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Abstract

Many patients with plasma cell disorder (PCD) on active treatment with severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) require hospitalization,

with an increased mortality rate over healthy adults. The FDA approved two

mRNA vaccines against SARS-CoV-2: BNT162b2 and mRNA-1273. To assess the

efficacy of vaccination in patients with PCD, retrospectively, we identified all

patients on active treatment. A total of 149 patients were included. Neutralizing

antibodies (NAbs) levels against SARS-CoV-2 adequate, intermediate, and no

response were observed in 42%, 32%, and 26%, respectively. Low NAbs were

seen in patients on daratumumab combinations or anti-BCMA therapy, low

lymphocytes, and low IgG levels. Twenty-three (15%) patients have SARS CoV-2,

while 8% required hospitalization, majority of these patients had intermediate or

no response based on NAbs levels. Therefore, checking NAbs may be clinically

helpful in identifying patients' responses. Further prospective studies should

ascertain the value of a third vaccine dose in this population.

K E YWORD S

mRNA vaccine, multiple myeloma, plasma cell disorder, SARS-CoV-2

1 | INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS CoV-2)

changed how we delivered health care in 2021. SARS CoV-2 was

declared a pandemic by World Health Organization on March

11, 2020.1 The clinical spectrum of active infection ranges from

asymptomatic carriers to a severe and life-threatening disease course

in up to 5%–10% of patients.2 Two mRNA vaccines against SARS

CoV-2: BNT162b2 and mRNA-1273 were approved under an emer-

gency use authorization (EUA) by the Food and Drug Administration

(FDA) due to the high efficacy in preventing SARS CoV-2- in addition

to the safety in December 2020.3–5 The first mRNA vaccines for SARS

CoV-2 (mRNA-1273 and BNT162b2) consist of mRNA encoding

prefusion-stabilized SARSCoV-2 spike ectodomain packaged in a lipid

nanoparticle.6,7

The risk of severe disease presentation, complications, and

worse outcomes is higher amongst patients with hematological

malignancies than the general population, and the risk of death

amongst hospitalized patients is as high as 39%.8–10 Patients with

multiple myeloma (MM) are at increased risk of infections due to

their immunocompromised state, older age, and comorbidities.

SARS CoV-2 causes moderate to severe acute respiratory
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dysfunction in 77% of MM patients and leads to critical condition

in 8% of them, while >80% of MM patients whom SARS CoV-2

infects require hospitalization with a mortality rate of 33% of hos-

pitalized MM patients with SARS CoV-2.9,11–13

This retrospective study evaluated the antibody responses to the

two mRNA vaccines against SARS CoV-2, mRNA-1273, and

BNT162b2 in all patients with plasma cell disorders (PCD), including

MM AL-amyloidosis, and smoldering myeloma (SMM) who are on

active treatment, at one institution.

2 | PATIENTS AND METHODS

Retrospectively, we collected data from patients with plasma cell

disorder (PCD) who were on active treatment between January

2021 and February 2022. We included for this analysis: (1) pres-

ence of plasma cell disorder (multiple myeloma smoldering mye-

loma and AL amyloidosis) on active treatment (active treatment

was defined as PCD- specific active treatment in the last 30 days,

including patients who received CAR-T cell within 6 months);

(2) Patients who received two doses of either mRNA vaccines

against SARS CoV-2: BNT162b2 & mRNA-1273; and (3) Patients

with measured neutralizing antibodies (NAbs) against SARS CoV-2

after 30 days from the second dose of the vaccine. Our study

excluded: (1) patients who were partially vaccinated of either

mRNA vaccines against SARS-CoV-2; and (2) patients who

received Ad26.COV2.

The NAbs levels after 30 days from the second vaccine dose were

evaluated. Blood samples were drawn early in 2021, from February

1 to February 20, 2022.

NAbs against SARS CoV-2 were measured as units/ml (U/ml)

(normal reference value is >250 U/ml). The NAbs levels were

grouped into full response (≥250 U/ml), intermediate response

(between 250 U/ml and ≥50 U/ml), and no response (<50 U/ml).14

Per institutional protocol, all patients on active treatment are

screened using RT-PCR for SARS CoV-2 through nasopharyngeal

swap every 4 weeks regardless of their symptoms or vaccine sta-

tus. Descriptive statistics were utilized in data analysis for patient

characteristics, type of treatment, disease response status, unin-

volved immunoglobulin (Ig) level, and other comorbidities. In addi-

tion, univariate and multivariate analyses were performed to

identify patients at higher risk of inadequate vaccination response

(<250 U/ml).

Fisher's exact or chi-square tests were used to analyze contin-

gency tables. The distribution of nonparametric independent vari-

ables was compared by the Wilcoxon rank-sum test. To identify the

difference between group means for continuous variables, compari-

sons were performed with analysis of variance (ANOVA). Factors

with a p value less than 0.1 were included in a forward and back-

ward stepwise model selection. Odds ratios are presented with their

95% confidence intervals. Statistical significance was designated at

the conventional two-tailed α level of .05 using R statistical

software.

3 | RESULTS

3.1 | Baseline characteristics of PCD patients

We identified 149 patients, including 49% females with a median age

of 69 (40–95) years. The characteristics of the patients with PCD are

described in Table 1.

Among them, 131 patients were myeloma, 10 (8%) patients were

newly diagnosed on induction therapy, 46 (35%) patients were on

maintenance therapy, and 75 (57%) patients had relapsed/refractory

multiple myeloma (RRMM) who had ongoing treatment. Median

lines of therapy (LOT) for the whole myeloma group (n = 131) were

2 (1–13) lines, while for those with RRMM (n = 75) the median LOT

was 4 (2–13) lines. Sixty-six (51%) patients received monotherapy

while 65 (49%) patients received combination therapy, while

TABLE 1 Patients characteristics with PCD who received mRNA
vaccine

Characteristics No. of patients (%)

Gender, male: female 76: 73

Age, years, median (range) 69 (40–95)

Race, no of patients (%)

Caucasian 121 (81%)

African American 25 (17%)

Hispanic 3 (2%)

PCD, no. of patients (%)

Multiple myeloma 131 (88%)

AL Amyloidosis 13 (9%)

Smoldering myeloma 5 (3%)

Paraprotein type, no. of patients (%)

IgG 84 (57%)

Non-IgG 33 (22%)

Light chain 32 (21%)

Therapy type; no. of patients (%)

IMiD 29 (20%)

PI 11 (7%)

IMiD/PI 8 (5%)

IMiD/PI/steroids 11 (7%)

Daratumumab 23 (16%)

Dara/PI/dexamethasone 22 (15%)

Dara/IMiD/dexamethasone 27 (18%)

BCMA-targeted therapy 14 (11%)

Other 2 (1%)

Previous autologous SCT 104 (70%)

Median number of lines of therapy (range) 2 (1–13)

Abbreviations: BCMA, B- cell maturation agent (belantamab, CAR-T, BiTE,

BCMA MoA); Dara, daratumumab; IMiD, immunomodulatory agent

(thalidomide, lenalidomide, pomalidomide); PCD, plasma cell disorder; PI,

protesome inhibitor (bortezomib, carfilzomib, ixazomib); SCT, stem cell

transplant.
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101 (77%) patients underwent high-dose chemotherapy followed by

autologous stem cell transplant. A total of 122 (93%) patients showed

an overall response rate of at least partial response or better, while

only six (7%) patients showed stable disease to treatment per IMWG

response criteria. Ten (8%) patients were previously infected with

SARS CoV-2 prior to vaccination.

Thirteen patients were identified with AL-amyloidosis in this

study, four (31%) patients were newly diagnosed on induction ther-

apy, three (23%) patients were on maintenance therapy, and six (46%)

patients had relapsed AL-amyloidosis who had ongoing treatment.

Median LOT for AL-amyloidosis sub-group (n = 13) were 2 (1–2) lines.

Eight (62%) patients received monotherapy, eight (38%) received com-

bination therapy, while three (23%) underwent high-dose chemother-

apy followed by autologous stem cell transplant. All patients showed

an overall response rate of at least partial response or hematological

response or better. One patient was previously infected with SARS

CoV-2 prior vaccination. We included five patients diagnosed with

high-risk smoldering myeloma receiving active treatment per active

clinical trials. One patient (20%) was on induction therapy, while four

(80%) patients were on maintenance therapy. All patients showed an

overall response of at least partial response or better.

3.2 | Humoral response in PCD patients

We categorized the patients on many factors, including age, gender,

race, performance status, other comorbidities (congestive heart fail-

ure, renal failure), type of plasma cell disorder, immunoglobulin levels,

response status, and the type of anti-myeloma treatment. The relation

between myeloma response, ALC, IgG levels, and antibodies response

after vaccination is summarized in Figure 1. NAbs levels were evalu-

ated in 149 patients who were either treated with monotherapy or

combination therapy. The median time between the second dose of

the vaccine and testing for NAbs was 104 (30–196) days. Only

63 patients (42%) developed an adequate response, 47 patients (32%)

had an intermediate response, while 39 (26%) did not respond to the

vaccine. Table 2 demonstrates the NAbs levels amongst all PCD

subtypes.

F IGURE 1 Bubble plot showing the relationship between absolute lymphocyte count (ALC), IgG levels, myeloma status, and the level of
antibody response to vaccination

TABLE 2 Percentage of NAbs responders and non-responders in PCD patients

NAbs adequate response, n (%) NAbs intermediate response, n (%) NAbs non-responders, n (%)

All PCD patients (n = 149) 63 (42%) 47 (32%) 39 (26%)

MM (n = 131) 57 (44%) 42 (32%) 32 (24%)

AL-amyloidosis (n = 13) 4 (31%) 3 (23%) 6 (46%)

SMM (n = 5) 2 (40%) 2 (40%) 1 (20%)

Abbreviations: MM, multiple myeloma; NAbs, neutralizing antibodies; PCD, plasma cell disorder; SMM, smoldering multiple myeloma.
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TABLE 3 Type of treatment for NAbs responders and non-responders

NAbs adequate response,

n (%)

NAbs partial response,

n (%)

NAbs non-responders,

n (%)

IMiDs (n = 29) 18 (62%) 8 (28%) 3 (10%)

PI (n = 11) 10 (91%) 0 1 (9%)

IMiD + PI (n = 8) 7 (88%) 1 (12%) 0

IMiD + PI + Dex (n = 11) 3 (27%) 3 (27%) 5 (46%)

Daratumumab (n = 23) 8 (35%) 9 (39%) 6 (26%)

Dara + PI+ Dex (n = 22) 8 (36%) 7 (32%) 7 (32%)

Dara + IMiD + Dex (n = 27) 6 (23%) 12 (44%) 9 (33%)

BCMA-targeted therapya (n = 16) 3 (19%) 5 (31%) 8 (50%)

Othersb (n = 2) 0 0 2 (100%)

Any monotherapy (n = 75) 38 (51%) 22 (29%) 15 (20%)

Any combination therapy (n = 74) 25 (34%) 23 (31%) 26 (35%)

Daratumumab-based therapy (n = 72) 22 (31%) 28 (31%) 22 (31%)

IMiD-based therapy (n = 79) 34 (43%) 24 (30%) 21 (27%)

PI-based therapy (n = 56) 29 (52%) 11 (19%) 16 (29%)

Any combination therapy with dexamethasone

(n = 66)

18 (28%) 22 (33%) 26 (39%)

Abbreviations: IMiD, immunomodulatory agent (thalidomide, lenalidomide, pomalidomide); NAbs, neutralizing antibodies; PI, protesome inhibitor

(bortezomib, carfilzomib, ixazomib).
aBCMA-targeted therapy: includes belantamab, BCMA MoAb, BiTE, CAR-T.
bElotuzumab-based therapy.

F IGURE 2 Boxplot for antibody response based on myeloma response to therapy
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Twenty-three (15%) patients developed SARS CoV-2 post-vac-

cine. Eleven (48%) of 23 patients were NAbs levels non-responders,

eight (35%) patients showed an adequate response, while four

(17%) had intermediate response. None of these patients were

infected with SARS CoV-2 prior vaccine. Eighteen (78%) of

23 patients who were infected were symptomatic (fever, shortness

of breath, congestions, cough, headache, and fatigue). The median

time between second vaccine and the date of SARS CoV-2 infec-

tion was 9 (3–12) months. For those who were symptomatic, 8 of

18 (45%) NAbs levels were non-responders, 6 of 18 (33%) patients

showed an adequate response, and 4 of 18 (22%) patients had an

intermediate response. Eighteen patients received different treat-

ment for SARS CoV-2, 8 of 18 (44%) received casirivimab and

imdevimab, 7 of 18 (39%) received remdesivir and dexamethasone,

while 3 of 18 (17%) received sotrovimab.

Only 8 of 149 (5%) patients who were fully vaccinated required

hospitalization due to SARS CoV-2 infection, two patients were admit-

ted to the intensive care unit; unfortunately, one patient (0.7%) died

due to complications from SARS CoV-2. For those who were hospital-

ized, four of eight (50%) NAbs levels were non-responders, three of

eight (38%) patients showed an intermediate response or adequate

response, while one of eight (12%) patients had adequate response.

Eleven (7%) patients who were previously infected with SARS

CoV-2 prior to the vaccine showed that 10 (91%) patients had an

adequate response of NAbs levels versus one (9%) patient who

showed no NAbs response.

3.3 | Correlation between the efficacy of SARS
CoV-2 vaccine and the type of treatment for PCD
patients

We analyzed Nabs response in relation to type of treatment (Table 3).

Patients who received monotherapy (n = 40) versus combination

therapy (n = 109), showed that those with NAbs adequate response

(70% vs. 32%; p < .005), partial response (20% vs. 33%; p = .14), and

no response (10% vs. 37%; p = .037). Patients who received

daratumumab-based therapy, whether monotherapy (n = 24) or in

combination therapy (n = 48), showed that those with NAbs had an

adequate response (33% vs. 29%), intermediate response (41%

vs. 37%), and no response (26% vs. 32%). Treatment with BCMA

(B-cell maturation antigen) targeted therapy that includes: Belanta-

mab, BCMA/CAR-T, BCMA BiTE (bispecific T-cell engager), and other

BCMA-targeted Ab were included in this study (n = 16), four of these

patients received combination therapy. Patients on BCMA-targeted

therapy showed NAbs with an adequate response, intermediate

response, and no response reported in 19%, 31%, and 50%,

respectively.

F IGURE 3 The odds ratio for full antibodies responses to vaccination
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3.4 | Predictive factors for NAbs production

There were no significant differences regarding NAbs levels between

myeloma and AL-amyloidosis and smoldering myeloma patients. No

correlations were identified between gender, race, performance sta-

tus, prior lines of therapy. However, patients with a very good partial

response or better are more likely to have a full antibodies response

(p = .009; Figure 2).

While treatment with IMiD-based regimen was associated with

higher odds for full NAbs levels, treatment with BCMA-targeted or

anti-CD38-based regimen was associated with a lower odd of mount-

ing full NAbs response (p < .005; Figure 3). The median eGFR, IgG,

and absolute lymphocyte counts were higher for patients with full

antibody responses than for patients with a suboptimal response.

In a forward stepwise selection model on patients with complete

data (n = 140), younger age, higher eGFR, higher IgG levels, higher

ALC, higher performance status, and treatment without daratumumab

or BCMA-based therapy were associated with higher antibody

responses.

4 | DISCUSSION

Patients with MM are at increased risk of infections secondary to

their immunocompromised state, secondary to continuous treatment,

older age, hypogammaglobulinemia, and comorbidities.11 Our data indi-

cate that vaccination with the mRNA-1273 and BNT162b2 leads to

lower production of NAbs against SARS CoV-2 in PCD patients on

active treatment. This retrospective study demonstrated that

only 42% of patients with PCD on active treatment would achieve

NAbs adequate response, while 32% demonstrated an intermediate

response and 26% showed no response. The strongest predictive fac-

tors for poor humoral responses are daratumumab-based or anti-

BCMA therapy, low lymphocytes, and low IgG levels at the time of

vaccination.

This finding is consistent with a previous study showing that the

suboptimal humoral response of PCD patients to vaccines can be

attributed to impaired function of immune cells in the marrow micro-

environment characterized by dysfunction of effector cells, loss of

antigen presentation, and expansion of immunosuppressive cells.14

Also, other studies showed that patients with multiple myeloma with

active disease, on treatment, or immunoparesis had inadequate sero-

logical responses after vaccination.14,15

Our results confirm previously published data. Terpos et al.16

eloquently demonstrated that, at the time of vaccination, treatment

with either anti-CD38 (Mabs) or BCMA-based and lymphopenia were

independent prognostic factors for suboptimal antibody response

following vaccination. Memory B-cell and T-cell responses might be

significantly compromised in patients with PCD. Antitumoral treat-

ments are known to aggravate further immunosuppression, impairing

T-cell and antibody function and production.17–19

The efficacy of the BNT162b2 and mRNA-1273 against SARS

CoV-2 in healthy adults has been clearly demonstrated.3,4 A high but

variable mortality (27%–57%) in SARS CoV-2 hospitalized patients

with PCD was reported by the International Myeloma Society. Our

data suggested that 23 of 149 (15%) patients with PCD who were

fully vaccinated with either mRNA-1273 or BNT162b2 developed

symptomatic/asymptomatic SARS CoV-2 infection. Most of the

patients (65%) who had SARS CoV-2 infection showed NAbs levels

with intermediate or no response, indicating the possibility of a corre-

lation of humoral response to the severity of the infection. Although

8 of 149 (5%) patients required hospitalization, the majority of them

(88%) had either intermediate or no response.

Patients treated with daratumumab-based therapy (monotherapy

or combination therapy), BCMA-targeted therapy, or any combination

therapy with dexamethasone showed a decrease in the humoral

response.

Our study has many limitations. First, this is a single-center

retrospective study with a relatively moderate sample size by

default. In addition, data collection was done through a chart

review and is partly dependent on information obtained from

treating physicians' documentation and did not monitor T-cell

immunity to the vaccination. Finally, this data reflect results from

an academic medical center that might not reflect the current vac-

cination response elsewhere.

5 | CONCLUSION

After both mRNA vaccines (mRNA-1273 and BNT162b2), the Ab

response is lower in patients with PCD getting active treatment than

in the general population. NAbs are especially low for patients on dar-

atumumab combinations or anti-BCMA therapy, low lymphocytes,

and low IgG levels at the time of vaccination. Some PCD (26%) may

not develop NAbs despite vaccination or previous SARS CoV-2 infec-

tion. Therefore, checking NAbs may be clinically useful in identifying

patients' responses, due to possibly increased risk of SARS-CoV-2

infection and might benefit from a booster vaccine or prophylactic

treatment. Further prospective studies should ascertain the value of a

third vaccine dose in this population.
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