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Multiple myeloma (MM) patients are at higher risk for severe COVID-19. Their mRNA vaccination response against SARS-CoV-2 is
unknown. Thus, we analyzed responses to mRNA vaccination against COVID-19 among these patients. Using an ELISA-based assay
that detects IgG antibodies to SARS-CoV-2 spike protein, we determined serum antibody levels prior to immunization and 12–21
and 14–21 days following the first and second vaccinations, respectively, with mRNA-1273 (Moderna) or BNT162b2 (Pfizer/
BioNTech) among 103 MM patients (96 and 7 with active and smoldering disease, respectively). We stratified patients into clinically
relevant responders (>250 IU/mL), partial responders (50–250 IU/mL, which was above pre-COVID-19 background), and
nonresponders (<50 IU/mL). Smoldering MM patients responded better than those with active disease. Only 45% of active MM
patients developed an adequate response, while 22% had a partial response. Lower spike antibody levels were associated with
older age, impaired renal function, low lymphocyte counts, reduced uninvolved immunoglobulin levels, > second line of treatment,
and among those not in complete remission. Patients who received mRNA-1273 vaccine had higher anti-spike antibody levels than
those who were vaccinated with BNT162b2. Thus, most MM patients have impaired responses to mRNA vaccination against COVID-
19, and specific clinical and myeloma-related characteristics predict vaccine responsiveness.
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INTRODUCTION
COVID-19 has already killed 0.05% of the world population, with
the true tally likely much higher [1]. The elderly and immuno-
compromised are particularly vulnerable, experiencing much
higher rates of mortality [2]. The highly effective mRNA vaccines
for COVID-19 (BNT162b2 from Pfizer/BioNTech and mRNA-1273
from Moderna) were made available first to these vulnerable
populations to achieve the greatest impact on survival per
vaccination in this at-risk population. Multiple myeloma (MM)
patients are immunocompromised, often elderly, and more likely
to develop more severe COVID-19 complications [3]. Thus, these
patients received early vaccination with the hope of providing
them protection.
Unfortunately, the same mechanisms that impede MM patients’

ability to fend off infections also reduce their capability to
generate immunity from vaccination, as demonstrated by their
diminished responses to vaccines for multiple respiratory illnesses
[4]. They develop more frequent infections, and it is a leading
cause of death [5]. Factors known to play a role in their higher risk
of infection include impaired renal function, low uninvolved

immunoglobulin (Ig) levels, diminished T-cell responses, reduced
neutrophil and lymphocyte counts, immunosuppressive treat-
ments including frequent use of corticosteroids, and disease status
[6–12]. While MM patients were targeted early for COVID-19
vaccination, the efficacy of this intervention is unknown.
The first mRNA vaccines for COVID-19, mRNA-1273 and

BNT162b2, consist of mRNA encoding prefusion-stabilized SARS-
CoV-2 spike ectodomain packaged in a lipid nanoparticle [13, 14].
Reactivity against the spike antigen encompasses the entirety of
the vaccine-induced immune response against SARS-CoV-2.
In larger, unselected populations, phase III trial results for mRNA-
1273 and BNT162b2 COVID-19 vaccines showed an efficacy of
94–95% against even mild COVID-19 [15, 16], but this may be
lower in immunocompromised MM patients.
In this observational trial, we evaluated the antibody responses

to the two mRNA vaccines against COVID-19, mRNA-1273 and
BNT162b2, of 103 patients with MM compared to age-matched
healthy subjects. Serum samples were obtained from all
individuals at baseline and following their first and second doses,
and we evaluated their antibody responses using an anti-spike IgG
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assay developed in our laboratory. We also tested serum from
healthy subjects obtained prior to COVID-19.

METHODS
Participants and study design
Participants in the trial included MM patients from a single clinic
specializing in their care, and age-matched healthy controls contempora-
neous with the MM study group or prior to the existence of COVID-19.
Healthy subjects were not known to be immunocompromised or currently
receiving immunosuppressive therapy. Those who could not provide all
three sera samples within the designated timepoints were excluded.
Vaccination was done outside of the clinic and subjects provided copies of
their CDC-issued COVID-19 vaccination cards to confirm dosing dates. Sera
from vaccinated individuals were drawn at baseline (0–60 days prior to first
vaccine dose) and following their first (12–21 days after dosing with all but
3 obtained at 14–21 days post vaccination) and second (14–21 days
following vaccination) doses. Background levels were determined from the
clinic’s serum bank of healthy subjects drawn between May 9, 2016 and
March 15, 2019. Anti-SARS-CoV-2 spike ectodomain antibody levels were
quantified in IU/mL based on the WHO International Standard 20/136.
Disease-specific markers, creatinine, and blood counts were based on
samples drawn at baseline.

Spike antibody quantitative ELISA
Ninety-six-well plates were coated overnight at 4 °C with 50 µL of SARS-
CoV-2 purified spike ectodomain at 2 µg/mL (Sino Biological 40589-V08B1,
Beijing, China). Coating solution was removed the next morning; plates
were blocked with 200 µL 3% albumin for 1 h at room temperature (RT).
Blocking solution was removed and 50 µL patient sera (serially diluted in
PBST to 1:320 and 1:2560) were added per well and incubated for 1 h at RT.
Plates were washed three times with 200 µL PBST (PBS with 0.05% Tween
20) and then HRP-conjugated cross-adsorbed anti-human IgG secondary
antibody (Thermo Fisher A18823, Waltham, MA, USA) was added at
1:20,000 and incubated for 1 h at RT. Plates were washed five times with
200 µL PBST and once with 200 µL PBS; then developed with TMB for 6–7
min before being stopped by adding 0.16 molar sulfuric acid. Absorbance
was read at 450 nm.
A standard curve was generated using a humanized anti-spike receptor-

binding-domain monoclonal antibody of known concentration (Sino
Biological 40150-D001) and run on each ELISA plate. Four-parameter

logistical regression was used to convert absorbance signal from each well
to ng antibody/well based on the known ng from the standard curve. Each
patient’s sera from all three timepoints were run on the same plate.
Samples were quantified using the 1:320 dilution if spike-binding antibody
levels were <10 µg/mL, and with the 1:2560 if levels were >10 µg/mL. The
total measurable linear range of ELISA quantification based on the
standard curve was 0.44–284 µg/mL, which was further extended to as
low as 0.03 µg/mL by use of 1:40 dilutions for selected samples. Serum
values were converted into WHO international units based on the
20/136 standard of 1000 IU/mL, which we quantified in quadruplicate
and found to correspond to 88 µg/mL of spike-binding antibodies (thus
1 µg/mL= 11.4 IU/mL).

Statistical analysis
The nonparametric two-sided Mann–Whitney U test was used for pairwise
comparisons of distributions between groups. We used the Kruskal–Wallis
test to determine differences between MM heavy chain type and races. P <
0.05 was considered statistically significant. Predictors of vaccine response
were found using a multivariate ordinal logistic regression model with
stepwise variable selection. Vaccine response was separated into no
response (<50 IU/mL), partial response (50–250 IU/mL), and clinically
relevant response >250 IU/mL). P < 0.1 determined if a variable was
included in the model. Statistical analysis was performed using GraphPad
Prism 9 (San Diego, CA) and R (version 4.0.3).

RESULTS
Efficacy of COVID-19 vaccine in MM patients
Overall, 103 MM patients (96 patients with active MM and 7 with
smoldering disease) and 31 healthy subjects who received two
doses of mRNA-based COVID-19 vaccines (BNT162b2 or mRNA-
1273) were included in the study. Serum obtained during the pre-
COVID era (May 9, 2016 to March 15, 2019) from 34 healthy
subjects was used to establish the assay background. Baseline
characteristics of all participants are shown in Table 1. For patients,
the median age was 68 years, 59% of patients were male, and 73%
were Caucasian. Active MM patients were treated with a variety of
anti-MM agents, including steroid-containing therapy (91%),
proteasome inhibitors (44%), and immunomodulatory agents

Table 1. Patient characteristics and treatments.

Total
patients

IgA MMa

patients
IgG MM
patients

Light chain
MM
patients

Otherb MM
patients

SMMc

patients
Healthy
controls

Pre-COVID-
19 controls

Number of subjects 103 18 48 24 6 7 31 34

Sex (male/female) 61/42 12/6 28/20 14/10 4/2 3/4 12/19 18/16

Median age (range) 68 (35–88) 67 (50–88) 68 (47–88) 69 (39–86) 59 (35–87) 69 (49–79) 61 (26–85) 64 (30–87)

Race (Caucasian/AAd/
Hispanic/Asian/MEe)

75/7/5/8/8 12/0/4/1/1 35/5/0/4/4 18/2/1/0/3 3/0/0/3/0 7/0/0/0/0 28/0/1/0/0 23/1/2/4/1

Treatment regimen (%)

Proteasome inhibitor (PI) 45 (44) 8 (44) 22 (46) 13 (54) 2 (33) 0 (0) N/A N/A

Immunomodulatory
agents (IA)

39 (38) 6 (33) 23 (48) 8 (33) 2 (33) 0 (0) N/A N/A

PI+ IA 11 (11) 3 (17) 6 (13) 2 (8) 0 (0) 0 (0) N/A N/A

Antibodies 19 (18) 5 (28) 8 (17) 5 (21) 1 (17) 0 (0) N/A N/A

Alkylating agents 3 (3) 0 (0) 2 (4) 1 (4) 0 (0) 0 (0) N/A N/A

Other chemotherapy 25 (24) 7 (39) 11 (23) 4 (17) 3 (50) 0 (0) N/A N/A

Steroids 87 (84) 18 (100) 43 (90) 21 (92) 4 (67) 0 (0) N/A N/A

NA not applicable.
aMultiple myeloma.
bTwo IgM, IgD, and nonsecretory patients each.
cSmoldering multiple myeloma.
dAfrican American.
eMiddle Eastern.
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(38%; Table 1). MM patients’ baseline laboratory values reflecting
their disease status are shown in Supplementary Table 1.
Prevaccination baseline levels of spike antibodies were the

lowest among MM patients (median= 7.3 IU/mL, p < 0.0001)
compared to healthy subjects who received COVID-19 vaccination
(median= 30.5 IU/mL) and pre-COVID-19-era subjects (median=
21.9 IU/mL; Fig. 1A; Table 2). Since a few subjects developed very
high antibody levels which skewed the group averages, we report
the median instead of the mean. Patients with active MM
had a significantly diminished response (median= 173.7 IU/mL)

compared to those with smoldering MM (n= 7; median= 555.8
IU/mL; p= 0.0311) and healthy subjects (n= 31; median= 893.6
IU/mL; p < 0.001; Fig. 1B; Table 2). Given that all smoldering MM
patients responded fully to vaccination and were not receiving
antimyeloma treatment, the remainder of the analyses were
limited to the 96 patients with active myeloma.
Patient responses were categorized into the following three

categories: likely clinically relevant response with spike antibody
levels > 250 IU/mL, partial response (50–250 IU/mL), and negative
response (<50 IU/mL; Fig. 1C). The clinically relevant cutoff of

Fig. 1 Anti-SARS-CoV-2 spike IgG levels. Anti-SARS-CoV-2 spike IgG levels were measured prior to vaccination (A) in multiple myeloma
patients (MM), age-matched controls, and separately tested on banked sera from before the COVID-19 era. Postvaccination IgG levels were
drawn 14–21 days after the second dose (B) in MM, smoldering multiple myeloma (SMM), and age-matched healthy subjects. Participants
were stratified as nonresponders if they did not exceed pre-COVID-19 antibody levels (50 IU/mL, lower dotted line), partial responders if they
failed to exceed the bottom 6th percentile of healthy controls (250 IU/mL, upper dashed line), and clinically significant responders if above
250 IU/mL. Relative percentages of controls (C) and MM patients (D) fell into these three distinct groups.

Table 2. Anti-spike IgG levels.

Total MMa

patients
IgA MM
patients

IgG MM
patients

Light chain
MM patients

Otherb MM
patients

SMMc

patients
Healthy
controls

Pre-COVID-
19 controls

Number of subjects 96 18 48 24 6 7 31 34

Anti-spike IgG levels
(IU/mL)

Baseline median 7.28 8.35 5.79 7.96 12.06 22.25 30.50 21.85

Baseline standard
deviation

13.83 8.84 15.40 15.31 6.62 11.48 137.84 11.38

D1 median 11.58 12.27 7.91 14.45 63.83 42.48 117.25 N/A

D1 standard
deviation

297.25 49.24 417.86 51.17 36.51 81.66 584.38 N/A

D2 median 173.72 304.16 136.02 178.87 2077.77 555.78 893.6 N/A

D2 standard
deviation

1653.32 1883.30 1793.42 530.06 2614.65 1245.66 1474.76 N/A

NA not applicable.
aMultiple myeloma.
bTwo IgM, IgD, and nonsecretory patients each.
cSmoldering multiple myeloma.
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250 IU/mL was selected based on the previously reported 94–95%
efficacy data of the mRNA vaccination against mild COVID-19 cases
[15, 16], and corresponded to a spike antibody level that was
exceeded by 94% of the control samples in our study (Figs. 1C and
2). A longitudinal study of 246 dental professionals who had COVID-
19 revealed that spike antibody levels of >147 IU/mL conferred
complete protection against reinfection during a 6-month follow-up,
consistent with the clinical relevance of our selected 250 IU/mL
cutoff [17]. The 50 IU/mL cutoff for partial responders was selected
based on the assay’s background assessment using 34 healthy
patients’ sera drawn before the COVID-19 era, none of whom
exceeded this threshold (Fig. 1A and Table 2). Based on these
cutoffs, 45% (n= 43) of MM patients had a likely clinically significant
response > 250 IU/mL, with an additional 22% (n= 21) having a
partial response (Fig. 1D). Of the 33% of patients (n= 32) who did
not respond above background, 9 had at least a fivefold response
over their baseline levels, suggesting their immune system may
have minimally responded.
Serum samples collected 12–21 days after the first dose

(14–21 days for all but three patients) allowed us to evaluate the
effect of single vaccine dosing. Only 2 (2%) patients developed
clinically significant immunity (>250 IU/mL) after one dose, with an
additional 18 (19%) showing partial protection (50–250 IU/mL; Fig. 2).
Levels increased after the second dose with 43 (45%) >250 IU/mL
and 21 (22%) patients at 50–250 IU/mL (Figs. 1B and 2).

Correlation between the efficacy of COVID-19 vaccine and
demographic and clinical characteristics
We determined whether the MM patients’ age, sex, and race
affected the efficacy of vaccination. Younger patients (<68 years)
developed higher anti-spike IgG levels (Fig. 3A). Neither sex nor
race correlated with vaccine response although the numbers of
patients in the non-Caucasian groups were small (data not
shown).
Baseline laboratory characteristics of the MM patients were also

correlated with vaccine efficacy. Patients with elevated creatinine
levels (>1.3 mg/dL) had lower antibody levels (Fig. 3B). Hemoglo-
bin level and neutrophil and platelet counts were not associated
with vaccine response (data not shown) but those with low
lymphocyte counts had inferior responses (Fig. 3C).
The Ig type of MM and levels of M-protein and involved serum-

free light chain (sFLC) were not correlated with response (data not
shown). In contrast, patients with reduced levels of uninvolved

IgG, IgA, IgM, or sFLC lambda all developed lower amounts of anti-
spike antibody compared to those with normal levels (uninvolved
IgG [median 132.2 vs 516.1 IU/mL; p= 0.0131; Fig. 4A], IgA
[median 101.2 vs 658.9 IU/mL; p < 0.0001; Fig. 4B], IgM [median
51.7 vs 576.2 IU/mL; p < 0.0001; Fig. 4C], and sFLC lambda [median
90.3 vs 306.7 IU/mL; p= 0.0419; Fig. 4D]). Only three patients had
decreased uninvolved sFLC kappa levels.
Patients were treated with a variety of therapies at the time of

vaccination (Table 1) and, therefore, the correlation between the

Fig. 2 Comparison of anti-SARS-CoV-2 spike IgG levels between
controls and MM patients. Anti-SARS-CoV-2 spike IgG levels
measured at baseline, D1 (12–21 days after first dose of vaccine),
and D2 (14–21 days after second dose). The lower dotted line at
50 IU/mL is the cutoff between nonresponse and partial response,
with the upper dashed line at 250 IU/mL as the cutoff to achieve an
expected clinically significant response.

Fig. 3 Correlation between anti-SARS-CoV-2 spike IgG levels and
demographic and clinical characteristics. D2 anti-spike IgG levels
were stratified by age above or below the median (A), creatinine at
an elevated level of >1.3 mg/dL vs normal (B), and low lymphocyte
count <103/µL vs normal (C). Dotted and dashed lines indicate 50
and 250 IU/mL.
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treatment type and vaccine response was examined. No correla-
tion between any specific treatment type and vaccine response
was observed (Supplementary Fig. 1) except those receiving
steroids had reduced antibody levels compared to those who
were not (p= 0.0354), but only nine patients were in the latter
group. Patients on frontline therapy produced higher anti-spike
antibody levels (median 443.7 IU/mL) than previously treated
patients on therapy (median 126.0 IU/mL; p= 0.0189; Fig. 5A).
Furthermore, MM patients with a complete response (CR)
achieved higher antibody levels (median 489.4 IU/mL) than those
who were not in CR (median 117.4 IU/mL; p= 0.0027; Fig. 5B). In
addition, patients with at least a partial response to MM therapy
(PR; median 210.8 IU/mL; Fig. 5C) had higher antibody levels than
those with stable or progressive disease (median 40.6 IU/mL; p=
0.0520). Thus, more advanced disease and worse disease status
were indicative of a poorer response to COVID-19 mRNA
vaccination.

Comparison between efficacy of mRNA-1273 (Moderna) and
BNT162b2 (Pfizer) vaccines
Half of the MM patients in this study were vaccinated with mRNA-
1273 (Moderna) and the remaining patients with BNT162b2 (Pfizer/
BioNTech). mRNA-1273-vaccinated patients developed higher anti-
spike antibody levels after two doses of vaccination (median 346.2
IU/mL vs 100.6 IU/mL; p= 0.0031; Fig. 6A), with 30/48 (63%) patients
in the mRNA-1273 group achieving antibody levels > 250 IU/mL
compared to only 13/48 (27%) of those who received BNT162b2
(Fig. 6B). This occurred even with near-identical baseline levels in the
two vaccination groups. Compared with baseline, mRNA-1273 was
associated with a larger fold increase than BNT162b2 in antibody
levels following both the first and second vaccinations (Fig. 6C).
Controls who received mRNA-1273 also produced higher antibody
levels, but this may have occurred partially because of higher
baseline levels among those subjects, which could have indicated a
higher rate of prior COVID-19 infection in the mRNA-1273-
vaccinated controls (Supplementary Fig. 2).

Multivariate analysis
Among these patients, many parameters predicting vaccine
response were interdependent, often relating to immune system
function. Multivariate analysis with stepwise variable selection was
used to assess which variables were truly independent. The
following variables were evaluated: low hemoglobin, low neu-
trophil and lymphocyte counts, age, elevated serum creatinine,
serum M-protein, difference between involved and uninvolved
sFLC levels, low uninvolved IgA, IgG, IgM, and sFLC levels, frontline
vs salvage therapy, and mRNA-1273 vs BNT162b2 vaccines. Since
data regarding some of the predictors of response were
unavailable on eight patients, a final sample size of 88 patients
was analyzed. After stepwise variable selection, low uninvolved
IgM (p < 0.001) and mRNA-1273 (p= 0.014) were predictive of
vaccine response.

Breakthrough case
One patient vaccinated with mRNA-1273 was diagnosed with
severe COVID-19 10 weeks following his second vaccination. His
antibody level increased to 608 IU/mL 2 weeks following his
second vaccination but then decreased to 126 IU/mL after another
6 weeks. Four days later, he was directly exposed to two
individuals who developed symptomatic COVID-19 infections
requiring hospitalization. Eleven days later, he was febrile and
hypoxic and tested positive for SARS-CoV-2 (data not shown). This
case illustrates that antibody responses among MM patients may
be more transitory than in immune competent individuals, placing
them at higher risk to develop symptomatic COVID-19 infection.
More frequent antibody monitoring may be required for these
patients.

DISCUSSION
We demonstrate that two-thirds of MM patients do have some
response to vaccination with mRNA vaccines, but many develop
levels that likely provide only partial protection. There is currently

Fig. 4 Correlation between uninvolved immunoglobulins and antispike IgG. D2 anti-spike IgG levels among MM patients stratified by
baseline total uninvolved IgG (A), IgA (B), IgM (C), and lambda serum-free light chains (D). Dotted and dashed lines indicate 50 and 250 IU/mL.
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no clearly defined level of antibody that identifies protection,
making it difficult to determine to what degree patients are
susceptible to COVID-19 based on their vaccine response.
Nonhuman primate models are difficult to extrapolate to real-
world situations, as they are typically infected with >500,000 PFU
of virus, resulting in infection even in fully vaccinated animals
[18, 19]. Real-world exposures are likely much lower and more
probable to induce subclinical infections even in unvaccinated
individuals. We selected >250 IU/mL as antibody levels likely to
confer clinically significant protection on the basis that 94% of our

controls achieved this level, along with others’ data showing that
COVID-19 survivors with >147 IU/mL did not develop any
reinfections in a 6-month follow-up period [17]. Clinical validation
of this metric was demonstrated within our own study after a
myeloma patient with a spike antibody level that decreased to
126 IU/mL developed severe COVID-19 that did not require
hospitalization, suggesting that this level provided him with only
incomplete protection. The MM patients (22%) with spike
antibody levels between 50 and 250 IU/mL all fall within this
category, which may provide some protection against critical
illness but likely leaves them still susceptible to lower-grade
disease. As more variants emerge with increased immune escape,
this incomplete protection becomes even more clinically relevant,
putting patients at increased risk for hospitalization and death.
Given their intermediate response to the initial two-dose series,
revaccinations for COVID-19 should be considered in this group,
possibly with a different vaccine or at a higher dose. This tactic has

Fig. 5 D2 anti-spike IgG levels among MM patients stratified
based on the clinical status. D2 anti-spike IgG levels among MM
patients stratified by treatment stage (A), presence or absence of
complete response (CR) to myeloma treatment (B), and partial
response or better (≥PR) vs stable or progressive disease (PD+ SD)
(C). Dotted and dashed lines indicate 50 and 250 IU/mL.

Fig. 6 Anti-spike IgG levels among MM patients stratified based
on the type of mRNA vaccine received. Anti-spike IgG levels among
MM patients at baseline, D1, and D2, stratified by type of mRNA
vaccine (mRNA-1273 [Moderna] or Bnt162b2 [Pfizer/BioNTech]
received (A), with dotted and dashed lines indicating 50 and
250 IU/mL, respectively. D2 spike IgG levels were subdivided by
response group and vaccine type (B). Anti-spike IgG levels increased
with successive doses and were divided by either the baseline spike
IgG level or D1 IgG level to determine the fold change in spike
antibody levels with successive dosing (C).

S.D. Stampfer et al.

3539

Leukemia (2021) 35:3534 – 3541



been used successfully with hepatitis B revaccination, which
resulted in seroconversion for 70% of HIV-positive patients who
had not responded to initial vaccination. Higher hepatitis B surface
antibody levels were observed among those receiving a double
dose vaccine [20].
The one-third of MM patients who failed to respond above

background levels of 50 IU/mL remain at high risk for COVID-19
infection and even death. They should be considered for
prophylactic infusions of anti-SARS-CoV-2 monoclonal antibodies
or intermittent Ig infusions. Some of these vaccine failure patients
did have some increase in spike antibody levels after their
vaccinations and perhaps these individuals might also be
candidates for revaccination strategies. Consistent with risk factors
for infection among MM patients [6–12], impaired renal function,
lower absolute lymphocyte and uninvolved Ig levels, and more
advanced myeloma disease were associated with decreased
antibody levels following vaccination. MM patients who achieve
CRs to treatment can normalize their uninvolved Ig levels unlike
most other patients and overall are known to have improved
outcomes [21]. Vaccination at that time may produce improved
antibody responses to vaccination.
Higher COVD-19 antibody levels were achieved among MM

patients vaccinated with mRNA-1273 compared to BNT162b2.
These vaccines encode nearly identical products, but mRNA-1273
contains 100 µg of mRNA, compared to only 30 µg in BNT162b2.
This could account for the increased antibody levels among the
MM patients who received mRNA-1273, similar to results seen in
dose-escalation trials in healthy individuals [18, 22] and in spike
antibody measurements after routine vaccination [23]. Our healthy
controls who received mRNA-1273 did have higher antibody
levels than those receiving BNT162b2, but this was confounded by
higher baseline spike IgG levels in the mRNA-1273 group.
Regardless, the difference is unlikely to be clinically significant
among healthy individuals as phase III trials for both mRNA
vaccines demonstrated a similar degree of clinical protection
against mild disease. However, for MM patients, the difference
between these two vaccines may be more consequential, as
patients receiving mRNA-1273 were much more likely to reach
antibody levels > 250 IU/mL than those who received BNT162b2
(63% vs 27%), possibly making it the preferred option for patients
with active myeloma.
After the first mRNA vaccine dose, we observed only 2% of MM

patients with spike antibody levels of >250 IU/mL, and just 19% of
patients at levels above background (>50 IU/mL). This contrasts
with an earlier report, which indicated that 56% of myeloma
patients had positive IgG levels 21 days after a single vaccine dose
[24]. This difference is unlikely to be due to patient sera being
drawn earlier, as another study demonstrated that patients
sampled at 13–16 days after the first dose of mRNA vaccines
had 78% of the antibody levels as those sampled at 21–28 days
[25]. Rather, this is more likely due to a different cutoff selection in
the commercial IgG assay used by Bird et al. [24]. The phase III
clinical trials for both mRNA vaccines demonstrated that there was
clinically significant protection from COVID-19 as early as 14 days
after the first dose [15, 16]. This has provided the justification for
delayed second vaccinations. Our assay suggests that this strategy
is not appropriate for myeloma patients, especially for those who
did not generate strong antibody responses to the first dose.
This study has several limitations. While participants with PCR-

confirmed COVID-19 were excluded, we could not determine
whether some had undiagnosed prior COVID-19. Previous
infection leads to a more robust vaccine response, particularly
following the first dose [25], and likely led to some patients and
controls developing higher anti-spike antibody levels than what
they would otherwise have achieved without prior exposure.
Indeed, the controls and patients who responded the best to the
first dose tended to have higher baseline levels, suggestive of
possible preexisting infection. Unfortunately, not all COVID-19

survivors have detectable anti-spike IgG [26], and it cannot
consistently be used as a surrogate for prior infection. MM
patients, with their lack of normal antibody-producing plasma
cells, are more likely than controls to have anti-spike IgG levels not
indicative of COVID-19 following infection. Since we could not
reliably exclude patients because of elevated baseline anti-spike
IgG levels, we elected to include all patients. In this manner, our
results are more generalizable, as most individuals receiving
COVID-19 vaccination have not been prescreened with anti-spike
IgG levels.
There is still no clear level for defining protection in vaccinated

individuals. As a result, our cutoffs of 50–250 IU/mL for partial
response and >250 IU/mL for clinically significant response are
somewhat arbitrary. We did not evaluate patients for spike-specific
T cells, which likely provide additional clinically significant protection
that may not fully correlate with spike IgG levels. While our cohort of
96 active myeloma patients is one of the largest thus far to be
assessed—especially at baseline and after each of the two
vaccinations—it still represents individuals with varying degrees of
disease severity and who were receiving a variety of different
therapeutic regimens. This artificially simplifies the pool of highly
variable immunologically complex MM patients. While 45% of
patients in our study developed spike antibody levels of >250 IU/mL,
most individual MM patients either have a much higher or much
lower probability of responding to vaccination, which is likely based
on the current status of their disease and immune system, and not
simply their status of having active myeloma.
Overall, 55% of MM patients failed to fully respond to COVID-19

vaccination. Low baseline IgM levels were most predictive of
incomplete responses to the vaccines, while vaccination with
mRNA-1273 resulted in higher anti-spike antibody levels than
BNT162b2 in this population. Based on these data, myeloma
patients may need to continue social distancing following COVID-
19 vaccination, and postvaccine spike IgG levels may help guide
decisions regarding future revaccination strategies and/or anti-
body prophylaxis for this vulnerable population.

DATA AVAILABILITY
For original data, please contact JRB at jberenson@berensoncancercenter.com or SDS
at s.stampfer@gmail.com.
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