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KEY PO INT S

� In patients with
CLL/SLL who failed to
respond to 2
BNT162b2 doses, close
to a quarter responded
to the third dose of
vaccine.

� Antibody-mediated
responses were lower
during active treatment
and after exposure to
anti-CD20 therapy.

Patients with chronic lymphocytic leukemia (CLL) have an impaired antibody response to
coronavirus disease 2019 (COVID-19) vaccination. Here, we evaluated the antibody response
to a third BNT162b2 mRNA vaccine in patients with CLL/small lymphocytic lymphoma (SLL)
who failed to achieve a humoral response after standard 2-dose vaccination regimen.
Anti–severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibodies were
measured 3 weeks after administration of the third dose. In 172 patients with CLL, the
antibody response rate was 23.8%. Response rate among actively treated patients (12.0%;
n5 12/100) was lower compared with treatment-naïve patients (40.0%; n5 16/40; OR5 4.9,
95% CI 1.9-12.9; P < .001) and patients off-therapy (40.6%; n 5 13/32; OR 5 5.0, 95%
CI 1.8-14.1; P < .001), (P < .001). In patients actively treated with Bruton’s tyrosine kinase
(BTK) inhibitors or venetoclax 6 anti-CD20 antibody, response rates were extremely low
(15.3%, n 5 9/59, and 7.7%, n 5 3/39, respectively). Only 1 of the 28 patients (3.6%)
treated with anti-CD20 antibodies <12 months prior to vaccination responded. In a

multivariate analysis, the independent variables that were associated with response included lack of active therapy
(OR 5 5.6, 95% CI 2.3-13.8; P < .001) and serum immunoglobulin A levels �80 mg/dL (OR 5 5.8, 95% CI 2.1-15.9;
P < .001). In patients with CLL/SLL who failed to achieve a humoral response after standard 2-dose BNT162b2 mRNA
vaccination regimen, close to a quarter responded to the third dose of vaccine. The antibody response rates were lower
during active treatment and in patients with a recent exposure (<12 months prior to vaccination) to anti-CD20 therapy.
This trial was registered at www.clinicaltrials.gov as #NCT04862806.

Introduction
The coronavirus disease 2019 (COVID-19) is an ongoing global
pandemic caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). Clinical manifestations range from asymptom-
atic infection to life-threatening disease.1,2 Severe illness is more
likely to occur in elderly patients and persons who have significant
underlying medical conditions.1,2 Since 2021, variants of the virus
have emerged and become dominant in many countries, with the
delta variant being currently one of the most virulent.3

Patients with chronic lymphocytic leukemia (CLL) have an
increased risk of severe COVID-19 and subsequent mortality.4,5

Recent reports have suggested that mortality from COVID-19 in
patients with CLL has decreased over time, possibility due to

better patient management.6 Seroconversion after the acute
phase of SARS-CoV-2 infection is seen in 60% to 82% of patients
with CLL.6-8 Patients with CLL may develop persistent COVID-19
infection as a result of their inability to effectively eliminate the
virus. In such cases, prolonged shedding of infectious SARS-
CoV-2 virus and additional in-host genomic evolution may even-
tually lead to development of new virus variants.6 Furthermore,
the immune response to COVID-19 vaccination is reduced in
patients with CLL/small lymphocytic lymphoma (SLL)9-11 and
depends on continuing disease activity and treatment. It is partic-
ularly low during therapy at the time of vaccination.9,11

Administration of a third dose of mRNA-1273 COVID-19 vaccine
to organ-transplant recipients 2 months after the second dose
has been shown to be safe and increase antibody titers
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compared with placebo. Moreover, 44% of solid-organ trans-
plant recipients who had been seronegative after 2 doses of
BNT162b2 became seropositive after a third vaccine dose.12 In
the light of these findings, we decided to evaluate the serologic
response to a third BNT162b2 mRNA COVID-19 vaccine in
patients with CLL/SLL who failed to achieve a humoral response
after the standard 2-dose vaccination regimen.

Methods
This prospective study, conducted in the framework of the Israeli
CLL study group, investigated the efficacy of a third BNT162b2
mRNA COVID-19 vaccine dose in seronegative patients with
CLL/SLL who were followed at 7 medical centers in Israel. The
study was approved by the institutional review board of each
participating center and is registered at clinicaltrials.gov
(#NCT04862806). All subjects provided informed consent and
were vaccinated through a national Israeli vaccination program of
administering a third vaccine dose to immunocompromised sub-
jects. Eligibility criteria for the study included diagnosis of CLL/
SLL according to the International Workshop on Chronic Lym-
phocytic Leukemia criteria,13 age 18 years or older, no known
history of SARS-CoV-2 infection, and failure to obtain a serologic
response 2 to 3 weeks after the second BNT162b2 vaccine dose.

Serum from the peripheral blood of patients with CLL/SLL was
collected before and 3 weeks after administration of the third vac-
cine. The primary endpoint was to determine the proportion of
subjects acquiring anti–SARS-CoV-2S antibodies. Serum samples
were analyzed using the Architect AdviseDx SARS-CoV-2 IgG II
(Abbot, Lake Forest, IL), which detects immunoglobulin G (IgG)
antibodies to the receptor-binding domain (RBD) of the S1 subu-
nit of the spike (S) protein, with a positive cutoff of.50 AU/mL.

A surrogate viral assay was used to test antiviral humoral
response based on a highly infectious recombinant vesicular sto-
matitis virus bearing the SARS-CoV-2 spike glycoprotein S. The
neutralizing activities were assessed in a high-throughput fluo-
rescent reporter assay as previously published.14

All subjects were questioned about local or systemic adverse
events that had occurred within 7 days after each vaccine dose. In
patients who developed COVID-19 after vaccination, disease
severity was defined according to the criteria of the World Health
Organization.15 Relevant data were also extracted from the medi-
cal records and included demographics, complete blood count,
Binet stage, serum immunoglobulin levels, mutational status of
the immunoglobulin heavy chain variable (IGHV) gene (using a cut-
off of 98% identity to the germ-line sequence), and analyses of
genomic aberrations by fluorescent in situ hybridization (FISH),16

categorized according to the hierarchical model reported by
D€ohner et al.17

Statistics
IBM SPSS version 27 was used to apply the following informa-
tion: descriptive statistics, including median interquartile range
(IQR) range and mean. Kolmogorov-Smirnov test and Q-Q plot
were used for evaluating normal distribution of quantitative
data. Mann-Whitney U test and Kruskal-Wallis H test were used
to compare continuous variables. Pearson's x2 test or Fisher's
exact test were applied for analyzing association between 2

categorical variables. Variables that were associated with a sero-
logic response at a significant level of P , .1 in the univariate
analysis were then included in the multivariate analysis per-
formed by binary logistic regression. Log10 transformation was
applied for normally distributed approximation of neutralizing
antibody titers. Pearson's correlation coefficient between nor-
mally distributed quantitative variables was calculated. WINPEPI
version 11.65 was used to calculate odds ratio (OR) and its 95%
confidence interval (CI) and the mid-p exact CI when $1 cells
had a limited number of subjects. Statistical significance was
determined as P , .05, and all statistical tests were 2-sided.

Results
Patient characteristics
From July 2020 through August 2021, a total of 172 patients
with CLL/SLL were included in the study. (Patient baseline
demographic and disease characteristics are summarized in
Table 1.) All patients failed to produce anti–SARS-CoV-2S anti-
bodies after the standard 2-dose BNT162b2 mRNA vaccination
regimen and were seronegative before the third vaccine dose.

The median age was 72.1 years (IQR, 68.1-77.7), and 121 patients
(69.9%) were men. Forty patients (23.3%) were treatment-naïve,
100 (58.1%) were on active therapy, and 32 (18.6%) were previ-
ously treated (off-therapy). Among the off-therapy patients, 24
(75%) were in remission (complete remission: n 5 18; partial
remission: n 5 6) and 8 (25%) were in relapse. The median time
from CLL diagnosis to the third vaccination was 63.5 months
(IQR, 61-162), the median time from second to the third vaccine
was 179 days (IQR, 175-187), and the median time from the third
vaccine dose to serology testing was 21 days (IQR, 21-22). Fur-
thermore, in patients on-therapy, the median time from initial
treatment to third vaccination was 17.7 months (IQR, 8.3-36.4).

Serologic response
Antibody response to the third BNT162b2 mRNA dose was seen
in 41 of 172 (23.8%; Table 2) patients with a median antibody
level of 2 AU/mL (IQR, 0-40.8; supplemental Table 1; Figure
1A-B). In a univariate analysis, the variables that were signifi-
cantly associated with response were lack of active therapy
(including previously untreated patients and those off-therapy;
OR5 5.0, 95% CI 2.2-11.5; P, .001),$12 months from the last
anti-CD20 therapy to the third vaccination (22.7% vs 3.6%; P 5

.033), and serum IgG and IgA levels of $550 and $80 mg/dL,
respectively (OR 5 2.58, 95% CI 1.02-7.29; P 5 .047; and OR 5

5.4, 95% CI 2.2-13.9; P , .001; respectively) (Table 2). In
patients aged #65 years, antibody titers were higher (median 5

12 AU/mL; IQR, 0-40.8) compared with older patients (.65
years) (median 1 AU/mL, IQR, 0-422; P 5 .034; supplemental
Table 1); however, there was no statistically significant differ-
ence in response rates (36.4% [n 5 12/33] vs 20.9% [n 5 29/
139]; OR 5 2.2, 95% CI 0.9-5.3; P 5 .06; Table 2). Treatment-
naïve patients as well as those off-therapy had higher response
rates (40.0% [n 5 16/40] and 40.6% [n 5 13/32], respectively;
Table 2; Figure 1A) and higher antibody levels (median 5

8 [IQR, 0.3-509.8], median 5 6 [IQR, 0.0-764.5], respectively;
Figure 1B; supplemental Table 1) compared with actively
treated patients (12.0%; n 5 12/100; OR 5 4.9, 95% CI 1.9-
12.9; P , .001; and OR 5 5.0, 95% CI 1.8-14.1; P , .001,
respectively; Table 2; and median5 0.0, IQR, 0-10.3; Figure 1A-B;

EFFICACY OF A THIRD COVID-19 VACCINE DOSE IN CLL blood® 3 FEBRUARY 2022 | VOLUME 139, NUMBER 5 679

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/5/678/1866471/bloodbld2021014085.pdf by guest on 19 M

ay 2023

https://clinicaltrials.gov


supplemental Table 1; P , .001). Among patients off-therapy, the
serologic response rates among patients in complete remission,
partial remission, and relapse were 38.9%, 50%, and 37.5%,
respectively (P 5 .894). The median time from last treatment to
the third vaccine dose in these patients was 11.5 months (IQR 7.3-
51.6) in the responders compared with 10.2 months (IQR 4.0-20.9)
in the nonresponders (P5 .465).

Among the 100 patients on treatment at the time of vaccination,
99 (99%) were treated with novel agents, including Bruton's tyro-
sine kinase (BTK) inhibitors (ibrutinib or acalabrutinib; n 5 59)
and venetoclax 6 anti-CD20 antibody (rituximab or obinutuzu-
mab; n 5 39), and 1 patient was treated with idelalisib. Antibody
response rate in patients receiving BTK inhibitors was 15.3%
(n 5 9/59) compared with 7.7% (n 5 3/39) in patients treated
with venetoclax 6 anti-CD20 antibodies (OR 5 2.2, 95% CI 0.6-
10.4; P 5 .353; Figure 1C; Table 2). Five patients were treated
with venetoclax alone, of whom 3 (60.0%) responded. Among
patients on active treatment, the median time since start of ther-
apy to the third vaccine dose was 16.4 months (IQR 7.6-34.5) in
responders compared with 25.4 months (IQR 8.9-46.3) in the
nonresponders (P 5 .376).

A total of 94 patients with CLL had been previously exposed to
anti-CD20 therapy: 28 patients within the last 12 months prior to
vaccination (21 patients ,6 months and 7 patients between 6
and 12 months; median 5 3.9 months, IQR, 1.2-6.6) and 66
patients $12 months before vaccination (median 5 49.2
months, IQR, 19.1-70.7). Most patients (n 5 24, 85.7%) exposed
to anti-CD20 antibodies ,12 months prior to vaccination
received it in combination with venetoclax. Only 1 of the 28
patients (3.6%) treated with anti-CD20 antibodies within the last
12 months has responded vs 22.7% (n 5 15 of 68) of those
exposed to anti-CD20 therapy $12 months prior to vaccination
(P 5 .033; Table 1). In patients who received anti-CD20 antibody
$12 months, there was no statistically significant difference in
median of time since last anti-CD20 treatment between respon-
sive (64.5 months, IQR, 18.3-83.6) and nonresponsive patients
(44.3 months, IQR, 20.5-66.5) (P 5 .288). However, after control-
ling for other active treatments, each month that elapsed from
the end of administration of the anti-CD20 therapy increased
the odds for response by 1.03 times (OR 5 1.03, 95% CI 1.01-
1.05; P 5 .020). In a multivariate analysis (Table 3), the indepen-
dent variables associated with response included lack of active
therapy (OR 5 5.6, 95% CI 2.3-13.8; P , .001) and serum IgA
levels $80 mg/dL (OR 5 5.8, 95% CI 2.1-15.9; P , .001).

Samples taken from 54 patients were also evaluated for production
of neutralizing antibodies. As shown in Figure 1D, the anti–SARS-
CoV-2 RBD antibody levels linearly correlated with neutralizing
antibodies titers (log transformed, r5 0.732 and P, .001).

Within a median follow-up period of 60 days (IQR, 60-75) since
the third vaccine dose, 4 patients developed COVID-19 infec-
tion, including 2 with severe disease and 2 with mild disease
(supplemental Table 2). Two patients were actively treated with
ibrutinib; 1 was treatment-naïve and 1 had been previously
treated with obinutuzumab monotherapy. Overall, 1 patient
died because of COVID-19 whereas all the others recovered.
Among these patients, 3 were seronegative after a third vaccine
dose and another was seropositive with a low antibody titer
(138 AU/mL).

Table 1. Baseline demographic and disease
characteristics before the third vaccination

Parameter
Patients with CLL

(n 5 172)

Age at third vaccination, median (IQR), (y) 72.1 (68.1-77.7)

#65 y, n (%) 33 (19.1)

Males n (%) 121 (69.9)

Binet stage,* n/N (%)

A 32/48 (66.7)

B 11/48 (22.9)

C 5/48 (10.4)

IGHV mutational status, n/N (%)

Mutated 41/112 (36.6)

Unmutated 71/112 (63.4)

FISH D€ohner scale, n/N (%)

Del(13q) 38/144 (26.4)

No aberration 33/144 (22.9)

Trisomy12 23/144 (16.0)

Del(11q) 28/144 (19.4)

Del(17p) 22/144 (15.3)

Laboratory parameters

White blood cells, median
(IQR), (109/L)

8.9 (5.4-32.9)

Hemoglobin, median (IQR),
(g/dL)

13.2 (12.3-14.5)

,10 g/dL, n (%) 10 (6.3)

Absolute lymphocyte count,
median (IQR), (109/L)

2.4 (1.3-12.0)

.15.0 3 109/L (n, %) 38 (23.3)

Platelet count, median
(IQR), (109/L)

144 (108.0-179.0)

$100.0 3 109/L, n (%) 134 (77.9)

Immunoglobulins, median (IQR)

IgG, mg/dL 673.5 (489.5-846.8)

IgM, mg/dL 22.0 (17.0-37.0)

IgA, mg/dL 64.8 (34.3-125.8)

Disease/treatment status, n (%)

Treatment-naïve 40 (23.3)

On-therapy 100 (58.1)

Off-therapy 32 (18.6)

Protocols of currently treated, n/N (%)

BTK inhibitors 59/100 (59.0)

Venetoclax 6 anti-CD20
antibody†

39/100 (39.0)

RCHOP 1/100 (1.0)

Idelalisib 1/100 (1.0)

N, number of patients available for evaluation; RCHOP, rituximab, cyclophosphamide,
doxorubicin, vincristine, prednisone.

*Binet stage was defined for treatment-naïve patients and off-therapy in relapse.

†Five patients were treated with venetoclax monotherapy.
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Adverse events
A total of 168 patients were available for evaluation of
adverse events after the third dose of the vaccination (Fig-
ure 2; supplemental Table 3). Local adverse events included
pain at the injection site, which was reported in 93 patients
(55.4%), and local erythema or swelling, which was reported

in 20 patients (11.9%). Overall, 45 patients (26.8%) reported
at least 1 systemic adverse event, all of which were mild.
The most frequently reported systemic reactions included
fatigue (n 5 26, 15.5%), weakness (n 5 21, 12.5%), myalgia
(n 5 16, 9.5%), and fever (n 5 13, 7.7%). No statistically sig-
nificant association was found between local or systemic

Table 2. Univariate analysis for serological response rate, after third vaccination, in patients with CLL

Serological response

Variable Category

Positive Negative

Total P Odds ratio 95% CIn (%) n (%)

All patients 41 (23.8) 131 (76.2) 172 (100)

Age at time of
vaccination (y)

#65 12 (36.4) 21 (63.6) 33 (19.2) .060 2.2 0.9-5.3

.65 29 (20.9) 110 (79.1) 139 (80.8)

Sex Female 14 (27.5) 37 (72.5) 51 (29.7) .470 1.3 0.6-3.0

Male 27 (22.3) 94 (77.7) 121 (70.3)

Treatment status Treatment-naïve 16 (40.0) 24 (60.0) 40 (23.3) ,.001 4.9 1.9-12.9

On-therapy 12 (12.0) 88 (88.0) 100 (58.1)

Off-therapy 13 (40.6) 19 (59.4) 32 (18.6) 5.0 1.8-14.1

Treatment status Lack of active
therapy

29 (40.3) 43 (59.7) 72 (41.9) ,.001 5.0 2.2-11.5

On-therapy 12 (12.0) 88 (88.0) 100 (58.1)

Binet stage A 16 (40.0) 24 (60.0) 40 (72.7) .360 1.8 0.4-8.4

B or C 4 (26.7) 11 (73.3) 15 (27.3)

IGHV mutational status Mutated 9 (22.0) 32 (78.0) 41 (36.6) .778 1.2 0.4-3.2

Unmutated 14 (19.7) 57 (80.3) 71 (63.4)

FISH Normal 8 (24.2) 25 (75.8) 33 (22.9) .910

del(13q) 8 (21.1) 30 (78.9) 38 (26.4) 1.2 0.3-4.2

Trisomy 12 5 (21.7) 18 (78.3) 23 (16.0) 1.2 0.3-4.9

del(11q) 4 (14.3) 24 (85.7) 28 (19.4) 1.9 0.4-8.9

del(17p) 5 (22.7) 17 (77.2) 22 (15.3) 1.1 0.3-4.7

Treatment protocol BTK inhibitor 9 (15.3) 50 (84.7) 59 (59.0) .499 2.2 0.6-10.4

Venetoclax 6 anti-
CD20 antibody

3 (7.7) 36 (92.3) 39 (39.0)

Others 0 (0.0) 2 (100) 2 (2.0) *NC

Anti-CD20 (last
treatment)

$12 mo 15 (22.7) 51 (77.3) 66 (70.2) .033 7.9 1.25-48.9

Within ,12 mo 1 (3.6) 27 (96.4) 28 (29.8)

Serum IgG level (mg/dL) $550 28 (26.9) 76 (73.1) 104 (68.4) .047 2.58 1.02-7.29

,550 6 (12.5) 42 (87.5) 48 (31.6)

Serum IgM level (mg/dL) $40 5 (15.6) 27 (84.4) 32 (21.2) .337 0.6 0.2-1.9

,40 28 (23.5) 91 (76.5) 119 (78.8)

Serum IgA level (mg/dL) $80 25 (38.5) 40 (61.5) 65 (42.8) ,.001 5.4 2.2-13.9

,80 9 (10.3) 78 (89.7) 87 (57.2)

*Due to a limited number of patients who received other treatments, an odds ratio was not calculated (NC).
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reaction and a positive serological response to the third
vaccination.

Discussion
This study evaluated the serologic response to a third
BNT162b2 mRNA vaccine dose in patients with CLL/SLL who
had failed to respond to the standard 2-dose vaccination

program. The overall response rate was 23.8%, whereas in uni-
variate analysis, lack of active treatment $12 months from the
last anti-CD20 therapy and higher serum IgG and IgA levels
were associated with a better response rate. In multivariate anal-
ysis, lack of active therapy and serum IgA levels $80 mg/dL
were the only independent variables associated with serologic
response. In our cohort, the response rate was lower than the
44% reported for organ transplant recipients, who had been

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

Variable Odds ratio 95% CI P value

Age #65 y 2.5 0.9-6.6 .067

Lack of active therapy 5.6 2.3-13.8 ,.001

Serum IgG level $550 mg/dL 1.0 0.3-3.2 .974

Serum IgA level 80 mg/dL 5.8 2.1-15.9 ,.001
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Figure 1. Antibody response rate and titers after a third vaccine dose in patients with CLL who failed to respond after the standard 2-dose BNT162b2 mRNA
vaccination regimen. (A-B) Antibody response rate (%) and anti–SARS-CoV-2 antibody levels in patients with CLL shown for the entire cohort and according to the dis-
ease status: all CLL patients (n 5 172); treatment naïve (n 5 40); on-therapy (n 5 100); and off-therapy (n 5 32). (C) Response rate in patients with CLL treated with Bru-
ton's tyrosine kinase inhibitor (BTKi; n 5 59) and venetoclax (Ven) 6 anti-CD20 antibody (n 5 39). (D) Correlation between serological titers and neutralizing antibody
levels following log transformation (n 5 24), (Pearson's correlation coefficient r 5 0.732; P , .001; r 2 5 0.536). In an additional 30 patients, the anti–SARS-CoV-2 and
neutralizing antibodies levels were negative and therefore were invalid for analysis.
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seronegative after 2 doses of BNT162b2 and responded to the
third vaccine dose.12 This difference can be attributed to
the complex inherent immune deficiency in patients with CLL,
the timing of the third vaccine dose (60 days in the solid-organ
transplant recipients versus 180 days in the patients with CLL),
and the different therapy modalities used. Whereas CLL treat-
ment essentially focuses on targeting B cells, in organ transplant
recipients, therapy is directed primarily against T cells.18

In treatment-naïve and previously treated patients, the response
rate after vaccination approached 40% compared with only 12%
in those currently on active therapy. Most of the latter were
treated with BTK inhibitors or venetoclax plus anti-CD20 anti-
body. Treatment with ibrutinib has been reported to result in
partial reconstitution of humoral immunity and normal B-cell
subpopulations in patients with CLL, but at the same time, it
also decreased serum IgG levels starting at 6 months of therapy
and becoming more profound by 24 months. The poorer
response to the vaccine given after exposure to rituximab or
obinutuzumab within the last 12 months prior to vaccination and
the improved incremental response after 12 months are consis-
tent with the kinetics of rapid peripheral blood B-cell depletion
after anti-CD20 therapy, followed by a recovery starting
between 6 and 9 months after treatment with a return to normal
counts at 12 months,19 even after taking into consideration the
relatively low number of patients treated with venetoclax mono-
therapy. The response rate still appeared to be higher com-
pared with that seen after BTK inhibitors or with venetoclax plus
anti-CD20 antibody. This also seemed to be the case after
administration of the second dose of vaccine.20,21

In cases of CLL, hypogammaglobinemia is consistently associ-
ated with lower humoral responses to COVID-19 vaccina-
tion,9,20,22 even after the third vaccination. Low immunoglobulin
levels are commonly encountered in patients with CLL and
decrease even more with duration and progression of dis-
ease.23,24 Hypogammaglobinemia is a major risk factor for

infections in patients with CLL,24 and it is known that immuniza-
tion with other vaccines is more efficient if immunoglobulin lev-
els are better preserved.25

Overall, the response after the third vaccine had a pattern simi-
lar to that observed after the first 2 doses given in patients with
CLL, which correlated with the degree of immunosuppression
accompanying the disease and therapy. Whereas in our study
patients received a homologous mRNA vaccine regimen, a
recent report suggested that heterologous prime-boost vaccina-
tion may indeed facilitate a stronger response.26 Given the low
response rate evident in our cohort, the latter approach in
patients with CLL deserves further investigation.

In addition, higher anti–SARS-CoV-2 S-RBD IgG titers were asso-
ciated with younger age (#65 years), lack of active treatment,
and higher serum IgG and IgA levels. Similarly, we and others
have already reported a better response rate and higher anti-
body titers after 2 BNT162b2 vaccine doses in younger patients
with CLL.9,27 The anti–SARS-CoV-2 S-RBD IgG titers also linearly
correlated with neutralizing antibodies titers, similar to our find-
ings recorded after the second BNT162b2 dose in patients with
CLL.20 Recently, anti–SARS-CoV-2 levels have been shown to be
clinically meaningful in terms of protection against COVID-19.28

Among fully vaccinated healthcare workers, the occurrence of
breakthrough infections with SARS-CoV-2 correlated with the
levels of neutralizing antibodies and SARS-CoV-2S antibodies,
measured both within the first month after the second vaccine
dose and peri-infection.28

CD8 T-cell immunity has been shown to be a critical parame-
ter for survival in patients with hematologic malignancy with
COVID-19,29 and vaccination with 2 doses of BNT162b2 has
been reported to induce cellular response in only approxi-
mately half of patients with hematologic malignancies.27 The
T-cell response generally correlated with the anti-S IgG lev-
els, but some patients who had no humoral response also
achieved T-cell responses.27 Nevertheless, the effects of a
third COVID-19 vaccine dose on cellular immunity still need
to be studied in patients with CLL to better understand its
protective role in patients who failed to achieve a humoral
response.

In immunocompetent individuals, immunity after BNT162b2 vac-
cination has been reported to wane after 6 months.30 Neutraliza-
tion levels are highly predictive of immune protection,31 and a
BNT162b2 booster dose can increase the antibody neutraliza-
tion level by an average of 5 to 7 times, compared with that
obtained after a second dose.32 In subjects aged $60 years, a
booster dose of the BNT162b2 vaccine has been shown to sub-
stantially lower the number of confirmed cases of COVID-19
and decrease severity of the disease.33 The potential risk for
severe COVID-19 disease and its complications in patients with
CLL outweigh the lack of vaccine response. Although our study
focused primarily on the humoral reactivity in patients who failed
to respond to the initial vaccination, we suggest that a booster
be considered for all patients with CLL who had been vacci-
nated with mRNA vaccines, including those receiving the
booster while still on active anti-CLL therapy. On a case-by-case
basis, it may be appropriate to delay the start of therapy to
allow for COVID-19 vaccination. Patients who have not
responded to the booster and have been treated with fixed-
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Figure 2. Adverse events reported after the third BNT162b2 vaccine dose in
patients with CLL (n 5 168).
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duration treatment (eg, including with anti-CD20 antibody) may
still respond to an additional booster dose after a period of time
that would allow for immune reconstitution; however, the vac-
cine type to be used (eg, heterologous prime-boost vaccination)
and optimal timing still need to be studied. Until now, there has
been no recommendation for routine serology testing in
patients with CLL after COVID-19 vaccination. However, know-
ing the degree of response obtained would probably help with
improved risk stratification and future management. In this
respect, regardless of the immune response to vaccination, it is
important that patients with CLL continue to take all necessary
precautions.

In summary, it is noteworthy that almost a quarter of the patients
with CLL/SLL who failed to achieve a humoral response after
standard 2-dose BNT162b2 mRNA vaccination regimen
responded to the third dose of vaccine. The antibody-mediated
response continued to be markedly impaired during active treat-
ment and after recent exposure (,12 months prior to vaccina-
tion) to anti-CD20 therapy. These findings are of practical
importance because they show that a third dose can still achieve
seroconversion even in the more immunosuppressed subgroup
of patients with CLL.
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