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Introduction

Cases of community-acquired coronavirus disease 2019
(COVID19) are continually spreading worldwide, despite
efforts of social distancing and isolation of exposed and
infected persons. Patients diagnosed with multiple myeloma
(MM) were found to be at high risk for significant complica-
tions, with mortality approaching 33%."* Moreover, recent
data suggest that immunocompromised patients often experi-

Summary

Multiple myeloma (MM) patients are at excess risk for clinically significant
COVIDI19 infection. BNT162b2 mRNA COVID19 (BNT162b2) vaccine
provides effective protection against COVID19 for the general population,
yet its effect in MM patients may be compromised due to disease and
therapy-related factors and was not yet evaluated. This single-centre
prospective study included MM patients tested for serological response 14—
21 days post second vaccine. Vaccinated healthy volunteers served as con-
trols. In all, 171 MM patients, median age 70 (38-94) were included; 159
active MM and 12 smouldering myeloma (SMM). Seropositive response
rate (median titer) was 76% (91 U/ml) in active MM patients vs 98%
(992 U/ml) in the 64 controls (P < 0-0001), and 100% (822 U/ml) in
SMM patients. Multivariate analysis revealed older age (P = 0-009), expo-
sure to >4 novel anti-myeloma drugs (P = 0-02) and hypogammaglobuli-
naemia (P = 0-002) were associated with lower response rates. None of the
novel agents significantly decreased response rate, whereas daratumumab
trended towards reduced response (P = 0-08). Adverse events occurred in
53% and 55% of the MM patients and controls, respectively, all transient
grade 1-2. In conclusion, BNT162b2 vaccine was safe and provided a high
seropositivity rate in MM patients, independent of treatment type. Older,
hypogammaglobulinaemic and heavily pretreated patients had lower
response rates.

Keywords: BNT162b2, COVID19 vaccine, multiple myeloma, antibody
response.

efficacy of this COVID19 vaccine in patients diagnosed with
MM remained unclear.*

The current study investigated the humoral response to
COVID19 vaccine in patients with MM and evaluated pre-
dictors for the achievement of humoral response, focusing
on the impact of disease status, level of immune-paresis and
treatment regimen, particularly daratumumab, hypothesizing
that its plasma cell-depleting effect might adversely affect
response to COVID19 vaccine.

ence a prolonged disease course and may serve as ‘continu-

ous viral reservoirs’, thereby supporting the development of
new viral mutations.! Prevention of infections, or at least
reducing disease severity, is therefore warranted. BNT162b2
mRNA COVID19 vaccine has been already shown to provide
92% response rate in the general population;> however, the
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Patients and methods

This prospective cohort study investigated the efficacy of
BNT162b2 mRNA COVIDI19 vaccine in patients diagnosed
with MM, in a real-world setting. The primary end-point of

© 2021 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2021, 195, 186-193

.
b h BRITISH JOURNAL
OF HAEMATOLOGY



https://orcid.org/0000-0001-8663-444X
https://orcid.org/0000-0001-8663-444X
https://orcid.org/0000-0001-8663-444X
https://orcid.org/0000-0002-3741-689X
https://orcid.org/0000-0002-3741-689X
https://orcid.org/0000-0002-3741-689X
https://orcid.org/0000-0002-9061-7287
https://orcid.org/0000-0002-9061-7287
https://orcid.org/0000-0002-9061-7287
mailto:

the study was the seropositivity rate achieved following vacci-
nation with BNT162b2 mRNA COVID19 vaccine, assessed
by measuring the anti-SARS-CoV-2S antibody titer pre and
post vaccination. The study was approved by the institutional
review board and is registered in ClinicalTrials.gov, number
NCT04746092. All participants signed an informed consent
form prior to their inclusion in the study.

Study design and patient population

The study included patients diagnosed with active or smoul-
dering MM,? age >18 years, males and females, who received
two consecutive vaccines and visited the Haematology divi-
sion at Tel Aviv Sourasky Medical centre (TASMC) between
23 December 2020 and 17 March 2021.

Compatible with our department’s policy, all MM patients
[except those that underwent an autologous haematopoietic
stem cell transplantation (HSCT) within the past 3 months]
were advised to receive two consecutive BNT162b2 mRNA
COVID19 vaccines, administered 21 days apart, as a standard
of care through the national vaccination programme. Recom-
mendations on best timing for vaccination were provided by
the treating physicians and followed the international MM
guidelines® and the department’s policy. In general, patients
treated with daratumumab single agent or in combination
with immunomodulatory agents (IMiDs) and/or proteasome
inhibitors (PI) were advised to have a 14-days gap between
their last daratumumab dose and vaccination (adjusting
daratumumab schedule with possible delays). Patients treated
with proteasome inhibitor (PI)/PI-dexamethasone were
advised to schedule their vaccinations 7-14 days post ther-
apy, and patients treated with lenalidomide maintenance
therapy were advised to continue therapy without interrup-
tion. There were no specific reccommendations regarding the
preferable timing for vaccination for treatment-naive patients
and for those that completed therapy >3 months earlier.

In addition to the MM vaccinated cohort, described
above, the study included age-compatible healthy volunteers
(mainly spouses who accompanied the myeloma patients),
with no medical history of haematological malignancy or
infection or known exposure to COVID19, who received two
doses of vaccination 14-21 days before undergoing a serolog-
ical test for COVIDI19, and served as controls.

Blood samples for serological test for both patients and
healthy controls were drawn 14-21 days after the second vac-
cine. Frozen serum samples, obtained within 30 days before
the first vaccine (from standard of care archive samples),
were used to exclude prior exposure to COVIDI9 in MM
participants. When unavailable, post-vaccination samples
were tested for the presence of antibodies to severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) nucleocap-
sid by the Elecsys® Anti-SARS-CoV-2 assay using the cobas
e 601 (Roche 5 Diagnostics). MM patients that were found
to have a seropositive test prior to vaccination or positive for
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nucleocapsid post vaccination were excluded from further
analysis.

Demographic and clinical data, focusing on histological
diagnosis, fluorescence in situ hybridization (FISH) cytoge-
netics risk stratification [high risk including dell7p, t(4:14), t
(14:16), t(14:20), +1q21], disease status: active myeloma (de-
fined as patients who had experienced at least one myeloma-
defining event) versus smouldering myeloma (SMM), as
defined by International Myeloma Working Group (IMWG)
criteria® and response to recent or current therapy (defined
according to the IMWG criteria),” treatment regimen, lym-
phocyte counts and polyclonal globulin levels (calculated as
total immunoglobulin minus monoclonal protein) at the
time of vaccination were recorded from patient’s electronic
medical charts. Vaccination dates and adverse events (AEs)
reported within the first seven days post each one of the two
vaccines were recorded. AEs were graded according to the
Common Terminology Criteria for Adverse Events (CTCAE)
4-03.

Assessment of serological response

Serum samples, obtained prior to the first vaccine and 14—
21 days after the second vaccine, were analyzed, using Elec-
sys® Anti-SARS-CoV-2S immunoassay, performed on the
cobas e 601 fully automated analyzer [for quantitative deter-
mination of antibodies, predominantly immunoglobulin G
(IgG)] to the SARS-CoV-2 spike (S) protein receptor-
binding domain (RBD).® The assay uses a recombinant pro-
tein representing the RBD of the S antigen in a double-
antigen sandwich assay format, which favours detection of
high-affinity antibodies against SARS-CoV-2, and its mea-
surement range is 0-40-250 U/ml. A concentration level
<0-80 U/ml was considered a seronegative result, whereas
concentration >0-80 U/ml was considered as 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 1:10 or 1:100, dependent on
the dilution being required (if after 1:10 dilution the sample
result was >2 500 U/ml, sample was further diluted 1:100).

Statistics

Continuous variables were described as the median and
range or interquartile range (IQR) of observations. Categori-
cal data were described with contingency tables including fre-
quency and percent. Pearson’s chi-squared test, Fisher’s exact
test and univariate Cox regression were used to study the
crude association between studied predictors and vaccine
response rate. Converting continuous variables into categori-
cal variables was based on both frequency distributions and
clinical familiarity with impact factors on response variable.
A chi-squared test for association to check the marginal rela-
tionship was performed. The Mann—Whitney U-test was used

187



|. Avivi et al.

to compare medians of concentration levels of serology anti-
bodies (titers). Multivariate Cox regression analysis was per-
formed using the forward method (P < 0-05 was used as
criterion for entrance) in order to identify independent pre-
dictors for response rate. A two-sided P value of < 0-05 was
considered as statistically significant. Variables with trend or
significant association to response rate, or those known to be
of important clinical significance, were tested in the multi-
variate model. SPSS software (IBM SPSS Statistics for Win-
dows, version 27, IBM corp., Armonk, NY, USA, 2017) was
used for all statistical analyses.

Results

Patient characteristics

In all, 171 MM patients (study cohort) and 64 healthy volun-
teers (control cohort) were included. Serological tests were
performed in all patients and controls. Patients with active
myeloma (n = 159) had a median age of 70 (range 38-94),
57% were male, 44% had International Staging System (ISS)
II-1II and 26% had high-risk cytogenetics (Table I). Median
estimated polyclonal immunoglobulin level was 6-54 (IQR
3-82-9-46) g/l. The median time from initiation of an anti-
myeloma therapy to vaccination was 32 months (range: 0—
314). Twenty-one percent (n = 34) were newly diagnosed
MM patients (first therapeutic line) and 79% (n = 125) were
relapse/refractory patients. Ninety-two (147/159) percent of
these patients were under active therapy at the time of vacci-
nation. At serological testing, 98 (72%) of evaluable actively
treated patients had a treatment response of very good par-
tial response (VGPR) or better, 17 (13%) achieved less than
partial response (PR). Patients with SMM (n = 12) had a
median age of 72 (49-79), six females and six males. Median
time from SMM diagnosis to serological testing was 2-3
(range: 0-7-7-3) years, none received anti-myeloma therapy.
The healthy control cohort (n = 64) included 27 males and
37 females; the median age was 67 (range 41-84) years. Pre-
vaccination samples, available for 82 patients, were all
seronegative.

Adverse events

All AEs reported among myeloma patients and healthy con-
trols were grade 1-2 and transient. Fifty-three (90/161 evalu-
able) percent of the myeloma patients and fifty-five (29/53
evaluable) percent of the healthy controls experienced at least
one AE related to the vaccination. The most frequent AEs in
both cohorts were pain in the injection site and fatigue
(Fig 1).

Serologic response to vaccination

All MM patients included in the study cohort either showed
negative serological tests in pre-vaccination samples (n = 82)
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or tested negative for nucleocapsid post vaccination
(n = 89). Within a median follow-up period of 107 (range
78-121) days from the second COVID-19 vaccine, none of
the MM patients developed COVID19 infection. Humoral
response to vaccination was achieved in 133 (78%) out of
171 myeloma patients compared to 63 (98%) out of 64 sub-
jects in the control cohort, P = 0-000132. This difference was
driven by the response rates among active MM patients, 121
(76%) out of 159 compared to 63 (98%) out of 64 subjects
in the control cohort, P = 0-00062. All SMM patients had a
serological response to the vaccine (Table II). Median anti-
body titers were 91 (0—4 875) U/ml, 822 (5-2 878) U/ml
and 992 (0-4-5 000) U/ml in active MM patients, SMM
patients and healthy controls, respectively (Fig 2). Median
antibody titer among the 121 active MM patients that
responded to the vaccine was 218 (1-2-24 875) U/ml.
Univariate analysis of the active myeloma patients, com-
(n=121)
responders (n = 38) revealed that older age, high-risk cytoge-

paring vaccination responders versus non-
netics, lower polyclonal globulins levels, a lower lymphocyte
count, advanced treatment line, greater number of novel
drugs the patient was exposed up to vaccination and depth
of response to anti-myeloma therapy at vaccination time
were associated with a lower response rate to the vaccination
(Fig 3). Thus, vaccination response rate was 87% in patients
up to 65 years vs 71% in those older than 65 (P = 0-036);
91% patients in first treatment line responded vs 60%
patients in third or subsequent lines (P = 0-005); Patients
with a deep myeloma response (at least VGPR) had an 81%
response rate vs 69% in patients who did not achieve VGPR
at the time of vaccination (P = 0-04) and response rate was
84% vs. 52% in patients exposed to 1-2 anti-MM agents vs.
>4 (P = 0-002). Gender, time since myeloma diagnosis, ISS,
regimen combination, time on daratumumab therapy and
time since autologous stem cell transplantation (ASCT) were
not related to seropositive response.

Specifically, seropositive responses by treatment regimens
were achieved in 75% (18/24) of daratumumab-lenalido-
mide-dexamethasone, 85% (17/20) of bortezomib—lenalido-
(12/19)
dexamethasone, 100% (15/15) of lenalidomide maintenance,
and 83% (10/12) of bortezomib maintenance patients. IMiD-
, PI- and IMiD + PI-containing regimens were not associated

mide-dexamethasone, 63% of daratumumab-

with response rate. Daratumumab-containing regimens
trended towards a lower response rate (69% vs. 81%,
P = 0-08). Titers measured among the 13 patients who were
vaccinated between 3 and 12 months post-transplant reveal
numerically attenuated responses in four out of five patients
vaccinated between 3-4 and eight months post ASCT; Fig-
ure S1).

Multivariate analysis confirmed older age [odds ratio
(OR) 0-927, 95% confidence interval (CI) 0-876-0-981],
exposure to a greater number of anti-myeloma novel drugs
(3 vs. 0-2 drugs: OR 0-333, 95% CI 0-074—1-491; >4 vs. 0-2
drugs: hazard ratio 0-187, 95% CI 0-046-0-767) were
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Table I. Patients’ characteristics.

Efficacy of COVID19 Vaccine in Patients with Multiple Myeloma

Variable Active MM (n = 159) SMM (n = 12)
Age at vaccination, years; (median, range) 70 (38-94) 72 (49-79)
Age >65 94 (59%) 10 (83%)

Gender, female : male
ISS (n = 111 evaluable)
1
I
1II
FISH cytogenetics
Standard risk
High risk
Absolute lymphocyte count, k/pl; median (IQR)
Estimated polyclonal Ig (g/1); median (IQR)
IVIG therapy at vaccination time
Time since MM treatment start, months; median (range)
Actively treated at time of vaccination
Treatment regimen at vaccination, containing’
IMiD
PI
DARA
IMiD + PI
Lines of therapy (median, range)
0
1
2
>3
No. anti-myeloma drugs exposed
0-2
3
>4
Prior HSCT
Time since HSCT, months; median (IQR)
MM treatment response at vaccination (n = 137 evaluable)
>VGPR
>PR

69 (43%): 90 (57%) 6 (50%): 6 (50%)

61 (55%) N/A

26 (23%) N/A

24 (21%) N/A
109 (74%) 6 (75%)

38 (26%) 2 (25%)
3-13 (2-11-4) 3.65 (3-26-4-88)
6-54 (3-82-9-46) 13-04 (6-4-16-83)

26 (16%) N/A

32 (0-314) N/A
146 (92%) N/A

90 (57%) N/A

73 (46%) N/A

72 (45%) N/A

31 (20%) N/A

2 (1-9)

2 (1%) N/A

34 (20%) N/A

67 (42%) N/A

58 (37%) N/A

76 (49%) N/A

40 (26%) N/A

40 (26%) N/A

96 (60%) N/A

36 (20-56) N/A

98 (72%) N/A
118 (86%) N/A

DARA, daratumumab; FISH, fluorescence in situ hybridization; HSCT, haematopoietic stem cell transplantation; IMiD, immunomodulatory drug;

ISS, international staging system; IVIG, intravenous immunoglobulin; MM, multiple myeloma; No, number; PI, proteasome inhibitor; PR, partial

response; VGPR, very good partial response.

associated with lower humoral response, while increase in
polyclonal globulin level (OR 1-3 95% CI 1-107-1-556) was
associated with higher humoral response rates (Table III).

Discussion

Our study evaluated the serologic response to two doses of
BNT162b2 mRNA COVID19 vaccine in 171 patients diag-
nosed with MM and compared their responses with those
obtained in age-compatible vaccinated healthy controls.
Despite the fact that most (92%) of our patients received an
anti-myeloma therapy at the time of vaccination, response
rate approached 80%. These results are highly encouraging,
considering the relatively low response rates reported in MM

patients that were vaccinated with anti-influenza®*' or
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: . 12,13
pneumococcl  vaccines

approaching 20%-30% only.
These differences in humoral response rates may theoretically
reflect variability between the characteristics of patients
included these studies to our cohort, yet it is plausible this
reflects a true difference in the potency of the vaccine itself.
Nevertheless, response to BNT162b2 mRNA COVIDI19 vac-
cine appeared to be affected by several factors; elderly
patients exhibited lower response rates, attributed to the
additive effect of ageing on the immune system.'>'*"’
Immune-compromised patients in our study cohort, as
reflected by low levels of polyclonal globulins (e.g. hypogam-
maglobulinaemia) and lymphopenia, were found to have les-
ser humoral responses. Additionally, and in line with prior
studies evaluating response to pneumococci and influenza

vaccines,lz’16 response rates to BNT162b2 mRNA COVIDI19
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Table II. Rate of serological response to BNT162b2 vaccine.

Antibody response

n (%)
P value vs.
Cohort Positive Negative  healthy controls
Healthy controls 63 (98) 1(2)
All myeloma 133 (78) 38 (22) 0-000132
Active myeloma* 121 (76) 38 (24) 0-00062
Smoldering myeloma* 12 (100) 0 (0) 0-722

*Active myeloma versus smouldering myeloma: P = 0-044.

vaccine were lower in those who failed to attain a deep
response to anti-myeloma therapy, most probably reflecting
the greater immunodeficiency, both humoral and cellular,
The highly
effective anti-MM agents employed in our patients nowadays,

.. . . . 1
existing in these ‘non-responding’ patients.'®

providing deeper and more sustainable disease control com-
pared with those obtained earlier, in the pre-novel agent era,

K

I B3

Fig 1. Adverse events to BNT162b2 mRNA
COVID-19 vaccine reported in patients diag-
nosed with multiple myeloma (MM) versus
healthy controls. [Colour figure can be viewed
at wileyonlinelibrary.com]

3%
44%

55%

50% 60%

might also contribute to the remarkable response rate to
COVIDI19 vaccine,'® compared with that obtained to influ-
enza vaccines, investigated in the pre-novel or early novel
agent era.” Heavily pre-treated patients, reflected by four or
more novel anti-myeloma drugs or third or subsequent treat-
ment line, have also experienced lower response rates, reflect-
ing the exhaustion of their immune system mainly attributed
to their progressive/refractory disease'® ' but also to the
accumulated effect of multiple antimyeloma therapies being
given. In line with this observation, response rate in
treatment-naive, SMM patients was 100%. In consensus with
these findings, patients with standard (vs high-risk) disease
also did better; having a relatively preserved immune func-
tion, and often being relatively less heavily pretreated.

None of the novel anti-MM agents being administered
was shown to a statistically significant impact on responsive-
ness to BNT162b2 mRNA COVID19 vaccine. Moreover,
response rate in patients treated with lenalidomide mainte-
nance therapy was 100%; indicating an ongoing good disease

P<0.001
[
o & P=0.094 ‘
o *
4500 o
o
o P=1.0 5
*
3500 *
g 3000
£
2
2‘ 2500 *
8 2000 2227
by 1756 8
o 1500
<
Q@
= 1000
s 598 . Fig 2. Antibody titers to BNT162b2 mRNA
s 488 COVID-19 vaccine measured in patients with
. 1 active multiple myeloma (aMM) compared
- with patients with smouldering multiple mye-
healthy controlos SMM active MM loma (SMM) and healthy controls. [Colour
Range: 0-5001 18-2878 0-24,875 figure can be viewed at wileyonlinelibrary.com]
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Variable Categories Poi;:&laof\(,% )
Age at Vaccination <65 41 (87)
>65 79 (71)
F 53(77)
Gender M 68 (76)
ISS 1 49 (56)
2 20 (77)
3 16 (67)
FISH cytogenetics SR 89 (82)
HR 23 (60.5)
ALC K/microlL) <1.5 18 (62)
>1.5 101 (79)
Polyclonal Ig (g/L)™* >10 32 (94)
<10 84 (70.5)
" No 101 (76)
VIG Tx Yes 22 (77)
No 11(79)
Current tx. Vos 110(76)
IMiD regimen*? No 58 (74)
Yes 70 (78)
Pl regimen™ no 64 (74)
Yes 57 (78)
. o2 no 70 (81)
DARA regimen Ves 50 (69)
IMiD+PI regimen™? no 43 (79.5)
Yes 25 (80.5)
MM Line of <1 29 (90.6)
therapy ™ 2 55 (82)
>3 35 (60)
No. MM drugs™ 0-2 38 (84.4)
3 31(79.5)
>4 21(52.1)
Prior HSCT™* no 43 (70.5)
yes 77 (89.2)
MM response >VGPR 79 (80.6)
<VGPR 25 (69)

OR (95% CI) P value

— 0.36 (0.14-0.91) 0.036
0.38(0.45-1.9) | 0.854
0.41

0.82 (0.27-2.48)

0.49 (0.17-1.41)
— 0.34(0.15-0.78) | 0.01
——i 0.4 (0.17-0.94) | 0.036
N 0.15 (0.03-0.67) 0.013

0.95 (0.35-2.56) 0.9
0.68(0.23-3.25) | 0.82
1.23(0.59-2.57) | 0.57
0.82(0.39-1.7) 0.6

—_— 0.52 (0.25-1.02) 0.08
0.91 (0.31-2.85) 0.91
0.004

0.47 (0.12-1.18)

— 0.16 (0.04-0.58)
0.001

0.71(0.23-2.2)

o 0.2 (0.07-0.56)
e 0.59 (0.28-1.24) | 0.16
— 0.43(0.19-0.98) | 0.04

lower response rate
o
-

0

05 10 15 20 25 30

higher response rate
»

L

Fig 3. Subgroup analysis of predictors of response according to patients’ characteristics. *1, polyclonal immunoglobulin estimated by total globu-

lins minus monoclonal protein; *2, treatment at time of vaccination; *3, number of novel anti-myeloma drugs exp;osed up to time of vaccina-
tion; *4, prior haematopoietic stem cell transplantation. ALC, absolute lymphocyte count; DARA, daratumumab; FISH, fluorescence in situ
hybridization; HSCT, haematopoietic stem cell transplantation; Ig, immunoglobulin; IMiD, immunomodulatory; ISS, International Staging Sys-
tem; IVIG, intravenous immunoglobulin; MM,; PI, proteasome inhibitor; PR, partial response; VGPR, very good partial response.

control in these patients and potentially, a contributory
immunomodularory effect of lenalidomide in this setting.'®**
daratumumab tended to be associated with

reduced response rates; most probably reflecting its plasma

However,
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cell-depleting effect, affecting also normal plasma cells and
associated with hypogamaglobuloumemia,* and also its cur-
rent employment in patients with advanced, relapsed/refrac-
most daratumumab-treated

tory disease. Nevertheless,
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Table III. Multivariate analysis.

Odds  95% confidence

Variable ratio  interval P-value
Age 0-927  0-876-0-981 0-009
No. MM drugs exposed

No. MM drugs exposed*: 0-2

No. MM drugs exposed: 3 0-333  0-074-1-491 0-150

No. MM drugs exposed: >4 0-187 0-046-0-767 0-020
Polyclonal Igt 1-313  1-107-1-556 0-002

Ig, immunoglobulins; MM, multiple myeloma; No, number.
*Number of novel anti-myeloma drugs patient was exposed to up to
time of vaccination.

Polyclonal immunoglobulin estimated by total globulins minus
monoclonal protein.

patients still responded, indicating a preserved capacity of B
cells to differentiate into plasma cells, and the recovery of
polyclonal IgM levels.* Indeed, patients treated with daratu-
mumab were already shown to develop humoral response to
pneumococcal vaccines;® results which support vaccines
administration, including COVID19 vaccine, to all myeloma
patients under active therapy, including those being currently
treated with daratumumab.

As mentioned earlier, response rate in MM patients was
remarkably high, almost approaching that achieved in age-
compatible healthy controls. However, antibody titer levels,
often linked with the response degree and durability,”
appeared to be lower in MM patients compared with their
healthy counterparts. There are currently no sufficient data
regarding the clinical significance of achieving a high- versus a
low-antibody titer following vaccination and the antibody titer
cut-off that predicts an efficient and durable immunity is not
yet determined. However, achievement of a higher antibody
titer may theoretically predict a longer immunity (as reported
for some other vaccines).'®'"** Studies evaluating the signifi-
cance and the dynamics of antibody titers achieved following
vaccination and the role of booster vaccines in MM patients
that lose their humeral response are warranted.

Our study has several limitations. Although most of the
patients included in our cohort were actively treated, this is a
real-world study in which patients received different treat-
ment regimens, making it difficult to define the exact impact
of each treatment regimen on the response to vaccination.
Additionally, our study, similar to most prior vaccination
studies, focused on humoral response rate and did not assess
the cellular response to vaccination. Nevertheless, the
achievement of humoral response was shown to be highly
important for overcoming or preventing COVID19 infec-
tion.** Patients who recovered from COVIDI9 infection
attained high anti-spike antibody levels.** Moreover, conva-
lescent plasma obtained from patients that recovered from
COVID19 infection was shown to be active in patients
infected with COVID19.>>%¢ Finally, optimality of the timing
of vaccination post HSCT could not be evaluated in our
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cohort as only few patients were vaccinated within six
months from HSCT; however it appears that antibody titers
increase around eight months post HSCT, suggesting that
patients vaccinated sooner may possibly require an additional
vaccine dose.

In conclusion, considering the poor outcome of MM
patients infected with COVID19, together with the high
seropositivity rate to BNT162b2 mRNA COVID19 vaccine,
we recommend to vaccinate all MM patients with mRNA
anti-COVID vaccine. Older, hypogammaglobulinaemic and
heavily pretreated patients were at greater risk for non-
response. The best timing for vaccination in relation to
treatment schedule is not fully elucidated, but it appears
that the current IMWG recommendations which were
applied in our practice, provide high response rates. Further
research and follow-up are required to investigate the
impact of lower titers obtained, as well as the durability and
extent of protection from COVIDI19 infections in MM
patients.
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Fig S1. Antibody titers to BNT162b2 mRNA COVID-19

vaccine measured in patients who underwent an autologous

haematopoietic

cell transplantation (HSCT) within 3-

12 months prior to vaccination.
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