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T-cell immune response after mRNA SARS-CoV-2 vaccines is
frequently detected also in the absence of seroconversion in
patients with lymphoid malignancies
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Summary

Patients affected by lymphoid malignancies (LM) are frequently immune-
compromised, suffering increased mortality from COVID-19. This prospec-
tive study evaluated serological and T-cell responses after complete mRNA
vaccination in 263 patients affected by chronic lymphocytic leukaemia, B-
and T-cell lymphomas and multiple myeloma. Results were compared with
those of 167 healthy subjects matched for age and sex. Overall, patient
seroconversion rate was 64-6%: serological response was lower in those
receiving anti-cancer treatments in the 12 months before vaccination: 55%
vs 81:9% (P < 0-001). Anti-CD20 antibody plus chemotherapy treatment
17-6% vs. 71-2%
(P <0-001). In the multivariate analysis conducted in the subgroup of
patients on active treatment, independent predictors for seroconversion
were: anti-CD20 treatment (P < 0-001), aggressive B-cell lymphoma diag-
nosis (P = 0-002), and immunoglobulin M levels <40 mg/dl (P = 0-030).
The T-cell response was evaluated in 99 patients and detected in 85 of
them (86%). Of note, 74% of seronegative patients had a T-cell response,
but both cellular and humoral responses were absent in 13-1% of cases.
Our findings raise some concerns about the protection that patients with
LM, particularly those receiving anti-CD20 antibodies, may gain from vac-
cination. These patients should strictly maintain all the protective mea-

was associated with the lowest seroconversion rate:

sures.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) infection and the resulting coronavirus disease 2019
(COVID-19) have had devastating consequences worldwide.
Patients affected by lymphoid malignancies (LM) are at an
increased risk for severe COVID-19 and have an exceedingly
high mortality rate."> Recently, two mRNA-based vaccines
were approved for the general population to prevent against
COVID-19. However, individuals with LM were not included
in clinical trials, and the immune response elicited by SARS-
CoV-2 vaccines in this immune-compromised population is
largely unknown.

The phase 3 trials of mRNA-1273 (Moderna) and
BNT162b2 (Pfizer BioNTech), the first mRNA-based vacci-
nes, which target the spike protein to elicit protective immu-
nity, demonstrated an efficacy at preventing COVID-19 in
healthy individuals of 94% and 95%, respectively.*” Serocon-
version occurred in almost all vaccinated individuals.”” These
results suggested potential beneficial effects also in LM
patients, although the seroconversion rate was expected to be
lower than in the general population as it happens already
after the infection.®

In 2009, the emergence of HINI influenza led to the
development of an inactivated virus-based vaccine. Some
data showed decreased seroconversion in LM patients, partic-
ularly in those treated with antibodies targeting CD20 anti-
gen,” whereas the T-cell mediated response was similar to
that in healthy individuals.'® Nonetheless, viral vaccines are
routinely recommended in LM patients."" '*

In Italy, the indication from healthcare authorities was to
use mRNA vaccines in LM patients, because of a supposed
higher activity and better safety profile. The aim of this study
was to evaluate the humoral and cellular response to mRNA-
1273 and BNT162b2 vaccines in patients with LM.

Methods

This prospective study assessed the efficacy of two doses of
either mRNA-1273 or BNT162b2 vaccines administered
28 days apart, according to the national healthcare system’s
indications in order to increase the vaccine’s availability in
the first phases of the national vaccination plan and contrast
the risk of vaccine shortage. We included adult
(age>18 years) consecutive patients who were vaccinated at
the Istituto Nazionale dei Tumori, Milan, Italy. According to
national healthcare system indications, priority to vaccination
was given to frail patients, defined by the presence of one of
the following: presence of active disease; ongoing treatments
or within 12 months from last therapy; active graft-versus-
host disease; allogeneic stem cell transplantation (allo-HSCT)
or chimaeric antigen receptor-modified (CAR-) T-cell ther-
apy within 3 to 12 months from administration of the first
dose of vaccine. After the completion of vaccination of this

Humoral and cellular response after m-RNA vaccines

high-priority population, we included also patients in remis-
sion who had completed their treatment more than
12 months prior to vaccination.

The control group consisted of age- and sex-matched
healthcare workers (HCW), who were enrolled in the
prospective study INT65/20 and, based on the local availabil-
ity, received the BNT162b2 vaccine at the Istituto Nazionale
dei Tumori, Milan, Italy. The trial was approved by the Insti-
tutional Review Board of Istituto Nazionale dei Tumori,
Milan, Italy, and written informed consent was collected
from all patients (INT112/21).

The primary end-point of the study was the seroconver-
sion rate among LM patients after full-dose vaccination.
Anti-SARS-CoV-2 S levels were monitored before the first
dose, at the time of second dose administration, and two
weeks later. Patients with a positive basal anti-SARS-CoV-2 S
titre were excluded from this study.

Among patients who received chemotherapy with or with-
out anti-CD20 antibody, immune modulatory drugs (IMIDs)
or novel oral agents within the last 12 months, we selected a
cohort of 99 patients and evaluated their SARS-CoV-2-
specific T-cell response two weeks after the second dose inde-
pendently from their serological status after vaccination. The
control group for the T-cell response consisted of 99 HCW,
who received the BNT162b2 vaccine and whose T-cell
response was evaluated two weeks after the second dose at
the National Institute for Infectious Diseases “Lazzaro Spal-
lanzani”, Rome, Italy.

Briefly, the Roche Elecsys® Anti-SARS-CoV-2 S (Roche S
tAb, Roche Diagnostics International Ltd, Rotkreuz, Switzer-
land) was used to measure antibodies directed against the
receptor-binding domain (RBD) of the viral spike (S) pro-
tein. T-cell responses were evaluated through measurement
of in vitro T-helper cell type 1 (Thl)-associated cytokine
release [interferon (IFN)-y, tumour necrosis factor (TNF)-a,
interleukin (IL)-2] in plasma samples after stimulation with
S peptides using an automatic enzyme-linked immunosor-
bent assay (ELISA; ELLA, Protein Simple, San Jose, CA).P®
Variable definitions, complete laboratory and statistical
methods are provided in Data S1.

Results

Patient characteristics

Between 15 March 2021 and 10 May 2021, 263 patients were
vaccinated at our institution: 243 (93-4%) received two doses
mRNA-1273 and 20 (7-6%) BNT162b2.

Fifty-nine patients (22-4%) had B-cell aggressive lym-
phoma, 111 (42:2%) B-cell indolent lymphoma or B-cell
chronic lymphocytic leukaemia (CLL), 33 (12-6%) Hodgkin
lymphoma, 52 (19-8%) multiple myeloma, and 8 (3%) T-cell
lymphoma. A detailed description of patients’ characteristics
is available in Table 1.
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Table 1. Clinical characteristics of patients and seroconversion rate at four and six weeks after first dose.

Characteristic

No. (%)

Serology

Seroconversion
week 4 No. (%)

Seroconversion
week 6 No. (%)

Overall population
Sex — no. (%)
Female
Male
Median age (range), years
Age — no. (%)
> 65 years
< 65 years
Type of haematologic malignancy — no. (%)
B-cell aggressive lymphomas

B-cell indolent lymphomas or B-cell lymphocytic leukaemia

Hodgkin lymphoma
Multiple myeloma
T-cell lymphomas
Disease status — no. (%)
Active
Remission
Last therapy < 12 months prior — no. (%)
< 6 months prior — no. (%)
> 6 to <12 months prior — no. (%)
Anti CD20 antibody plus chemotherapy
<6 months prior — no. (%)
>6 to <12 months prior — no. (%)
Chemotherapy
<6 months prior — no. (%)
>6 to <12 months prior — no. (%)
IMIDs
Oral target therapy (ibrutinib or venetoclax)
CAR-T cell therapy or HSCT
<6 months prior — no. (%)
>6 to <12 months prior — no. (%)
Other therapies
Watch-and-wait strategy or last therapy
more than12 months prior — no. (%)
ALC — no. (%)
>800 cells/pl
<800 cells/pl
Not evaluable
ANC — no. (%)
>1500 cells/pl
<1500 cells/pl
IgG — no. (%)
>600 mg/dl
<600 mg/dl
Not evaluable or not available
IgA — no. (%)
>80 mg/dl
<80 mg/dl
Not evaluable or not available
IgM — no. (%)
>40 mg/dl
<40 mg/dl
Not evaluable or not available

263 (100%)

123 (46:7%)
140 (53-3%)

121 (46%)
142 (54%)

9 (22-4%)
111 (42-2%)
33 (12-6%)
52 (19-8%)
8 (3%)
179 (68%)
4 (32%)
169 (64-2%)
140 (53-2%)
9 (11%)
1 (19:3%)
0 (15-2%)
1 (4-1%)
6 (13-6%)
3 (12-5%)
3 (1-1%)
6 (9-9%)
1 (8%)
1 (8%)
6 (2:2%)
5 (5-8%)
4 (5-4%)
4 (35-8%)

1
1

190 (723%)
49 (18-6%)
4 (9-1%)

243 (92-4%)
0 (7-6%)

133 (50-5%)
56 (21-3%)
4 (28-2%)

114 (43-3%)
75 (28-5%)
74 (28-2%)

97 (36-9%)
85 (32-3%)
81 (30-8%)

131(49-8%)

61 (49-6%)
70 (50%)

58 (47:9%)
73 (51-4%)

14 (23:7%)
49 (44-1%)
18 (54-5%)
46 (88-4%)
4 (50%)

93 (51-9%)
38 (45:2%)
67 (39-6%)
52 (37-1%)
15 (51:7%)
3 (5:9%)
1 (2:5%)
2 (18-2%)
17 (47-2%)
15 (45-5%)
2 (66-7%)
21 (80-7%)
5 (23-8%)
11 (52:3%)
0 (0%)
11 (73%)
10 (71-4%)
64 (68-1%)

114 (60%)
11 (22-4%)
6 (25%)

124 (51%)
7 (35%)

67 (50-3%)
24 (42-8%)
40 (54%)

59 (51-7%)
33 (44%)
39 (52:7%)

53 (54-6%)
34 (40%)
43 (53-1%)

170 (64-6%)

78 (63-4%)
92 (65-7%)

81 (66-9%)
89 (62-6%)

1 (35-5%)
8 (61-2%)
26 (78-8%)
49 (94-2%)
6 (75%)
119 (66-4%)

1 (60-7%)
3 (55%)
5 (53-6%)
8 (62%)
(17-6%)
(10%)
(45-4%)
25 (69-4%)
22 (66-6%)
(100%)
2 (84-6%)
1 (52:3%)
2 (57-1%)
1 (17%)
1 (73%)
4 (100%)
7 (81:9%)

9
4
5
5
2
3

140 (73-6%)
21 (42-8%)
9 (37,5%)

158 (65%)
2 (60%)

88 (66-1%)
30 (53-5%)
2 (70-3%)

77 (67-5%)
43 (57-3%)
50 (67-5%)

69 (71-1%)
44 (51-7%)
56 (69-1%)

ALC, absolute lymphocytic count; ANC, absolute neutrophilic count; HSCT, allogeneic stem cell transplants; CAR-T, chimaeric antigen receptor

T cells; IMIDs, immunomodulatory drugs.

550

© 2021 The Authors. British Journal of Haematology published by British Society for
Haematology and John Wiley & Sons Ltd. British Journal of Haematology, 2022, 196, 548-558



In all, 140 patients (53-2%) received therapies for the lym-
phoid malignancy within six months, whereas 29 patients
(11%) received their last treatment seven to 12 months prior
to the first dose of vaccine. Overall, 169 patients (64-2%)
received therapies for the LM within 12 months before the
administration of the first dose of vaccine and were defined
as being on active treatment. They were further stratified
according to their last therapy: 51 patients (19-3%) received
anti-CD20 antibody plus chemotherapy, of whom 40
(15-2%) in the last six months; 36 (13-6%) received
chemotherapy alone, of whom 33 (12:5%) in the last six
months; 26 (9-9%) IMIDs, 21 (8%) novel oral agents (ibruti-
nib or venetoclax without rituximab in the last 12 months),
21 patients (8%) CAR-T cells or HSCT, of whom six (2:2%)
in the last six months, and 14 (5:3%) other therapies.
Patients treated with autologous HSCT were considered as
treated with chemotherapy alone or anti-CD20 antibody plus
chemotherapy if they received rituximab before chemother-
apy conditioning. The remaining 94 (35-8%) patients were
on “watch and wait” or follow-up strategies, since they had
not received treatment for their malignancy yet or they had
been treated more than 12 months before vaccination.

SARS-CoV-2 antibody response after vaccination

Overall, 131 (49-8%; 95% CI 43-6%—56-0%) patients sero-
converted four weeks after the first dose and 39 [14-8%; 95%
confidence interval (CI) 11-0%—19-6%] two weeks after the
second one, for a total of 170 (64-6%; 95% CI 58-5%—
70-4%), as shown in Table I. The median antibody titre at
two weeks after the second dose was 175 U/ml [interquartile
range (IQR) 0-44-2 600]. We compared the seroconversion
rate and the antibody titres of 167 LM patients and 167
HCW matched for age and sex (73 female, median age
56 years, range: 46—62 in both groups). In the HCW group,
the seroconversion rate was 99-4% (95% CI 96-7%-100%) as
compared to 64:1% (95% CI 56-3%—71-3%) in the matched
LM group (P < 0:-001). Interestingly, we observed lower
antibody titres in LM patients compared to the healthy
subjects (median = 1 078 U/ml, IQR 643-1 841 U/ml vs
median = 207-5 U/ml, IQR 0-44-3 062 U/ml, P < 0-001;
Fig 1A).

At two weeks after the second dose, the seroconversion
rate was similar among patients who had received their last
treatment within six months and in those who had been
treated seven to 12 months prior the first dose of vaccine
(53-6%, 95% CI 45-3%—61-6% vs 62%, 95% CI 44%—77-3%,
P = 0-42 respectively), suggesting a long-lasting immunosup-
pressive effect due to anti-lymphoma treatments. Considering
the lack of statistical difference, we decided to consider only
treatment in the last 12 months for univariable and multi-
variable analyses.

At univariable analysis by binary logistic models, the vari-
ables significantly associated with the lack of serological
response included: treatment in the last 12 months, type of

Humoral and cellular response after m-RNA vaccines

LM, lymphopenia (<800 cells/ul), IgM levels < 40 mg/dl,
and, among patients on treatment, the administration of
anti-CD20 antibody plus chemotherapy in the last 12 months
(Table II).

The rate of seroconversion and the antibody titre at two
weeks after the second dose were lower for subjects on active
treatment compared to those untreated or in follow-up [55%
vs 81-9% respectively, odds ratio (OR) 3-7, 95% CI 2-02—
6-79, P < 0-001; median = 11 U/ml, IQR 0-44—1 320 U/ml vs
median=1 686 U/ml, IQR 83-43-3 965 U/ml, P < 0-0001;
Fig 1B)]. Among actively treated patients, those who had
received anti-CD20 antibody plus chemotherapy had a lower
seroconversion rate (17-6%) and antibody titres (me-
dian = 0-44 U/ml, IQR 0-44-044 U/ml) compared to
patients receiving other treatments (71-2%, OR 0-09, 95% CI
0-04-0-20, P < 0-001; and median=183 U/ml, IQR 0-44—
2993 U/ml, P <0-0001, respectively; Fig 1C). Moreover,
seven patients received the anti-CD20 antibody alone: five
were on maintenance therapy whereas two received anti-
CD20 as their last no-maintenance therapy. In the mainte-
nance subgroup, the seroconversion rate was 40% (two out
of five), whereas none of the remaining two patients devel-
oped a humoral response. A low seroconversion rate was
reported also among patients treated with chemotherapy
alone (69-4%) and among those treated with novel oral
agents (52-3%). Interestingly, we observed a higher serocon-
version rate in myeloma patients treated with IMIDs
(84-6%). A seroconversion rate of 100% was observed in 10
myeloma patients treated with anti-CD38 antibody (daratu-
mumab) in monotherapy or in combination with lenalido-
mide or bortezomib. Among subjects who were treated with
CAR-T cells or HSCT the seroconversion rate was 57-1%.
Specifically, the seroconversion rate of the 12 allo-HSCT
recipients was 83-3% whereas among the nine patients trea-
ted with CAR-T cells, the seroconversion rate was 22%.
Patients without lymphopenia had a higher seroconversion
rate (73-6%) and higher antibody levels (median = 639 U/
ml; IQR 0-44-3 324 U/ml) compared to those with lym-
phopenia (42-8%, OR 3-73, 95% CI 1-95-7-16, P < 0-001;
median = 0-44 U/ml, IQR 0-44-253, P < 0-0001; Fig 1D).
We also observed a lower seroconversion rate (51:7%) and
antibody titres (median = 3-42 U/ml; IQR 0-44-557 U/ml)
among subjects with IgM levels < 40 mg/dl compared to
those with IgM levels > 40 mg/dl (71-1%, OR 2-3, 95% CI
1-25-4-23, P < 0-011; median = 1 267 U/ml, IQR 0-44—
4 731, P < 0-001; Fig 1E).

Age, sex, disease status, absolute neutrophil count at the
time of the first dose, IgG and IgA levels had no statistically
significant association with seroconversion rate. Nonetheless,
we observed a higher antibody titre in patients with IgG
levels > 600 mg/dl compared to those with IgG < 600 mg/dl
(median = 437 U/ml; IQR 0-44-3 675 U/ml; median = 14-5
U/ml; IQR 0-44-719-8 U/ml, respectively, P = 0-003; Fig 1F)
and in subjects with IgA levels > 80 mg/dl compared to
those with IgA <80 mg/dl (median =456 U/ml; IQR
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Fig 1. Anti-SARS-CoV-2 S titres in lymphoid malignancy (LM) patients and healthy subjects. Comparison between LM patients and age- and
sex-matched healthy controls (A). Anti-SARS-CoV-2 levels in LM patients seronegative at baseline according to: treatment status (B), treatment
with anti-CD20 plus chemotherapy or other therapies (C), absolute lymphocyte count (ALC) at the moment of the first dose (D), IgM (E), IgG
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Table II. Univariate analysis for serologic response rate in HM patients.
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Variable Odds ratio 95% CI P
Treatment status
Last therapy < 12 months prior <0-001
Watch and wait strategy or last therapy > 12 months prior 3.7 2-02-6-79
Type of treatment*
Other treatments 1 <0-001
Anti CD20 plus chemotherapy 0-09 0-04-0-2
Sex
Male 0-697
Female 0-9 0-55-1-5
Age
<65 years 1 0-471
>65 years 1-21 0-72-2-01
Diagnosis
Aggressive B-cell lymphomas 1 <0-001
Indolent B-cell lymphomas or B-cell lymphocytic leukaemia 2-86 1-49-5-51
Hodgkin lymphoma 6-72 2-5-18-09
Multiple myeloma 29-56 1-29-32
T-cell lymphomas 5-43 8-2-106-49
Disease Status
Remission 1 0-362
Active 1-28 0-75-2-19
ALC
<800 cells/pl 1 <0-001
>800 cells/pl 373 1.95-7-16
Not evaluable 0-8 0-29-2-18
ANC
<1500 cells/pl 1 0-652
>1500 cells/pl 1-24 0-49-3-15
IgG
<600 mg/dl 1 0-129
>600 mg/dl 1-69 0-9-3-2
Not evaluable or not available 2-05 0-99-4-23
TgA
<80 mg/dl 1 0-296
>80 mg/dl 1-55 0-85-2-83
Not evaluable or not available 1-55 0-79-3-02
IgM
<40 mg/dl 1 0-011
>40 mg/dl 2-3 1-25-4-23
Not evaluable or not available 2:21 1-17-4-19

ALC, absolute lymphocytic count; ANC, absolute neutrophilic count; CI, confidence interval.

*This analysis was conducted only among patients who had received therapy in the last 12 months.

0-44 3 890 U/ml; median = 23-8 U/ml; IQR 0-44-939 U/ml,
respectively, P = 0-0128; Fig 1G). The median antibody titre
differed significantly among patients treated with chemother-
apy (median = 149 U/ml; IQR 0-44-2258 U/ml), IMIDs
(median = 918 U/ml; IQR 135-4 701 U/ml), novel oral
agents (median = 1-28 U/ml; IQR 0-44-123 U/ml), CAR-T-
cell therapy or HSCT (median = 23-8 U/ml; IQR 0-44—
10 725 U/ml), or other therapies (median = 1159 U/ml; IQR
0-44 3 580 U/ml, P = 0-129; Fig 1H).

In the multivariable logistic model (Table III), the inde-
pendent predictors for seroconversion were: type of

treatment (P < 0-001), type of LM (P < 0-001), absolute
lymphocytic count (ALC) < 800 cells/ml (P = 0-001) and
IgM levels < 40 mg/dl (P = 0-004; Table III). In the multi-
variate analysis conducted in the subgroup of patients on
active treatment, the independent predictors of humoral
response were: type of treatment (P < 0-001), type of malig-
nancy (P = 0-002), and IgM levels < 40 mg/dl (P = 0-030;
Table 1V).

With a median follow-up of three months after two doses
of mRNA vaccines, we did not observe any case of SARS-
CoV-2 infection.

© 2021 The Authors. British Journal of Haematology published by British Society for 553
Haematology and John Wiley & Sons Ltd. British Journal of Haematology, 2022, 196, 548-558



V. Marasco et al.

Table III. Multivariate analysis for serologic response in HM patients.

Variable Odds ratio 95% CI P

Sex
Male 1 0-239
Female 0-65 0-32-1-33

Age
<65 years 1 0-679
>65 years 0-85 0-40-1-83

Diagnosis
Hodgkin lymphoma 1 <0-001
Aggressive B-cell lymphomas 0-54 0-15-1-91
Indolent B-cell lymphomas or B-cell chronic lymphocytic leukaemia 1-33 0-36—4-93
Multiple myeloma 28-15 4-43-178-95
T-cell lymphomas 0-5 0-06-3-82

Disease status
Remission 1 0-095
Active 0-44 0-17-1-15

Type of treatment
Other therapies 1 <0-001
Anti-CD20 antibody plus chemotherapy 0-07 0-02—0-22
Watch and wait or last therapy > 12 months prior 2-84 0-96-8-36

ALC
<800 cells/pl 1 0-001
>800 cells/pl 1-66 0-65—4-25
Not evaluable 0-17 0-04-0-77

ANC
<1500 cells/ul 1 0-884
>1500 cells/pl 1-10 0-31-3-96

IgG
<600 mg/dl 1 0-510
>600 mg/dl 1-44 0-47-4-47
Not evaluable or not available 0-68 0-18-2-65

TgA
<80 mg/dl 1 0-548
>80 mg/dl 1-5 0-50—4-50
Not evaluable or not available 0-49 0-06-3-77

IeM
<40 mg/dl 1 0-004
>40 mg/dl 431 1-52-12-24
Not evaluable or not available 17-54 1-93-159-03

ALC, absolute lymphocytic count; ANC, absolute neutrophilic count; CI, confidence interval.

T-cell-mediated immune response

Considering the importance of T-cell immunity in COVID-
19,' we assessed the anti-spike T-cell response two weeks
after the second dose, in 99 patients on active treatment.
Forty-eight of them were seropositive after vaccination
whereas 51 were seronegative. We compared the response
rate and the IFN-y, IL-2 and TNF-a levels of the 99 LM
patients (median age 60 years, IQR 50-70) and 99 HCW
(median age 51 years, IQR 45-56). IFN-v levels were higher
than 12 pg/ml in 85 (86%) LM patients, supporting the pres-
ence of a detectable anti-spike T-cell-mediated immune
response. Among the 14 non-responding patients, 10 showed
a good response to staphylococcal enterotoxin B (SEB) stim-
ulation, comparable with that observed in HCW (IFN-

Yy > 2000 pg/ml), three showed a positive, but weak
response (30 pg/ml < IFN-y < 100 pg/ml) and one showed
no response (IFN-y = 0-3 pg/ml). In the control group, the
T-cell response was detected in all 99 subjects (100%;
P < 0-001). Thl-cytokine levels of HCW before and after
vaccination and analysis method are detailed in Figure S1
and Data S1. Moreover, when compared to the control
group, the ppike-specific T-cell response from LM patients
showed a lower median value of IFN-y (median = 179-5 U/
ml, IQR 28-4-369-6 pg/ml vs median = 309-0 pg/ml, IQR
181-3-662-8 pg/ml, P < 0-0001) and of TNF-o (me-
dian=32.71 pg/ml, IQR 6-2-92-5 pg/ml vs median=104-0 pg/
ml, IQR 17-4-199-0 pg/ml, P < 0-0001; Fig 2A). Unexpect-
edly, we reported an increased median value of IL-2 among
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Table IV. Multivariate analysis for serologic response in HM patients in active treatment.

Variable Odds ratio 95% CI P

Sex
Male 1 0-100
Female 0-48 0-20-1-15

Age
<65 years 1 0-812
>65 years 0-89 0-35-2-30

Diagnosis
Hodgkin lymphoma 1 0-002
Aggressive B-cell lymphomas 0-77 0-2-3-01
Indolent B-cell lymphomas or B-cell chronic lymphocytic leukaemia 1-38 0-32-5-90
Multiple myeloma 2823 3-83-207-97
T-cell lymphomas 0-71 0-09-5-58

Disease status
Remission 1 0-251
Active 0-56 0-21-1-51

Type of treatment
Other therapies 1 <0-001
Anti-CD20 antibody plus chemotherapy 0-07 0-02—0-24

ALC
<800 cells/pl 1 0-055
>800 cells/pl 2-54 0-98-6-57

ANC
<1500 cells/pl 1 0-961
>1500 cells/pl 0-97 0-26-3-54

1gG
<600 mg/dl 1 0-940
>600 mg/dl 1-26 0-35—4-54
Not evaluable or not available 1-11 0-20-6-19

IgA
<80 mg/dl 1 0-577
>80 mg/dl 1-69 0-44-6-45
Not evaluable or not available 0-53 0-05-5-38

IgM
<40 mg/dl 1 0-030
>40 mg/dl 420 1-18-14-93
Not evaluable or not available 13-31 1-00-177-50

ALC, absolute lymphocytic count; ANC, absolute neutrophilic count; CI, confidence interval; HM, haematological malignancy.

LM patients compared to healthy subjects (median=553-6 pg/
ml, IQR 90-2-1039-0 pg/ml vs. median=196-0 pg/ml, IQR
99-9-303-8 pg/ml, P < 0-0001; Fig 2A) that would require fur-
ther investigations in a larger cohort.

IFN-y values were directly correlated with IL-2 and TNF-o
levels (R = 0-5723, P < 0-0001 and R = 0-4813, P < 0-0001,
respectively; Fig 2B, C). Moreover, we also confirmed a posi-
tive correlation between IL-2 and TNF-a levels (R = 0-4813,
P < 0-0001; Fig 2D). Thl-associated cytokine release was not
significantly correlated with serological responses, neither
when evaluating IFN-y levels (R = 0-071, P > 0-05) nor IL-2
levels (R = 0-048, P > 0-05). T-cell immune response was
detectable in 47 (98%) and 38 (74%) seropositive and
seronegative patients, respectively. IFN-y levels were lower
among subjects who received chemotherapy with or without
anti-CD20 antibody in the last month (75%) compared to

those who received chemotherapy with or without anti-CD20
antibody more than two months before vaccination (90%).
Cytokine release was higher in patients on active treatment
with IMIDs (94%) or with novel oral agents (ibrutinib or
venetoclax; 91%). Thirteen individuals (13%) were defined as
“double negative” with neither T-cell nor humoral responses
after a complete vaccination schedule. Among these non-
responders, 11 received chemotherapy with or without anti-
CD20 antibody in the last month, one was on treatment with
lenalidomide (IMID) and one with ibrutinib. This represents a
population potentially at high risk for COVID-19 infection.

Discussion

Among individuals affected by COVID-19, LM patients repre-
sent a high-risk population due to their immunosuppressed
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Fig 2. T-cell-mediated response in haematological malignancy (HM) patients and healthcare workers (HCW). Comparison of interferon (IFN)-v,
interleukin (IL)-2 and tumour necrosis factor (TNF)-o in HM patients and HCW at two weeks after the second vaccine dose (A). Linear correla-
tion between IFN-y and IL-2 (B), IFN-y and TNF-a (C), and IL-2 and TNF-a (D) in HM patients.

state and have a mortality rate ranging from 30% to 37%.">7
It is therefore essential to implement an effective vaccination
strategy. For these reasons, in Italy, LM patients have been
among the first categories vaccinated with mRNA-based SARS-
CoV-2 vaccines. To the best of our knowledge, this is the first
report comparing both humoral and T-cellular responses after
mRNA full-dose vaccination in LM and healthy individuals.

As reported in other studies evaluating the efficacy of sea-

1018 \ve observed a

sonal vaccines among cancer patients,
seroconversion rate in LM patients which is significantly
lower than in healthy individuals. Interestingly, the serocon-
version rate increased from 49-8% to 64:6% after the second
dose, emphasising the importance of receiving both doses
and complying with the official guidelines regarding the tim-
ing of administration of the second dose. Our results are in
line with those from other groups who reported a lower
seroconversion rate in LM after only one dose.'*** The main
negative predictive factor for the seroconversion was an
active treatment, however even in the watch-and-wait cohort
we observed a lower response compared to the healthy indi-
viduals, supporting the notion that patients can be immune-
compromised by the disease itself.

Consistent with previous reports on pneumococcal and

. . 9,2
HINI1 vaccination, 3

we detected an extremely low serocon-
version rate among patients who received anti-CD20 antibody
plus chemotherapy in the 12 months preceding vaccination.
This finding can be explained by the known prolonged half-
life of rituximab which is detectable in the serum at lym-

pholytic levels for up to six months after therapy completion
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and by the subsequent long-lasting B-cell depletion.”** The
B-cell depletion is more durable in patients receiving ritux-
imab maintenance, raising the problem of the more appropri-
ate timing for vaccination in this setting.

We observed a low seroconversion rate among patients
treated with novel oral agents. Sun et al. have also reported
low antibody response rates after influenza vaccine in CLL
patients treated with Bruton Tyrosine kinase (BTK) inhibi-
tors,”® due to the alteration of the B-cell receptor signalling
pathway. Our results are slightly better than those recently
reported by Herishanu et al.,”* probably because we consid-
ered CLL patients treated with venetoclax without the anti-
CD20 antibody. Furthermore, we found a decreased serocon-
version rate among patients who received CAR-T therapy,
especially in those treated in the six months preceding vacci-
nation, but this is expected considering the impaired
immune reconstitution reported after these procedures.””**
The high seroconversion among allo-HSCT recipients was
unexpected, but it is probably due to the small number of
patients evaluated and to the fact that all these patients had
suspended their immunosuppressive therapy.

Interestingly, we observed that myeloma patients receiving
IMIDs had an increased antibody response relative to sub-
jects receiving other therapies. Our finding is in line with
other reports highlighting the potentially immune-adjuvant
role of IMIDs after pneumococcal or HIN1 vaccinations.?’
The elevated response rate reported in patients treated with
daratumumab is in contrast with other recent studies show-
ing a negative impact on humoral response.’>*° It is possible
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that small numbers and concomitant treatment with IMIDs
are confounding factors; nevertheless further investigations
are required to clarify this aspect.

Previous studies have reported the impact of low IgM
serum levels on the incidence of non-neutropenic infections
in patients treated with rituximab-based regimens.’"** This
particular form of hypogammaglobulinaemia probably is a
manifestation of B-cell compartment perturbation secondary
to rituximab-containing regimens and the lymphoid malig-
nancy itself.

Although the precise definition of all factors responsible
for protection against COVID-19 remains to be fully deter-
mined, it is known that both neutralising antibodies and
antigen-specific T cells play important roles.'®** > Given the
rather low seroconversion rate among patients who received
their last treatment in the 12 months preceding vaccination,
we decided to investigate their T-cell response.

We documented the in vitro release of Thl-associated
cytokines upon SARS-CoV-2 spike stimulation, suggestive of
an effective T-cell-mediated immune response, in an unex-
pectedly high rate of patients receiving active treatment. This
was confirmed in almost every patient with a serological
response after two doses of vaccine, as T lymphocytes are nec-
essary for the production of high-affinity antibodies and gen-
eration of memory B-cells. Interestingly, cytokine release was
detected in 74% of seronegative patients. This finding is novel
and relevant, as it highlights the potential protection against
infection provided by T lymphocytes in seronegative patients.
Finally, we also described a small fraction of “double-negative”
patients with neither serological nor cellular responses, who
mostly received chemotherapy with or without anti-CD20 in
the month preceding vaccination. This subgroup is at high risk
of infection and potentially life-threatening complications.

Although our study shows a disappointingly low serocon-
version rate among patients on active treatment with anti-
CD20 antibody plus chemotherapy, the intriguing data on
the T-cell-specific response suggest a potential benefit for
vaccination despite the lack of fseroconversion.

Additionally, the preliminary data in recipients of a solid
organ would imply that a third vaccine dose can be a reason-
able option to improve seroconversion rates in particularly
fragile settings.’® Thus, although prospective studies are
required to assess the efficacy of T-cell immunity in prevent-
ing morbidity and mortality of COVID-19, our data may be
in favour of trials evaluating the administration of a third
vaccine dose to patients with evidence of at least T-cell
immune response after the first two doses. On the other
hand, in double-negative subjects the rationale for a third
dose seems weak and the prophylactic administration of
second-generation neutralising monoclonal anti-spike anti-
bodies should be tested in clinical trials.

Our study was not able to clearly identify an optimal time for
vaccination for LM patients that could probably depend on the
last treatment. Our serological findings support the idea that all
LM patients should receive vaccination prior to therapy at

Humoral and cellular response after m-RNA vaccines

disease onset or at disease relapse and should wait at least
12 months after any treatment containing anti-CD20 antibody
and at least six months after chemotherapy alone. However, the
analysis of the T-cell response showed more encouraging data,
suggesting a possible benefit of the vaccination even early after
treatment discontinuation. Thus, further investigations will be
needed to define the best accurate timing for vaccination.

In conclusion, we demonstrated a lower seroconversion
rate among LM patients compared to healthy individuals,
in particular among patients on treatment with anti-CD20
antibody and chemotherapy and a better than expected T-
cell-mediated response. These results confirm the value of
vaccination strategy, but indicate the need for more effec-
tive measures for LM patients, to prevent serious SARS-
CoV-2 infections and reduce their exceedingly high mortal-
ity rate.
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