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abstract

PURPOSE Vaccine-induced neutralizing antibodies (nAbs) play a critical role in protection from SARS CoV-2.
Patients with B-cell malignancies including myeloma are at increased risk of COVID-19–related mortality and
exhibit variable serologic response to the vaccine. The capacity of vaccine-induced antibodies in these patients
to neutralize SARS CoV-2 or its variants is not known.

METHODS Sera from 238 patients with multiple myeloma (MM) undergoing SARS CoV-2 vaccination were
analyzed. Antibodies against the SARS CoV-2 spike receptor-binding domain (RBD) and viral nucleocapsid were
measured to detect serologic response to vaccine and environmental exposure to the virus. The capacity of
antibodies to neutralize virus was quantified using pseudovirus neutralization assay and live virus neutralization
against the initial SARS CoV-2 strain and the B1.617.2 (Delta) variant.

RESULTS Vaccine-induced nAbs are detectable at much lower rates (54%) than estimated in previous serocon-
version studies inMM,which did notmonitor viral neutralization. In 33%of patients, vaccine-induced antispike RBD
antibodies lack detectable neutralizing capacity, including against the B1.617.2 variant. Induction of nAbs is af-
fected by race, disease, and treatment-related factors. Patients receiving mRNA1273 vaccine (Moderna) achieved
significantly greater induction of nAbs compared with those receiving BNT162b2 (Pfizer; 67% v 48%, P 5 .006).

CONCLUSION These data show that vaccine-induced antibodies in several patients with MM lack detectable
virus-neutralizing activity. Vaccine-mediated induction of nAbs is affected by race, disease, vaccine, and
treatment characteristics. These data have several implications for the emerging application of booster vaccines
in immunocompromised hosts.
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INTRODUCTION

Patients with hematologic malignancies are at an in-
creased risk of infection with SARS CoV-2 and COVID-
19–related mortality.1 Multiple myeloma (MM) is a
common hematologic malignancy characterized by
growth of malignant plasma cells. Initial studies in
patients with MM suggested variable serologic re-
sponse to SARS CoV-2 vaccines with . 80% sero-
conversion rates.2-6 However, these studies were
limited to the detection of antibodies against CoV-2
spike proteins/receptor-binding domain (RBD)2,4,5 or
surrogate assays for competition with binding between
RBD and its cellular receptor angiotensin converting
enzyme-2.3,6 Neutralizing antibodies (nAbs) are highly
predictive of immune protection from symptomatic
SARS CoV-2 infection and are the desired targets of
vaccination.7 Vaccine-induced nAbs may also provide
cross-reactive protection against emergence of vari-
ants.8 However, data regarding the induction of SARS
CoV-2 nAbs in vaccinated patients with MM and

clinical features that affect the induction of these
antibodies in these patients are lacking. Under-
standing the determinants of vaccine-mediated in-
duction of nAbs in patients with MM is critical to
developing strategies to protect these patients from
SARS CoV-2. In addition, patients with B-cell malig-
nancies such as MM may serve as reservoirs for the
generation of viral variants.9 Optimizing protection of
these patients may also therefore be critical for control
of the pandemic.

METHODS

To evaluate the immune response to SARS CoV-2
vaccination, we obtained blood specimens from 238
patients with MM (patient characteristics are given in
the Data Supplement [online only]) receiving SARS
CoV-2 vaccines after informed consent approved by
the Emory Institutional Review Board. Serologic re-
sponse to the vaccine was measured with an ELISA to
detect antibodies against SARS CoV-2 spike RBD.10,11

ASSOCIATED
CONTENT

Data Supplement

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on February
2, 2022 and
published at
ascopubs.org/journal/
jco on March 8, 2022:
DOI https://doi.org/10.
1200/JCO.21.02257

Volume 40, Issue 26 3057

https://ascopubs.org/doi/suppl/10.1200/JCO.21.02257
http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.21.02257
http://ascopubs.org/doi/full/10.1200/JCO.21.02257


Antibodies against nucleocapsid (NC) were monitored to
evaluate environmental exposure to the virus. In parallel, a
pseudovirus neutralization assay was used to detect
nAbs.11 Further validation of the assays was performed
using a Mesoscale Discovery (MSD) assay for detection of
antispike antibodies against SARS CoV-2 and other coro-
naviruses. In addition, antibodies were also tested for live
virus neutralization against the initial SARS CoV-2 strain
and the current dominant B1.617.2 (Delta) variant.12 See
the Data Supplement (online only) for details of methods.

RESULTS

Overall, RBD-specific antibodies were detected after the
second vaccine in 208 of 238 (87%) patients tested,
consistent with previous studies2,4 (Fig 1A and Data Sup-
plement). However, only 128 patients (54%) had SARS
CoV-2 nAbs detected by a pseudovirus neutralization assay
(Fig 1B and Data Supplement). Both anti-RBD and nAb
titers peaked at 1-2 weeks after second vaccine and de-
clined by 3 months (Data Supplement). NC antibodies
indicative of prior SARS CoV-2 exposure were detected in
33 of 225 patients tested (14.6%), most of whom had no
documented COVID-19 in the medical record (Data Sup-
plement). Both anti-RBD and nAbs after vaccination were
higher in patients with prior SARS CoV-2 exposure (Figs 1C
and 1D). Overall, there was a strong correlation between
anti-RBD antibodies and nAbs (r5 0.8; Fig 1E). However, a
subset of patients had no detectable nAbs, despite
clearly detectable anti-RBD antibodies at titers exceeding
10e3 AU/ml (Fig 1E). To validate the detection of RBD-
specific antibodies with an independent assay, we used a
MSD platform for the detection of these antibodies in a
subset of patients. Data from the two assays were highly
correlated (Data Supplement) and again identified a subset
of patients with anti-RBD antibodies but lacking detectable
neutralizing activity (Data Supplement). Vaccine-induced
antispike RBD antibodies against SARS CoV-2 detected by
this assay also correlated with antispike antibodies against
related alpha coronaviruses such as SARS CoV-1, but

not those against betacoronaviruses, consistent with
known sequence homology in the spike proteins (Data
Supplement).

Neutralization of live virus serves as the gold standard for
detecting the neutralizing capacity of antiviral antibodies
and has been correlated with protection from symptomatic
infection.7 Therefore, we analyzed the induction of vaccine-
induced nAbs against parent Wuhan strain WA1 and
B1.617.2 delta variant (the current dominant variant in the
United States) in a subset of these patients.13 Overall, nAb
titers against B1.617.2 were 2.1-fold lower than those
against WA1, consistent with our previous studies in vac-
cinated healthy individuals.12 The focus reduction neu-
tralization test (FRNT)-50 for live virus correlated with IC50
for pseudovirus neutralization, for both WA1 and B1.617.2
(Figs 1G and 1H). These assays also correlated with RBD
antibody assays with both platforms (Data Supplement).
Notably, vaccinated patients with prior SARS CoV-2 ex-
posure had higher FRNT50 against both WA1 and
B1.617.2 variants than those without prior virus exposure
(Figs 1I and 1J). Taken together, these data show that the
current vaccines do not elicit detectable nAbs in a high
proportion of patients with MM.

To better understand the clinical determinants of immu-
nogenicity of the vaccine, we carried out a detailed analysis
of host, disease, and treatment-related features and cor-
related them with the induction of SARS CoV-2 antibodies.
Induction of anti-RBD antibodies was negatively correlated
with the presence of hypogammaglobulinemia and prior
lines of therapy (LOT), consistent with previous studies2

(Data Supplement). These parameters also correlated with
the induction of nAbs. Despite similar seroconversion rates,
induction of nAbs was higher in Black patients relative to
their White counterparts (Data Supplement). Although
patients who received mRNA1273 (Moderna) and
BNT162b2 (Pfizer) vaccines had similar seroconversion
rates, the induction of nAbs was significantly higher after
mRNA1273 than after BNT162b2 vaccines (67% v
48%, P 5 .006; Data Supplement). Induction of SARS

CONTEXT
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What is the efficacy of SARS CoV-2 vaccines in inducing antibodies with virus-neutralizing capacity in patients with
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Neutralizing antibodies (nAbs) are generated in only 54% of myeloma patients with current RNA vaccines. Induction of
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CoV-2–specific antibodies was also affected by specific
MM therapies. The most pronounced effect was with the
use of anti-CD38 antibodies. Interestingly, although the
impact of anti-CD38 antibody therapy on the induction of
anti-RBD antibodies was modest (81% v 90%, P 5 .05),
patients receiving these therapies were less likely to

mount detectable nAbs (36.5% v 61.6%, P , .0001).
Therapies targeting B-cell maturation antigen (BCMA)
such as belantamab mafodotin and BCL2 (Venetoclax)
were associated with lower induction of vaccine-induced
RBD antibodies. Conversely, patients on maintenance
therapy had superior induction of anti-RBD and nAbs
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FIG 1. Serologic response to SARS CoV-2 vaccination in patients with myeloma. (A) RBD-specific end point IgG titer measured at weeks 1-2
(n 5 51) after dose 1 and at weeks 1-2 (n 5 126) and months 2-4 (n 5 149) after dose 2. (B) Pseudovirus neutralization titer measured at
weeks 1-2 (n 5 51) after dose 1 and at weeks 1-2 (n 5 126) and months 2-4 (n 5 149) after dose 2. (C) and (D) Difference between NC
antibody–negative (dose 1 weeks 1-2, n5 48; dose 2 weeks 1-2, n5 110;months 2-4, n5 112) andNC antibody–positive (dose 1 weeks 1-2,
n5 3; dose 2 weeks 1-2, n5 16;months 2-4, n5 29)myeloma patient’s RBD-specific end point IgG titer and pseudovirus neutralization titer,
respectively. Each circle represents a sample. The black line indicates the median. The horizontal dotted line indicates the detection limit of
the assay. The statistical difference was measured using the Mann-Whitney test. (E) Correlation between RBD-specific end point IgG titer and
pseudovirus neutralization titer in dose 1 (weeks 1-2, n5 51) and dose 2 (week 1-2, n5 126 and month 2-4, n5 149)–vaccinated patients
with myeloma. Correlation analysis was performed by simple linear regression analysis, and P values were obtained from the Pearson r
correlation method. (F) Pairwise comparison of neutralization activity of plasma samples against wild-type and delta SARS-CoV-2 (n 5 44).
The FRNT50 titers were determined by a FRNT assay using an immunostain to detect infected foci. (G) Comparison between pseudo and wild-
type live virus neutralization FRNT50 titers (dose 1 weeks 1-2, n5 5; dose 2 weeks 1-2, n5 23; month 2-4, n5 16). Correlation analysis was
performed by simple linear regression analysis, and P values were obtained from the Pearson r correlation method. (H) Comparison between
pseudo and delta (B1.617.2) live virus neutralization FRNT50 titers (dose 1 weeks 1-2, n5 5; dose 2 weeks 1-2, n5 23; months 2-4, n5 16).
Correlation analysis was performed by simple linear regression analysis, and P values were obtained from the Pearson r correlationmethod. (I)
and (J) Difference between NC antibody–negative (dose 1 weeks 1-2, n 5 4; dose 2 weeks 1-2, n 5 18; months 2-4, n 5 15) and NC
antibody–positive (dose 1 weeks 1-2, n 5 1; dose 2 weeks 1-2, n 5 5; months 2-4, n 5 1) myeloma patient’s neutralization FRNT50 titers
against wild-type and delta SARS CoV-2, respectively. *P , .05, ***P , .001. FRNT, focus reduction neutralization test; IC, inhibitory
concentration; NAb, neutralizing antibody; RBD, receptor-binding domain. (continued on following page)
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(Data Supplement). These differences were also evident
if the analysis was restricted to patients lacking NC re-
activity (Data Supplement). Taken together, these data
show that several host, disease, and treatment-related
features correlate with the probability of vaccine-
mediated induction of nAbs in MM (Table 1). Although
the negative impact of autologous stem cell transplan-
tation or chimeric antigen-receptor T-cell therapy before
vaccination is not evident in the current study, this could
be attributed to the sample size and the fact that most
patients in our cohort had received these therapies . 1
year before vaccination. The impact of timing from au-
tologous stem cell transplantation or chimeric antigen-
receptor therapy on vaccine responses has also been
shown in other studies.14

Upon univariate analysis, for patients who are not newly
diagnosed and those with increased prior LOT (more than
two LOT), low immunoglobulin G (IgG) values (, 700 mg/dl)
were associated with reduced ability to mount vaccine-
induced nAbs. Those patients receiving two or more LOT
with anti-CD38 monoclonal antibody (mAb) or anti-CD38
combinations who had not been exposed to SARS CoV-2

(NC-negative patients) had significantly reduced vaccine-
induced nAbs. On the other hand, Black race, those re-
ceiving mRNA1273 (Moderna), and those receiving frontline
therapy (including maintenance) had better nAb responses
(Table 1). On multivariable analysis, Black race and re-
ceiving mRNA1273 vaccine (Moderna) remained as inde-
pendent predictors of higher nAb responses at low IgG
values (, 700 mg/dl); those patients receiving two or more
LOTwith anti-CD38mAbs or their combinations remained as
independent predictors for lower nAb responses (Table 1).
Of the variables tested, only receiving one line of therapy
includingmaintenance remained as a significant predictor of
higher antispike RBD-binding antibodies in multivariable
analysis (Data Supplement).

DISCUSSION

Here, we show that although . 80% of patients with MM
mount serologic response to current SARS Co-V2 vaccines,
many of these patients lack detectable nAbs, which
are accepted to be critical for protective immunity. Sus-
ceptibility to SARS CoV-2 in our cohort is also supported by
high rates of viral exposure, detected in nearly 15% of
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patients. Our data also illustrate the importance of moni-
toring nAbs and SARS CoV-2 exposure when evaluating the
immunogenicity of vaccines in these patients. Such

differences between anti-RBD antibodies and nAbs were
not seen with these assays in vaccinated healthy donors.15

Reduced capacity to induce nAbs may be a reflection of

TABLE 1. Determinants of Neutralizing Antibody Responses and Univariate and Multivariable Analyses

Covariate

Univariate Analysis Multivariable Analysis

All Patients (n 5 238) NC-Negative (n 5 192) All Patients (n 5 218) NC-Negative (n 5 181)

No. OR (95% CI) P No. OR (95% CI) P OR (95% CI) P OR (95% CI) P

Sex

Female 114 1.20 (0.72 to 2.00) .484 88 1.17 (0.67 to 2.07) .579

Male 124 — — 104 — —

Race

Black 93 1.78 (1.04 to 3.02) .034 76 1.81 (1.01 to 3.26) .046 2.08 (1.12 to 3.85) .020 2.32 (1.17 to 4.63) .016

Others 145 — — 116 — — — — — —

Age # 65 years

Yes 102 1.43 (0.85 to 2.40) .177 83 1.33 (0.75 to 2.36) .327

No 136 — — 109 — —

Age # 70 years

Yes 147 1.53 (0.90 to 2.59) .113 117 1.27 (0.71 to 2.27) .421

No 91 — — 75 — —

Prior LOT (. 2)

Yes 62 0.36 (0.20 to 0.66) ,.001 56 0.37 (0.19 to 0.71) .003

No 172 — — 135 — —

Prior LOT (. 3)

Yes 41 0.38 (0.19 to 0.76) .006 39 0.44 (0.21 to 0.92) .029

No 193 — — 152 — —

Prior SARS CoV-2
exposure

Positive 33 2.59 (1.15 to 5.84) .022 2.32 (0.95 to 5.69) .066

Negative 205 — — — —

IgG # 400

No 180 2.13 (1.16 to 3.90) .014 139 2.10 (1.09 to 4.03) .026

Yes 58 — — 53 — —

IgG # 700

No 117 2.14 (1.27 to 3.59) .004 91 2.04 (1.15 to 3.63) .015 1.76 (0.97 to 3.21) .063 1.80 (0.93 to 3.45) .080

Yes 121 — — 101 — —

Vaccine type

Janssen 4 0.36 (0.04 to 3.57) .384 4 0.45 (0.05 to 4.45) .494 0.40 (0.04 to 4.15) .446 0.45 (0.04 to 4.74) .508

Moderna 84 2.17 (1.24 to 3.80) .006 69 2.37 (1.28 to 4.38) .006 2.54 (1.38 to 4.67) .003 2.68 (1.37 to 5.26) .004

Pfizer 144 — — 115 — — — — — —

Treatment

Line 1—including
maintenance

100 2.00 (1.05 to 3.79) .034 69 1.65 (0.82 to 3.32) .160 1.56 (0.77 to 3.18) .220 1.56 (0.72 to 3.39) .258

Line 21 with anti-
CD38 mAb

72 0.53 (0.27 to 1.05) .069 61 0.39 (0.19 to 0.82) .014 0.48 (0.23 to 1.00) .050 0.36 (0.16 to 0.80) .012

Line 21 without
anti-CD38 mAb

66 — — 62 — — — — — —

Abbreviations: IgG, immunoglobulin G; LOT, lines of therapy, mAb, monoclonal antibodies; NC, nucleocapsid; OR, odds ratio.
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underlying depletion of naı̈ve B cells or defects in B-cell
maturation as a manifestation of the underlying B-cell/
plasma cell malignancy,16 further compounded by
B-cell/plasma cell–targeted therapies. Ongoing studies
characterizing the nature of antigen-specific B cells and
T-cell responses should shed further light on the breadth of
antiviral immunity.

Although both mRNA1273 (Moderna) and BNT162b2
(Pfizer) vaccines have yielded broadly comparable im-
munogenicity in healthy adults,17 mRNA1273 led to sig-
nificantly higher rates of nAbs in this cohort. These data
therefore support the choice of mRNA1273 as the pre-
ferred initial vaccine in this patient population. The reason
behind these differences is not known but may relate in part
to higher antigen dose in the Moderna vaccine or differ-
ences in the vaccine schedule. Previous studies have
indeed demonstrated enhanced immunogenicity of higher-
dose vaccines (such as influenza) in this patient pop-
ulation.18 It is notable that despite underlying immune
paresis, patients with prior SARS CoV-2 exposure who were
able to produce anti-NC antibodies also achieved high
levels of nAbs (including against the B1.617.2 variant) after
vaccination. These data therefore support the current
recommendation to pursue vaccination even in patients
with prior SARS CoV-2 exposure and testing further booster
vaccines including heterologous high-dose boosters in this
patient population.19

Outcomes in MM have improved in recent years with the
introduction of several therapies, including those targeting
CD38 and BCMA. Although both CD38- and BCMA-
targeted therapies were associated with lower serocon-
version rates, consistent with recent studies,2,3 anti-CD38
antibodies, in particular, had a profound impact on the
induction of nAbs. As anti-CD38 antibodies also target
normal plasmablasts, this finding is consistent with the
emerging appreciation that germinal center reaction and
induction of plasmablasts may be important for the in-
duction of nAbs.20 Among other therapies, other novel
insights from this analysis include the favorable impact of
IMiD maintenance and adverse impact of BCL2 inhibitors.
These data may therefore affect risk/benefit considerations
during patient management.

Strengths of this analysis include serial specimens from a
racially diverse cohort including Black patients with MM
under-represented in most previous studies and analysis of
nAbs with both pseudovirus and live virus neutralization

assays, including against variants. Measurement for viral
neutralization remains the gold standard for testing nAbs in
viral immunology. Previous studies claiming evaluation of
nAbs in MM relied entirely on surrogate assays without
actually testing viral neutralization. These data therefore
provide several novel insights and address several limita-
tions of existing studies, which did not measure viral
neutralization, including against the B1.617.2 (delta) var-
iant, the current dominant circulating variant in the United
States (Data Supplement). Further studies are needed to
test whether the disproportionately low induction of nAbs as
opposed to binding antibodies in MM represents a dys-
functional B-cell response. The finding that Black patients
with MM achieved higher nAb response to the vaccine may
help address current vaccine hesitancy in this population.21

Weakness includes lack of data on antigen-specific B- and
T-cell responses, which will further enrich understanding of
immunogenicity of vaccines in these cohorts. Although this
analysis did not include concurrent healthy control cohort,
the observed immunogenicity of the vaccine in MM is much
lower than that in previous studies from our group using
these assays in vaccinated healthy individuals.12,15 Overall,
these data show that a large number of vaccinated patients
with MM lack detectable nAbs to SARS CoV-2, which is
affected by the nature of MM therapies. The susceptibility of
these patients to SARS CoV-2 infection is also supported by
the high rates of viral exposure in this cohort.

These data have several implications for the management
of patients during the pandemic. Among the currently
approved vaccines, we suggest mRNA1273 as the pre-
ferred vaccine for this population. However, a large pro-
portion of vaccinated patients with MM may remain
susceptible to SARS CoV-2 infection. Therefore, strategies
to reduce exposure of these patients, including vaccination
of household contacts and caretakers, should be pursued.
Infected patients should be considered for early adminis-
tration of passive immune therapies such as mAbs or
antivirals. Patients on certain therapies such as anti-CD38
antibodies seem to be at highest risk and may require
increased surveillance. By contrast, maintenance therapies
do not adversely affect response to vaccines. These
findings also emphasize the urgent need to pursue ad-
ditional strategies to protect these patients, with higher-
dose booster vaccines, or prophylactic administration of
mAbs and surveillance for emergence of variants in this
population.
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