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Outcomes of COVID-19 in patients D
with obinutuzumab compared with patients
with rituximab: a retrospective cohort study
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Abstract

Background Patients treated with anti-CD20 monoclonal antibodies could have a higher risk of adverse outcomes
of coronavirus disease 2019 (COVID-19). The novel anti-CD20 monoclonal antibody obinutuzumab has shown greater
B-cell depletion and superior in vitro efficacy than rituximab. We aimed to assess whether obinutuzumab would result
in worse COVID-19 outcomes than rituximab.

Methods \We retrospectively reviewed 124 patients with B-cell lymphoma, 106 of whom received rituximab
treatment and 18 of whom received obinutuzumab treatment. The adverse outcomes of COVID-19 were compared
between patients in the two cohorts.

Results The proportions of patients who were hospitalized (55.6% vs. 20.8%, p=0.005), experienced prolonged
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (38.9% vs. 2.9%, p < 0.001), and developed
severe COVID-19 (33.3% vs. 4.7%, p < 0.001) were higher in patients with obinutuzumab than in those with rituximab.
Multivariate analyses showed that obinuzumab treatment was associated with higher incidences of prolonged SARS-
CoV-2 infection (OR 27.05, 95% Cl 3.75-195.22, p=0.001) and severe COVID-19(OR 15.07, 95% Cl 2.58-91.72, p=0.003).

Conclusions Our study suggested that patients treated with obinutuzumab had a higher risk of prolonged SARS-
CoV-2 infection and severe COVID-19 than those treated with rituximab.
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Background

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
emerged in Wuhan, China, in December 2019 [1, 2],
and today, it still has a great impact globally. Patients
with hematological malignancies (HMs) usually have an
immune deficiency and are at a higher risk for severe
COVID-19 and death [3, 4]. Moreover, prolonged SARS-
CoV-2 infection appears to be an emerging issue in HM,
especially those treated with B-cell depleting immuno-
therapy [5-7].

Anti-CD20 monoclonal antibodies (mABs), as a single
agent or in combination with chemotherapy, are widely
used for B-cell lymphoma and significantly improve sur-
vival [8, 9]. However, these antibodies induce rapid B-cell
depletion and suppress the humoral response to viruses
[10]. Studies have reported that patients treated with
anti-CD20 mAB (mainly type I anti-CD20 mAB ritux-
imab) could have a higher risk of severe COVID-19, pro-
longed SARS-CoV-2 infection and death [6, 7, 11-13].

Obinutuzumab is a novel humanized type II anti-CD20
mAb approved for follicular lymphoma or chronic lym-
phocytic leukemia by U. S Food and Drug Administration
in 2015 and was available in China in 2021. Obinutu-
zumab has shown greater B-cell depletion and superior in
vitro efficacy than rituximab [14—16]. In clinical practice,
obinutuzumab may result in a higher rate of grade>3
neutropenia than rituximab but without a significant
increase in serious infections [17]. However, SARS-
CoV-2 infections in B-cell lymphoma patients treated
with obinutuzumab during the COVID-19 pandemic are
not very clear.

In mid-December 2022, China lifted the strict COVID-
19 control policy and experienced the pandemic of the
SARS-CoV-2 Omicron variant. Within a short period of
time, most people in China were infected with SARS-
CoV-2. In this study, we reviewed the data of patents
with B-cell lymphoma who received anti-CD20 mAB
therapy in 2022 at a single center in China and aimed to
determine whether patients treated with obinutuzumab
were at a higher risk for adverse COVID-19 outcomes
than those treated with rituximab during the COVID-19
pandemic.

Methods

Patients

We retrospectively reviewed all patients with B-cell lym-
phoma admitted to Ningbo Medical Center Li Huili Hos-
pital between January 1,2022, and December 31,2022
and enrolled those who had received anti-CD20 mAb
therapy as a single agent or in combination with other
agents. None of the patients had been previously infected
with SARS-CoV-2. The following patients were excluded:
(a) Patients who died before China lifted the control of
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the COVID-19 epidemic in mid-December 2022. (b)
Patients who underwent autologous stem cell transplan-
tation during the study period. (c) Patients who were
hospitalized due to infection and had typical character-
istics of COVID-19 (symptoms, imaging findings, etc.)
but SARS-CoV-2 was negative or not tested. (d) Patients
had incomplete data. Enrolled patients were divided into
two cohorts according to the type of anti-CD20 mAB
they received: the rituximab cohort and the obinutu-
zumab cohort. The most commonly used combinations
were CHOP-like chemotherapies. Other combinations
included second-line chemotherapies (GeMOX, DICE,
DHAP), bendamustine, methotrexate, lenalidomide and
BTK inhibitors.

Baseline data collection

The baseline characteristics of patients before the
COVID-19 wave in mid-December 2022 were col-
lected, including sex, age, smoking, performance status
(PS) according to Eastern Cooperative Oncology Group
(ECOG) [18], comorbidities (hypertension, diabetes, pul-
monary comorbidities, cardiac comorbidities), vaccina-
tion status, histological subtype (aggressive lymphoma
or indolent lymphoma), newly diagnosed lymphoma
or relapse/refractory disease, disease status, treat-
ment strategies, the time from the last anti-CD20 mAb
use to the COVID-19 wave, and the period between
last antineoplastic therapy and COVID 19 wave, Inac-
tivated COVID-19 vaccines were widely used in China
before the COVID-19 wave, and “full vaccination” was
defined as having received>2 doses of inactivated vac-
cine. Aggressive lymphomas included diffuse large B-cell
lymphoma, Burkitt lymphoma, mantle cell lymphoma,
and high-grade B-cell lymphoma. Indolent lymphomas
included follicular lymphoma, marginal zone lymphoma
and chronic lymphocytic leukemia/small lymphocytic
lymphoma.

SARS-CoV-2 infection

The diagnosis of COVID-19 was confirmed by a posi-
tive nucleic acid test by polymerase chain reaction (PCR)
or next generation sequencing. At the follow-up assess-
ment, we found that most patients experienced suspected
SARS-CoV-2 infection based on their symptoms during
the COVID-19 wave. However, most non-hospitalized
patients did not undergo SARS-CoV-2 nucleic acid or
antigen testing, resulting in an inaccurate number and
characteristics of the overall population infected with
SARS-CoV-2. Therefore, we calculated the proportion of
hospitalization, prolonged SARS-CoV-2 infection, severe
COVID-19 and COVID-19-related mortality in the
overall population rather than in the infected patients.
Blood cell characteristics and immune function-related
indicators of hospitalized patients were collected and
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analyzed, as well as information on antiviral treatment,
length of hospital stay and prognosis. Prolonged SARS-
CoV-2 infection was defined as SARS-CoV-2 nucleic acid
detection >30 days after initial positivity. Severe COVID-
19 was defined as having an SpO2<94% on room air, a
ratio of arterial partial pressure of oxygen to fraction of
inspired oxygen (PaO2/Fi02)<300 mmHg, a respira-
tory rate>30 breaths/min, or lung infiltrates>50% by the
National Institutes of Health [19].

Statistical analysis

Absolute numbers and percentages were used for cat-
egorical variables, and differences between groups were
analyzed by the chi-square test or Fisher’s exact test.
Medians and ranges were used for continuous variables,
and differences between groups were analyzed by the
Mann-Whitney test. Kaplan-Meier curves were used
to display the cumulative incidence of discharge from
the hospital with improvement. Patients who were not
discharged at the end of the follow-up or who died of
COVID-19 were treated as censored data, and the log-
rank test was used for comparison. Univariable and mul-
tivariate logistic regression analyses were conducted to
assess the risk factors for prolonged SARS-CoV-2 infec-
tion and severe COVID-19. The 95% confidence intervals
(CIs) were used to estimate odds ratios (ORs). Statistical
tests were two-tailed, and p values<0.05 were considered
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statistically significant. SPSS V.25 was used for analyses,
and GraphPad Prism was used for graphing.

Results

Patient characteristics

Between January 1, 2022, and December 31, 2022, 341
patients diagnosed with B-cell lymphoma were reviewed.
Finally, 106 patients who had received rituximab-based
treatments and 18 patients who had received obinu-
tuzumab-based treatments were enrolled in the study
(Fig. 1). The baseline characteristics of the two cohorts
are shown in Table 1. In the rituximab cohort, 86.8%
of the patients had aggressive lymphoma, whereas the
majority of the patients in the obinutuzumab cohort had
indolent lymphoma. A total of 57.5% of patients in the
rituximab cohort and 88.9% of patients in the obinutu-
zumab cohort received anti-CD20 mAB treatment within
3 months before the COVID-19 wave, with a signifi-
cant difference. More patients in obinutuzumab cohort
received bendamustine(22.2% vs. 4.7%, p=0.031). Other
characteristics between the two cohorts were similar.

Outcomes of COVID-19

The proportions of patients who were hospitalized (55.6%
vs. 20.8%, p=0.005), experienced prolonged SARS-CoV-2
infection (38.9% vs. 2.9%, p<0.001), and developed severe
COVID-19 (33.3% vs. 4.7%, p<0.001) were higher in
patients treated with obinutuzumab than in those treated

Patients with B-cell ymphoma
admitted between 1,2022to
December 31,2022 (n=341)

162 were excluded:

Patients did not receive anti-CD20 mAB
during study period.

31,2022 (n=179)

Patients received anti-CD20 mAB
between 1,2022 to December

55 were exclude:

42 patients died before lifted the control of
the COVID-19 epidemic.

7 patients underwent autologous stem cell
transplantation during the study period.

2 hospitalized patients had symptoms of
COVID-19but SARS-CoV-2negative.

4 patients had incomplete data.

Patients enrolled in the
study (n=124)

l

l

Rituximab-treated Obinutuzumab-treated
patients(n=1086) patients(n=18)

Fig. 1 Flowchart of patient selection. Abbreviations mAB: monoclonal antibody; COVID-19: coronavirus disease 2019; SARS-CoV-2: severe acute respira-

tory syndrome coronavirus 2
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Table 1 Baseline characteristics of patients

Characteristics Ritux- Obinu- P
imab tuzumab value
(n=106) (n=18)

Age 0.562

<70 63(59.4%) 12(66.7%)

>70 43(40.6%) 6(33.3%)

Sex 0.109

Male 49(46.2%) 6(33.3%)

Female 57(53.8%) 12(66.7%)
Smoking 25(23.6%) 5(27.8%) 0937
ECOG PS score

<2 78(73.6%) 14(77.8%) 0.933

>2 28(26.4%)  4(22.2%)
Comorbidities

Hypertension 31(29.2%) 3(16.7%) 0412

Diabetes 18(17.0%) 2(11.1%)  0.780

Pulmonary comorbidity 7(6.6%) 1(5.6%) 1.000

Cardiac comorbidity 11(104%) 1(5.6%) 0.835
Fully vaccinated 69(65.1%) 12(66.7%) 0.897
Histological subtype <0.001

Aggressive lymphoma 92(86.8%) 8(44.4%)

Indolent lymphoma 14(13.2%) 10(55.6%)
Relapse/refractory disease 23(21.7%)  4(22.2%) 1.000
Disease status 1.000

Remission 85(80.2%) 14(77.8%)

Stable or progressive disease 21(19.8%) 4(22.2%)
Anti-CD20 mAB within 3 months 61(57.5%) 16(88.9%) 0.011
before COVID-19 wave
Period between last antineoplastic 2.5(0.2- 0.7(04-6.8) 0.060

therapy and COVID-19 wave, Months,  11.5)
Median(range)
Bendamustine 5(4.7%) 4(22.2%)  0.031

Abbreviations ECOG PS: Eastern Co-operative Oncology Group Performance
Status

with rituximab (Fig. 2a). We did not find a significant dif-
ference in COVID-19-related mortality between the two
cohorts (11.1% vs. 3.8%, p=0.279).

Because there was a significant difference between
rituximab and obinutuzumab groups of patients in
whether bendamustine was used, and bendamustine
may be a disadvantage factor for COVID-19 infection.
Therefore, we compared the differences in COVID-
19 outcomes between two groups of patients who had
not received bendamustine in a subgroup analysis to
exclude the interference of bendamustine(Fig. 2b). Sub-
group analysis showed that patients who were hospital-
ized (50.0% vs. 19.8%, p=0.031), experienced prolonged
SARS-CoV-2 infection (28.6% vs. 2.0%, p=0.002), and
developed severe COVID-19 (21.4% vs. 4.0%, p=0.038)
were still higher in patients treated with obinutuzumab
than in those treated with rituximab.

Among the 32 hospitalized patients, 25 patients
received anti-viral therapies for COVID-19, and 9
patients received intravenous gamma globulin therapy.
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Fig. 2 (a) Outcomes of COVID-19 in all patients treated with obinutu-
zumab or rituximab. (b) Subgroup analysis of the COVID-19 outcomes in
patients who had not received bendamustine

The median length of in-hospital stay was 10 days (range
4-47 days) in the rituximab cohort and 30 days (range
6-53 days) in the obinutuzumab cohort, with a signifi-
cant difference. The Kaplan-Meier curve of the cumu-
lative incidence of discharge from the hospital with
improvement is shown in Fig. 3.

Multivariate analyses showed that obinutuzumab treat-
ment (OR 27.05, 95% CI 3.75-195.22, p=0.001) was asso-
ciated with a higher incidence of prolonged SARS-CoV-2
infection. Obinutuzumab treatment (OR 15.07, 95% CI
2.58-91.72, p=0.003) and ECOG PS>2 (OR 8.03, 95% CI
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Fig. 3 Kaplan-Meier curve of the cumulative incidence of discharge from
the hospital with improvement

1.34-47.91, p=0.022) were associated with a higher inci-
dence of severe COVID-19 (Table 2).

Laboratory data of hospitalized patients

We collected laboratory data from hospitalized patients
at the time of COVID-19 diagnosis. The neutrophil
count, lymphocyte count, CD4+T-cell count and serum
IgG level of patients with obinutuzumab were similar
to those of patients with rituximab (neutrophil, median
2.30 vs. 2.60 G/L, p=0.332; lymphocyte, median 0.65 vs.
0.50 G/L, p=0.746; CD4+ T-cell, median 101 vs. 176/uL,
p=0.284; serum IgG, median 8.83 vs. 7.56 g/L, p=0.476,
Fig. 4). We also compared these laboratory data between
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patients with prolonged SARS-CoV-2 infection and those
without prolonged SARS-CoV-2 infection and between
patients with severe COVID-19 and those without severe
COVID-19 (Fig. 4). There were no significant differences
in neutrophil count, lymphocyte count, CD4+T-cell
count or serum IgG level between patients with and
without prolonged SARS-CoV-2 infection. Patients with
severe COVID-19 had lower neutrophil counts (median
1.89 vs. 3.95 G/L, p=0.036) and CD4+T-cell counts
(median 75 vs. 233/uL, p=0.007) than those without
severe COVID-19.

Discussion

To the best of our knowledge, this is the first study to
compare the outcomes of COVID-19 between patients
with obinutuzumab and rituximab in an Asian popula-
tion. Our study showed that during the COVID-19 epi-
demic, patients taking obinutuzumab were at a higher
risk of prolonged SARS-CoV-2 infection and severe
COVID-19 than those taking rituximab.

Studies in rituximab showed that complete B-cell
depletion may occur within 72 h of anti-CD20 mAB infu-
sion with recovery approximately 9-12 months after
treatment [8]. Serum immunoglobulin levels mostly
remain within the normal range or mildly hypogam-
maglobulinemia and return to normal within 1 year [8,

Table 2 Univariate and multivariate logistic regression analyses of factors associated with prolonged SARS-CoV-2 infection and severe

COVID-19
variables Prolonged SARS-CoV-2 infection(n=124) Severe COVID-19 Mortality(n=124)
Univariate analysis Multivariate analysis Univariate analysis Multivariate
analysis
OR (95%Cl) p OR (95%Cl) p OR (95%Cl) p OR (95%Cl) P

Age=>70 1.67(0.46-6. WO) 0.440 1.95(0.56-6.79) 0.292

Male 445(0.9 91) 0.066 4.77(0.62-36.60) 0.133  3.02(0.76-11.97) 0.116

Smoking 0.75(0.15-3. 74) 0.726 0. 68(0 14-3.31 ) 0.628

ECOGPS>2 348(0.93-12.99) 0.063 6.90(0.80-59.72) 0.079 16(1.67-22.75) 0.006 803(1.34- 0.022
47.91)

Hypertension 17(0.28-4.83)  0.827 0.99(0.25-3.98) 0.991

Diabetes 0. 58(0 07-4.87) 0616 17(0.23-5.88) 0.846

Pulmonary comorbidity 67(0.18-15.09) 0.650 51(0.17-13.58) 0.711

Cardiac comorbidity 13(0.13-9.88) 0910 2. 29(0 43-12.09) 0.329

Fully vaccinated 25(0.31-5.09) 0.759 46(0.37-5.82) 0.591

Indolent lymphoma 307(0 79-11.88) 0.105 266(0 71-9.95) 0.147

Stable or progressive disease 3.26(0.84-12. 69) 0.088 2.66(0.42-16.77) 0.298  3.88(1.08-13.96) 0.038 267(052- 0238
13.71)

Anti-CD20 mAB within 3 months 2.69(0.55-13.24) 0.225 2.98(0.62-14.43) 0.175

before COVID-19 wave

Period between last antineoplastic 0.81(0.61-1.08)  0.155 0.79(0.59-1.06) 0.120

therapy and COVID-19 wave

Obinutuzumab vs. Rituximab 2142(4.83-94.95) <0.001 27.05(3.75-195.22) 0.001 10.10(2.67-38.16) 0.001 15.07(2.58- 0.003
91.72)

Bendamustine 14.27(3.03-67.27) 0.001 6.55(0.73-59.06) 0.094  12.34(2.70-56.48) 0.001 6.42(0.96- 0.055
42.92)

Abbreviations COVID-19: coronavirus disease 2019; ECOG PS: Eastern Co-operative Oncology Group Performance Status
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Fig. 4 (a) Neutrophil, (b) lymphocyte, (c) CD4 +T-cell and (d) serum IgG levels in hospitalized patients

20-22]. Given the prolonged immunosuppression caused
by anti-CD20 mAB, it significantly increases the risk of
infection [23, 24]. In in vitro studies, obinutuzumab has
shown greater B-cell depletion than rituximab [14-16],
which could theoretically lead to a higher risk of infec-
tion, especially viral infection. Several studies have shown
that patients treated with anti-CD20 mAbs have a higher
risk of adverse outcomes of COVID-19 [7, 11, 13]. How-
ever, these studies did not distinguish between obinu-
tuzumab and rituximab. Only two studies reported the
outcomes of COVID-19 in patients treated with obinu-
tuzumab, with a longer duration of infection(p=0.012),
a higher severe disease rate (35% vs. 7%) and a higher
mortality rate (15% vs. 0%) than those in patients treated
with rituximab [25, 26]. However, with no routine SARS-
CoV-2 test, some infections may have been missed,
resulting in patient selection bias, which is unavoidable
in retrospective studies. In our study, the incidence of
adverse outcomes was calculated in the whole popula-
tion, including both SARS-CoV-2-infected and SARS-
CoV-2-uninfected patients, suggesting that patients with
obinutuzuma have a higher risk of adverse outcomes than
those with rituximab during the COVID-19 epidemic.
Maintenance therapy with obinutuzumab or rituximab
increases the progression-free survival of follicular lym-
phoma [27, 28] and is now recommended by the NCCN
guidelines. Under the COVID-19 pandemic, however,
maintenance therapy may increase the risk of adverse
outcomes of COVID-19, and the benefits and risks need
to be weighed.

Prolonged SARS-CoV-2 infection now represents a new
challenge for patients treated with anti-CD20 mAB. In a
study of lymphoma patients treated with rituximab, the
time from the first PCR positivity to final PCR negativity
ranged from 33 to 77 days [29]. Another study reported

a follicular lymphoma patient treated with obinutuzuma
who experienced a prolonged SARS-CoV-2 infection of
187 days. In our study, the proportion of patients who
experienced prolonged SARS-CoV-2 infection was 38.9%
in the obinutuzumab cohort, which was much higher
than that in the rituximab cohort. The median length of
in-hospital stay in patients treated with obinuzumab was
30 days (range 6-53 days), which was significantly longer
than that in patients treated with rituximab. These results
indicate that the immune damage caused by obinutu-
zumab significantly prolongs the clearance of the virus.
Long-term SARS-CoV-2 nucleic acid monitoring and
appropriate delay in chemotherapy resumption should be
considered in patients treated with obinutuzumab.
Previous studies have reported that some laboratory
indicators are associated with the severity of COVID-19
[30, 31]. Several studies have shown that patients with
severe COVID-19 have lower lymphocyte levels and
higher white blood cells [32, 33]. Moreover, lower lev-
els of CD4+T cells are associated with severe COVID-
19 [34, 35]. In our study, lower lymphocyte counts were
observed in patients with severe COVID-19 than in
those with mild COVID-19, which was consistent with
previous studies. However, contrary to previous stud-
ies, patients with severe COVID-19 had lower levels of
neutrophils. This may be related to the different charac-
teristics between patients with hematological diseases
receiving chemoimmunotherapy and other general
patients. No significant differences in the levels of neu-
trophils, lymphocytes and CD4+ T-cells were observed
between hospitalized patients with obinutuzumab and
rituximab or between patients with prolonged SARS-
CoV-2 infection and those without prolonged SARS-
CoV-2 infection. Studies with larger sample sizes are
needed to assess these differences more accurately.
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There are several limitations of this study. First, most
patients with suspected mild SARS-CoV-2 infection did
not undergo SARS-CoV-2 nucleic acid testing, which
resulted in an unclear COVID-19 infection rate and
baseline characteristics of the total infected population.
Second, because it was a retrospective study, the base-
line characteristics between the obinutuzumab and ritux-
imab cohorts were not completely compared. Finally, the
sample size was not large enough to observe a difference
in mortality between the obinutuzumab and rituximab
cohorts.

Conclusions

Our study suggested that patients treated with obinu-
tuzumab had a higher risk of prolonged SARS-CoV-2
infection and severe COVID-19 than those treated with
rituximab. During the COVID-19 pandemic, rituximab
might be considered an alternative to obinutuzuma in
appropriate patients. The benefits and harms of mainte-
nance therapy may need to be weighed.
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