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Serment d’Hippocrate

En présence des enseignants ct enseignantes

de cette Faculte,
de mes chers condisciples
et selon la tradition d’Hippocrate,
je promets et je jure d’¢tre fidele aux lois de I’honneur
et de la probite dans I’exercice de la Medecine.
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Résumé

Titre - Rituximab et Mycophénolate Mofétil dans les pneumopathies interstitielles diffuses (EVER-
ILD) : résultats a 1 an d’un essai randomisé controlé

Introduction

L’essai EVER-ILD a montré qu’une bithérapie par Rituximab et Mycophénolate Mofétil (MMF), chez des
patients atteints de pneumopathie interstitielle non spécifique (PINS), était associée a une meilleure
évolution de la capacité vitale forcée (CVF) sur 6 mois, en comparaison a un traitement par placebo et
MMF. L'objectif de ce travail de thése était de réanalyser cet essai en intégrant les données de suivi a
12 mois.

Méthodes

EVER-ILD est un essai randomisé (1:1) comparant |'efficacité du Rituximab (1000 mg, jour 1 et jour 15)
vs son placebo, en sus du MMF (2 g par jour pendant 6 mois) chez des patients atteints de PINS. Apres
ces 6 mois de traitement et sans levée de I'aveugle, le médecin référent de chaque patient était libre
de choisir le traitement le plus adapté pour son patient. A 12 mois (+ 3 mois), les données de suivi
étaient recueillies a partir des dossiers médicaux des patients.

Résultats

Sur les 122 patients initialement randomisés, la CVF en % de la valeur prédite a 12 mois était disponible
pour 103 patients (52 du groupe Rituximab, 51 du groupe Placebo). Il n’a pas été mis en évidence de
différence significative d’évolution de la CVF en % de la valeur prédite entre les groupes Rituximab +
MMF et Placebo + MMF a 12 mois (interaction groupe*temps a 12 mois = 3,70 ; p = 0,072). Les risques
n’étaient pas proportionnels entre les groupes, ce qui nous a conduit a adapter la stratégie d’analyse
des données de survie. Nous avons ainsi estimé une différence de temps de survie moyen restreint de
46,4 jours (IC 95 % 6,59-86,2 ; p = 0,022) en faveur du groupe Rituximab + MMF a 365 jours.

Conclusion

A 365 jours, les patients du groupe Rituximab + MMF avaient une meilleure survie sans progression
gue ceux du groupe placebo + MMF. Il pourrait étre utile d’évaluer I'intérét d’un traitement d’entretien
par Rituximab.

Mots-clés : pneumopathie interstitielle non spécifique, rituximab, analyses de survie, temps de survie
moyen restreint
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Abstract

Title - Rituximab and mycophenolate mofetil in interstitial lung disease (EVER-ILD): one-year follow
up results of a randomized controlled trial

Background

The primary analysis of the EVER-ILD trial showed that, in patients with a pattern of nonspecific
interstitial pneumonia (NSIP), the Rituximab and Mycophenolate Mofetil (MMF) combination was safe
and superior to Placebo and MMF in terms of variation of forced vital capacity (FVC) over 6 months.
The aim of this work was to perform ancillary analysis of this trial at 12 months, integrating follow-up
data.

Methods

EVER-ILD was a randomized placebo-controlled trial. Patients with NSIP-like interstitial lung disease
(ILD) were randomly assigned (1:1) to receive Rituximab (1000 mg, on day 1 and day 15) or matching
placebo, in addition to MMF (2 g daily) for 6 months. After this initial 6 month-treatment period,
treatment was decided for each patient by their treating physician, still blinded to the initial
randomization group. At 12 months (+ 3 months), data were collected from the patient’s medical
record.

Results

Among the 122 randomized patients, 12-month FVC in %predicted was available for 103 patients (52
in the Rituximab group, 51 in the Placebo group). No significant difference was found between the
Rituximab+MMF and Placebo+MMF groups in terms of changes in FVC in %predicted over the 12-
month follow-up period (group*month interaction at 12 months = 3.70, p=0.072). Proportional hazards
assumption was not verified. Hence, we decided to adapt our methodology to analyse survival data.
We estimated a difference in restricted mean survival time of 46.4 days (95% Cl 6.59-86.2, p=0.022)
at 365 days, in favour of the Rituximab+MMF group.

Conclusion

At 365 days, patients with the Rituximab+MMF combination had better PFS compared with patients
assigned to the Placebo+MMF group. It might be useful to investigate the benefit of a maintenance
dose of rituximab in future trials.

Key words: nonspecific interstitial pneumonia, rituximab, survival analysis, restricted mean survival
time
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l. Introduction

EVER-ILD est un essai controlé randomisé de phase Ill [1,2]. Il avait pour objectif
d’évaluer I'efficacité du rituximab en association au mycophénolate mofétil (MMF) versus
placebo + MMF chez des patients atteints de pneumopathies interstitielles non spécifiques
(PINS). Le critéere de jugement principal était I'évolution de la capacité vitale forcée en
pourcentage de la valeur prédite (CVF%) a 6 mois. L’analyse principale de cet essai avait
montré I'efficacité de cette bithérapie par rapport au MMF seul a 6 mois sur la CVF%.

L’objectif de ce travail de thése était de réaliser les analyses statistiques de I'étude
ancillaire d’EVER-ILD afin de réévaluer les objectifs d’EVER-ILD a 12 mois, 6 mois apres 'arrét
du traitement de I’étude. Ce travail a mené a la rédaction d’une lettre a I’éditeur publiée dans
I’European Respiratory Journal (ERJ) [3] ainsi qu’a une communication orale au Congres de
Pneumologie en Langue Frangaise a Lille en 2024 [4]. La méthodologie de I'étude ainsi que
I’ensemble des résultats sont disponibles en annexe de ce travail, dans le manuscrit de I’article
original soumis a I'ERJ.

Nous détaillerons ici les réflexions méthodologiques que nous avons eues autour des
analyses de survie de I'étude ancillaire d’EVER-ILD. Nous ferons un bref rappel sur les
spécificités des données de survie ainsi que sur le modele de Cox. Nous présenterons une
alternative au hazard ratio obtenu par un modeéle de Cox qui est I'estimation d’une différence
de temps de survie moyen restreint ainsi que son application dans le cadre de I’étude ancillaire
d’EVER-ILD. Enfin, seront ajoutés en annexe : la lettre de recherche de I'étude ancillaire
d’EVER-ILD publiée dans I'ERJ ainsi que la version du manuscrit format article original telle
gu’initialement soumis a I’'ERJ [3].

II. Les données de survie et le modele de Cox

A. Les données de survie [5]

Les données de survie sont dites aléatoires censurées : ce sont des durées jusqu’a un
événement, qui peut se produire ou non durant le suivi. Certains individus n’auront pas de
durée jusqu’a I’événement observée dans le cadre de I'étude, soit parce qu’ils seront perdus
de vue, soit parce qu’ils n"auront pas présenté I'événement au cours du suivi (exclu-vivant).
Le temps de survie de ces individus sera censuré. Cette censure contient de I'information : le
sujet était indemne de I'événement jusqu’a sa censure. Afin de ne pas ignorer cette
information, des modeles particuliers existent permettant d’estimer un effet traitement en
présence de données censurées. Le plus fréquemment utilisé est le modeéle de Cox.

B. Le modele de Cox [5]

Le modele de Cox est souvent utilisé pour estimer un effet traitement lorsque I'on
s’intéresse aux données de survie. On présente alors un hazard ratio, correspondant au
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rapport, entre 2 groupes, des risques instantanés de présenter un événement. Ce modeéle est
utilisable si I’'on respecte les hypotheses suivantes :

1) Les observations doivent étre indépendantes ;
2) Les risques doivent étre proportionnels, c’est-a-dire que le rapport des risques
entre les 2 groupes doit étre le méme au cours du temps.

Ill. Le temps de survie moyen restreint (TSMR)

Bien que le modele de Cox soit le plus fréquemment utilisé pour analyser des données
de survie, il existe d’autres méthodes envisageables, tel que I’estimation d’un temps de survie
moyen restreint.

A. Définitions

Le temps de survie moyen restreint (TSMR) correspond au temps moyen passé sans
avoir présenté I'événement a un temps d’horizon défini. Il correspond également a I'aire sous
une courbe de survie jusqu’a un temps d’horizon, ici 365 jours (Figure 1). Ce temps d’horizon
doit étre fixé a priori de préférence et avoir une pertinence clinique [6]. Les événements
survenus apres ce temps d’horizon ne seront pas pris en compte dans I'estimation du TSMR.

100% A

t*=365

75% 4

50% -

Survie

25% 1

TSMR = 288 [277 ; 298]

0% 4

0 50 100 150 200 250 300 350 400
Jours

Figure 1 : estimation du temps de survie moyen restreint a 365 jours, correspondant a I'aire sous la courbe de survie

Afin d’estimer un effet traitement dans le cadre d’un essai clinique a 2 bras, on peut
estimer une différence de TSMR entre les groupes a un temps d’horizon défini. On pourra
alors dire, par exemple (Figure 2), qu’a 365 jours, les sujets du groupe expérimental ont passé
en moyenne 57 jours de plus sans avoir présenté I'événement que les sujets du groupe
contréble. Cette différence de TSMR correspond a la différence entre les aires sous les courbes
de survie de 2 groupes (Figure 2).
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Figure 2 : estimation d’une différence de TSMR a 365 jours, correspondant a la différence entre les aires sous les
courbes de survie

B. Meéthodes d’estimation [7]

Il existe 2 principales méthodes permettant d’estimer un TSMR : la méthode Kaplan-
Meier et |'utilisation d’'un modele de régression avec des pseudo-valeurs.

1. Meéthode Kaplan-Meier

Les courbes de survie de Kaplan-Meier des 2 groupes sont estimées puis une différence
d’aire sous les courbes est estimée jusqu’au temps d’horizon : c’est la différence de TSMR
(Figure 2). La variance est estimée a I'aide de la formule de Greenwood [7].

2. Régression a I'aide de pseudo-valeurs

Une autre possibilité est de calculer des pseudo-valeurs correspondant au temps
d’événement pour chaque individu : il n’y a alors plus de données censurées. Un modéle
linéaire a équations d’estimation généralisées est ensuite estimé avec les pseudo-valeurs
comme variable a expliquer, et le groupe traitement comme variable explicative. Cette
méthode permet I'ajustement sur des covariables, notamment les variables de stratification
de la randomisation.

C. Comparaison du TSMR au modele de Cox [8,9]
1. Avantages du modele de Cox [8]

Le modele de Cox est connu de la communauté scientifique et est le plus couramment
utilisé afin d’estimer un effet traitement sous forme de HR a partir de données de survie. Nous
disposons donc d’essais antérieurs ayant utilisé un modele de Cox, ce qui permet des
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estimations de nombre de sujets nécessaire au moment du design d’une nouvelle étude, ainsi
gue des comparaisons de résultats entre études. Les scientifiques peuvent donc étre plus
enclins a utiliser le modéle de Cox compte tenu de son utilisation majoritaire par la
communauté scientifique.

Enfin, lorsque I’hypothése des risques proportionnels est respectée, le modéle de Cox
est plus puissant que les modéles permettant I’estimation d’une différence de TMSR [8].

2. Avantages du TSMR [9]

Une différence de TMSR s’interprete plus directement qu’un hazard ratio : le résultat
correspond a une durée qu’on peut observer en vie réelle. Un hazard ratio renvoie a des
risques d’événements qui ne sont pas palpables. Il peut étre plus parlant de dire qu’un
traitement permet de gagner X jours sans présenter un événement a un temps donné, que de
dire qu’on réduit le risque d’événement de X% sur cette période.

Par ailleurs, I'hypothése des risques proportionnels est incertaine au moment du
design d’une étude et l'estimation d’une différence de TSMR ne repose pas sur cette
hypothése. Lorsque que cette derniére n’est pas respectée, le hazard ratio estimé par un
modele de Cox est difficile a interpréter. Il refletera le hazard ratio « moyen » observé sur la
période, tout en sachant que les événements survenus le plus t6t au cours du suivi auront plus
de poids que les événements les plus tardifs.

Enfin, I'estimation d’une différence de TMSR est de plus en plus fréquente et
encouragée [10]. La communauté scientifique s’acculture a cet estimateur et plusieurs essais
cliniques publiés I'ont déja utilisé [11-13].

IV. Analyse de survie de I’étude ancillaire d’EVER-ILD

L’étude ancillaire d’EVER-ILD comportait une analyse de survie. En effet, était étudié le
temps jusqu’au premier événement parmi: déclin de la CVF% de plus de 10% en valeur
absolue, arrét du MMF pour inefficacité, exacerbation de la PINS, inscription sur liste de greffe
ou déces. Les données de survie étaient recueillies a 12 mois (+/- 3 mois). Un modéle de Cox
était initialement prévu, correspondant a I'analyse principale d’EVER-ILD faite a 6 mois.

Lors de la réalisation des courbes de Kaplan-Meier a 12 mois, nous avons observé que
les risques n’étaient pas proportionnels entre les groupes (Figure 3). La présence de
croisements entre les courbes ne nous permettait pas d’estimer des hazard ratios
interprétables. Nous avons donc choisi d’estimer une différence de TSMR entre les groupes
pour obtenir un effet traitement a 12 mois a I'aide d’une régression avec pseudo-valeurs. Nous
avons ainsi pu ajuster sur les variables de stratification de randomisation de I'étude, a savoir
le type de PINS et la CVF en % de la valeur prédite (seuil a 50%). Un temps d’horizon a 365
jours a été choisi afin d’obtenir une donnée cliniqguement pertinente et potentiellement
comparable a d’autres essais [3,6]. La différence de TSMR estimée a 365 jours entre les 2
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groupes était de 46 jours (IC95% : 7 - 86), en faveur du groupe Rituximab+MMF. On peut ainsi
dire gu’en moyenne, les sujets du groupe Rituximab+MMF ont passé 46 jours de plus que ceux
du groupe Placebo+MMF sans avoir présenté d’événement.

100%
t*=365

75% 1

2
g 50%
wn
25% 4
dTSMR =46 [7 ; 86]
OO/U 1 T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450
Jours
Placebo == Rituximab
At Risk
Placebo 59 58 47 44 36 36 32 26 5 2
Rituximab 63 62 57 56 51 50 47 39 5 1

Figure 3 : Courbes de survie d’EVER-ILD avec estimation de la différence de TSMR entre les groupes de
randomisation

V. Conclusion

Les données de survie nécessitent des méthodes d’analyse spécifiques afin de tenir
compte des censures. Le modele de Cox, traditionnellement le plus utilisé, présente une limite
d’interprétabilité lorsque I’hypothése des risques proportionnels n’est pas respectée. Or, il est
difficile de faire cette hypothése a priori lors de la rédaction du protocole d’un essai clinique.
L'estimation d’une différence de TMSR permet de s’affranchir de cette hypothése tout en
proposant une estimation clinique facilement interprétable et concrete de I'effet traitement.
Cette solution a été retenue pour I'étude ancillaire d’EVER-ILD afin de fournir un résultat
cliniqguement pertinent a partir des données a 12 mois. Ceci a permis d’étayer les résultats a
6 mois de cette étude et d’apporter une nouvelle information sur la durée sans événement
pouvant étre attendue dans chaque groupe.

D’autres méthodes d’analyse des données de survie existent, tels que les win ratio,
permettant de hiérarchiser les événements entre eux. L'estimation d’un win ratio ne nécessite

pas non plus d’hypotheése sur la distribution des risques mais son interprétation peut étre
difficile.

Le choix d’'un estimateur peut étre complexe car il nécessite la prise en compte de
nombreux parametres : I'existence d’une formule permettant d’estimer le nombre de sujets
nécessaires, les hypothéses a respecter pour utiliser cet estimateur, la pertinence clinique du

17



résultat obtenu ainsi que sa compréhension par la communauté scientifique, ... Une recherche
bibliographique ainsi que des discussions avec l'investigateur sont généralement entreprises
afin de faire un choix éclairé et argumenté. En tant que médecin de santé publique, notre
formation médicale, associée a la formation en méthodologie et biostatistiques du DES de
santé publique, peut aider a faire le lien entre la question que se pose l'investigateur et les
outils méthodologiques et statistiques les plus adaptés pour y répondre.
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II.  Annexe

A. Article original soumis a I'European Respiratory Journal

Rituximab and mycophenolate mofetil in interstitial lung disease
(EVER-ILD): one-year follow up results of a randomized controlled
trial

Abstract

Background

The primary analysis of the EVER-ILD trial showed that, in patients with a pattern of
nonspecific interstitial pneumonia (NSIP), the Rituximab and Mycophenolate Mofetil (MMF)
combination was safe and superior to Placebo and MMF in terms of variation of forced vital
capacity (FVC) over 6 months. Here, we report the 12-month follow-up results.

Methods

EVERILD was a randomized placebo-controlled trial. Patients with NSIP-like interstitial lung
disease (ILD) were randomly assigned (1:1) to receive Rituximab (1000 mg, on day 1 and day
15) or matching placebo, in addition to MMF (2 g daily) for 6 months. After this initial 6 month-
treatment period, treatment was decided for each patient by their treating physician, still
blinded to the initial randomization group. At 12 months (+ 3 months), data were collected
from the patient’s medical record.

Results

Among the 122 randomized patients, 12-month FVC in %predicted was available for 103
patients (52 in the Rituximab group, 51 in the Placebo group). No significant difference was
found between the Rituximab+MMF and Placebo+MMF groups in terms of changes in FVC in
%predicted over the 12-month follow-up period (group*month interaction at 12 months =
3.70, p=0.072). Progression-free survival was greater in the Rituximab+MMF group at 365 days
(difference in Restricted Mean Survival Time = 46.4 days, 95% Cl 6.59-86.2, p=0.022). Over
the 12 month-follow-up, 16 patients in the Rituximab+MMF group and 17 in the
Placebo+MMF group had at least one infection.

Conclusion

In the EVER-ILD trial, the difference in FVC% predicted variation in favor of the Rituximab
group did not sustain beyond 6 months. At 365 days, patients with the Rituximab+MMF
combination had better PFS compared with patients assigned to the Placebo+MMF group.
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Introduction

The nonspecific interstitial pneumonia (NSIP) pattern is a usual feature of interstitial lung
disease (ILD) associated with connective tissue diseases (CTD-ILD)[1], idiopathic interstitial
pneumonia with autoimmune features (IPAF)[2] and several idiopathic ILDs (ilLD)[3]. Based on
trials involving scleroderma-related ILDs[4], the treatment of NSIP often relies on
immunosuppressive drugs such as mycophenolate mofetil (MMF) as first-step therapy and
Rituximab as rescue therapy.

The EVER-ILD trial was the first randomized placebo-controlled trial (NCT02990286) to
demonstrate the efficacy of Rituximab (1000 mg, on day 1 and day 15) versus placebo, in
addition to MMF (2 g daily) for 6 months, in patients with NSIP pattern associated with CTD-
ILD or idiopathic interstitial pneumonia (with or without autoimmune feature)[5]. The NSIP
pattern was defined either pathologically or by integration of clinical, biological and high-
resolution computed tomography (HRCT) data. Primary analysis after 6 months of treatment
showed a significant benefit of the Rituximab + MMF combination on FVC %predicted
variation from baseline to 6 months (group*month interaction = 3.60, 95% Cl 0.41-6.80,
p=0.03) and on progression-free survival (PFS, crude HR 0.47, 95% Cl 0.23-0.96, p=0.03). The
Rituximab + MMF combination was also associated with an increase in non-serious viral
infections during the first 6 months.

The objective of this final report was to present the 12-month follow-up results.

Materials and methods

Study subjects

The EVER-ILD trial was a randomized, double-blind, two-parallel group, placebo-controlled,
superiority trial, conducted at 17 French academic centers specializing in rare pulmonary
diseases including ILDs, from the OrphalLung and RespiFIL (Filiere Santé Maladies Respiratoires
Rares) networks.

The EVER-ILD trial study design [6] and 6-month follow-up results (including the primary
outcome) have been previously reported [5].

Briefly, included subjects were aged >18 and had a diagnosis of ILD, either associated with CTD
or idiopathic (IPAF or ilLD). Subjects also had a diagnosis of nonspecific interstitial pneumonia
(NSIP). The diagnosis of ILD with a NSIP pattern was proposed during a multidisciplinary
consultation meeting after integrating histological data where available, or clinical, biological
and HRCT data. NSIP-like HRCT pattern was defined as basal predominant reticular
abnormalities with peri-bronchovascular extension and subpleural sparing, associated with
ground-glass attenuation[3,7]. NSIP was considered, definitive when proven pathologically, or
was considered provisional when based on integration of available clinical-biological and HRCT
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criteria. Participants also had to be non-responsive to, or relapsing after, a first line of
immunosuppressive treatment, including glucocorticoids.

The main exclusion criteria were another significant pulmonary disorder, an HRCT pattern of
typical usual interstitial pneumonia (UIP), first-line treatment with MMF or Rituximab and
registration on a pulmonary transplantation list.

The trial was conducted in accordance with the Declaration of Helsinki, under the principles
of the Good Clinical Practice guidelines and in compliance with French laws. All included
patients gave written informed consent. This trial is registered with ClinicalTrials.gov
(NCT02990286).

Methods

Consenting eligible patients were randomly assigned (1:1) to receive either Rituximab (1000
mg IV, on day 1 and day 15) or matching placebo, in addition to MMF (2 g orally daily) for 6
months. Randomization was stratified by ILD subgroups (differentiated CTD-NSIP or IPAF-NSIP
vs iNISP) and FVC in %predicted at inclusion (£50% vs >50%). Patients and medical workers
were blinded to treatment allocation. After the primary outcome assessment at 6 months, the
patient’s allocation group remained blinded and Rituximab as well as MMF could be
prescribed in both groups at the physician’s discretion according to the best standard of care.

Outcomes

The primary outcome of the EVER-ILD trial, which was the change in FVC %predicted from
baseline to 6 months, has already been presented [5]. The primary outcome of this study was
the change in FVC %predicted from baseline to 12 months, measured in a standardized
manner at 3, 6 and 12 months in each center by respiratory physiology technicians blinded to
study treatment allocation. Secondary efficacy outcomes included Progression-Free Survival
(PFS) over the 12-month follow-up period, defined as the time to the first event among: acute
exacerbation, absolute decline of >= 10 points FVC %predicted, withdrawal of MMF for
inefficiency, registration on a lung transplantation list or death. Other efficacy outcomes were:
Change in FVC in ml from baseline to 12 months; Changes in scores based on HRCT chest
images assessed by two thoracic radiologists, experts in ILDs, who scored the extent of ILD
(ILD score) and the severity of traction bronchiectasis (Bies score) (appendix p 5); Cumulative
doses of glucocorticoids received over the 12-month follow-up period. Safety between 6 and
12 months was assessed by searching for infections in patients’ hospital medical records.

Because of the amount of missing data, only descriptive exploratory analyses were performed
for changes from baseline to 12 months in DLCO in %predicted, 6-minutes-walk test, blood
CD19 lymphocytes count and serum gamma globulins.

Post-hoc exploratory analyses were performed for the primary endpoint with exclusion of 15
patients with UIP and indeterminate HRCT pattern after the centralized review.
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Analyses

Analyses of efficacy outcomes from baseline to 12 months were prespecified. These were
based on subjects who received at least the first dose of Rituximab or Placebo. For the
analyses, patients were kept in their initial randomization group to follow the intention to
treat principle. As required by French law, patients who withdrew consent were not included
in the analysis. No imputation of missing values was performed for any analysis. All available
data at each follow-up visit from baseline to 12 months were used.

Change in FVC in %predicted from baseline to 12 months was analyzed with a linear mixed
model for repeated measures, adjusting for stratification variables, to compare differences
between study groups in the slope of FVC measurements over the 12-month follow-up period.
The model included treatment group, month, treatment-by-month interaction and
stratification variables as fixed-effects. We used a model with random individual intercepts
and random individual slopes. The treatment effect was assessed using the treatment-by-
month interaction. This model assumes data are missing at random and missing data were not
imputed.

Kaplan-Meier survival curves were designed. In addition, since the Proportional Hazards (PH)
assumption was not verified and the Hazard Ratio would have been difficult to interpret, we
estimated the difference in Restricted Mean Survival Time (RMST) using pseudovalue
regression at t*=365 and 455 days, adjusting for stratification variables as covariates. The
RMST in each group was the mean event-free time up to a specific time t*, adjusting for loss
to follow-up. We chose 2 different t* values: 365 days because it is a clinically relevant time-
point, and 455 days as it is the maximum time-point we could use [8]. Difference in RMST is
gaining interest in the scientific community as an alternative survival analysis as it is
straightforward to interpret, clinically meaningful and does not rely on PH assumption [8-10].

Change in FVC in ml from baseline to 12 months was analyzed with the same linear mixed
model as described above. Cumulative doses of glucocorticoids received between baseline
and 12 months were compared between the 2 groups using a Wilcoxon rank sum test. Changes
in scores based on HRCT chest images were analyzed using a Student test.

Adjustments on stratification variables were performed by keeping these variables as
categorical. We reported p values with no adjustment for multiplicity and for descriptive
purposes only. We used two-sided significance tests with a type | error of 5%.

Analyses were performed using SAS software version 9.4 (SAS Institute) and R software
version 4.2.1.
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Results

Subjects

Between January 2017 and January 2019, 126 patients were initially randomized in the
Rituximab + MMF group (n = 65) or in the Placebo + MMF group (n = 61). Three patients did
not receive any dose of the treatment allocated, and 1 withdrew consent, leaving 63 patients
in the Rituximab + MMF group and 59 patients in the Placebo + MMF group in the primary
outcome analysis. At 12 months, FVC in %predicted was available for 103 patients (52 in the
Rituximab + MMF group, 51 in the Placebo + MMF group) (Figure 1).

126 patients were enrolled and
underwent randomisation

v v

65 allocated to receive rituximab 61 allocated to receive placebo
2 did ot received the 1 did not received the
| I intervention allocated intervention
8 1 withdrew consent
v ¥
i " i e
Initial treatment : Initial treatment:
63 received one dose of rituximab 59 received one dose of placebo
60 received two doses of rituximab 58 received two doses of placebo
L o e, ey
g ‘L ™ ' ‘L ™
60 assessed at 3 months
2 did not perform the 3 months PFTs ?adf;giﬁoig 3‘ ;;g;‘;m
1 did not attend the 3 months visit
. J, vy M J, "y
'y ™ g ~
59 assessed at 6 months 55 assessed at 6 months
1 did not perform the 6 months PFTs 1 died before 3 months
3 died before 6 months 3 died before 6 months
. 4' vy . 4' Iy
4 ™ 'a ™
Treatments between 6 and 12 months: Treatments between 6 and 12 months:
5 received both rituximab and MMF 5 received both rituximab and MMF
2 received only rituximab 0 received only rituximab
39 received only MMF 40 received only MMF
4’ A M ,1, vy
' ™

51 assessed at 12 months*

1 did not perform the 12 months PFTs
1 died before 3 months

3 died before 6 months

3 died berfore 12 months

h vy

* 4 patient in each group performed the 12 months PFTs but died shortly after

52 assessed at 12 months*

4 did not perform the 12 months PFTs
3 died before 6 months

4 died before 12 months

Figure 1: Enrolment, randomization and follow-up in the overall population.
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Characteristics at randomization are reported in Table 1. In the overall population, mean age
was 66.1 (SD 12.0) years. Mean FVC %predicted at baseline was respectively 66.7 (SD 21.5)
and 70.2 (SD 22.5) in the Rituximab + MMF group and the Placebo + MMF group.

Rituximab + MMF Placebo + MMF
ng =63 np=59
Sex — Female 35 (55.6) 38 (64.4)
Age (years) 64.7 (12.1) 67.5(11.9)
BMI (kg/m?) 29.0(5.4) 28.4 (5.2)
Years since ILD diagnosis 3.8(4.9) 2.9(2.7)
FVC (%predicted value) 66.7 (21.5) 70.2 (22.5)
FVC (ml), ng=63, np=58 2046 (767) 1971 (724)
FEV1/FVC (%), ng=63, np=57 85.7 (11.0) 86.9 (14.0)
DLCO, ng=60, np=55
Unfeasible 9 (15.0) 12 (21.8)
% of predicted value, ng=51, np=43 40.1 (13.5) 38.6 (14.8)
6 MWD (m), ng=61, np=55 364 (148) 325(179)
02 > 10h/day at baseline 13 (20.6) 17 (28.8)
ILD groups
CTD-ILD 25(39.7) 18 (30.5)
IPAF 17 (27.0) 19 (32.2)
Idiopathic ILD 21(33.3) 22 (37.3)

Data are n (%) or mean (SD) or median [Q1;Q3]. BMI=body mass index. ILD=interstitial lung disease. FVC=forced
vital capacity. FEV1=forced expiratory volume in 1 second. DLCO=carbon monoxide diffusing capacity. 6MWD=6-
minute walk distance. CTD=connective tissue disease. IPAF=interstitial pneumonia with autoimmune features.

Table 1: Characteristics at randomisation

Treatments received between 6 and 12 months, not specified by the study protocol, are
described in Table 2 and were similar between groups. Between 6 and 12 months, 5 patients
received both MMF and Rituximab, 2 had Rituximab alone and 39 had MMF alone in the initial
Rituximab + MMF group. Five patients received both MMF and Rituximab, 0 had Rituximab
alone and 40 had MMF alone in the initial Placebo + MMF group. Other treatments are
described in Table 2.
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Rituximab Placebo
n (%) n=>56 n=53
Rituximab, ng =59, np =55 7 (11.9) 5(9.1)
Mycophenolate mofetil 44 (78.6) 45 (84.9)
Both Rituximab and MMF 5(8.9) 5(9.4)
Other immunosuppressive drugs
Azathioprine 1(1.8) 1(1.9)
Cyclophosphamide 1(1.8) 3(5.7)
Leflunomide 0(0.0) 0(0.0)
Methotrexate 1(1.8) 0(0.0)
Glucocorticoids 44 (78.6) 44 (83.0)
Ciclosporin A/Tacrolimus 1(1.8) 1(1.9)
Intravenous or subcutaneous immunoglobulins 0(0.0) 0(0.0)
Therapeutic antibodies 0(0.0) 0(0.0)
Antifibrotics 0(0.0) 1*(1.9)

*Nintedanib

Table 2: Treatments received between 6 and 12 months according to the initial

allocation group

Outcomes

Linear mixed model analysis showed no significant difference in absolute change from
baseline to 12 months in FVC %predicted between the Rituximab + MMF and Placebo + MMF

groups (group*month interaction at 12 months = 3.70, p=0.072) (Figure 2).

&y o L = - [*) w IS o

LSM change from baseline in FVC % predicted (95% CI)
N )

=+ Rituximab + MMF
- Placebo + MMF

&

&

0 3 6

o
Time in months

Figure 2: Least square means change in FVC %predicted, n=122

The median follow-up time was 371 days (95% Cl 357—-391 days). During the 12-month-follow-
up, 52 patients presented at least one event: 23 in the Rituximab + MMF group, 29 in the

Placebo + MMF group. Overall, 36 events were reported over the 12-month follow-up in the

Rituximab + MMF group and 52 in the Placebo + MMF group. There were fewer acute

exacerbations in the Rituximab + MMF group as compared to the Placebo + MMF group (8 vs
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12), fewer absolute declines of 10% in FVC %predicted (14 vs 18), fewer MMF discontinuations
for disease progression (6 vs 11) and no registrations on lung transplant list versus 3 in the
Placebo + MMF group. Eight patients died in each group.

Kaplan-Meier curves by randomization group are shown in Figure 3. At 365 days, patients from
the Rituximab + MMF group were event-free for an average of 308 days (95% Cl 281-336)
against 262 days (95% Cl 223-301) in the Placebo + MMF group. Event-free survival was
significantly better in the Rituximab + MMF group at 365 days: the between-group difference
in RMST was 46.4 days (95% Cl 6.59—-86.2, p=0.0223). There was no significant difference in
RMST at 455 days (Table 3).

1.0 == Rituximab
===y -~ Placebo

0.8

0.6

0.4

Progression free survival

0.2

0.0

0 1 2 3 4 5 6 7 8 g 0 11 12 13 14 15
Time from inclusion in months
Number at risk
Rituximab{ 63 62 62 58 57 56 53 51 50 50 45 43 24 1 0

Placebo &9 58 56 49 45 44 40 36 36 38 32 30 18 T 5 1

0 1 2 3 4 5 6 7 8 g 0 11 12 13 14 15
Time from inclusion in months

Figure 3: Kaplan-Meier survival curves for Progression Free Survival analysis

Restricted Mean Survival . . Between-group
Time in days Rituximab + MMF Placebo + MMF difference (95% Cl) P Value
At t* = 365 days 308 (281t0336) 262 (223to301) 46.4(6.59 to 86.2) 0.0223
At t*nax = 455 days 362 (323t0o400) 312 (262to363) 49.1(-4.92to 103) 0.0748

Adjusted for stratification variables
Data are mean (95% Cl).

Table 3: Restricted Mean Survival Time differences between treatment groups
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Linear mixed model analysis showed no significant difference in change from baseline in
FVCin ml between groups at 12 months (group*month interaction at 12 months = 90.94,
p=0.11).

The median cumulative glucocorticoid dose received over the 12-month follow-up was
2675.50 mg (IQR 752-4893.50) of prednisolone equivalent in the Rituximab + MMF group and
3647.50 mg (IQR 1860-5489) in the Placebo + MMF group. No between-group difference was
found for the cumulative glucocorticoid dose (p=0.1106) (Table 4).

Changes in ILD extent and bronchiectasis scores based on HRCT chest images did not differ
between groups (Table 4).

Descriptive analysis of DLCO in %predicted, 6-minute walk test, blood CD19 counts and serum
gamma globulin levels are shown in Table 4. A slight re-ascent in blood CD19 count was
observed between 6 and 12 months in the Rituximab + MMF group (10.9 cells/ml at M6 vs
43.4 at M12), while a decrease was observed in the Placebo + MMF group (143.5 cells/ml at
M6 vs 83.5 at M12). Post-hoc exploratory analyses of the primary outcome, with exclusion of
15 patients with UIP and indeterminate HRCT pattern after the centralized review, showed a
significant difference in FVC% evolution at 12 months in favor of the Rituximab + MMF group
(group*month interaction at 12 months = 4.12; p = 0.047).

Safety

28 infections were reported between 6 and 12 months, involving 9 patients in the Rituximab
+ MMF group (5 bronchitis, 2 pneumonia, 4 urinary tract infections) and 14 in the Placebo +
MMF group (8 bronchitis, 5 pneumonia, 1 urinary tract infection, 1 infectious colitis, 1 ENT
infection, 1 sepsis). Over the 12 month-follow-up period, 16 patients in the Rituximab + MMF
group had at least one infection (8 bronchitis, 5 pneumonia, 1 varicella, 7 urinary tract
infections, 1 other without microbiological documentation) and 17 in the Placebo + MMF
group (8 bronchitis, 8 pneumonia, 2 sepsis, 2 ENT infections, 1 urinary tract infection, 1
infectious colitis).
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Rituximab + Placebo + Between group
MMF MMF difference P Value
n=63 n=59 (95% Cl)

Cumulative dose of
glucocorticoids received from 2675.50 3647.50 0.1106*
baseline to M12, [752;4893.50] [1860; 5489]
nr=52, np=48
DLCO (% of predicted)

TO, nr=51, np=43 40.14 (13.54) 38.63 (14.80)

M6, ng=47, np=36 42.26 (15.40) 40.75 (15.18)

M12, ng=35,np=40 47.31(17.27) 40.48 (15.42)
6MWD (m)

TO, nr=61, np=55 364 (148) 325(179)

M6, nr=55, np=48 355 (165) 304 (169)

M12, ng=35, np=37 407 (117) 309 (178)
CD19 Lymphocytes (cells/ml)

TO, nk=55, np=51 180.2 (171.0)  190.8 (173.1)

M6, nk=54, np=52 10.9 (30.9) 143.5 (128.3)

M12, ng=35, np=31 43.4 (76.4) 83.5(80.2)
Gammaglobulin concentration
(8/1)

TO, k=49, ne=47 12.4 (5.0) 12.9(9.1)

M6, nr=43, np=39 10.9 (4.1) 11.2 (4.5)

M12, nz=31, np=32 10.3 (3.6) 10.2 (4.0)
ILD extent score

TO, nk=63, ne=58 26.5 (12.5) 26.8 (10.8)

M6, n=58, np=53 27.1(11.5) 29.8 (12.8)

M12, ng=40, np=42 26.7 (12.8) 27.4(12.1)
" Q:Si':;enif::ge from T0 to 1.49 (8.53) 3.40(8.03)  -1.90(-5.02t01.22)  0.2301
" f;ii'_f‘;; ;tj;zge fomT0to 4 g4(961)  138(634)  0.46(315t04.07) 08014
Bronchiestasis score

TO, nk=63, ne=58 1.15 (0.75) 1.31(0.65)

M6, nr=57, np=53 1.23 (0.77) 1.50 (1.05)

M12, nr=41, np=41 1.24 (0.75) 1.43 (0.67)

Absolute change from TO to 0.08 (0.59) 0.20(0.88)  -0.12(-0.41t00.17)  0.4055
M6, ng=57, np=53

Absolute change from T0 to 0.17 (0.31) 0.11(0.25)  0.06 (-0.06t00.19)  0.3130

M12, ng=41, np=41

*Wilcoxon test

Data are mean (SD). Cl=confidence interval. DLCO=carbon monoxide diffusing capacity. ILD=interstitial
lung disease. 6MWD=6-minute walk distance.

Table 4: Secondary outcomes
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Discussion

These analyses, based on the entire duration of the EVER-ILD trial (median ~371 days),
provide further information about the use of Rituximab and MMF in patients with a NSIP
pattern. The EVER-ILD trial compared patients who received Rituximab (1000 mg Day 1 and
Day 15) and MMF to those who received Placebo and MMF. After the initial 6 month-
treatment period, the immunosuppressive treatments freely prescribed by the investigators
were similar between the 2 groups. Although the superiority of the Rituximab + MMF group
over the Placebo + MMF group in FVC %predicted evolution observed at 6 months was not
demonstrated at 12 months, the benefit of the Rituximab + MMF combination on PFS
observed at 6 months was maintained at 12 months.

Several hypotheses can be proposed to explain the reduced benefit on FVC evolution of the
Rituximab + MMF combination versus the Placebo + MMF combination at 12 months. Firstly,
as for any drug, the biological effect of Rituximab decreases over time. In this study, we
observed an upward trend of CD19 B-lymphocytes at 12 months compared to the 6th month,
indicating a probable decrease in the biological effect of Rituximab (Table 4). In clinical
practice, maintenance treatment is generally implemented for autoimmune diseases, with an
infusion of Rituximab every 6 months [11]. This was not planned in this study. However, 12
patients received Rituximab after 6 months, but there were too few to determine the
potential benefit of maintenance therapy. Secondly, a delayed beneficial effect of MMF may
have reduced the difference in benefit between the 2 groups at 12 months. Indeed, in the
Scleroderma Lung Study Il, which compared MMF with cyclophosphamide for the treatment
of SSc-ILD, the peak response to MMF for FVC %predicted occurred at 21 months [4].
However, the evolution of the curve of marginal means change in FVC %predicted of the
Placebo + MMF group does not suggest an increase in MMF efficacy over time in this study.
Thirdly, the decrease in patient numbers, crossovers beyond 6 months and missing data at 12
months, led to a loss of statistical power, making it more difficult to demonstrate a possible
significant difference between the two groups. Post-hoc exploratory analyses for the primary
endpoint, with exclusion of 15 patients with UIP and indeterminate HRCT pattern after the
centralized review, showed a significant difference in FVC %predicted variation at 12 months
(Table S6). Determination of the NSIP-like HRCT pattern could be essential for predicting
response to Rituximab.

All the events included in the PFS are known to be associated with ILD progression [12-15].
Thus, the significant positive effect of the Rituximab + MMF combination observed on PFS at
12 months indicates that this combination could delay the onset of events related to the
progression of the disease.

Safety over the whole study showed a similar number of infections between the 2 groups at
12 months. While there were more infections over the first 6 months in patients initially
randomized to the Rituximab + MMF group, no increased risk of viral infection was observed
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in these patients beyond the 6th month, probably due to a reduction in the biological effect
of Rituximab.

Limitations of this study include a loss of power and a possible attrition bias at 12 months due
to the death of several patients and missing data, especially for secondary outcomes.
However, for the primary outcome, almost every living patient performed PFTs and the same
number of patients died in both groups. Nevertheless, the data presented in Table 4 should
be treated with caution as there are many missing data and we cannot exclude an attrition
bias in these outcomes. Another limitation is the data collection that was performed
retrospectively based on hospital medical records. No visit was planned at 12 months. This did
not lead to much missing data for the primary outcome as PFTs are regularly performed in the
standard follow-up of these patients. We did not adjust for multiplicity as these results are
reported for exploratory purposes.

In conclusion, the primary analysis performed at 6 months showed that the Rituximab + MMF
combination led to a better evolution in FVC %predicted and a better PFS than the Placebo +
MMF combination. Although the positive effect on FVC evolution observed at 6 months was
not maintained at 12 months, the PFS remained better. It might be useful to investigate the
benefit of a maintenance dose of Rituximab in future trials.
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Shareable abstract:

In EVER-ILD, the difference in FVC% predicted evolution in favour of the rituximab group did
not persist beyond 6 months; at 365 days, patients with the rituximab+MMF combination had
better PFS compared with patients assigned to the placebo+MMF group

Extract:

The nonspecific interstitial pneumonia (NSIP) pattern is a usual feature of interstitial lung
disease (ILD) associated with connective tissue diseases (CTDs) [1], idiopathic interstitial
pneumonia with autoimmune features (IPAF) [2] and several idiopathic ILDs (ilLDs) [3]. The
EVER-ILD trial randomised 126 patients between rituximab (1000 mg, on day 1 and day 15;
n=65) versus placebo (n=61), in addition to mycophenolate mofetil (MMF) (2 g daily) for 6
months, in patients with NSIP pattern associated with CTD-ILD or idiopathic interstitial
pneumonia (with or without autoimmune features) [4]. A primary analysis after 6 months of
treatment showed a significant benefit of the rituximab+MMF combination on forced vital
capacity (FVC) % predicted variation from baseline to 6 months (group*month interaction
3.60, 95% Cl 0.41-6.80; p=0.03) and on progression-free survival (PFS) (crude HR 0.47, 95% ClI
0.23-0.96; p=0.03).
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(MMF), chez des patients atteints de pneumopathie interstitielle non spécifique (PINS), était associée a
une meilleure évolution de la capacité vitale forcée (CVF) sur 6 mois, en comparaison a un traitement
par placebo et MMF. L’objectif de ce travail de thése était de réanalyser cet essai en intégrant les données
de suivi a 12 mois.

Méthodes : EVER-ILD est un essai randomisé (1:1) comparant 1’efficacité du Rituximab (1000 mg,
jour 1 et jour 15) vs son placebo, en sus du MMF (2 g par jour pendant 6 mois) chez des patients atteints
de PINS. Aprés ces 6 mois de traitement et sans levée de I’aveugle, le médecin référent de chaque patient
était libre de choisir le traitement le plus adapté pour son patient. A 12 mois (+ 3 mois), les données de
suivi étaient recueillies a partir des dossiers médicaux des patients.

Résultats : Sur les 122 patients initialement randomiseés, la CVF en % de la valeur prédite a 12 mois
était disponible pour 103 patients (52 du groupe Rituximab, 51 du groupe Placebo). Il n’a pas été mis
en évidence de différence significative d’évolution de la CVF en % de la valeur prédite entre les groupes
Rituximab + MMF et Placebo + MMF a 12 mois (interaction groupe*temps a 12 mois = 3,70 ; p =
0,072). Les risques n’étaient pas proportionnels entre les groupes, ce qui nous a conduit a adapter la
stratégie d’analyse des données de survie. Nous avons ainsi estimé une différence de temps de survie
moyen restreint de 46,4 jours (IC 95 % 6,59-86,2 ; p = 0,022) en faveur du groupe Rituximab + MMF
a 365 jours.

Conclusion : A 365 jours, les patients du groupe Rituximab + MMF avaient une meilleure survie sans
progression que ceux du groupe placebo + MMEF. Il pourrait étre utile d’évaluer I’intérét d’un traitement
d’entretien par Rituximab.
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