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Abstract

Background: Antibody response following SARS-CoV-2 vac-
cination is somewhat defective in chronic lymphocytic leu-
kemia (CLL). Moreover, the correlation between serologic
response and status of cellular immunity has been poorly
studied. Objective: This study was undertaken to assess hu-
moral immune and cellular responses to the BNT162b2 mes-
senger RNA (mRNA) COVID-19 vaccination in CLL. Methods:
The presence of the spike antibodies was assessed at a me-
dian time of 14 days from the second vaccine dose of SARS-
CoV-2 in 70 CLL patients followed up at a single institution.
Results: The antibody response rate (RR) in CLL patients was
58.5%, compared to 100% of 57 healthy controls of the same
sexand age (p <0.0001). Treatment-naive patients and those
in sustained clinical remission after therapy had the highest
RR (87.0% and 87.7%, respectively). In contrast, patients on
therapy with a pathway inhibitor as monotherapy and those

treated with an association of anti-CD20 antibody were
unlikely to respond to the SARS-CoV-2 vaccine (52% and
10%, respectively). In multivariate analysis, early Rai stage
(OR, 0.19[0.05-0.79]; p = 0.02) and no previous therapy (OR,
0.06 [0.02-0.27]; p < 0.0001) were found to be independent
predictors of vaccination response. An increase in absolute
NK cells (i.e., CD16/CD56 positive cells) in patients with a se-
rological response was found following the second dose of
vaccine (p = 0.02). Conclusions: These results confirm that
serological response to the BNT162b2 vaccine in patients
with CLLisimpaired. A third boosting vaccine dosage should

be considered for these patients. ©2021 S. Karger AG, Basel

Introduction

Vaccination against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) demonstrated ef-
ficacy in about 95% of the general population enrolled
in a pivotal efficacy trial [1, 2]. However, immunocom-
promised individuals were primarily excluded from ear-
ly trials of SARS-CoV-2 mRNA immunization. Since
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immune system disturbance is a peculiar characteristic of
chroniclymphocytic leukemia (CLL), assessing the extent
of serologic response to the SARS-CoV-2 mRNA vaccina-
tion is an area of scientific interest [3].

In a prospective study conducted in the framework of
the European Research Initiative on CLL (ERIC) and in-
cluding 167 CLL patients, response rates (RRs) were
55.2% in treatment-naive (TN) patients but only 16.0% in
patients undergoing active treatment [4]. These findings
were confirmed in a multicentric analysis that enrolled
373 CLL patients across 9 Israeli medical institutions. Se-
rological response to the vaccine was 61% in TN patients
and between 23% and 24% in those treated with Bruton
kinase (BTK) and BCL2 inhibitor agents. Of note, the RR
to vaccine dropped to 5% in patients given an anti-CD20
antibody during the year that preceded vaccination [5].
Overall, these results are similar to those observed in a
smaller single-institution CLL series of patients who un-
derwent vaccination with BNT162b2 mRNA-1273 vac-
cines at the Memorial Sloan Kettering Cancer Center,
NY, USA [6].

The level of antibody response following the first or sec-
ond vaccination dose is somewhat unknown in CLL [6]. In
a study conducted in the United Kingdom, investigators
assessed the spike-specific antibody responses after the first
and second COVID-19 vaccination doses in 299 CLL pa-
tients (154 withBNT162b2 mRNA and 145 with ChAdOx1)
[7]. Patients showed 34% spike-specific antibody respons-
es after the first vaccination dose, compared to 94% healthy
donors. However, antibody responses increased to 75%
following the second dose in patients with CLL, compared
to 100% in healthy donors [7].

With this background, we investigated the efficacy,
safety, and impact of targeted therapy on the serologic
response to the BNT162b2 mRNA COVID-19 vaccine in
70 CLL patients followed up at a single institution. In this
patient cohort, we also analyzed the correlation between
serologic response and status of cellular immunity before
and after the vaccination. The study also aimed to under-
stand the clinical impact of vaccination in different CLL
patient subgroups and identify possible predictors of the
antibody response to the SARS-CoV-2 vaccine.

Patients and Methods

From March 2021 through May 2021, 2 doses of BNT162b2
mRNA COVID-19 vaccine (21 days apart) were given to 70 CLL
patients followed up at the Hematological Department of Azienda
Ospedaliera Pugliese-Ciaccio, Catanzaro, Italy. Diagnosis of CLL
was established according to the IWCLL criteria [8].
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In these patients, the presence of the spike antibodies was test-
ed ata median time of 14 days (range, 14-28) from the second vac-
cine dose. Serologic testing for SARS-CoV-2 IgG was performed
using the LIAISON® SARS-CoV-2 S1/S2 IgG test (DiaSorin,
Saluggia, Italy), a chemiluminescence immunoassay for the quan-
titative determination of anti-S1 and anti-S2 specific IgG antibod-
ies to SARS-CoV-2. The sensitivity and specificity of the assay were
98.7% and 99.5%, respectively. Samples were considered negative
for antibody titers below 13 AU/mL. Results were compared with
those of an age-matched group of subjects with no hematological
malignancy (n = 57). All patients were 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 Diagnostics)
analyzer. Of note, anti-SARS-CoV-2 nucleocapsid antibodies were
never detected, thus suggesting that no patient had been recently
exposed to SARS-CoV-2.

The institutional review board approved the study. All patients
provided informed consent.

The Mann-Whitney U test and Kruskal-Wallis H test were used
for comparing medians. Correlation between CLL features and
positive/negative serology testing was estimated through an un-
conditional logistic regression model.

Results

The median age of CLL patients was 72 years (range,
63-88), and 71.4% were males. The median time from
CLL diagnosis to vaccination was 82.5 months (range,
1-280). Twenty-three patients (32.9%) were TN, 36
(51.4%) on active therapy (i.e., BTK inhibitors, 22 [ibru-
tinib, 21; acalabrutinib, 1]; anti-BCL2 [venetoclax], 12;
phosphatidyl inositol 3-kinase inhibitor plus rituximab,
1; cyclophosphamide, 1), and 11 (15.7%) oft-therapy (i.e.,
8 in complete or partial remission and 3 in CLL relapse).
Of note, 10 (28.5%) of 35 patients on therapy with a path-
way inhibitor (PI) at the time of vaccination had been
given an anti-CD20 antibody (i.e., 5 in association with
ibrutinib, 4 with venetoclax, and 1 with idelalisib) (online
suppl. Table 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000521229). Five patients were
vaccinated within 12 months from the last anti-CD20 in-
fusion (range, 1-7 months), while the remaining 5 after
12 months (range, 54-70 months).

The vaccine elicited an antibody-mediated response in
41 (58.5%) of the 70 CLL patients (online suppl. Fig. 1).
An inferior RR (58.5% vs. 100%, OR, 0.012 [0.0007-
0.206]; p = 0.02) (online suppl. Fig. 2) and a lower SARS-
CoV-2 antibody titer (median, 58 AU/mL; range, 1.8-800
vs. 284 AU/mL; range, 14-800; p < 0.0001) were observed
in CLL patients in comparison with age-matched subjects
with nonhematological malignancies. The RR was higher
in TN (87%) or off-therapy patients with sustained clinical
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Fig. 1. Anti-SARS-CoV-2 antibody levels in patients with CLL
according to disease status. Results are expressed as log value.

response (87.5%) in comparison with patients on therapy
at the time of vaccination (41.7%) (p < 0.0001). Similar
results were obtained when SARS-CoV-2 antibody titers
of these different subgroups were compared (p = 0.02;
Kruskal-Wallis test; Fig. 1).

In comparison with patients treated with a PIas mono-
therapy, those treated with an association of anti-CD20
antibody were unlikely to respond to the SARS-CoV-2
vaccine (52% vs. 10%; OR, 0.107 [0.011-0.984]; p < 0.01).
In univariate analysis, the following variables were sig-
nificantly associated with serological response to SARS-
CoV-2 vaccination: early Rai stage (i.e., Rai stage 0-I)
(OR, 0.36 [0.13-0.97]; p = 0.04), mutated IGHV status
(OR, 0.30 [0.10-0.88]; p = 0.02), lack of active therapy -
which included patients TN and those off-therapy with
sustained response — (OR, 0.09 [0.03-0.32]; p < 0.0001),
and no anti-CD20 antibody exposure preceding vaccina-
tion (OR, 013 [0.01-1.23]; p = 0.04) (online suppl. Table
2). Of note, serum level of immunoglobulins (i.e., IgG,
IgA, and IgM) did not predict for response to SARS-
CoV-2 vaccine (online suppl. Table 2).

We also provide longitudinal information on T-cell
subsets and NK cells at the baseline and at the time of
assessment of serological response, respectively. No dif-
ference of absolute values of CD3, CD4, CD8,and CD16/
CD56 cells was found when comparing SARS-CoV-2 re-
sponders and nonresponder patients at the baseline.
The same analysis repeated after patients had received
the second dose of vaccine confirmed a lack of signifi-
cant difference between responders and nonresponders
to vaccination only concerning T-cell subsets (online
suppl. Table 3). Of note, in patients who experienced a
serological response, an increase of the absolute NK cells
(i.e., CD16/CD56 positive cells) was observed after the
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second dose of vaccine (p = 0.02) (online suppl. Table 4).
Finally, Rai stage (OR, 0.19 [0.05-0.79]; p = 0.02) and
therapy status (OR, 0.06 [0.02-0.27]; p < 0.0001) were
independent predictors of response in multivariate
analysis. We used these 2 variables to identify patients
with a different response pattern to the vaccine. Sero-
logic response to SARS-CoV-2 vaccination was 100% in
patients with no factor (n =21),45% in patients with one
factor (n = 38), and 36% in patients with 2 factors (n=11)
(p < 0.0001).

Overall, 8 (11.4%) and 9 (12.8%) patients reported sys-
temic adverse events after the first and second vaccine
dose, respectively. More frequently, patients reported
headache (n =5 [7.1%]), fever (n =4 [5.7%]), and muscle
pain (n = 3 [4.2%]).

Discussion

Although based on a small patient cohort, our find-
ings indicate that patients with CLL have a suboptimal
response to SARS-CoV-2 immunization, consistent
with earlier studies [4-7, 9]. On the other hand, the re-
sponse pattern was heterogeneous, owing primarily to
disease activity and treatment status. The highest immu-
nological RR was observed in TN patients or those with
sustained clinical response after therapy discontinua-
tion. In contrast, in patients treated with a BTK or BCL2
inhibitor, the benefit of SARS-CoV-2 immunization
was limited. These findings are in keeping with studies
on the efficacy of adjuvanted recombinant hepatitis B
and zoster vaccines [10].

While de novo immune response to hepatitis B vaccine
was nearly absent in CLL patients on BTKis, recall im-
mune response to zoster vaccine was not significantly
different between CLL patients on BTKi and TN pa-
tients [10]. Furthermore, Parry et al. [7] recently report-
ed that BTK inhibitor therapy was a strong and indepen-
dent predictor of negative antibody response after the
second SARS-CoV-2 vaccine dose. Collectively, these
data suggest that BTK inhibitors strongly affect response
to vaccines for pathogens in which pre-existing immu-
nity is not present. In contrast, only limited data are
available on the vaccine response in CLL patients treat-
ed with BCL2 inhibitors.

Our results also support prior findings showing that
B-cell reconstitution is almost absent in CLL patients
treated with an anti-CD20 antibody [11]. This means that
SARS-CoV-2 vaccination should be done before starting
anti-CD20-based therapies [12].
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Possible strategies to be offered to CLL patients in-
clude an early third vaccine dose, a heterologous vaccina-
tion combination, or, maybe, a double vaccine dose at the
first injection to optimize the immunological response.
More realistically, a booster third dose of vaccine is cur-
rently given to CLL patients whatever the treatment sta-
tus. Of note, with anti-influenza vaccination, a higher
vaccine dose resulted in a greater immunological response
in patients with multiple myeloma [13]. This option could
be possibly explored with SARS-CoV-2 vaccine in CLL
patients.

We also performed a T- and NK-cell assessment at
baseline and following vaccination. Recent reports show
that 2 doses of 1-50 pg of BNT162b1 can elicit robust
CD4+ and CD8+ T-cell responses [14]. In our series,
postvaccine absolute values of CD4 and CD8 were sim-
ilar in patients who responded and patients who did not
respond to mRNA SARS-CoV-2 vaccination. Com-
pared to those reported in healthy populations, these
different results might be due, at least in part, to im-
paired cellular immunity of CLL patients [15]. However,
we have found a significant increase in the absolute
number of NK cells in patients who achieved a humoral
response. This observation is in keeping with recent ev-
idence that NK cells are robustly activated in SARS-
CoV-2 infection [16].

Although there are recommendations for anti-COVID
vaccination in CLL [17], based on an individual case-by-
case decision, our results provide a clue to select better
CLL patients who are expected to achieve optimal response
to COVID-19 vaccine similarly to age- and sex-matched
controls. Nonetheless, until more data on clinical efficacy
are available, individuals with CLL should continue to ex-
ercise extreme caution after vaccination.

Finally, while an antibody decay 6-12 months after
vaccination has been demonstrated in in healthy popula-
tion [1, 2], information on the decline of antibody titer in
CLL is limited. In a single study, it was shown that CLL
patients who respond to the vaccine can maintain their
immune response [18].
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