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Patients with hematologic malignancies have shown an increased
risk of morbidity and mortality when infected by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).1-5 Because of
their remarkable activity in preventing severe COVID-19 in clinical
trials, 3 SARS-CoV-2 vaccines, BNT162b2 (Pfizer-BioNTech),
mRNA-1273 (Moderna), and Ad26.COV2.S (Johnson and John-
son), have received emergency use approval by the US Food
and Drug Administration (FDA)6-8; however, patients who were
actively receiving cancer treatment were excluded from enroll-
ment studies .

Treatment with B-cell–directed therapies may adversely affect the
production of antibodies in response to SARS-CoV-2 vaccination
in patients with lymphoma because of B-cell depletion and/or dis-
ruption of the B-cell receptor signaling pathway.9-11 The long-term
immunologic effects of B-cell depletion and the characteristics of
B-cell reconstitution in lymphoma are not well defined, despite
the widespread use of B-cell–directed therapies.12 In the lym-
phoma population the recovery of the memory B-cell pool is
delayed compared with normal B-cell ontogeny, remaining below
normal controls at 1 year after administration of the anti-CD20
antibody rituximab.13

In this study, we evaluated antibody response to the COVID-19
vaccines in patients with B-cell lymphoma (BCL) who were either
actively receiving or were within 3, 3 to 6, 6 to 9, or .9 months
of receiving of B-cell–directed therapy, to evaluate the impairment
of their antibody production. We hypothesized that the ability to
respond to the COVID-19 vaccines could be restored at a certain
time after discontinuation of treatment, and we actively tried to
define this threshold.

We conducted a prospective noninterventional study. Patients
were eligible if they had lymphoma, were actively receiving or
had previously completed B-cell-directed therapy, and had
received full vaccination with a COVID-19 vaccine. We also stud-
ied the vaccines’ efficacy in patients with lymphoid malignancies
who were either under observation or receiving non–B-
cell–directed therapy, and in individuals without lymphoma. After
informed consent, samples from patients with lymphoma, health
care personnel (HCP), and nursing home residents were collected
under institutional review board–approved protocol I-1151721
from Roswell Park Comprehensive Cancer Center (RPCCC) or in
the context of a KSL Diagnostics study conducted in various nurs-
ing homes in Western New York (study RD001).

Table 1. Humoral response to the SARS-CoV-2 vaccine

BCL patients on
B-cell–directed

treatment
,9 mo prior

BCL patients with
no treatment or

treatment
.9 mo prior

BCL, TCL, and MM
patients receiving
other treatments

HCP at RPCCC
and from KSL Inc
,65 y of age

Nursing home
residents

.65 y of age*

n 5 52 n 5 25 n 5 9 n 5 154 n 5 47

IgG production
Yes 6 (11) 22 (88) 8 (61.5) 154 (100) 43 (91.5)
No 46 (89) 3 (12) 1 (38.5) 0 4 (9.5)

P† .00001 .00001 .00001 .00001 —

IgG titer level above COI threshold: COI$ 1.0) in BCL patients on active treatment or within 9 mo after treatment with B-cell–directed therapy vs patients with BCL under observation.9
months after B-cell–directed therapy; vs patients with BCL, TCL, or MM receiving other treatments; vs HCP, 65 y of age; vs nursing home residents . 65 y of age. Data are expressed as
the number of patients (percentage of total patients in the study group).
MM, multiple myeloma; TCL, T-cell lymphoma.
*Data from KSL Inc.
†In comparison with patients with BCL receiving B-cell–directed treatment within 9 mo.
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For patients enrolled at RPCCC, a history of overt infection with
SARS-CoV-2 was fully known, and testing for the nucleocapsid
antibody had been conducted, to rule out prior asymptomatic
exposure. All individuals enrolled in the KSL Diagnostics study
(HCP and nursing home residents) were tested for antibody pro-
duction before the vaccine was administered, to determine prior
exposure.

Serum samples were collected within 2 to 8 weeks after the final
dose of the vaccine. Detailed description of antibody testing
with the ability to discern between response to the vaccine or to
SARS-CoV-2 infection are in the supplemental Material (available
on the Blood Web site).

The levels of SARS-CoV-2 antibodies were compared between
the ongoing therapy cohort and the posttreatment cohort by

Fisher’s exact test. The association between vaccine titers (immu-
noglobulin G [IgG] and IgA) and the therapy cohort were evalu-
ated in a 1-way analysis of variance model, with post hoc
pairwise comparisons. All analyses were conducted with Graph-
Pad Prism, version 9, and R, version 3.6.3. The sample size calcu-
lations were based on a comparing vaccine titers between any 2
cohorts by Bonferroni-adjusted 2-sided t test.

A total of 105 individuals were enrolled at RPCCC, including 95
patients (summarized in supplemental Table 1) and 10 HCP. In
addition, 63 aged residents and 183 HCP from nursing homes
in western New York were enrolled and tested for antibodies.
We excluded from the analysis 2 HCPs and 9 patients fromRPCCC
who had been infected with the SARS-CoV-2 virus, 8 of whom
tested positive in the nucleocapsid antibody assay. All the patients
and HCP with previous exposure to SARS-CoV-2 tested positive
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Figure 1. IgG/IgA titer levels of anti-S protein antibodies after vaccination for SARS-CoV-2. (A-B) IgG titer levels of anti-S protein antibodies in patients with BCL (log10

scale) vaccinated at different time points from the last B-cell–directed therapy. IgG response (A); IgA response (B). (C) Response to the vaccine (IgG titer levels) in patients
with BCL receiving active treatment or within 9 months of concluding B-cell–directed treatment vs those treated more than 9 months before the vaccination vs patients with
BCL who were under observation or receiving other treatments vs nursing home residents and HCP. (D) IgG titer levels in patients with BCL receiving active treatment or
within 9 months from the end of active treatment vs patients under observation or who underwent treatment .9 months before vaccination. The category other includes
CHOEP (cyclophosphamide-doxorubicin-vincristine-etoposide-prednisone), ICE (ifosfamide-carboplatin-etoposide), brentuximab vedotin, bexarotene, daratumumab,
radiotherapy, or mogamulizumab). Patients undergoing autologous stem cell transplant or CAR T-cell therapy after induction were added to the anti-
CD201chemotherapy category. COI $1.0 shows positivity for SARS-CoV-2 IgG antibodies. BTKi, Bruton tyrosine kinase; Tx, treatment.
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for IgG against the S protein. We also excluded 47 HCP and 16
residents from the nursing homes who had formed SARS-CoV-2
antibodies before the vaccination. Therefore, the analysis included
86 patients and 7HCP fromRPCCC and the cohorts from the nurs-
ing home (47 residents and 147 HCP).

Characteristics of the patients and treatments at the time of vacci-
nation are described in the tables of the supplemental Material.
Vaccine-induced antibody responses in patients with lymphoma
andHCPs are summarized in Table 1. Antibodies against the spike
SARS-CoV-2 virus protein were detected in all HCP and in 6 of 7
(85.7%) patients without BCL vaccinated during active cancer
treatment. One patient with angioimmunoblastic T-cell lymphoma
receiving active treatment with chemotherapy did not demon-
strate antibody production. Interestingly, another patient with
angioimmunoblastic T-cell lymphoma demonstrated an antibody
response despite being 88 years of age and receiving active ther-
apy with single-agent brentuximab vedotin. A patient with mye-
loma receiving long-term therapy with daratumumab also
demonstrated antibody response. Only 4 of 41 (9.7%) patients
with BCL developed antibodies while actively receiving or within
3 months of completing B-cell depleting therapy.

We compared antibody production in all patients with BCL who
were receiving or had completed B-cell–directed therapy and
divided them into 4 temporal groups: receiving the vaccine (1);
on active treatment or within 3 months after treatment (2); and 3
to 6 months, (3) 6 to 9 months, or (4) .9 months after
B-cell–directed therapy.

None of the patients demonstrated a significant IgM response to
vaccination.

The IgG response in the 4 BCL groups was significantly different
(P 5 .0001). The comparison of patients with ongoing treatment
or vaccinated within 3 months from the last treatment with
patients vaccinated more than 9 months after the last treatment
showed a marked difference in the IgG response (P 5 .0001;
95% confidence interval [CI], 12.98-24.78). Median cutoff index
(COI) IgG production was 0.13 (range, 0.0-12.4) for the recent
treatment group vs 20.7 (range, 0.1-63.8) for the second group
(P 5 .0001; 95% CI, 18.8-30.92). As expected,14-16 the IgA
response was less pronounced for all groups of patients. The com-
parisons of IgA levels of patients on active treatment or vaccinated
within 3 months from the last treatment vs patients with BCL vac-
cinated.9 months after the last treatment also provided a signif-
icantly different result (P 5 .0005; 95% CI, 0.14-0.46).

In our cohort of patients with BCL who were actively receiving
B-cell–depleting agents or were within 9 months of completing
B-cell–directed therapy, only 6 developed antibodies against
the SARS-CoV-2 virus, regardless of the type of vaccine used.

Our findings, similar to those reported in chronic lymphocytic leu-
kemia17 and multiple myeloma,18 raised concerns about the effi-
cacy of the COVID-19 vaccines in generating humoral immunity
at the current dose schedule for BCL, and prompted us to notify
our patients who had negative results and counsel them to con-
tinue protective measures against SARS-CoV-2.

Our data suggest that SARS-CoV-2 vaccination at least 9
months from the last B-cell–directed treatment may result in

improved antibody titers. The higher titer of IgA in this latter
group also reflects B-cell reconstitution and active isotype
class switching. This finding is important for further establish-
ing a possible timeline for revaccination of our patients. This
revaccination approach warrants evaluation in a research pro-
tocol, with further thoughts for patients receiving long-term
therapy with B-cell–depleting agents. Studies are also needed
to further evaluate the T-cell repertoires in this population and
to expand the number of patients with lymphoma who are ana-
lyzed.19 Our data highlight the importance for household
members and other close contacts, as well as the community
at large, to be immunized to establish the herd immunity
that will protect immunocompromised patients .
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Current blood group antibody detection technologies use red
blood cells (RBCs) as antigen matrix and detection tool. Anti-
CD38 and anti-CD47 are the first of several emerging medicinal
monoclonal antibodies (mAbs) targeting broadly expressed anti-
gens that are also found on RBCs. Thus, the medicinal antibodies
pan-agglutinate the test RBCs and interferewith antibody screen-
ing and identification in indirect antiglobulin tests (IATs). So far,
only anti-CD38 mAbs (daratumumab [DARA],1 isatuximab2),
licensed for multiple myeloma, are routinely available in clinical
practice. Because multiple myeloma patients frequently have
transfusion needs,3 the artificial pan-agglutination in IAT is a rel-
evant clinical problem.With rare exceptions, most currently used
antibody screening and identification technologies are sensitive
to this artifact. To circumvent this issue, laboratories incubate
test RBCs with dithiothreitol (DTT),4 which destroys CD38 as
well as several other transfusion-relevant polymorphic blood
group antigens, most notably KEL1 (K) and KEL2 (k) and other
antigens of the Kell blood group system.5 Therefore, transfusion
is based on pre-emptive matching for the relevant KEL antigens,
whereas the small risk of transfusing against antibodies against
other DTT-sensitive antigens (DO, JMH, LU, IN, or YT) is
accepted. However, extended pheno- or genotyping of the
patient is recommended to reduce the immunization risk.4,6,7

This strategy also simplifies identification of compatible blood
products and can reduce the number of antibody screening
tests.8-10 Moreover, treatment of test RBCs with DTT puts the
test cells outside of their validated specification and downgrades
the registration status of the IAT to in-house. Lastly, DTT will not
be useful for other upcoming ubiquitous antigens targeted with
immunotherapies, such as CD47 (magrolimab), which is a prom-
ising target for a wide spectrum of cancers.11

We generated and validated an innovative reagent to facilitate
immunohematology testing in anti-CD38–treated patients,
namely cells for preanalytic absorption of free anti-CD38 from
diagnostic patient plasma, which we call “Darasorb.” Darasorb
cells are incubated with analytic patient plasma and subsequently
removed by centrifugation. DARA depletion is achieved by incu-
bation of 75 mL of plasma with 3 3 107 Darasorb cells for 20
minutes, at 37 �C, with 950 rpm shaking in a Thermomixer R
(Eppendorf, Hamburg, Germany). Thereafter, Darasorb cells are
pelleted by centrifugation for 1 minute in a MIKRO 120 tabletop
centrifuge (Hettich, Tuttlingen, Germany) at full speed. Afterward
anti–CD38-depleted plasma is subjected to immunohematology
testing as per the manufacturer’s instructions. The test principle
can easily be adapted to other antigens. A schematic overview
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