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Highly variable SARS-CoV-2 spike antibody
responses to two doses of COVID-19 RNA
vaccination in patients with multiple myeloma
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COVID-19 mRNA vaccines are highly
efficacious in preventing COVID-19
morbidity and mortality in phase 3 clinical
studies as well as in real-world settings.
Emerging evidence suggests that some
individuals with underlying comorbidities
may mount suboptimal antibody re-
sponses to SARS-CoV-2 immunization
(Addeo et al., 2021; Monin et al., 2021;
Thakkar et al., 2021). Indeed, patients
with multiple myeloma (MM) are im-
muno-compromised due to defects in hu-
moral and cellular immunity as well as due
to immunosuppressive therapy. Prelimi-
nary reports indicate that the antibody
response in MM after the initial dose of
SARS-CoV-2 mRNA vaccine is attenu-
ated and delayed compared to healthy
controls (Bird et al., 2021; Terpos et al.,
2021). Moreover, MM patients who
receive anti-CD38 monoclonal antibodies
may have poorer vaccine-induced anti-
body responses even after completion of
the full two-dose mRNA vaccine regimen
(Pimpinelli et al., 2021). The kinetics of
the vaccine responses in MM patients
with prior COVID-19 infection and the
impact of treatments, including BCMA-
targeting agents, to vaccine response
remain unknown.

We analyzed SARS-CoV-2 spike-bind-
ing 1gG antibody levels in 320 MM pa-
tients who received COVID-19 vaccina-
tions in early 2021 (69.1% BNT162b2 by

Pfizer-BioNTech, 27.2% mRNA-1273 by
Moderna, and 3.8% unknown) through
the use of the COVID-SeroKlir Kantaro
SARS-CoV-2 IgG test (Amanat et al.,
2020). Of these patients, 18.8% (60/320)
had COVID-19 prior to immunization. A
detailed description of the patients and
their clinical MM disease characteristics
is presented in Table S1A. Of 320 MM pa-
tients, 260 (81.3%) had SARS-CoV-2
spike-binding IgG  antibody levels
measured at least 10 days after receiving
the second vaccine dose (median
51 days, range 11-118 days). Of the fully
immunized MM patients, 84.2% (219/
260) mounted measurable SARS-CoV-2
spike-binding 1gG antibody levels which
varied by three orders of magnitude (me-
dian 149 AU/mL, range: 5-7,882 AU/
mL), and 41 individuals (15.8%) had
values below the level of detection
(Figure S1A). Vaccine-induced antibody
responses in the control group of 67
health care workers selected from an
ongoing observational study to best
match the MM population were, in com-
parison, more homogeneous (median
300 AU/mL, range: 21-3,335 AU/mL),
and no individuals had antibody levels
below the level of detection. Notably, anti-
body levels in the 38 fully vaccinated MM
patients with prior reported COVID-19 in-
fections were 10 times higher than those
of MM patients that were naive at the
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time of vaccination (median for COVID-
19 survivors: 801 AU/mL [range: 0-7,882
AU/mL] versus median for COVID-19
naive MM patients: 68.5 AU/mL [range:
0-3,174 AU/mL], p < 0.001, Mann-Whit-
ney U test). This difference has been
described previously for healthy vacci-
nated individuals (Ebinger et al., 2021;
Krammer et al., 2021). Repeat antibody
measurements from before the initial
vaccination to 60 days after the second
vaccination confirm delayed and subopti-
mal antibody responses, particularly in
patients with MM and without prior
SARS-CoV-2 infection compared to
vaccinated healthy individuals without
co-morbidities (Figure S1C).

Patients receiving myeloma treatment
had significantly lower SARS-CoV-2
spike-binding IgG antibody levels after
two vaccine doses (p = 0.004, Mann-
Whitney U test) compared to patients
not receiving anti-myeloma therapy (me-
dian antibody level on active therapy: 70
AU/mL, compared to MM patients without
active therapy: 183 AU/mL). Looking at
treatment categories, we found signifi-
cantly lower antibody levels for patients
receiving anti-CD38-containing regimens
(p < 0.001) and BCMA-targeted therapy
(p =0.003) but not for the other treatments
(p = 0.55) compared to patients not
actively receiving anti-myeloma therapy
(Figure S1B).
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Of note, 15.8% of the MM patients (41/
260) failed to develop any SARS-CoV-2
spike-binding IgG antibodies despite hav-
ing received both doses of mMRNA vaccines.
24/41 (58.5%) of these “non-responders”
were on anti-CD38 antibody-containing
therapy at the time of vaccination, 13/41
(81.7%) were on anti-BCMA bispecific anti-
body therapy, and 4/41 (9.8%) had under-
gone anti-BCMA CAR-T therapy more
than three months prior. Univariate analysis
showed a significant association of the
following disease-related factors with the
absence of SARS-CoV-2 spike-binding
IgG despite completing the full immuniza-
tion schedule: more previous lines of treat-
ment (>3 lines, p = 0.035 or >5 lines, p =
0.009), receiving active MM treatment (p =
0.005), grade 3 lymphopenia at time of
vaccination (p = 0.018), receiving anti-
CD38 monoclonal antibody therapy (p =
0.042), and receiving BCMA-targeted ther-
apy (p < 0.001). Multivariate logistic regres-
sion found that, after correcting for age,
vaccine type, lines of treatment, time since
MM diagnosis, response status, and lym-
phopenia, anti-CD38-containing treatment
(p = 0.005, odds ratio [OR] = 4.258) and
BCMA-targeted treatment (p < 0.001,
OR = 10.269) remained significantly associ-
ated with the probability of not developing
antibodies after vaccination (Table S1A).

The clinical relevance of these observa-
tions is further emphasized by the fact
that we observed 10 cases of COVID-19
in MM patients after one (n = 7) or both
(n = 3, no anti-spike IgG antibodies at
the time of infection) doses of the mRNA
vaccination (Table S1B). Six patients
received outpatient treatment (including
infusion of anti-spike monoclonal anti-
bodies in 4/6 patients). However, four of
these patients required subsequent hos-
pitalization due to severe COVID-19, and
one patient, who had no detectable
SARS-CoV-2 spike-binding IgG anti-
bodies >10 days after full vaccination,
died after prolonged intubation for hypox-
ic respiratory failure. None of the other
MM patient developed symptoms sug-
gestive of COVID-19 after vaccination
with a median follow-up of 122 days
(range 13-185 days) after the first dose.

This evidence, taken together, shows
that MM patients mount a highly variable
antibody response after completing the
recommended two-dose COVID-19
vaccination regimen, and 15.8% develop
no detectable SARS-CoV-2 spike IgG an-

tibodies. The current analysis represents
a real-world, convenience sample in
which not all participants were able to
give samples for all time points. Of note,
the COVID-SeroKlir Kantaro SARS-CoV-
2 IgG Ab has a large dynamic range, but
some antibody values included were cap-
ped at 125 AU/mL for technical reasons.
These capped antibody values could
potentially mask a bigger difference be-
tween MM patients and healthy controls.
Only two out of the 260 MM patients
shown in Figure S1A had capped test
values (>125 AU/mL). It is important to
note that the current report focuses on
the quantification of spike-binding IgG
antibody levels, but determination of virus
neutralization, IgG subtype, and T cell im-
munity is needed in order to fully under-
stand COVID-19-vaccine-induced im-
mune responses in MM patients. These
studies are ongoing and will complement
the data presented. Follow-up studies
will demonstrate the durability of vac-
cine-induced antibody responses beyond
three months after the second vaccine
dose. It is possible that individuals that
mount low-to-modest antibody re-
sponses will “sero-revert” more rapidly
than those with very high antibody titers.

Our findings underscore the need for
routine serological monitoring of MM pa-
tients following COVID-19 vaccination to
allow for personalized risk reduction mea-
sures in the context of relaxing mask and
social distancing mandates for vacci-
nated individuals. The combination of
specific risk factors in the MM population
and the potential for cancer-directed ther-
apies to hamper vaccine responses more
broadly (Addeo et al., 2021; Thakkar et al.,
2021) support the need for clinical trials
that assess the use of prophylactic strate-
gies (e.g., monoclonal antibodies) to miti-
gate SARS-CoV-2 infection risk in pa-
tients who are likely to have suboptimal
vaccine response as well as studies that
explore additional immunization strate-
gies with different vaccine types or
booster vaccinations (Werbel et al., 2021).
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