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INTRODUCTION A LA THESE 
 

 

 

Les infections invasives à champignons filamenteux, en particulier les aspergilloses, sont 

fréquentes chez les patients sévèrement immunodéprimés1,2. Ce sont des complications 

graves pouvant entraver le pronostic vital de ces patients en neutropénie profonde et 

prolongée dans les services d’hématologie. 

 

De façon générale, ces infections à champignons filamenteux ont été particulièrement 

étudiées dans de nombreuses publications dans les cas de leucémie aigüe myéloïde, 

d’allogreffe de cellules souches hématopoïétiques, de greffe d’organe solide, et dans 

certains déficits immunitaires congénitaux, telle la granulomatose septique, les 

considérant comme les terrains les plus à risque2-4. Parmi les autres conditions 

prédisposant à ce type d’infections, il est habituel de citer les neutropénies profondes et 

prolongées d’autre cause, les traitements par corticoïdes et par immunosuppresseurs T.  

 

En dehors des leucémies aiguës lymphoblastiques, les hémopathies lymphoïdes ne sont 

pas considérées à risque d’infections à champignons filamenteux. Leur incidence a été 

estimée entre 0,6% pour les lymphomes de Hodgkin et 3.7% pour les leucémies 

lymphoïdes chroniques dans une étude de Nosari et al. portant sur 42 cas d’infections 

fongiques invasives dont 34 infections à champignons filamenteux5. Peu d’autres articles 

leurs sont consacrés. L’objectif de ce travail est d’évaluer plus précisément ce risque de 

survenue et d’identifier les facteurs pronostiques influençant la réponse au traitement 

antifongique et la survie lors des infections à champignons filamenteux au cours des 

hémopathies lymphoïdes.  
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Reprenons tout d’abord quelques généralités et définitions : 

 

Les infections à champignons filamenteux  

Concernant le diagnostic des infections à champignons filamenteux, nous nous basons 

sur les définitions actualisées en 2020 par l’European Organisation for Research and 

Treatment of Cancer et le Mycosis Study Group 2020 (EORTC/MSG)6 

 

- Infections fongiques prouvées se définissant : 

o par la détection dans un milieu normalement stérile de la présence d’un 

champignon filamenteux en histopathologie, à l'examen direct, en culture 

ou par l’amplification d’ADN de champignons filamenteux par PCR (pour 

Aspergillus et 4 genres de Mucorales). 

o le séquençage d’ADN peut permettre d’identifier précisément un 

champignon filamenteux détecté en culture ou en histopathologie. 

 

- Infections fongiques probables se définissant sur un faisceau d’arguments 

couplant facteurs d’hôte, signes cliniques et tests mycologiques positifs. 

o Présence d’au moins un des facteurs prédisposant suivants (critères 

d’hôte) : 

§ Neutropénie récente < 0.5G/L pendant plus de dix jours  

§ Hémopathies malignes 

§ Allogreffe de cellules souches hématopoïétiques 

§ Greffe d’organe solide 

§ Corticothérapie > 0.3mg/kg/j pendant plus de trois semaines dans 

les 60 derniers jours 
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§ Traitements immunosuppresseurs T reconnus (tels que les 

inhibiteurs de la calcineurine, les anticorps monoclonaux 

spécifiques des lymphocytes, les analogues nucléotidiques) au 

cours des 90 derniers jours 

§ Traitement avec immunosuppresseurs B (tels que les inhibiteurs de 

la tyrosine kinase de Burton, comme l’ibrutinib) 

§ Déficit immunitaire congénital sévère (tel que la granulomatose 

septique chronique, un déficit en STAT3 ou un déficit immunitaire 

combiné sévère) 

§ Maladie du greffon contre l’hôte (GVH) de grade III ou IV, 

corticorésistante. 

o Présence d’au moins un des signes cliniques ou radiologiques suivants : 

§ Aspergillose pulmonaire : présence au scanner pulmonaire de l’un 

des quatre éléments suivants : 

o Lésion(s) dense(s) et bien circonscrite(s), avec ou sans halo 

o Signe du croissant aérique 

o Cavité 

o Condensation segmentaire ou lobaire 

§ Autres infections fongiques pulmonaires : 

o Identiques aux aspergilloses pulmonaires avec possibilité du 

signe du halo inverse qui semble fréquent dans les 

mucormycoses sans être cependant spécifique 

§ Affections trachéo-bronchiques : 

o Ulcération, nodule, pseudomembrane, plaque et/ou escarre 

trachéo-bronchiques visualisés en bronchoscopie 
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§ Affections sinusiennes : 

o Douleur aigüe localisée (incluant les irradiations vers l’oeil) 

o Ulcère nasal avec escarre noire 

o Extension fongique vers le sinus paranasal à travers les 

barrières osseuses, y compris dans l’orbite. 

§ Affection du système nerveux central : 

o Présence d’un des deux signes suivants : 

§ Lésions focales à l’imagerie 

§ Envahissement méningé à l’IRM ou au scanner 

o Présence d’un champignon filamenteux : 

§ Examen direct positif ou culture positive à tout champignon 

filamenteux à partir d’une expectoration, d’un lavage broncho-

alvéolaire, d’un lavage bronchique ou d’une aspiration trachéale 

§ Examen direct positif ou culture positive à un champignon 

filamenteux sur aspiration sinusienne 

§ Antigène galactomannane détecté dans le plasma, le sérum, un 

lavage broncho-alvéolaire (LBA) ou une ponction lombaire avec au 

moins un des critères suivants : 

o Isolé uniquement dans le sérum ou le plasma ≥ 1.0 

o LBA ≥ 1.0 

o Isolé dans le sérum ou le plasma ≥ 0.7 et LBA ≥ 0.8 

o Ponction lombaire ≥ 1.0 

§ PCR Aspergillaire positive avec au moins un des critères suivants : 

o 2 PCR consécutives positives ou plus dans le plasma, le sérum 

ou le sang total 
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o 2 PCR positives ou plus, non obligatoirement consécutives, 

dans le lavage broncho-alvéolaire  

o Au moins une PCR positive dans le plasma, le sérum ou le 

sang total, associée à une PCR positive dans le lavage 

broncho-alvéolaire  

- Infections fongiques possibles : catégorie plus difficilement définissable, mais 

avec un accord plus ou moins général d’infection possible sur la base de critères 

radio-cliniques mais sans confirmation mycologique ni isolement d’un autre 

pathogène pouvant expliquer les signes et symptômes. 

 

Incidence des infections à champignons filamenteux au cours des 

lymphoproliférations et facteurs de risque  

Les recommandations de l’ECIL-5 (European Conference on Infections in Leukaemia, 

http://www.ecil-leukaemia.com/program2013.htm), basée sur une large étude italienne, 

concluent à l’absence d’intérêt à la prophylaxie antifongique dans les hémopathies 

lymphoïdes, le taux d’incidence des infections fongiques invasives (levures et 

champignons filamenteux) étant inférieur à 8%, respectivement 6.5%, 0.5%, 1.6% et 

<1% pour les leucémies aigües lymphoblastiques, la leucémie lymphocytaire chronique, 

les lymphomes et le myélome multiple7. 

 

Cependant ces taux d’incidence ont une tendance à la hausse depuis l’introduction des 

nouvelles thérapeutiques8. Ceci peut s’expliquer de différentes manières : 

- Effet direct des thérapeutiques sur le système immunitaire, dans le sens d’une 

immunomodulation voire une immunosuppression.  
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Les chimiothérapies intensives entrainent des neutropénies courtes sous facteurs 

de croissance hématopoïétiques, souvent inférieures à une semaine, mais celles-

ci sont répétées et leur durée peut s’accentuer au cours des lignes de traitement8. 

De plus, d’autres chimiothérapies (analogues des purines, alkylants) induisent 

également une immunodéplétion T prolongée perdurant jusqu’à plusieurs mois 

après l’arrêt des traitements, ayant pour conséquence un risque infectieux 

majoré9. 

Nous savons également que les nouvelles thérapeutiques, principalement les 

anticorps monoclonaux anti-CD20 tels que le rituximab, auront un effet 

immunosuppresseur B. Ce traitement peut également entrainer des neutropénies 

retardées par des mécanismes non encore complètement élucidés9,10. 

Des traitements encore plus récents comme l’ibrutinib, inhibiteur irréversible de la 

tyrosine kinase de Bruton, aura également un effet immunosuppresseur B9-12. De 

surcroit, Aspergillus spp. active la tyrosine kinase de Bruton des macrophages. 

Son inhibition par l’ibrutinib réduit le recrutement des polynucléaires neutrophiles 

dans le foyer infectieux13,14. 

 

- Effet intrinsèque de l’hémopathie avec une immunodéficience propre15. 

Parmi les hémopathies lymphoïdes, certaines s’accompagnent d’une 

hypogammaglobulinémie (tel que la leucémie lymphocytaire chronique), 

entrainant majoritairement des infections bactériennes récurrentes. En effet, le 

risque infectieux peut être estimé jusqu’à 57% pour des patients en 

hypogammaglobulinémie sévère contre 26% à 5 ans dans la même pathologie 

sans hypogammaglobulinémie8. 

L’immunité cellulaire peut également être perturbée avec un déséquilibre des 

rapports entre les populations lymphocytaires8,15. 
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Des neutropénies secondaires peuvent apparaitre indépendamment de tout 

traitement par chimiothérapie dans des contextes d’envahissement médullaire8,15. 

 

Les lymphoproliférations 

Elles découlent d’anomalies au sein de la lignée lymphoïde et peuvent être issues de 

cellules lymphoïdes matures ou immatures : 

- Les lymphoproliférations développées à partir de cellules immatures sont la 

conséquence de l’acquisition d’une anomalie génétique au sein d’une cellule 

souche ayant pour conséquence un blocage de sa maturation ; la prolifération de 

telles cellules aboutit aux leucémies aiguës lymphoblastiques (LAL). Ce 

phénomène a lieu au sein de la moelle osseuse dans le cadre des LAL B, et dans 

le thymus pour les LAL T. 

Une des anomalies chromosomiques classiques au sein du groupe des LAL B est 

la translocation t(9;22), dont le pronostic est plus défavorable et entrainera une 

modification de prise en charge thérapeutique avec un recours en première ligne 

aux inhibiteurs de tyrosine kinase associés à la chimiothérapie ainsi qu’à 

l’allogreffe de cellules souches hématopoïétiques. 

 

- Les lymphoproliférations développées à partir de cellules matures constituent un 

groupe hétérogène de proliférations malignes de cellules lymphoïdes B ou T 

d’origine médullaire ou extramédullaire. Ces affections s’expriment par le 

développement de tumeurs au sein du tissu lymphoïde, notamment des ganglions 

lymphatiques.  

Suite à une prolifération dérégulée, les cellules acquièrent un ensemble de 

mutations touchant différentes voies de signalisation leur conférant des 
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caractéristiques propres aux cellules néoplasiques (résistance à l’apoptose, 

dérégulation de la prolifération, etc..). 

Le stade de la différenciation lymphocytaire à laquelle se produit l'événement 

oncogènique détermine le type de lymphoprolifération résultante : 

 

o Lymphoprolifération mature B (80-85%): 

§ Pré centre germinatif :  

· Leucémie lymphocytaire chronique 

· Lymphome du manteau 

§ Centre germinatif : 

· Lymphome folliculaire 

· Lymphome B diffus à grandes cellules 

· Lymphome de Burkitt 

§ Post centre germinatif : 

· Lymphome de la zone marginale 

· Leucémie lymphocytaire chronique 

· Lymphome du MALT (mucosa-associated lymphoid tissue) – 

développé aux dépens du tissu lymphoïde associé aux 

muqueuses 

· Lymphome lymphoplasmocytaire (maladie de Waldenström) 

· Myélome multiple  

o Le lymphome de Hodgkin est à part. Il résulte de la transformation clonale 

de cellules lymphoïdes B après acquisition d’un mécanisme de résistance 

à l’apoptose, donnant naissance aux cellules binucléées de Reed-

Sternberg, pathognomoniques de la maladie. Les mécanismes de la 

lymphomagénèse restent incertains. 
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o Lymphoprolifération mature T ou NK qui sont dérivés de lymphocytes T et 

NK. 

o Les lymphoproliférations post transplantation sont également une classe à 

part dont les facteurs incriminés au premier plan dans la lymphomagénèse 

sont l’immunosuppression et le virus d’Epstein-Barr (EBV). En effet, une 

primo-infection ou une réactivation de l'infection EBV associée à une 

profonde diminution de l'immunité cellulaire T induite par le traitement 

immunosuppresseur représente une situation particulièrement à risque de 

survenue de lymphome. Les mécanismes de l'oncogénécité virale liée à 

l'EBV font intervenir l'expression de certains gènes de latence ainsi que 

des cytokines de type Th2 favorisant la prolifération B. 

 

Notre étude porte sur l’analyse de 348 cas d’infections à champignons filamenteux 

survenues chez des patients porteurs d’une lymphoprolifération. Nous présentons ici 

notre travail sous forme d’un article que nous souhaitons soumettre rapidement à une 

revue. Le choix de celle-ci n’est pas encore fait et de ce fait l’article évoluera pour un 

formatage adapté à la revue finalement retenue.  

 

Le calcul des incidences des infections à champignons filamenteux doit encore être 

affiné. Nous avons pu obtenir l’ensemble des codes PMSI correspondant aux 

hémopathies lymphoïdes. Les limites du PMSI sont d’une part l’évolution au fil des 

années de la Classification Internationale des Maladies (CIM-10, version 2016) et donc 

des codes et termes utilisés et, d’autre part, l’hétérogénéité de codages, par les services 

hospitaliers, des différents séjours pour une même maladie chez un même patient. Nous 

avons ainsi recensé plus de 115 000 séjours (hospitalisations complètes ou 
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hospitalisations de jour) avec un des codes « hémopathies lymphoïdes » entre 1997 et 

2018 au niveau de l’ensemble des Hôpitaux Universitaires de Strasbourg. En cas de 

discordances, malheureusement fréquentes, pour un même patient, nous avons consulté 

le dossier électronique pour nous assurer du bon diagnostic sans méconnaitre une 

deuxième hémopathie ou une transformation en forme plus agressive.  

 

Au jour de l’impression de cette thèse, nous avons mis en conformité la majorité des 

discordances, mais il nous reste à classer encore environ 1500 diagnostics 

correspondant à environ 25000 séjours qui ont été codés « Lymphome sans autre 

précision ». Il s’agit réellement de lymphomes mais pour apprécier les incidences 

d’infections à champignons filamenteux dans certains sous-types de lymphome, il nous 

faudra un diagnostic hématologique plus précis et donc encore quelques dizaines 

d’heures de travail. Les données d’incidence sont donc incomplètes pour l’instant et les 

résultats annoncés sont susceptibles d’évoluer de quelques décimales après l’analyse 

finale. L’article sera modifié en conséquence. 

 

Nous intègrerons bien entendu dans l’article les suggestions de modifications qui 

pourront résulter de la discussion lors de la soutenance de thèse ainsi que celles qui 

seront suggérées par les co-auteurs, l’article ne leur ayant pas encore été soumis.  
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Invasive mold diseases in patients with a lymphoproliferative disease: 
A retrospective analysis on 348 patients 

 
  



29 

 

Abstract  

Invasive mold diseases are life-threatening complications that affect severely 

immunocompromised patients. Few data exist on invasive mold diseases in 

lymphoproliferative disorders. However, their incidence significantly increased during last 

decades. The aims of this retrospective and monocentric study were to define the 

incidence of invasive mold diseases among various types of lymphoproliferative 

disorders, and to identify prognostic factors affecting response to antifungal therapy and 

twelve-week and long-term survival in a cohort of 348 episodes of invasive mold 

diseases. We identified 245 invasive aspergillosis, 16 mucormycosis, 15 other invasive 

mold diseases, and 21 concomitant multiple invasive mold diseases and 51 possible 

invasive mold diseases. Twelve-week survival was 56.7%. The incidence was highest in 

acute lymphoblastic leukemia patients (13.0%) and in hairy cell leukemia patients (5.9%). 

Main adverse prognostic factors affecting the response were diabetes (p=0.007), 

progressive lymphoproliferative disorder (p<0.001), disseminated invasive mold disease 

(p=0.001) and absence of azole therapy (p=0.005). Main adverse prognostic factors 

affecting the twelve week survival were mucormycosis (p=0.003), progressive 

lymphoproliferative disorder (p<0.001), tracheal intubation (p=0.022), antifungal therapy 

without azole (p=0.005) and absence of antifungal therapy (p<0.001). Main adverse 

prognostic factors affecting the long-term survival were mucormycosis (p=0.003), 

progressive lymphoproliferative disorder (p<0.001), tracheal intubation (p<0.001), 

absence of antifungal therapy (p<0.001), secondary acute myeloid leukemia (p=0.005) 

and more than one line of lymphoproliferative disorders treatment (2-4 lines: p=0.009; ≥ 5 

lines p=0.001). Lymphoproliferative disorders represented nearly one third of the 

underlying condition in our patients with invasive mold diseases, therefore the possibility 

of an invasive mold disease should be rapidly considered in lymphoproliferative disorders 

patients with an infection not responding to antibiotics.   
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Introduction 

Invasive mold diseases (IMD) are a life-threatening complication that mainly affects 

severely immunocompromised patients. While many publications exist on invasive mold 

diseases in allogeneic hematopoietic stem cell transplant or solid organ transplant 

recipients as well as in acute myeloid leukemia patients, few data are available on 

invasive mold diseases in lymphoproliferative disorders (LPD). 

 

In the literature, the incidence of probable or proven invasive mold diseases in patients 

with lymphoproliferative disorders ranged from 0.6% for Hodgkin’s lymphoma to 3.7% for 

chronic lymphocytic leukemia5. The risk factors of developing invasive mold disease 

were active lymphoproliferative disorder, multiple lines of treatment (using purine 

analogs, monoclonal antibodies and steroids), and neutropenia16,17. 

 

The ECIL-5 (European Conference on Infections in Leukaemia, http://www.ecil-

leukaemia.com/program2013.htm), based on a large Italian study, does not recommend 

antifungal prophylaxis in lymphoproliferative disorders because the risk of invasive mold 

diseases is considered as low with rates of 6.5%, 0.5%, 1.6% and <1% for acute 

lymphoblastic leukemia, chronic lymphocytic leukemia, lymphoma and multiple myeloma 

respectively7. 

 

However, the incidence of invasive mold diseases significantly increased in 

lymphoproliferative disorders patients during last decades7. This increase could be 

explained by the use of drugs such as fludarabine, rituximab and ibrutinib5,10. These 

agents do not only target B cell lymphocytes. Fludarabine is also a T-cell inhibitor, 
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rituximab can occasionally cause severe and prolonged neutropenia and ibrutinib also 

inhibits Bruton’s tyrosine kinase (BTK) of myeloid cells resulting in several impaired 

effector functions. However, in multiple myeloma, the use of news agents don’t appear to 

increase the risk of invasive mold disease but the higher number of lines of treatment 

has been associated with more risk of invasive mold diseases16. 

 

The aims of the present study were to define more precisely the frequency of invasive 

mold diseases in lymphoproliferative disorders patients and to identify prognostic factors 

affecting response and survival in a large cohort of 348 episodes. 
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Patients and Methods 

We conducted a retrospective single-center study of consecutive invasive mold diseases 

in lymphoproliferative disorders patients, in the University Hospital of Strasbourg, France, 

from 1997 to 2018. 

Objectives 

The objectives of the study are to define the frequency of invasive mold diseases among 

various types of lymphoproliferative disorders, to analyze their clinical, radiological and 

biological characteristics and to identify prognostic factors affecting response to 

antifungal therapy, short and long-term survival. This study is part of a non-interventional 

retrospective study on opportunistic infections in immunosuppressed patients. This study 

was approved by institutional ethical committee and has been registered in 

ClinicalTrial.gov (NCT03920735). The database has been declared to the Commission 

Nationale de l’Informatique et des Libertés, according to French regulations. Consent 

was obtained from all alive patients. 

Study design and selection of cases 

Invasive mold diseases cases were extracted from the database of opportunistic 

infections. This anonymized database contains for each patient, age, sex and extensive 

data on clinical, radiological, biological and therapeutic aspects of the invasive mold 

diseases and informations on the predisposing factors (see details in supplemental 

material). We reclassified all the episodes according to the 2020 revised European 

Organisation for Research and Treatment of Cancer/Mycosis Study Group 

(EORTC/MSG) criteria6. The only modification was the cut-off of galactomannan 

detection test for both serum and bronchoalveolar lavage fluid. According to 

manufacturer’s recommendations (Platelia Aspergillus, Biorad, Marnes-la-Coquette, 

France), we accepted as positive an index ≥ 0.5.  
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Among the invasive mold diseases cases, we identified those with lymphoproliferative 

disorders. The diagnosis of lymphoproliferative disorders was confirmed for all patients 

based on the pathological and biological reports review. We classified 

lymphoproliferative disorders using the International Classification of Diseases (ICD) 

10th revision, version 2016 (https://icd.who.int/browse10/2016/en). We used this 

classification to be consistent with the hospital diagnosis database using the ICD codes.  

 

In case of transformation of a low-grade lymphoproliferative disorder to a higher grade 

lymphoproliferative disorder before onset of invasive mold disease, this latter diagnosis 

was retained for the analysis. In case of allogeneic hematopoietic stem cell 

transplantation performed for the treatment of the lymphoproliferative disorder, the case 

was included in the analysis and allogeneic hematopoietic stem cell transplantation was 

considered as an independent risk factor and included in the univariable and, if 

appropriate, in the multivariable analysis for prognostic factors. Similarly, in case of 

development of a secondary acute myeloid leukemia, the case was also eligible and 

secondary acute myeloid leukemia was considered also as an independent risk factor. 

 

All consecutive patients with lymphoproliferative disorders without invasive mold disease 

were identified from the hospital diagnosis database over the same period of time. The 

diagnoses were encoded in this database using the International Classification of 

Diseases which evolved over time allowing more precise coding. A case-by-case 

recategorization was done by two hematologists to allocate each case in appropriate 

group or subgroup of the ICD-10 version 2016. 
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In case of multiple diagnosis encoded for different hospital stays for a same patient, we 

reviewed the medical history of the patient to determine the exact hematological 

diagnosis based on histopathology, immunohistochemistry blood or bone marrow 

immunophenotyping, cytogenetic and molecular results.  

 

For prognostic factors analysis, lymphoproliferative disorders were categorized in 5 

groups based on aggressiveness and specific characteristics to have enough patients in 

each category:  

- Acute lymphoproliferative disorders (acute LPD): acute lymphoblastic leukemia, 

lymphoblastic and Burkitt’s lymphoma. 

- High-grade non-Hodgkin’s lymphoma (High-grade NHL): diffuse large B cell 

lymphoma, T-cell lymphoma, post-transplantation lymphoproliferative disorders, 

and plasmablastic lymphoma. 

- Low-grade non-Hodgkin’s lymphoma (Low-grade NHL): chronic lymphocytic 

leukemia, mantle cell lymphoma, follicular lymphoma, hairy cell leukemia, and 

mucosa-associated lymphoid tissue (MALT) lymphoma. 

- Hodgkin’s lymphoma. 

- Multiple myeloma. 

 

Statistics 

Categorical variables are described with numbers and percentages. Twelve-week and 

long-term survival was estimated using the Kaplan-Meier method from D1 of the invasive 

mold disease to respectively week 12 or date of last follow-up. D1 was defined as the 

first day of clinical, radiological or mycological sign. Hazard ratios (HR) with 95% 



35 

 

confidence intervals (CI) were estimated using Cox model. Proportional hazards 

assumption was assessed using the Schoenfeld residuals test. Antifungal therapy 

response was analyzed using logistic regression model. Results are presented as odds 

ratios (OR) with 95%CI. After univariable analysis, the variables with a p-value <0.2 were 

included in a multivariable model. A p-value <0.05 was considered statistically significant. 

All the analyses were performed using R software version 4.0.3. R Core Team (2020). 

Twenty patients had subsequent invasive mold diseases, we only analyzed the first 

episode in the prognostic factors study.  
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Results  

Among 1083 invasive mold diseases reported in the database, 348 episodes (32.1%) 

occurred in 328 patients with lymphoproliferative disorders. Among them, twenty patients 

had two episodes of invasive mold diseases (supplemental Figure 1). Onset of invasive 

mold disease, the median age of the patients was 57 years (range: 22 months to 88 

years). 

Type and characteristics of lymphoproliferative disorders in invasive mold diseases 

patients are summarized in Table 1. The vast majority of lymphoproliferative disorders 

were B-cell proliferations (314, 90.2%) compared to T-cell proliferations (34, 9.8%). The 

lymphoproliferative disorder was progressive in 213 (61.2%) cases and not progressive 

in 135 (38.8%) cases. Twenty-five (7.2%) patients had another concomitant active 

cancer, 30 (8.6%) patients had a transformation into a high-grade lymphoproliferative 

disorder, and 23 (6.6%) had a secondary acute myeloid leukemia following prior 

chemotherapy or radiotherapy. The median number of prior-lines of treatment for the 

lymphoproliferative disorder before onset of invasive mold disease was 3 (range 0 to 12). 

Most of them, 230 (66.1%) were treated by chemotherapy and 109 (31.3%) had at least 

one immuno-chemotherapy regimen. Nine (2.6%) patients were treatment naive. One 

hundred forty-nine (42.8%) patients were transplanted: 56 (16.1%) had an allogeneic 

hematopoietic stem cell transplantation, 81 (23.3%) an autologous hematopoietic stem 

cell transplantation, and 12 (3.4%) a solid organ transplantation. One hundred eighty-six 

(53.4%) patients were neutropenic. The median duration of neutropenia was 8 days for 

patients with acute lymphoproliferative disorders, 7 days for high and low-grade non-

Hodgkin’s lymphoma patients, and 6 days for multiple myeloma and Hodgkin’s 

lymphoma patients. The mean duration of neutropenia was 18 to 20 days in all 

lymphoproliferative disorders groups. 
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Other risk factors of invasive mold diseases and potential prognostic factors are listed in 

Table 1. Among the 348 invasive mold diseases, we identified 245 invasive aspergillosis 

(29 proven and 216 probable), 16 mucormycosis, 15 other invasive mold diseases, and 

21 concomitant invasive mold diseases with two or three different genus, and 51 possible 

invasive mold diseases (Table 2). A Mucorales was involved in thirteen (61.9%) of the 

concomitant invasive mold diseases. Median time between the diagnosis of 

lymphoproliferative disorder and the onset of invasive mold disease was 376 days 

(range: 0 day to 29 years). The most common site of infection was the respiratory tract 

with frequent lung damages (86.2%).  

 

Mold-active azoles were given as first-line therapy, alone or in combination, in 149 

(60.8%) aspergillosis, 14 (93.3%) other invasive mold diseases, 42 (82.4%) possible 

invasive mold diseases, and 11 (52.4%) concomitant multiple invasive mold diseases. 

Liposomal amphotericin B was given as first-line therapy in 10 (62.5%) mucormycosis. A 

complete response to antifungal therapy was observed in 165 (47.4%) patients, a partial 

response in 33 (9.5%) patients and 150 (43.1%) patients did not respond to antifungal 

therapy. Twelve-week survival was 56.7%.  

 

In multivariable analysis, the unfavorable prognostic factors to antifungal therapy 

response were diabetes mellitus [OR 0.32 (0.13-0.72), p=0.007], progressive 

lymphoproliferative disorder [OR 0.16 (0.08-0.32), p<0.001], disseminated invasive mold 

disease [OR 0.16 (0.05-0.47), p=0.001] and absence of azole therapy [OR 0.36 (0.17-

0.73), p=0.005] (Figure 1, supplemental Table 1). Hodgkin’s lymphoma was associated 

with a higher response rate [OR 6.57 (1.49-33.37), p=0.016].  
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In multivariable analysis, the unfavorable prognostic factors for twelve-week survival 

were mucormycosis [HR 3.71 (1.58-8.74), p=0.003], progressive lymphoproliferative 

disorder [HR 4.50 (2.73-7.42), p<0.001], tracheal intubation [HR 2.34 (1.13-4.87), 

p=0.022], antifungal therapy without azole [HR 1.81 (1.20-2.74), p=0.005] and absence 

of antifungal therapy [HR 8.94 (2.69-29.73), p<0.001] (Figure 2, supplemental Table 2). 

Anti-mold prophylaxis was protective [HR 0.33 (0.12-0.92), p=0.034]. 

In multivariable analysis, the unfavorable prognostic factors for long-term survival were 

mucormycosis [HR 2.73 (1.40-5.32), p=0.003], progressive lymphoproliferative disorder 

[HR 2.55 (1.82-3.57), p<0.001], tracheal intubation [HR 3.28 (1.76-6.13), p<0.001], 

absence of antifungal therapy [HR 5.95 (2.20-16.10), p<0.001], secondary acute myeloid 

leukemia [HR 2.27 (1.28-4.04), p=0.005] and more than one line of lymphoproliferative 

disorders treatment [2-4 lines: HR 1.60 (1.12-2.28), p=0.009; ≥ 5 lines HR 2.36 (1.45-

3.85), p=0.001] (Figure 3, supplemental Table 3). Age <40 years [HR 0.55 (0.35-0.85), 

p=0.008], low-grade non-Hodgkin’s lymphoma [HR 0.64 (0.41-0.99), p=0.045] and 

Hodgkin’s lymphoma [HR 0.36 (0.18-0.73), p=0.005] were protective factors.  

 

Overall, 8384 different patients had a lymphoproliferative disorder during study period. 

They had 115,103 inpatient or day-care ward stays. Most frequent diagnosis were non-

Hodgkin’s lymphoma, multiple myeloma and chronic lymphocytic leukemia. The incidences 

of invasive mold diseases in each group appear in Table 3.  
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Discussion 

We have retrospectively analyzed the cohort of patients with an invasive mold disease in 

the context of a lymphoproliferative disorder. We have identified 348 episodes. This is by 

far the largest reported cohort5,7-12,15-19. Lymphoproliferative disorders represent nearly 

one third of the underlying condition in our global cohort of patients with invasive mold 

diseases. This high rate can be explained by various reasons associated with an 

increased risk of developing an opportunistic infection in lymphoproliferative disorders: 

frequent use of steroids or of T-cell or B-cell suppressors, multiple lines of chemotherapy 

in chronic lymphoproliferative disorders, frequent presence of a neutropenia. The 

incidence of invasive mold diseases in lymphoproliferative disorders is lower than in 

acute myeloid leukemia. However, the higher occurrence of lymphoproliferative disorders 

explains the high rate of these diseases in our invasive mold diseases cohort.  

 

Not surprisingly, the incidence is highest (13%) in patients with acute lymphoblastic 

leukemia5,7,16,17. One third of these patients had an allogeneic stem cell transplantation. 

The incidence of probable or proven invasive mold diseases in non-transplanted patients 

was 6.9%. This rate is closer to the incidence reported in literature7. Second highest rate 

was observed in patients with hairy cell leukemia. In these patients, the risk is not so 

related to the therapy but more to the neutropenia, presented before onset of therapy. 

The incidence seems to be rather high (over 5 %) in patients with chronic lymphocytic 

leukemia. This rate is overestimated as patients only followed in consultation are not 

included in this study.  
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In our study, the twelve-week survival rate is low (56.7%), and lower compared to that 

reported in previously published studies in patients with lymphoproliferative 

disorders5,20,21. The two factors associated with both a lower response rate to antifungal 

therapy and a lower twelve-week survival are a progressive lymphoproliferative disorder 

and the absence of use of an anti-mold azole. Progression of hematological malignancy 

is a classical risk factor already reported in other studies9,10,22. The lowest twelve-week 

survival rate is in mucormycosis (25%) and appears to be lower in our series compared 

to that reported by Lanternier et al. in cancer patients treated with high-dose liposomal 

amphotericin B23. At twelve-week, the poor prognosis of patients with concomitant 

multiple invasive mold diseases could be explained by the frequent association including 

a Mucorales, observed in more than half of the cases. The subtype of lymphoproliferative 

disorders does not affect the twelve-week survival but impacts long-term survival with a 

better outcome for patients with a low-grade or a Hodgkin’s lymphoma. A high number of 

prior lines of lymphoproliferative disorders treatment is also associated with a worse 

long-term survival15. 

In our study, we have included the cases of possible invasive mold diseases despite the 

category is controversial6. However this diagnosis is supported by the presence of typical 

radioclinical signs of mold infection and the presence of similar host factors than for the 

probable cases. The difference is the absence of positive mycological results but, 

importantly, the microbiological screening did not identify any other pathogen explaining 

the radioclinical signs. All these patients received anti-mold therapy. This demonstrates 

that the physicians considered the hypothesis of invasive mold diseases as being the 

most likely hypothesis. When applying the 2008 EORTC/MSG criteria to each case of the 

pivotal voriconazole study, the magnitude of the difference in survival between 

voriconazole and amphotericin B treated patients is similar between those with possible 

aspergillosis and those with probable and proven aspergillosis suggesting that possible 
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infections are true fungal diseases24. To avoid any overestimation in the incidence of 

invasive mold diseases in lymphoproliferative disorders we calculated it both with and 

without considering the possible invasive mold diseases cases.  

 

The limitations of our study are the retrospective and monocentric aspect of this analysis. 

However, we consider that nearly all consecutive cases of invasive mold diseases in 

patients with lymphoproliferative disorders could be identified using the hospital 

diagnosis database existing since end of 1991. Another limitation is the change in ICD 

classification over time (https://icd.who.int/browse10/2016/en). We have categorized all 

the lymphoproliferative disorders in the patients with an invasive mold disease according 

to ICD-10 version 2016 by systematic review of medical, pathological, phenotypic and 

molecular results. However, we could not review these reports for the lymphoproliferative 

disorders patients without invasive mold disease due to the high number of cases. 

Therefore we had to group the patients in major categories of the ICD-10 version 2016. 

Treatment of invasive mold diseases has also considerably evolved over time. The rather 

low rate of mold-active azoles given as first line therapy in invasive aspergillosis is 

explained by the predominant use of amphotericin deoxycholate before 2002. For the 

diagnosis of invasive mold diseases, the major evolution during the study period was the 

use of Aspergillus and Mucorales PCR tests in blood and bronchoalveolar lavage fluid25. 

Finally, for the estimation of the incidence, we only considered patients who had at least 

one stay in an inpatient or in a day-care ward. Of note, patients with low-grade 

lymphoproliferative disorders, in particular chronic lymphocytic leukemia, only managed 

in an outpatient setting are not included in the hospital diagnosis database, thus leading 

to an overestimation of invasive mold disease in this group of patients in our study.  



42 

 

This study demonstrates that lymphoproliferative disorders are frequent predisposing 

factors in invasive mold diseases patients. The rate is much higher in our global 

monocentric cohort than in large Italian multicentric study7. They are probably 

underestimated. The prognosis is poor in these patients with a twelve-week survival rate 

of only 56.7%. Therefore the possibility of an invasive mold disease should be rapidly 

considered in lymphoproliferative disorders patients with an infection not responding to 

antibiotics.  
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Tables and figures 

Table 1. Demographics and characteristics of lymphoproliferative disorders (348 episodes) 

Characteristics Na (%) 

Male/ Female 231 (66.4%) /117 (33.6%) 

Median age (year), range(months - year) 57 (22 m – 88 y) 

Age (years)  

< 40 62 (17.8%) 

40-65 182 (52.3%) 

> 65 104 (29.9%) 

Past tobacco use  151 (43.4%) 

Active tobacco use 58 (16.7%) 

Prior respiratory disease 94 (27.0%) 

Tracheal intubation 18 (5.2%) 

Diabetes mellitus 58 (16.7%) 

Corticosteroids 233 (67.0%) 

Antibiotics 208 (59.8%) 

Lymphocytes (G/l)  

< 0.5 224 (64.4%) 

≥ 0.5 – < 4.0 93 (26.7%) 

≥ 4.0 31 (8.9%) 

Monocytes < 0.5G/L 287 (82.5%) 

Neutrophils < 0.5G/L 186 (53.4%) 

Creatinine clearance < 60ml/min 89 (25.6%) 

Lymphoproliferative disorders  

Acute LPDb 88 (25.3%) 

- Acute lymphoblastic leukemia 77 (22.1%) 

- Lymphoblastic lymphoma 3 (0.9%) 

- Burkitt’s lymphoma 8 (2.3%) 
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Table 1. (continued)  

Characteristics Na (%) 

High-grade NHLc 113 (32.5%) 

- Diffuse large B-cell lymphoma 83 (23.9%) 

- Plasmablastic lymphoma 1 (0.3%) 

- Post transplantation lymphoproliferative disorders 7 (2.0%) 

- T-cell lymphoma 22 (6.3%) 

Low-Grade NHLc 84 (24.1%) 

- Follicular lymphoma 10 (2.9%) 

- Mantle cell lymphoma 17 (4.9%) 

- Mucosa-associated lymphoid tissue lymphoma 5 (1.4%) 

- Chronic lymphocytic leukemia 48 (13.8%) 

- Hairy cell leukemia 4 (1.1%) 

Hodgkin’s lymphoma 21 (6.0%) 

Multiple myeloma 42 (12.1%) 

B or T-cell lineage  

B cells 314 (90.2%) 

T cells 34 (9.8%) 

Status of LPDb   

Not progressive 135 (38.8%) 

Progressive  213 (61.2%) 

Lymphoma treatment type  

Chemotherapy 230 (66.1%) 

Immunochemotherapy 109 (31.3%) 

None 9 (2.6%) 

T-cell suppressord 123 (35.3%) 

Specific B-cell suppressore 72 (20.7%)  
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Table 1. (continued)  

Characteristics Na (%) 

Lymphoma treatment lines   

< 2 lines 98 (28.2%) 

2-4 lines 180 (51.7%) 

≥ 5 lines 70 (20.1%) 

Allogeneic hematopoietic stem cell transplantation 56 (16.1%) 

Solid organ transplantation 12 (3.4%) 

Autologous hematopoietic stem cell transplantation  81 (23.3%) 

Solid organ cancer 25 (7.2%) 

Secondary acute myeloid leukemia 23 (6.6%) 

Transformation in higher grade LPDb 30 (8.6%) 

 

aN : number; bLPD: lymphoproliferative disorders; cNHL: non-Hodgkin’s lymphoma; dT-cell 

suppressor: alemtuzumab, anti-thymocyte globulin, bendamustine, calcineurin inhibitors, 

everolimus, fludarabine, methotrexate, purine analogs, and purines synthesis inhibitors 

received < 90 days before onset of invasive mold disease; eSpecific B-cell suppressor: 

blinatumomab, ibrutinib, ofatumumab, or rituximab < 90 days before onset of invasive mold 

disease. 

  



48 

 

Table 2. Characteristics of the invasive mold disease, treatment and response to treatment 

(348 episodes) 

 

Characteristics Na (%) 

Type of IMDb  

Invasive aspergillosis 245 (70.4%) 

- Provenc 29 (8.3%) 

- Probablec 216 (62.1%) 

Mucormycosis 16 (4.6%) 

Other IMDb 15 (4.3%) 

Concomitant multiple IMDb 21 (6.0%) 

IMDb possiblec 51 (14.7%) 

Fever  301 (86.5%) 

Antifungal prophylaxis 154 (44.3%) 

Mycology positived 165 (47.4%) 

Galactomannan in serum ≥ 0.5 100 (28.7%) 

Galactomannan in BALe ≥ 0.5 100 (28.7%) 

CRP ≥ 180 mg/l 78 (22.4%) 

Fibrinogen ≥ 5 g/l 205 (58.9%) 

Site of IMDb  

Single organ 309 (88.8%) 

Disseminated 39 (11.2%) 

Chest CT-scan  

Nodules 86 (24.7%) 

Nodules with other lesionsf 158 (45.4%) 

Other lesionsf without nodule 84 (24.1%) 

No lesion or not done 20 (5.7%) 

Coinfection 126 (36.2%) 
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Table 2. (continued)  

Characteristics Na (%) 

IMDb first-line treatment  

Voriconazole 189 (54.3%) 

Itraconazole 14 (4.0%) 

Posaconazole 3 (0.9%) 

Isavuconazole 2 (0.6%) 

Deoxycholate amphotericin B 53 (15.2%) 

Liposomal amphotericin B 38 (10.9%) 

Amphotericin B lipid complex  9 (2.6%) 

Caspofungine 13 (3.7%) 

Combination 20 (5.7%) 

None 7 (2.0%) 

Response to antifungal therapy  

Complete 165 (47.4%) 

Partial 33 (9.5%) 

Failure 150 (43.1%) 

 

aN: number; bIMD: invasive mold disease; cProven, probable and possible defined by the 

EORTC/MSG criteria; dMycology positive: Microscopy, culture or histopathology positive from 

sputum, aspirate or bronchoalveolar lavage microscopical; eBAL: bronchoalveolar lavage;  
fOther lesions on chest CT scan: air crescent sign, cavity, halo sign, reverse halo sign, 

unilateral or bilateral pleural effusion, or wedge shaped and segmental or lobar consolidation. 
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Table 3. Incidence of invasive mold diseases (all cases compared to only probable or proven 

cases) according to type of lymphoproliferative disorders subtypes.  

 

Type of LPD N of 

patients  

All IMD  

cases (incidence) 

Probable/proven IMD 

cases (incidence) 

Acute lymphoblastic leukemia 593 77 (13.0%) 59 (9.9%) 

Hodgkin’s lymphoma 851 21 (2.5%) 18 (2.1%) 

Multiple myeloma/plasmocytic 

leukemia/solitary plasmocytoma 

1560 42 (2.7%) 36 (2.3%) 

Chronic lymphocytic leukemia 937 48 (5.1%) 41 (4.4%) 

Non-Hodgkin’s lymphoma 4370 156 (3.6%) 139(3.2%) 

Hairy cell leukemia 68 4 (5.9%) 4 (5.9%) 

 

Abbreviations: IMD, invasive mold disease; LPD, lymphoproliferative disorders; N, number. 
 
All non-Hodgkin’s lymphoma subtypes have been gathered in a single group. Chronic 
lymphocytic leukemia have been analyzed separately.  
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Figure 1. Multivariable analysis of prognostic factors of invasive mold disease response to 

antifungal therapy (n=328). 

Acute LPD: acute lymphoblastic leukemia, lymphoblastic lymphoma and Burkitt’s lymphoma;  
Galactomannan in BAL (bronchoalveolar lavage) positive:  index ≥ 0.5;  

Galactomannan in serum positive: index ≥ 0.5; 

High grade NHL: diffuse large B-cell lymphoma, plasmablastic lymphoma, post transplantation lymphoproliferative disorders, 
and T lymphoma;  

Hodgkin’s dis.: Hodgkin’s disease;  

HSCT: hematopoietic stem cell transplantation;  
IMD: invasive mold disease;  

Low grade NHL: chronic lymphocytic leukemia, follicular lymphoma, hairy cell leukemia, MALT lymphoma (mucosa-associated 
lymphoid tissue lymphoma), and mantle cell lymphoma;  

LPD: lymphoproliferative disorders;  

Mycology positive: Microscopy, culture or histopathology positive from sputum, aspirate or bronchoalveolar lavage;  
Other antifungal treatment: amphotericin B lipid complex, caspofungine, combination of IMD’s treatments, deoxycholate 
amphotericin B, or liposomal amphotericin B. 
Other lesions on chest CT scan: air crescent sign, cavity, halo sign, reverse halo sign, unilateral or bilateral pleural effusion, or 
wedge shaped and segmental or lobar consolidation.  
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Figure 2. Multivariable analysis of prognostic factors of twelve-week survival (n=328). 

Acute LPD: acute lymphoblastic leukemia, lymphoblastic lymphoma and Burkitt’s lymphoma;  
Galactomannan in BAL (bronchoalveolar lavage) positive:  index ≥ 0.5;  
Galactomannan in serum positive: index ≥ 0.5; 
High grade NHL: diffuse large B-cell lymphoma, plasmablastic lymphoma, post transplantation lymphoproliferative disorders, 
and T lymphoma;  
Hodgkin’s dis.: Hodgkin’s disease;  
HSCT: hematopoietic stem cell transplantation;  
IMD: invasive mold disease;  
Low grade NHL: chronic lymphocytic leukemia, follicular lymphoma, hairy cell leukemia, MALT lymphoma (mucosa-associated 
lymphoid tissue lymphoma), and mantle cell lymphoma;  
LPD: lymphoproliferative disorders;  
Mycology positive: Microscopy, culture or histopathology positive from sputum, aspirate or bronchoalveolar lavage;  
Other antifungal treatment: amphotericin B lipid complex, caspofungine, combination of IMD’s treatments, deoxycholate 
amphotericin B, or liposomal amphotericin B. 
Other lesions on chest CT scan: air crescent sign, cavity, halo sign, reverse halo sign, unilateral or bilateral pleural effusion, or 

wedge shaped and segmental or lobar consolidation.  
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Figure 3. Multivariable analysis of prognostic factors of long term survival (n=328). 

Acute LPD: acute lymphoblastic leukemia, lymphoblastic lymphoma and Burkitt’s lymphoma; 
AML: acute myeloid leukemia; 
Galactomannan in serum positive: ≥ index 0.5;  
High grade NHL: diffuse large B-cell lymphoma, plasmablastic lymphoma, post transplantation lymphoproliferative disorders, 
and T lymphoma;  
Hodgkin’s dis.: Hodgkin’s disease;  
HSCT: hematopoietic stem cell transplantation;  
IMD: invasive mold disease;  
Low grade NHL: chronic lymphocytic leukemia, follicular lymphoma, hairy cell leukemia, MALT lymphoma (mucosa-associated 
lymphoid tissue lymphoma), and mantle cell lymphoma;  
LPD: lymphoproliferative disorders;  
Mycology positive: Microscopy, culture or histopathology positive from sputum, aspirate or bronchoalveolar lavage; 
Galactomannan in BAL (bronchoalveolar lavage) positive: index ≥ 0.5;  
Other antifungal treatment includes amphotericin B lipid complex, caspofungine, combination of IMD’s treatments, deoxycholate 
amphotericin B, or liposomal amphotericin B. 
Other lesions on chest CT scan: air crescent sign, cavity, halo sign, reverse halo sign, unilateral or bilateral pleural effusion, or 
wedge shaped and segmental or lobar consolidation;  
T-cell suppressor: alemtuzumab, anti-thymocyte globulin, bendamustine, calcineurin inhibitors, everolimus, fludarabine, 
methotrexate, purine analogs, and purines synthesis inhibitors received < 90 days before onset  of invasive mold infection 
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Supplemental Material 
 
 

Patients and Methods 

 

Collection of data of patients: 

We collected for each patient extensive data on clinical, radiological, biological and 
therapeutic aspects of the invasive mold disease and lymphoproliferative disorders. 
 
Demographics 

- Gender 
- Age 
- Weight, height, body mass index 

 
Predisposing and/or prognostic factors 

- Past tobacco use 
- Active tobacco use 
- Prior respiratory disease 
- Diabetes mellitus 
- Corticosteroids 
- Antibiotics 
- Antifungal prophylaxis 
- Tracheal intubation 
- Biological characteristics 

o White blood cell count: lymphocytes, monocytes and neutrophils (G/l) 
o Creatinine clearance (mL/min) 
o C-reactive protein (mg/l) 
o Fibrinogen (g/l) 

- Type of lymphoproliferative disorders and T or B cell lineage 
- Evolutivity of lymphoproliferative disorders  
- Treatment of lymphoproliferative disorders 

o Recent chemotherapy or immunochemotherapy (< 90 days before onset of 
invasive mold disease) 

o Number of lines 
o T-cell suppressor: : alemtuzumab, anti-thymocyte globulin, bendamustine, 

calcineurin inhibitors, everolimus, fludarabine, methotrexate, purine 
analogs, and purines synthesis inhibitors < 90 days before onset of 
invasive mold disease 

o Specific B-cell suppressor: blinatumomab, ibrutinib, ofatumumab, or 
rituximab < 90 dayx before onset of invasive mold disease 

- Recipients of transplantation 
o Allogeneic hematopoietic stem cell transplantation 
o Autologous hematopoietic stem cell transplantation 
o Solid organ transplantation 

- Graft versus host disease 
- Secondary acute myeloid leukemia 
- Other solid cancer 
- Transformation in higher grade lymphoproliferative disorder 

 
Characteristics of invasive mold diseases 

- Type of invasive mold diseases and classification according to EORTC/MSG 
criteria 
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- Clinical 
o Day of first of clinical, mycological or radiological sign of invasive mold 

diseases defined as D1 
o Fever 
o Site of invasive mold diseases 
o Type of invasive mold diseases treatment and response 

- Radiological 
o Chest CT scan lesions 

- Biological 
o Microscopy, culture 
o Histopathology 
o Galactomannan results in serum and/or BAL 
o Co infection 

Outcome 
- Response to antifungal therapy 
- Twelve week survival 
- Long term survival (date of last follow up) 
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Figure 1S. Flow Chart 

 

 

 

Abbreviations: IA: invasive aspergillosis; IMD: invasive mold disease;  
Proven, probable and possible were defined by the EORTC/MSG criteria. 
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Table 1S. Univariable and multivariable analysis of prognostic factors of invasive mold disease response to antifungal treatment 

(n=328) 

  Favorable response  

Factor  No Yes OR (univariable) OR (multivariable) 

Age (years) 40-65 69 (39.7)  105 (60.3)    

 <40 19 (34.5)  36 (65.5)  1.25 (0.67-2.38, p=0.498)  0.95 (0.38-2.44, p=0.911)  

 >65 50 (50.5)  49 (49.5)  0.64 (0.39-1.06, p=0.083)  1.01 (0.47-2.16, p=0.986)  

Sex Male 92 (42.6)  124 (57.4)    

 Female 46 (41.1)  66 (58.9)  1.06 (0.67-1.70, p=0.791)   

Past tobacco use  No 68 (41.5)  96 (58.5)    

 Yes 60 (42.6)  81 (57.4)  0.96 (0.61-1.51, p=0.848)   

 Missing 10 (43.5)  13 (56.5)  0.92 (0.38-2.27, p=0.854)   

Active tobacco use No 105 (41.7) 147 (58.3)    

 Yes 23 (43.4)  30 (56.6)  0.93 (0.51-1.71, p=0.817)   

 Missing 10 (43.5)  13 (56.5)  0.93 (0.39-2.25, p=0.866)   

Prior respiratory disease No 100 (41.8) 139 (58.2)    

 Yes 38 (42.7)  51 (57.3)  0.97 (0.59-1.59, p=0.889)   

Tracheal intubation No 124 (40.0) 186 (60.0)    

 Yes 14 (77.8)  4 (22.2)  0.19 (0.05-0.55, p=0.004)  0.33 (0.05-1.56, p=0.191)  

Diabetes mellitus No 103 (37.9) 169 (62.1)    

 Yes 35 (62.5)  21 (37.5)  0.37 (0.20-0.66, p=0.001)  0.32 (0.13-0.72, p=0.007)  

Corticosteroids No 42 (40.8)  61 (59.2)    

 Yes 96 (42.7)  129 (57.3)  0.93 (0.57-1.48, p=0.748)   

Antibiotics No 59 (44.7)  73 (55.3)    

 Yes 79 (40.3)  117 (59.7)  1.20 (0.77-1.87, p=0.430)   

Lymphocytes (G/l) ≥0.5 – <4.0  30 (34.9)  56 (65.1)    

 <0.5  86 (40.6)  126 (59.4)  0.78 (0.46-1.32, p=0.363)  0.89 (0.42-1.88, p=0.758)  

 ≥4.0 22 (73.3)  8 (26.7)  0.19 (0.07-0.47, p=0.001)  0.38 (0.11-1.28, p=0.124)  
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  Favorable response  

Factor  No Yes OR (univariable) OR (multivariable) 

Monocytes (G/l) <0.5 119 (44.2) 150 (55.8)    

 ≥0.5 19 (32.2)  40 (67.8)  1.67 (0.93-3.09, p=0.092)  1.43 (0.62-3.41, p=0.407)  

Neutrophils (G/l) <0.5 78 (44.3)  98 (55.7)    

 ≥0.5 60 (39.5)  92 (60.5)  1.22 (0.79-1.90, p=0.376)   

Creatinine clearance (ml/min) ≥60 93 (38.3)  150 (61.7)    

 <60 45 (52.9)  40 (47.1)  0.55 (0.33-0.91, p=0.019)  0.64 (0.31-1.34, p=0.239)  

Type of LPDa High-grade NHLb 52 (47.3)  58 (52.7)    

 Acute LPDc 26 (32.5)  54 (67.5)  1.86 (1.03-3.42, p=0.042)  2.79 (1.00-8.11, p=0.054)  

 Low-grade NHLd 39 (50.0)  39 (50.0)  0.90 (0.50-1.60, p=0.712)  1.64 (0.68-4.06, p=0.273)  

 Hodgkin’s lymphoma 6 (31.6)  13 (68.4)  1.94 (0.71-5.87, p=0.210)  6.57 (1.49-33.37, p=0.016) 

 Myeloma 15 (36.6)  26 (63.4)  1.55 (0.75-3.31, p=0.241)  1.21 (0.45-3.34, p=0.705)  

B or T-cell lineage B 121 (40.9) 175 (59.1)    

 T 17 (53.1)  15 (46.9)  0.61 (0.29-1.27, p=0.186)  0.77 (0.26-2.31, p=0.638)  

Progression of LPDa No 24 (18.8)  104 (81.2)    

 Yes 114 (57.0) 86 (43.0)  0.17 (0.10-0.29, p<0.001)  0.16 (0.08-0.32, p<0.001)  

Allogeneic HSCTe No 124 (44.4) 155 (55.6)    

 Yes 14 (28.6)  35 (71.4)  2.00 (1.05-4.00, p=0.041)  0.60 (0.22-1.62, p=0.304)  

Graft versus host disease No 127 (43.1) 168 (56.9)    

 Yes 11 (33.3)  22 (66.7)  1.51 (0.72-3.34, p=0.286)   

Solid organ transplantation No 132 (41.6) 185 (58.4)    

 Yes 6 (54.5)  5 (45.5)  0.59 (0.17-2.01, p=0.399)   

Other active cancer No 127 (41.8) 177 (58.2)    

 Yes 11 (45.8)  13 (54.2)  0.85 (0.37-1.99, p=0.699)   

Secondary acute myeloid leukemia No 126 (41.2) 180 (58.8)    

 Yes 12 (54.5)  10 (45.5)  0.58 (0.24-1.39, p=0.224)   

Transformation in high-grade LPDa No 123 (41.1) 176 (58.9)    

 Yes 15 (51.7)  14 (48.3)  0.65 (0.30-1.41, p=0.273)   
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  Favorable response  

Factor  No Yes OR (univariable) OR (multivariable) 

Recent chemotherapy No 16 (45.7)  19 (54.3)    

 Yes 122 (41.6) 171 (58.4)  1.18 (0.58-2.39, p=0.645)   

      

T-cell suppressorf No 94 (43.5)  122 (56.5)    

 Yes 44 (39.3)  68 (60.7)  1.19 (0.75-1.90, p=0.462)   

Specific B-cell suppressorg No 112 (43.2) 147 (56.8)    

 Yes 26 (37.7)  43 (62.3)  0.93 (0.0.66-1.31, p=0.694)   

Lymphoma treatment lines 0 – 1 38 (40.0)  57 (60.0)    

 2 - 4  72 (42.1)  99 (57.9)  0.92 (0.55-1.52, p=0.738)   

 ≥ 5  28 (45.2)  34 (54.8)  0.81 (0.42-1.55, p=0.522)   

Autologous HSCTe No 116 (44.6) 144 (55.4)    

 Yes 22 (32.4)  46 (67.6)  1.68 (0.97-3.00, p=0.070)  0.99 (0.40-2.44, p=0.986)  

Rituximab  No 98 (41.4)  139 (58.6)    

 Yes 40 (44.0)  51 (56.0)  0.90 (0.55-1.47, p=0.669)   

Type IMDh Aspergillosis 99 (42.7)  133 (57.3)    

 PossibleiIMDh 11 (22.0)  39 (78.0)  2.64 (1.33-5.65, p=0.008)  1.59 (0.55-4.74, p=0.399)  

 Mucormycosis 13 (81.2)  3 (18.8)  0.17 (0.04-0.55, p=0.007)  0.13 (0.01-0.91, p=0.055)  

 Other IMDh 2 (15.4)  11 (84.6)  4.09 (1.07-26.84, p=0.071)  0.75 (0.12-6.82, p=0.771)  

 Concomitant multiple IMDh 13 (76.5)  4 (23.5)  0.23 (0.06-0.67, p=0.012)  0.46 (0.08-2.08, p=0.335)  

Site of IMDh Single organ 113 (38.6) 180 (61.4)    

 Disseminated 25 (71.4)  10 (28.6)  0.25 (0.11-0.53, p<0.001)  0.16 (0.05-0.47, p=0.001) 

Fever No 10 (25.0)  30 (75.0)    

 Yes 127 (44.9) 156 (55.1)  0.41 (0.18-0.84, p=0.020)  0.46 (0.14-1.39, p=0.187)  

Antifungal prophylaxis No 87 (46.8)  99 (53.2)    

 Anti-yeasts 45 (36.9)  77 (63.1)  1.50 (0.95-2.41, p=0.087)  1.03 (0.50-2.12, p=0.937)  

 Anti-molds 6 (30.0)  14 (70.0)  2.05 (0.79-6.00, p=0.159)  2.13 (0.48-10.82, p=0.337)  

Mycologyj Negative 65 (37.4)  109 (62.6)    

 Positive 73 (47.4)  81 (52.6)  0.66 (0.42-1.03, p=0.066)  1.19 (0.60-2.37, p=0.619)  
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  Favorable response  

Factor  No Yes OR (univariable) OR (multivariable) 

Galactomannan in serumk Negative 86 (38.4)  138 (61.6)    

 Positive 45 (48.9)  47 (51.1)  0.65 (0.40-1.06, p=0.086)  1.00 (0.49-2.02, p=0.989)  

 Missing 7 (58.3)  5 (41.7)  0.45 (0.13-1.44, p=0.178)  1.37 (0.16-11.70, p=0.772)  

Galactomannan in BALl Negative 29 (32.2)  61 (67.8)    

 Positive 45 (47.9)  49 (52.1)  0.52 (0.28-0.94, p=0.031)  0.56 (0.23-1.34, p=0.194)  

 Missing 64 (44.4)  80 (55.6)  0.59 (0.34-1.03, p=0.064)  0.89 (0.40-1.99, p=0.782)  

CRP (mg/l) <180 98 (39.8)  148 (60.2)    

 ≥180 38 (48.7)  40 (51.3)  0.70 (0.42-1.16, p=0.167)  0.88 (0.42-1.84, p=0.728)  

Fibrinogen (g/l) <5 63 (48.1)  68 (51.9)    

 ≥5 75 (38.3)  121 (61.7)  1.49 (0.96-2.34, p=0.078)  1.66 (0.87-3.19, p=0.128)  

Coinfection No 74 (34.9)  138 (65.1)    

 Yes 64 (55.2)  52 (44.8)  0.44 (0.27-0.69, p<0.001)  0.69 (0.35-1.35, p=0.282)  

Chest CT-scan Nodules 23 (29.1)  56 (70.9)    

 No lesion or not done 7 (41.2)  10 (58.8)  0.59 (0.20-1.79, p=0.334)  2.48 (0.38-20.49, p=0.364)  

 Nodules with other lesionsm 65 (43.3)  85 (56.7)  0.54 (0.30-0.95, p=0.037)  0.56 (0.26-1.19, p=0.136)  

 Other lesionsm without nodule 43 (52.4)  39 (47.6)  0.37 (0.19-0.71, p=0.003)  0.46 (0.18-1.13, p=0.093)  

Therapy of IMDh Mold-active azole 66 (31.7)  142 (68.3)    

 Othern 66 (58.4)  47 (41.6)  0.33 (0.20-0.53, p<0.001)  0.36 (0.17-0.73, p=0.005) 

 No treatment 6 (85.7)  1 (14.3)  0.08 (0.00-0.47, p=0.019)  0.09 (0.00-0.94, p=0.075)  
aLPD: lymphoproliferative disorders; bHigh-grade NHL: diffuse large B-cell lymphoma, plasmablastic lymphoma, post transplantation lymphoproliferative disorders, and T 

lymphoma; cAcute LPD: acute lymphoblastic leukemia and lymphoblastic lymphoma and Burkitt’s lymphoma; dLow-grade NHL: chronic lymphocytic leukemia, follicular 

lymphoma, hairy cell leukemia, MALT lymphoma (mucosa-associated lymphoid tissue lymphoma), and mantle cell lymphoma; eHSCT: hematopoietic stem cell 

transplantation; fT-cell suppressor: alemtuzumab, anti-thymocyte globulin, bendamustine, calcineurin inhibitors, everolimus, fludarabine, methotrexate, purine analogs, and 

purines synthesis inhibitors received < 90 days before onset of invasive mold infection; gSpecific B-cell suppressor : blinatumomab, ibrutinib, ofatumumab, or rituximab < 

90 days before onset of invasive mold infection; hIMD: invasive mold disease; iPossible IMD defined by the EORTC/MSG criteria; jMycology positive: microscopical 

detection of fungal elements or positive culture from sputum, aspirate or BAL; kGalactomannan in serum positive: index ≥ 0.5; lGalactomannan in BAL (bronchoalveolar 

lavage) positive: index ≥ 0.5; mOther lesions on chest CT scan: air crescent sign, cavity, halo sign, reverse halo sign, unilateral or bilateral pleural effusion, or wedge 

shaped and segmental or lobar consolidation; nOther antifungal treatment: amphotericin B lipid complex, caspofungine, combination of antifungal treatments, deoxycholate 

amphotericin B, or liposomal amphotericin B.  
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Table 2S. Univariable and multivariable analysis of prognostic factors of twelve-week survival (n=328) 

Factor  N (%) HR univariable HR multivariable 

Age (years) 40-65 174 (53.0)    

 <40 55 (16.8)  0.73 (0.44-1.23, p=0.236)  0.67 (0.36-1.24, p=0.201)  

 >65 99 (30.2)  1.34 (0.93-1.91, p=0.112)  0.90 (0.56-1.45, p=0.677)  

Sex Male 216 (65.9)    

 Female 112 (34.1)  1.01 (0.72-1.43, p=0.944)   

Past tobacco use  No 164 (50.0)    

 Yes 141 (43.0)  0.78 (0.55-1.10, p=0.153)  0.75 (0.50-1.13, p=0.173)  

 Missing 23 (7.0)  1.05 (0.56-1.98, p=0.872)  1.05 (0.50-2.19, p=0.899)  

Active tobacco use No 252 (76.8)    

 Yes 53 (16.2)  0.80 (0.49-1.30, p=0.366)   

 Missing 23 (7.0)  1.14 (0.61-2.11, p=0.684)   

Prior respiratory disease No 239 (72.9)    

 Yes 89 (27.1)  0.92 (0.63-1.33, p=0.649)   

Tracheal intubation No 310 (94.5)    

 Yes 18 (5.5)  2.89 (1.66-5.04, p<0.001)  2.34 (1.13-4.87, p=0.022) 

Diabetes mellitus No 272 (82.9)    

 Yes 56 (17.1)  1.58 (1.06-2.36, p=0.024)  1.13 (0.69-1.86, p=0.618)  

Corticosteroids No 103 (31.4)    

 Yes 225 (68.6)  1.17 (0.82-1.68, p=0.382)   

Antibiotics No 132 (40.2)    

 Yes 196 (59.8)  1.09 (0.77-1.52, p=0.636)   

Lymphocytes (G/l) ≥0.5 – <4.0  86 (26.2)    

 <0.5  212 (64.6)  1.39 (0.92-2.09, p=0.121)  1.10 (0.67-1.82, p=0.711)  

 ≥4.0 30 (9.1)  2.39 (1.35-4.26, p=0.003)  1.21 (0.58-2.50, p=0.610)  
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Factor  N (%) HR univariable HR multivariable 

Monocytes (G/l) <0.5 269 (82.0)    

 ≥0.5 59 (18.0)  0.57 (0.35-0.94, p=0.027)  0.69 (0.38-1.28, p=0.242)  

Neutrophils (G/l) <0.5 176 (53.7)    

 ≥0.5 152 (46.3)  0.86 (0.62-1.20, p=0.369)   

Creatinine clearance (ml/min) ≥60 243 (74.1)    

 <60 85 (25.9)  1.59 (1.12-2.26, p=0.010)  1.18 (0.77-1.82, p=0.450)  

Type of LPDa High-grade NHLb 110 (33.5)    

 Acute LPDc 80 (24.4)  0.67 (0.43-1.06, p=0.088)  0.92 (0.48-1.77, p=0.801)  

 Low-grade NHLd 78 (23.8)  0.97 (0.64-1.48, p=0.893)  0.74 (0.40-1.37, p=0.338)  

 Hodgkin’s lymphoma 19 (5.8)  0.53 (0.23-1.23, p=0.140)  0.44 (0.17-1.14, p=0.093)  

 Myeloma 41 (12.5)  0.77 (0.45-1.33, p=0.349)  0.87 (0.45-1.70, p=0.692)  

B or T-cell lineage B 296 (90.2)    

 T 32 (9.8)  1.14 (0.67-1.95, p=0.629)   

Progression of LPDa No 128 (39.0)    

 Yes 200 (61.0)  4.55 (2.91-7.12, p<0.001)  4.50 (2.73-7.42, p<0.001) 

Allogeneic HSCTe No 279 (85.1)    

 Yes 49 (14.9)  0.58 (0.34-0.99, p=0.045)  1.04 (0.54-2.00, p=0.897)  

Graft versus host disease No 295 (89.9)    

 Yes 33 (10.1)  0.72 (0.40-1.30, p=0.277)   

Solid organ transplantation No 317 (96.6)    

 Yes 11 (3.4)  1.72 (0.76-3.91, p=0.192)  1.04 (0.36-2.94, p=0.946)  

Other active cancer No 304 (92.7)    

 Yes 24 (7.3)  1.09 (0.59-2.01, p=0.788)   

Secondary acute myeloid leukemia No 306 (93.3)    

 Yes 22 (6.7)  1.40 (0.77-2.52, p=0.270)   

Transformation in high-grade LPDa No 299 (91.2)    

 Yes 29 (8.8)  1.74 (1.06-2.85, p=0.029)  1.09 (0.55-2.14, p=0.813)  
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Factor  N (%) HR univariable HR multivariable 

Recent chemotherapy No 35 (10.7)    

 Yes 293 (89.3)  0.93 (0.55-1.56, p=0.783)   

T-cell suppressorf No 216 (65.9)    

 Yes 112 (34.1)  0.87 (0.61-1.25, p=0.459)   

Specific B-cell suppressorg No 260 (79.3)    

 Yes 68 (20.7)  0.87 (0.57-1.32, p=0.513)   

Lymphoma treatment lines 0 – 1 95 (29.0)    

 2 - 4  171 (52.1)  1.06 (0.72-1.57, p=0.756)   

 ≥ 5  62 (18.9)  1.27 (0.79-2.05, p=0.324)   

Autologous HSCTe No 260 (79.3)    

 Yes 68 (20.7)  0.65 (0.42-1.02, p=0.063)  0.94 (0.52-1.71, p=0.841)  

Rituximab  No 237 (72.3)    

 Yes 91 (27.7)  1.13 (0.79-1.62, p=0.515)   

Type IMDh Aspergillosis 232 (70.7)    

 Possiblei IMDh 50 (15.2)  0.48 (0.26-0.87, p=0.015)  0.75 (0.35-1.61, p=0.461)  

 Mucormycosis 16 (4.9)  2.73 (1.50-4.97, p=0.001)  3.71 (1.58-8.74, p=0.003) 

 Other IMDh 13 (4.0)  0.28 (0.07-1.15, p=0.078)  1.13 (0.24-5.30, p=0.880)  

 Concomitant multiple IMDh 17 (5.2)  2.29 (1.28-4.09, p=0.005)  1.68 (0.75-3.76, p=0.208)  

Site of IMDh Single organ 293 (89.3)    

 Disseminated 35 (10.7)  1.69 (1.06-2.69, p=0.026)  1.24 (0.66-2.35, p=0.505)  

Fever No 40 (12.4)    

 Yes 283 (87.6)  2.02 (1.09-3.75, p=0.025)  2.00 (0.98-4.08, p=0.056)  

Antifungal prophylaxis No 186 (56.7)    

 Anti-yeasts 122 (37.2)  0.75 (0.52-1.06, p=0.105)  1.16 (0.73-1.84, p=0.529)  

 Anti-molds 20 (6.1)  0.55 (0.24-1.27, p=0.162)  0.33 (0.12-0.92, p=0.034)  

Mycologyj Negative 174 (53.0)    

 Positive 154 (47.0)  1.38 (0.99-1.92, p=0.054)  1.09 (0.71-1.66, p=0.696)  
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Factor  N (%) HR univariable HR multivariable 

Galactomannan in serumk Negative 224 (68.3)    

 Positive 92 (28.0)  1.34 (0.93-1.92, p=0.113)  1.34 (0.88-2.05, p=0.170)  

 Missing 12 (3.7)  1.79 (0.83-3.87, p=0.137)  0.78 (0.23-2.65, p=0.695)  

Galactomannan in BALl Negative 90 (27.4)    

 Positive 94 (28.7)  1.69 (1.06-2.68, p=0.028)  1.69 (0.93-3.04, p=0.083)  

 Missing 144 (43.9)  1.63 (1.06-2.52, p=0.028)  1.41 (0.80-2.50, p=0.239)  

CRP (mg/l) <180 246 (75.9)    

 ≥180 78 (24.1)  1.09 (0.74-1.61, p=0.655)   

Fibrinogen (g/l) <5 131 (40.1)    

 ≥5 196 (59.9)  0.72 (0.52-1.00, p=0.050)  0.86 (0.58-1.27, p=0.444)  

Coinfection No 212 (64.6)    

 Yes 116 (35.4)  1.65 (1.18-2.30, p=0.003)  1.13 (0.74-1.72, p=0.563)  

Chest CT-scan Nodules 79 (24.1)    

 No lesion or not done 17 (5.2)  1.44 (0.62-3.32, p=0.393)  0.81 (0.27-2.45, p=0.711)  

 Nodules with other lesionsm 150 (45.7)  1.54 (0.98-2.43, p=0.060)  1.24 (0.75-2.05, p=0.400)  

 Other lesionsm without nodule 82 (25.0)  1.91 (1.17-3.12, p=0.009)  1.43 (0.81-2.50, p=0.213)  

Therapy of IMDh Mold-active azole 208 (63.4)    

 Othern 113 (34.5)  2.36 (1.68-3.30, p<0.001)  1.81 (1.20-2.74, p=0.005)  

 No treatment 7 (2.1)  6.61 (2.86-15.30, p<0.001)  8.94 (2.69-29.73, p<0.001) 
aLPD: lymphoproliferative disorders; bHigh-grade NHL: diffuse large B-cell lymphoma, plasmablastic lymphoma, post transplantation lymphoproliferative disorders, and T 

lymphoma;cAcute LPD: acute lymphoblastic leukemia and lymphoblastic lymphoma and Burkitt’s lymphoma; dLow-grade NHL: chronic lymphocytic leukemia, follicular 

lymphoma, hairy cell leukemia, MALT lymphoma (mucosa-associated lymphoid tissue lymphoma), and mantle cell lymphoma;eHSCT: hematopoietic stem cell 

transplantation;fT-cell suppressor: alemtuzumab, anti-thymocyte globulin, bendamustine, calcineurin inhibitors, everolimus, fludarabine, methotrexate, purine analogs, and 

purines synthesis inhibitors received < 90 days before onset of invasive mold infection; gSpecific B-cell suppressor : blinatumomab, ibrutinib, ofatumumab, or rituximab < 

90 days before onset of invasive mold infection;hIMD: invasive mold disease;iPossible IMD defined by the EORTC/MSG criteria;jMycology positive: microscopical detection 

of fungal elements or positive culture from sputum, aspirate or BAL;kGalactomannan in serum positive: index≥ 0.5; lGalactomannan in BAL (bronchoalveolar lavage) 

positive: index≥ 0.5;mOther lesions on chest CT scan: air crescent sign, cavity, halo sign, reverse halo sign, unilateral or bilateral pleural effusion, or wedge shaped and 

segmental or lobar consolidation;nOther antifungal treatment: amphotericin B lipid complex, caspofungine, combination of antifungal treatments, deoxycholate amphotericin 

B, or liposomal amphotericin B.  
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Table 3S. Univariable and multivariable analysis of prognostic factors of long term survival (n=328) 

Factor  N (%) HR (univariable) HR (multivariable) 

Age (years) 40-65 174 (53.0)    

 <40 55 (16.8)  0.52 (0.36-0.77, p=0.001)  0.55 (0.35-0.85, p=0.008)  

 >65 99 (30.2)  1.47 (1.12-1.92, p=0.005)  1.30 (0.93-1.83, p=0.128)  

Sex Male 216 (65.9)    

 Female 112 (34.1)  0.87 (0.67-1.13, p=0.305)   

Past tobacco use  No 164 (50.0)    

 Yes 141 (43.0)  1.01 (0.79-1.30, p=0.923)   

 Missing 23 (7.0)  1.07 (0.67-1.72, p=0.775)   

Active tobacco use No 252 (76.8)    

 Yes 53 (16.2)  0.81 (0.57-1.14, p=0.217)   

 Missing 23 (7.0)  1.02 (0.65-1.62, p=0.921)   

Prior respiratory disease No 239 (72.9)    

 Yes 89 (27.1)  1.05 (0.80-1.38, p=0.700)   

Tracheal intubation No 310 (94.5)    

 Yes 18 (5.5)  2.35 (1.43-3.85, p=0.001)  3.28 (1.76-6.13, p<0.001)  

Diabetes mellitus No 272 (82.9)    

 Yes 56 (17.1)  1.52 (1.12-2.07, p=0.007)  1.32 (0.92-1.90, p=0.134)  

Corticosteroids No 103 (31.4)    

 Yes 225 (68.6)  0.98 (0.76-1.27, p=0.874)   

Antibiotics No 132 (40.2)    

 Yes 196 (59.8)  1.04 (0.81-1.34, p=0.742)   

Lymphocytes (G/l) ≥0.5 – <4.0  86 (26.2)    

 <0.5  212 (64.6)  1.16 (0.87-1.54, p=0.314)  1.06 (0.74-1.52, p=0.734)  

 ≥4.0 30 (9.1)  2.54 (1.64-3.94, p<0.001)  1.28 (0.74-2.21, p=0.372)  
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Factor  N (%) HR (univariable) HR (multivariable) 

Monocytes (G/l) <0.5 269 (82.0)    

 ≥0.5 59 (18.0)  0.80 (0.58-1.09, p=0.153)  0.90 (0.60-1.34, p=0.591)  

Neutrophils (G/l) <0.5 176 (53.7)    

 ≥0.5 152 (46.3)  1.00 (0.78-1.27, p=0.986)   

Creatinine clearance (ml/min) ≥60 243 (74.1)    

 <60 85 (25.9)  1.50 (1.15-1.95, p=0.003)  1.17 (0.85-1.62, p=0.325)  

Type of LPDa High-grade NHLb 110 (33.5)    

 Acute LPDc 80 (24.4)  0.68 (0.48-0.94, p=0.021)  0.88 (0.56-1.38, p=0.574)  

 Low-grade NHLd 78 (23.8)  1.07 (0.78-1.48, p=0.676)  0.64 (0.41-0.99, p=0.045)  

 Hodgkin’s lymphoma 19 (5.8)  0.71 (0.42-1.21, p=0.205)  0.36 (0.18-0.73, p=0.005)  

 Myeloma 41 (12.5)  0.96 (0.65-1.42, p=0.845)  0.88 (0.54-1.41, p=0.587)  

B or T-cell lineage B 296 (90.2)    

 T 32 (9.8)  1.17 (0.78-1.76, p=0.440)   

Progression of LPDa No 128 (39.0)    

 Yes 200 (61.0)  2.99 (2.28-3.91, p<0.001)  2.55 (1.82-3.57, p<0.001)  

Allogeneic HSCTe No 279 (85.1)    

 Yes 49 (14.9)  0.65 (0.45-0.94, p=0.020)  0.77 (0.48-1.22, p=0.268)  

Graft versus host disease No 295 (89.9)    

 Yes 33 (10.1)  0.83 (0.55-1.26, p=0.390)   

Solid organ transplantation No 317 (96.6)    

 Yes 11 (3.4)  1.09 (0.56-2.13, p=0.801)   

Other active cancer No 304 (92.7)    

 Yes 24 (7.3)  1.30 (0.84-2.02, p=0.234)   

Secondary acute myeloid leukemia No 306 (93.3)    

 Yes 22 (6.7)  1.59 (1.00-2.51, p=0.049)  2.27 (1.28-4.04, p=0.005)  

Transformation in high-grade LPDa No 299 (91.2)    

 Yes 29 (8.8)  1.83 (1.23-2.74, p=0.003)  1.06 (0.62-1.82, p=0.836)  
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Factor  N (%) HR (univariable) HR (multivariable) 

Recent chemotherapy No 35 (10.7)    

 Yes 293 (89.3)  0.93 (0.63-1.36, p=0.705)   

T-cell suppressorf No 216 (65.9)    

 Yes 112 (34.1)  0.75 (0.57-0.97, p=0.030)  1.23 (0.89-1.69, p=0.210)  

Specific B-cell suppressorg No 260 (79.3)    

 Yes 68 (20.7)  0.99 (0.73-1.34, p=0.956)   

Lymphoma treatment lines 0 – 1 95 (29.0)    

 2 - 4  171 (52.1)  1.33 (1.00-1.78, p=0.051)  1.60 (1.12-2.28, p=0.009)  

 ≥ 5  62 (18.9)  1.43 (1.00-2.06, p=0.051)  2.36 (1.45-3.85, p=0.001)  

Autologous HSCTe No 260 (79.3)    

 Yes 68 (20.7)  0.79 (0.59-1.07, p=0.131)  0.93 (0.61-1.41, p=0.718)  

Rituximab  No 237 (72.3)    

 Yes 91 (27.7)  1.09 (0.83-1.43, p=0.555)   

Type IMDh Aspergillosis 232 (70.7)    

 PossibleiIMDh 50 (15.2)  0.55 (0.37-0.80, p=0.002)  0.70 (0.42-1.14, p=0.149)  

 Mucormycosis 16 (4.9)  1.88 (1.09-3.24, p=0.023)  2.73 (1.40-5.32, p=0.003)  

 Other IMDh 13 (4.0)  0.51 (0.25-1.04, p=0.063)  0.96 (0.42-2.21, p=0.924)  

 Concomitant multiple IMDh 17 (5.2)  1.47 (0.85-2.53, p=0.164)  1.16 (0.60-2.26, p=0.657)  

Site of IMDh Single organ 293 (89.3)    

 Disseminated 35 (10.7)  1.35 (0.91-1.99, p=0.131)  1.51 (0.95-2.40, p=0.082)  

Fever No 40 (12.4)    

 Yes 283 (87.6)  1.42 (0.97-2.08, p=0.071)  1.27 (0.81-1.98, p=0.299)  

Antifungal prophylaxis No 186 (56.7)    

 Anti-yeasts 122 (37.2)  0.85 (0.66-1.10, p=0.211)   

 Anti-molds 20 (6.1)  0.73 (0.43-1.25, p=0.255)   

Mycologyj Negative 174 (53.0)    

 Positive 154 (47.0)  1.22 (0.95-1.55, p=0.114)  0.90 (0.65-1.23, p=0.490)  
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Factor  N (%) HR (univariable) HR (multivariable) 

Galactomannan in serumk Negative 224 (68.3)    

 Positive 92 (28.0)  1.39 (1.07-1.82, p=0.014)  1.30 (0.95-1.77, p=0.102)  

 Missing 12 (3.7)  1.07 (0.54-2.10, p=0.853)  0.64 (0.27-1.54, p=0.323)  

Galactomannan in BALl Negative 90 (27.4)    

 Positive 94 (28.7)  1.21 (0.86-1.69, p=0.272)  1.42 (0.95-2.12, p=0.091)  

 Missing 144 (43.9)  1.40 (1.03-1.88, p=0.030)  1.58 (1.09-2.31, p=0.017)  

CRP (mg/l) <180 246 (75.9)    

 ≥180 78 (24.1)  1.29 (0.98-1.71, p=0.070)  1.03 (0.74-1.42, p=0.862)  

Fibrinogen (g/l) <5 131 (40.1)    

 ≥5 196 (59.9)  0.98 (0.76-1.26, p=0.867)   

Coinfection No 212 (64.6)    

 Yes 116 (35.4)  1.47 (1.15-1.89, p=0.002)  1.27 (0.93-1.74, p=0.135)  

Chest CT-scan Nodules 79 (24.1)    

 No lesion or not done 17 (5.2)  1.03 (0.58-1.85, p=0.916)  0.86 (0.43-1.73, p=0.679)  

 Nodules with other lesionsm 150 (45.7)  1.20 (0.88-1.63, p=0.256)  1.12 (0.79-1.58, p=0.525)  

 Other lesionsm without nodule 82 (25.0)  1.49 (1.06-2.11, p=0.023)  1.28 (0.86-1.92, p=0.219)  

Therapy of IMDh Mold-active azole 208 (63.4)    

 Othern 113 (34.5)  1.65 (1.28-2.12, p<0.001)  1.33 (0.96-1.83, p=0.082)  

 No treatment 7 (2.1)  3.00 (1.33-6.81, p=0.008)  5.95 (2.20-16.10, p<0.001)  
aLPD: lymphoproliferative disorders; bHigh-grade NHL: diffuse large B-cell lymphoma, plasmablastic lymphoma, post transplantation lymphoproliferative disorders, and T 

lymphoma; cAcute LPD: acute lymphoblastic leukemia and lymphoblastic lymphoma and Burkitt’s lymphoma; dLow-grade NHL: chronic lymphocytic leukemia, follicular 

lymphoma, hairy cell leukemia, MALT lymphoma (mucosa-associated lymphoid tissue lymphoma), and mantle cell lymphoma; eHSCT: hematopoietic stem cell 

transplantation; fT-cell suppressor: alemtuzumab, anti-thymocyte globulin, bendamustine, calcineurin inhibitors, everolimus, fludarabine, methotrexate, purine analogs, and 

purines synthesis inhibitors received < 90 days before onset of invasive mold infection; gSpecific B-cell suppressor : blinatumomab, ibrutinib, ofatumumab, or rituximab < 

90 days before onset of invasive mold infection; hIMD: invasive mold disease; iPossible IMD defined by the EORTC/MSG criteria; jMycology positive: microscopical 

detection of fungal elements or positive culture from sputum, aspirate or BAL; kGalactomannan in serum positive: index ≥ 0.5; lGalactomannan in BAL (bronchoalveolar 

lavage) positive: index≥ 0.5; mOther lesions on chest CT scan: air crescent sign, cavity, halo sign, reverse halo sign, unilateral or bilateral pleural effusion, or wedge 

shaped and segmental or lobar consolidation; nOther antifungal treatment: amphotericin B lipid complex, caspofungine, combination of antifungal treatments, deoxycholate 

amphotericin B, or liposomal amphotericin B.  
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CONCLUSIONS 

Les infections invasives à champignons filamenteux, et en particulier les 

aspergilloses, sont fréquentes chez les patients sévèrement immunodéprimés. En ce 

sens les allogreffes de cellules souches hématopoïétiques, les greffes d’organe 

solide, les leucémies aiguës myéloïdes et certains déficits immunitaires congénitaux, 

telle la granulomatose septique, sont les principales conditions exposant aux 

infections invasives à champignons filamenteux. Parmi les autres conditions, il est 

habituel de citer les neutropénies profondes et prolongées, les traitements par 

corticoïdes et par immunosuppresseurs T.  

Les hémopathies lymphoïdes ne font pas partie des pathologies considérées à risque 

d’infections à champignons filamenteux. Peu d’articles leurs sont consacrés. Nous 

avons souhaité évaluer ce risque de survenue et identifier les facteurs pronostiques 

des infections à champignons filamenteux au cours des hémopathies lymphoïdes. 

Pour cela, nous avons recherché les cas répertoriés dans la base de données 

élaborée dans le cadre de l’étude « Analyse rétrospective, non-interventionnelle des 

infections opportunistes chez les patients immunodéprimés ou fragiles ». Cette étude 

est enregistrée dans ClinicalTrial.gov sous le numéro NCT03920735. Elle couvre la 

majorité des services des Hôpitaux Universitaires de Strasbourg et porte sur une 

durée de 22 ans.  

Nous avons exclu les colonisations, les infections fongiques chroniques et les faux 

positifs des tests de détection de l’antigène galactomanne dans le sérum ou le liquide 

de lavage broncho-alvéolaire. Parmi les 1083 infections à champignons filamenteux, 

nous avons identifié 348 (32,1 %) épisodes associés à des pathologies lymphoïdes.  

Ces 348 cas se répartissent en 245 aspergilloses invasives (29 prouvées et 216 

probables selon la classification de l‘EORTC/MSG), 16 mucormycoses, 15 autres 

infections à champignons filamenteux (dont 6 infections à Fusarium spp.), 21 
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infections à deux genres différents de champignons filamenteux et 51 infections 

possibles sur la base de critères radiocliniques mais sans confirmation mycologique ni 

isolement d’un autre pathogène pouvant expliquer les signes et symptômes. 

L’âge médian est de 57 ans (extrêmes : 22 mois – 88 ans). La cohorte est composée 

de 231 hommes (66.4%) et 117 femmes (33.6%). 

Les principales hémopathies lymphoïdes concernées sont, par ordre de fréquence, 

les lymphomes B diffus grandes cellules (n=81), les leucémies aiguës 

lymphoblastiques (n=69), les leucémies lymphocytaires chroniques (n=44) et les 

myélomes (n=41). Les lymphomes T (n=21), les maladies de Hodgkin (n=19), les 

lymphomes du manteau (n=15) ou les lymphomes folliculaires (n=10) sont plus rares. 

Pour les autres pathologies lymphoïdes nous avons observé moins de 10 cas. 

Un autre terrain à risque d’infections à champignons filamenteux a été constaté dans 

146 cas: transformation en hémopathie lymphoïde agressive (n= 30), apparition d’une 

leucémie aiguë myéloïde secondaire au traitement chimio ou radiothérapie (n=25), 

allogreffe de cellules souches hématopoïétiques (n=56), greffe d’organe (n=12) ou 

tumeur solide évolutive (n=23). Par ailleurs l’hémopathie lymphoïde était non 

contrôlée, réfractaire ou en rechute dans 213 cas. 

Les autres facteurs classiques créant ou aggravant le risque d’infection à 

champignons filamenteux sont le diabète (n=58), l’administration de corticoïdes 

(n=233), un traitement immunosuppresseur T (n=123) ou B (n=83), la neutropénie 

<0.5G/L (n=186), ainsi qu’une pathologie respiratoire préexistante (n=68). La 

présence d’une coinfection bactérienne est fréquente (n=126, 36,2%). 

 

Vingt patients ont présenté deux épisodes d’infections. Le deuxième épisode a été 

retiré de l’analyse des facteurs pronostiques influençant la survie. La survie actuarielle 
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à 12 semaines est de 56,7%. Plusieurs facteurs pronostiques défavorables pour la 

survie à la semaine 12 ont été identifiés dont l’évolutivité de l’hémopathie, le type 

d’infection fongique et son traitement. 

 

Ce travail est original du fait du peu de données présentes dans la littérature sur le 

sujet. Nous démontrons que dans une grande cohorte monocentrique, plus de 30% 

des infections invasives à champignons filamenteux surviennent au cours de 

lymphoproliférations. Cette notion doit faire évoquer l’hypothèse fongique lors 

d’infections ne cédant pas rapidement sous antibiotiques chez les patients porteurs 

d’une hémopathie lymphoïde. Il faut donc faire évoluer l’approche clinique pour ces 

patients afin d’améliorer leur pronostic. 
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RESUME : 
Les infections invasives à champignons filamenteux sont fréquentes chez les 
patients sévèrement immunodéprimés. Les hémopathies lymphoïdes ne font pas 
partie des pathologies considérées à risque d’infections à champignons filamenteux 
du fait d’une incidence plus faible. Ce travail évalue le risque de survenue et identifier 
les facteurs pronostiques de ces infections à champignons filamenteux au cours des 
hémopathies lymphoïdes.  
Parmi 1083 infections à champignons filamenteux observées aux Hôpitaux 
Universitaires de Strasbourg sur une période de 22 ans, 348 (32,1%) épisodes sont 
associés à des pathologies lymphoïdes. Les infections se répartissent en 245 
aspergilloses, 16 mucormycoses, 15 autres infections à champignons filamenteux, 
21 infections à 2 genres différents de champignons filamenteux et 51 infections 
possibles (selon les critères de l’EORTC/MSG). Les principales hémopathies 
lymphoïdes concernées sont, par ordre de fréquence, les lymphomes non 
hodgkiniens, les leucémies aiguës lymphoblastiques, les leucémies lymphocytaires 
chroniques, et les myélomes. Les autres hémopathies lymphoïdes étant plus rares. 
La survie actuarielle à 12 semaines est de 56,7%.  
Ce travail souligne la fréquence des lymphoproliférations dans une grande cohorte 
d’infections à champignons filamenteux. Cette notion doit faire évoquer l’hypothèse 
fongique lors d’infections ne cédant pas rapidement sous antibiotiques chez les 
patients porteurs d’une hémopathie lymphoïde.  
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