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Abstract

We conducted a prospective, three-center, observational study in Japan to evaluate the prevalence of seropositivity and clini-
cally protective titer after coronavirus disease 2019 vaccination in patients with plasma cell dyscrasia(PCD). Two-hundred
sixty-nine patients with PCD [206 symptomatic multiple myeloma (MM)] were evaluated. Seropositivity was observed in
88.7% and a clinically protective titer in 38.3% of MM patients, both of which were significantly lower than those of healthy
controls. Patients receiving anti-CD38 antibodies had much lower antibody titers, but antibody titers recovered in those who
underwent a wash-out period before vaccine administration. Older age (>65), anti-CD38 antibody administration, immu-
nomodulatory drugs use, lymphopenia (<1000/pL), and lower polyclonal IgG (<550 mg/dL) had a negative impact for the
sufficient antibody production according to multivariate analysis. Patients with clinically protective titer had a significantly
higher number of CD19+ lymphocytes than those with lower antibody responses (114 vs. 35/pL, p=0.016). Our results
suggested that patients with PCD should be vaccinated, and that the ideal protocol is to temporarily interrupt anti-CD38
antibody therapy for a “wash-out” period of a few months, followed by a (booster) vaccine after the B-cells have recovery.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
is spreading worldwide. Recently, a highly effective messen-
ger ribonucleic acid (mRNA) vaccine (BNT162b2, Pfizer-
BioNTech) against SARS-CoV-2 that can prevent 95% of
symptomatic COVID-19 was developed [1], and vaccina-
tion is being promoted worldwide. However, patients with
hematologic malignancies showed lower antibody titer fol-
lowing vaccination compared to that of healthy individu-
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als, and a quarter of these patients remained seronegative
following vaccination [2, 3]. This was likely caused by the
severely immunocompromised status of these patients,
resultant of either disease-inherent or treatment-induced
immunodeficiency.

There have been several reports of vaccination in patients
with multiple myeloma (MM), mainly from Europe, North
America, and Israel [4-10]. Pimpinelli, et al. [6] reported a
minute increase in antibody titers after the first vaccination
in patients with MM. Avivi, et al. [4] and Terpos, et al. [8]
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reported that in older patients, hypogammaglobulinemia,
heavy pretreatment (>4 drug regimens), anti-CD38 antibody
use, and belantamab mafodotin were associated with lower
vaccine response rate. However, high dose treatment fol-
lowed by autologous stem cell transplantation (ASCT) did
not show an association with antibody titer [11].

In Japan, distribution of the BNT162b2 to the elderly
began on April 12th, and a total of 136,685,318 vaccine
doses were administered in September [12]. However, due
to the fifth and largest COVID-19 pandemic surge in August
2021, mainly caused by the delta variant (B.1.617.2), there
have been 1,650,318 cases and 16,894 deaths in Japan as
of September 16™ 2021. Administration of the third vac-
cine dose has already begun in some areas [13], and patients
whose antibody levels did not sufficiently increase after two
doses may require additional doses [14]. Thus, to maximize
the effectiveness of the vaccine, the appropriate timing of
vaccination and the choice of the immunocompromised
patients who should receive additional vaccination would
be considered.

In this study, we investigated seropositivity and clinically
protective titer in patients with plasma cell dyscrasia (PCD).
We also assessed the relationship between antibody acqui-
sition and treatment history or disease characteristics. Our
results will provide the information to help in selecting the
patients who should receive the (third) additional booster
vaccination.

Materials and methods
Study design and patients

This prospective, three-center, observational study was con-
ducted from July Ist in Japan at Kameda Medical Center,
Keiju Kanazawa Hospital, and Kanazawa University. The
inclusion criteria were: age >18 years, diagnosis of PCD
[symptomatic MM, smoldering MM (sMM), or monoclonal
gammopathy of undetermined significance (MGUS)], and
no known history of COVID-19 onset. Age-matched volun-
teers who were older than 60 years, without active cancer
or immunosuppression therapy, and no known history of
COVID-19 onset were also included to compare antibody
titers between patients with and without PCD. All partici-
pants (patients with PCD and age-matched volunteers) were
vaccinated with two doses of BNT162b2 vaccine (Pfizer/
BioNTech), 21 days apart, or mRNA-1273 vaccine (Mod-
erna), 28 days apart, depending on the vaccine available in
each region. Data on the patients’ clinicodemographic char-
acteristics and outcomes were obtained from their electronic
medical records. The primary endpoint was SARS-CoV-2
antibody level and seropositivity in patients with PCD. The
data set was locked on September 24th, 2021.
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All participants or their family members provided writ-
ten informed consent for inclusion in the study. The study
was conducted according to the Declaration of Helsinki and
approved by the ethical review board of each center.

Collection of specimens

Serum samples were collected from patients with PCD on
day 1 (TO; before the first dose), on day 15-28 (T1; before
the second dose), and on day 3685 (T2; 2—8 weeks after the
second dose), if available. Samples from patients that had
been frozen at our frozen sample database at the appropriate
timing before July 1st was also analyzed. Serum samples
from age-matched volunteers at Kameda Medical Center and
Keiju Kanazawa Hospital were collected on T2. The sera
were frozen at —20 °C until analysis.

Serological tests

Antibody responses were analyzed using Elecsys® Anti-
SARS-CoV-2 on Cobas 8000 e801 module (Roche Diag-
nostics, Rotkreuz, Switzerland). This system allows for the
quantitative detection of antibodies, predominantly IgG,
and may also capture IgM and IgA, aiming at the SARS-
CoV-2 spike (S) protein receptor-binding domain (RBD)
and nucleocapsid (N) protein. As suggested by the manu-
facturer, values of S-IgG >0.8 U/mL and N-IgG > 1.0 cut-off
index (COI) were considered positive. In patients in whom
sample results exceeded the upper limit of the measuring
range (reported as >250 U/mL), samples were re-analyzed,
after being diluted at 1:9 or dependent on the dilution being
required. Any serologic values below the lower limit of
quantitation were expressed as 0.4 U/mL. Furthermore, we
defined S-IgG >200 U/mL as a “clinically protective” titer
because of the previous report that 246 dental professionals
who had COVID-19 revealed that spike antibody level of
>195.2 U/mL to confer 6 months of protection against rein-
fection during a 6-month follow-up [15]. Moreover, 92.6% of
our controls obtained the antibody titer more than 200 U/mL
at T2 (SupTablel), which was a similar result that two-dose
BNT162b2 conferred 95% protection against COVID-19 [1].
The sensitivity and the specificity for N-IgG were 99.5%
and 99.78%, and those for S-IgG were 98.8% and 99.98%,
respectively, according to the manufacturer.

Statistical analysis

The baseline characteristics in patients with PCD were com-
pared using the Mann—Whitney U test or Student’s -test for
continuous variables and Fisher’s exact test for categorical
variables. Mann—Whitney U test or Kruskal-Wallis test were
used to determine differences between PCD type (sympto-
matic MM, sMM, or MGUS) and age-matched volunteers.
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Receiver operating characteristic curve analysis was per-
formed to define the optimal cut-off for continuous variables.
Univariate and multivariate logistic regression analyses were
performed to evaluate potential predictors of seronegativ-
ity or SARS-CoV-2 antibody levels. Variables that showed
p values <0.1 on univariate analysis and factors that were
associated with lower response in the previous reports such
as older age (>65 years) [4, 7], anti-CD38 antibody use [6,
71, and lymphopenia (<1000/pL) [7, 8] were further tested
in the multivariate analysis. All statistical analyses were
conducted using the RStudio or the EZR software (Saitama
Medical Center, Jichi Medical University) [16], which is a
graphical user interface for R version 3.1.2 (The R Founda-
tion for Statistical Computing, Vienna, Austria). Two-sided
p values of <0.05 were considered statistically significant.

Results

Baseline characteristics of patients with PCD
and controls

In total, the study population included 269 patients with PCD
(206 symptomatic MM, 31 sMM, and 32 MGUS) [median
age: 74 years, interquartile range (IQR): 68-79 years] and
94 controls (median age: 73 years, IQR: 69—78 years, male:
45) in Table 1. The median day from the first vaccine to T1
and T2 was 15 and 51 (IQR: 12-18 and 44—62). In patients
with symptomatic MM, serum was obtained from 78, 94,
and 194 patients at TO, T1, and T2, respectively. All serum
from age-matched volunteers was obtained at T2. Most par-
ticipants received the BNT162b2 vaccine (95.2% in patients
and 100% in volunteers).

The number of patients with high-risk cytogenetic abnor-
malities (CAs), defined as either del(17p) > 10%, t(4;14), or
t(14;16), International Staging System (ISS) stage III, and
revised-ISS stage III was 36/171 (21.2%), 66/200 (33.0%),
and 27/166 (16.3%), respectively. In total, 55 (26.7%), 121
(58.7%), 83 (40.3%), 16 (7.8%), 2 (1.0%), and 21 (10.2%)
patients with symptomatic MM received proteasome
inhibitors (PIs), immunomodulatory drugs (IMiDs), anti-
CD38 antibody, elotuzumab, and ASCT 6 months before
their first vaccination and immunoglobulin replacement
2 months before or after their first vaccination, respectively.
No patients received belantamab mafodotin or other anti-
B-cell mature antigen antibodies. Six patients each with
sMM and MGUS received anti-myeloma therapy, mainly
daratumumab, within 6 months before their first vaccination
due to the concomitant of systemic light-chain amyloidosis,
respectively. Therefore, the remainder of the analyses were
performed on the 257 patients, excluding those with treated
sMM or MGUS.

COVID-19 vaccine response in patients and controls

The humoral response was described in Supplementary
Table 1. Among patients with PCD, 172 (88.7%), 25 (100%),
and 24 (96%) patients with symptomatic MM, sMM, and
MGUS and all controls obtained S-IgG seropositivity at T2.
Patients with symptomatic MM diminished S-IgG response
(median=116.0 U/mL, range: 0.4-47,532) compared to
those with smoldering MM (median =268.0 U/mL; range:
23-2127, symptomatic MM vs. sMM, p=0.030), MGUS
(median=561.0 U/mL; range: 0.4-8038, symptomatic MM
vs. MGUS, p=0.001) and healthy subjects (median =694.0
U/mL; range: 40-4377, symptomatic MM vs. controls,
p<0.001) (Fig. 1). Moreover, 75 (38.3%), 18 (72.0%), and
19 (76.0%) patients with symptomatic MM, sMM, and
MGUS and 87 (92.6%) controls obtained clinically protec-
tive S-IgG at T2. Of note, one patient with symptomatic MM
was considered COVID-19 onset asymptomatically before
vaccination because the patient had positive N-IgG (46.2
and 30.8 COI at T1 and T2) and elevated S-IgG antibody
titer (947 and 47,532 U/mL at T1 and T2) about 100 times
higher than those of other patients with symptomatic MM.
No participants other than the above patient showed N-IgG
positivity at any time.

Predictive factors for antibody production

Next, we assessed the impact of chemotherapy or clinical
status for antibody production (Table 2). In the univariate
analysis for predicting the seropositivity and the clinical pro-
tective titer on T2 among patients with symptomatic MM,
lymphopenia (<1000/pL), low polyclonal IgG (<550 mg/
dL), insufficient treatment response [partial response (PR) or
less], anti-CD38 antibody use, and intravenous immunoglob-
ulin (IVIg) were associated with seronegativity, and older
age (>65), lymphopenia, low polyclonal IgG, insufficient
treatment response, anti-CD38 antibody use, immunomodu-
latory drugs (IMiDs) use, and IVIg were associated with
insufficient antibody production. In multivariate analysis,
lymphopenia [odds ratio (OR) 0.37, 95% confidence interval
(CI) 0.14-0.99, p=0.048], insufficient treatment response
[PR or less; OR 0.24, 95% CI 0.08-0.74, p=0.013) and anti-
CD38 antibody use (OR 0.32,95% CI 0.11-0.90, p=0.031)
were predictive of seronegativity and older age (OR 0.36,
95% C10.13-0.99, p=0.048), lymphopenia (OR 0.31, 95%
CI0.13-0.70, p=0.005), low polyclonal IgG (OR 0.29, 95%
CI10.14-0.58, p<0.001), and IMiDs use (OR 0.26, 95% CI
0.12-0.54, p<0.001) were predictive of insufficient anti-
body production.

Furthermore, among the patients with MM, we inves-
tigated the duration of time between the last dose of anti-
CD38 antibody and the first vaccine to explore the asso-
ciation with a cumulative incidence of antibody production
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Table 1 Patient characteristics

Characteristics All patients MM sMM MGUS
N=269 206 31 32

Age, years [median (IQR)] 74 (68-79) 74 (68-79) 74 (70-78.5) 76.5 (68-81.5)

Sex, male (%) 135 (50.2) 93 (45.1) 22 (71.0) 20 (62.5)

Time from diagnosis to vaccination, months (median, IQR)

429 (21.1-86.4)

45.8 (24.1-86.8)

45.7 (21.3-89.3)

26.5 (8.8-71.5)

ISS (n=200)
Stage I 69 69 (34.5) - -
Stage 11 65 65 (32.5) - -
Stage III 66 66 (33.0) - -
Ig type, n
IeG 145 107 20 18
IgA 64 48 7 9
IgM 2 0 0 2
IgD 1 1 0 0
Light-chain 55 49 3 3
Non-secretory 2 1 1 0
High-risk cytogenetics at diagnosis, n (%) (n=214) 42 (19.6) 36/171 (21.1) 4/27 (14.8) 2/16 (12.5)

Absolute lymphocyte count, /uL (IQR)
(Estimated) polyclonal IgG, mg/dL (IQR)*

1340 (960-1815)
614 (414-982)

1275 (913-1694)
551 (378-879)

1739 (1209-2070)
833 (565-1362)

1450 (1125-2098)
1142 (698-1281)

Receiving treatments within 6 months before 1st vaccination, n (%) 183 (68.0) 171 (83.0) 6(19.4) 6 (18.8)
Treatment before 1st vaccination (within 6 months), n
Bd 3 3 0 0
VRd 3 2 1 0
VMP 2 2 0 0
KRd 2 2 0 0
Kd 12 12 0 0
Ixa monotherapy 6 6 0 0
IRd 14 14 0 0
LenDex 29 29 0 0
PomDex 7 7 0 0
PCd 1 1 0 0
Other IMiDs 1 1 0 0
ERd 3 3 0 0
EPd 9 9 0 0
IsaPomDex 14 12 1 1
Dvd 5 5 0 0
DKd 3 3 0 0
DVMP 3 3 0 0
DRd 31 31 0 0
DPd 3 3 0 0
Dara monotherapy 31 22 4 5
Other (cyclophosphamide) 1 1 0 0
Prior ASCT, n (%) 67 (24.9) 67 (32.5) 0 0
Lines of therapy, median (IQR) 4 (2-5) 4 (3-5) 2 (1-3) 2(1-2)
IVIg before and after vaccination, n (%) 25(9.3) 25(12.1) 0 0
Vaccination with BNT162b2, n (%) 256 (95.2) 195 (94.7) 30 (96.8) 31 (96.9)

ASCT autologous stem cell transplantation, Bd bortezomib and dexamethasone, Dara daratumumab, DKd daratumumab, carfilzomib, and dexa-
methasone, DPd daratumumab, pomalidomide, and dexamethasone, DRd daratumumab, lenalidomide, and dexamethasone, DVd daratumumab,
bortezomib, and dexamethasone, DVMP daratumumab, bortezomib, melphalan, and dexamethasone, EPd elotuzumab, pomalidomide, and
dexamethasone, ERd elotuzumab, lenalidomide, and dexamethasone, /g immunoglobulin, /MiDs immunomodulatory drugs, /QR interquartile
range, IRd ixazomib, lenalidomide and dexamethasone, IsaPomDex isatuximab, pomalidomide, and dexamethasone, ISS international staging
system, /VIg intravenous immunoglobulin, /xa ixazomib, Kd carfilzomib and dexamethasone, KRd carfilzomib, lenalidomide, and dexametha-
sone, MGUS monoclonal gammopathy of undetermined significance, MM multiple myeloma, LenDex lenalidomide and dexamethasone, PCd
pomalidomide, cyclophosphamide, and dexamethasone, PomDex pomalidomide and dexamethasone, sMM smoldering multiple myeloma, VMP
bortezomib, melphalan, and dexamethasone, VRd bortezomib, lenalidomide, and dexamethasone
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Table 1 (continued)

*Polyclonal IgG was estimated from total IgG minus monoclonal 1gG if IgG-type plasma cell dyscrasia

Fig. 1 S-IgG Response at T2.

koK

Patients with symptomatic MM

k3
skkok *

diminished S-IgG response
(median=116.0 U/mL, range
0.4-47,532) compared to
those with smoldering MM
(median=268.0 U/mL; range
23-2127, symptomatic MM
vs. sMM, p=0.030), MGUS
(median=561.0 U/mL; range

800004

0.4-8038, symptomatic MM vs. . ‘ o %°

MGUS, p=0.001) and healthy
subjects (median =694.0 U/
mL; range: 40-4377, symp-
tomatic MM vs. controls,

S-1gG (U/mL)

p<0.001). Significance

of differences between the
indicated groups was assessed
using the Kruskal-Wallis test.
Asterisks denote significant
changes (*0.01 <p <0.05,
*%0.001 <p<0.01, and

*#%p <0.001)

U 4 i clinically
] protective

0.8

seropositive

- i

Controls

Median S-1gG (U/mL): 694

(n="79). Most of the patients receiving daratumumab, except
for those receiving isatuximab (n=10, 12.7%), received
monthly administration. In the patients’ background between
the administration of anti-CD38 antibody, patients with anti-
CD38 antibody had significantly lower levels of polyclonal
IgG (421 vs. 796 mg/dL, p <0.001), but no significant differ-
ence in terms of the absolute number of lymphocytes count
(1200 vs. 1301/pL, p=0.22) and the treatment response
(VGPR or better; 88.2% vs. 82.1%, p=0.30) than those
without. The percentage of patients with clinically protec-
tive titers began to increase from last exposure to anti-CD38
antibody, from 23.8% within 30 days to 37.5% thereafter
(Fig. 2). However, the percentage of seropositive patients
or patients with clinically protective antibody production
was significantly higher among those without anti-CD38
antibody administration (seropositive; 93.0%, and clinical
protective; 47.0%) than those received anti-CD38 antibody
before the first vaccine (seropositive; 82.3%, p=0.036, and
clinical protective; 26.6%, p =0.005). Although the number
of patients was small, the number of patients who obtained
clinically protective titers increased with a longer interval

MGUS sMM MM

561 268 116

between the last dose of anti-CD38 antibody and their first
vaccination. Moreover, when compared to patients without
anti-CD38 antibody administration, those treated by anti-
CD38 antibody within a month before the first vaccine had
significantly lower S-IgG at T2 (without anti-CD38 antibody
vs. administered within a month: median 191.0 vs. 36.9 U/
mL, p <0.001).

In addition, based on the result of the multivariate analy-
sis, we evaluated the ad-hoc analysis of the lymphocyte pro-
file (CD3+, CD4+, CD8+, CD3+/HLA-DR+, CD19+, and
CD56+lymphocytes) in patients with MM (n=30) (Table 3).
The patients’ background is included in Supplementary
Table 2. Due to only one patient who became seronegative at
T2, no statistical comparisons were made. However, patients
with clinically protective antibody production (n=9) had
a significantly higher number of CD19+lymphocytes than
those with insufficient antibody production (median 114
vs. 35/pL, p=0.016). The significant correlation between
the number of CD19+ lymphocytes and S-IgG at T2 was
observed by Spearman’s correlation coefficient analysis (cor-
relation coefficient; 0.61, p <0.001). Patients with clinically
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Tab]e 2 Predictir?g factors of Parameters Univariate Multivariate

antibody production

OR (95%CI) p value OR (95%CI) p value
S-1gG positivity at T2
Age >65 NA (complete separation)  — - -
Lymphopenia (<1000/pL) 0.26 (0.10-0.65) 0.004 0.37 (0.14-0.99)  0.048
ISS stage IIT 1.02 (0.36-2.9) 0.97 - -
Polyclonal IgG (<550 mg/dL) 0.29 (0.10-0.83) 0.021 0.40 (0.12-1.3) 0.14
High-risk CAs 0.48 (0.15-1.5) 0.21 - -
Treatment response PR or less 0.25 (0.09-0.67) 0.059 0.24 (0.08-0.74) 0.013
Anti-CD38 antibody use 0.339 (0.14-0.85) 0.021 0.32 (0.11-0.90)  0.031
IMiDs use 0.497 (0.19-1.33) 0.16 - -
Elotuzumab use 2.01 (0.25-16.0) 0.51 - -
IVIg use 0.37 (0.12-1.14) 0.083 0.69 (0.19-2.5) 0.58
Clinically protective titer at T2

Age >65 0.44 (0.18-1.06) 0.066 0.36 (0.13-0.99)  0.048
Lymphopenia (<1000/pL) 0.31 (0.15-0.65) 0.002 0.31 (0.13-0.70)  0.005
ISS stage 111 0.971 (0.49-1.7) 0.77 - -
Polyclonal IgG (<550 mg/dL) 0.30 (0.16-0.55) <0.001  0.29 (0.14-0.58) <0.001
High-risk CAs 1.5 (0.68-3.2) 0.33 - -
Treatment response PR or less 0.31 (0.11-0.85) 0.023 0.33 (0.10-1.04) 0.058
Anti-CD38 antibody use 0.42 (0.23-0.79) 0.006 0.58 (0.24-1.4) 0.22
IMiDs use 0.34 (0.18-9.61) 0.004 0.26 (0.12-0.54) <0.001
Elotuzumab use 0.70(0.23-2.1) 0.53 - -
IVIg use 0.32 (0.10-0.97) 0.045 0.41 (0.11-1.5) 0.18

CAs cytogenetic abnormality, /MiDs immunomodulatory drugs, ISS international staging system, [VIg
intravenous immunoglobulin, NA not available, OR odds ratio, PR partial response

protective titers had significantly higher polyclonal IgG than
those with insufficient titers (798 vs. 452 mg/dL, p=0.025).
In addition, although not significantly different, there were
fewer patients receiving anti-CD38 antibody administra-
tion among patients with sufficient antibody titer produc-
tion (11.1% in patients with S-IgG >200 U/L vs. 42.9% in
patients with S-IgG <200 U/L, p=0.2). No significant dif-
ferences were observed in lymphocytes other than CD19+
lymphocytes (Table 3).

Head-to-head comparison to the other reports

SARS-CoV-2 antibody titers were not directly compa-
rable due to the lack of standardized serology assays,
but some of those can be compared using the unit of
“binding antibody units (BAU)/mL” [17]. In brief, BAU/
mL was calculated as below; Roche S-IgG (U/mL) x 1
and DiaSorin Liason (AU/mL) X 2.6. We compared our
results with those from two reports [4, 6] as shown in
Table 4. The median age (70-74) and the vaccine type
(BNT162b2) were similar among the three reports. How-
ever, our findings as well as those by Avivi, et al. reported
lower median S-IgG titer than those reported by Pimpi-
nelli, et al. (91 and 116 vs. 277.4 BAU/mL) even though
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our cohort received multiple treatment lines compared to
other reports (median 4 vs. 2 lines). Although we could
not make a direct comparison, we have reviewed litera-
ture reports measuring vaccine-induced antibody produc-
tion in patients with PCD. These results are displayed in
the lower portion of Table 4. After the first vaccination
(T1), the seropositive rate achieved 25-56% [5, 9], which
was higher than that of our result (17.0%, Supplementary
Table 1). After the second vaccination, the positive rate
increased to 66.0-84.2% [7, 8, 10].

A breakthrough patient

One male patient in his 70 s with MM who was fully vac-
cinated with BNT162b2 was diagnosed COVID-19 one
month following his second vaccination. Both S-IgG and
N-IgG were negative at COVID-19 onset. He was asympto-
matic; to prevent severe disease, he received REGN-COV2,
a cocktail of two non-competing neutralizing monoclonal
antibodies, casirivimab and imdevimab, one day later. His
S-IgG elevated to 185 U/mL after cocktail therapy infusion.
His COVID-19 did not become severe and SARS-CoV-2
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Fig.2 Time from anti-CD38 antibody administration to vaccine and
S-1gG response. Patients with MM without anti-CD38 antibody and
with anti-CD38 antibody within 6 months before first vaccine showed
93.0% and 82.3% in seropositivity and 47.0% and 26.6% in clinically
protective titer (Left). Patients with anti-CD38 antibody adminis-
tration within 30 days and 31 to 180 days before their first vaccine
showed 82.5% and 81.3% in seropositivity and 23.8% and 37.5% in

825 81.3

with anti-CD38 antibody with 6 months received anti-CD38 antibody within 30 received anti-CD38 antibody 31 to 180
before first vaccine (n=79)

days before vaccine (n=63) days before vaccine (n=16)

clinically protective

clinically protective titer, respectively (Right). Patients who received
anti-CD38 antibody 6 months or over before first vaccine were
included in “w/o anti-CD38 antibody” group. Significance of differ-
ences between the indicated groups was assessed using the Mann—
Whitney U test or Kruskal-Wallis test, respectively. Asterisks denote
significant changes (*0.01 <p <0.05 and **0.001 <p<0.01)

Table 3 Lymphocyte analysis S-IgGat T2 (U/mL)  <0.8

n 1

Median, /pL (IQR)

>0.8 <200

>200
21 9

p value

Total lymphocytes 1343

CD3+ 926
CD4+ 147
CD8+ 711
CD3 +HLA-DR+ 805
CD19+ 0

CD56+ 376

1227 (1020-1904)

1227 (1000-1809) 1275 (1144-1924)  0.46

892 (649-1144) 943 (727-1144) 728 (649-910) 0.38
351 (263-516) 333 (242-516) 351 (270-513) 0.95
369 (219-692) 421 (263-695) 286 (219-556) 0.5
398 (277-799) 398 (338-805) 451 (191-775) 0.97
46 (22-169) 35 (19-74) 114 (61-248) 0.016
167 (45-303) 85 (23-290) 231 (131-285) 0.22

real-time polymerase chain reaction test became negative.
His S-IgG antibody titer remained up to 240 U/mL one
month after the cocktail therapy.

Discussion
In this study, we showed the S-IgG seropositivity in 88.7%,

100%, and 96.0%, and clinically protective antibody pro-
duction in 38.3%, 72.0%, and 76.0% in MM, untreated
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sMM, and untreated MGUS, respectively. Compared with
controls, patients with untreated SMM or MGUS had lower
median S-IgG titer, suggesting that PCD itself may be
related to poor antibody production. Furthermore, older
age, anti-CD38 antibody administration, IMiDs use, lym-
phopenia, poor treatment response, and lower polyclonal
IgG showed the negative impact for the serostatus or clini-
cally protective antibody production based on the multi-
variate analysis. Ad-hoc analysis of lymphocyte subsets in
MM patients showed that the patients with a lower number
of CD19+ lymphocytes produced lower antibody titers.

In several previous reports regarding antibody titer after
the second vaccine [4, 6-8, 10], 66.0-84.2% of patients
with MM acquired seropositivity (Table 4). However, the
“seropositivity”” and “clinically protective titer” may be dif-
ferent and several reports developed different titers [11, 14,
15, 18]. Terpos, et al. reported that 53.5% of MM acquired
“clinically relevant antibody response” [8], in which titer
level was higher than that of our result (38.3%). In the report
by Terpos et al., 15.2% and 30.8% patients showed lym-
phopenia and IgG <700 mg/dL, however, 30.9% and 51.8%
(102/197) in our patients with MM showed lymphopenia and
lower polyclonal IgG (<550 mg/dL). Also, our results and
those reported by Pimpinelli et al. and Avivi et al. showed
differences in antibody titers (Table 4), and the severity of
humoral immunodeficiency might be related to the lower
clinically protective antibody response. In addition, patients
with low polyclonal IgG are more likely to receive IVIg,
which may induce further attenuation of vaccine efficacy.
On the other hand, our breakthrough infected patient who
was seronegative after full vaccine showed around 200 U/
mL after cocktail therapy. S-IgG “replacement” by neutral-
izing antibody infusion to achieve the clinically protective
titer showed the possibility of usefulness for immunocom-
promised patients.

Furthermore, in line with the previous study [8], our
study showed the negative impact of anti-CD38 antibody
administration on S-IgG production. According to the
consensus from European Myeloma Network [19] and
the International Myeloma Society guideline [20], “all
patients with PCD should be vaccinated” and the timing
of administration of the vaccine was “as soon as vaccine
is available”. However, there was no data about the “wash-
out” period from the last anti-CD38 antibody exposure to
the vaccination. In general, CD38 expression recovered
4-6 months after anti-CD38 antibody discontinuation
[21]. In our cohort, most patients with anti-CD38 anti-
body received monthly daratumumab infusions, and the
number of patients with the clinically protective antibody
titers rose modestly with longer wash-out periods prior
to vaccination (Fig. 2). However, these patients showed
significantly lower S-IgG titers than those without anti-
CD38 antibody administration despite no significance

difference of the absolute number of lymphocytes count
and the treatment response. These results suggested the
increase of patients with “acquired S-IgG antibody, but not
enough” by anti-CD38 antibody administration. Further-
more, longer wash-out periods, ideally 4—6 months, from
the end of anti-CD38 antibody administration to vaccina-
tion could be associated with an increase in the number of
patients who could produce sufficient antibody. However,
our study was designed to find the clinical variables that
affected COVID-19 vaccine responses in patients with
PCD this time, not to evaluate the effect of anti-CD38
antibody withdrawal period on vaccine efficacy. Further
studies are needed to detect the effect of duration of anti-
CD38 antibody cessation on vaccine responses.

On the other hand, our results suggested that IMiDs use
had a negative effect on antibody production. However, it
was unclear whether IMiDs use affected antibody produc-
tion positively or negatively [20], because of the regulatory
roles of IMiDs on T-cell or NK-cell activation which affect
antibody production by B-cells. The reasons of the nega-
tive impact of IMiDs for the vaccine response was unclear.
However, we did not collect data on the type of IMiDs and
were unable to assess the dose or impact and the amount of
dexamethasone or prednisolone for the prophylaxis of infu-
sion reaction, which were the one of the limitations. Further
studies are needed to determine the efficacy of the SARS-
CoV-2 vaccine during IMiDs administration.

To the best of our knowledge, this study was the first to
describe lymphocyte analysis after the SARS-CoV-2 vac-
cine in patients with MM. Due to the small number and
ad-hoc analysis, most patients whom we could analyze were
seropositive, however patients with clinically protective anti-
bodies showed the greater number of CD19+ lymphocytes.
As in several studies of B-cell lymphoma, B-cell depletion
impeded antibody production [22, 23]. In patients receiving
B-cell depleting agents such as anti-CD38 or anti-SLAMF7
antibody, the evaluation of B-cells in the peripheral blood
and the titer of polyclonal IgG should be evaluated [24].
In our patients, due to only 16 patients (7.8%, 4 patients
had been changed to the different regimen before their vac-
cine) who received elotuzumab within 6 months before their
first vaccine, statistical analysis could not be performed.
However, the duration of this study was relatively short,
and patients with the lower number of B-cells may have
a delayed response (for example, gradual increase until
3 months post-vaccination).

In our analysis, there were several limitations. There was
a fewer number of patients who evaluated S-IgG at T1. No
healthy controls measured their antibody titers at TO and
T1. The type of vaccination used in 4.8% in patients was
unknown (due to unavailable data), but only mRNA vaccines
(BNT162b2 or mRNA-1273), not vector vaccines, were dis-
tributed in Japan.
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In summary, our results showed a lower vaccine
response in patients with PCD, especially those with MM.
About 90% of patients with MM also became seroposi-
tive after the double dose vaccines, suggesting that all
patients with PCD should receive vaccination even if they
have poor response factors. Based on the fact that patients
who received anti-CD38 antibodies had a lower vaccine
response rate, it would be ideal to implement a tempo-
rary interruption in anti-CD38 therapy e.g., a “wash-out"
period for a few months prior to vaccination, followed by
a booster vaccine after B-cells have recovered. Further
research on vaccine administration strategy are required to
maximize the effectiveness of the SARS-CoV-2 vaccine.
We plan to further investigate the attenuation of antibody
titers and responses after the third dose, as well as regula-
tory T-cells, which are important for therapeutic responses
in MM [25] and may diminish vaccine responses [26].

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12185-022-03300-4.
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