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Patients with chronic lymphocytic leukemia (CLL) have an increased risk for severe
COVID-19 disease and mortality. The goal of this study was to determine the efficacy of
COVID-19 vaccine in patients with CLL. We evaluated humoral immune responses to the
BNT162b2 messenger RNA (mRNA) COVID-19 vaccine in patients with CLL and com-
pared responses with those obtained in age-matched healthy control subjects. Patients
received 2 vaccine doses, 21 days apart, and antibody titers were measured by using the
Elecsys Anti-SARS-CoV-2 S assay after administration of the second dose. In a total of
167 patients with CLL, the antibody response rate was 39.5%. A comparison between 52
patients with CLL and 52 sex- and aged-matched healthy control subjects revealed a sig-
nificantly reduced response rate among patients (52% vs 100%, respectively; adjusted
odds ratio, 0.010; 95% confidence interval, 0.001-0.162; P , .001). The response rate
was highest in patients who obtained clinical remission after treatment (79.2%), followed
by 55.2% in treatment-naive patients and 16.0% in patients under treatment at the time
of vaccination. In patients treated with either Bruton’s tyrosine kinase inhibitors or vene-

toclax 6 anti-CD20 antibody, response rates were considerably low (16.0% and 13.6%). None of the patients ex-
posed to anti-CD20 antibodies ,12 months before vaccination responded. In a multivariate analysis, the
independent predictors of response were younger age, female sex, lack of currently active treatment, immunoglobu-
lin G levels $550 mg/dL, and immunoglobulin M levels $40 mg/dL. In conclusion, antibody-mediated response to the
BNT162b2 mRNA COVID-19 vaccine in patients with CLL is markedly impaired and affected by disease activity and
treatment. This trial was registered at www.clinicaltrials.gov as #NCT04746092.
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KEY PO INTS

� Antibody response to
BNT162b2 mRNA
COVID-19 vaccine in pa-
tients with CLL is mark-
edly impaired and
affected by disease ac-
tivity and treatment.

� In patients treated with
either Bruton’s tyrosine
kinase inhibitors or
venetoclax 6 anti-CD20
antibody, responses are
relatively low.

© 2021 by The American Society of Hematology blood® 10 JUNE 2021 | VOLUME 137, NUMBER 23 3165

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/137/23/3165/1810592/bloodbld2021011568.pdf by guest on 18 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2021011568&domain=pdf&date_stamp=2021-06-10


Disclosures
Associate Editor Michael Hallek and CME questions author Laurie Barclay, freelance writer and reviewer, Medscape, LLC, declare no
competing financial interests. Author Yair Herishanu reports honoraria from AbbVie Inc, Janssen Israel, AstraZeneca, and Roche out-
side of submitted work. Author Irit Avivi reports speakers bureau participation for Gilead, Novartis, AbbVie, and Janssen and served
as a consultant for Janssen, Merck Sharp & Dohme, AbbVie, Novartis, and Roche outside the submitted work. Author Erel Joffe re-
ports advisory board participation for AstraZeneca and Epizyme. Author Paolo Ghia reports grants and personal fees from AbbVie,
Gilead, Janssen, Pharmacyclics, and Sunesis and personal fees from AbbVie, Gilead, Janssen, Pharmacyclics, and Sunesis and per-
sonal fees from AstraZeneca, Adaptive Biotechnologies, ArQule/Merck Sharp & Dohme, BeiGene, Celgene/Juno/Bristol Myers
Squibb, and Lilly/Loxo Oncology outside the submitted work. The remaining authors declare no competing financial interests.

Learning objectives
Upon completion of this activity, participants will be able to:
1. Describe humoral immune responses to the tBNT162b2 mRNA COVID-19 vaccine and adverse events in patients with chronic

lymphocytic leukemia (CLL), alone and in comparison with sex- and age-matched healthy control participants, according to a
clinical and serologic study

2. Determine the effects of treatment and other clinical factors on humoral immune responses to the BNT162b2 mRNA COVID-19
vaccine in patients with CLL, according to a clinical and serologic study

3. Identify clinical implications of humoral immune responses to the BNT162b2 mRNA COVID-19 vaccine in patients with CLL,
according to a clinical and serologic study

Release date: June 10, 2021; Expiration date: June 10, 2022

Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
a single-stranded RNA virus that causes COVID-19, a disease with
variable presentations ranging from a mild common cold to severe
respiratory failure.1,2 An increased risk for severe disease and
death has been noted among elderly patients and persons with
preexisting medical conditions. The coronavirus genome encodes
4 main structural proteins, designated spike (S), envelope, mem-
brane, and nucleocapsid. The virus penetrates the host through
binding of the viral S protein to angiotensin-converting enzyme 2
presented on oral mucosa epithelial cells and the lung alveolar
type II cells.3,4

In general, patients with chronic lymphocytic leukemia (CLL) are
predisposed to develop infections, both bacterial and viral, due to
inherent immune defects related to their primary disease and as a
result of therapy.5 The mechanisms underlying the immunodefi-
ciency in CLL includes abnormal humoral and cellular immune re-
sponses due to quantitative and qualitative defects in immune
effector cells, which may also reduce response to vaccines.6 Dur-
ing the previous months of the COVID-19 pandemic, 2 large mul-
ticenter retrospective studies reported high rates of severe
COVID-19 disease and mortality in both untreated (“watch and
wait”) as well as treated patients with CLL.7,8

Recently, 2 vaccines (BNT162b2 and mRNA-1273) were ap-
proved and recommended by the US Food and Drug Adminis-
tration and the European Medicines Agency to prevent
COVID-19 disease. BNT162b2 and mRNA-1273 are lipid
nanoparticle–encapsulated messenger RNA (mRNA)-based
vaccines that encode the full-length S protein of SARS-CoV-
2.9,10 In phase 3 trials, these vaccines showed 94% to 95% effi-
cacy in preventing symptomatic SARS-CoV-2 infection inde-
pendent of age.11,12 However, until now, hemato-oncology
patients were excluded from clinical trials with COVID-19 vac-
cines. In the current study, we evaluated antibody-mediated re-
sponse to the BNT162b2 mRNA COVID-19 vaccine in patients
with CLL.

Methods
This prospective study, conducted in the framework of the Eu-
ropean Research Initiative on CLL (ERIC), investigated the effi-
cacy of the BNT162b2 mRNA COVID-19 vaccine in patients
with CLL/small lymphocytic lymphoma (SLL) followed up at
the Tel Aviv Sourasky Medical Center. The study was ap-
proved by the Institutional Review Board and is registered on
clinicaltrials.gov (#NCT04746092). All patients provided in-
formed consent.

Patients were vaccinated through the national Israeli vaccination
program. Eligibility criteria for the study included diagnosis of
CLL/SLL per the International Workshop on Chronic Lymphocytic
Leukemia guidelines,13 age $18 years, and no known history of
SARS-CoV-2 infection. The study also included healthy volun-
teers, age $18 years, who served as a control group.

Blood serum of patients with CLL/SLL and healthy control sub-
jects were collected 2 to 3 weeks after administration of the
second vaccine. The primary end point was the proportion of
subjects acquiring anti–SARS-CoV-2 S antibodies. Serum
samples were evaluated by using Elecsys Anti-SARS-CoV-2 S
assay on the cobas e 601 (Roche Diagnostics) analyzer for the
quantitative detection of antibodies, predominantly immuno-
globulin G (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 ,0.80 U/mL consid-
ered as negative and $0.80 U/mL considered as positive. When
sample results exceed the upper limit of the measuring range
(reported as .250 U/mL), samples were on-board diluted 1:10
or 1:100 when needed (.2500 U/mL for 10-fold diluted
samples). To ensure that none of the patients had been recently
exposed to SARS-CoV-2, we additionally tested for the presence
of antibodies to SARS-CoV-2 nucleocapsid with the Elecsys
Anti-SARS-CoV-2 S assay using the cobas e 601 (Roche Diag-
nostics) analyzer. All subjects were queried about local or sys-
temic adverse events that occurred within 7 days after each
vaccine dose.
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Relevant data were extracted from the medical records and in-
cluded demographic characteristics, complete blood count, Binet
stage, serum immunoglobulin levels, mutational status of the im-
munoglobulin heavy chain variable (IGHV) gene (using a cutoff of
98% identity to the germline sequence) and analyses of genomic
aberrations by fluorescent in situ hybridization,14 categorized ac-
cording to the hierarchical model reported by D€ohner et al.15

Statistical analysis
SPSS version 27 (IBM SPSS Statistics, IBM Corporation) was used to
perform the following: median with interquartile range (IQR), and
mean for quantitative variables, and distributions. The Mann-
Whitney U test and Kruskal-Wallis H test were used for comparing
medians. Pearson’s x2 test, Fisher’s exact test, and the Fisher-Free-
man-Halton exact test were used for associations between 2 varia-
bles. Multivariate analysis was conducted in 2 stages: (1) multiple
imputation was applied to derive estimated values for patients with
randomly missing data; and (2) binary logistic regression was used
for multivariate analysis regarding the response. The McNemar test
was used to compare differences between paired dichotomous
samples. WINPEPI version 11.65 was used to calculate the odds ra-
tio (OR) and its 95% confidence interval (CI), and to calculate the
adjusted OR when at least one cell contained a value of 0. Statisti-
cal significance was determined at a , 0.05, and all tests were 2
sided. Additional details about the statistical methods are provided
in the supplemental Data (availabel on the Blood Web site).

GraphPad Prism version 8.0.0 for Windows was used for creating
figures.

Results
Patient characteristics
From December 2020 through February 2021, a total of 167 pa-
tients with CLL/SLL and 52 age- and sex-matched control sub-
jects were included in this study. Patient baseline demographic
and disease characteristics are summarized in Table 1. The me-
dian age of the patients with CLL was 71 years (IQR, 63.0-76.0
years), and 112 (67.1%) were male. Fifty-eight patients (34.7%)
were treatment naive, 75 (44.9%) were on active therapy, 24
(14.4%) were previously treated, in clinical complete remission
(CR) or partial remission (PR), and 10 (6.0%) were currently
experiencing disease relapse after being previously treated. The
median time from CLL diagnosis to vaccination was 83.1 months
(IQR, 48.5-139.5 months), and the median time from the second
vaccine dose to serology testing was 15 days (IQR, 14-17 days).

Serologic response
Antibody-mediated response to the vaccine was evident in only 66
(39.5%) of the 167 patients with CLL. An sex- and aged-matched
analysis, comparing the response rates in 52 patients with CLL (me-
dian age, 69 years; IQR, 63.0-73.7 years) and 52 age- and sex-
matched healthy control subjects (median age, 68.0 years; IQR,
64.0-74.0 years), revealed a significantly reduced response rate
(52% vs 100%, respectively; adjusted OR, 0.010; 95% CI, 0.001-
0.162; P , .001) (Figure 1A-C) and lower antibody titers in patients
with CLL (median of 0.824 U/mL [IQR, 0.4-167.3 U/mL], including
155 U/mL [IQR, 7.6-490.3 U/mL] in responding patients with CLL
vs 1084 U/mL [IQR, 128.9-1879 U/mL], respectively; P , .001) (Fig-
ure 1D). Of note, none of the patients with CLL who achieved a se-
ropositive test result against the SARS-CoV-2 S protein receptor-
binding domain had anti–SARS-CoV-2 nucleocapsid antibodies.

In a univariate analysis (Table 2), the variables found to be signifi-
cantly associated with response included: younger age (#65 years),
female sex, early disease stage (Binet stage A), mutated IGHV, b2-
microglobulin (#3.5 mg/L), untreated/off-therapy $12 months from
the last anti-CD20 therapy, IgG levels $550 mg/dL, IgM levels
$40 mg/dL, and IgA levels $80 mg/dL. Treatment-naive patients

Table 1. Patient baseline demographic and disease
characteristics

Parameter
Patients with CLL

(N 5 167)

Age, median (IQR), y 71.0 (63.0-76.0)

Age #65 y, N (%) 50 (29.9)

Male sex, N (%) 112 (67.1)

Disease/treatment status, N (%)

Treatment-naive 58 (34.7)

On-therapy 75 (44.9)

Off-therapy in remission 24 (14.4)

Off-therapy in relapse 10 (6.0)

Binet stage,* N (%)

A 43 (64.1)

B 14 (20.9)

C 10 (14.9)

IGHV mutational status, N (%)

Mutated 61 (50.0)

Unmutated 61 (50.0)

FISH, N (%)

Normal 20 (12.0)

del(13q) 39 (23.4)

Trisomy 12 16 (9.6)

del(11q) 31 (18.6)

del(17p) 19 (11.4)

b2-microglobulin, N (%)

#3.5 mg/L 90 (78.3)

.3.5 mg/L 25 (21.7)

Protocols of currently treated, N (%)

BTKis 50 (66.7)

Venetoclax 6 anti-CD20 antibody 22 (29.3)

Others 3 (4.0)

Time from last anti-CD20 antibody to
vaccination, N (%)

,12 mo 22 (28.6)

$12 mo 55 (71.4)

Laboratory parameters, median (IQR)

Absolute lymphocyte count, (109/L) 5.0 (2.0-18.5)

b2-microglobulin, mg/L 2.5 (2.0-3.5)

IgG, mg/dL 723.5 (515.8-1000.3)

IgM, mg/dL 32.0 (0.0-57.5)

IgA, mg/dL 94.0 (49.0-146.8)

FISH, fluorescence in situ hybridization.
*
Treatment-naive patients and patients in relapse.
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had a higher response rate (55.2% [23 of 58]) and higher antibody
levels (median, 1.7 U/mL; IQR, 0.4-136.0 U/mL) (Figure 2A-B; sup-
plemental Table 1) compared with actively treated patients (16.0%
[12 of 75]; OR, 0.16; 95% CI, 0.07-0.35; P, .001); median antibody
levels were 0.4 U/mL (IQR, 0.4-0.4 U/mL; P , .001).

Among the 75 patients on treatment at the time of vaccination,
72 (96%) were treated with novel agents, including Bruton’s ty-
rosine kinase inhibitor (BTKi) monotherapy (ibrutinib or
acalabrutinib, n 5 50) or venetoclax 6 anti-CD20 antibody (n 5

22; 5 patients treated with venetoclax alone, and 17 patients
treated with venetoclax plus rituximab or obinutuzumab). Anti-
body response rate in patients receiving BTKi was 16.0% (8 of
50) compared with 13.6% (3 of 22) in patients treated with ven-
etoclax 6 anti-CD20 antibodies (P 5 not significant) (Figure
2C). Two (40%) of the 5 patients who received venetoclax
monotherapy achieved a positive serologic response, with rela-
tively low antibody titers (range, 2.19-4.5 U/mL). Demographic,
disease-related, and treatment-associated factors (including the
number of prior lines) had no statistically significant impact on
response rate in actively treated patients.

A total of 77 patients with CLL had been previously exposed to
anti-CD20 therapy: 22 within the last 12 months before vaccina-
tion (median, 5.3 months; IQR, 0.75-8.0 months) and 55 patients
$12 months before vaccination (median, 53.1 months; IQR,
25.5-76.8 months). Most patients (18 of 22 [81.8%]) exposed to
anti-CD20 antibodies ,12 months before vaccination received it

in combination with venetoclax. The majority of patients (43 of
55 [78.1%]) treated with anti-CD20 therapy $12 months before
vaccination received chemoimmunotherapy. None of the pa-
tients treated with anti-CD20 antibodies (n 5 22) within the last
12 months has responded vs 45.5% (25 of 55) of those who
were exposed to anti-CD20 therapy $12 months before vacci-
nation (adjusted OR, 37.6; 95% CI, 2.2-651.3; P # .001). In the
subgroup of patients treated with anti-CD20 antibody $12
months before vaccination, there was no association between
the time that elapsed from the end of the anti-CD20 therapy
and the patients’ serologic response.

A particularly high response rate (79.2%) and antibody levels
(median, 297.6 U/mL; IQR, 1.2-1149.8 U/mL) were observed
among the 24 patients who completed treatment (mostly
chemoimmunotherapy or targeted therapies) and maintained
their response (CR/PR) at the time of vaccination (Figure 2A-B;
supplemental Tables 2-3). Serologic response rate was
remarkably high in those who completed treatment beyond 12
months before vaccination compared with those who completed
therapy within ,12 months (94.1% vs 50.0%; P 5 .04) (supple-
mental Table 2).

In a multivariate analysis (Table 3), the independent predictors of
response were age (#65 years; OR, 3.17; 95% CI, 1.16-8.67; P 5

.025), sex (female; OR, 3.66; 95% CI, 1.46-9.18; P 5 .006), lack of
active therapy (including treatment-naive and previously treated
patients; OR, 6.59; 95% CI, 2.30-18.86; P , .001), IgG levels
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Figure 1. Anti–SARS-CoV-2 antibody response in patients with CLL and healthy control subjects. (A-B) Distribution of individual responses in patients with CLL
(n 5 52) and sex- and age-matched control subjects (n 5 52). Each column represents the level of antibodies in individual patients (red bars indicate treatment naive,
green bar indicates on-therapy, blue bars indicate off-therapy in remission, and purple bars indicate off-therapy in relapse) in panel A and in individual healthy control
subjects (red bars) in panel B. (C) Response rate in patients with CLL (n 5 52) and sex- and age-matched control subjects (n 5 52). (D) Anti–SARS-CoV-2 antibody levels
in patients with CLL (n 5 52) and sex- and age-matched control subjects (n 5 52).
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Table 2. Univariate analysis for serologic response rate in patients with CLL

Serologic response, N (%)

Variable Positive Negative Total P OR 95% CI

Age in time of vaccination

#65 y 26 (52.0) 24 (48.0) 50 .031 2.09 1.01-4.32

.65 y 40 (34.2) 77 (65.8) 117

Sex

Female 30 (54.5) 25 (45.5) 55 .005 2.53 1.24-5.18

Male 36 (32.1) 76 (67.9) 112

Treatment status (detailed)

Treatment-naive 32 (55.2) 26 (44.8) 58 ,.001 1

On-therapy 12 (16.0) 63 (84.0) 75 0.16 0.07-0.35

Off-therapy in remission (CR or PR) 19 (79.2) 5 (20.8) 24 3.01 1.02-9.40

Off-therapy in relapse 3 (30.0) 7 (70.0) 10 0.35 0.08-1.48

Binet stage

A 29 (67.4) 14 (32.6) 43 .001 6.21 1.80-22.96

B or C 6 (24.0) 18 (75.0) 24

IGHV

Mutated 29 (47.5) 32 (52.5) 61 .005 3.04 1.31-7.21

Unmutated 14 (23.0) 47 (77.0) 61

FISH test

Normal 9 (45.0) 11 (55.0) 20 .061 1

del(13q) 16 (41.0) 23 (59.0) 39 0.85 0.28-2.52

Trisomy 12 6 (37.5) 10 (62.5) 16 0.73 0.19-2.80

del(11q) 11 (35.5) 20 (64.5) 31 0.67 0.21-2.12

del(17p) 1 (5.30) 18 (94.7) 19 0.07 0.01-0.61

b2-microglobulin

#3.5 mg/L 43 (47.8) 47 (52.2) 90 .004 4.80 1.44-20.54

.3.5 mg/L 4 (16.0) 21 (84.0) 25

Current treatment status

Untreated 54 (58.7) 38 (41.3) 92 ,.001 7.46 3.38-17.14

Treated 12 (16.0) 63 (84.0) 75

Treatment protocol

BTKi 8 (16.0) 42 (84.0) 50 .601 1

Venetoclax 6 anti-CD20 antibody 3 (13.6) 19 (86.4) 22 0.82 0.20-3.48

Others 1 (33.3) 2 (66.7) 3

Anti-CD20 (last treatment)

At least 12 mo later 25 (45.5) 30 (54.6) 55 ,.001 37.6 2.2-651.3

Within ,12 mo 0 (0.0) 22 (100.0) 22

Serum IgG level

$550 mg/dL 53 (49.1) 55 (50.1) 108 ,.001 5.37 2.11-15.34

,550 mg/dL 7 (14.6) 39 (85.4) 46

Serum IgM level

$40 mg/dL 39 (59.1) 27 (40.9) 66 ,.001 4.84 2.27-10.37

,40 mg/dL 20 (23.0) 67 (77.0) 87

Serum IgA level

$80 mg/dL 42 (34.5) 47 (54.5) 89 .012 2.42 1.15-5.19

,80 mg/dL 17 (24.5) 46 (38.5) 63
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$550 mg/dL (OR, 3.70; 95% CI, 1.08-12.66; P 5 .037), and IgM
levels $40 mg/dL (OR, 2.92; 95% CI, 1.21-7.02; P 5 .017).

Within a median follow-up period of 75 days (IQR, 72-87 days)
since the first vaccine dose, none of the patients developed
COVID-19 infection.

Adverse events
Fifty-two (31.1%) and 56 (33.5%) patients reported mild local re-
actions after the first and second dose of the vaccine, respec-
tively (Figure 3; supplemental Table 4). These reactions included
pain at the injection site and, less commonly, local erythema or
swelling. There was no statistical difference in the rates of local
reactions between the first and second dose of the vaccine (P 5

.629) (supplemental Table 5).

Overall, 21 (12.5%) and 39 (23.4%) patients reported systemic
adverse events after the first and second vaccine dose, respec-
tively (Figure 3); they were more frequent after the second dose
(P 5 .005) (supplemental Table 5), and all were mild. The most
frequently reported systemic reaction after the first dose includ-
ed weakness (n 5 11 [6.6%]), headache (n 5 9 [5.4%]), fever (n
5 4 [2.4%]), and muscle pain (n 5 3 [1.8%]) (supplemental Table
4). The systemic side effects most commonly reported after the
second dose were weakness (n 5 14 [8.6%]), fever (n 5 11
[6.6%]), chills (n 5 10 [6.0%]), headache (n 5 10 [5.4%]), and
muscle pain (n 5 8 [4.8%]). No statistically significant correlation
was found between local or systemic reactions and a positive se-
rologic response to the vaccine. In addition, there were no sta-
tistically significant differences in the rate of adverse events
between patients who were actively treated at the time of vacci-
nation vs those who were not.

Discussion
This study evaluated the serologic response to SARS-CoV-2
vaccination after a 2-dose regimen of BNT162b2 mRNA
COVID-19 vaccine, given 21 days apart, in patients with CLL.
The anti–SARS-CoV-2 antibody response rate in patients with
CLL was considerably low. This low response rate, approaching
40%, is consistent with response rates of 20% to 40% to pneu-
mococcal conjugated vaccine (PCV13), pneumococcal polysac-
charide vaccine (PPSV23), and the HepB-CpG vaccine16-19; it is
also consistent with the reduced efficacy of influenza A and B
vaccination reported in patients with CLL.20

The underlying causes for poor humoral response to vaccina-
tion in patients with CLL are multifactorial and attributed
to disease-related immune dysregulation and therapy-related
immnuosupression.21 In our study, younger patients (aged
#65 years), female subjects, favorable disease-related factors
(mutated IGHV, b2-microglobulin #3.5 mg/L, and early
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Figure 2. Anti–SARS-CoV-2 antibody responses in patients with CLL accord-
ing to disease status and treatment. (A-B) Response rate and anti–SARS-CoV-2
antibody levels in patients with CLL according to disease status: Treatment naive
(n 5 58), on-therapy (n 5 75), off-therapy in remission (n 5 24), and off-therapy
in relapse (n 5 10). (C) Response rate in patients with CLL treated with BTKi
(n 5 50) and venetoclax (Ven) 6 anti-CD20 antibody (n 5 22). NS, not significant.

Table 3. Multivariate analysis for serologic response in
patients with CLL

Variable OR 95% CI P

Age #65 y 3.17 1.16-8.67 .025

Female sex 3.66 1.46-9.18 .006

Mutated IGHV 1.39 0.47-4.10 .543

b2-microglobulin #3.5 mg/dL 1.36 0.36-5.19 .645

Lack of active therapy 6.59 2.30-18.86 ,.001

Serum IgG level $550 mg/dL 3.70 1.08-12.66 .037

Serum IgM level $40 mg/dL 2.92 1.21-7.02 .017

Serum IgA level $80 mg/dL 1.09 0.41-2.94 .862
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disease stage), lack of active treatment (treatment naive or
off-therapy, including $12 months from the last anti-CD20
therapy at the time of vaccination), and higher serum immu-
noglobulin levels at time of vaccination were all associated
with better response rates.

Although treatment-naive patients had a better antibody
response to the vaccine than actively treated patients, our find-
ings highlight the fact that treatment-naive patients with CLL
have reduced responses and lower antibody titers after vaccina-
tion compared with healthy individuals. This can be explained
by qualitative and quantitative defects of the innate and adap-
tive immune systems, which have been well documented in al-
most all patients with CLL since diagnosis, along with an
inefficient antibody response, often recognized in patients with
CLL from the early disease stages.21

Patients actively treated with BTKis or with venetoclax 6 anti-
CD20 were unlikely to respond to vaccination. Because BTKis
block the B-cell receptor signaling, in both malignant and nor-
mal B cells, it is not unexpected that these agents impair the hu-
moral response to vaccination. Previous studies have described
antibody-mediated response rates of 7% to 26% to influenza
vaccine in patients with CLL treated with BTKis22,23; more re-
cently, Pleyer et al showed that BTKis are associated with a de-
creased de novo immune response to the anti–hepatitis B
vaccine HepB-CpG.19 Given the lower IgG levels obtained in pa-
tients on BTKis,24 one should also consider the possibility of
postponing the start of treatment until safe for the patients and
allow enough time to conclude the vaccination program. Fur-
thermore, patients with CLL treated with anti-CD20 antibody (rit-
uximab or obinutuzumab) within the last 12 months before
vaccination failed to produce anti–SARS-CoV-2 antibodies,
whereas better responses were observed in patients who com-
pleted anti-CD20 therapy at least 12 months before vaccination.
These findings are consistent with previous studies showing that
recent exposure to B cell–deleting agents (within the last 6-12
months) reduces response to influenza vaccine, pneumococcal

polysaccharide vaccine, and other vaccines,25-28 and they have
relevant bearings on the definition of the right timing for vacci-
nation after an anti-CD20–based treatment. In addition, given
that most patients today are treated with venetoclax in combina-
tion with an anti-CD20 antibody, we cannot draw firm conclu-
sions about the effect of venetoclax monotherapy on response
to the anti–COVID-19 vaccine, given the fact that only 5 patients
have been treated with venetoclax alone.

Notably, patients with CLL who completed treatment and main-
tained their response achieved the highest immune response
rate among all subgroups of patients, indicating a reconstitution
of humoral immunity as the result of disease control. It is particu-
larly interesting that all 4 of our patients who completed fixed-
duration treatment with the BTKi plus venetoclax-based regi-
mens, administered up to 1.9 to 12.6 months before vaccina-
tion, achieved very high anti–SARS-CoV-2 antibody levels
(median, 2244 U/mL; range, 404-13792 U/mL). These patients
were in CR, and 3 of them also attained undetectable minimal
residual disease. These findings are of practical importance as
they might suggest that an additional booster dose of the vac-
cine could be considered for patients with CLL who have com-
pleted therapy and previously failed to respond to COVID-19
vaccine.29 The exact timing of an additional vaccine dose
should be further investigated. Nevertheless, our data suggest
that to achieve a humoral response, the time interval required
between the last treatment and vaccination is at least 12
months after anti-CD20 therapy, including following chemoim-
munotherapy, whereas after exposure to other fixed-duration
targeted therapies, the required washout period might be
much shorter. Moreover, in patients who are still untreated, or
are planned to be treated shortly, a pretherapy vaccination pol-
icy is highly recommended, although responses might also be
affected by the immunosuppression that accompanies the dis-
ease itself.

Protective immune responses to viral infections or vaccines
usually arise from the combined actions of both humoral and
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Figure 3. Local and systemic reactions reported after injection of BNT162b2 in patients with CLL (N 5 167). Reactions reported after the first vaccine dose (A)
and after the second vaccine dose (B).
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cellular immune systems. It is generally considered that
humoral immunity plays an important role in the protection
against SARS-CoV-2.30,31 It is supported by the relatively
high levels of antibody responses to the S protein in patients
who have recovered from COVID-19 infection32 and the ther-
apeutic benefit of high-titer convalescent plasma and of the
anti-spike neutralizing monoclonal antibody bamlanivimab
together with etesevimab.33 The serologic response can also,
indirectly, represent T helper (CD4) function, given their contribu-
tion to recruitment and activation of antibody-producing B cells,
beyond their role in cellular immunity. Furthermore, CD41 T-cell
responses to the viral S protein were recently shown to correlate
with the degree of the anti–SARS-CoV-2 IgG and IgA titers.34

Nevertheless, the effects of SARS-CoV-2 vaccine on cellular immu-
nity should be further studied in patients with CLL, to better un-
derstand its protective role, particularly in patients who failed to
achieve an optimal antibody-mediated response. Indeed, both
humoral and cellular responses seem to be important in this set-
ting. However, there are several reports,35,36 including in patients
with non-Hodgkin lymphoma who were infected with COVID-
19,37 suggesting that T-cell response is generally preserved in
patients who have been recently treated with B cell–depleting
therapy. Moreover, a robust humoral response seems to be im-
portant for the achievement of rapid clearance of COVID-19 infec-
tion. In addition, it remains to be established if and for how long
the patients with CLL who exhibited an immune response to the
vaccine will maintain these levels throughout time as well as if
they will be able to maintain a B-cell memory response. Only
longer follow-up will tell us.

In summary, the antibody-mediated response to SARS-CoV-2
vaccine in patients with CLL is considerably impaired and af-
fected by disease activity and treatment. Thus, vaccinated pa-
tients with CLL should continue to adhere to masking and
social distancing, and vaccination of their close contacts
should be strongly recommended. Serologic test results after
the second injection of the COVID-19 vaccine can provide
valuable information to the individual patient and perhaps
may be integrated into future clinical decisions. In the future,
the efficacy of booster doses should be studied in patients
who failed to achieve an optimal response, especially in pa-
tients who completed treatment attaining a deep and sus-
tained response.
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