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Introduction 
 

La leucoencéphalopathie multifocale progressive (LEMP) est une infection opportuniste 

démyélinisante du système nerveux central (SNC), liée à l’infection lytique des 

oligodendrocytes par le polyomavirus JC (JCV) (1). La LEMP affecte principalement les 

individus souffrant d’immunodépression cellulaire dans le cadre d’une infection par le VIH 

(notamment avant l’ère des traitements antirétroviraux hautement actifs), d’une hémopathie 

maligne, d’un déficit immunitaire primitif, ou d’une immunosuppression thérapeutique dans 

un contexte de transplantation d’organe solide ou de maladie inflammatoire systémique. La 

LEMP est une maladie rare, qualifiée d’orpheline, et grave avec une mortalité variant entre 29 

et 90% selon les pathologies sous-jacentes (2,3). Des séquelles affectent 71 à 92% des 

survivants, d’ordre modérées à sévères pour plus de 30% d’entre eux (4,5). En l’absence de 

traitement antiviral efficace sur le JCV (6,7,8,9) la seule stratégie thérapeutique repose sur la 

restauration des réponses immunitaires anti-JCV. Les réponses lymphocytaires T CD4+ et 

CD8+ sont importantes pour le contrôle de l’infection par le JCV, et la détection chez les 

patients de lymphocytes T CD4+ et CD8+ anti-JCV est associée à un meilleur pronostic 

(10,11,12). Au cours de l’infection par le VIH, le contrôle de la réplication du VIH par un 

traitement antirétroviral efficace permet cette restauration immunitaire, avec une survie à un 

an du diagnostic de 75% (13). Pour les patients sous traitement immunosuppresseur pour une 

hémopathie maligne, un cancer, une pathologie inflammatoire ou auto-immune, ou une 

transplantation d’organe solide, la stratégie consiste en un arrêt ou un allègement du 

traitement immunosuppresseur (14), attitude non réalisable lorsque le déficit immunitaire est 

primitif. Le pronostic des LEMP survenant sur ces terrains est particulièrement sombre, avec 

des médianes de survie de 2 à 8 mois (15,16,17,18). La restauration la plus précoce possible 

après le diagnostic de LEMP des réponses immunitaires antivirales, dans le but d’obtenir un 

contrôle de la réplication virale JC et de l’infection active des oligodendrocytes, est cruciale 

afin d’améliorer le pronostic de la maladie. Cette restauration immunitaire peut toutefois être 

associée à la survenue d’un syndrome inflammatoire de restauration immunitaire (dont 

l’acronyme anglo-saxon est IRIS) en lien avec une infiltration des lésions de LEMP par des 

lymphocytes T CD8+, dans le cadre d’une réponse antivirale protectrice par nature, mais 

délétère par intensité (19). 

 

Plusieurs stratégies d’immunothérapies visant à promouvoir la restauration de ces réponses 

immunitaires antivirales sont en cours d’investigation. Celles-ci reposent sur le transfert 
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adoptif de lymphocytes T spécifiques (20- 23), l’utilisation d’anticorps monoclonaux bloquant 

des molécules de checkpoint immunitaire comme Programmed-Cell Death-1 (PD-1) (24-30), 

l’utilisation de cytokines comme l’interleukine-2 (31,32), l’interleukine-15 (33) ou 

l’interleukine-7 (34-44), ou encore sur des stratégies vaccinales actives (38,45) ou passives 

(46). Ces approches sont synthétisées dans le tableau 1. A noter également qu’une stratégie 

antivirale reposant sur l’édition génomique est en cours d’étude, grâce à l’outil CASPR/Cas9 

(46).  

Ces stratégies restent expérimentales et reposent sur un faible niveau de preuve, 

correspondant principalement à des cas cliniques isolés ou des séries de faible effectif avec un 

potentiel biais de publication de résultats positifs. 
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Tableau 1: Différentes stratégies d’immunothérapie actuellement à l’étude dans le champ de la 
LEMP 
Type 

d’Immunoth�rapie 

Stratégie 

passive/ 

active 

Mécanisme 

d’action 

Nombre de 

patients traités 

(terrain) 

Résultats Effets 

indésirables 

principaux 

Références 

IL-2 (administrée par 

voie IV ou SC 

quotidiennement) 

Active Expansion 

lymphocytaire 

(LT effecteurs et 

LT régulateurs) 

4  

(hématologie, 

natalizumab) 

Amélioration 

clinique sur 4/4 

patients. Survie 

prolongée 

Syndrome 

fébrile, 

arthralgies, 

bactériémie 

31,32 

IL-15 (forme à demi-

vie longue, 6 µg/kg 

par voie SC par 

semaine) 

Active Expansion 

lymphocytaire T 

CD8+ mémoires 

et NK 

1  

(hématologie) 

Amélioration 

clinique et 

survie 

prolongée 

Ø 33 

IL-7 (cf Tableau 2) 

(10 ou 20 µg/kg par 

voie IM ou SC) 

Active Expansion 

lymphocytaire T 

CD4+ et CD8+ 

naïfs et 

mémoires, 

expansion du 

répertoire TCR 

12 

(hématologie, 

VIH, 

lymphopénie 

idiopathique, 

sarcoïdose, 

transplanté 

rénal) 

11 patients avec 

évolution 

favorable  

1 décès  

Réactions au 

point 

d’injection, 

syndrome 

pseudo-

grippal, 

hépatite 

34-44 

Anticorps 

monoclonaux anti- 

PD-1 (Nivolumab ou 

Pembrolizumab) 

Active Réversion du 

phénotype 

d’exhaustion 

lymphocytaire  

16 

(hématologie, 

VIH, déficit 

immunitaire 

primitif, 

transplantés 

rénaux) 

8 patients avec 

évolution 

favorable 

Perte de 

greffon, 

diarrhée, 

IRIS, 

éruption 

cutanée  

24-30 

Lymphocytes 

spécifiques expandus 

ex-vivo (autologue, 

donneur apparenté ou 

issu de bio-banque) 

Passif Apport de 

lymphocytes 

cytotoxiques 

antiviraux (JCV 

ou BKV) 

14 

(hématologie, 

déficit 

immunitaire, 

VIH) 

9 patients avec 

évolution 

favorable 

IRIS 20-23 

Vaccination par des 

pseudo-particules 

virales VP1 (associée 

à un agoniste de 

TLR7/8 et à l’IL-7rh) 

Active Augmentation 

des titres 

d’anticorps 

neutralisants (et 

expansion 

lymphocytaire 

avec IL-7) 

3  

(en association 

avec IL-7rh) 

Amélioration 

clinique sur 2/3 

patients, 

stabilisation 

chez 1/3. 

Ø (réaction 

au point 

d’injection 

d’IL-7) 

38,45 

Anticorps spécifiques Passif Apport 

d’anticorps anti-

JCV 

0 ND ND 46 
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Mon travail de thèse s’est concentré sur l’intérêt de l’immunothérapie par IL-7 recombinante 

humaine (IL-7rh) au cours des LEMP. L’interleukine-7 est une cytokine sécrétée par les 

cellules stromales de la moelle osseuse et du thymus. Elle exerce ses effets suite à la fixation 

au récepteur à l’IL-7 (IL-7R), constitué de la chaine commune au récepteur de cytokines ɣc 

(CD132) et de la chaîne α ou IL-7Rα (CD127). L’IL-7R est exprimé à la surface de certains 

progéniteurs B, ainsi que des lymphocytes T naïfs, et mémoires non activés, et seulement sur 

une très faible proportion de lymphocytes T effecteurs. La fixation de l’IL-7 sur son récepteur 

induit les voies de signalisation Jak/Stat, impliquée dans la transcription de signaux anti-

apoptotiques, et PI3K/AKT, impliquée dans la stimulation de la prolifération via l’activation 

du cycle cellulaire. L’IL-7 favorise la survie et la prolifération des lymphocytes T naïfs et 

mémoires, et entraîne une diversification du répertoire des TCR (48). En cas de lymphopénie, 

l’IL-7 s’accumule dans le sérum et les tissus, puis ses taux diminuent après reconstitution 

lymphocytaire (49). Dans des modèles murins, il a été montré que l’administration d’IL-7 

favorise la résolution d’infections virales chroniques comme l’infection par le virus LCMV 

(lymphocytic choriomeninigitis virus) (50). Chez des patients lymphopéniques du fait d’une 

infection par le VIH, d’un déficit immunitaire primitif ou au décours d’une greffe de cellules 

souches hématopoïétiques, l’administration d’IL-7rh conduit à une augmentation du taux de 

lymphocytes T CD4+ et CD8+ de façon transitoire jusqu’à un an post-traitement, ainsi qu’une 

diminution de la proportion de lymphocytes T régulateurs, et une augmentation de la diversité 

du répertoire du TCR chez certains patients (51-54). L’analyse de la littérature retrouve 12 

patients traités par IL-7rh pour une LEMP, rapportés sous forme de cas cliniques 

principalement chez des patients atteints de lymphopénie CD4 idiopathique, dont 11 ont eu 

une évolution favorable. Ces données de très faible niveau de preuve suggèrent un bénéfice de 

l’immunothérapie par IL-7rh, représentant ainsi un espoir certain dans le champ de cette 

maladie grave. Une synthèse de ces 12 patients est présentée dans le tableau 2.  

 

L’objectif de mon travail de thèse a été, à partir d’une cohorte rétrospective multicentrique 

assemblée à cet effet dans le cadre d’une collaboration internationale, i) de définir la 

proportion de patients survivants à 12 mois de l’initiation de l’IL-7rh, ii) d’identifier des 

facteurs prédictifs de survie et iii) de décrire le profil de tolérance de cette approche. Ce 

travail fait l’objet d’un article présenté dans ce manuscrit, article qui sera soumis 

prochainement à une revue scientifique avec comité de lecture.  
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Tableau 2: Synthèse des publications rapportant l’utilisation d’IL-7rh chez des patients atteints de LEMP 
 

Publication Age et 

Sexe 

Pathologie sous- 

jacente 

Année 

de 

traite-

ment 

Traitements 

autres 

Détails sur 

l’administra-

tion d’IL-7rh 

Délais entre 

symptômes 

et IL-7rh 

Effets indésirables Evolution virologique LCR 

/immunologique 

plasmatique 

Devenir Durée de 

suivi 

Patel et al.  

J Antimicrob 

Chemother 2010 

(ref 34) 

ND Lymphopénie CD4 

idiopathique 

< 2010 Cidofovir 

Risperidone 

Mefloquine 

Brincidofovir 

Dapsone 

ND > 4 mois Ø Augmentation du taux de 

lymphocytes T CD4 circulants 

Vivant, 

séquelles 

majeures 

ND 

Alstadhaug et al.  

JAMA Neurol 2014 

(ref 35) 

Homme 

de 61 

ans 

Lymphopénie CD4 

idiopathique 

2012 Mirtazapine 10 µg/kg SC par 

injection 1 fois 

par semaine 

durant 3 

semaines 

6 mois Ø Augmentation du nombre des 

lymphocytes T CD4 et CD8 

circulants, avec augmentation 

des réponses fonctionnelles 

antivirales 

Vivant, 

séquelles à 

type 

d’épilepsie 

complexe 

14 mois 

Gasnault et al. 

Open Forum Infect 

Dis 
2014 (ref 36) 

Femme, 

53 ans 

Lymphopénie post-

allogreffe pour 

myélofibrose 

2012 Ø 20 µg/kg SC par 

injection 1 fois 

par semaine 

durant 3 

semaines 

2 mois Syndrome pseudo-

grippal traité par 

paracétamol 

Négativation de la PCR JCV 

dans le LCR, augmentation du 

nombre des lymphocytes T 

CD4 et CD8, et apparition de 

réponse fonctionnelle CD4 et 

CD8 anti-JCV 

Vivant, 

séquelles 

minimes 

18 mois 

Soleimani-

Meigooni et al. J 

Neurovirol 2018 
(ref 37) 

Homme 

de 77 

ans 

Lymphopénie post-

chimiothérapie pour 

lymphome du 

manteau 

2014 IgIV, Solumedrol, 

Mirtazapine, 

Mefloquine 

20 µg/kg SC par 

injection 1 fois 

par semaine 

durant 3 

semaines 

4 mois Possible IRIS 

corticosensible 

Diminution de la charge virale 

JCV dans le LCR et 

augmentation du nombre des 

lymphocytes T CD4 et CD8 

Vivant, 

séquelles 

1 an 
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Sospedra et al. Clin 

Infect Dis 2014 
(ref 38) 

 Homme ? (non-VIH) ND Pseudo-particules 

virales VP1 + 

adjuvant 

(agoniste 

TLR7/8) 

10 µg/kg SC par 

injection 1 fois 

par semaine 

durant 3 

semaines 

>12 mois Réaction légère au 

point d’injection 

Négativation de la PCR JCV 

dans le LCR, augmentation du 

nombre des lymphocytes T 

CD4 anti-JCV 

Vivant, 

séquelles 

ND 

Sospedra et al. Clin 

Infect Dis 2014 
(ref 38) 

 ND ? (non-VIH) ND Pseudo-particules 

virales VP1 + 

adjuvant 

(agoniste 

TLR7/8) 

10 µg/kg SC par 

injection 1 fois 

par semaine 

durant 3 

semaines 

>12 mois Ø Négativation de la PCR JCV 

dans le LCR, augmentation du 

nombre des lymphocytes T 

CD4 anti-JCV 

Vivant, 

séquelles 

ND 

Miskin et al. 

Neurol 

Neuroimmunol 

Neuroinflamm 

2016 (ref 39) 

Homme 

66 ans 

Lymphopénie CD4 

et CD8 idiopathique 

ND Ø 10 µg/kg IM par 

injection 1 fois 

par semaine 

durant 3 

semaines 

5 mois Ø Augmentation du nombre des 

lymphocytes T CD4 > CD8 et 

des LT régulateurs (retour à 

l’état basal après 29 semaines) 

Vivant, 

séquelles 

7 mois 

Dekeyser et al. 

Open Forum Infect 

Dis  
2017 

(ref 40) 

Homme 

67 ans 

Transplanté rénal 

sous Belatacept, 

mycophénolate 

mofetil (MMF) et 

corticoïdes. 

2015 Arrêt du MMF, 

Echange 

plasmatique du 

Belatacept 

IgIV 

20 µg/kg SC par 

injection 1 fois 

par semaine 

durant 3 

semaines 

28 jours Ø Stabilité de la charge virale 

JCV dans le LCR, 

augmentation du nombre des 

lymphocytes T CD4 sans 

restauration fonctionnelle 

Décès J41 de 

l’initiation 

de l’IL-7rh 

Harel et al.  

J Neurovirol 2018 
(ref 41) 

Femme 

de 63 

ans 

Lymphopénie CD4 

idiopathique 

ND Mirtazapine, 

Mefloquine, 

Maraviroc 

10 µg/kg IM  

par injection 1 

fois par semaine 

durant 3 

semaines 

> 6 mois Ø Pas de suivi de la PCR JCV 

dans le LCR ; pas 

d’augmentation du nombre 

des lymphocytes T CD4/CD8 

Vivant, 

séquelles 

> 1 an 

Guille et al. AIDS  
2019 

(ref 42) 

Femme 

de 49 

ans 

VIH 2016 Ø 10 µg/kg IM par 

injection 1 fois 

par semaine 

1 mois Ø Négativation de la PCR JCV 

dans le LCR, augmentation du 

nombre des lymphocytes T  

Vivant, 

séquelles 

minimes 

18 mois 
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durant 4 

semaines 

CD4 et CD8, apparition de 

réponse fonctionnelle anti-

JCV 

Alstadhaug et al.  

Clin Infect Pract 

2020 

(ref 43) 

Femme 

de 78 

ans 

Sarcoïdose 

pulmonaire sous 

corticothérapie 

(arrêté 25 ans 

auparavant) 

2019 Mirtazapine 10µg/kg IM par 

injection 1 fois 

par semaine 

durant 4 

semaines 

17 semaines Réaction au point 

d’injection. 

Episode fugace de 

confusion et d’ataxie. 

Négativation de la PCR JCV 

dans le LCR, augmentation du 

nombre des lymphocytes T 

CD4 et CD8 

Vivant avec 

séquelles 

modérées 

> 1 an 

Guffroy et al. 

Neurol 

Neuroimmunol 

Neuroinflamm 

2020 
(ref 44) 

Homme 

de 45 

ans 

Lymphopénie 

compliquant une 

sarcoïdose 

pulmonaire 

ND Ø 10 µg/kg par 

injection 1 fois 

par semaine 

durant 4 

semaines 

ND Détresse respiratoire 

et hypercalcémie liée 

à une poussée sévère 

de sarcoïdose 

corticosensible 

Augmentation du nombre des 

lymphocytes T CD4 

Vivant 6 mois 

 

 

 

 

 

 

 

 

 

 

 

 



 

Outcome of progressive multifocal leukoencephalopathy treated 

by recombinant human Interleukin- 7, a retrospective multicenter 

cohort study 
 

Abstract 
 

Background: Restoring anti-JC virus (JCV) immunity is the primary treatment of 

progressive multifocal leukoencephalopathy (PML). Interleukin-7 is a cytokine increasing 

numbers and function of T cells. Since anecdotical case descriptions have reported PML 

improvement following recombinant human IL-7 (rhIL-7) administration, we surveyed a 

multicenter cohort of patients who received rhIL-7 for compassionate treatment of PML to 

estimate survival after rhIL-7 administration, analyze factors associated with survival, and 

describe its safety profile. 

Methods: After exclusion of patients with missing data or receiving other 

immunotherapies, 64 patients with proven PML who received rhIL-7 between 2007 and 2020 

were included. Logistic regression was used to analyze variables associated with one-year 

survival. 

Findings: Underlying conditions were HIV/AIDS (n=27, 42%), hematological 

malignancies (n=16, 25%), primary immunodeficiencies (n=13, 20%), solid organ 

transplantation (n=4, 6%) and chronic inflammatory diseases (n=4, 6%). One-year survival 

was 54.7% and was similar between groups. Survival was not associated with baseline 

variables, but with a >50% increase in blood lymphocytes (OR 4.1, 95%CI 1.2-14.9, p=0.027) 

and CD4+ T cells (OR 5.9, 95%CI 1.7-23.3, p=0.0076) and a > 1 log copies/mL decrease in 

CSF JCV DNA (OR 7.6, 95%CI 1.6-56.1, p=0.019) following rhIL-7 initiation. Side effects 

occurred in 19 patients, mainly local and flu-like symptoms (n=8, 12,5%) and PML-IRIS 

(n=5, 7,8%). 

Interpretation:  

In this non-controlled, retrospective survey of rhIL-7-treated PML patients, survival of 

HIV-patients did not differ from that expected in rhIL-7-untreated patients, although for other 

underlying conditions, rhIL-7 may be beneficial. Blood lymphocytes increase and CSF JCV 

replication decrease during treatment follow-up were associated with better survival. 

Funding:  

None.
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Research in context 

 

Evidence before this study 

Recovery of anti-JCV specific immune responses provides to date the only 

opportunity to halt PML. Several experimental immunotherapeutic approaches have been 

proposed to this regard, including cytokines, immune checkpoint blockade or transfer of 

virus-specific T cells. Interleukin-7 is a pivotal cytokine regulating T cell homeostasis. 

Administration of recombinant human IL-7 (rhIL-7) promoted quantitative and qualitative 

immune recovery in several phase I/II trials of lymphopenic patients, and it improved PML 

outcome in all except one of 12 cases reported in the literature as individual or small series 

reports, as of June 2021. Because case reports of new treatments followed by favorable 

outcome repeatedly raise false hopes in PML, our aim was to evaluate the impact of rhIL-7 on 

PML prognosis in a large cohort of patients. 

Added value of this study 

RhIL-7 is distributed by Revimmune® (formerly Cytheris®) and was provided for 

compassionate treatment of 85 PML patients worldwide between Aug 14, 2007, and Apr 02, 

2020. Sixty-four of them (75%) were included in this non-controlled, retrospective, 

multicenter cohort. The overall one-year survival was 54.7% and did not differ from that 

expected in rhIL-7-untreated HIV/AIDS PML patients. Nevertheless, one-year survival of 

patients with hematological malignancies, primary immunodeficiencies and solid organ 

transplant recipients in this cohort contrasted with the even worse prognosis reported in the 

literature, suggesting that a benefit of rhIL-7 cannot be excluded for these groups. We were 

unable to identify any variable at baseline associated with survival. However, early increase in 

total blood lymphocytes and CD4+ T cells and decrease in JCV DNA load in the CSF 

following rhIL-7 initiation were associated with survival. Although these changes cannot be 

accounted to rhIL-7 effect alone, they provide early biomarkers for management of PML 

patients. Safety of rhIL-7 seemed acceptable although PML-IRIS occurred in five patients 

(7.8%). 

Implications of all the available evidence 

In this unique cohort, rhIL-7 was not associated with improved PML prognosis, 

although other subgroups than HIV/AIDS patients may benefit from this immunotherapy. 

Clinical trials evaluating rhIL-7 and other potential therapeutic approaches of PML are 

urgently needed. 
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Introduction 

Progressive multifocal leukoencephalopathy (PML) is a rare but severe demyelinating 

disease of the central nervous system (CNS) caused by the reactivation of JC virus (JCV) in 

hosts with impaired cellular immunity (1). CD4+ T cell lymphopenia and qualitative 

deficiencies appear pivotal in PML occurrence (11), while both CD4+ and CD8+ T cell 

reactivity is associated with prevention and resolution of disease (12). Since there is no 

antiviral drug known to be active against JCV, recovery of antiviral specific immune 

responses remains to date the only alternative to control JCV replication, halt PML, and 

improve prognosis, as best illustrated by the effect of antiretroviral therapy (ART) on 

HIV/AIDS-associated PML survival (13). Emerging evidence suggests that PML remission 

can be achieved with novel immunotherapeutic approaches which promote the recovery of 

anti-JCV immune responses. These include immune checkpoint blockade (24), adoptive 

transfer of anti-polyomavirus specific T cells (22) and the use of G-CSF (55), or cytokines 

such as Interleukin (IL)-2 (31), IL-15 (33), or IL-7 (IL-7).  

Interleukin-7 is a non-redundant cytokine mainly produced by non‐hematopoietic 

stromal cells which is pivotal in regulating peripheral naïve T cell survival and homeostasis, 

and generation and maintenance of memory CD4+ and CD8+ T cells (56). According to 

individual case reports or small patient series published from 2010, and as of June 2021, 

eleven PML or granule cell neuronopathy patients with primary immunodeficiencies, 

hematological malignancies, HIV/AIDS or sarcoidosis have been reported to benefit from 

recombinant human IL-7 (rhIL-7) administration, either alone or in combination with VP1 

virus-like particles vaccine (34-39,41-44), while a single kidney transplant recipient died 

early after rhIL-7 initiation (40). Because isolated case reports may bias the literature by over-

reporting positive outcomes, and this has historically been true in PML, we aimed to assess 

retrospectively the outcome of PML in a large multicenter cohort of patients who received 

rhIL-7. Specific aims were to estimate the proportion of patients with PML who survived 12 

months after rhIL-7 administration, to analyze factors associated with survival at one-year, 

and to describe the overall safety profile of rhIL-7. 
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Material and methods 
 

Study Design and Participants 

RhIL-7 is distributed worldwide by Revimmune® (formerly Cytheris® until 2013, 

product code CYT107). In Europe and in the USA, an orphan drug designation for CYT107 

in the treatment of PML was granted. The molecule is available upon request of an authorized 

physician for compassionate treatment of PML, after validation by national Regulation 

Agencies or local Ethical Committees. Depending on the different time periods, CYT107 was 

administered as either subcutaneous (mostly before 2015) or intramuscular (mostly since 

2015) injections of 10 to 20 μg/kg/week for a total of four injections (one cycle), after the 

patient (or a legal representative if decision making capacity was impaired) had signed 

informed consent.  

For this study Revimmune® consented to share the list of physicians who requested 

CYT107 for compassionate treatment of PML patients between Aug 14, 2007, and Apr 02, 

2020. Referring physicians were invited to participate to this retrospective cohort study and 

provide patient’s details. All adults (age ≥ 18 years) having received at least one injection of 

rhIL-7 for treatment of definite PML (defined as compatible clinical and imaging findings and 

either JCV DNA detected in cerebrospinal fluid (CSF) or confirmatory histological analysis 

of a brain biopsy) were included (57). Patients with granule cell neuronopathy were also 

included. Patients with missing data (including cases for whom the physician in charge did 

not reply to our invitation), patients who received low-dose rhIL-7 (< 10 µg/kg), and patients 

who received other immunotherapies concomitantly or during the 12-month period after rhIL-

7 administration were not included. 

This study was approved by an institutional review board (RnIPH 2020-96), in 

accordance with the French data protection authority (MR004, Commission Nationale de 

l’Informatique et des Libertés, CNIL number 2206723v0).  

 

Data collection 

Data were retrospectively collected by the physician in charge of the patient who met 

the eligibility criteria using an anonymized case report form (CRF). CSF JCV DNA PCR was 

performed according to local techniques, and quantitative results expressed as log copies/mL. 

Side effects including PML-IRIS were recorded for all patients. Diagnosis of PML-IRIS 

relied on clinical worsening with an increase of modified Rankin Scale (mRS) of at least one 

point associated with onset or worsening of contrast-enhancing and/or edematous brain MRI 

lesions. 
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Statistical Analyses 

Descriptive analysis was performed using median with interquartile range (IQ25-75) for 

quantitative variables and number with percentage for qualitative data. The primary endpoint 

was the proportion of patients alive 12 months after rhIL-7 initiation. Logistic regression was 

used to analyze the variables associated with one-year survival. The response variable was 

one-year-survival (yes/no) and explanatory variables collected at baseline were: sex, age at 

PML diagnosis, HIV/AIDS-associated PML, immunosuppressive treatment within five years 

before PML diagnosis, modified Rankin Scale, contrast enhancing lesion, number of brain 

regions involved, blood absolute lymphocytes, CD4+ T cell and CD8+ T cell counts at 

baseline (/µL) (i.e. at or closest to the time of rhIL-7 initiation), and CSF JCV DNA at 

baseline (log copies/mL). Univariate models contained the response variable and one of these 

variables. Multivariate model was a complete model including all the explanatory variables. If 

at least one explanatory variable perfectly separates the zeros from the response variable, the 

penalized logistic regression was carried out for all the models in order to guarantee the 

consistency of the results. Blood lymphocyte counts and CSF JCV DNA were measured and 

compared at baseline and at one-month follow-up after rhIL-7 initiation for 12-months PML-

survivors on the one hand and non-survivors on the other. Wilcoxon Mann-Whitney tests 

were used for comparison at a same timepoint between survivors and non-survivors, while 

Wilcoxon signed Rank Tests for paired data were used for baseline and follow-up 

comparison. Survival analysis using Kaplan-Meier curves was performed during one year 

following rhIL-7 treatment: event was the vital status (death or not) and the delay was the 

time between initiation of treatment and death. Log-Rank test was used for comparison of 

survival curves between HIV/AIDS patients and others. All tests were 2-sided and considered 

significant at α level of 0.05. Statistical analyses were conducted using SAS® Software 

version 9.4, GraphPad Prism Software version 9, and STATA version 15.  

 

Role of the funding source 

There was no specific funding. 
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Results 
Out of 85 patients with PML who received rhIL-7 during the study period, 13 were not 

included in this survey because of missing data, one because he received low dose rhIL-7 (3 

μg/kg) and seven because they received other immunotherapies, including immune 

checkpoint inhibitors (n=4) or VP1 virus-like particles vaccine (n=3). Finally, 64 cases 

(75.3%) were included in the analyses.  

 

Patient’s characteristics and management of PML 

JCV infection of the CNS was proven in all cases, by histology only in four patients 

(6%), and by JCV DNA detection in the CSF of the remaining 60 patients (94%). One patient 

showed histology compatible with JCV granule cell neuronopathy. Characteristics of patients 

at the time of rhIL-7 initiation are presented in table 1. Main associated conditions were 

HIV/AIDS (n=27, 42%), hematological malignancies (n=16, 25%), primary 

immunodeficiencies (n=13, 20%) solid organ transplantation (n=4, 6%) and chronic 

inflammatory diseases (n=4, 6%). People living with HIV/AIDS were mainly males and 

younger than those with other conditions. Details on immunosuppressive therapies before 

PML onset are presented in supplementary table 1. Median delays between first symptoms, 

PML diagnosis and rhIL-7 initiation, mRS, performance status and number of brain lobes 

affected by PML at rhIL-7 initiation did not differ between groups. Patients living with 

HIV/AIDS had more often posterior fossa involvement (15/26, 57.7%) and had higher blood 

absolute lymphocytes (1502/µL, IQ25-75 980-2528) and CD8+ T cell (908/µL, IQ25-75 590-

1669) counts, but lower CD4+ T cell counts (96/µL, IQ 25-75 45-216) than the other groups. 

Patients with primary immunodeficiencies presented more often with contrast-enhancing 

PML lesions (8/13, 61.5%). Quantitative CSF JCV DNA PCR results at rhIL-7 initiation were 

available for 53/60 patients, with a median JCV DNA load of 3.9 log copies/mL (IQ25-75 2.7-

4.4), similar between groups. Recombinant human IL-7 was administered at 10 

µg/kg/injection to 51/59 patients (86.4%, 5 missing data) and at 20 µg/kg/injection to 8/59 

patients (13.6%), mostly through the intramuscular route (47/59, 79.7%, 5 missing data). 

Most patients received three or more rhIL-7 injections (56/64, 87.5%) (Table 2). All patients 

living with HIV/AIDS received optimized ART following PML diagnosis, with control of 

HIV-1 replication in all except one. For patients with iatrogenic PML, immunosuppressive 

treatments were stopped in 7/14 patients, and alleviated in 6/14 patients. 
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Survival analysis and correlates of survival 

One-year all-cause survival following start of rhIL-7 was 54.7% and was similar 

between the three larger patient groups, i.e., HIV infection, hematological malignancies and 

primary immunodeficiencies (Table 3). One-year probability of survival following rhIL-7 

initiation is shown in Figure 1 for the whole cohort (A) and based on HIV/AIDS status (B). 

Survival was not different between HIV/AIDS and non-HIV/AIDS patients (p=0.656). 

Overall, 28/64 patients (43.8%) died, all from neurological complications of PML and 

associated respiratory complications, although for two of them death was also potentially 

related to the evolution of the underlying disease (refractory non-Hodgkin B cell lymphoma 

and CD8+ T cells encephalitis in two patients with HIV/AIDS). Median delay between rhIL-7 

administration and death was 42.5 days (IQ25-75 23.8-60.8). Among patients who survived at 

12 months, median mRS was 3 (IQ25-75 2-4) at last neurological assessment performed a 

median of 254 days after rhIL-7 initiation (IQ25-75 174-335).  

The correlation of one-year survival with demographic and other patient’s 

characteristics at rhIL-7 initiation are presented in Table 4: none was predictive of PML 

survival by multivariate analysis. Of note, neither dose nor route nor delay between symptoms 

onset and administration of rhIL-7 was associated with survival (univariate analysis, data not 

shown). We then focused on variables collected in the first month after rhIL-7 initiation. 

Because of missing data, only an exploratory univariate analysis was performed (Table 5). 

We found that an increase of >50% in blood absolute lymphocyte and CD4+ T cell counts at 

least once during the 4-week follow-up compared to the values at the start of rhIL-7 

administration was associated with a higher likelihood of survival (respectively OR 4.1, 

95%CI 1.2-14.9, p=0.027, and OR 5.9, 95%CI 1.7-23.3 p=0.0076), while the same increase in 

absolute CD8+ T cell counts was not (OR 2.0, 95%CI 0.6-6.6, p=0.26). A > 1 log copies/mL 

decrease in CSF JCV DNA load from rhIL-7 initiation at first follow-up was also associated 

with a higher likelihood of survival (OR 7.6, 95%CI 1.6-56.1, p=0.019). Finally, when 

considering JCV DNA load in the CSF at rhIL-7 baseline and approximately at one-month 

follow up after rhIL-7 initiation, CSF JCV DNA load significantly decreased at one-month 

follow-up in survivors in comparison to non-survivors (p=<0.0001, figure 2B), although 

blood absolute lymphocytes significantly increased in both groups (p<0.05, figure 2A) and in 

equivalent magnitude (p=0.33). 

 

Safety 

Twenty side effects were reported in 19 patients (29.7% of total cohort, Table 6), 

mostly local injection reactions and flu-like symptoms (8/20, 40%). Three patients showed 
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worsening of their underlying condition after rhIL-7 treatment (non-Hodgkin B cell 

lymphoma associated-hemophagocytosis, granulomatous manifestations related to 

sarcoidosis, CD8+ T cell encephalitis, in one patient each). One lung transplant recipient 

developed chronic graft dysfunction after his immunosuppressive regimen was alleviated. 

PML-IRIS was diagnosed in 5/64 patients (7.8%), with a median of 22 days after rhIL-7 

initiation (range 11-36). PML-IRIS occurred in all groups except transplant recipients, 

without difference among groups, and irrespective of the presence of contrast-enhancing brain 

MRI lesions before rhIL-7 initiation (1/13 (7.7%) with contrast-enhancing lesions versus 4/49 

(8.2%) without). Following PML-IRIS, corticosteroids were administered to 4 of 5 patients, 

and rhIL-7 was discontinued in two, without subsequent reintroduction. No death was 

attributed to PML-IRIS. 

 

 

Discussion 
In this multicenter retrospective “real-life setting” heterogenous cohort of 64 patients 

with proven PML and treated by rhIL-7, the overall survival at 12-months following rhIL-7 

initiation was 54.7%. Although rhIL-7 did not improve the overall survival of PML, a benefit 

in one-year survival cannot be excluded for patients with hematological malignancies, 

primary immunodeficiencies and solid organ transplant recipients. 

 

This cohort is representative of the various conditions associated with PML. Although 

HIV/AIDS still represents the most frequent underlying condition in PML, its frequency is 

declining because of the effects of ART, and concurrently to an increased proportion of 

patients with other primary or acquired immunodeficiencies, such as hematological 

malignancies, chronic inflammatory (or rheumatological) diseases treated by biological 

immunosuppressive/modulatory agents, or transplant recipients (58). The analysis of survival 

should be interpreted considering different underlying PML-associated condition and 

therapeutic management, which relies on the initiation of effective ART in patients with 

HIV/AIDS, and interruption or reduction of immunosuppressive drugs in patients with 

iatrogenic PML. In this setting, the net effect of rhIL-7 on survival could not be ascertained, 

except possibly for patients with primary immunodeficiencies.  

 

This was not a controlled study. However, we attempted to compare survival in our 

cohort to survival data reported in the literature. Focusing on 28 patients with HIV/AIDS who 

received a five-drug combination ART with Enfuvirtide in the open-label non-comparative 
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prospective pilot ANRS 125 study, conducted between 2005 and 2006, the one-year 

cumulative probability of survival after PML diagnosis was 75% (95% CI 0.61-0.93) (13), 

while a 50% survival rate was previously reported in patients who received conventional 

triple-drug ART (11,59). In our study, the one-year survival of the 27 patients with 

HIV/AIDS after rhIL-7 initiation was 51.9%. All except one experienced control of HIV-1 

replication under ART, one was lost to follow up, and rhIL-7 did not seem to have improved 

PML prognosis in this group of patients. On the other hand, the similar prognosis in patients 

with HIV/AIDS and patients with hematological malignancies, primary immunodeficiencies 

and solid organ transplantation in our cohort is notable. Several case series and literature 

reviews of patients with hematological malignancies uniformly report a dismal median overall 

survival of 2 to 8 months, and a case-fatality rate reaching 90% (15). Among the 16 patients 

with hematological malignancies included in our study, the one-year survival was 50%. Along 

the same line, a case series of three PML patients and a literature review of 26 additional 

PML patients with syndromically or genetically defined primary immunodeficiencies reported 

a mortality rate of 85% one year after symptoms onset, with a median survival of four to eight 

months (16). In contrast, the one-year survival after initiation of rhIL-7 for the 13 patients 

with primary immunodeficiencies in our study was 53.9%. In solid organ transplant 

recipients, a case series and a literature review of 44 cases reported a median survival of 6.4 

months (range 4-15.6 months) following onset of PML symptoms (18). Three of the four 

transplant recipients in our study were alive 12 months after initiation of rhIL-7. Finally, out 

of four patients with chronic inflammatory diseases in our study, three were alive 12 months 

after initiation of rhIL-7. We were unable to retrieve survival data among such patients in the 

literature. Although numbers are low and direct comparisons not possible, a beneficial effect 

of rhIL-7 on the one-year survival in PML patients with hematological malignancies, primary 

immune deficits or transplant recipients seems likely. 

 

Detectable JCV-specific cellular immune responses in blood and CSF, blood CD4 T 

cell count > 200/mm3, absence of posterior fossa involvement at PML onset, and rapid 

clearance of JCV from CSF, have been suggested to correlate with longer survival in PML 

patients (1). In our study, multivariate analysis of several demographic, clinical, biological 

and brain MRI variables collected at initiation of rhIL-7 failed to identify any variable 

associated with one-year survival after initiation of rhIL-7. However, laboratory monitoring in 

the first month after rhIL-7 initiation showed that, compared to baseline, a > 50% increase in 

blood total lymphocytes and in CD4+ T cell counts, and a decrease of > 1 log copies/mL of 

CSF JCV DNA load, were associated with survival. In mice infected with lymphocytic 
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choriomeningitis virus (LCMV), IL-7 promoted cytokine production, improved T cell effector 

function and numbers, and viral clearance (50). In several phase I/II trials in patients with 

primary immunodeficiencies, HIV/AIDS or in allogeneic stem cell transplant patients, high 

circulating and tissue levels of IL-7 following administration of rhIL-7 in lymphopenic 

patients were associated with a durable increase in circulating CD4+ and CD8+ T cells. These 

effects were the likely consequence of a homeostatic expansion of both peripheral naïve and 

memory CD4+ and CD8+ T cell populations, all expressing the IL-7 receptor (CD127) alpha 

chain (52,60). RhIL-7 administration also led to an increase in the number of tissue-resident T 

cells in the gut mucosa and bone marrow in patients with idiopathic CD4+ T cell lymphopenia 

or chronic HIV infection (53,61). These quantitative changes were also associated with 

increased antigen-specific T cell responses, including viral-specific T cells, CD4+ T cell 

polyfunctionality, and diversity of T cell receptor repertoire (49,51,53,60). In our study, the 

biological variations associated with survival, i.e., the increased total lymphocyte and CD4+ 

cell numbers, could be related to initiation of effective ART or alleviation of 

immunosuppressive treatments. On the other hand, the biological effect of rhIL-7 on 

quantitative and qualitative antiviral T cell immune responses may have contributed to 

decrease in JCV replication and control of PML in some patients. However, neither JCV 

specific immune response analysis nor extensive phenotypic analysis of T cells were 

performed in patients from this cohort at baseline and during follow-up. In our cohort, neither 

dose nor route of administration of rhIL-7 was associated with survival. This is consistent 

with previous dose and dose escalation studies assessing the biological effect of injections of 

10, 20, and 30 µg/kg/week, which did not suggest a dose-dependent response to rhIL-7 

treatment (53,54). On the other hand, subcutaneous injection was associated with generation 

of antidrug antibodies in a substantial number of patients, but with no clear impact on CD4+ 

T-cell dynamics (52).  

 

Recombinant human IL-7 was well tolerated in phase I/II trials in patients with 

primary immunodeficiencies, HIV/AIDS or in allogeneic stem cell transplant (51-54,60). As 

in our cohort, injection site reactions and transient flu-like symptoms were the main adverse 

events. In addition, five patients in our cohort developed PML-IRIS. Immune restoration is 

not always beneficial and a proportion of PML patients worsens from PML-IRIS which arises 

from an excessive protective immune response against pathogen-derived antigens (19). 

Interleukin-7 may contribute to PML-IRIS occurrence by promoting lymphopenia-induced 

proliferation (62), and downregulation of the expression of the immune checkpoint molecule 

Programmed-cell death-1 by effector T cells (50). However, although most patients of our 
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cohort developing PML-IRIS required steroid treatment, none died from PML-IRIS, nor 

PML. Because IL-7 is thought to support aberrant immune activity in autoimmune diseases 

such as diabetes, multiple sclerosis, and chronic inflammatory diseases such as rheumatoid 

arthritis, ankylosing spondylitis and inflammatory bowel disease (56), IL-7 may have 

theoretically contributed to the development or worsening of the few inflammatory 

manifestations reported, and to the chronic dysfunction of the lung transplant in one patient. 

Also, the expression of the IL-7Rα-chain on common lymphoid progenitor cells, pro and pre-

B cells (but not on immature and mature B cells) and throughout T cell development and 

maturation (except on effector cells) may theoretically promote IL-7R-mediated proliferation 

to such an extent that it contributes to the worsening of lymphoid tumors (56). However, no 

relapse of underlying hematological malignancies was reported among 16 patients in our 

cohort, although long term follow-up is not yet available. 

 

This work is limited by its observational, retrospective and non-comparative design. 

The population was not homogenous, since patients presented different underlying conditions 

and data from small-size sub-populations were difficult to analyze and compare. In addition, 

case selection may have been subjected to referral bias to expert centers of particularly severe 

patients, and statistical analyses were also limited by the small sample size and some missing 

data. The study was multicentric and therefore analyses were not standardized among centers, 

including CSF JCV DNA detection and quantification, and MRI evaluations. On the other 

hand, this was a unique real-world study, including almost all PML patients who have 

received rhIL-7 so far, and with clinical and laboratory data collected in a standardized CRF, 

in order to guarantee, as much as possible, the validity of the information.  

 

In conclusion, this unique cohort of patients with PML provides important information 

on a suggested immunotherapeutic treatment of PML and suggests a literature bias related to 

over-reporting of positive outcomes by individual case descriptions. Survival did not differ 

from that expected in rhIL-7-untreated PML patients, although a benefit in patients with 

hematological malignancies, primary immunodeficiencies and solid organ transplant 

recipients cannot be excluded. Total lymphocyte and CD4+ T cell count increase and CSF 

JCV replication decrease during treatment were associated with better survival, but it was not 

possible to ascertain whether they depended on rhIL-7 therapy, immune restoration through 

ART or withdrawal of immunosuppressive drugs, or both. Rigorous clinical trials further 

evaluating rhIL-7 and other potential therapeutic approaches of PML are urgently needed. 
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Table 1: Main characteristics of the 64 patients at rhIL-7 initiation  
 

 All 
(n=64) 

HIV/AIDS 1  

(n=27) 

Hematological  
malignancies 2 

(n=16) 

Primary  
immuno-deficiencies 

3 (n=13) 

Transplant 
recipients4  

(n=4) 

Chronic inflammatory 
diseases 5 

(n=4) 

Male sex (n, %) 37 (57.8) 19 (70.4) 8 (50) 6 (46.2) 2 (50) 2 (50) 

Age at PML diagnosis 
(median, IQ25-75, years) 53 (41-66.5) 43 (37-51) 68.5 (60-71.5) 54 (49-61) 57 (42-62) 72.5 (58.5-75) 

Immunosuppressive 
treatment in the 5 years 
before PML diagnosis (n, 
%) 

28 (43.8) 2 (7.4) 16 (100) 4 (30.8) 4 (100) 2 (50) 

Delay between first 
symptoms to rhIL-7 
initiation (median, IQ25-75, 
days) 

78 (52-154) (1/64) 78 (55-170) 69 (42.5-126.5) 125 (70.5-183) (1/13) 26.5 (11-145) 98 (66.5-277) 

Delay between PML 
diagnosis to rhIL-7 
initiation (median, IQ25-75, 
days) 

42 (22-61) (1/64) 48 (23-64) 33 (18.5-46) 47.5 (38.5-75) (1/13) 18 (7.5-50) 29.5 (17.5-37) 

mRS (median, IQ25-75) 4 (3-4) (1/64) 4 (3-4) 4 (3-4) 4 (3-4) (1/13) 3.5 (1.5-4) 3 (2-3.5) 
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PS (median, IQ25-75) 40 (30-50) (3/64) 40 (30-50) 50 (40-50) (1/16) 50 (30-60) (2/13) 40 (35-70) 60 (50-80) 

Number of brain lobes 
affected (median, IQ25-75) 

4 (3-5) (3/64) 4 (2-5) (1/27) 4 (3-4) (1/16‡) 4 (2.5-5.5) (1/13) 3.5 (2.5-4) 3.5 (2.5-4.5) 

Number of patients with 
posterior fossa involvement 
(n, %) 

24 (39.3) (3/64) 15 (57.7) (1/27) 4 (26.7) (1/16) 4 (33.3) (1/13) 0 1 (25) 

Number of patients with 
PML contrast enhancing 
lesions (n, %) 

13 (21) (2/64) 1 (3.8) (1/27) 3 (20) (1/16) 8 (61.5) 0 1 (25) 

Blood absolute lymphocyte 
count (median, IQ25-75/µL) 

1171 (450-1945) 
(2/64) 1502 (980-2528) 641.5 (366.5-1238.5) 500 (200-1300) 

(2/13) 920 (470-3650) 906 (356.5-2113) 

Blood absolute CD4+ T cell 
count (median, IQ25-75/µL) 132.5 (66-302.5) 96 (45-216) 130 (77.5-250.5) 140 (87-282) 281.5 (133-650) 597.5 (201.5-1028) 

Blood absolute CD8+ T cell 
count (median, IQ25-75/µL) 

452.5 (139-922) 
(2/64) 

908 (590-1669) 
(1/27) 260 (139-452) (1/16) 209 (58-376) 100 (89-405.5) 105.5 (61-648.5) 

Quantitative JCV DNA load 
in CSF (median, IQ25-75, log 
copies/mL) 

3.9 (2.7-4.4) (7/60*) 3.6 (2.6-4.3) (5/27) 4.2 (2.7-5.4) (2/16) 3.8 (2.8-4.2) 4.1 (4.0-4.4) 3.3 (0.7-5.2) 
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1 Among HIV/AIDS patients, 19/27 (70.4%) were not on ART and 23/26 (88.5%, one missing data) had unsuppressed HIV-1 replication (> 2.3 log10 copies/mL) at PML 
diagnosis 
2 Hematological malignancies were B cell non-Hodgkin lymphoma (9/16, 56.2%), chronic lymphoid leukemia (2/16, 12.5%), Hodgkin lymphoma (1/16, 6.2%), T cell 
lymphoma (1/16), Waldenström macroglobulinemia (1/16), myelofibrosis (1/16) and acute myeloid leukemia (1/16) 
3 Primary immunodeficiencies included idiopathic CD4+ T cell lymphocytopenia (n=6), common variable or combined immunodeficiency (n=4), inherited 
epidermodysplasia verruciformis (n=1), Mc Kusik syndrome (n=1) and Zinseer-Cole-Engeman syndrome (n=1) 
4 Transplanted organs were kidney (n=3) and lung transplant (n=1) 
5 Chronic inflammatory diseases included sarcoidosis (n=2), rheumatoid arthritis (n=1) and polymyalgia rheumatica (n=1) 
* 7 patients with positive CSF JCV DNA PCR with qualitative method only 
Abbreviations: ART, antiretroviral therapy; CSF, cerebrospinal fluid; HIV/AIDS, human immunodeficiency virus/acquired immunodeficiency syndrome; IQ, interquartile; 
JCV, JC virus; mRS, modified Rankin scale; PML, progressive multifocal leukoencephalopathy; PS, performance status; rhIL-7, recombinant human interleukin 7 
All baseline variables refer to data at or closest to the time of rhIL-7 initiation, unless specified 
Number of patients with missing data are indicated in brackets by fraction after each result if applicable 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary table 1: Other characteristics of the 64 patients 

 
Immunosuppressive medications refer to treatments received for underlying conditions, whether ongoing at the 
time of PML diagnosis or not. 
1 Doxorubicin for Kaposi Sarcoma 
2 Prednisolone for B cell lymphoma-associated hemophagocytosis 
3 Rituximab, Obinutuzumab, Infliximab, Basiliximab, Gemtuzumab-Ozogamicine 
4 Azathioprine, calcineurin inhibitors, MMF, anti-thymoglobulins, belatacept, everolimus, methotrexate 
*1 patient with positive blood JCV viral load with qualitative method only 
Number of patients with missing data are indicated in brackets by fraction after each result if applicable 

 
 
 
 
 
 
 

  All 
(n=64) 

HIV/AIDS 
(n=27) 

Hematological 
malignancies 

(n=16) 

Primary 
immuno-

deficiencies 
(n=13) 

Transplant 
recipients 

(n=4) 

Chronic 
inflammatory 

diseases 
(n=4) 

Chemotherapy (n, %) 16 (25) 1 1 (3.7) 15 (93.8) 0 0 0 

Steroids (n, %) 16 (25) 1 2 (3.7) 4 (25) 4 (30.8) 4 (100) 3 (75) 

Monoclonal antibodies 3 
(n, %) 21 (32.8) 0 14 (87.5) 3 (23.1) 4 (100) 0 

Other 
immunosuppressive 
drugs 4 (n, %) 

8 (12.5) 0 2 (12.5) 1 (7.7) 4 (100) 1 (25) 

Allogeneic HSCT (n, %) 3 (4.7) 0 3 (18.7) 0 0 0 

Autologous HSCT (n, 
%) 2 (3.1) 0 2 (12.5) 0 0 0 

Positive JCV PCR in 
blood at rhIL-7 initiation 
(n, %) 

20/29 
(69.0) 

3/6 (50) 7/9 (77.8) 8/9 (88.9) 1/2 (50) 1/3 (33.3) 

Quantitative JCV load in 
blood at rhIL-7 initiation 
(median, IQ25-75, log 
copies/mL) 

3.0 (2.5-
3.5) 

(1/20*) 

3.0 (2-4.3) 3.3 (2.5-3.4) 2.7 (2.3-
3.5) (1/13) 

3.1 4.2 



  37 

Table 2: PML treatment: rhIL-7 therapy and concomitant treatments 
 

  All 
(n=64) 

HIV/AIDS 
(n=27) 

Hematological 
diseases 
(n=16) 

Primary 
immuno-

deficiencies  
(n=13) 

Transplant 
recipients  

(n=4) 

Chronic 
inflammatory 

diseases 
(n=4) 

rhIL-7 dosage       

rhIL-7 10 
µg/kg/injection (n, %) 

51/59 
(86.4) 
(5/64) 

21/24 (87.5) 
(3/27) 13 (81.3) 10/11 (90.9) 

(2/13) 3 (75) 4 (100) 
 

rhIL-7 15 or 20 
µg/kg/injection (n, %) 

8/59 
(13.6) 
(5/64) 

3/24 (12.5) 
(3/27) 3 (18.8) 1/11 (9.1) 

(2/13) 1 (25) 0 

rhIL-7 way of 
administration       

rhIL-7 intramuscular 
administration (n, %) 

47/59 
(79.7) 
(5/64) 

20/25 (80) 
(2/27) 12 (75) 9/10 (90) 

(3/13) 2 (50) 4 (100) 

rhIL-7 number of 
injections       

1 or 2 rhIL-7 injections 
(n, %) 8 (12.5) 5 (18.5) 2 (12.5) 1 (7.7) 0 0 

3 or 4 rhIL-7 injections 
(n, %) * 56 (87.5)  22 (81.5) 14 (87.5) 12 (92.3) 4 (100) 4 (100) 

Other treatments       

Mirtazapine (n, %) 19 (29.7) 5 (18.5) 6 (37.5) 6 (46.2) 0 2 (50) 

Mefloquine (n, %) 3 (4.7) 0 2 (12.5) 1 (7.7) 0 0 

IVIg (n, %) 6 (9.4) 1 (3.7) 4 (25) 0 1 (25) 0 

* 1 patient with primary immunodeficiency received two courses of three injections 
Number of patients with missing data are indicated in brackets by fraction after each result if applicable 
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Table 3: One-year status after rhIL-7 initiation 

 
  All (n=64) HIV/AIDS 

(n=27) 
Hematological 

diseases 
(n=16) 

Primary 
immuno-

deficiencies 
(n=13) 

Transplant 
recipients  

(n=4) 

Chronic 
inflammatory 

diseases 
(n=4) 

Alive (n, %) 35 (54.7) 14 (51.9) 8 (50) 7 (53.9) 3 (75) 3 (75) 

Death from any 
cause (n, %) 28 (43.8) 12 (44.4) 8 (50) 6 (46.2) 1 (25) 1 (25) 

Lost to follow-up 
(n, %) 1 (1.6) 1* (3.7) 0 0 0 0 
Delay between 
rhIL-7 initiation 
and death, days 
(median, IQ25-75) 

42.5  
(23.8-60.8) 

35.5  
(21.5-50.3) 

39.5  
(29.3-66.8) 

46  
(26.3-102.5) 41 75 

* This patient was lost to follow-up at day 328 after rhIL-7 initiation. 
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Figure 1: One-year probability of survival following rhIL-7 treatment initiation 
 

 
 
A. One-year probability of survival following rhIL-7 treatment initiation in the whole cohort (light grey area 
indicates CI95) 
B. One-year probability of survival following rhIL-7 treatment initiation in patients with HIV/AIDS or other 
underlying diseases 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4: Uni- and multivariate analyses of variables at rhIL-7 initiation associated with one-year survival after rhIL-7 initiation 
    Univariate analyses Multivariate analyses 

  Survivors Non-survivors OR (95 % CI) p-value OR (95 % CI) p-value 

Sex  Male 10 14 1  1  

Female 17 6 4.0 (1.2-13.6) 0.029 7.4 (0.9-58.1) 0.057 

Age at PML diagnosis 
(years) 

< 65 22 12 1  1  

≥ 65 5 8 0.34 (0.09-1.3)  0.11 0.18 (0.023-1.5) 0.11 

PML-related condition  Other than HIV/AIDS 15 12 1  1  

HIV/AIDS 12 8 1.2 (0.37-3.8) 0.76 0.64 (0.042-9.8) 0.75 

Immunosuppressive 
treatment within 5 years 
before PML diagnosis 

No 16 9 1  1  

Yes 11 11 0.56 (0.18-1.8) 0.34 0.52 (0.059-4.6) 0.56 

mRS 4-5 16 15 1  1  

0-3 11 5 2.1 (0.58-7.3) 0.26 3.0 (0.49-18.7) 0.23 

Contrast enhancing 
lesion on brain MRI 

Yes 6 3 1  1  

No 21 17 0.62 (0.13-2.8) 0.54 3.0 (0.35-25.7) 0.32 

Number of brain regions 
involved by PML 

> 2 19 20 1  1  

≤ 2 8 0 17.9 (0.81-392.8) 0.067 7.4 (0.36-151.8) 0.19 

Lymphocyte count (/µL) < 1500 19 17 1  1  

≥ 1500 8 3 2.4 (0.54-10.5) 0.25 0.88 (0.089-8.5) 0.91 

CD4+ T cell count (/µL) < 200 19 11 1  1  

≥ 200 8 9 0.52 (0.15-1.7) 0.28 0.66 (0.12-3.7) 0.64 

CD8+ T cell count (/µL) < 120 9 3 1  1  

≥ 120 18 17 0.35 (0.082-1.5) 0.16 0.4 (0.042-3.9) 0.43 

JCV CSF DNA load  
(log copies/mL) 

Median (IQ25-75 ) 3.95 (2.55-4.45) 4.21 (2.80-4.79) 0.77 (0.51-1.2) 0.22 0.80 (0.47-1.36) 0.41 

Uni- and multivariate analyses were performed on a set of variables collected at baseline before initiation of rhIL-7 in a subset of 47 patients with no missing data for their 
association with vital status at 12 months. CSF: Cerebrospinal fluid; mRS: modified Rankin Scale 



Table 5: Univariate analyses of follow-up variables collected during the first month after rhIL-7 initiation 
for their association with one-year survival 
 
    Univariate analyses 

  Survivors Non- 
survivors 

OR (95 % CI) p-value 

> 50 % blood lymphocytes 
increase at least once 
(n*=46/64) 

No 7 12 1  

Yes 19 8 4.1 (1.2-14.9) 0.027 

> 50 % blood CD4+ T cell 
increase at least once 
(n=48/64) 

No 5 12 1  

Yes 22 9 5.9 (1.7-23.3) 0.0076 

> 50 % blood CD8+ T cell 
increase at least once 
(n=46/64) 

No 10 11 1  

Yes 16 9 2.0 (0.6-6.6) 0.27 

> 1 log copies/mL CSF 
JCV DNA decrease at first 
CSF JCV DNA 
monitoring** (n=39/64) 

No 11 12 1  

Yes 14 2 7.6 (1.6–56.1) 0.019 

*n = number of patients included in each analysis 
** First CSF JCV DNA monitoring occurred with a median delay of 32 days (IQ25-75 23-52) after rhIL-7 
initiation 
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Figure 2: Blood lymphocytes and CSF JCV DNA at baseline and at one-month follow-up after rhIL-7 
initiation between survivors and non-survivors 
 

 
 
A. Blood lymphocytes at rhIL-7 initiation and at follow-up, with a median delay of 27 days (IQ25-75 23.5-29) 
after rhIL-7 start 
B. CSF JCV DNA at rhIL-7 initiation and at follow-up, with a median delay of 32 days (IQ25-75 23-52) after 
rhIL-7 start 
(n = number of patients included in each analysis) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 6: Side effects including PML-IRIS 
 

  All 
(n=64) 

HIV/AIDS 
(n=27) 

Hematological 
malignancies 

(n=16) 

Primary immuno-
deficiencies  

(n=13) 

Transplant 
recipients  

(n=4) 

Chronic 
inflammatory 

diseases 
(n=4) 

Number of rhIL-7 side effects (n, %) (20 side effects 
in 19 patients) 19 (29.7)  6 (22.2) 1 4 (25) 4 (30.8) 1 (25) 4 (100) 

Local reactions and flu-like symptoms (n, %) 8/19 (42.1) 2 2 2  2 

PML IRIS (n, %) 5/19 (25) 2 1 1  1 
Worsening of B cell lymphoma associated 

hemophagocytosis (n, %) 1/19 (5.3) 1     

Worsening of CD8 T cell encephalitis (n, %) 1/19 (5.3) 1     

Worsening of sarcoidosis (n, %) 1/19 (5.3)     1 

Hepatitis (n, %) 1/19 (5.3)   1   

Diarrhea (n, %) 1/19 (5.3)  1    

Chronic lung graft dysfunction (n, %) 1/19 (5.3)    1  

Possible tuberculosis reactivation (n, %) 1/19 (5.3) 1     

PML-IRIS occurrence (n, %) 5 (7.8) 2 (7.4) 1 (6.3) 1 (7.7) 0 1 (25) 
Delay between rhIL-7 initiation and PML-IRIS 
onset (days, median, min-max) 22 (11-36) 19.5 (17-22) 36 25 - 11 

Delta mRS between rhIL-7 initiation and PML-IRIS 
(median, min-max) 1 (1-2) 1 (1-1) 1 2 - 2 
1 : One patient with HIV/AIDS presented two side-effects 
 
 
 
 
 
 



Conclusion 
 
 
Dans ce travail permis par la constitution d’une cohorte rétrospective unique, le taux de survie 

à un an de l’initiation du traitement par IL-7rh des patients atteints de LEMP est de 54,7%, 

sans impact significatif de la pathologie sous-jacente. Le caractère rétrospectif de cette étude, 

l’absence de groupe contrôle, le faible effectif (notamment lorsque l’on considère 

l’hétérogénéité des pathologies sous-jacentes), et l’absence de données sur les réponses 

immunitaires antivirales spécifiques, représentent autant de limites qui ne permettent pas de 

conclure quant au bénéfice apporté par cette stratégie thérapeutique. La survie des PVVIH 

n’est pas meilleure que celle rapportée par l’étude ANRS 125 (13), ce qui peut être interprété 

comme l’absence de bénéfice au cours des LEMP associées au VIH, ou comme un éventuel 

biais de sélection ayant conduit à l’initiation d’IL-7rh chez des patients atteints de LEMP plus 

sévères. Toutefois, le taux de survie globalement similaire des patients atteints de LEMP 

associée au VIH et celui des patients atteints d’hémopathies malignes, de déficits 

immunitaires primitifs ou transplantés d’organe solide, est particulièrement étonnant si l’on 

considère le pronostic catastrophique rapporté dans la littérature concernant les LEMP 

survenant sur ces terrains (15-18). Sous réserve d’un biais de sélection, on ne peut exclure un 

éventuel bénéfice de cette stratégie dans ces populations. Aucune variable collectée avant 

l’initiation de l’IL-7rh n’était prédictive de la survie à 12 mois, ce qui ne permet pas 

d’identifier de groupe de patients particulièrement susceptible de bénéficier de l’IL-7rh. Ceci 

peut être expliqué par l’effectif relativement faible de cette cohorte. En revanche, 

l’augmentation de plus de 50% du nombre de lymphocytes totaux et de lymphocytes T CD4 

circulants, ainsi que la diminution de plus d’1 log copies/mL de la charge virale JCV dans le 

LCR à un mois de l’initiation du traitement, par rapport aux valeurs avant traitement, 

semblent représenter des marqueurs prédictifs de survie. Ces biomarqueurs peuvent se révéler 

intéressants notamment afin de guider le niveau d’engagement thérapeutique. Concernant la 

tolérance de la procédure, sous réserve d’un faible recul et du caractère rétrospectif de leur 

recueil, les effets indésirables relevés par les cliniciens en charge des patients étaient 

principalement représentés par des réactions au site d’injection et un syndrome pseudo-

grippal. La survenue d’un IRIS-LEMP concernait cinq patients, mais a potentiellement été 

sous-estimée du fait de la difficulté du diagnostic de l’IRIS. 
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Ce travail, qui a le mérite de corriger le biais de publication de la littérature, ne permet pas de 

tirer de conclusion concernant l’efficacité de l’immunothérapie par IL-7rh. Ces données 

présentées au symposium du NIH du 14 mai 2021 ont permis d’alimenter la discussion 

actuellement en cours au niveau international sur la mise en place d’un essai clinique 

d’immunothérapie de la LEMP, pour lequel le choix de la stratégie thérapeutique n’est pas 

encore arrêté. 
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Immunothérapie par Interleukine-7 recombinante humaine 
dans la leucoencéphalopathie multifocale progressive : 

une cohorte rétrospective multicentrique 
 
 
 

Le traitement des leucoencéphalopathies multifocales progressives (LEMP) repose sur la 
restauration des réponses immunitaires contre le virus JC. L’interleukine-7 (IL-7) est une cytokine 
cruciale à l’homéostasie lymphocytaire. Nous avons constitué une cohorte rétrospective multicentrique 
incluant 64 patients traités par IL-7 recombinante humaine (IL-7rh) pour une LEMP prouvée. Parmi 
eux, 27 vivaient avec le VIH (42%), 16 avaient une hémopathie maligne (25%), 13 un déficit 
immunitaire primitif (20%), 4 étaient transplantés d’organe (6%) et 4 avaient une maladie 
inflammatoire (6%). La survie à 12 mois de l’initiation de l’IL-7rh était de 54,7%, sans différence 
selon la pathologie sous-jacente. La survie à 12 mois n’était associée à aucune caractéristique initiale, 
mais à l’augmentation de > 50% du taux de lymphocytes sanguins (OR 4,1, IC95% 1,2-14,9, p=0,027) 
et du taux de lymphocytes T CD4+ (OR 5,9, IC95% 1,7-23,3, p=0,0076), ainsi qu’à la décroissance de 
> 1 log copies/mL de la charge virale JC dans le liquide cérébro-spinal (OR 7,6, IC95% 1,6-56,1, 
p=0,019) à 1 mois de l’initiation de l’IL-7rh. Des effets indésirables sont survenus chez 19 patients, 
consistant principalement en des réactions locales et grippales (13,3%) et en un syndrome 
inflammatoire de restauration immunitaire (7,8%). Des études contrôlées évaluant l’intérêt de l’IL-7rh 
au cours de la LEMP sont nécessaires. 

 
 
 

Outcome of progressive multifocal leukoencephalopathy treated by recombinant human Interleukin- 7, 
a retrospective multicenter cohort study 
 

Restoring anti-JC virus (JCV) immunity is the primary treatment of progressive multifocal 
leukoencephalopathy (PML). Interleukin-7 is a cytokine increasing numbers and function of T cells. 
We surveyed a multicenter cohort of 64 patients who received recombinant human IL-7 for 
compassionate treatment of proven PML. Underlying conditions were HIV/AIDS (n=27, 42%), 
hematological malignancies (n=16, 25%), primary immunodeficiencies (n=13, 20%), solid organ 
transplantation (n=4, 6%) and chronic inflammatory diseases (n=4, 6%). One-year survival was 54.7% 
and was similar between underlying conditions. Survival was not associated with baseline variables, 
but with a >50% increase in blood lymphocytes (OR 4.1, 95%CI 1.2-14.9, p=0.027) and CD4+ T cells 
(OR 5.9, 95%CI 1.7-23.3, p=0.0076) and a > 1 log copies/mL decrease in CSF JCV DNA (OR 7.6, 
95%CI 1.6-56.1, p=0.019) one-month following rhIL-7 initiation. Side effects occurred in 19 patients, 
and were mainly local and flu-like symptoms (13.3%) and PML-IRIS (7.8%). Clinical trials evaluating 
rhIL-7 as a treatment of PML are needed. 
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