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Abstract
We investigated the efficacy of BNT162b2 mRNA COVID-19 vaccine in patients with B-cell malignancies treated with 
anti-CD20 antibody. Although T-cell-mediated immune responses were detected even in patients receiving R-CHOP treat-
ment, the S1 antibody titer following BNT162b2 vaccination remained only marginally increased for more than 3 years 
after the final dose of anti-CD20 antibody. We found no relationship between the percent of B-cells and S1 antibody titer. 
The duration of this suppression was much longer than we anticipated. Further protection and treatment strategies against 
COVID-19 for these patients are warranted.
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Although the anti-CD20 antibodies rituximab and obi-
nutuzumab are mainstay drugs against CD20-expressing 
hematological malignancies, they react with CD20 antigen 
expressed not only on malignant B cells but also on nor-
mal B cells. Accordingly, some recent reports have men-
tioned an increased risk of severe COVID-19 in patients 
treated with anti-CD20 antibodies [1–3]. Most recently, a 
few studies reported that anti-CD20 antibody impaired the 
efficacy of SARS-CoV-2 mRNA vaccination in triggering 
the humoral immune response [4–6]. In addition, the dura-
tion of the effect of anti-CD20 antibody on antibody pro-
duction to BNT162b2 mRNA COVID-19 vaccine remains 
unclear. Furthermore, T-cell response after chemotherapy 
which includes anti-CD20 antibody is also unclear. Here, 
we prospectively evaluated the efficacy of the vaccine in 
patients with B-cell malignancies treated with anti-CD20 
antibody. The study protocol was approved by Kobe Uni-
versity Hospital Ethics Committee (No. B2056714, 1481), 
and was conducted in accordance with the Declaration of 
Helsinki. All patients provided written informed consent to 
participate.

We first evaluated antibody titers in serum samples at 3 
timepoints in 12 healthy volunteers (median age 75 years, 
range 57–82) and 3 patients with B-cell lymphoma 
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undergoing R-CHOP therapy (age 73, 81, and 81 years) who 
had received 2 vaccine doses of BNT162b2, namely, at pre-
vaccination, 21 days after the first vaccination, and 14 days 
after the second vaccination. IgG antibody titers for S1 pro-
tein were measured in serum samples with a QuaResearch 
COVID-19 Human IgM IgG ELISA kit (Spike Protein-S1) 
(Cellspect, Inc., Japan). Although titers in healthy control 
subjects were clearly increased, none of the three patients 
treated with R-CHOP developed antibodies even after the 
second vaccination (Fig. 1A). To determine SARS-CoV-
2-specific T-cell reactivity in these three patients, we evalu-
ated interferon (IFN)-γ response to the SARS-CoV-2 spike 
peptide (PepTivator® SARS-CoV-2 Prot S1, Miltenyi Biotec, 
Germany) before and after vaccination with the ELISPOT 
assay (human IFN-γ Single-Color Enzymatic ELISPOT Kit, 
Cellular Technology Limited, USA), and detected IFN-γ 
responses after vaccination in all three patients (Fig. 1B).

Next, to investigate the duration of the effect of anti-CD20 
antibody on antibody production to BNT162b2, we enrolled 
36 patients (median age 74 years, range 50–87) who had 
received the final dose of anti-CD20 antibody 1–42 (median 
17.5) months before vaccination (Table 1). S1 antibody titers 
were measured 14 days after the second dose of vaccination. 
Diagnoses included diffuse large B-cell lymphoma (n = 22), 
follicular lymphoma (n = 9), lymphoplasmacytic lymphoma/
Waldenström's macroglobulinemia (n = 3), and mantle cell 
lymphoma (n = 2). Thirty-four patients had received rituxi-
mab-based and 2 had received obinutuzumab-based therapy, 
with a median of 6 (range 3–20) courses. No patient had 
received any chemotherapy after the last anti-CD20 anti-
body dose. No patient who was vaccinated within 48 weeks 
of the last anti-CD20 antibody administration showed an 
increase in S1 antibody titers. Furthermore, titers in most 

patients were lower than the dotted line which indicates the 
lowest O.D. value of S1 antibody titer in healthy volunteers 
even among those vaccinated more than 3 years after the last 
administration (Fig. 1C). The proportion of patients above 
the dotted line was 11.1% (1/9) when the last dose was less 
than 1 year previously, 30.8% (4/13) when 1–2 years previ-
ously, 37.5% (3/8) when 2–3 years previously and 33.3% 
(2/6) when more than 3 years previously. Finally, we inves-
tigated surrogate markers of antibody production ability. We 
found no relationship between the percentage of peripheral 
blood B-cells (CD19-positive cells) and S1 antibody titers 
(Fig. 1D). In terms of serum IgG level, although all patients 
(n = 9) with a total IgG level below the lower normal limit 
(< 870 mg/dl) had low S1 antibody titers (< 0.26), below the 
lowest O.D. value in healthy donors, there was no correla-
tion overall (Fig. 1E).

These findings indicate that the antibody-mediated 
response to vaccination in these patients following treat-
ment with anti-CD20 antibody was considerably impaired 
for an extended time (range 1–42 months). A study group 
reported that vaccination efficacy was particularly impaired 
by anti-CD20 antibody in patients with chronic lymphocytic 
leukemia (CLL), who are in an immunosuppressive state 
due to both the inherent immune defect related to their pri-
mary disease and as a result of therapies, such as Bruton’s 
tyrosine kinase inhibitor and anti-CD20 antibody [4]. In our 
study, we found that antibody production following vaccina-
tion with BNT162b2 was clearly suppressed for an extended 
period even without chemotherapy after the completion 
of anti-CD20 antibody administration in common B-cell 
malignancies, such as diffuse large B-cell lymphoma and 
follicular lymphoma. The duration of this suppression was 
much longer than we anticipated. Because most participants 
in this study were elderly, there is a possibility that the lim-
ited increases were related to age. Further study including 
younger participants is required. For patients with prolonged 
low titers, further protection and treatment strategies against 
COVID-19 warranted. We recommend that these patients 
continue to wear a face mask and wash their hands to prevent 
COVID-19 even after vaccination [7, 8]. Fortunately, T-cell-
mediated immune responses were detected even in patients 
during R-CHOP treatment with a combination therapy of 
anti-CD20 antibody and cytotoxic chemotherapy. However, 
it is necessary to clarify whether T-cell immunity is suffi-
cient to protect patients against SARS-CoV-2. In terms of a 
COVID-19 treatment strategy for patients previously given 
anti-CD20 antibody treatment, anti-SARS-CoV-2 antibody 
therapeutics might be a good candidate [9].

Monitoring recovery of the ability to produce antibodies 
requires consideration. A study group examining a small 
case series (n = 5) of rituximab-treated patients with rheu-
matoid arthritis reported that a humoral immune response 
may be expected in the presence of circulating B cells 

Fig. 1   (A) Humoral quantitative anti-spike 1 (S1) antibody response 
at pre-vaccination (within 7  days prior to the first dose), 21  days 
(± 3  days) after the first dose and 14  days (± 7  days) after the sec-
ond dose of BNT162b2 mRNA SARS-CoV-2 vaccine in healthy vol-
unteers (n = 12) and diffuse large B-cell lymphoma patients treated 
with R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincris-
tine and prednisone) (n = 3). (B) Peripheral blood mononuclear cells 
obtained at pre-vaccination (within 7 days prior to the first dose) and 
14 days (± 7 days) after the second dose of BNT162b2 from Patients 
1–3 were stimulated overnight with SARS-CoV-2 spike peptide for 
ex vivo assessment by IFN-γ ELISPOT assay (human IFN-γ Single-
Color Enzymatic ELISPOT Kit, Cellular Technology Limited, USA) 
according to the manufacturer's protocol. (C) S1 antibody titers were 
measured 14 days (± 7 days) after the second vaccination dose in 12 
healthy donors and 36 patients who had received the final dose of 
anti-CD20 antibody 1–42 (median 17.5) months before vaccination. 
The horizontal dotted line indicates the lowest optical density (O.D.) 
value of S1 antibody titer in healthy donors. (D) Correlation between 
S1 antibody titer and percentage of CD19-positive B cells (normal 
range 6–23%). (E) Correlation between S1 antibody titer and total 
IgG level. The vertical dotted line indicates the lower normal limit 
of serum IgG. The horizontal dotted line indicates the lowest optical 
density (O.D.) value of S1 antibody titer in healthy donors
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despite prior anti-CD20 antibody therapy [6]. However, 
our data revealed no relationship between S1 antibody titer 
and either the percentage (r2 = 0.033, Fig. 1E) or absolute 
number (r2 = 0.032, data not shown) of peripheral blood B 
cells. Two patients had high antibody titers (O.D., 0.56 and 
0.38) even though their B-cell percentage was below the 
lower limit (normal range 6–23%). We, therefore, consid-
ered that an increase in peripheral blood B-cell numbers 
does not necessarily mean that antibody production capacity 
following vaccination is recovering. Although a total IgG 
level below the lower normal limit may indicate impaired 
antibody production, recovery of IgG does not necessarily 
mean recovery of the capacity to produce antibody against 
SARS-CoV-2. Rather, monitoring this ability after vaccina-
tion might require the measurement of SARS-CoV-2 anti-
bodies themselves.

Lower titers than those in healthy volunteers do not 
prove that there is no preventive effect of humoral immu-
nity. Importantly, T-cell-mediated immune responses were 
detected even in patients during R-CHOP treatment. There-
fore, we do not imply that vaccination is ineffective for these 
patients. We believe that it is important to continue to accu-
mulate data and provide correct information for patients. At 
present, we recommend that these patients receive vaccina-
tion and continue to wear a face mask and wash their hands 
to prevent COVID-19.

In conclusion, we found that an increase in antibody titer 
following SARS-CoV-2 vaccination remains limited for 

more than 3 years after a final dose of anti-CD20 antibody. 
While, T-cell-mediated immune response was observed even 
during R-CHOP treatment.
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Table 1   Patient chracteristics

DLBCL diffuse large B-cell lymphoma, FL follicular lymphoma, 
LPL/WM lymphoplasmacytic lymphoma/Waldenström's macroglobu-
linemia, MCL mantle cell lymphoma

Total n = 36

Median Age (range, years) 74 (50–87)
Sex
 Female 13
 Male 23

Diagnosis
 DLBCL 22
 FL 9
 LPL/WM 3
 MCL 2

Anti-CD20 antibody
 Rituximab-based 34
 Obinutuzumab-based 2

Median course (range, courses) 6 (3–20)
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