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Background and Purpose: Anti-CD20 monoclonal antibodies (MoAbs), rituximab (RIT), and obinutuzumab (OBZ) are the central
components of immunochemotherapy for B-cell lymphoma (BCL). However, these agents potentially cause B-cell depletion, resulting
in the impairment of antibody (Ab) production. During the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic,
the optimal prediction of Ab response against anti—-SARS-CoV-2 vaccination is critically important in patients with BCL treated by
B-cell depletion therapeutics to prevent coronavirus disease 2019 (COVID-19).

Patients and Methods: We investigated the effect of using RIT and/or OBZ on the Ab response in 131 patients with various types
of BCL who received the second SARS-CoV-2 mRNA vaccine either after, during, or before immunochemotherapy containing B-cell-
depleting moiety between June and November 2021 at seven institutes belonging to the Kyoto Clinical Hematology Study Group. The
SARS-Cov-2 neutralizing Ab (nAb) was measured from 14 to 207 days after the second vaccination dose using the iFlash3000
automatic analyzer and the iFlash-2019-nCoV Nab kit.

Results: Among 86 patients who received the vaccine within 12 months after B-cell depletion therapy, 8 (9.3%) were seropositive. In
30 patients who received the vaccine after 12 months from B-cell depletion therapy, 22 (73%) were seropositive. In 15 patients who
were subjected to B-cell depletion therapy after vaccination, 2 (13%) were seropositive. The multivariate analysis indicated that an
interval of 12 months between B-cell depletion therapy and the subsequent vaccination was significantly associated with effective Ab
production. Receiver operating characteristic curve analysis identified the optimal threshold period after anti-CD20 MoAb treatment,
which determines the seropositivity against SARS-CoV-2, to be 342 days.

Conclusion: The use of anti-CD20 MoAb within 12 months before vaccination is a critical risk for poor Ab response against anti—
SARS-CoV-2 vaccination in patients with BCL.
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Introduction
The anti—coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) messenger RNA (mRNA)
vaccines, such as BNT162b2 (BioNTech/Pfizer) and mRNA-1273 (Moderna), have been widely used to prevent
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coronavirus disease 2019 (COVID-19), and their promising efficacies have been reported in Japan.'? Once the
mRNA vaccine encapsulated in lipid nanoparticles is taken up by human cells, such as dendritic cells or myocytes, it
is translated into a viral spike protein antigen that stimulates B cells to produce a neutralizing antibody (nAb)
against the spike protein, which prevents viral infection and also induces cytotoxic T cells that acquire the ability of
cellular immune responses against infected cells.>* Therefore, immunocompromised patients and patients receiving
treatment with an immunosuppressive moiety are generally at high risk for impaired antibody response against anti—
SARS-CoV-2 vaccination.”® Among the various settings of immunosuppressive treatment, therapeutic approaches
that deplete B cells or impair B-cell function, such as an anti-CD20 monoclonal antibody (MoAb) or inhibitors for
B-cell receptor signaling, have especially attracted attention as risk factors for severe COVID-19 in patients with
B-cell malignancies, including B-cell lymphomas (BCLs) and chronic lymphocytic leukemia.” !> However, most
previous studies investigated combinations of patients with various types of B-cell and non-B-cell lymphomas using
various types of treatment strategies, sometimes including watch-and-wait without treatment. To establish an
optimal management strategy to prevent COVID-19 that is more specific for patients with BCL who have
a history of anti-CD20 MoAb treatment, we conducted this multi-institutional study to investigate the efficacy of
the anti-SARS-CoV-2 vaccine and the risk factors for Ab production impairment following anti-SARS-CoV-2
vaccination in this particular population of patients treated in seven institutes belonging to the Kyoto Clinical
Hematology Study Group (KOTOSG).

Materials and Methods

Study Design

Patients with any disease subtype of BCL who were older than 20 years and received the second dose of the anti—
SARS-Cov-2 vaccine, either the BNT162b2 mRNA COVID-19 or mRNA1273 SARS-CoV-2 vaccine, within 2 years
from the latest immunochemotherapy containing anti-CD20 MoAb were eligible for this study. Serum samples were
collected from patients between 2 and 36 weeks after the second dose of COVID-19 vaccination as routine clinical
practice and were preserved at —80°C until analysis. All patients received vaccination according to the national
Japanese vaccination program. Patients were excluded from this study in case of having past SARS-Cov-2 infection or
receiving prophylactic/therapeutic nAb for SARS-Cov-2. To investigate the kinetic/change of Ab levels after vaccina-
tion in immunocompetent individuals, sera were obtained from healthy volunteers at least twice in most participants at
various time points between 1 and 44 weeks after the second dose of COVID-19 vaccination. We measured the serum
level of SARS-Cov-2 nAb using the iFlash3000 automatic analyzer and the iFlash-2019-nCoV Nab kit (both
manufactured by YHLO, China), which quantify nAbs against SARS-CoV-2 in the blood using the principle of
chemiluminescent immunoassay.'® Measuring nAb allows us to identify antibodies that provide long-term immunity
against COVID-19."7"' The concentration of nAb over 10 AU/mL was considered to be positive with this system.
From the patient’s case report form, we collected patient data including age, gender, BCL subtype, disease status,
white blood cell count, neutrophil count, lymphocyte count, monocyte count, platelet count, type and number of prior
chemotherapy regimens, history of prior autograft, and time between vaccination and treatment with anti-CD20 MoAb

at the point of vaccination.

Statistical Analysis

We compared the relationship between the response to anti-SARS-CoV-2 vaccination and the time since the last
chemotherapy using the Kruskal-Wallis test. Univariate and multivariate analyses were performed with logistic regres-
sion for factors correlated with seropositivity. The confidence interval was 95%, and p < 0.05 was considered
statistically significant. We used the receiver operating characteristic curve (ROC) analysis to investigate the relationship
between seropositivity after COVID-19 vaccination and the time from the last dose of anti-CD20 MoAb. All statistical
analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user
interface for R (The R Foundation for Statistical Computing, Vienna, Austria).?
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Results

Patients’ Background and Information About the Healthy Volunteers

In this study, we analyzed 131 patients with BCL, including 116 patients who received a second COVID-19 vaccine after
completing immunochemotherapy with anti-CD20 MoAb and 15 patients who received a second COVID-19 vaccine
within 6 months before starting immunochemotherapy between June and November 2021 at the institutes belonging to
the KOTOSG. The median patient age was 72 years (range, 30-96 years). The most prevalent disease subtype was
diffuse large B-cell lymphoma, and the second most prevalent was follicular lymphoma, accounting for 53% and 28% of
our cohort, respectively. Among the 131 patients with BCL, 97 (74%) received only rituximab-containing immuno-
chemotherapy, 23 (18%) received only obinutuzumab-containing immunochemotherapy, and 9 (6.9%) had a history of
both rituximab- and obinutuzumab-containing therapy. Four patients (3%) had a history of both rituximab and polatu-
zumab vedotin, an antibody-drug conjugate composed of an anti-CD79b MoAb conjugated by a protease-cleavable linker
to monomethyl auristatin E. Fourteen patients (11%) had a history of high-dose chemotherapy with autologous peripheral
blood stem cell transplantation. Of 116 patients who received the COVID-19 vaccine after being treated with immuno-
chemotherapy containing anti-CD20 MoAb, 86 patients (77%) received the vaccine within 12 months of finishing
immunochemotherapy, whereas 30 patients (23%) received the vaccine after >12 months (Table 1). We also recruited 59
healthy volunteers, including 24 (41%) men and 35 (59%) women. The median age of the healthy volunteers was 47
years (range, 24—64 years), and none had a history of COVID-19.

Table | Patients Background

Item

Number of patients
Total, n 131
Patients who received COVID-19 vaccine after treatment, n 16
Patients who received COVID-19 vaccine before treatment, n 15

Age, median years (range) 72 (30-96)

Gender, n (%)
Male 81 (62)
Female 50 (38)

B-cell lymphoma (BCL) disease subtype, n (%)
Diffuse large B cell lymphoma (DLBCL) 69 (53)
Follicular lymphoma (FL) 37 (28)
Mantle cell lymphoma 6 (4.6)
Nodal marginal zone B cell lymphoma 3(2.3)
Mucosa-associated lymphoid tissue lymphoma 3(23)
Primary central nervous system lymphoma 3(2.3)
Primary mediastinal B-cell lymphoma 2 (1.5)
Lymphoplasmacytic lymphoma | (0.8)
BCL, unclassifiable, with features intermediate between DLBCL and Hodgkin lymphoma | (0.8)
T cell/histiocyte-rich large B-cell lymphoma) 1 (0.8)
Composite lymphoma of FL and precursor B-lymphoblastic lymphoma | (0.8)
Other B-cell non-Hodgkin lymphoma, not precisely diagnosed 4 (3.0

Therapy containing anti-CD20 monoclonal antibody (MoAb), n (%)
Rituximab-CHOP/R-THP-COP 85 (65)
Rituximab plus Bendamustine (RB) 14 (11)
Obinutuzumab-CHOP 14 (11)
Obinutuzumab plus Bendamustine 18 (14)
Polatuzumab vedotin plus RB 4 (3)

(Continued)
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Table | (Continued).

Item
Number of regimens before vaccination, n (%)
0 15 (1)
[ 77 (59)
2 26 (20)
3 9(7)
More than 4 4 (3)
Prior history of autograft 14 (1)
Duration from anti-CD20 MoAb therapy to COVID-19 vaccination, n (%)
0-3 months 47 (36)
3-6 months 21 (l6)
6-9 months 13 (10)
9-12 months 54
Longer than 12 months 30 (23)

Abbreviations: CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; THP-COP, cyclophosphamide, pirarubicin,
vincristine, and prednisone.

Serum Levels of SARS-CoV-2 nAb in Patients with BCL and Healthy Volunteers

We obtained the patients’ sera at 14 to 207 days after the second COVID-19 vaccination. Sera were also obtained from 56
healthy volunteers at least twice and from three volunteers once. We first examined the serum level and kinetics of
SARS-CoV-2 nAb in healthy volunteers. Figure 1 shows that all healthy volunteers became seropositive after vaccina-
tion, and the serum level of SARS-CoV-2 nAb decreased gradually with time after vaccination. During the examination
period, we observed a decrease in serum SARS-CoV-2 nAb to less than 10 AU/mL (9.38 AU/mL) in only one case at 254
days after vaccination, which indicated a promising long-term efficacy of the vaccination that was generally maintained
for more than 6 months in healthy subjects. In 116 BCL patients with a history of anti-CD20 MoAb treatment before
vaccination, 30 patients were found to be seropositive (Figure 1). When 7 patients below 49 years old were selected to
match their median age with that of healthy volunteers, 3 patients were found to be seropositive. Thus, even between the
matched cohorts, the seropositive rate of BCL patients treated by anti-CD20 MoAb was significantly low compared with
that of healthy volunteers. In addition, when examined with the Fisher test, the frequencies of seropositive patients below
49 years old and patients over 50 years old were not significantly different (p=0.37).

In 15 BCL patients who received anti-COVID-19 vaccination before undergoing B-cell depletion therapy, we
obtained sera between 108 and 200 days after vaccination. Two patients in this subgroup were seropositive.

Association Between Time from Anti-CD20 MoAb Treatment and the Response to
the COVID-19 Vaccine

Next, to identify the cutoff period that determines the efficacy of COVID-19 vaccination among the 116 patients with
BCL who received the vaccine after undergoing anti-CD20 MoAb treatment, we examined the relationship between
seropositivity after COVID-19 vaccination and the time from the last dose of anti-CD20 MoAb using ROC curve
analysis. The result showed that, in our cohort, 342 days was the optimal threshold period after B-cell removal therapy
that determines seropositivity after COVID-19 vaccination (Figure 2).

We further examined more precisely the impact of the time from the last dose of anti-CD20 MoAb treatment on
the efficacy of nAb production by the COVID-19 vaccine. The seropositivity rates of SARS-CoV-2 nAb in patients
with a time interval between the last dose of anti-CD20 MoAb and vaccination <3 months, 3 to 6 months, 6 to 9
months, 9 to 12 months, and >12 months were 6.4%, 9.5%, 7.7%, 40.0%, and 73.0%, respectively. The median
serum levels of SARS-CoV-2 nAb (AU/mL) in patients with a time interval between the last dose of anti-CD20
MoADb and vaccination <3 months, 3 to 6 months, 6 to 9 months, 9 to 12 months, and >12 months were 0.00, 0.95,
4.49, 0.33, and 25.50 AU/mL, respectively, and the difference was significant between patients who received the
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Figure | Serum level of SARS-CoV-2 neutralizing antibody (nAb) and time from vaccination. The results of 56 healthy volunteers and |16 patients with BCL who had
a history of anti-CD20 monoclonal antibody (MoAb) treatment are indicated as triangle and circle, respectively. The sequential results of each healthy volunteer are
connected by linear lines, if applicable.
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Figure 2 Receiver operating characteristic curve analysis for the investigation of the relationship between seropositivity after COVID-19 vaccination and the time from the
last dose of anti-CD20 MoAb. X-axis and Y-axis represent specificity and sensitivity, respectively. The best cut-off value was determined as 342.000 days with a sensitivity of
0.907 and a specificity of 0.767.
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Abbreviation: M, month.

vaccination 0-3, 3-6, and 6—9 months after the last dose of B-cell depletion therapy and those who received it 12
months after the last dose of B-cell depletion therapy (Figure 3). These results collectively show that the use of anti-
CD20 MoAb treatment is strongly associated with the impairment of antibody production by the anti-SARS-CoV2
vaccine and its negative impact is sustained for at least 6 months and generally up to approximately 12 months after
completion of anti-CD20 MoAb treatment.

In contrast, seropositivity was not associated in our cohort with the duration between vaccination and the start of anti-
CD20 MoAb treatment in 15 BCL patients who received anti-COVID-19 vaccination before B-cell depletion therapy
(Figure 4).

Investigation of the Factors Associated with nAb Production After COVID-19
Vaccination in Patients with BCL with a History of Anti-CD20 MoAb Treatment

We then attempted to identify factors associated with nAb production in response to COVID-19 vaccination in patients
with BCL who received previous treatment with anti-CD20 MoAb. The univariate analysis demonstrated that, although
low white blood cell count, low lymphocyte count, and low hemoglobin level were significantly associated with poor
response to vaccination, the DLBCL disease subtype, lack of history of autologous stem cell transplantation, and time
from the last dose of anti-CD20 MoADbD to vaccination longer than 9 months were significantly associated with a favorable
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Figure 4 Serum level of SARS-CoV-2 nAb and time from vaccination to the start of anti-CD20 MoAb to vaccination.

response. Among the factors identified by the univariate analysis as significant, the multivariate analysis revealed that

time from the last dose of anti-CD20 MoAb to vaccination longer than 12 months was the only factor significantly

associated with a favorable nAb response to COVID-19 vaccination (Table 2).

Table 2 Uni and Multivariate Analyses for the Risk Factors for the Impairment of Antibody Production After

COVID-19 Vaccination

Univariate Analysis Multivariate Analysis

Odds Ratio (95% CI) | p-value | Odds Ratio (95% CI) | p-value
Age
<70 1.00 (Reference) 1.00 (Reference)
>70 0.48 (0.21-1.10) 0.09 1.70 (0.44-6.60) 0.44
Gender
Female 1.00 (Reference)
Male 0.68 (0.29-1.60) 0.36
BCL subtype
FL 1.00 (Reference) 1.00 (Reference)
DLBCL 3.90 (1.20-13.0) 0.02 4.60 (0.89-24.0) 0.07
Others 1.80 (0.42-7.40) 0.45 1.60 (0.24-11.0) 0.62
Disease status at vaccination
Complete response (CR) 1.00 (Reference)
Non-CR 0.66 (0.22-2.00) 0.45

(Continued)
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Table 2 (Continued).

Univariate Analysis Multivariate Analysis
Odds Ratio (95% CI) | p-value | Odds Ratio (95% CI) | p-value
White blood cell count
Normal range 1.00 (Reference) 1.00 (Reference)
Below normal range 0.10 (0.01-0.73) 0.02 0.38 (0.03—4.90) 0.46
Neutrophil count
Normal range 1.00 (Reference)
Below normal range 0.62 (0.19-2.00) 0.43
Lymphocyte count
Normal range 1.00 (reference) 1.00 (Reference)
Below normal range 0.28 (0.10-0.80) 0.02 0.93 (0.204.20) 0.92
Monocyte count
Normal range 1.00 (Reference)
Below normal range 1.10 (0.31-3.60) 0.94
Hemoglobin level
Normal range 1.00 (Reference) 1.00 (Reference)
Below normal range 0.38 (0.15-0.95) 0.04 0.37 (0.10-1.30) 0.12
Platelet count
Normal range 1.00 (Reference)
Below normal range 0.68 (0.27-1.70) 041
Prior chemotherapy regimen numbers
| 1.00 (Reference)
2 0.86 (0.30-2.40) 0.77
More than 3 1.30 (0.35-4.60) 0.72
Prior autograft
No 1.00 (Reference) 1.00 (Reference)
Yes 4.90 (1.50-15.0) 0.0076 1.50 (0.24-9.80) 0.65
Time from the last dose of anti-CD20
MoAb to vaccination
Shorter than 3M 1.00 (Reference) 1.00 (Reference)
3-6M 1.50 (0.24-10.0) 0.65 0.75 (0.10-5.60) 0.78
6-9M 1.20 (0.12-13.0) 0.87 0.66 (0.05-8.00) 0.74
9-12M 9.80 (1.2-83.0) 0.04 8.80 (0.77-100.0) 0.08
Longer than [2M- 40.0 (9.7-167.0) <0.001 27.0 (4.70-159.0) <0.001

Abbreviations: BCL, B cell lymphoma, FL, follicular lymphoma, DLBCL, diffuse large B cell lymphoma, M; month, MoAb, monoclonal antibody.

Discussion

The COVID-19 vaccine has been available in Japan since February 2021, and as of September 2022, 80.4% of the total
population had received two doses of the vaccine, resulting in a relatively high vaccination rate among developed
countries.”’ As the spread of COVID-19 infection continues, the COVID-19 vaccine, primarily the mRNA vaccine,
contributes greatly to infection prevention. However, some evidence has suggested that the effectiveness of the COVID-
19 vaccine is limited in immunocompromised patients with hematologic diseases, especially patients with BCL who
receive B-cell depletion therapeutics within 1 year before vaccination.” "> Such a situation is similar to what has been
observed with vaccinations against various types of pathogens, such as influenza virus, or Pneumococcal bacteria, which
has been reported to be less effective in lymphoma patients during or within 6 to 12 months of treatment containing
rituximab,?>** whereas more serious is an increased risk of documented COVID-19 with related hospitalization and even
death in vaccinated patients with hematological neoplasms compared with vaccinated matched healthy controls with an
intact immune system.>*
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This study focused especially on the efficacy of the COVID-19 vaccine in patients with BCL who received anti-CD20
MoAb treatment, as several studies have suggested that patients with this particular disease group are at especially high
risk of inappropriate antibody production.” !> Because it is critically important to identify factors associated with a poor
response to COVID-19 vaccination, we investigated the impact of the history of autologous stem cell transplantation and
the number of prior treatment regimens in addition to the use of anti-CD20 MoAb; however, among the treatment-related
factors, the duration from the last dose of anti-CD20 MoAb and vaccination was the only factor significantly associated
with the response to COVID-19 vaccine in our cohort. In addition, we found that no other factors examined, including
patient age and blood cell counts, were associated with seropositivity in our cohort, whereas previous studies suggested
the relationship between white blood cell count; lymphocyte counts, including CD4-positive T cells and CD19-positive
B cells; and the efficacy of COVID-19 vaccine in patients with lymphoma.'®'*'> One of the conceivable reasons for
these discrepancies might be the difference in the patient population analyzed, as the study by Narita included not only
BCLs but also T-cell lymphomas and Hodgkin lymphoma, whereas the study by Perry included patients who were
subjected to watch and wait without receiving anti-CD20 MoAb treatment. Tanguay et al pointed out that a peripheral
B-cell count of <50/uL was a risk factor for poor antibody production after the COVID-19 vaccine, although this finding
was not always related to prior anti-CD20 MoAb treatment. Nevertheless, there is consensus regarding the importance of
the duration from completion of B-cell depletion therapy to vaccination within 6 to 12 months, which significantly
impairs nAb production against the SARS-Cov-2 RNA vaccine.'®!'*!3!> In this regard, although data about the precise
lymphocyte subset were unfortunately unavailable in our cohort, our study may preclude the necessity of precise blood
cell/lymphocyte profiling, which is both labor-intensive and sometimes expensive, for predicting prompt nAb production
after COVID-19 vaccination in a specific population of patients with BCL who were previously treated with B-cell
depletion therapy.

Booster vaccination by the third vaccination and the administration of COVID-19 nAb agent, such as tixagevimab-

cilgavimab, have shown promise,?-*¢

and those may also increase antibody titers and prevent severe COVID-19 even in
high-risk patients, including patients with BCL who previously received B-cell depletion therapy.'*?’° Considering the
results of previous studies as well as those of our study, the administration of the COVID-19 nAb agent may be more
promising for BCL patients treated with anti-CD20 MoAb within 12 months. Even in patients with BCL who received
anti-CD20 MoAb treatment for longer than 12 months before the second vaccination, approximately 30% of patients
were seronegative. Therefore, the serum level of nAb is expected to be measured after vaccination in those patients, and
in case of insufficient response, an additional dose of vaccine is recommended or the administration of a nAb agent may
be considered. If nAb monitoring is unavailable, the risk of insufficient response should be considered in the decision-
making regarding the use of a boost vaccination or nAb agent.

The other important point of our study is the insufficient antibody production in patients with BCL who received
vaccination before the initiation of anti-CD20 MoAb treatment. Although this result was concordant with the result
reported by Tanguay,'” this was, at the same time, discordant with the findings of a previous study that reported that nAb
remained for 4 months after vaccination in patients subsequently treated with B-cell depletion therapy.” The underlying
reason for this discrepancy is currently unclear, although our study and the study by Tanguay et al included only 15 and
22 patients, respectively. To clarify the factors causing insufficient antibody production in this setting, a future study with
a larger number of subjects is needed.

One of the limitations of this study is that the blood samples were obtained at the patients’ visits, required for clinical
purposes, but to avoid frequent visits to the hospital during the COVID-19 pandemic status, they were not obtained regularly after
vaccination for the research purpose. In addition, because of the small number of patients, it was difficult to investigate precise
features of patients with a time interval between the last dose of anti-CD20 MoAb and vaccination 9 to 12 months, although they
showed incongruent vaccine response. It was also impossible to investigate the relationship between the serum nAb level and the
emergence of symptomatic COVID-19. In the future, it would also be important to clarify the risk of insufficient antibody
production by boosting vaccination and COVID-19 disease in patients with BCL treated with B-cell depletion therapy.
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Conclusions

In this study, we found that the time from the last dose of anti-CD20 MoAb to the vaccination within 12 months is
a critical risk factor for poor response to COVID-19 vaccination in patients with BCL who were previously treated with
anti-CD20 MoAb.
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