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Purpose  B-cell depleting therapies, including T-cell engager (TCE), are increasingly used for patients with hematologic malignancies, 
including during the coronavirus disease 2019 (COVID-19) pandemic. We aimed to evaluate the relationship between TCE therapy 
and COVID-19–related outcomes among patients with COVID-19 and B-cell lymphomas receiving B-cell depleting therapy. 
Materials and Methods  This retrospective cohort study included patients with B-cell lymphoma, who were admitted to Seoul Natio-
nal University Hospital with COVID-19 between September 2021 and February 2023, and received B-cell depleting therapy before 
COVID-19 diagnosis. Multivariable logistic regression was used to identify factors associated with severe to critical COVID-19 and 
COVID-19–related mortality. 
Results  Of 54 patients with B-cell lymphomas and COVID-19 who received B-cell depleting therapy, 14 were treated with TCE (TCE 
group) and 40 with rituximab (RTX group). COVID-19–related mortality was higher in the TCE group than in the RTX group (57.1% vs. 
12.5%, p=0.002). In multivariable analyses, TCE therapy (adjusted odds ratio [aOR], 7.08; 95% confidence interval [CI], 1.29 to 38.76; 
p=0.024) and older age (aOR, 1.06; 95% CI, 1.00 to 1.13; p=0.035) were associated with severe to critical COVID-19. TCE therapy 
(aOR, 8.98; 95% CI, 1.48 to 54.40; p=0.017), older age (aOR, 1.13; 95% CI, 1.02 to 1.26; p=0.022), and prior bendamustine therapy 
(aOR, 7.78; 95% CI, 1.17 to 51.65; p=0.034) were independent risk factors for COVID-19–related mortality.
Conclusion  B-cell lymphoma patients treated with TCE had significantly worse outcomes from COVID-19 than those treated with RTX. 
TCE therapy should be used with caution in B-cell lymphoma patients during the COVID-19 epidemic.
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Introduction

Increased risk from and poor outcomes of coronavi-
rus disease 2019 (COVID-19) in patients with hematologic  
malignancies have been reported since the early days of 
the current pandemic [1,2]. Moreover, several studies have  
reported that patients with lymphoma treated using B-cell 
depleting therapy experience persistent COVID-19 pneumo-
nia, for up to as long as 1 year [3,4]. Further, among patients 
with non-Hodgkin lymphoma, anti-CD20 therapy was asso-
ciated with a higher risk of mortality due to COVID-19 [5].

Anti-CD20 therapies, such as rituximab (RTX), are widely 
used to treat B-cell malignancies, such as diffuse large B-cell 
lymphoma, follicular lymphoma, and mantle cell lymphoma 
[6]. Although anti-CD20 therapy has been reported to be asso- 
ciated with poor COVID-19 outcomes, most studies were 

conducted in the early COVID-19 pandemic before mass 
COVID-19 vaccination, emergence of the Omicron variant, 
and introduction of the use of T-cell engagers (TCEs) [5]. 

TCEs targeting CD3 on T-cells and B-cell markers were 
developed recently and are currently undergoing clinical 
trials as potential treatments for relapsed or refractory non-
Hodgkin lymphoma [7,8]. These new TCE immunotherapies 
are theoretically expected to have more immunosuppressive 
effects than other B-cell depleting treatments; however, little 
is known about the effects of TCE treatment on COVID-19 
outcomes.

In this retrospective cohort study, we examined the rela-
tionship between TCEs and COVID-19–related mortality 
among hospitalized patients with COVID-19 and B-cell lym-
phoma treated with B-cell depleting therapy. 
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Materials and Methods

1. Study design and population
This was a retrospective cohort study of patients with 

B-cell lymphoma aged ≥ 18 years, who were admitted to 
Seoul National University Hospital with COVID-19 between 
September 2021 and February 2023, and had been treated 
with B-cell depleting therapy before being diagnosed with 
COVID-19. Severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infections were confirmed by real-time  
reverse transcription polymerase chain reaction.

Patients were divided into two groups according to the use 
of TCEs: those treated with TCE (the TCE group) or those 
treated with other B-cell depleting therapy (all were treated 
with RTX; the RTX group). The following TCEs were used: 
CD20×CD3 bispecific antibodies (epcoritamab, mosunetu-
zumab, glofitamab, and odronextamab) and a CD22×CD3 
bispecific antibody (JNJ-75348780). The following chemo-
therapy regimens, including RTX plus cyclophosphamide, 
doxorubicin, vincristine, and prednisone; RTX plus metho-
trexate, vincristine, and procarbazine; and RTX plus benda-
mustine, were mainly used for patients in the RTX group. 

2. Data collection and definitions
Data were collected from patient medical records, includ-

ing demographic information, underlying comorbidities, 
Eastern Cooperative Oncology Group performance status, 
and lymphoma-related data, including type, stage, status, 
history of B-cell depleting therapy, and prior anti-lympho-
ma therapy. COVID-19–related data, including the date of 
COVID-19 diagnosis, clinical course of COVID-19, vaccina-
tion status, duration of isolation, and treatment for COV-
ID-19, were also obtained. COVID-19 severity was classified  
according to the National Institutes of Health guidelines [9]; 
mild and moderate COVID-19 cases were defined as non-
severe. COVID-19–related mortality was defined as death 
due to active COVID-19 during isolation and hospitalization. 
In-hospital mortality included death that occurred during 
hospitalization after recovery from COVID-19 if the patients 
remained hospitalized for reasons other than COVID-19. 
Survival time was censored as of March 21, 2023.

Being fully vaccinated was defined as more than 2 weeks 
after completion of recommended doses of COVID-19 vac-
cines. Lymphoma was diagnosed based on the 2016 World 
Health Organization (WHO) classification of lymphoid 
neoplasms [10], and Ann Arbor staging at diagnosis and 
response assessment were collected using the Lugano clas-
sification system [11]. Other than Ann Arbor staging, lym-
phoma-related variables, including status, history of B-cell 
depleting therapy, and prior anti-lymphoma therapy, were 
collected when patients had COVID-19. For variables related 

to B-cell depleting therapy, in the TCE group, the total dura-
tion, cycles, and interval from last B-cell depleting therapy 
to COVID-19 diagnosis were collected based on TCE, even 
if patients in the TCE group had been previously treated 
with RTX. In the Republic of Korea, the dominant variant 
of SARS-CoV-2 from September 2021 to December 2021 was 
considered the Delta variant, while the Omicron variant has 
been considered dominant since January 2022. 

3. Statistical analysis
Continuous variables are presented as median with inter-

quartile range (IQR) and categorical variables are presented 
as numbers and percentages. A Student’s t-test or Mann-
Whitney U test was used to compare continuous variables, 
and a chi-squared test or Fisher’s exact test was used to 
compare categorical variables, as appropriate. Risk factors 
for severe to critical COVID-19 and COVID-19–related mor-
tality were evaluated using multivariable logistic regression 
analysis. Variables with p < 0.10 in univariate analysis were 
included in the multivariable analysis using backward step-
wise logistic regression. 

Surviving patients were censored at the time of last clinic 
visit or 1 year after COVID-19 diagnosis in survival curves. 
COVID-19–related and overall survival were estimated  
using Kaplan-Meier curves and comparisons between two 
groups conducted by stratified log-rank test. For all statisti-
cal analyses, two-sided p < 0.05 was considered statistically 
significant. Statistical analyses were performed using SPSS 
Statistics ver. 26.0 (IBM Corp., Armonk, NY).

Results

1. Patient characteristics
A total of 54 patients with COVID-19 and B-cell lympho-

ma who received B-cell depleting therapy were included in 
the analysis. Of the 54 patients, 14 (25.9%) were classified 
into the TCE group and 40 (74.1%) into the RTX group. Of 
the 14 patients in the TCE group, seven were treated with  
epcoritamab, four with mosunetuzumab, one with glofita-
mab, one with odronextamab, and one with JNJ-75348780. 
Median (IQR) age of patients in the TCE group was older 
than that in the RTX group (75 [69-79] vs. 64 [58-74] years, 
p=0.013) (Table 1). Vaccination status and underlying comor-
bidities did not differ significantly between the two groups, 
and there were no significant differences in lymphoma sub-
type or Ann Arbor staging.

Regarding B-cell depleting therapy, there was no signi-
ficant difference in total duration of TCE or RTX therapy  
(median [IQR], 250 [114-367] vs. 137 [89-341] days; p=0.291), 
but the number of cycles was significantly higher in the TCE 
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Table 1.  Clinical characteristics and outcomes in patients with COVID-19 and B-cell lymphoma treated with B-cell depleting agents

Variable RTX (n=40) TCE (n=14) p-value

Age (yr) 64 (58-74) 75 (69-79) 0.013
Male sex 27 (67.5) 7 (50.0) 0.243
BMI (kg/m2) 23.6 (20.2-26.5) 22.1 (19.5-23.9) 0.085
Vaccination status
    Fully vaccinated 32 (80.0) 10 (71.4) 0.485
No. of comorbidities 1 (0-3) 1 (0-1) 0.747
Underlying comorbidities
    HTN 13 (32.5) 5 (35.7) > 0.999
    DM 9 (22.5) 3 (21.4) > 0.999
    CKD 2 (5.0) 0 ( > 0.999
    CVD 1 (2.5) 0 ( > 0.999
    Chronic lung disease 4 (10.0) 0 ( 0.563
Malignancy type   
    DLBCL 20 (50.0) 8 (57.1) 0.582
    Follicular lymphoma, grade 1-3A 8 (20.0) 2 (14.3) 
    Mantle cell lymphoma  2 (5.0) 2 (14.3) 
    Other B-cell NHLa)  10 (25.0) 2 (14.3) 
Ann Arbor stage at lymphoma diagnosis   
    I-II 7 (17.5) 3 (21.4) 0.345
    III-IV 27 (67.5)  11 (78.6) 
    Not applicable 6 (15.0) 0 ( 
ECOG performance status   
    0-1 36 (90.0) 13 (92.9) > 0.999
    ≥ 2 4 (10.0) 1 (7.1) 
B-cell depleting therapy
    Total duration of TCE or RTX therapy (day) 137 (89-341) 250 (114-367) 0.291
    Cycles of TCE or RTX therapy 6 (4-9) 12 (6-14) 0.010
    Interval from last TCE or RTX therapy to COVID-19 diagnosis (day)  67 (17-309) 27 (9-31) 0.015
Prior lines of anti-lymphoma therapy   
    0 18 (45.0) 2 (14.3) 0.034
    1 12 (30.0) 3 (21.4) 
    ≥ 2 10 (25.0) 9 (64.3) 
Prior lymphoma therapy
    Autologous stem-cell transplant 6 (15.0) 2 (14.3) > 0.999
    CAR T-cell therapy 1 (2.5) 0 ( > 0.999
    Bendamustine therapy 15 (37.5) 6 (42.9) 0.758
Lymphoma status   
    CR 22 (55.0) 11 (78.6) 0.230
    PR 2 (5.0) 2 (14.3) 
    SD 2 (5.0) 0 ( 
    PD 8 (20.0) 1 (7.1) 
    Not applicable or unknown 6 (15.0) 0 ( 
Interval from lymphoma diagnosis to COVID-19 diagnosis (day) 515 (186-1,442) 1,379 (651-3,124) 0.012
Dominant variant   
    Omicron 35 (87.5) 14 (100) 0.311
    Delta 5 (12.5) 0 ( 

(Continued to the next page)
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group than that in the RTX group (median [IQR], 12 [6-14] 
vs. 6 [4-9]; p=0.010). Further, interval from last TCE or RTX 
therapy to COVID-19 diagnosis was shorter in the TCE 
group than in the RTX group, and a higher percentage of the 
TCE group had received prior therapies (85.7% vs. 55.0%, 
p=0.041), with 64.3% having received more than two prior 
therapies. Among patients who received second-line or more 
treatments, the detailed regimens of first-line chemotherapy 
vary, but there were no significant differences in chemother-

apy regimens between the RTX and TCE groups (S1 Table). 
The proportions of cases who had undergone autologous 
stem-cell transplantation, chimeric antigen receptor T-cell 
therapy, or bendamustine therapy did not differ significant-
ly between the TCE and RTX groups. Although lymphoma 
status at the time of COVID-19 did not differ significantly 
between the two groups, objective response rates tended to 
be higher in the TCE group than in the RTX group (complete 
response 78.6% vs. 55.0%, p=0.119; partial response 14.3% vs. 

Table 1.  Continued

Variable RTX (n=40) TCE (n=14) p-value

COVID-19 severity   
    Mild 19 (47.5) 2 (14.3) 0.017
    Moderate 6 (15.0) 0 ( 
    Severe  6 (15.0) 4 (28.6) 
    Critical 9 (22.5) 8 (57.1) 
COVID-19 diagnosis to discharge from isolation (day) 16 (8-34) 48 (35-93) 0.002
Re-admission due to COVID-19 5 (12.5) 5 (35.7) 0.103
Extended isolation due to low Ct valueb) 24 (60.0) 12 (85.7) 0.106
In-hospital mortality 8 (20.0) 8 (57.1) 0.016
COVID-19–related mortality 5 (12.5) 8 (57.1)c) 0.002
Values are presented as median (IQR) or number (%). BMI, body mass index; CAR, chimeric antigen receptor; CKD, chronic kidney dis-
ease; COVID-19, coronavirus disease 2019; CR, complete response; Ct, cycle threshold; CVD, cardiovascular disease; DLBCL, diffuse large 
B-cell lymphoma; DM, diabetes mellitus; ECOG, Eastern Cooperative Oncology Group; HTN, hypertension; IQR, interquartile range; 
NHL, non-Hodgkin lymphoma; PD, progressive disease; PR, partial response; RTX, rituximab; SD, stable disease; TCE, T-cell engager. 
Only Ann Arbor stage was recorded at the time of lymphoma diagnosis; other variables shown are values at the time of COVID-19. a)Mar-
ginal zone B-cell lymphoma (n=2) in the TCE group. Primary DLBCL of the central nervous system (n=6), primary mediastinal large B-cell 
lymphoma (n=2), high grade B-cell lymphoma, not otherwise specified (n=1), and Burkitt lymphoma (n=1) in the RTX group, b)Ct value < 
25, c)Epcoritamab (n=5), mosunetuzumab (n=2), and odronextamab (n=1). 
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5.0%, p=0.274). 

2. Clinical course and outcomes of COVID-19
Only five cases (12.5%) in the RTX group were confirmed 

with COVID-19 during the Delta dominant period, while all 
of the TCE group and 35 cases (87.5%) in the RTX group were 
confirmed with COVID-19 after the Omicron variant became 
dominant (Table 1). The number of study subjects diagnosed 

with COVID-19 per month showed a similar trend to the 
overall epidemic curve of COVID-19 in Korea (Fig. 1). 

The clinical courses of COVID-19 over time since diagno-
sis of COVID-19 in the TCE and RTX groups is presented in 
Fig. 2. Except for two cases of mild COVID-19, 12 (85.7%) 
patients in the TCE group were treated with therapeutic rem-
desivir (≥ 5 days) and dexamethasone for COVID-19. In the 
RTX group, 21 (52.5%) were treated with therapeutic rem-
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desivir and 14 (35.0%) were treated with dexamethasone for 
COVID-19. 

COVID-19 severity differed significantly between the TCE 
and RTX groups. The proportion of patients with severe to 
critical COVID-19 was higher in the TCE group than in the 
RTX group (28.6% vs. 15.0% and 57.1% vs. 22.5%, respec-
tively) (Table 1). The interval from COVID-19 diagnosis to 
discharge from COVID-19–related hospitalization was sig-
nificantly longer in the TCE group than in the RTX group 
(median [IQR], 48 [35-93] vs. 16 [8-34] days; p=0.002). Both 
COVID-19–related and in-hospital mortality were also sig-

nificantly higher in the TCE group than the RTX group 
(57.1% vs. 12.5%, p=0.002; 57.1% vs. 20.0%, p=0.016, respec-
tively). Among patients who received second-line or more 
treatments, COVID-19–related morality was significantly 
higher in the TCE group than in the RTX group (50.0% vs. 
13.6%, p=0.040) (S1 Table).

3. Risk factors for severe to critical COVID-19 and COV-
ID-19–related mortality

Older age (odds ratio [OR], 1.08; 95% confidence interval 
[CI], 1.02 to 1.14; p=0.008) and TCE therapy (OR, 10.00; 95% 

Table 2.  Risk factors for COVID-19–related mortality in patients with B-cell lymphoma treated with B-cell depleting agents 

 Death Survivor                       Univariate                    Multivariable

 (n=13) (n=41) OR (95% CI) p-value aOR (95% CI) p-value

Age (per 1-year increase) 75 (74-80) 65 (58-72) 1.13 (1.03-1.23) 0.009 1.13 (1.02-1.26) 0.022
Male sex 10 (76.9) 24 (58.5) 2.36 (0.56-9.89) 0.240  
BMI (kg/m2) 20.8 (19.3-23.3) 23.6 (20.3-26.3) 0.86 (0.71-1.03) 0.097  
Vaccination status
    Fully vaccinated 9 (69.2) 33 (80.5) 0.55 (0.13-2.23) 0.399  
Underlying comorbidities
    HTN 6 (46.2) 12 (29.3) 2.07 (0.58-7.46) 0.265  
    DM 1 (7.7) 11 (26.8) 0.23 (0.03-1.96) 0.178  
    CKD 0 ( 2 (4.9) - 0.999  
    CVD 0 ( 1 (2.4) - > 0.999  
    Chronic lung disease 1 (7.7) 3 (7.3) 1.06 (0.10-11.12) 0.964  
ECOG performance status
    0-1 11 (84.6) 38 (92.7) 1.00 (   
    ≥ 2 2 (15.4) 3 (7.3) 2.30 (0.34-15.57) 0.392  
B-cell depleting therapy
    RTX 5 (38.5) 35 (85.4) 1.00 (  1.00 (
    TCE 8 (61.5) 6 (14.6) 9.33 (2.27-38.37) 0.002 8.98 (1.48-54.40) 0.017
Total duration of TCE or  162 (22-371) 141 (104-362) 1.00 (1.00-1.00) 0.422  
  RTX therapy (day)
Interval > 1 year from last TCE or 1 (7.7) 9 (22.0) 0.30 (0.03-2.60) 0.272 
   RTX to COVID-19 diagnosis
Prior lymphoma therapy
    Autologous stem-cell transplant 0 ( 8 (19.5) - 0.999  
    CAR T-cell therapy 0 ( 1 (2.4) - > 0.999  
    Bendamustine therapy 8 (61.5) 13 (31.7)  3.45 (0.94-12.60) 0.061 7.78 (1.17-51.65) 0.034
Lymphoma status
    Responsea) 9 (81.8) 28 (75.7) 1.00 (   
    Non-response 2 (18.2) 9 (24.3) 0.69 (0.13-3.81) 0.672  
Dominant variant
    Omicron 12 (92.3) 37 (90.2) 1.00 (   
    Delta 1 (7.7) 4 (9.8) 0.77 (0.08-7.58) 0.823  

Values are presented as median (IQR) or number (%). aOR, adjusted odds ratio; BMI, body mass index; CAR, chimeric antigen receptor; 
CI, confidence interval; CKD, chronic kidney disease; COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; DM, diabetes 
mellitus; ECOG, Eastern Cooperative Oncology Group; HTN, hypertension; IQR, interquartile range; OR, odds ratio; RTX, rituximab; TCE, 
T-cell engager. a)Include complete or partial response to treatment. 
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CI, 1.96 to 50.94; p=0.006) were associated with severe to criti-
cal COVID-19 in univariate analysis (S2 Table). Multivariable 
analysis identified both older age (adjusted odds ratio [aOR], 
1.06; 95% CI, 1.00 to 1.13; p=0.035) and TCE therapy (aOR, 
7.08; 95% CI, 1.29 to 38.76; p=0.024) as independent risk fac-
tors for severe to critical COVID-19. Subgroup analysis of 
patients undergoing B-cell depleting therapy within 1 year 
prior to COVID-19 showed that older age (aOR, 1.06; 95% 
CI, 1.00 to 1.13; p=0.045) and TCE therapy (aOR, 5.74; 95% 
CI, 1.00 to 32.85; p=0.050) were also significantly associated 
with severe to critical COVID-19 on multivariable analysis 
(S3 Table). 

Univariate analysis found that older age and TCE therapy 
were also risk factors for COVID-19–related mortality (Table 
2). On multivariable analysis, older age (aOR, 1.13; 95% CI, 
1.02 to 1.26; p=0.022), TCE therapy (aOR, 8.98; 95% CI, 1.48 to 
54.40; p=0.017), and prior bendamustine therapy (aOR, 7.78; 
95% CI, 1.17 to 51.65; p=0.034) were significantly associated 
with COVID-19–related mortality. In multivariable analysis 
among patients receiving B-cell depleting therapy within 1 
year prior to COVID-19, TCE therapy was also an independ-
ent risk factor for COVID-19–related mortality (aOR, 7.48; 
95% CI, 1.17 to 47.85; p=0.034) after adjustment for age and 
sex (S4 Table). Subgroup analysis of patients with aggres-
sive B-cell lymphoma also showed that TCE therapy (aOR, 
8.97; 95% CI, 1.37 to 58.73; p=0.022) and prior bendamustine 
therapy (aOR, 8.97; 95% CI, 1.37 to 58.73; p=0.022) were sig-
nificantly associated with COVID-19–related mortality (S5 
Table). 

COVID-19–related survival was significantly longer in the 
RTX group than in the TCE group (hazard ratio, 0.18; 95% CI, 
0.05 to 0.66; log-rank p < 0.001) (Fig. 3). Overall survival in 
the RTX group was also significantly longer than that in the 
TCE group (hazard ratio, 0.36; 95% CI, 0.12 to 1.09; log-rank 
p=0.020) (S6 Fig.). 

Discussion

To the best of our knowledge, this is the first study to com-
pare the outcomes of COVID-19 in patients with B-cell lym-
phoma treated with TCE or RTX. Our data show that, despite 
a high complete response rate in lymphoma, patients treated 
with TCE had worse COVID-19–related outcomes than those 
treated with RTX. Multivariable analysis showed that TCE 
therapy was an independent risk factor for severe to critical 
COVID-19 and COVID-19–related mortality. 

As the Omicron variant became the dominant variant of 
SARS-CoV-2, the risk of poor outcomes, including hospitali-
zation and death, became lower than during the Delta domi-
nant period [12]. Although all patients in the TCE group  
experienced COVID-19 in the Omicron dominant period, the 
outcomes of COVID-19 were grave in this group. In addition, 
the number of patients diagnosed with COVID-19 in this 
study showed a similar trend to the nationwide epidemic 
curve. Therefore, treatment using TCE should be considered 
carefully in the context of the COVID-19 epidemic situation, 
despite the easing of disease severity caused by more recent 
SARS-CoV-2 variants. 

Various TCEs have been rapidly developed since the con-
cept of specific targeting of T cells by monoclonal antibodies 
emerged [13]. Off-the-shelf TCEs can redirect T cells to bind 
to lymphoma-associated antigens on malignant B cells, to 
elicit T-cell–mediated cytotoxicity against B-cell lymphomas 
[14,15], and clinical trials suggest that TCEs show promis-
ing efficacy in patients with lymphoma [16,17]. In the present 
study, 78.6% of patients treated with TCEs achieved complete 
response, although more than 60% of patients had under-
gone more than two prior lines of anti-lymphoma therapy. 

Several TCEs have shown manageable safety in clinical tri-
als [18-21]; however, infections occurred as adverse events 
in 38% (59/155) and 20% (18/90) of patients who received 
TCEs in phase II clinical trials [16,17]. Although one of these 
trials reported COVID-19 as the most frequent infection (9%, 
14/155) [16], the impact of diverse TCEs on the outcomes 
of COVID-19 is largely unknown. The present study clearly 
demonstrates that patients treated with TCEs had signifi-
cantly worse outcomes of COVID-19, despite their favorable 
lymphoma status. 

Furthermore, patients treated with TCEs usually received 
subsequent treatments beyond until diseases progression or 
the development of adverse events [21,22]. This suggests that 
the risk of TCEs affecting the future occurrence of atypical  
infections might be high, considering their mechanisms of 
action and the duration of treatment. Therefore, sufficient 
consideration is required regarding strategies to address risk 
of future atypical infections, and efforts should be made to 
improve the efficacy and safety of B-cell lymphoma treat-
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Fig. 3.  Comparison of coronavirus disease 2019 (COVID-19)– 
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ments.
RTX is associated with hypogammaglobulinemia and an 

increased risk of infectious complication [23,24]. Since the 
global COVID-19 pandemic, several studies have reported 
poor outcomes of COVID-19 in patients treated with B-cell 
depleting therapy. A previous study of patients with COV-
ID-19 and hematologic malignancies demonstrated that  
active anti-cancer therapy with monoclonal antibodies is  
associated with increased mortality [25]. Another study also 
showed that anti-CD20 therapy is a risk factor for prolonged 
hospitalization and death among patients with COVID-19 
and non-Hodgkin lymphoma [5]. Similarly, we found that 
COVID-19–related mortality was relatively high among hos-
pitalized patients treated with RTX compared with reported 
mortality of hospitalized patients in the general population 
[26]. 

A previous study including patients with lymphoma and a 
diagnosis of SARS-CoV-2 identified bendamustine exposure, 
active hematological disease, and comorbidity as prognos-
tic factors for mortality [27]. Other studies have suggested 
that bendamustine exposure is a risk factor for patients with 
prolonged COVID-19 infection [28,29]. In the present study, 
we also showed that prior bendamustine therapy was a risk 
factor for COVID-19–related mortality. Bendamustine, an 
alkylating agent used to treat indolent and aggressive B-cell 
lymphomas, causes significant T-cell lymphopenia, which 
increases the risk of common and opportunistic infection 
[30], resulting in worse COVID-19–related outcomes. 

Although the duration of the immunological effects of RTX 
on B-cell depletion and hypogammaglobulinemia is not well 
defined, several studies have suggested that B-cell subsets 
may not be fully recovered even 1 year after RTX treatment 
[31]. In the present study, when patients in the RTX group 
were classified based on time from last RTX to COVID-19  
diagnosis, COVID-19–related prolonged infection or mortal-
ity were observed until 1 year after RTX therapy. Therefore, 
we conducted a subgroup analysis of patients treated with 
B-cell depleting therapy within 1 year prior to COVID-19  
diagnosis, and the results were similar to those from analysis 
of the total patient group.

This study had several limitations. First, because it was 
a single-center study with a small number of hospitalized  
patients, the generalizability of the study findings may be 
limited. Nonetheless, this study included the largest cohort 
of patients with COVID-19 and B-cell lymphoma treated 
with TCE reported to date. Second, virologic characteriza-
tion was not performed; however, considering the dominant 
variants during the study period, almost all patients treated 
with TCE were likely to have been infected with the Omicron 
variant. Third, considering the high proportion of heavily 
treated patients in the TCE group, it would be possible that 

B-cell depletion had already existed due to the prior treat-
ment lines. Finally, the interval from last TCE or RTX ther-
apy to COVID-19 diagnosis varied, although similar results 
were obtained when we excluded patients undergoing B-cell  
depleting therapy more than 1 year before COVID-19 diag-
nosis. 

Our findings suggest that TCE therapy is associated with 
significantly worse COVID-19–related outcomes, including 
severe to critical COVID-19 and COVID-19–related or over-
all mortality, despite favorable lymphoma status, compared 
with RTX therapy. As the number of patients diagnosed with 
COVID-19 in our study was consistent with the national 
epidemic, we conclude that TCE therapy should be used 
with caution for patients with B-cell lymphoma during the 
COVID-19 epidemic, even when less virulent variants are 
dominant.
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