

[image: B-cell malignancies treated with targeted drugs and SARS-CoV-2 infection: A European Hematology Association Survey (EPICOVIDEHA)]
B-cell malignancies treated with targeted drugs and SARS-CoV-2 infection: A European Hematology Association Survey (EPICOVIDEHA)





ORIGINAL RESEARCH

published: 04 October 2022

doi: 10.3389/fonc.2022.992137

[image: image2]


B-cell malignancies treated with targeted drugs and SARS-CoV-2 infection: A European Hematology Association Survey (EPICOVIDEHA)


Maria Stefania Infante 1†§, Jon Salmanton-García 2,3*†§, Ana Fernández-Cruz 4†§, Francesco Marchesi 5§, Ozren Jaksic 6§, Barbora Weinbergerová 7§, Caroline Besson 8§, Rafael F. Duarte 4, Federico Itri 9§, Toni Valković 10,11,12§, Tomáš Szotkovski 13, Alessandro Busca 14,§, Anna Guidetti 15,§, Andreas Glenthøj 16§, Graham P. Collins 17, Valentina Bonuomo 18,§, Uluhan Sili 19§, Guldane Cengiz Seval 20§, Marina Machado 21§, Raul Cordoba 22§, Ola Blennow 19§, Ghaith Abu-Zeinah 23§, Sylvain Lamure 24§, Austin Kulasekararaj 25,26§, Iker Falces-Romero 27§, Chiara Cattaneo 28§, Jaap Van Doesum 29§, Klára Piukovics 30§, Ali S. Omrani 31§, Gabriele Magliano 32§, Marie-Pierre Ledoux 33§, Cristina de Ramon 34,35§, Alba Cabirta 36,37,38§, Luisa Verga 39,40§, Alberto López-García 41§, Maria Gomes Da Silva 42§, Zlate Stojanoski 43§, Stef Meers 44, Tobias Lahmer 45, Sonia Martín-Pérez 46, Julio Dávila-Vals 46, Jens Van Praet 47§, Michail Samarkos 48, Yavuz M. Bilgin 49§, Linda Katharina Karlsson 16, Josip Batinić 50, Anna Nordlander 19, Martin Schönlein 51§, Martin Hoenigl 52,53,54§, Zdeněk Ráčil 55§, Miloš Mladenović 56, Michaela Hanakova 55, Giovanni Paolo Maria Zambrotta 39,40, Nick De Jonge 57§, Tatjana Adžić-Vukičević 56, Raquel Nunes-Rodrigues 42, Lucia Prezioso 58,§, Milan Navrátil 59, Monia Marchetti 60§, Annarosa Cuccaro 61§, Maria Calbacho 62§, Antonio Giordano 63,64§, Oliver A. Cornely 2,3,65,66,67§, José-Ángel Hernández-Rivas 1‡§ and Livio Pagano 64‡§


1 Hematology Deparment, Hospital Universitario Infanta Leonor, Madrid, Spain>, 2 Faculty of Medicine and University Hospital Cologne, Cologne Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), University of Cologne, Cologne, Germany, 3 Faculty of Medicine and University Hospital Cologne, Department I of Internal Medicine, Excellence Center for Medical Mycology (ECMM), University of Cologne, Cologne, Germany, 4 Hospital Universitario Puerta de Hierro, Majadahonda, Spain, 5 Hematology and Stem Cell Transplant Unit, IRCCS Regina Elena National Cancer Institute, Rome, Italy, 6 Department of Hematology, University Hospital Dubrava, Zagreb, Croatia, 7 Department of Internal Medicine, Hematology and Oncology, Masaryk University and University Hospital Brno, Brno, Czechia, 8 Centre Hospitalier de Versailles, Versailles, France, 9 San Luigi Gonzaga Hospital - Orbassano, Orbassano, Italy, 10 University Hospital Centre Rijeka, Rijeka, Croatia, 11 Croatian Cooperative Group for Hematological Diseases (CROHEM), Zagreb, Croatia, 12 Faculty of Medicine and Faculty of Health Studies University of Rijeka, Rijeka, Croatia, 13 University Hospital Olomouc, Olomouc, Czechia, 14 Stem Cell Transplant Center, AOU Citta’ della Salute e della Scienza, Turin, Italy, 15 Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy, 16 Department of Hematology, Copenhagen University Hospital - Rigshospitalet, Copenhagen, Denmark, 17 NIHR Oxford Biomedical Research Centre, Churchill Hospital, Oxford, United Kingdom, 18 Department of Medicine, Section of Hematology, University of Verona, Verona, Italy, 19 Department of Infectious Diseases, Karolinska University Hospital, Stockholm, Sweden, 20 Ankara University, Ankara, Turkey, 21 Clinical Microbiology and Infectious Diseases Department, Hospital General Universitario Gregorio Marañón, Madrid, Spain, 22 Health Research Institute IIS-FJD, Fundación Jimenez Diaz University Hospital, Madrid, Spain, 23 Division of Hematology and Oncology, Weill Cornell Medicine, New York, NY, United States, 24 Departement d’Hematologie Clinique, CHU de Montpellier, UMR-CNRS 5535, Universite de Montpellier, Montpellier, France, 25 King’s College Hospital, London, United Kingdom, 26 King’s College London, London, United Kingdom, 27 La Paz University Hospital, Madrid, Spain, 28 Hematology Unit, ASST-Spedali Civili, Brescia, Italy, 29 University Medical Center Groningen, Groningen, Netherlands, 30 Department of Internal Medicine, Albert Szent-Györgyi Health Center, Faculty of Medicine University of Szeged, Szeged, Hungary, 31 Communicable Disease Center, Hamad Medical Corporation, Doha, Qatar, 32 ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy, 33 ICANS, Strasbourg, France, 34 Hematology Department, Hospital Universitario de Salamanca, Salamanca, Spain, 35 IBSAL, Centro de Investigación del Cáncer-IBMCC (USAL-CSIC), Salamanca, Spain, 36 Department of Hematology, Vall d’Hebron Hospital Universitari, Experimental Hematology, Vall d’Hebron Institute of Oncology (VHIO), Vall d’Hebron Barcelona, Spain, 37 Hospital Campus, Barcelona, Spain, 38 Departament de Medicina, Universitat Autònoma de Barcelona, Bellaterra, Spain, 39 Azienda Ospedaliera San Gerardo - Monza, Monza, Italy, 40 Università Milano-Bicocca, Milan, Italy, 41 Health Research Institute IIS-FJD, Fundacion Jimenez Diaz University Hospital, Madrid, Spain, 42 Portuguese Institute of Oncology, Lisbon, Portugal, 43 University Clinic of Hematology, Skopje, North Macedonia, 44 AZ KLINA, Brasschaat, Belgium, 45 Medizinische Klinik II, Klinikum rechts der Isar, TU München, Munich, Germany, 46 Hospital Nuestra Señora de Sonsoles, Ávila, Spain, 47 Department of Nephrology and Infectious Diseases, AZ Sint-Jan Brugge-Oostende AV, Brugge, Belgium, 48 Laikon General Hospital, Athens, Greece, 49 ADRZ, Goes, Netherlands, 50 UHC Zagreb, Zagreb, Croatia, 51 Department of Oncology, Hematology and Bone Marrow Transplantation with Section of Pneumology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany, 52 Division of Infectious Diseases and Global Public Health, Department of Medicine, University of California San Diego, San Diego, CA, United States, 53 Clinical and Translational Fungal-Working Group, University of California San Diego, La Jolla, CA, United States, 54 Division of Infectious Diseases, Department of Internal Medicine, Medical University of Graz, Graz, Austria, 55 Institute of Hematology and Blood Transfusion, Prague, Czechia, 56 COVID Hospital “Batajnica”, Belgrade, Serbia, 57 Amsterdam UMC, location VUmc, Amsterdam, Netherlands, 58 U.O. Ematologia e Centro Trapianti Midollo Osseo, Ospedale Maggiore, Parma, Italy, 59 University Hospital Ostrava, Ostrava, Czechia, 60 Hematology and BMT Unit, Azienda Ospedaliera Nazionale SS. Antonio e Biagio e Cesare Arrigo, Alessandria, Italy, 61 Hematology Unit, Center for Translational Medicine, Azienda USL Toscana NordOvest, Livorno, Italy, 62 Hematology Department, Hospital Universitario 12 de Octubre, Madrid, Spain, 63 Hematology Unit, Fondazione Policlinico Universitario Agostino Gemelli - IRCCS, Rome, Italy, 64 Hematology Unit, Università Cattolica del Sacro Cuore, Rome, Italy, 65 University of Cologne, Faculty of Medicine and University Hospital Cologne, Clinical Trials Centre Cologne (ZKS Köln), Cologne, Germany, 66 University of Cologne, Faculty of Medicine and University Hospital Cologne, Center for Molecular Medicine Cologne (CMMC), Cologne, Germany, 67 German Centre for Infection Research (DZIF), Partner Site Bonn-Cologne, Cologne, Germany




Edited by: 

Mohamed A. Yassin, Hamad Medical Corporation, Qatar

Reviewed by: 

Mervat Mattar, Cairo University, Egypt

Mounir Tilaoui, Waterford Institute of Technology, Ireland

*Correspondence: 

Jon Salmanton-García
 jon.salmanton-garcia@uk-koeln.de

§ORCID: 

Maria Stefania Infante
 orcid.org/0000-0003-0096-9359 
 Jon Salmanton-García
 orcid.org/0000-0002-6766-8297 
 Ana Fernández-Cruz
 orcid.org/0000-0003-1189-1120 

Francesco Marchesi
 orcid.org/0000-0001-6353-2272 

Ozren Jaksic
 orcid.org/0000-0003-4026-285X 
 Barbora Weinbergerová
 orcid.org/0000-0001-6460-2471 

Caroline Besson
 orcid.org/0000-0003-4364-7173 

Federico Itri
 orcid.org/0000-0002-3532-5281 
 Toni Valković
 orcid.org/0000-0001-6083-8815 

Alessandro Busca
 orcid.org/0000-0001-5361-5613 

Anna Guidetti
 orcid.org/0000-0002-9186-1353 
 Andreas Glenthøj
 orcid.org/0000-0003-2082-0738 

Valentina Bonuomo
 orcid.org/0000-0001-6491-8337 

Uluhan Sili
 orcid.org/0000-0002-9939-9298 

Guldane Cengiz Seval
 orcid.org/0000-0001-9433-2054 

Marina Machado
 orcid.org/0000-0002-8370-2248 

Raul Cordoba
 orcid.org/0000-0002-7654-8836 

Ola Blennow
 orcid.org/0000-0002-7167-7882 

Ghaith Abu-Zeinah
 orcid.org/0000-0002-1881-3670 

Sylvain Lamure
 orcid.org/0000-0001-5980-305X 

Austin Kulasekararaj
 orcid.org/0000-0003-3180-3570 

Iker Falces-Romero
 orcid.org/0000-0001-5888-7706 

Chiara Cattaneo
 orcid.org/0000-0003-0031-3237 

Jaap Van Doesum
 orcid.org/0000-0003-0214-3219 
 Klára Piukovics
 orcid.org/0000-0003-4480-3131 

Ali S. Omrani
 orcid.org/0000-0001-5309-6358 

Gabriele Magliano
 orcid.org/0000-0002-9129-1530 

Marie-Pierre Ledoux
 orcid.org/0000-0002-3261-3616 
 Cristina De Ramón-Sánchez
 orcid.org/0000-0002-8167-6410 

Alba Cabirta
 orcid.org/0000-0001-7198-8894 

Luisa Verga
 orcid.org/0000-0003-1142-8435 
 Alberto López-García
 orcid.org/0000-0002-5354-5261 

Maria Gomes Da Silva
 orcid.org/0000-0002-6993-2450 

Zlate Stojanoski
 orcid.org/0000-0001-7502-8356 

Jens Van Praet
 orcid.org/0000-0002-7125-7001 

Yavuz M. Bilgin
 orcid.org/0000-0003-4854-5424 
 Martin Schönlein
 orcid.org/0000-0002-1010-0975 

Martin Hoenigl
 orcid.org/0000-0002-1653-2824 
 Zdeněk Ráčil
 orcid.org/0000-0003-3511-4596 

Nick De Jonge
 orcid.org/0000-0002-9901-0887 

Lucia Prezioso
 orcid.org/0000-0003-1660-4960 

Monia Marchetti
 orcid.org/0000-0001-7615-0572 

Annarosa Cuccaro
 orcid.org/0000-0002-0237-1839 

Maria Calbacho
 orcid.org/0000-0001-8106-4863 

Antonio Giordano
 orcid.org/0000-0001-7143-6758 

Oliver A. Cornely
 orcid.org/0000-0001-9599-3137 
 José-Ángel Hernández-Rivas
 orcid.org/0000-0003-4550-757X 

Livio Pagano
 orcid.org/0000-0001-8287-928X


†These authors have contributed equally to this work 
 

‡These authors have contributed equally to this work and share senior authorship


Specialty section: 
 This article was submitted to Hematologic Malignancies, a section of the journal Frontiers in Oncology


Received: 12 July 2022

Accepted: 31 August 2022

Published: 04 October 2022

Citation:
Infante MS, Salmanton-García J, Fernández-Cruz A, Marchesi F, Jaksic O, Weinbergerová B, Besson C, Duarte RF, Itri F, Valković T, Szotkovski T, Busca A, Guidetti A, Glenthøj A, Collins GP, Bonuomo V, Sili U, Seval GC, Machado M, Cordoba R, Blennow O, Abu-Zeinah G, Lamure S, Kulasekararaj A, Falces-Romero I, Cattaneo C, Van Doesum J, Piukovics K, Omrani AS, Magliano G, Ledoux M-P, de Ramon C, Cabirta A, Verga L, López-García A, Da Silva MG, Stojanoski Z, Meers S, Lahmer T, Martín-Pérez S, Dávila-Vals J, Van Praet J, Samarkos M, Bilgin YM, Karlsson LK, Batinić J, Nordlander A, Schönlein M, Hoenigl M, Ráčil Z, Mladenović M, Hanakova M, Zambrotta GPM, De Jonge N, Adžić-Vukičević T, Nunes-Rodrigues R, Prezioso L, Navrátil M, Marchetti M, Cuccaro A, Calbacho M, Giordano A, Cornely OA, Hernández-Rivas J-& and Pagano L (2022) B-cell malignancies treated with targeted drugs and SARS-CoV-2 infection: A European Hematology Association Survey (EPICOVIDEHA). Front. Oncol. 12:992137. doi: 10.3389/fonc.2022.992137



Patients with lymphoproliferative diseases (LPD) are vulnerable to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Here, we describe and analyze the outcome of 366 adult patients with chronic lymphocytic leukemia (CLL) or non-Hodgkin Lymphoma (NHL) treated with targeted drugs and laboratory-confirmed COVID-19 diagnosed between February 2020 and January 2022. Median follow-up was 70.5 days (IQR 0-609). Most used targeted drugs were Bruton-kinase inhibitors (BKIs) (N= 201, 55%), anti-CD20 other than rituximab (N=61, 16%), BCL2 inhibitors (N=33, 9%) and lenalidomide (N=28, 8%).Only 16.2% of the patients were vaccinated with 2 or more doses of vaccine at the onset of COVID-19. Mortality was 24% (89/366) on day 30 and 36%(134/366) on the last day of follow-up. Age >75 years (p<0.001, HR 1.036), active malignancy (p<0.001, HR 2.215), severe COVID-19 (p=0.017, HR 2.270) and admission to ICU (p<0.001, HR 5.751) were risk factors for mortality at last day of follow up. There was no difference in OS rates in NHL vs CLL patients (p=0.306), nor in patients treated with or without BKIs (p=0.151). Mortality in ICU was 66% (CLL 61%, NHL 76%). Overall mortality rate decreased according to vaccination status, being 39% in unvaccinated patients, 32% and 26% in those having received one or two doses, respectively, and 20% in patients with a booster dose (p=0.245). Overall mortality rate dropped from 41% during the first semester of 2020 to 25% at the last semester of 2021. These results show increased severity and mortality from COVID-19 in LPDs patients treated with targeted drugs.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has challenged particularly vulnerable individuals such as those with cancer (1–4). Even among patients with cancer, the overall outcome, degree of immunodeficiency, and effect of cancer therapy on immunocompetence vary widely, leading to very different outcomes, depending on the underlying malignancy and its treatment.

Lymphoproliferative diseases (LPD) are a group of malignancy associated with a marked immunodeficiency, characterized by hypogammaglobulinemia, qualitative and quantitative B- and T-cell defects (5), CD4+ lymphopenia, as well as innate immune dysfunction and neutropenia (6). These immunodeficiencies are a result of the disease itself and its treatment, and lead to impaired immune response to common pathogens and poor response to vaccination (7, 8)

The introduction of targeted agents in the treatment of B-cell malignancies has changed their management. These therapies attempt to harness power from the patient’s immune system to eradicate lymphoma. In chronic lymphoid leukemia (CLL), oral Bruton tyrosine-kinase inhibitors (BKIs) such as ibrutinib and acalabrutinib, and the BCL2 inhibitor (venetoclax) have been increasingly used, replacing conventional chemotherapy in frontline treatment because of their improved progression-free survival (9–13). In indolent lymphomas, several phosphoinositide 3-kinase (PIK3) inhibitors have been approved in patients with relapse disease (14–16), but the use of these agents has been limited due to toxicities, including infection. A combination of lenalidomide and rituximab is a safe and effective therapy for patients with refractory indolent lymphoma (17). Anti-CD30 and anti-PD1 have improved the prognosis of naïve (18) and relapsed (19) Hodgkin lymphomas, and the new antibody conjugate polatuzumab vedotin has been introduced in the treatment of diffuse large B-cell lymphoma (20).

Targeted drugs differ from conventional chemotherapy regarding the risk for infection. Opportunistic infections have been reported in patients receiving ibrutinib (21). Therapy with idelalisib has been associated with an overall risk of infection, especially fungal (16, 22, 23), and in combination with rituximab-bendamustine (RB), high rates of cytomegalovirus (CMV) reactivation have been reported (24). By contrast, venetoclax does not seem to be associated with additional risks of infection (23). The risk of infection in patients with LPD treated with brentuximab (25, 26) are variable while neutropenia is a common side effect.

Focusing on COVID-19 infection, several studies have reported impaired serologic response after COVID-19 vaccination in CLL patients, especially those treated with anti-CD20 antibodies in the 12 months prior to infection, followed by BKIs and venetoclax-treated patients (27–29).

Several small series of CLL patients with COVID-19, mostly treated with ibrutinib, have been published to date, reporting a high rate of mortality and severity of infection (30, 31). Ibrutinib was initially thought to improve the outcome of COVID-19, based on retrospective studies (32, 33), but several subsequent clinical trials failed to confirm such benefit (34).

To date, only limited data are available on the clinical course of COVID-19 in patients with different underlying LPD treated with targeted drugs. We undertook a retrospective international multicenter study to evaluate the outcome of COVID-19 in patients with LPD treated with targeted drugs and in order to identify potential predictors of outcome.



Methods

In this retrospective observational, multicenter study, we collected data on adult patients with LPD who received targeted therapy and were diagnosed with COVID-19 between February 2020 and January 2022 across 25 countries that participated in the survey promoted by the European Hematology Association (EHA) – Scientific Working Group Infection in Hematology EPICOVIDEHA survey (35, 36).Targeted drugs included: BKIs (acalabrutinib, ibrutinib, zanabrutinib), BCL2 inhibitors (venetoclax), anti-CD20 antibodies (obinutuzumab, ofatumumab) anti-CD30 (brentuximab), anti-CD79 (polatuzumab), anti-PD1 (pembrolizumab, nivolumab), immunomodulatory drugs (IMiDs) (lenalidomide) and PI3K inhibitors (idelalisib). Patients treated with rituximab were not specifically included in this study as another analysis has been performed by the EPICOVIDEHA survey (35, 36). Confirmed cases of COVID-19 were defined by a positive reverse transcriptase-polymerase chain reaction (RT-PCR) assay of a specimen collected by a nasopharyngeal swab. Pandemic waves were defined in time as follows: January-June 2020 (n=108), July-December 2020 (n=144), January-June 2021 (n=62), July-January 2022 (n=52). Each institutional review board independently approved the study. The study was conducted following the Declaration of Helsinki. Researchers at each center collected data using an online questionnaire hosted at www.clinicalsurveys.net (EFS Fall 2018, Questback, Cologne, Germany). EPICOVIDEHA is registered at http://www.clinicaltrials.gov, with the identifier NCT 04733729. Only de-identified data were entered and analyzed. We obtained demographic data, comorbidities, and underlying hematological disease including clinically significant outcomes (hospital admission and intensive care unit [ICU] admission, vital status) and COVID-19 management strategies. The severity of COVID-19 at admission was graded according to the China Centers for Disease Control and Prevention definitions: mild (non-pneumonia and mild pneumonia), severe (dyspnea, respiratory frequency ≥30 breaths per min, SpO2 ≤93%, PaO2/FiO2 50%), and critical (respiratory failure, septic shock, or multiple organ dysfunction or failure).

SPSSv25.0 was used for statistical analyses (SPSS, IBM Corp., Chicago, IL, United States). Categorical variables were presented as frequencies and percentages, while continuous variables by the median, interquartile range (IQR), and absolute range. Additionally, overall mortality was evaluated by a Cox proportional hazard model. A Univariable Cox regression model was performed including variables that potentially played a role in the mortality of patients. Variables with a p-value ≤0.1 were considered for the multivariable analysis. The Multivariable Cox regression model was calculated by the Wald backward method, and only statistically significant variables were reported. A p-value ≤0.05 was considered statistically significant.



Results

In the study period, we identified 366 patients with LPD receiving targeted drugs at diagnosis of COVID-19. The median age at COVID-19 diagnosis was 68 years (IQR 58-77, range 25-96).


Characteristics of the cohort

Baseline characteristics for the entire cohort are described in Table 1. Of the 366 patients, 204 (55.7%) were CLL and 162 (44.3%) NHL. The population had a male predominance (n= 222, 60.7%) Contributing countries are listed in Figure 1. Around 33.1% (n= 132) of the patients had two or more comorbidities: chronic cardiopathy (n=125, 34.2%), chronic pulmonary disease (n=80, 21.9%) and diabetes (n= 64,17.5%) were the most common ones.


Table 1 | Patients’ characteristics.






Figure 1 | Countries contributing CLL and NHL cases to EPICOVIDEHA receiving targeted malignancy treatment, as of January 2022. Italy (n=78), Spain (n=72), France (n=37), Czech Republic (n=33), Croatia (n=27), Turkey (n=18), United Kingdom (n=14), Denmark (n=10), Germany (n=10), Netherlands (n=9), Belgium (n=8), Sweden and United States (n=7, each), Portugal (n=6), Austria, Hungary and Qatar (n=5, each), North Macedonia and Switzerland (n=3, each), Greece and Slovakia (n=2, each) and Brazil, Oman, Pakistan, Poland and Serbia (n=1, each).



Thirty-five percent (n=128) of the patients were receiving the targeted drug as first-line therapy, 29.8% (n= 109) as 2nd line, 18.9% (n=69) as 3rd line, and 16.4% (n=60) had been heavily pretreated with 4 or more prior lines of therapy.

The most commonly used targeted drugs were BKIs (n=201,54.9%), anti-CD20 other than rituximab (n=60,16.4%), BCL2 inhibitors (n=33, 9%) and lenalidomide (n=28,7.7%) (Table 2). Of note, only 21.0% of the patients had received two or more doses of SARS-CoV-2 vaccine at the onset of COVID-19: mRNA vaccines were administered in 83% patients. Respiratory symptoms were present in 66.1% of patients (n= 242) while 16.9% (n= 62) presented with extrapulmonary symptoms. Of note, our series includes 16.9% (n=62) asymptomatic COVID-19 patients detected upon screening.


Table 2 | LPD directed therapy at time of COVID-19 diagnosis.



The majority of patients (n=277, 75.7%) were hospitalized, with a median stay of 16 days (IQR 8-26, range, 1-137).



Factors associated with severe COVID-19

Severe COVID-19 was observed in 47.5% (n=174) of patients, including 21.9% (n=80) who were admitted to intensive care unit (ICU). Among the latter, 55 (68.8%) were CLL patients, and 25 (31.3%) were non-Hodgkin lymphoma (NHL) patients. Fifty-five (44%) of the ICU-admitted patients underwent invasive mechanical ventilation. The median ICU stay in the entire cohort was 9 days (IQR 2-50, range, 6-14).

The presence of comorbidities was significantly associated with severe COVID-19 infection in the entire cohort (p= 0.002) as well as in the CLL and NHL subsets and BKIs cohort. Severe infection was more frequent in the first COVID-19 pandemic wave comparing to more recent waves (p=0.001). Another factor associated with severe infection was male sex (p=0.001). Age (both >65 or >75), type of targeted drug therapy and time from the last treatment of the hematologic malignancy to COVID-19 infection were not associated with severe infection in any subgroup analysis. No significant risk factor for severe COVID-19 was found in patients receiving BLC-2 inhibitors plus anti-CD20 monoclonal antibodies.



Factors associated with mortality

Overall, 134 patients (36.6%) died (Table 3). The primary cause of death was COVID-19 in 92 patients (68.7%), LPD in 14 patients (10.4%), and a combination of both in 28 patients (20.9%). The mortality rate was 24.3% (89/366) on day 30 of COVID-19 diagnosis and 36.6% (134/366) on the last day of follow-up. The median follow-up at the time of this analysis was 70.5 days (IQR 19-159, range 0-609 days). Distribution of registered cases along time is shown in Figure 2.


Table 3 | Patient’s disposition based on mortality.






Figure 2 | Distribution of registered cases along time.



Survival in patients admitted to ICU was 33.7% (CLL 38.1%, NHL 24%). The overall mortality rate decreased with vaccination, being 34.2% in unvaccinated patients, 15.9-18% with one or two doses, and 9.7% in patients with a booster dose (p<0.001) (Figure 3). Additionally, the mortality rate dropped from the first semester of 2020 (41.3%) to the last semester of 2021 (25%).




Figure 3 | Mortality rate depending on the vaccination status.



Table 4A summarizes the univariable and multivariable analyses of baseline characteristics as predictors of OS in the entire cohort and in the subsets of CLL and NHL patients (Tables 4B, C in supplementary materials). In univariable analysis, age >75 years, active hematological disease, severe and critical COVID-19 infection, heart disease, and renal impairment were associated with an increased mortality rate.


Table 4A | Univariable and multivariable analysis of predictors of mortality in the entire cohort.




Table 4B | Univariable and multivariable analysis of predictors of mortality in the CLL patients.




Table 4C | Univariable and multivariable analysis of predictors of mortality in the NHL patients.



By multivariable analysis, age >75 years (hazard ratio [HR] 1.036, 95% confidence interval [CI] 1.019-1.052, p<0.001), active hematological malignancy (HR 2.215, 95% CI 1.501-3.267, p<0.001), severe COVID-19 disease (HR 2.270, 95% CI 1.156-4.460 p=0.017) and critical COVID-19 disease (HR 5.751, 95% CI 2.875-11.506, p<0.001) remained as risk factors for mortality in the entire cohort. All factors remained significant for NHL, while in CLL patients all but active malignancy was significant.

There was no difference in OS in NHL vs CLL patients (p=0.344), in BKIs vs no BKIs-treated patients (p=0.137), nor when comparing patients treated with different targeted drugs (p=0.343) (Figure 4). We did not observe a clear protective or detrimental effect of BKIs on the outcome when compared with other targeted drugs.




Figure 4 | Survival probability (SP) from time of COVID-19 diagnosis stratified by number of vaccine doses, age, underlying malignancy and use of BKi at time of COVID-19 diagnosis. (A) SP stratified by number of vaccine doses administered; (B) SP stratified by age; (C) SP by underlying malignancy; (D) SP by BKi status.






Discussion

To the best of our knowledge, we describe a large international series of LPD patients receiving targeted drug treatment at the time of COVID-19 infection. The rates of severe infection and overall mortality were 47.5% and 36.6%, respectively. The presence of comorbidities and lack of vaccination were associated with higher mortality rate. Prior vaccination was a protective factor. There were no significant differences in mortality across different targeted drugs. Patients treated with targeted chemotherapy were matched to controls treated with any other strategy for hematological malignancy before COVID-19. Cases and controls were matched in age, sex, hematological malignancy, malignancy status at COVID-19 and time of last chemotherapy strategy before COVID-19 (<3 months or >3 months). No statistically significant differences were observed in mortality probability between groups (p=0.056).

Patients with hematological malignancy have been heavily hit by the COVID-19 pandemic, and several reports confirm high rates of severe disease and mortality (2–4). Patients with B-malignancies have been particularly affected due to their intrinsic immune dysregulation (30, 31, 37–39). Moreover, the potential impact of LPD targeted therapies on the course of COVID-19 still needs to be fully understood.

The high mortality rates in our series appear similar to that of other series of hematological patients with COVID-19 infection (30, 31, 40–42). Surprisingly, despite the number of asymptomatic patients included in our study (diagnosed through screening for COVID-19) the rates of hospital admission and ICU admission were high. This data suggests that our cohort is at high risk of severe/critical COVID-19 when admitted to the hospital for symptomatic COVID-19.

Vaccination reduced mortality in our series, even after only 2 doses. Doubts have been raised about the efficacy of vaccination in patients with altered B cell immunity. Specifically in patients treated with anti-CD20, BKIs, or venetoclax, data demonstrating seroconversion failure after COVID-19 vaccination have been published (43, 44). Despite the lack of seroprevalence data in our series, we do consider that the COVID vaccines were a protective prognostic factor against mortality in these patients as mortality rates decreased as their vaccination status was increasing.

The mortality rate has decreased across the different COVID-19 waves, possibly reflecting improvements in patients care and the development of COVID-19 treatments: while we did not specifically examine COVID-19 treatment in our cohort, we can speculate that the early initiation of corticosteroids, heparin and the introduction of tocilizumab in the management of these patients might have improved the outcome. At the beginning of the pandemic, there was some reluctance about the use of corticosteroids and tocilizumab in hematological patients, due to the fear of stressing their immunodepression. Over time, the early initiation of those therapies was beneficial in those patients as well as the general population.

In our study, we did not find any association between specific targeted drugs and mortality. The majority of patients in our cohort were treated with BKIs. In the initial phase of the pandemic, some data suggested that BKIs could modulate the immune response to COVID-19 infection through blockade of inflammatory cytokines in the lungs, with a reduction of hyperinflammatory response (45, 46). The widespread use of early dexamethasone treatment in patients with severe COVID-19, based on the RECOVERY trial (47), achieved a more effective suppression of the host humoral response through the downregulation of proinflammatory cytokine production. We did not find significant differences in OS among patients treated or not with BKIs, independently from the time of the initiation of the drug, nor in the most prevalent cohorts of targeted patients after BKIs: BCL2-inhibitors and anti- CD20. In addition, due to the limited number of patients treated with other therapies, we cannot draw any conclusion about their role in this asset.

In the present series, age >75 years, severe and critical COVID-19 infection, and active hematological disease were independent predictors of mortality. This is consistent with recent data from the EPICOVIDEHA (36) survey that described, in addition to those, other risk factors for mortality such as chronic cardiac disease, liver disease, renal impairment, smoking history, and ICU stay in a cohort of patients with various hematological malignancies. Description of risk factors in hematological patients is of great importance to identify patients at high risk and implement rapidly prophylactic measures such as vaccination, masking, social distancing, and antiCOVID19 specific prevention and treatment.

Limitations of our study include its retrospective design, which implies dependence on the accuracy of medical records, and possible selection bias. The heterogeneity of underlying diseases and drug exposure could be another limitation, as a confounding factor for infection risk in this series. We could not perform a direct comparison between targeted drug-treated patients and chemotherapy patients as those groups would be too heterogeneous to compare.

Another limitation is the lack of patients from the latest waves infected with the delta and omicron variants and an analysis to determine if the new vaccine boosters can continue to reduce mortality in those patients. Specifically, patients treated with anti-CD20, BTKi, and BCL2-inhibitors were seroconversion failure after COVID-19 vaccination have been described, could be considered to receive early treatment with antivirals and monoclonal antibodies (48–50) or pre-exposure prophylaxis (51).

We acknowledge the potential underscoring of the real incidence of COVID-19 in this population, as we included asymptomatic patients with positive screening for COVID-19 while we must account for several asymptomatic patients not tested and therefore not diagnosed.

Our contribution is the largest international multicentric series of LPD patients under targeted drug treatment with COVID-19 infection, with a long follow-up, providing real-world evidence for increased severe disease and mortality from COVID-19 in patients with LPD treated with targeted drugs. Targeted drugs do not seem to have an impact on the survival of these patients. Efforts to prevent and aggressively manage COVID-19 should be focused on patients at a high risk of developing COVID-19 complications such as those older than 75 years, with comorbidities, especially heart disease, and active malignancy at COVID-19 onset. The importance of vaccination should be stressed, even in this population with humoral immunity impairment where it was a protective factor for mortality. New insights into the management of the infection throughout the pandemic and the development of COVID-19 treatments showed benefits in this particularly vulnerable population.
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p value  HR 95% CI p value  HR 95% CI
Lower  Upper Lower  Upper
Sex
Female - - - -
Male 0.536 1170 0.711 1.926
Age 0.002 1.031 1011 1.052 <0.001 1.045 1.023 1.067
Status malignancy at COVID-19 diagnosis
Controlled disease - - - - - - - -
Stable disease 0.912 1.056 0.406 2.742 0.940 0.964 0.368 2.524
Active disease 0.017 1.885 1121 3.170 0.001 2363 1.391 4.016
Malignancy
Chronic lymphoid leukemia
Non-Hodgkin lymphoma
COVID-19 infection
Asymtomatic - - - - - - - -
Mild 0.589 1311 0.491 3.499 0.352 1.623 0.585 4.503
Severe 0.269 1.559 0.710 3.424 0.111 1977 0.855 4.572
Critical 0.002 3.817 1.666 8.744 <0.001 5.969 2.450 14.543
Chronic cardiopathy 0.106 1.522 0915 2.534
Chronic pulmonary disease 0.596 1.175 0.648 2131
Diabetes mellitus 0.158 1.554 0.843 2.862
Liver disease 0.332 0.375 0.052 2.721
Obesity 0.477 0.599 0.146 2.453
Renal impairment 0.207 1.815 0.719 4.584
Smoking history 0.175 1.676 0.795 3.530
Neutrophils
< 500 - - - -
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1 . . - -
2 0.521 1.247 0.635 2447
3 0.147 1.702 0.830 3.487
4 0.234 1.627 0.730 3.625
>4 0.174 1.836 0.764 4.415
SARS-CoV-2
0. mutation (Alpha) - - - -
B mutation (Beta) 0.791 1274 0212 7.669
Wild type 0.608 1.536 0.297 7.935
Not tested/Unknown 0.420 1.791 0.435 7.375
Vaccine doses before COVID-19
No vaccination - - - -
One dose 0.766 0.807 0.196 3.323
Two doses 0.692 0.841 0.358 1.976
Three doses 0.968 0.000 0.000

Time last vaccination to COVID-19

<14 days before COVID-19 - - - -
>14 days before COVID-19 0.441 2.176 0.301 15713
COVID-19 treatment

No treatment - » s -

Antivirals +/- corticosteroids +/- plasma 0.312 2.014 0.519 7.818
Monoclonal antibodies +/- corticosteroids +/- plasma 0.282 3.494 0.357 34211
Antivirals + monoclonal antibodies +/- corticosteroids +/- plasma 0.665 0.672 0.111 4.060
Corticosteroids 0.309 2.032 0.519 7.960
Plasma +/- corticosteroids 0.969 0.000 0.000

Unknown 0.466 1.549 0.477 5.027
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A Survival probability by number of vaccine doses administered before COVID-19 B Survival probability by patient age
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