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A B S T R A C T

Background: Patients with lymphoma are immunocompromised because of the disease per se and its treat-
ments. We aimed to describe the characteristics of patients with lymphoma hospitalized for Coronavirus Dis-
ease 2019 (Covid-19) and to analyze pre-Covid-19 determinants of mortality.
Methods: This retrospective multicentric cohort study used the Programme de M�edicalisation des Syst�emes
d’Information database to identify all adult patients with lymphoma, hospitalized for Covid-19 in March and
April 2020, in 12 hospitals of three French regions with pandemic outbreaks. The characteristics of lym-
phoma and Covid-19 were collected from medical charts.
Findings: Eighty-nine patients were included. The median age was 67 years (range, 19�92), 66% were male
and 72% had a comorbidity. Most patients had B-cell non-Hodgkin lymphoma (86%) and had received a lym-
phoma treatment within one year (70%). With a median follow-up of 33 days from admission, 30-day overall
survival was 71%, (95% confidence interval, 62�81%). In multivariable analysis, having an age � 70 years
(hazard ratio 2 ¢87, 1 ¢20�6 ¢85, p = 0 ¢02) and relapsed/refractory lymphoma (hazard ratio 2 ¢54,
1 ¢14�5 ¢66, p = 0 ¢02) were associated with mortality. Recent bendamustine treatment (n = 9) was also pejo-
rative (hazard ratio 3 ¢20, 1 ¢33�7 ¢72, p = 0 ¢01), but was strongly associated with relapsed/refractory lym-
phoma. Remarkably, 30-day overall survival for patients < 70 years of age without relapsed/refractory
lymphoma was 88% (78% - 99%).
Interpretation: Thirty-day mortality was associated with being older and relapsed/refractory lymphoma. Sur-
vival of patients younger than 70 years without relapsed/refractory lymphoma was comparable to that of the
general population.
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1. Introduction

The first cases of coronavirus disease 2019 (Covid-19) were
reported to the World Health Organization (WHO) in December 2019
in China with an unprecedented impact on the entire worldwide
oncology community reducing healthcare activities for a duration
that cannot yet be accurately estimated. The incubation period of
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is
two to 14 days [1]. During this period, SARS-CoV-2 invades epithelial
cells using angiotensin conversion enzyme (ACE) receptor 2 [2].
Then, most patients develop upper respiratory symptoms and fever.
Innate and adaptive immune responses lead to recovery for 80�85%
of patients, but symptoms worsen for the remaining 1520%. Hospital-
ization is required in 14 to 39% of symptomatic cases due to hypox-
emia, evolution toward acute respiratory distress syndrome, and/or
cytokine release syndrome, which occurs in 5�13% of cases, leading
to death in approximately 2�9% of cases [3,4]. Risk of death is higher
in patients aged above � 60 years and/or with existing comorbidities,
including obesity, hypertension, diabetes, or a past history of cancer
[5]. Among patients with hematological malignancies, an over-risk of
death has been reported with hazard ratios (HRs) ranging from 1 ¢9
to 3 ¢5, depending on the time since diagnosis of the malignancy [5].
Determinants of outcome
(2020), https://doi.org/10.10
The one-year incidence of lymphoma in France is estimated to be
approximately 30,000 [6]. Several factors contribute to immunosup-
pression in patients with lymphoma: hypogammaglobulinemia, neu-
tropenia and lymphopenia are frequent biological features of
lymphoma per se, lymphoma treatment, chemotherapy and/or
immunotherapy also contributes to immune deficiency leading to an
over incidence of infections [7,8]. Among chemotherapy regimen,
bendamustine is a strong inducer of T-cell immune deficiency [9].
Anti-CD20 monoclonal antibodies, such as rituximab or obinutuzu-
mab, induce rapid depletion of more than 95% of CD20-positive
mature B-cells. This alters the generation of antibody responses,
including memory responses to new pathogens, increasing the inci-
dence of infections [10,11]. However, data on the impact of Covid-19
in lymphoma patients are scarce. In a study from the Covid-19 and
Cancer Consortium (CCC19) on 1035 patients with Covid-19 and vari-
ous cancers, no analysis was conducted specifically on the 81 patients
with lymphoma [12]. In other studies on Covid-19, few patients with
lymphoma were described [13�15].

We conducted a retrospective multicentric cohort study in French
regions with an outbreak of the pandemic to characterize the clinical
presentation and outcomes of patients with lymphoma hospitalized
for Covid-19. The analysis of the determinants of survival focused on
pre-Covid-19 demographics, comorbidity, and lymphoma character-
istics.
2. Methods

2.1. Setting

This retrospective multicenter study was conducted in 12 hospi-
tals in three French regions: Île-de-France, Grand-Est and Bour-
gogne-Franche-Comt�e. Adult patients with a past or current
diagnosis of lymphoma (with any known lymphoma code since Sep-
tember 1st, 2019) and admitted for Covid-19 between March 1st and
April 30th, 2020 were identified, in each hospital, by the local Pro-
gramme de M�edicalisation des Syst�emes d’Information (PMSI), which is
a centralized repository of administrative and medical data of every
hospital stay in France. PMSI data includes the main diagnosis leading
to hospitalization, as well as the associated diseases of each patient,
coded according to the 10th edition of the International Classification
of Diseases [16,17]. After extraction of the list of putative patients,
each local investigator confirmed the cases with a diagnosis of Covid-
19 based on a positive polymerase chain reaction (PCR) test result for
SARS-CoV-2 from nasopharyngeal or oropharyngeal swabs or
a typical clinical history associated with chest computed tomography
(CT) with Covid-19 lesions [18]. Patients with any lymphoma subtype
could be enrolled in the study, except those with lymphoblastic and
lymphocytic lymphomas, which are being investigated in other spe-
cific ongoing studies.

Patients or their relatives (for those who were sedated) were
informed according to French law on biomedical research. The ethics
committee for research of the Universit�e Paris-Saclay approved this
study (CER-Paris-Saclay-2020�045) and it was conducted in accor-
dance with the Declaration of Helsinki. Information on the study is
available at clinicaltrials.gov (NCT 04386512).
2.2. Data sources and assessment of variables

Data were extracted from the medical charts in each hospital by
the local investigator. The following data were obtained for each
in Covid-19 hospitalized patients with lymphoma: A retrospective
16/j.eclinm.2020.100549
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patient: age, sex, body mass index (BMI), patient-reported smoking
status, past and current comorbidities and medications; the physical
examination, recorded symptoms and vital signs, and inpatient labo-
ratory test results at admission; the most relevant chest computed
tomography (CT) scan interpretation, specific medications for Covid-
19, including experimental antiviral or immunomodulatory drugs,
oxygenation supply modality including ventilator use, and hospital
discharge modality. The data obtained concerning lymphoma history
included the date of diagnosis, pathological classification according
to the WHO classification for lymphoid neoplasms [19], number of
treatment lines, past autologous or allogeneic stem cell transplant,
chimeric antigen receptor (CAR) T-cell therapy, detailed bendamus-
tine and anti-CD20 monoclonal antibody use (date of first and last
administration), and lymphoma status at admission for Covid-19
(complete or partial remission, diagnosed at admission, under first or
second line treatment, in watch and wait follow-up, or refractory/
relapsed). Refractory/relapsed lymphoma was defined as progressive
disease after more than two lines of treatment or progressive disease
and palliative care due to comorbidities, regardless of the number of
lines of treatment.

2.3. Statistical analysis

Continuous variables are given as their median and range and cat-
egorical variables as their frequency and percentage. Follow-up was
measured from hospitalization for Covid-19 to the last follow-up or
date of death. Data were censored on May 26th, 2020. Overall sur-
vival (OS) was measured from hospitalization to last follow-up or
death. The probability of OS was estimated using the Kaplan-Meier
method, and differences compared using the log-rank test. Cox pro-
portional hazard regression models were used to identify predictors
of OS. Covariates considered in this analysis were age (� 70 years ver-
sus below), gender, BMI (� 30 kg/m2 versus below), smoking status,
presence of comorbidities (overall or hypertension, diabetes, chronic
lung disease, or past history of cancer) and ongoing antihypertensive
treatment with an ACE inhibitor or angiotensin-receptor blocker
(ARB), main lymphoma subtypes (Hodgkin lymphoma, B-cell non-
Hodgkin lymphoma (NHL), or T-cell NHL), recent administration of
corticosteroids (within one month), use of bendamustine (within one
year), or anti-CD20 monoclonal antibody (within one year), time
between diagnosis of lymphoma and hospitalization for Covid-19
(< 2 years versus � 2 years), past history of autologous stem cell
transplant, and lymphoma status (refractory/relapsed versus others).
Covariates with P-values < 0 ¢10 by univariable analysis were
included in the multivariable analysis. Statistical tests were two-
tailed and P values < 0 ¢05 and P-values < 0 ¢05 were considered to
denote statistical significance. Analyses were performed using Epi
Info V7.1.5 (CDC, Atlanta, USA) and Kaplan Meier survival curves
with SPSS software V26 (IBM, New York, USA).

2.4. Role of the funding source

There have been no specific funds to run this study.

3. Results

3.1. Characteristics of patients at admission

The data of 98 patients were collected. Nine patients were
excluded because they were not admitted during the time period of
the study (n = 6), had lymphocytic lymphoma (n = 2) or had SARS-
CoV-2 infection without overt Covid-19 disease (n = 1). Characteris-
tics of the 89 included patients are summarized in Table 1. Their
median age was 67 years (range, 19�92) and 66% were male. Sixty-
four patients (72%) had at least one significant comorbidity, including
39 (44%) with hypertension, 20 (22%) with diabetes, and 12 (13%)
Please cite this article as: S. Lamure et al., Determinants of outcome i
multicentric cohort study, EClinicalMedicine (2020), https://doi.org/10.10
with a history of previous cancer (including 3 with prostate, 3 with
lung, and 2 with breast cancer). Moreover, four patients had an ongo-
ing autoimmune disease (Gougerot-Sj€ogren, rheumatoid polyarthri-
tis, giant cell arteritis, and hemorrhagic rectocolitis), one had a
previous renal transplantation, and two were treated for human
immunodeficiency virus infection.

Lymphoma histological subtypes were Hodgkin lymphoma in for
five patients (6%), B-cell NHL for 77 (86%), and T-cell NHL for seven
(8%). The median time between diagnosis of lymphoma and admis-
sion in hospital for Covid-19 was 26 months (range, 0�25 years).
Lymphoma had been diagnosed for less than one month before
Covid-19 for three patients and two were diagnosed with lymphoma
concomitantly with Covid-19. Within the last 12 months before hos-
pitalization for Covid-19, 62 patients (70%) received treatment for
their lymphoma, including anti-CD20 monoclonal antibody for 47
(53%) and bendamustine for nine (10%). At admission, lymphoma
was in complete/partial remission for 40 patients (45%), in first- or
second-line therapy for 24 (26%), in watch and wait surveillance for
12 (14%), and relapsed/refractory for 13 (15%).

The clinical, radiological and biological characteristics at admis-
sion to hospital are detailed in Supplemental Table 1. The most com-
mon symptoms were dyspnea (n = 58, 65%), cough (n = 53, 60%),
fever (n = 43, 48%), and diarrhea (n = 21, 24%). The median duration
of symptoms before admission was six days (range, 0�43). Lympho-
penia was observed in 66% of patients, neutropenia in 18%, anemia in
66% and thrombocytopenia in 39%. The albumin level was < 30 g/L
for 42% evaluable patients and the gamma globulin level < 6 ¢5 g/L
for 48%. Chest CT was performed on 75 patients (84%) and bilateral
ground-glass opacities evocative of Covid-19 were observed for 67
(75%). Eight patients had negative PCR tests, although they all had
evocative clinical symptoms: the diagnosis of SARS-CoV-2 pneumo-
nia was confirmed by chest CT and infectiology expertise in all eight
cases.

3.2. Clinical evolution after admission

As of May 26, 2020, 48 patients (54%) had been discharged from
hospital, 30 had died (34%), and 11 (13%) were still hospitalized
(including six patients in an intensive care unit (ICU)). During hospi-
talization, 18 patients (20%) did not require supplemental oxygen, 44
(49%) received low-dose supplemental oxygen, six (7%) non-invasive
ventilation or high-flow oxygen, and 21 (24%) invasive mechanical
ventilation. Including these last patients, 25 patients (28%) were
admitted to the ICU during the study time period (Table 1): 17 (68%)
were male and their median age was 61 years (range 52�77), four
patients being older than 70 (16%). Overall, 20 patients (22%) were
hospitalized for more than 30 days and three (3%) for more than 60.

Twenty-one patients were prescribed a treatment against SARS-
CoV-2: chloroquine and hydroxychloroquine were given to 11
patients, either alone (n = 5) or associated with azithromycin (n = 3),
nicotine (n = 1), lopinavir + ritonavir (n = 1), or remdesivir (n = 1). Of
note, one patient was already receiving chronic hydroxychloroquine
treatment for Gougerot-Sj€ogren’s syndrome before Covid-19 and it
was not interrupted during the infection. Five other patients received
lopinavir + ritonavir, associated with interferon beta for one, and five
had remdesivir. Six patients received treatment for cytokine shock
(tocilizumab, anakinra, and eculizumab for two patients each). Seven-
teen patients (19%) developed a documented co-infection and three
an (3%) acute pulmonary embolism.

3.3. Overall survival and its determinants

With a median follow-up of 33 days from admission (range,
3�72), the Kaplan-Meier estimate of 30-day OS was 71% (95% confi-
dence interval (CI), 62%�81%) (Fig. 1A). According to histological type
of the lymphoma, 30-day OS were 80% (45%�100%) for Hodgkin
n Covid-19 hospitalized patients with lymphoma: A retrospective
16/j.eclinm.2020.100549
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Table 1
Baseline characteristics of patients with lymphoma and Covid-19.

Characteristics Entire population Admitted to an ICU Fatal events
(n = 89) (n = 25) (n = 30)

Demographic characteristics
Age, years
Median (range) 67 (19�92) 61 (52�77) 75 (63�92)
� 70, n (%) 38 (43) 4 (16) 21 (70)
Male gender, n (%) 59 (66) 17 (68) 21 (70)
Body mass index (kg/m2)
Median (range) 23 ¢9 (15 ¢ 9�41 ¢ 6) 25 (19 ¢4�41 ¢6) 24 ¢ 4 (16 ¢7�38 ¢6)
� 30, n (%) 13 (15) 5 (20) 4 (13)
Data missing, n (%) 4 (4) 1 (4) 3 (10)
Smoking status, n (%)
Never smoked 43 (48) 15 (60) 12 (41)
Former smoker 29 (33) 5 (20) 13 (43)
Current smoker 5 (6) 1 (4) 1 (3)
Unknown 12 (13) 4 (16) 4 (13)
Comorbidities
Comorbidity � 1, n (%) 64 (72) 12 (48) 25 (83)
Past diagnoses, n (%)
Hypertension 39 (44) 6 (24) 18 (60)
Diabetes 20 (22) 3 (12) 9 (30)
Chronic lung diseasey 8 (9) 2 (8) 3 (10)
Cancer 12 (13) 1 (4) 7 (23)
HIV infection 2 (2) 0 (0) 0 (0)
Medication at baseline, n (%)
ACE inhibitor or ARB 22 (25) 5 (20) 10 (33)
Systemic glucocorticoid 11 (12) 2 (8) 4 (13)
Lymphoma characteristics
Histologic subtypes, n (%)
Hodgkin lymphoma 5 (6) 2 (8) 1 (3)
Diffuse large B-cell lymphoma 34 (38) 9 (36) 15 (50)
Follicular lymphoma 16 (18) 7 (28) 2 (7)
Marginal zone lymphoma 14 (16) 1 (4) 5 (17)
Mantle cell lymphoma 10 (11) 4 (16) 4 (13)
Hairy cell leukemia 2 (2) 0 (0) 0 (0)
Lymphoplasmacytic lymphoma 1 (1) 1 (4) 1 (3)
T-cell lymphoma 7 (8) 1 (4) 2 (7)
Lymphoma treatment, n (%)
Anti-CD20 monoclonal antibody# 47 (53) 16 (64) 19 (63)
Bendamustine# 9 (10) 1 (4) 7 (23)
Any chemotherapy# 62 (70) 19 (76) 22 (73)
Autologous stem cell transplant 17 (19) 8 (32) 8 (27)
Allogeneic stem cell transplant 3 (3) 1 (4) 1 (3)
CAR T-cell 4 (4) 2 (8) 1 (3)
Lymphoma status, n (%)
Complete remission 39 (44) 16 (64) 10 (33)
Partial remission 1 (1) 0 (0) 0 (0)
Ongoing therapy < 3 lines 24 (26) 4 (16) 9 (30)
Watch and wait 12 (14) 3 (12) 2 (7)
Relapsed/refractory 13 (15) 2 (8) 9 (30)
Time between diagnosis of lymphoma and hospitalization for Covid-19 (months), median (range) 26 (0�300) 25 (0�289) 26 (1�289)

HIV: human immunodeficiency virus, ACE: angiotensin-converting enzyme, ARB: angiotensin-receptor blocker, CAR: chimeric antigen receptor.
y Chronic lung disease was defined as chronic obstructive pulmonary disease, asthma, or chronic bronchitis.
# Treatment administrated within the last 12 months before hospitalization for Covid-19.
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lymphoma, 71% (95% CI, 61%�82%) for B-cell NHL and 71% (95% CI,
38%�100%) for T-cell NHL (Fig. 1B). Among the 30 patients who died
during the study period, 22 died in standard care units after do-not-
resuscitate orders for all of them. Their median age was 77 (range,
53�92) years, 14 were male, and they all had at least one significant
comorbidity. Lymphoma status distribution was refractory/relapsed
(n = 7), under ongoing therapy (n = 7), in complete remission (n = 6)
and on a ‘watch and wait’ policy (n = 2). Eight other patients died in
the ICU (Table 2). Six deaths were directly related to Covid-19: All
were men, aged 55 to 77 years, four were in complete remission after
first (n = 3) or second line therapy (n = 1) while two patients were
under ongoing first line chemotherapy with R-CHOP for a DLBCL or
autologous transplant for a relapsed follicular lymphoma. Two deaths
were directly related to refractory lymphomas. The case fatality rate
was 13% in the 55 patients without do-not-resuscitate orders.

In univariable analysis, there was no significant impact of the
patients’ gender, BMI, diabetes status, smoking status, medications at
Please cite this article as: S. Lamure et al., Determinants of outcome
multicentric cohort study, EClinicalMedicine (2020), https://doi.org/10.10
baseline, use of any treatment, including anti-CD20 monoclonal anti-
body within 12 months, or history of autologous stem cell transplant
on OS (Table 3). The main factors associated with mortality were age
� 70 years (HR 3 ¢78, 95% CI 1 ¢73�8 ¢25, p = 0 ¢0009), hypertension
(HR 2 ¢20, 95% CI 1 ¢06�4 ¢59, p = 0 ¢03), previous cancer (HR 2 ¢11,
95% CI 0 ¢90�4 ¢92, p = 0 ¢08), use of bendamustine within 12 months
before admission to hospital (HR 3 ¢05, 95% CI 1 ¢31�7 ¢11, p = 0 ¢01),
and refractory/relapsed lymphoma (HR 2 ¢62, 95% CI 1 ¢20�5 ¢72,
p = 0 ¢02). Since there was a strong interaction between recent bend-
amustine administration and refractory/relapsed lymphoma (Odds-
ratio: 20 ¢0, p < 0 ¢001), we performed two multivariable analyses to
account for these factors. In the first multivariable analysis, combin-
ing age subgroup, hypertension, previous cancer, and recent benda-
mustine use, age � 70 years (HR 2 ¢94, 95% CI 1 ¢26�6 ¢83, p = 0 ¢01)
and recent bendamustine use (HR 3 ¢20, 95% CI 1 ¢33�7 ¢72,
p = 0 ¢01) were both associated with mortality. In the second multi-
variable model, combining age subgroup, hypertension, previous
in Covid-19 hospitalized patients with lymphoma: A retrospective
16/j.eclinm.2020.100549
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Fig. 1. Overall survival of patients with Covid-19 and lymphoma in (A) the whole population (N = 89), (B) according to lymphoma subtype, (C) to age group, and (D) lymphoma
status.

A) 30-day OS, 71% (95% CI, 62�81%).
B) 30-day OS of five patients with Hodgkin lymphoma, 80% (95% CI, 45�100%); of 77 patients with B-cell non-Hodgkin lymphoma, 71% (95% CI, 61�82%); and of seven patients

with T-cell non-Hodgkin lymphoma, 71% (95% CI, 38�100%).
C) 30-day OS of 51 patients aged < 70 years, 85% (95% CI, 76�95%); and of 38 patients aged � 70 years, 53% (95% CI, 37�70%).
D) 30-day OS of 76 patients with non-refractory/relapsed lymphoma 73% (95% CI, 63�84%); and of 13 patients with relapsed/refractory lymphoma 61% (95% CI, 35�88%).
Median follow-up from admission for Covid-19, 33 days (range, 3�72). CI: confidence interval, OS: overall survival.
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Table 2
Description of Covid-19 patients with lymphoma who died while in intensive care.

Age (year) Gender Comorbidity Lymphoma
subtype

Last treatment Interval
between last
treatment and
Covid-19

Lymphoma
Status

Lymphocyte
count (/mL)

CRP
(mg/L)

Ferritin
(ng/L)

Intubation Complication Interval from
ICU admission
and death
(days)

Patients who died from Covid-19 in complete remission
57 M No Mantle cell

lymphoma
Obinutuzumab 2 months Complete

remission
80 72 5565 Yes Ventilator

associated
7

pneumonia
59 M Pulmonary

embolism
Follicular

lymphoma
BEAM 9months Complete

remission
170 238 3 Yes Catheter

thrombosis
30

61 M Atrial
fibrillation

DLBCL R-CHOP 5 months Complete
remission

400 352 2566 Yes NA 9

77 M Diabetes DLBCL R-CHOP 12 months Complete
remission

500 96 1388 No NA 11

Hypertension
Cardiopathy

Patients who died from Covid-19 while being treated for lymphoma
55 M Lung cancer Follicular

lymphoma
BEAM 6 days Ongoing

consolidation
NA NA NA Yes Aspergillosis 29

treatment
Emphysema

71 M No DLBCL R-CHOP 13 days Ongoing
induction

840 62 2053 Yes NA 25

Patients who died from lymphoma progression while having Covid-19
60 F No T-cell

lymphoma
BEAM 5months Relapse 730 45 NA No NA 13

72 M No Lympho
plasmacytic

R-Bendamus
tine

7 days Refractory 630 39 2271 No Pulmonary
embolism

15

lymphoma

CRP:C-reactive protein, DLBCL: diffuse large B-cell lymphoma, BEAM: autologous stem cell transplantation with carmustine - etoposide - cytarabine and melphalan conditioning regimen, ICU: intensive care unit, NA not available.
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Table 3
Cox univariable and multivariable analyses of overall survival among patients with lymphoma and Covid-19.

Characteristics Study population Univariate analysis Multivariable analysis (model 1) Multivariable analysis (model 2)

N Fatal events, n HR 95% CI P value* HR 95% CI P value* HR 95% CI P value*

Age � 70 years 38 21 3 ¢ 78 1 ¢ 73�8 ¢ 25 9 ¢10e-4 2 ¢94 1 ¢26�6 ¢83 0 ¢01 2 ¢87 1 ¢20�6 ¢85 0 ¢ 02
Gender 0 ¢68
Female 30 9 1
Male 59 21 1 ¢ 18 0 ¢ 54�2 ¢ 57
Body mass index (kg/m2) 0 ¢61
< 30 72 23 1
� 30 13 4 1 ¢ 25 0 ¢ 53�2 ¢ 91
Data missing 4 3
Smoking status
Never smoked 43 12 1 ¢ 51 0 ¢ 20�11 ¢61 0 ¢69
Former smoker 29 13 2 ¢ 84 0 ¢ 37�21 ¢75 0 ¢31
Current smoker 5 1 1
Unknown 12 4 1 ¢ 90 0 ¢ 21�17 0 ¢57
Comorbidities (1 or more) 64 25 2 ¢ 17 0 ¢ 83�5 ¢ 67 0 ¢11
Past diagnoses
Hypertension 39 18 2 ¢ 20 1 ¢ 06�4 ¢ 59 0 ¢03 1 ¢45 0 ¢66�3 ¢20 0 ¢36 1 ¢45 0 ¢64�3 ¢29 0 ¢ 38
Diabetes 20 9 1 ¢ 73 0 ¢ 79�3 ¢ 78 0 ¢17
Chronic lung diseasey 8 3 1 ¢ 02 0 ¢ 31�3 ¢ 36 0 ¢98
Cancer 12 7 2 ¢ 11 0 ¢ 90�4 ¢ 92 0 ¢08 2 ¢06 0 ¢84�5 ¢08 0 ¢12 1 ¢97 0 ¢81�4 ¢80 0 ¢ 13
Medication at baseline
ACE inhibitor or ARB 22 10 1 ¢ 66 0 ¢ 77�3 ¢ 54 0 ¢19
Systemic glucocorticoids 11 4 0 ¢ 82 0 ¢ 29�2 ¢ 35 0 ¢71
Histologic subtypes
Hodgkin lymphoma 5 1 0 ¢ 43 0 ¢ 06�3 ¢ 19 0 ¢41
B-cell NHL 77 27 1
T-cell NHL 7 2 0 ¢ 81 0 ¢ 19�3 ¢ 42 0 ¢78
Lymphoma treatment
Anti-CD20 antibody# 47 19 1 ¢ 41 0 ¢ 67�2 ¢ 97 0 ¢36
Bendamustine# 9 7 3 ¢ 05 1 ¢ 31�7 ¢ 11 0 ¢01 3 ¢20 1 ¢33�7 ¢72 0 ¢01
Any therapy# 62 22 1 ¢ 08 0 ¢ 48�2 ¢ 42 0 ¢86
Autologous SCT 17 8 1 ¢ 64 0 ¢ 73�3 ¢ 69 0 ¢23
Lymphoma status 0 ¢02 0 ¢ 02
Relapsed/refractory 13 9 2 ¢ 62 1 ¢ 20�5 ¢ 72 2 ¢54 1 ¢14�5 ¢66
Others 76 21 1 1
Time between diagnosis of lymphoma and hospi-

talization for Covid-19 < 2 years
76 21 1 ¢ 18 0 ¢ 57�2 ¢ 43 0 ¢64

ACE: angiotensin converting enzyme inhibitors, ARB: angiotensin receptor blockers, CI: confidence interval, HR: hazard ratio, NHL: non-Hodgkin lymphoma, SCT: stem cell
transplantation.
y Chronic lung disease was defined as chronic obstructive pulmonary disease, asthma, or chronic bronchitis.
# Treatment administrated within the last 12 months before hospitalization for Covid-19.
* Logrank test.
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cancer, and refractory/relapsed lymphoma, age � 70 years (HR 2 ¢87,
95% CI 1 ¢20�6 ¢85, p = 0 ¢02) and having refractory/relapsed lym-
phoma (HR 2 ¢54, 95% CI 1 ¢14�5 ¢66, p = 0 ¢02) were significantly
associated with the risk of death (Table 3). Overall, the Kaplan-Meier
estimate of 30-day OS was 61% (95% CI, 35%�88%) for patients with
refractory/relapsed lymphoma, 52% (95% CI, 34%�70%) in patients
� 70 years of age with non-refractory/relapsed lymphoma, and 88%
(95% CI, 78%�99%) for patients < 70 years old with non-refractory/
relapsed lymphoma (Fig. 2).

4. Discussion

SARS-CoV-2 infection raises specific concerns in terms of morbid-
ity and mortality for patients with lymphoma due to their immuno-
compromised status induced by the disease per se and/or its
treatment. The present retrospective multicentric cohort study aimed
to estimate the mortality rate and to identify preexisting risk factors
for Covid-19 related death in the lymphoma population. It focused
notably on recent exposition to cytotoxic chemotherapy, including
bendamustine and anti-CD20 immunotherapy. Among 89 patients
with Covid-19 and lymphoma, one-month OS was 71%. Factors asso-
ciated with death were advanced age and relapsed/refractory lym-
phoma. Bendamustine also appeared to be associated with death but
most of the patients treated with bendamustine had relapsed/refrac-
tory lymphoma. Anti-CD20 treatment within one year was not
Please cite this article as: S. Lamure et al., Determinants of outcome i
multicentric cohort study, EClinicalMedicine (2020), https://doi.org/10.10
associated with death. Patients younger than 70 without relapsed or
refractory disease had 88% 30-day OS, similar to that of the general
population in France [20].

In the previously mentioned CCC19 study, the death rate for
patients with hematological malignancies was 14% during one month
[12]. The lower risk of death they reported may have been due to the
inclusion of both ambulatory and hospitalized patients with Covid-
19 in their study. However, in the UKNHS study, analyzing hospital-
ized patients only, patients with hematological malignancies diagno-
sis within five years had a high mortality rate (29%) from Covid-195,
similar to our findings. Among well-known risk factors for Covid-19
mortality [5], we report an association with advanced age (above 70
years) (HR 2 ¢94), but no significant association with hypertension
(HR 1 ¢46), diabetes (HR 1 ¢73), or obesity (HR 1 ¢25). In accordance
with the CCC19 study showing that active cancer was associated with
a worse outcome (HR 5 ¢20)(12), refractory/relapsed lymphoma was
associated with an increased mortality in our study (HR 2 ¢54).

Although recent overall administration of immunochemotherapy
was not associated with mortality, a history of treatment with benda-
mustine within one year was associated with a higher mortality rate
(HR 3 ¢20). Bendamustine treatment induces myelosuppression and
T-CD4 lymphopenia, and is associated with an increased risk of viral,
bacterial or fungal infections [9]. However, among the nine patients
who had received this treatment, eight had been given a do-not-
resuscitate order and had a refractory/relapsed lymphoma. Further
n Covid-19 hospitalized patients with lymphoma: A retrospective
16/j.eclinm.2020.100549
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Fig. 2. Overall survival of patients with Covid-19 and lymphoma (N = 89), according to age group and refractory/relapsed lymphoma status.
- 30-day OS for 13 patients with refractory/relapsed lymphoma, 61% (95% CI, 35�88%).
- 30-day OS for 31 patients aged � 70 years with non-refractory/relapsed lymphoma, 52% (95% CI, 34�70%).
- 30-day OS for 45 patients aged < 70 years with non-refractory/relapsed lymphoma, 88% (95% CI, 78�99%).
Median follow-up from admission for Covid-19: 33 days (range, 3�72); CI: confidence interval, OS: overall survival.

ARTICLE IN PRESS
JID: ECLINM [m5G;October 13, 2020;1:47]

8 S. Lamure et al. / EClinicalMedicine 00 (2020) 100549
studies are merited to explore the impact of bendamustine on Covid-
19 evolution. However, since bendamustine therapy may be associ-
ated with a higher risk of mortality, the risk of initiating this therapy
in older patients in geographic areas of high prevalence of COVID-19
would warrant careful consideration. Despite the well-known impor-
tance of the adaptive immune response to clear SARS-CoV-2 [21],
having received an anti-CD20 therapy up to 12 months before Covid-
19 was not associated with mortality (HR 1 ¢41). However, B-cell
depletion at the time of acute infection may impair the generation of
functional primary and memory anti-SARS-CoV-2 T-cell responses.
Therefore, there is a concern of whether lymphoma patients on anti-
CD20 who contracted SARS-CoV2 and patients who will receive
SARS-CoV2 vaccines when available will be effectively protected
against re-infection or infection.

Overall, patients younger than 70 without relapsed/refractory
lymphoma had outcomes (30-day survival of 88%) comparable to
those of the non-cancer population. According to Sant�e Publique
France, in-hospital mortality is 18%, rising from 10% for 45- to
Please cite this article as: S. Lamure et al., Determinants of outcome
multicentric cohort study, EClinicalMedicine (2020), https://doi.org/10.10
64-year-old patients to 18% for the 65 to 74-year-old group, and 71%
for older patients [20]. This encourages the application of standard
Covid-19 treatment, including intubation, for lymphoma patients
with Covid-19 lymphoma diagnosis, under first- or second-line che-
motherapy, or in remission. A do-not-resuscitate order was fre-
quently given for patients undergoing advanced lines of treatment
and/or with relapsed/refractory disease, limiting the interpretation of
data. In patients without do-not-resuscitate order, the case fatality
rate was also comparable to comparable to those of the non-cancer
population.

A strength of our study was the screening of patients based on the
PMSI, which limited selection bias. However, some patients may
have been hospitalized for Covid-19 in hospitals other than that of
their hematological unit and may have been excluded from the study.
Other limitations were the retrospective nature of the study and the
study design, which did not allow a direct comparison between lym-
phoma patients with Covid-19 and Covid-19 patients without lym-
phoma. Another limitation of selecting only hospitalized patients
in Covid-19 hospitalized patients with lymphoma: A retrospective
16/j.eclinm.2020.100549
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was the exclusion of patients with mild symptoms, and old patients
living in nursing homes that weren’t transferred in hospital during
the pandemic. Exhaustive inclusion of all patients with Covid-19 and
lymphoma, including those with mild symptoms, would have been
impossible due to the restricted PCR testing during the first phase of
the outbreak in France, but would be recommended in the next epi-
demic phases, as serological and PCR testing have become largely
available.

In conclusion, this cohort study reports 71% 30-day OS in patients
with lymphoma and Covid-19, advanced age and having relapsed/
refractory lymphoma being the main risk factors for death. However,
patients younger than 70, without relapsed/refractory disease, had
88% 30-day overall survival, which is comparable to that of the gen-
eral population. Longer term clinical follow-up and biological moni-
toring of immune responses is warranted to explore the impact of
lymphoma and its treatment on the immunity and prolonged out-
come of Covid-19 patients.
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