
Please cite this article in press as: Aleman et al., Variable cellular responses to SARS-CoV-2 in fully vaccinated patients with multiple myeloma, Cancer
Cell (2021), https://doi.org/10.1016/j.ccell.2021.09.015
ll
Letter

Variable cellular responses to SARS-CoV-2
in fully vaccinated patients with multiple myeloma
Adolfo Aleman,1,2,3,15 Bhaskar Upadhyaya,2,3,15 Kevin Tuballes,4 Katerina Kappes,2,3 Charles.R. Gleason,5,6

Katherine Beach,5,6 Sarita Agte,2,3 Komal Srivastava,5,6 PVI/Seronet Study Group, Oliver Van Oekelen,1,2,3

Vanessa Barcessat,4 Nina Bhardwaj,2,3,4,7 Seunghee Kim-Schulze,4,8,9 Sacha Gnjatic,2,3,4,6,8,9 Brian Brown,4,8,10

Carlos Cordon-Cardo,6,9,10 Florian Krammer,5,6 Miriam Merad,2,3,4,8,9 Sundar Jagannath,2,3 Ania Wajnberg,11,12

Viviana Simon,5,6,13,14,* and Samir Parekh2,3,4,9,*
1Graduate School of Biomedical Sciences, Icahn School of Medicine at Mount Sinai, New York, NY, USA
2Department of Medicine, Hematology and Medical Oncology, Icahn School of Medicine at Mount Sinai, New York, NY, USA
3Tisch Cancer Institute, Icahn School of Medicine at Mount Sinai, New York, NY, USA
4Precision Immunology Institute, Icahn School of Medicine at Mount Sinai, New York, NY, USA
5Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, NY, USA
6Department of Pathology, Molecular and Cell-based Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, USA
7Department of Urology, Icahn School of Medicine at Mount Sinai, New York, NY, USA
8Human Immune Monitoring Center, Icahn School of Medicine at Mount Sinai, New York, NY, USA
9Department of Oncological Sciences, Icahn School of Medicine at Mount Sinai, New York, NY, USA
10Department of Genetics and Genomic Sciences, Icahn School of Medicine at Mount Sinai, NY, USA
11Department of Internal Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, USA
12Department of Geriatrics and Palliative Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, USA
13Division of Infectious Disease, Department of Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, USA
14Global Health and Emerging Pathogen Institute, Icahn School of Medicine at Mount Sinai, New York, NY, USA
15These authors contributed equally
*Correspondence: viviana.simon@mssm.edu (V.S.), samir.parekh@mssm.edu (S.P.)
https://doi.org/10.1016/j.ccell.2021.09.015
Severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) vaccines have

been proven to be highly effective at pre-

venting severe disease and mortality in

healthy individuals; however, immuno-

compromised individualswith hematolog-

icmalignancies are at increased risk of se-

vere COVID-19 manifestations (Bakouny

et al., 2020; Mulligan et al., 2020). To

date, most studies assessing immune re-

sponses to SARS-CoV-2 vaccines in pa-

tients with multiple myeloma (MM) have

primarily focused on serological analysis

(Stampfer et al., 2021; Van Oekelen

et al., 2021). We recently reported that pa-

tients with MMmount highly variable anti-

SARS-CoV-2 Spike (anti-S) IgG antibody

responses after two doses of SARS-

CoV-2 vaccines, with a complete absence

of antibody responses in 15%of those pa-

tients (Van Oekelen et al., 2021).

T cell responses to SARS-CoV-2 have

been detected in 41%–88% of COVID-

19 convalescent individuals who have un-

detectable anti-S IgG antibodies (Sekine

et al., 2020; Steiner et al., 2021). In immu-

nocompromised patients without hema-

tologic malignancies, SARS-CoV-2 vac-

cines elicit T cell responses even in

patients without anti-S IgG antibodies

(Apostolidis et al., 2021). The production

of SARS-CoV-2 T cell immunity is, how-
ever, much lower in patients with hemato-

logic malignancies that require steroid

use (Ehmsen et al., 2021).

We wanted to determine whether MM

patients without detectable anti-S IgG

anitbodies to SARS-CoV-2 immunization

(seronegative) had detectable SARS-

CoV-2 B and T cell responses after

SARS-CoV-2 vaccination, which would

possibly provide some protection against

severe disease even in the absence of

anti-S antibodies. In order to assay quan-

titative and qualitative differences in T cell

responses, we adopted a high-resolution

flow cytometry assay that incorporates

multiple cytokines and activation mar-

kers. Such data are urgently required to

guide masking, social distancing, and

passive antibody/booster vaccination

strategies for potentially vulnerable MM

patients treated with these anti-cancer

agents as we enter the second fall season

of the COVID-19 pandemic.

B and T cell responses were profiled

in 44 patients with MM (17 seronegative

and 27 seropositive) and 12 healthy par-

ticipants at least twoweeks after their sec-

ond mRNA SARS-CoV-2 vaccine dose

(BNT162b2 Pfizer-BioNTech, n = 42;

mRNA-1273Moderna, n = 14). The clinical

characteristics are presented in Table

S1. SARS-CoV-2-specific IgG antibodies
Cancer Cell 39
were measured in these cohorts through

the use of the COVID-SeroKlir Kantaro

SARS-CoV-2 IgG test (Figure S1A). The

majority (76%, 13/17) of seronegative MM

patients were either on anti-BCMA or

anti-CD38 therapies (Figure S1B). Patients

withMMwereall receivingcareat the Icahn

School of Medicine at Mount Sinai,

New York.

Because SARS-CoV-2 vaccination

failed to induce anti-S antibody response

inseronegativeMMpatients,wefirst inves-

tigated whether this lack of antibody

response reflected on the inability of the

SARS-CoV-2 vaccines to induce spike-

reactive B cells; our investigation used

flow cytometry in peripheral blood mono-

nuclearcells (PBMC)ofvaccinatedMMpa-

tients and healthy individuals. Although

spike-protein-reactive B cells were de-

tected in all but one seropositive MM

patient (24/25, 96%) as well as in all

of the healthy individuals, only 40%

(6/15) of the seronegative MM patients

harbored spike-protein-reactive B cells

(Figure S1C). Seronegative patients also

had lowerBcell numbers in their peripheral

blood compared to the seropositive MM

group (p < 0.0015, Figure S1D). There

was a direct correlation between the

presence of spike-reactive B cells and

anti-S IgG antibody concentration
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(spearman r = 0.44, p = 0.002) as well as a

direct correlation between absolute B cell

count and anti-S IgG antibody concentra-

tion (spearman r = 0.51, p = 0.00047). In

addition to the diminished absolute B cell

counts, we also observed significantly

reduced total CD4+ T cell counts in the

seronegative MM patients compared to

the seropositive ones (p = 0.0065,

Figure S1E). No other significant differ-

ences in total white blood cell, lymphocyte,

neutrophil, monocyte, or total CD8+ T cell

counts were seen among the groups.

It has been posited that even patients

with undetectable anti-S antibodies after

vaccination may mount T cell protection

from severe disease. To comprehensively

screen for T cell responses, we stimulated

PBMC with predicted SARS-CoV-2 HLA

class I and II directed peptide pools and

measured IFN-g, TNF-a, IL-2, and GM-

CSF simultaneously within CD4+ and

CD8+ T cells through the use of intracel-

lular cytokine staining (ICS)-Flow after

6 h of stimulation. Selected SARS-CoV-2

HLA class I and II peptides were 8-15-

mers and 15-mers, respectively, and

have been previously shown to stimulate

SARS-CoV-2-specific T cells in COVID-

19 convalescent patients (Grifoni et al.,

2020). Activated CD4+ cells were identi-

fied using activation markers CD154 and

CD69 (Figure S1F). Activated CD8+

T cells were identified using degranulation

marker CD107a and activation marker

CD69. Seropositive MM patients had

IFN-g, TNF-a, IL-2, or GM-CSF-express-

ing CD4+ T cells at similar levels to those

found in age-matched healthy controls.

In contrast, seronegative MM patients

had significantly reduced CD4+ T cell re-

sponses compared to those of healthy

controls and seropositive MM patients

(p < 0.005, Figures S1G–S1J). There was

a significant correlation between SARS-

CoV-2 CD4+ T cell responses and anti-S

IgG antibody concentration across the

cohort (r = 0.56, p < 0.001, Figure S1K).

We observed that 96%of the seropositive

MM patients (25/26) had a CD4+ T cell

response, similar to that of healthy con-

trols (Figure S1L). In contrast, only 35%

(6/17) of the seronegative MM patients

had a CD4+ T cell response (Figure S1L).

The percentage of patients with CD8+

T cell responses was not significantly

different among cohorts; 50% of the

healthy controls (6/12) and seropositive

MM patients (12/24) mounted a CD8+
2 Cancer Cell 39, November 8, 2021
T cell response, compared to 28% of

seronegative MM patients (4/14). Fewer

patients on active anti-BCMA bispecific

therapy (2/6, 33%) or anti-CD38 antibody

therapy (13/19, 68%) mounted SARS-

CoV-2-specific CD4+ T cell responses

(Figure S1M) compared to patients on

other myeloma therapeutics (9/10, 90%)

or anti-BCMA CAR-T (8/9, 89%).

T cells co-expressing multiple cyto-

kines (termed ‘‘polyfunctional’’) are

known to be induced in viral infections,

and they provide protective immunity

(Duvall et al., 2008). Distributions of cyto-

kine-expressing monofunctional and pol-

yfunctional CD4+ T cells were very similar

between seropositive and healthy con-

trols, and IL-2 and IFN-g-cytokine-alone-

expressing CD4+ T cells were the domi-

nant fraction within the total cytokine

response. However, the seronegative

MM patients showed a dominant IL-2

monofunctional T cell response. CD8+

T cell cytokine response was largely

monofunctional across all of our cohorts,

with IFN-g-expressing CD8+ T cells domi-

nating the phenotypic makeup of the

cytokine response.

ICS-Flow-measured SARS-CoV-2-spe-

cific T cell responses were confirmed

through the useofELISpot assays in a sub-

set of patients. All healthy controls andMM

seropositive patients produced IFN-g+

spot-forming cells (SFC) in response to

CD4 peptide pool stimulation, and theme-

dians were 58 and 73 spots per 400,000

platedPBMCs respectively; thiswasanor-

der of magnitude higher than the re-

sponses of seronegative MM patients,

which only showed a median of two spots

per 400,000 PBMCs (p < 0.001). Stimula-

tion with CD8 peptide pool resulted

in lower production of IFN-g+ SFC

throughout our cohort and was not signifi-

cantly different across MM patient groups

and healthy individuals (median 14 IFN-g+

spots in healthy individuals, median 19

IFN-g+ spots in seropositive versus 1 in

seronegative MM patients, per 400,000

plated PBMCs).

Our findings indicate a high degree of

variability in SARS-CoV-2-specific B and

T cell responses in patients with MM.

The unexpected lack of T cell responses,

coupled with an absence of anti-S anti-

bodies following SARS-CoV-2 vaccina-

tion, particularly in MM patients actively

receiving anti-CD38 and anti-BCMA anti-

body-based therapies, is of concern,
and it emphasizes the need for serological

testing after vaccination to identify this

specific subgroup of MM patients. With

the current rapid spread of more trans-

missible viral variant (e.g., Delta variant),

booster vaccination, continuing safety

precautions, and passive antibody treat-

ments should be considered in order to

prevent morbidity and mortality from

COVID-19 inMMpatients with suboptimal

vaccine responses.
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