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Patients diagnosed with B-cell non-Hodgkin lymphoma (B-NHL), particularly if recently

treated with anti-CD20 antibodies, are at risk of severe COVID-19 disease. Because studies

evaluating humoral response to COVID-19 vaccine in these patients are lacking, recom-

mendations regarding vaccination strategy remain unclear. The humoral immune

response to BNT162b2 messenger RNA (mRNA) COVID-19 vaccine was evaluated in

patients with B-NHL who received 2 vaccine doses 21 days apart and compared with the

response in healthy controls. Antibody titer, measured by the Elecsys Anti-SARS-CoV-2S

assay, was evaluated 2 to 3 weeks after the second vaccine dose. Patients with B-NHL

(n 5 149), aggressive B-NHL (a-B-NHL; 47%), or indolent B-NHL (i-B-NHL; 53%) were eval-

uated. Twenty-eight (19%) were treatment naïve, 37% were actively treated with a rituxi-

mab/obinutuzumab (R/Obi)–based induction regimen or R/Obi maintenance, and 44%

had last been treated with R/Obi .6 months before vaccination. A seropositive response

was achieved in 89%, 7.3%, and 66.7%, respectively, with response rates of 49% in

patients with B-NHL vs 98.5% in 65 healthy controls (P , .001). Multivariate analysis

revealed that longer time since exposure to R/Obi and absolute lymphocyte count

$0.9 3 103/mL predicted a positive serological response. Median time to achieve positive

serology among anti-CD20 antibody-treated patients was longer in i-B-NHL vs a-B-NHL.

The humoral response to BNT162b2 mRNA COVID-19 vaccine is impaired in patients with

B-NHL who are undergoing R/Obi treatment. Longer time since exposure to R/Obi is asso-

ciated with improved response rates to the COVID-19 vaccine. This study is registered at

www.clinicaltrials.gov as #NCT04746092.

Introduction

Despite firm governmental epidemiological restrictions aimed at controlling the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic, COVID-19 continues to spread. The emergence of
new mutations characterized by increased infectivity rate and, potentially, a higher mortality rate1-4

emphasizes the need for early introduction of a rapid vaccination program. However, data regarding the
effectiveness of anti-SARS-CoV-2 vaccines in the presence of B-cell non-Hodgkin lymphoma (B-NHL),
especially in patients recently treated with a B-cell–depleting therapy, are lacking, and recommendations
regarding their use in this setting are still insufficient. Moreover, recent data suggest that hemato-
oncological patients, including those with B-NHL, are at increased risk of developing severe COVID-19,6

and may serve as “sustained viral reservoirs,” promoting the development of new, potentially more
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Key Points

� Patients with B-NHL
treated with an anti-
CD20 antibody are
unlikely to achieve
humoral response to
BNT162b2 mRNA
COVID-19 vaccine.

� Longer time since last
exposure to anti-
CD20 antibodies
predicts a higher
response rate and
elevated antibody
titer.
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aggressive mutations.7,8 Thus, preventing COVID-19 infection, or at
least attenuating disease severity in these patients, is of utmost
importance.

Recently, the US Food and Drug Administration has granted
approval to several anti-SARS-CoV-2 vaccines, including the
BNT162b2 and mRNA-1273 messenger RNA (mRNA) vaccines,
which are now recommended to prevent COVID-19. BNT162b2
and mRNA-1273 are lipid nanoparticle–encapsulated mRNA-based
vaccines, that encode the full-length S protein of SARS-CoV-2.9,10

These vaccines have shown high efficacy in preventing symptomatic
SARS-CoV-2 infection, but hemato-oncology patients were
excluded from the clinical trials of COVID-19 vaccine.11,12 In the
current study, we investigated the humoral response to SARS-CoV-
2 vaccine in patients with B-NHL and looked at factors affecting the
response rate to the vaccine, with the intention of providing data
that can be used to establish evidence-based recommendations
regarding vaccination strategy in this unique population of patients.

Methods

In the current prospective study, we investigated the efficacy of
BNT162b2 mRNA COVID-19 vaccine by Pfizer (hereinafter,
COVID-19 vaccine) in patients with B-NHL, diagnosed and followed
up at the Tel Aviv Sourasky Medical Center, who were vaccinated
against SARS-CoV-2 as part of the Israeli national vaccination pro-
gram. The primary end point of the study was the proportion of sub-
jects acquiring anti-SARS-CoV-2S antibodies (Abs). The study was
approved by Tel Aviv Sourasky Medical Center’s Institutional Review
Board. All patients provided informed consent.

Patient population

The study included patients aged $18 years diagnosed with
B-NHL, including diffuse large B-cell lymphoma (DLBCL) and pri-
mary mediastinal B-cell lymphoma (forming a subgroup referred to
as “aggressive [a]-NHL”) and follicular lymphoma and marginal zone
lymphoma (forming the “indolent [i]-NHL” subgroup). All patients
were observed or treated at the Hematology Division of the Tel Aviv
Sourasky Medical Center during the study period (20 December
2020 to 10 March 2021). All patients included in the study had 2
consecutive doses of the BNT162b2 mRNA COVID-19 vaccine,
administered 21 days apart. The patients were classified into 3
groups: (1) treatment-naïve patients (patients with indolent lym-
phoma under “watch-and-wait” management); (2) actively treated
patients who were receiving treatment with anti-CD-20 Ab (rituxi-
mab/obinutuzumab [R/Obi])–based chemoimmunotherapy (induc-
tion or salvage), R monotherapy, or R/Obi maintenance at the time
of vaccination (because exposure to rituximab induces severe B-cell
depletion for at least 6 months,13 patients who completed treatment
up to 6 months before vaccination were included in this group); and
(3) patients who had completed chemoimmunotherapy/immune
monotherapy/maintenance .6 months before vaccination. Age-
compatible, healthy volunteers, aged $18 years, who had received
2 consecutive COVID-19 vaccine doses, served as controls.

Study design

According to our department’s policy, patients receiving induction
or salvage antilymphoma treatment every 21 to 28 days were
advised to be vaccinated 7 to 14 days after their most recent
course of chemoimmunotherapy/immunotherapy, whereas patients

receiving R/Obi maintenance every 8 to 12 weeks were advised to
receive their first and second vaccinations 30 and 51 days after the
latter maintenance cycle, respectively. These time points were cho-
sen because we sought to obtain the longest possible interval
between R/Obi doses. Treatment-naïve patients and those who
completed therapy at least 6 months before vaccination were given
no specific recommendations regarding the timing of vaccination.

Dates of both vaccination doses were recorded. All participants
(patients and healthy controls) underwent serology tests, measuring
their humoral response to COVID-19 vaccine 14 to 21 days after
the second vaccine dose. Demographic and clinical data, focusing
on histological diagnosis, treatment regimen, treatment status and
timing, disease status, response to treatment, and absolute lympho-
cyte count (ALC) at the time of vaccination were collected from the
patients’ electronic medical records. Adverse events (AEs) reported
within the first 7 days after each of the 2 vaccine doses were
recorded.

Assessment of serological response

Serum samples were analyzed by using the Elecsys Anti-SARS-CoV-
2S assay,14 performed on the Cobas e601 (Roche Diagnostics)
enzyme-linked immunosorbent assay reader for quantitative detection
of Abs, predominantly IgG, aimed at the SARS-CoV-2 S protein
receptor binding domain. This assay has a measurement range of
0.40 to 250 U/mL, with a concentration of ,0.80 U/mL considered
to be a negative result and $0.80 U/mL considered to be positive.
When results exceed the upper limit of the measurement range
(reported as .250 U/mL), samples are diluted by 1:10 or 1:100,
depending on the dilution range that is required. To ensure that none
of the patients had been exposed to SARS-CoV-2 recently, we per-
formed an additional test for the presence of Abs to the SARS-CoV-
2 nucleocapsid protein, using the Elecsys Anti-SARS-CoV-2 assay,15

performed on the Cobas e601 (Roche Diagnostics).

Statistics

Continuous variables were described as the median and range/inter-
quartile range of observations. Categorical data were described
with contingency tables including frequency and percentages. Con-
version of continuous variables into categorical variables was based
on both frequency distributions and clinical familiarity with impact
factors on the response variable. The x2 test for association was
performed to check marginal relationships. Receiver operating char-
acteristics analysis was performed to define the optimal cutoff point
for achieving positive serology from the last anti-CD20 treatment.
Pearson’s x2 test, Fisher’s exact test, and univariate Cox regression
were used to study the crude association between the studied pre-
dictors and the vaccine response rate. The Mann-Whitney U test
was used to compare medians of Ab concentration levels (titers).
The multivariate Cox regression analysis was performed, using the
backward method (P , .1, was used as the criterion for removal),
to identify independent predictors for the response rate. Two-sided
P , .05 indicated statistically significant differences. Variables with
trending or significant association to response rate or those known
to be of important clinical significance were tested in the multivariate
model. The Kaplan-Meier method and Cox regression analysis were
used to calculate the hazards ratio (HR) at different time points from
the last treatment. SPSS software (IBM SPSS Statistics for Win-
dows, version 27, 2017; IBM Corp., Armonk, NY) was used for all
statistical analyses.
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Results

Patient characteristics

One hundred and forty-nine patients with B-NHL (88 [59%] men,
median age 64 [range 20-92] years), and 65 healthy controls (29
[45%] men, median age 66 [range 25-83] years) were included in
the study. Patients’ characteristics are presented in Table 1. Eighty
(53%) patients were diagnosed with i-B-NHL and 69 (47%) with
a-B-NHL. Twenty-eight (19%) patients were treatment naïve, 39
(26%) were treated with R/Obi-containing chemoimmunotherapy or
R monotherapy, 16 (11%) were currently receiving anti-CD20 Ab
maintenance, and 66 (44%) had completed therapy .6 months
before vaccination. Among all patients who were treated with
anti-CD20 Abs, the median time from last R/Obi cycle to vaccina-
tion was 7.3 (range, 0.1-204) months: 2.3 (range, 0-5.6) months for
patients in active treatment, 0.5 (range, 0-3.8) months for patients
receiving R/Obi maintenance, and 18 (range, 6-204) months for
patients who had completed treatment .6 months before vaccina-
tion. Mean ALC 6 standard deviation at the time of vaccination
was 1.7 3 103/mL 6 2.9 3 103/mL, with a median count of
1.08 3 103/mL (range, 0.26 3 103/mL to 30.5 3 103/mL).

Serologic response

The Ab response to the COVID-19 vaccine was achieved in 73 of
149 (49%) patients with B-NHL included in our cohort, compared
with 64 of 65 (98.5%) age-compatible, healthy controls (P , .001).
Response rates in patients receiving an active anti-CD20
Ab–containing treatment regimen (chemoimmunotherapy or immune

Table 1. Patient demographics and disease characteristics

Variables n (%)/median (range)

Age (median, range), y 64 (20-92)

Age #60 y 58 (38.9)

Sex, male 88 (59.1)

Time from diagnosis to vaccination, mo 22 (0.2-354)

Diagnosis

a-B-NHL 69 (47)

i-B -NHL 80 (53)

ALC (3103/mL) mean 6 standard deviation, median (range) 1.7 6 2.9, 1.08 (0.26-30.5)

Treatment status

Treatment naïve (watch and wait) 28 (18.8)

Actively treated (#6 mo from last anti-CD20 therapy) 55 (37)

Completed treatment .6 mo 66 (44.2)

Any exposure to anti-CD20 Abs 121 (81.2)

Median time (mo) from last anti-CD20 Ab therapy (range) 7.3 (0-204)

Disease status (for 111 evaluable patients of 121 treated patients)

CR 98 (88.3)

PR 6 (5.4)

SD 3 (2.7)

PD 4 (3.6)

CR, complete response; PD, progressive disease; PR, partial response; SD, stable
disease.
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Figure 1. Serological response rates to COVID-19 vaccine. (A) Percentage of response rates in patients with B-NHL vs age-compatible, healthy controls. (B) Median val-

ues and range of anti-SARS-CoV-2 Ab titer levels in patients with B-NHL vs healthy controls. Mean titers 6 standard deviation for each group are presented. (C-D) Distribution

of anti-SARS-CoV-2 Ab titer levels among B-NHL patients and healthy controls. In panel C, each bar represents 1 patient with B-NHL, in panel D, each bar represents 1

healthy control.

24 AUGUST 2021 • VOLUME 5, NUMBER 16 EFFICACY OF COVID-19 VACCINE FOR B-NHL 3055



monotherapy) and in patients currently treated with R/Obi mainte-
nance were 10.3% and 0%, respectively (P5 .24), both significantly
lower than in healthy controls (P, .001). Three of 25 (12%) patients
who were receiving active anti-CD20 Ab–containing therapy (2 of 3
were at the beginning of treatment at the time of vaccination and
completed 2 vaccine doses before the second treatment cycle) and
1 of 30 (3.3%) patients who had completed treatment within 6
months before vaccination attained positive serology (P 5 .32). In
treatment-naïve patients with i-B-NHL who received watch-and-wait
management and in patients who completed any anti-CD20
Ab–containing therapy at least 6 months before vaccination,
response rates were high (89.3% and 66.7%, respectively), com-
pared with patients receiving active or maintenance R/Obi treatment
(P , .0001). Yet, these rates were still significantly lower than those
achieved in age-compatible healthy controls (P5 .007 for treatment-
naïve vs healthy controls and P , .001 for patients .6 months from
last R/Obi-containing treatment vs healthy controls). Figure 1A

shows the response rates in patients with B-NHL vs healthy controls,
and Figure 2A shows the response rates in the B-NHL subgroups.

At 6 months from last exposure to anti-CD20 Abs, seropositivity was
attained in very few patients. The percentage of seropositive patients
began to increase significantly at 9 months from last exposure to R/
Obi (based on ROC analysis), reaching 10% at that time point. By
12 months from last exposure to anti-CD20 Abs, 25% of the
patients achieved positive serology, and only at 22.3 months from
the last R/Obi treatment did 50% of the patients have a positive
serological test (Figure 3A). A logistic regression analysis showed
that each additional month from last anti-CD20 therapy added a sup-
plementary contribution to the odds of achieving positive serology
(HR, 1.1; 95% confidence interval [CI], 1.06-1.13; P , .001).

The median time from last exposure to anti-CD20 Abs to the attain-
ment of positive serology was 36 months in patients with i-B-NHL
and 19.8 months in patients with a-B-NHL (P 5 .031). Response
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Figure 2. Serological response rates in subgroups of patients with B-NHL. (A) The percentage of seropositive patients in each of the B-NHL patient subgroups:

post treatment (patients who completed anti-CD20 Ab containing therapy .6 months before vaccination), active treatment (patients who are under current anti-CD20 Ab

therapy or that completed treatment up to 6 months before vaccination), and treatment naïve (patients with i-B-NHL under watch-and-wait management), compared with

healthy controls. (B) Shown are titer levels in each of the B-NHL patient subgroups and in healthy controls.
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rates over time remained lower in patients with i-B-NHL, compared
with those in patients with a-B-NHL (P 5 .034; Figure 3B).

Of note, none of the patients who developed Abs to the SARS-
CoV-2 S protein had anti-SARS-CoV-2 nucleocapsid Abs, thus

ruling out the possibility that positive serology was induced by infec-
tion and not by vaccination.

Healthy controls had statistically significant higher Ab titers compared
with the entire B-NHL patient cohort (mean titer, 1332 6 1111 U/mL

Table 2. Univariate analysis evaluating factors predicting positive anti- SARS-CoV-2 serology

Ab expression, n (%)

Variables Positive Negative Total P Odds ratio 95% CI

Analysis of entire cohort (n 5 149)

Age at time of vaccination, y #60 29 (50.0) 29 (50.0) 58 .844 1 0.96-1.02

.60 47 (51.6) 44 (48.9) 91 — — —

Sex Female 32 (52.5) 29 (47.5) 61 .481 1.26 0.66-2.4

Male 41 (46.6) 47 (53.4) 88

Disease type Indolent lymphoma 38 (48.1) 42 (52.5) 80 .87 1.04 0.55-2.00

Aggressive lymphoma 34 (49.3) 35 (50.7) 69 — — —

ALC (111 evaluated patients) #0.9 3 103 /mL 9 (20.5) 35(79.5) 44 .002 3.32 1.53-7.21

.0.9 3 103/mL 42(54.5) 35(45.5) 77 — — —

Treatment status (detailed) Treatment naïve 25 (89.3) 3 (10.7) 28 <.001 1

Active therapy� 4(7.3) 51 (92.7) 55 — 0.039 0.01-0.12

After therapy 44 (66.7) 22 (33.3) 66 — 4.17 1.13-15.32

Exposure to any anti-CD20 Abs No 25 (89.3) 3 (10.7) 28 <.001 0.08 0.02-0.27

Yes 48(39.7) 73(60.3) 121 — — —

Analysis of patients treated with anti-CD20 abs (n 5 121)

Age in time of vaccination, y #60 20 (40.8) 29 (59.2) 49 .832 1.08 0.52-2.27

.60 28 (38.9) 44 (61.1) 72 — — —

Sex Female 18 (40.0) 27 (60.0) 45 .954 0.98 0.46-2.08

Male 30 (39.5) 46 (60.5) 76 — — —

Disease type Indolent lymphoma 17 (30.9) 38 (69.1) 55 .07 1.98 0.94-4.2

Aggressive lymphoma 31 (47.0) 35 (53.0) 66 — — —

ALC (107 evaluated patients) #0.9 3 103/mL 11(22.0) 39 (78.0) 50 .006 3.19 1.37-7.45

.0.9 3 103/mL 27 (47.4) 30(52.6) 57 — — —

Time since last anti-CD20 abs (mo) .6 mo 44(66.7) 22 (33.3) 66 <.001 25.5 8.16-77.6

#6 mo 4(7.3) 51(92.7) 55 — — —

.9 mo 43 (84.3) 8(15.7) 51 <.0001 4.25 3.1-5.43

#9 mo 5(7.1) 65(92.9) 70 — — —

Bold P values indicate statistically significant differences.
�Active therapy refers to all patients treated with anti-CD20 Abs within 6 mo before vaccination, including patients receiving anti-CD20 Ab maintenance.

Table 3. Multivariate analysis evaluating factors predicting anti- SARS-CoV-2 positive serology

Variables P Odds ratio 95% CI

Analysis of entire cohort (n 5 149)

Age in time of vaccination, y .01 2.95 1.29-6.73

Prior exposure to anti CD20 abs .005 0.05 0.06-0.39

Analysis of patients treated with anti-CD20 abs (n 5 121)

ALC .0. 9 3 103/mL .036 2.82 1.07-7.4

Time since last anti-CD20 abs (mo) ,.001 1.092 1.04-1.14

Histology: a-B-NHL vs i-B-NHL .082 2.439 0.89-6.67

Factors included in the analysis of the entire cohort were age, ALC, disease type (a-B-NHL vs i-B-NHL) and prior exposure to anti-CD20 Abs. Factors included in analyses of patients
treated with anti-CD20 Abs were age, ALC, disease type (a-B-NHL vs i-B-NHL), and time since last treatment with anti-CD20 Abs.
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vs 440 6 1124 U/mL, respectively; P , .001), as well as when com-
pared with each group of patients, separately (mean 1008 6 1345
U/mL, 13.7 6 98.5 U/mL, and 555 6 1347 U/mL, in patients who
were treatment-naïve, actively treated, or .6 months from last
anti-CD20 Ab, respectively; P , .001). Figure 1B-D presents serol-
ogy titer levels and distribution in patients with B-NHL and in healthy
controls. Figure 2B presents Ab titers in each B-NHL patient
subgroup.

Treatment-naïve patients had significantly higher titer levels than
those who completed therapy .6 months before vaccination
(P 5 .034; Figure 2B).

Univariate analysis of the entire cohort of patients showed treatment
status (current R/Obi treatment vs therapy completed .6 months
before vaccination vs treatment-naïve; P , .001), ALC #.0.9 3
103/mL vs ALC ..0.9 3 103/mL (P 5 .002), and any exposure to
R/Obi (P , .001) since diagnosis to be significantly associated with
lower response rates to the COVID-19 vaccine (Table 2). Multivari-
ate analysis, including age, ALC, disease type (i-B-NHL vs a-B-NHL),
and prior exposure to anti-CD20 Abs, confirmed that ALC #0.9 3
103/mL vs higher ALC counts and any exposure to anti-CD20 ther-
apy were independent predictors of negative serology (Table 3).

Multivariate analysis for factors predicting the response to COVID-19
vaccine, performed in patients exposed to anti-CD20 Abs (n 5 121),
including age, ALC, disease type (i-B-NHL vs a-B-NHL), and time
since the last anti-CD20 Ab treatment, revealed that shorter time
since exposure to anti-CD20 Abs and lower ALC were significant
predictors of a negative serological response to anti-COVID-19 vac-
cine (Table 3). Age and disease subtype had no impact on response
rates to the vaccine, although diagnosis of a-B-NHL tended to pre-
dict positive serology in this group of patients (P 5 .08).

Adverse events

Sixty of 118 evaluable patients (51%) reported adverse events
(AEs). The most common local AE, reported in 44 (37.3%) patients
was pain at the injection site. The most common systemic AE was

tiredness (n 5 23; 19.5%), followed by muscle pain (n 5 11;
9.3%). Three (2.5%) patients reported transient lymph node
enlargement. All AEs were mild, and all resolved spontaneously.
There were no statistically significant differences in types and sever-
ity of AEs between patients with B-NHL and healthy controls,
except for pain at the injection site, which was reported to be more
severe by patients with B-NHL. Figure 4 shows local and systemic
AEs in patients and control subjects.

Documentation of infection with COVID-19 after

vaccination

Within a median follow-up period of 95 (range, 73-112) days from
the second COVID-19 vaccine, 1 patient with lymphoma (who had
a seronegative response) and 1 healthy control developed COVID-
19 infections.

Discussion

Patients with B-NHL who receive B-cell–depleting therapy are con-
sidered to be at increased risk of developing severe COVID-
195,6,16,17 related to impaired priming of Ab responses and resulting
in a compromised ability to neutralize viral replication. Moreover,
these patients need a longer time to clear SARS-CoV-2 shedding,
suggesting that anti-CD20 therapy poses a higher risk of severe
and persistent COVID-19 infection in patients with lymphoma.16,18

Effective vaccination against SARS-CoV-2 may help protect patients
with lymphoma against COVID-19; however, the intrinsic immune
deficiency associated with B-NHL, as well as the antilymphoma
treatment itself, may hamper responsiveness to vaccination.19 Data
regarding the efficacy of COVID-19 vaccines in patients with newly
diagnosed lymphoma or during or shortly after initiation of antilym-
phoma treatment are not yet available.

According to our data, patients currently treated with an R/Obi-con-
taining induction regimen and those receiving R/Obi maintenance
are not likely to develop a humoral response to the BNT162b2
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Figure 4. AEs of COVID-19 vaccine in patients with B-NHL vs healthy controls.
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mRNA COVID-19 vaccine. In contrast, treatment-naïve patients with
indolent lymphomas and patients who were vaccinated at least 6,
and even 9, months after the last dose of anti-CD20 therapy, were
more likely to attain a humoral response to the COVID-19 vaccine
and could even achieve high Ab titers. Our findings are in line with
those of prior studies20–22 in which R significantly attenuated
response to vaccines, aimed at various pathogens (eg, influenza23

and hepatitis24), for at least 6 months after completion of treat-
ment13,22 and support recommendations to vaccinate patients with
B-cell lymphoma with COVID-19 vaccine before therapy or at least
6 months after completing an anti-CD20 Ab–containing therapy.19

Response rates in patients treated with R/Obi showed gradual
improvement, with increased response rates with each additional
month beyond 6 months from treatment, an increase that became
significant at 9 months from last anti-CD20 therapy. These results
support a study of response rates to influenza vaccine in patients
vaccinated within 6 months after treatment with rituximab that
reported significantly low to even null seropositivity rates in
R-treated patients with lymphoma, compared with those reported in
healthy controls.13 The sluggish response rates detected in our
patients beyond 6 months from anti-CD20 Ab treatment coincide
with the reported dynamics of B-cell reconstitution after R treatment,
showing that repopulation of the peripheral blood by B cells merely
starts at 6 months after R treatment, whereas a more profound
recovery occurs later.25-27

Achievement of high Ab titers in patients receiving influenza or hepa-
titis B vaccine, was previously linked to attainment of higher protec-
tion rates28 and durable responses.29 Lately, high Ab titers after
COVID-19 infection have been proposed to be essential for the
attainment of durable protection from SARS-CoV-2 infection.30

We found that not only seropositivity rates, but also Ab titers were
low to undetectable in patients with B-NHL receiving active or main-
tenance anti-CD20 Ab treatment, yet patients vaccinated .6
months from the end of treatment showed a gradual and consistent
increase in the antiviral Ab titer, an increase that was in striking cor-
relation with the time from last exposure to anti-CD20 Ab treatment
and was notable, irrespective of age.

Qualitative and quantitative defects in both innate and adaptive
immune systems have been reported in treatment-naïve patients
with i-B-cell lymphoproliferative disorders, as well as an impaired Ab
response to influenza vaccine.31–33 Treatment-naïve patients with
i-B-NHL who were included in our study had lower response rates
to the COVID-19 vaccine compared with healthy controls (though
higher than in treated patients). This finding is in correlation with
those of a recently published study showing similar findings in
treatment-naïve patients with chronic lymphocytic leukemia,34 with
both studies emphasizing the inherent immune dysfunction in
patients with underlying indolent lymphoma.

In patients previously treated with anti-CD20 Abs, the rates of posi-
tive serology were decreased, and median time to achieve positive
serology was prolonged in patients with i-B-NHL compared with
patients with a-B-NHL, a divergence that seemed to grow over time.
These differences probably reflect the deeper immune suppression
imposed by longer exposure to anti-CD20 Abs in patients with
i-B-NHL who are undergoing maintenance treatment. This result
may also indicate the pivotal effects of the underlying lymphoma
subtype (incurable i-B-NHL, as opposed to the probably cured

a-B-NHL) on the ability to develop a protective immune response to
vaccines.

Low lymphocyte counts were a significant predictor of reduced
response to the vaccine, data that are in line with previous studies
that showed that low lymphocyte counts at vaccination were associ-
ated with low response rates to influenza vaccine in patients with
cancer.35,36

Of note, there was only 1 documented case of COVID-19 infection
among our vaccinated patients, which occurred in a patient who
failed to achieve humoral response to the vaccine.

Arad et al showed that, even though that treatment with rituximab
results in loss of humoral response to influenza vaccine, it does not
have substantial effects on cellular immune response.37 Evaluating
long-term immune response in rituximab-treated patients who were
vaccinated against influenza37 showed preservation of cellular
immune response, including the ability to develop persistent memory T
cells, in the absence of residual humoral response.37,38 Moreover, it
was recently reported that, in patients with NHL who were infected
with COVID-19, T-cell response was generally preserved in those
recently exposed toB-cell–depleting agents.39 Thus, it is of great inter-
est to further investigate whether the COVID-19 vaccine can evoke a
protective T-cell response in patients with B-NHL who have had anti-
CD20 therapy, especially in thosewho fail to attain humoral response.

Our study has several limitations. First, the relatively small number of
patients included in the study, the patients’ heterogeneity, and the fact
that this was a single-center study may hamper making recommenda-
tions regarding vaccination of patients with B-cell NHL at various time
points of their treatment and drawing conclusions regarding the poten-
tial impact of specific therapeutic agents and regimens on response to
vaccination. Second, the protective impact of vaccination and its ability
to prevent SARS-CoV-2 infection or clinically significant COVID-19
remained unclear, considering the short follow-up period and the rela-
tively low number of patients. Last, this study evaluated the humoral
response to COVID-19 vaccine. However, the accumulated data sug-
gest that attainment of cellular immune response is highly significant in
protecting against SARS-CoV-2 infection.40 Our study, focusing on
humoral response, did not address this important issue.

In summary, our study showed that although BNT162b2 mRNA
COVID-19 induced a humoral response in a substantial number of
patients with B-NHL, irrespective of sex or age, the response was
impaired in patients receiving active anti-CD20 Ab treatment. In fact,
it seems unlikely that humoral response will be obtained within the
first 9 months after anti-CD20 therapy. Response rates gradually
increase after that point and continue to grow over time.

Patients with B-NHL who have been treated with an anti-CD20 Ab
within 2 years before COVID-19 vaccination should be advised to
verify serological response to the vaccine. Yet, given the lack of
data on T-cell response to the vaccine in this population of patients,
strong conclusions regarding the optimal timing for vaccinating
patients treated with B-cell–depleting agents or addressing the
question of revaccinating patients who fail to attain humoral
response (as well as its timing) cannot be drawn.
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