Stratum | Underlying immunosuppressive disease Total| Failed|Censored Percent

Censored

1HIV 255 80 175 68.63

2| Chronic inflammatory disease 118 21 97 82.20

3 |Haematological malignancy 127 76 51 40.16

4|Solid neoplasm 24 17 7 29.17

Total 524%* 194 330 62.98

* The following patients were excluded from the analysis: patients with solid organ transplantation, patients with
primary immune deficiency, patients with two or more concomitant predisposing diseases, patients under 18 years

of age.
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Table 1. Characteristics of incident PML patients according to underlying immunosuppressive condition.

Underlying immunosuppressive disease® All HIV Haematological Chronic Solid neoplasm Solid organ Primary
(n =584) (n =276) malignancy inflammatory (n=35) transplantation immune
(n =143) disease (n=28) deficiency
(n=120) n=9)
Age at diagnosis (years), median [IQR] 52 [44-64] 48 [42-53] 66 [58-75] 46 [41-54] 61 [52-71] 64 [57-70] 53 [31-63]
Gender, number (%)
Male 339 (58.0) 186 (67.4) 77 (53.8) 47 (39.2) 23 (65.7) 17 (60.7) 5(55.6)
Female 245 (42.0) 90 (32.6) 66 (46.2) 73 (60.8) 12 (34.3) 11 (39.3) 4 (44.4)
Associated comorbidities, number (%)"
0 461 (78.9) 221 (80.1) 117 (81.8) 106 (88.3) 30 (85.7) 4(14.3) 6 (66.7)
[1-2] 118 (20.2) 53(19.2) 26 (18.2) 14 (11.7) 5(14.3) 22 (78.6) 2(22.2)
>3 5(0.9) 2 (0.7) 0 0 0 2(7.1) 1(11.1)

Immunosuppressive drug exposure,
number (%)

Corticosteroids 285 (48.8) 86 (31.2) 100 (70.0) 67 (55.8) 20 (57.1) 20 (71.4) 7(718)
Rituximab 81 (13.9) 3(L1) 73 (51.0) 4(33) 1(29) 3(10.7) 2(222)
Natalizumab 80 (13.7) 1(0.4) 0 80 (66.7) 0 0 0
Other MS treatment® 14 (2.4) 0 5(3.5) 9 (7.5) 0 0 0
Other 68 (11.6) 2(0.7) 30 (21.0) 14 (11.7) 0 23 (82.1) 1 (11.1)
IRIS occurrence, number (%) 41 (7.0) 26 (9.4) 3(2.1) 11(9.2) 1(2.8) 1(3.6) 2(22.2)
One-year all-cause mortality, number (%) 223 (38.2) 91 (33.0) 87 (60.8) 21 (17.5) 24 (68.6) 12 (42.9) 4 (44.4)
Days from diagnosis to death, median 63 [42-102] 72 [42-102] 59 [41-111] 65 [51-83] 48 [42-53] 50 [29-65] 129 [46-212]

[IQR]

* Twenty-five patients had two or three immunosuppressive diseases (see Appendix V)

b See appendix I11

¢ Alemtuzumab, dimethyl fumarate, fingolimod, ofatumumab.

4 Adalimumab, azathioprine, ciclosporin, cyclophosphamide, infliximab, leflunomide, methotrexate, mycophenolate mofetil, sirolimus, tacrolimus, temserolimus.

Abbreviations: HIV: Human immunodeficiency virus; IQR: Interquartile range; IRIS: Immune reconstitution inflammatory syndrome;, PML: Progressive multifocal leukoencephalopathy.
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Table 2. Characteristics of PML patients according to one-year mortality or survival (n =

524).

One-year mortality All* Death at one Survival at one p-value
(n=524) year year
(n=194) (n=330)
Age (years), median [IQR] 51 [44-62] 56 [46-69] 49 [42-57] <.0001
Age (years), number (%) <.0001
> 60 146 (27.9) 83 (42.8) 63 (19.1)
140-60] 292 (55.7) 90 (46.4) 202 (61.2)
120-40] 86 (16.4) 21(10.8) 65 (19.7)
Gender, number (%) 0.040
Male 302 (57.6) 123 (63.4) 179 (54.2)
Female 222 (42.4) 71 (36.6) 151 (45.8)
Underlying immunosuppressive <.0001
disease, number (%)
HIV 255 (48.7) 80 (41.2) 175 (53.0)
Haematological malignancy 127 (24.2) 76 (39.2) 51 (15.4)
Chronic inflammatory disease 118 (22.5) 21 (10.8) 97 (29.4)
Solid neoplasm 24 (4.6) 17 (8.8) 7(2.1)
Associated comorbidities, 0.14
number (%)**
0 430 (82.1) 156 (80.4) 274 (80.4)
! 59 (11.3) 28 (14.4) 31(9.4)
22 35 (6.7) 10 (5.2) 25 (7.6)
IRIS 35(6.7) 5(2.6) 30 (9.1) 0.004

* The following patients were excluded from the analysis: patients with solid organ transplantation, patients with
primary immune deficiency, patients with two or more concomitant predisposing diseases, patients under 18 years
of age.

** See Appendix IIT

Abbreviations: IQR : interquartile range; IRIS : Immune reconstitution inflammatory syndrome.
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Table 3. Cox proportional hazards model for factors associated with one-year mortality,

univariate and multivariate analysis (n = 524).

Crude HR* p-value Adjusted HR** p-value
[95% CI] [95% CI]
Age (years), number (%) <.0001 0.022

> 60 1 1

140-60] 0.44 [0.32-0.59] 0.65[0.44-0.93]

120-40] 0.33 [0.20-0.53] 0.51[0.30-0.87]

Gender, number (%) 0.04 0.04

Male 1 1

Female 0.74 [0.55-0.98] 0.73 [0.54-0.99]
Underlying immunosuppressive <.0001 <.0001
disease, number (%)

Chronic inflammatory disease 1 |

HIV 1.91 [1.18-3.09] 1.83 [1.12-3.00]

Haematological malignancy 4.45 [2.74-7.22] 3.13 [1.85-5.30]

Solid neoplasm 5.81[3.06-11.0] 4.34[2.25-8.37]
Associated comorbidities, 0.14 -
number (%)***

0 | )

! 1.4110.94-2.11] -

22 0.74 [0.39-1.41] ;

Presence of IRIS 0.01 0.05

Yes 1 1

No 3.1[1.27-7.5] 2.39[0.98-5.84]

* The following patients were excluded from the analysis: patients with solid organ transplantation, patients with
primary immune deficiency, patients with two or more concomitant predisposing diseases, patients under 18 years

of age.

** Hazard ratios were adjusted for age, gender, underlying immunosuppressive condition and IRIS.

*#* See Appendix 111

Abbreviations: CI : Confidence interval; HR: Hazard ratio; IRIS : Immune reconstitution inflammatory syndrome.
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Conclusion et perspectives

Notre étude de cohorte se distingue par le grand effectif de patients inclus a 1’échelle
nationale, permettant une description épidémiologique globale des patients atteints de LEMP
entre 2010 et 2017 en France, quel que soit le terrain prédisposant. Une des forces de notre
¢tude est la réalisation d’une étude préliminaire multicentrique de validation du codage de la
LEMP dans le PMSI, condition indispensable a I’interprétabilité de nos données. Nos résultats
d’incidence, de répartition des terrains prédisposants, d’exposition médicamenteuse et de
mortalité corroborent et complétent les données disponibles dans les cohortes les plus récentes
concernant cette pathologie rare. Notre étude apporte de nouvelles données originales a la
littérature existante : la proportion non négligeable de patients atteints de cancer solide parmi
le pool des LEMP incidentes et un pronostic particuliérement sombre pour ce sous-groupe de
patients ; le sexe féminin comme un facteur protecteur indépendant; le premier résultat
d’incidence de I’IRIS chez les patients atteints de LEMP tous terrains confondus, ainsi qu’une

tendance non significative de I’IRIS comme un facteur protecteur dans la LEMP.

Notre étude confirme la faisabilité d une étude épidémiologique a grande échelle a partir
de la base de données nationale du SNDS. Cette base s’avere particulierement précieuse pour
I’étude de pathologies rares comme la LEMP, pour lesquelles néanmoins, les imperfections de
codage dans le PMSI sont exacerbées. Notre étude met I’accent sur la nécessité de réaliser une
¢tude préliminaire d’évaluation de la valeur prédictive positive (VPP) du codage de la
pathologie d’intérét dans le PMSI. Elle met en lumicre le bénéfice a mettre en place un
algorithme de sélection des patients extraits du SNDS, permettant d’améliorer de fagon
drastique cette VPP. Il est a noter que notre étude de validation multicentrique n’a porté que sur
des centres hospitalo-universitaires (CHU). Nous n’avons donc pas d’information sur la qualité
du codage dans le PMSI des centres hospitaliers non CHU ni des organismes privés. De plus,
nous avons noté une tendance a une amélioration de la fiabilité du codage au niveau du CHU
de Toulouse a partir de I’année 2015, correspondant a I’année de professionnalisation du codage
PMSI : le codage est désormais réalisé par des techniciens et techniciennes informatiques
spécialement formé(e)s et non plus par les équipes médicales. De plus en plus d’établissements
francais mettent en place cette mesure (bien que nous n’en connaissions pas la liste précise), et
I’on peut donc supposer qu’une amélioration de la fiabilité du codage sera notable dans les
années a venir. Ceci devrait également encourager 1’utilisation du SNDS pour les études

épidémiologiques futures en France.
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Comme cité en introduction, les nouvelles approches thérapeutiques dans la prise en
charge de la LEMP sont activement a I’étude. Ces stratégies ne peuvent uniformément
s’appliquer a tous les patients atteints de LEMP et doivent étre individualisées selon le type de
pathologie ayant prédisposé a la survenue de la maladie. Cependant, la rareté de la pathologie
rend difficile le développement d’essais thérapeutiques comparatifs a grande échelle. De telles
¢tudes sont pourtant urgemment nécessaires pour cette pathologie au pronostic encore sombre,
et dont le risque concerne de plus en plus de patients en raison de 1’utilisation croissante des
immunothérapies. Nos données concernant I’incidence et la mortalité constituent un prérequis
indispensable pour la mise en place et I’interprétation de ces essais thérapeutiques. En
particulier, une meilleure connaissance de la mortalité spécifique par terrain prédisposant est
nécessaire a I'interprétation de ’efficacité d’un traitement dans un sous-groupe de patients
donné, et permet de tendre vers une approche personnalisée dans le choix de la meilleure

thérapie.

46



Annexes

Annexe I : Classification du degré de certitude du diagnostic de LEMP selon le consensus
de ’American Academy of Neurology (AAN), définissant la LEMP comme certaine,
probable ou possible. Traduit de 1’anglais, d’aprés Berger JR. et al°.

Tableau 1. Etablissement du diagnostic de LEMP avec les données cliniques,

radiologiques et biologiques.

Certitude du Manifestations Résultats d’imagerie PCR JCYV dans le
diagnostic de LEMP cliniques compatibles compatibles LCS
Certaine + + +
+ - +
Probable
- + +
+ + -/NF
Possible
- - +
Non LEMP + - -
- + -

Abreéviations : NF non fait ou résultat équivoque ; LEMP Leucoencéphalopathie multifocale progressive ; PCR
Polymerase chain reaction ; JCV John Cunningham virus ; LCS Liquide cérébrospinal. + positif ; - négatif-

Tableau 2. Etablissement du diagnostic de LEMP avec les données histopathologiques.

. Certi.tude du histoprl;lt‘:nao(}ggique Im(l)llllullrll(i)chri;:(c)(c);igﬁe PCR JC.V dans le
diagnostic de LEMP classique® électronique tissu
+ + +
Certaine + -/NF +
+ + -/NF
Probable” + - -/NF
Possible - + -/NF
Non LEMP - - -/NF

# Triade histopathologique classique : démyélinisation, astrocytes « bizarres », oligodendrocytes a noyaux élargis.

bLa présence de caractéristiques cliniques ou radiologiques focales en faveur du diagnostic et non expliquées par
la présence possible de pathologies confondantes, augmente la certitude diagnostique a une LEMP certaine.
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Annexe II : Liste des codes de pathologies immunosuppressives utilisés dans 1’algorithme

de sélection des patients de notre population d’étude, selon la Classification Internationale

des Maladies, 10°™ version.

Catégorie de Nom de la Code I
patl%ologie pathologie CIM-10 Intitulé du code CIM-10
C00 Tumeur maligne de la lévre
Co1 Tumeur maligne de la base de la langue
C02 Tumeur maligne de la langue, parties autres et non précisées
C03 Tumeur maligne de la gencive
C04 Tumeur maligne du plancher de la bouche
C05 Tumeur maligne du palais
C06 Tumeur maligne de la bouche, parties autres et non précisées
C07 Tumeur maligne de la glande parotide
Co8 Tumeur maligne des glandes s,al.iv,aires principales, autres et
non précisées
C09 Tumeur maligne de I’amygdale
C10 Tumeur maligne de I’oropharynx
Cll Tumeur maligne du rhinopharynx
Cl12 Tumeur maligne du sinus piriforme
C13 Tumeur maligne de I’hypopharynx
Cl4 Tumeur maligne de la Iévre, de la cavité buccale et du
pharynx
C15 Tumeur maligne de 1’cesophage
Cl6 Tumeur maligne de 1’estomac
C17 Tumeur maligne de I'intestin gréle
C18 Tumeur maligne du colon
C19 Tumeur maligne de la jonction recto-sigmoidienne
C20 Tumeur maligne du rectum
Ca'ncer Tumeur maligne C21 Tumeur maligne de ’anus et du canal anal
i (solide (?u sans précision C22 Tumeur maligne du foie et des voies biliaires intrahépatiques
hématologique) C23 Tumeur maligne de la vésicule biliaire
C24 Tumeur maligne des voies biliaires, autres et non précisées
C25 Tumeur maligne du pancréas
26 Tumeur maligne des organes digestifs, de siéges autres et
mal définis
C30 Tumeur maligne des fosses nasales et de I’oreille moyenne
C31 Tumeur maligne des sinus de la face
C32 Tumeur maligne du larynx
C33 Tumeur maligne de la trachée
C34 Tumeur maligne des bronches et du poumon
C37 Tumeur maligne du thymus
C38 Tumeur maligne du cceur, du médiastin et de la plévre
Tumeur maligne de I’appareil respiratoire et des organes
C39 . . " e
intrathoraciques, de siéges autres et mal définis
C40 Tumeur maligne des os et du cartilage articulaire des
membres
Tumeur maligne des os et du cartilage articulaire, de siéges
4l autres et mal définis
C43 Mélanome malin de la peau
C44 Autres tumeurs malignes de la peau
C45 Mésothéliome
C46 Sarcome de Kaposi
Cc47 Tumeur maligne des nerfs périphériques et du systéme

nerveux autonome
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C48

Tumeur maligne du rétropéritoine et du péritoine

C49 Tumeur maligne du tissu conjonctif et des autres tissus mous
C50 Tumeur maligne du sein
Csl1 Tumeur maligne de la vulve
C52 Tumeur maligne du vagin
C53 Tumeur maligne du col de I"utérus
C54 Tumeur maligne du corps de I’utérus
C55 Tumeur maligne de 1’utérus, partie non précisée
C56 Tumeur maligne de ’ovaire
C57 Tumeur maligne des organes gfr':n.iternux de la femme, autres et
non précisés
C58 Tumeur maligne du placenta
C60 Tumeur maligne de la verge
Col Tumeur maligne de la prostate
C62 Tumeur maligne du testicule
63 Tumeur maligne des organes gén}t{mx de I’homme, autres et
non précisés
Co64 Tumeur maligne du rein, a I’exception du bassinet
C65 Tumeur maligne du bassinet
C66 Tumeur maligne de "uretére
Tumeur mgl?gne C67 Tumeur maligne de la vessie
sans prémsmn C68 Tumeur maligne des organes urinaires, autres et non précisés
(suite) C69 Tumeur maligne de I’eil et de ses annexes
C70 Tumeur maligne des méninges
C71 Tumeur maligne de I’encéphale
Tumeur maligne de la moelle épiniére, des nerfs craniens et
C72 & . .
autres parties du systéme nerveux central
C73 Tumeur maligne de la thyroide
C74 Tumeur maligne de la surrénale
C75 Tumeur maligne d’autres glande's endocrines et structures
apparentées
C76 Tumeur maligne de siéges autres et mal définis
C77 Tumeur maligne des ganglion§ l.erlphatiques, secondaire et
non précisée
Tumeur maligne secondaire des organes respiratoires et
C78 digesti
igestifs
C79 Tumeur maligne secondaire de si¢ges autres et non précisés
C80 Tumeur maligne de siége non précisé
C97 Tumeurs malignes de siéges multiples indépendants
C81 Lymphome de Hodgkin
C82 Lymphome folliculaire
C83 Lymphome non folliculaire
C84 Lymphomes a cellules T/NK matures
C85 Lymphome non hodgkinien, de types autres et non précisés
C86 Autres types précisés de lymphomes a cellules T/NK
Cancer C88 Maladies immunoprolifératives malignes
hématologique C90 Myélome multiple et tumeurs malignes a plasmocytes
91 Leucémie lymphoide
C92 Leucémie myéloide
C93 Leucémie monocytaire
C9% Autres leucémies a cellules précisées
C95 Leucémie a cellules non précisées
96 Tumeurs malignes de§ tissus lympho'l'de,’hf':rrrlatopo'fe'tique et
apparentes, autres et non précisees
B20 Immunodéﬁciegce l'lurnai.ne virale [VIH], .?a I’origine de
maladies infectieuses et parasitaires
VIH VIH B21 Immunodéficience humaine Vlrgle [VIH], a I’origine de
tumeurs malignes
B22 Immunodéficience humaine virale [VIH], a I’origine d’autres

affections précisées
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B24

Immunodéficience humaine virale [VIH], sans précision

721 Infection asymptomatique par le VIH
Sclérose en G35 Sclérose en plaques
plaques
Lupus L93 Lupus érythémateux
érythémat
oy erm a e}lx M32 Lupus érythémateux disséminé
disséminé
MO05 Polyarthrite rhumatoide séropositive
. MO06 Autres polyarthrites rhumatoides
Polyarthrit
olyartirites M08 Polyarthrites juvéniles
M09 Polyarthrites juvéniles au cours de maladies classées ailleurs
Psoriasis L40 Psoriasis
Myosites M33 Dermatopolymyosite
Vascularites & M313 Granulomatose de Wegener
Maladies auto- ANCA M301 Périartérite avec attemte,;.)ulm?nalre (C.hurg-Strauss)
inflammatoires - - M317 Micropolyangéite microscopique
Gosuygnergc‘z-rg;égeren M350 Syndrome de Gougerot-Sjogren
Sclerf)de.nme M34 Sclérodermie systémique
systemique
Sarcoidose D86 Sarcoidose
Myasthénie G70 Myasthénie et autres affections musculaires
Néphropathie N029 Her,naturle‘ reC{d%V'fmte et per51st@te, sans précision [}’3e.rger]
Hématuries récidivantes et persistantes avec autres 1ésions
IgA N028 -
morphologiques [Berger]
Maladies K50 Maladie de Crohn
inflammatoires
chroniques de K51 Recto-colite hémorragique [colite ulcéreuse]
I’intestin
Déficit immunitaire avec déficit prédominant de la
D80 AN
I . production d’anticorps
A Deﬁ?lt. . Deﬁfnt‘ D81 Déficits immunitaires combinés
lmmfml'iz.l;re 1mm'un?t?1§re D82 Déficit immunitaire associé a d’autres anomalies majeures
primitt primiti D83 Déficit immunitaire commun variable
D84 Autres déficits immunitaires
794 sauf
Greffe d’organe o sau , .
. codes ci- Greffe d’organe et de tissu
solide \
apres
Greffe Greffe de cellules Z94.800‘ Autogreffe de cellules souches hématopoiétiques
souches 794.801 a
. vt 794.804 et Allogreffe de cellules souches hématopoiétiques
hématopoiétiques 794 809
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Annexe I1I : Liste exhaustive des comorbidités recherchées dans le PMSI dans les 12 mois

ayant précédé le diagnostic de LEMP, avec les codes CIM-10 associés. Adapt¢ de Bannay

et al*®

, apres exclusion des pathologies immunosuppressives prédisposant a la LEMP ayant

permis de définir les groupes de patients dans notre étude.

Code CIM 10 Remboursement de Rembourse-
médicament ment d’acte
médical
Infarctus du 121;122;1252;1255 - -
myocarde
Insuffisance 1110;1130;1132;150 - -
cardiaque
Vasculopathie 70;171;1731;1738;1739;1771;1790;1792;K551; - Pose de stent
périphérique K558;K559;2958;2959 périphérique
Maladie G45;G46;H340;160-169 - -
cérébrovasculaire
Démence F00-F03;F051;G30;G311 Au moins 3 -
remboursements de
traitement indiqué
pour la maladie
d’ Alzheimer
Pathologie 1278;1279;J40-J47;J60-J67;1684;J701;J703 Au moins 2 -
pulmonaire remboursements de
chronique bronchodilatateur
Pathologie ulcéreuse  K25-K28 - -
Pathologie B18;K700- - -
hépatique légére K703;K709;K713;K715;K717;K73;K74;K760;K7
62-K764;K768;K769,7944
Pathologie 1850;1859;1864;1982;K704;K711;K721;K729;K76 - -
hépatique modérée 5-K767
a sévere
Diabéte non E100;E101;E106; E108-E 111; E116; E118- E Au moins 3 -
compliqué 121; E126; E128- E131; E136; E138- E141; tehdboursements de
E148; E149 médicament anti-
diabétique
Diabéte compliqué* E102-E105;E107;E112-E115;E117;E122- - Laser pour
E125;E127;E132-E135;E137;E142-E145;E147 rétinopathie
diabétique
Hémiplégie G041;G114;G801-G802;G81;G82;G830;G831- - -
G834,G839
Maladie rénale 1120;1131;N032-N037;N052- - Session de
modérée a sévere NO57;N18;N19;N250;,7490-7492;7940,7992 dialyse

* La définition du diabéte compliqué est complétée par la présence d’un diabéte avec au moins une des
comorbidités suivantes associée : infarctus du myocarde, maladie rénale modérée a sévére, et maladie

cérébrovasculaire.
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Annexe IV : Tableau des patients cumulant deux pathologies immunosuppressives

prédisposantes ou plus (n = 25).

Pathologies immunosuppressives concomitantes Nombre de patients

Deux pathologies concomitantes

VIH et cancer hématologique 9
VIH et cancer solide 7
VIH et maladie auto-immune 2
VIH et greffe d’organe solide 1
Cancer hématologique et cancer solide 2
Cancer hématologique et greffe d’organe solide 2
Trois pathologies concomitantes
VIH, cancer hématologique et cancer solide 2
Total 25
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Annexe V : Exposition médicamenteuse de ’ensemble des patients dans les 24 mois ayant

précédé le diagnostic de LEMP.

Médicament Total VIH Pathologie Maladie Cancer Transplan- Déficit
s ez Ml il o e o imn
(n = 143) chronique (n=35) solide primitif

(n=120) (n=28) n=9)
Corticostéroides 285 86 100 67 20 20 7
Rituximab 81 3 73 4 1 3 2
Natalizumab 80 1 - 80 - - -
Mycophénolate 31 - 6 4 - 22 -

mofétil

Ciclosporine 18 - 10 - - 8 -
Tacrolimus 16 - 4 - - 13 -
Cyclophosphamide 15 - 14 1 - - -
Méthotrexate 10 2 2 7 - - -
Fingolimod 9 - - 9 - - -
Alemtuzumab 4 - 4 - - - -
Azathioprine 4 - 1 1 - 1 1
Infliximab 2 - - 2 - - _
Ofatumumab 2 - 2 - - - -
Diméthyl fumarate 1 - - 1 - - -
Adalimumab 1 - - 1 - - _
Leflunomide 1 1 - - - - -
Sirolimus 1 - - - - 1 -
Temserolimus 1 - 1 - - - -
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Incidence de la leucoencéphalopathie multifocale progressive et
pathologies prédisposantes : une cohorte nationale francaise de
2010 a 2017

L’¢épidémiologie de la leucoencéphalopathie multifocale progressive (LEMP) reste mal connue.
Nous avons conduit une étude de cohorte de 2010 a 2017 & partir de la base de données nationale de
I’ Assurance maladie appelée SNDS, et avons identifié 584 cas de LEMP incidente. L’incidence globale
de la LEMP en France sur la période d’étude était de 0.11 pour 100 000 personnes-années, IC 95%
[0.10-0.12]. La principale pathologie prédisposante était ’infection par le virus de I'immunodéficience
humaine (VIH) (47.2%), suivie des hémopathies malignes et des pathologies inflammatoires chroniques.
La mortalité toute cause a 1 an était de 38.2%, IC 95% [34.2-42.2]. En analyse multivariée, les facteurs
associés de facon indépendante a la mortalité étaient 1’age plus avancé (p = 0.02), le sexe masculin (p =
0.04) et la pathologie prédisposante, avec un risque maximal pour les cancers solides, suivis des
pathologies hématologiques et du VIH, en comparaison aux maladies inflammatoires chroniques (p <
0.0001). Notre étude apporte de nouvelles données épidémiologiques concernant la LEMP qui sont un
prérequis indispensable a I’interprétation des essais thérapeutiques futurs.

Knowledge of progressive multifocal leukoencephalopathy (PML) epidemiology remains
limited. We conducted a cohort study based on the French national healthcare database called SNDS
and identified 584 cases of incident PML from 2010 to 2017. Overall PML incidence in France during
the study period was 0.11 per 100,000 person-years, 95% CI [0.10-0.12]. The main predisposing
pathology was human immunodeficiency virus (HIV) infection (47.2%), followed by haematological
malignancies and chronic inflammatory diseases. One-year all-cause mortality was 38.2%, 95% CI
[34.2-42.2]. In multivariate analysis, factors independently associated with death were older age (p =
0.02), male gender (p = 0.04), and predisposing disease with the highest risk for solid neoplasms,
followed by haematological malignancies and HIV infection, compared with chronic inflammatory
diseases (p < 0.0001). Our study provides new epidemiological data on PML that are essential for the
interpretation of future and urgently needed therapeutic trials.
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