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m Recent studies have shown a suboptimal humoral response to severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) messenger RNA (mRNA) vaccines in patients
* SARS_COV__Q mRNA- diagnosed with hematologic malignancies; however, data about cellular immunogenicity are
1273 vaccine induces . . . -
an impaired humoral scarce. The aim of this study was to evaluate both the humoral and cellular immunogenicity
P . . 1 month after the second dose of the mRNA-1273 vaccine. Antibody titers were measured by
response in patients

under anti-CD20 using the Elecsys and LIAISON anti-SARS-CoV-2 S assays, and T-cell response was assessed
therapy, but cellular by using interferon-y release immunoassay technology. Overall, 76.3% (184 of 241) of
response is patients developed humoral immunity, and the cellular response rate was 79% (184 of 233).
preserved. Hypogammaglobulinemia, lymphopenia, active hematologic treatment, and anti-CD20

« Inmunosuppressive therapy during the previous 6 months were associated with an inferior humoral response.
therapy for GVHD Conversely, age >65 years, active disease, lymphopenia, and immunosuppressive treatment
s ek of graft-versus-host disease (GVHD) were associated with an impaired cellular response. A
response with no significant dissociation between the humoral and cellular responses was observed in
impact in humoral patients treated with anti-CD20 therapy (the humoral response was 17.5%, whereas the
immunogenicity. cellular response was 71.1%). In these patients, B-cell aplasia was confirmed while T-cell

counts were preserved. In contrast, humoral response was observed in 77.3% of patients
undergoing immunosuppressive treatment of GVHD, whereas only 52.4% had a cellular
response. The cellular and humoral responses to the SARS-CoV-2 mRNA-1273 vaccine in
patients with hematologic malignancies are highly influenced by the presence of treatments
such as anti-CD20 therapy and immunosuppressive agents. This observation has
implications for the further management of these patients.
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Introduction

Patients diagnosed with hematologic malignancies are a particularly
vulnerable population that has been severely affected by the corona-
virus disease 2019 (COVID-19) pandemic, with a mortality rate as
high as 34% to 62% in hospitalized patients'* due to variable
degrees of immunosuppression caused by disease or treatment.
The fact that hematologic patients who survived the illness present
a lower rate of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) immunoglobulin G (IgG) seroconversion and a lon-
ger persistence of SARS-CoV-2 reverse transcription-polymerase
chain reaction testing positivity, particularly those who had received
anti-CD20 therapy and stem cell transplant (SCT),%® is of particular
relevance; this finding calls into question their immune protection
after infection or vaccination. Also, previous studies have reported
an attenuated humoral response to the recombinant zoster virus
vaccine or the hepatitis B virus vaccine in patients diagnosed with
B-cell malignancies and multiple myeloma (MM).7®

Therefore, patients diagnosed with hematologic malignancies have
been considered a high-risk population. Their vaccination against
SARS-CoV-2 has thus been prioritized despite the exclusion of
immunocompromised populations from the pivotal clinical trials
that approved the two mRNA-based vaccines (BNT162b2 and
mRNA-1273)'%"" and the expectation of a suboptimal immune
response.

Recently, the first real-life studies have shown a diminished humoral
response to BNT162b2 and mRNA-1273 SARS-CoV-2 vaccines in
patients diagnosed with chronic lymphocytic leukemia (CLL), MM,
and other hematologic malignancies. The rates of seroconversion
were between 39% and 88%, with patients diagnosed with B-cell
malignancies exhibiting the worst response.'®'® Humoral immuno-
genicity seems mainly impaired by B cell-directed therapies such
as Bruton’s tyrosine kinase (BTK) inhibitors or anti-CD20 monoclo-
nal antibodies, with rates of seroconversion ranging from 0% to
219% within 2 to 8 weeks after 2 doses of the vaccine,'> 13161819

Although SARS-CoV2 mRNA vaccines also induce a cellular
response, and studies highlight the important role of T cells in miti-
gating severe COVID-19,2° data reporting this response in immuno-
compromised patients are still scarce. Recent studies have revealed
a response rate of ~45% to 50% in patients diagnosed with differ-
ent hematologic malignancies,?'?? and even a lower rate of 19% in
patients after allogeneic SCT (allo-SCT).?® Determination of T-cell
response is particularly important in those patients with low or
absent humoral response to ensure appropriate strategies to pre-
vent infection in this susceptible population.

The objective of the current study, therefore, was to evaluate immu-
nogenicity (including both a cellular and humoral response) 1 month
after a second dose of the mRNA-1273 SARS-CoV-2 vaccine in
patients diagnosed with various hematologic malignancies. We also
analyzed how this immunogenicity is influenced by specific treat-
ments and the immunologic status of the patients at the time of
vaccination.

Methods

This prospective, observational, real-world study was conducted by
Vall d'Hebron University Hospital and Vall d'Hebron Institute of
Oncology in Barcelona, Spain. Patients diagnosed with hematologic
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malignancies were vaccinated through the Spanish vaccination pro-
gram with the mRNA-1273 SARS-CoV-2 vaccine following the rec-
ommendations of the Hematology and Preventive Medicine
department of our center. The complete vaccination scheme
included 2 vaccine doses administered 28 days apart during the
months of March and April 2021.

Blood samples were collected between March and May 2021 at 2
different times: immediately before the first dose and at least 21
days after the second dose, at a median time of 26 days (interquar-
tile range [IQR], 22-28 days).

To establish the basal immunologic condition of the patients, a com-
plete blood count test and total serum immunoglobulin levels were
determined in the first blood extraction. Moreover, to identify individu-
als with previous SARS-CoV-2 asymptomatic infection, a basal sero-
logic analysis was conducted at this point by measuring specific
antibodies against both the nucleocapsid (N) and spike (S) antigens
of SARS-CoV-2 and also by determining the specific cellular
immune response. In the second blood extraction, humoral and cellu-
lar immunogenicity of the mRNA-1273 vaccine was assessed by
determining the positivity rate of IgG antibodies against spike antigen
and the interferon-y—producing SARS-CoV-2 T cells, respectively.

This study was approved by the Institutional Clinical Research
Ethics Committee of the Vall d’'Hebron Institute (study number
5818), and all patients provided written informed consent in accor-
dance with the Declaration of Helsinki.

Study population

The study cohort was the entire pool of patients diagnosed with
lymphoid neoplasia and monoclonal gammopathies and patients
who underwent allo-SCT from 2015 to 2021 at the Vall d’'Hebron
Hematology department. The median time from transplant to vacci-
nation was 29.6 months (range, 3.7-70.3 months). Patients voluntar-
ily agreed to participate in the study and to receive the complete
scheme of vaccination (n = 270).

Assessment of humoral immune response

To assess the humoral immune response to the vaccine, 2 commer-
cial chemiluminescence immunoassays were used: (1) Elecsys Anti-
SARS-CoV-2 (Roche Diagnostics, Mannheim, Germany) performed
on the Cobas 8800 system (Roche Diagnostics, Basel, Switzerland)
for the determination of total antibodies (including IgG, IgM, and
IgA) against nucleocapsid SARS-CoV-2 proteins (cutoff, 1.0 index):
and (2) LIAISON SARS-CoV-2 TrimericS IgG (DiaSorin, Stillwater,
MN) performed on the LIAISON XL Analyzer (DiaSorin, Saluggia,
Italy) for the determination of IgG antibodies against the spike glyco-
protein of SARS-CoV-2 (cutoff, 13.0 AU/mL).

Assessment of cellular immune response

SARS-CoV-2-specific T-cell response was assessed by the whole
blood interferon-y release immunoassay technology using Quanti-
FERON SARS-CoV-2 RUO tubes from Qiagen (Hilden, Germany).
This technology consists of 2 tubes coated with a combination of
SARS-CoV-2 spike antigens (S1, S2, and RBD), a mitogen tube
that serves as a positive control, and a Nil tube that serves as a
negative control. This test was conducted following the manufac-
turer's instructions. Briefly, venous blood samples were collected
directly into the four QuantiFERON SARS-CoV-2 RUO tubes, incu-
bated at 37°C for 16 to 24 hours and centrifuged to separate
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plasma. IFN-y was measured by chemiluminescence immunoassays
using LIAISON QuantiFERON-TB Gold Plus assay (DiaSorin, ltaly)
with the LIAISON XL Analyzer (DiaSorin, ltaly). We used experimen-
tally established cutoff values (Ag1 = 0.051 and Ag2 = 0.442) for
the qualitative interpretation of the results.>*

Statistical analysis

A descriptive analysis of all included variables in the study was per-
formed. Continuous variables are expressed as median and IQR,
and categorical variables are expressed as absolute values and per-
centages. Univariate logistic regression models were conducted to
estimate the association between baseline factors and the following:
(1) the cellular immunization rate; and (2) the humoral immunization
rate of the mRNA-1273 vaccine. Odds ratios with 95% confidence
intervals were reported. The proportion of concordance and discor-
dance between cellular and humoral responses was descriptively
calculated in each subgroup of patients. No data imputation was
performed, and the data analyses were conducted by using R statis-
tical software version 3.6.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Results
Patient characteristics

A total of 270 patients were included in this study. Patients’ base-
line demographic and clinical characteristics are summarized in
Table 1. The median age of the patients was 63 years (IQR, 53-71
years), and 137 patients (51.5%) were female.

In subsequent analysis, patients were divided into 2 different sub-
groups. First, in the cohort of lymphoid malignancies and MM (n =
200), the underlying malignancy was lymphoma in 42.5% (n = 85)
of the patients, followed by MM in 31.5% (n = 63) and CLL in
26% (n = 52). Second, patients who had undergone an allo-SCT
(n = 70) were considered a different subgroup regardless of malig-
nancy due to their specific immunologic situation and the immuno-
suppressive therapy used to prevent or treat graft-versus-host
disease (GVHD).

In the cohort of lymphoid malignancies and MM, 65% of the
patients were on active therapy or had been previously treated
within the prior 6 months. Of those, 47 (36.2%) patients were
exposed to anti-CD20 therapy in monotherapy or associated with
chemotherapy, 31 (23.8%) received treatment with BTK inhibitors,
30 (28.1%) with immunomodulatory drugs (IMIDs), 8 (6.1%) with
chemotherapy alone, and 14 (10.8%) with other target therapies
such as daratumumab, brentuximab, proteasome inhibitors, or vene-
toclax. Thirty-two patients (16%) were treatment naive, and 38
(19%) had finished therapy >6 months ago.

In the allo-SCT cohort (n = 70), 4 patients (5.7%) were on active
treatment of their hematologic disease with target therapies, and 23
patients (32.9%) were receiving immunosuppressive agents (ste-
roids, ruxolitinib, sirolimus, or tacrolimus) for prophylaxis or treatment
of GVHD. The remaining patients (61.4%) were off therapy for >6
months.

Considering the overall cohort, most of the patients under current or
previous treatment had good control of their hematologic disease at
the time of vaccination, with 86.6% of them in complete or partial
response (206 of 238). At vaccination, 38 (14.1%) patients had a
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low total leukocyte count (white blood cell count <4 X 10°/L),
39 (14.4%) had lymphopenia (absolute lymphocyte count [ACL]
<1.0 X 10%L), and 37 (13.7%) had neutropenia (absolute neutro-
phil count <2.0 X 10%/L), but only in 4 patients (1.5%) was this
clinically relevant (absolute neutrophil count <1.0 X 10%L). In addi-
tion, low basal levels of IgM (<40 mg/dL) were detected in 44.4%
of the patients (120 of 270) and low levels of IgG (<700 mg/dL) in
34.19% (92 of 270).

Humoral response to the mRNA-1273 vaccine

Twenty-seven (10%) patients had previous symptomatic COVID-19
in the last year confirmed by nasopharyngeal reverse transcription-
polymerase chain reaction swab test, and 89% of them developed
positive anti-N antibodies. In addition, 2 patients were considered
as previously asymptomatic SARS-CoV-2 infected due to basal pos-
itive anti-N antibodies. These 29 patients (11 lymphoma, 3 CLL, 7
MM, and 8 allo-SCT patients) with a history of COVID-19 and basal
positive serology were excluded from the analysis examining the
humoral immunogenicity of the vaccine.

In the whole cohort (N = 241), the proportion of patients in whom
the vaccine elicited a humoral response was 76.3% (Figure 1). The
basal immunologic status had a significant influence on the
response to the vaccine. Patients with lymphopenia (ACL <1.0 X
10°/L) at time of vaccination presented a worse humoral response:
57.1% (20 of 35) vs 79.6% (164 of 206) in patients with a normal
lymphocyte count (P = .005). In addition, hypogammaglobulinemia
(abnormal low levels of IgG, IgA, and IgM) had a significant negative
impact in the humoral response (P =< .01 in all comparisons).

In the subgroup of lymphoid malignancies and MM (n = 179), 67%
elicited a humoral response. Patients diagnosed with MM and CLL
presented a high humoral immunization, with a seroconversion of
94.6% (53 of 56) and 85.7% (42 of 49), respectively; in lymphoma
patients, only 52.7% (39 of 74) had measurable anti-S antibodies
(supplemental Table 1). In these patients, lymphoma as an underly-
ing disease, current or treatment during the last 6 months, and ther-
apy with anti-CD20 monoclonal antibodies during the last 6 months
negatively influenced the humoral response. Specifically, treatment-
naive patients and those who completed therapy at least 6 months
earlier presented a humoral immunization rate of 96.7% (29 of 30)
and 91.7% (33 of 36) vs a 63.7% rate (72 of 113) in patients cur-
rently under treatment or end of therapy within the previous 6
months before vaccination (P = .004).

Additional observations were made. For example, when humoral
response was evaluated according to treatment, a significantly
impaired humoral response was detected in patients receiving anti-
CD20 therapy during the last 6 months with a humoral response
rate of only 17.5% (7 of 40); all 6 patients who received anti-CD20
therapy during the period 6 to 12 months before vaccination devel-
oped a humoral response and were cataloged as “off therapy.”
Patients treated with IMIDs exhibited the highest humoral response
rate of all active therapies, with 100% (26 of 26) seroconversion. In
patients with CLL treated with BTK inhibitors (n = 29), the humoral
response was observed in 86.2% (n = 25). Given the specific
B-cell targeting of BTK inhibition, we quantitatively assessed the
humoral response in these patients compared with treatment-naive
CLL patients and observed that, despite the positivity rate being
similar, patients under BTK inhibition treatment had lower antibody
titers (median, 608 vs 95 AU/mL; P < .01) (supplemental Figure 1).

8 FEBRUARY 2022 - VOLUME 6, NUMBER 3 & b]OOd advances

2202 Joquisoaq G0 uo 1senb Aq Jpd°L0L900LZ0ZAPESIOUBADE/GZ 998 L /1. L/E/9/3pd-ajoie/seouBApEpOOq/Bio°suonealgndysey/:dny wouj papeojumoq



Whole cohort (n=241) . . % Response Odds ratio
Humoral immunit N responses / N patients P-value
umora unity P P (95% CI) (95% Cl)

Overall —— 184/241 76.3 (70.4-81.5) Ref.
Disease

allo-SCT s 50/62 80.6 (68.3-89.2) Ref.

Lymphoma —s— 39/74 52.7 (40.8-64.3)  0.27 (0.12-0.57) <0.001

CLL —H—a— 42/49 85.7 (72.1-93.6)  1.44 (0.53-4.18) 0.48

MM —a 53/56 94.6 (84.2-98.6)  4.24 (1.26-19.4) 0.03
Current response

CR —— 101/133 75.9 (67.6-82.7) Ref.

PR e 36/51 70.6 (56-82.1) 0.76 (0.37-1.59) 0.46

SD/PD [ o | 18/27 66.7 (46-82.8)  0.63 (0.26-1.60) 0.32
Sex

Female 96/125 76.8 (68.2-83.7) Ref.

Male m 88/116 75.9 (66.9-83.1)  0.95 (0.52-1.72) 0.86
Age

<65 years —a— 103/139 74.1 (65.9-81) Ref.

>65 years 1= 81/102 79.4 (70-86.5)  1.35 (0.74-2.52) 0.34
Previous lines

0-1 —pm— 131/170 77.1 (69.8-83) Ref.

or —a— 53/71 74.6 (62.7-83.9)  0.88 (0.44-1.78) 0.74
Lymphocyte absolute count

<1x109/L —a— 20/35 57.1 539 5—732} Ref.

S 1x109/L H-=— 164/206 79.6 (73.3-84.8)  2.91 (1.27-6.58) 0.005
IgG

< 700 mg/dL 1 61/88 69.3 (58.4-78.5) Ref.

> 700 mg/dL H=— 123/153 80.4 (73-86.2)  1.81 (0.99-3.32) 0.05
IgM

< 40 mg/dL —a— 74/110 67.3 (57.6-75.7) Ref.

> 40 mg/dL —a— 110/131 84 (76.3-89.6)  2.55 (1.39-4.77) 0.003
IgA

< 70 mg/dL ——a—~" 48/71 67.6 (55.3-77.9) Ref.

> 70 mg/dL = 136/170 80 (73-85.6) 1.92 (1.02-3.57) 0.04
Lymphoid malignancies and MM (n=179)
Status treatment

Off therapy > 6 months ———a— 33/36 91.7 (76.4-97.8) Ref.

On therapy/off therapy < 6 months s | 72/113 63.7 (54.1-72.4) 0.16 (0.04-0.48) 0.004

Treatment naive s 29/30 96.7 (80.9-99.8) 2.64 (0.32-54.9) 0.41
Treatment

BTK inhibitors T 25/29 86.2 (67.4-95.5) Ref.

IMIDs = 26/26 100 (84-100) Infinite 0.98

Anti-CD20 alone e 5/27 18.5 (7-38.7) 0.04 (0.01-0.14) <0.001

Chemotherapy + anti-CD20 I = | 5/18 27.8 (10.7-53.6) 0.06 (0.01-0.25) <0.001

Other target therapy I = | 11/13 84.6 (53.7-97.3) 0.88 (0.15-7.03)  0.89

l T T T T 1
0 20 40 60 80 100
Percentage of response

Figure 1. Univariate analysis for humoral immunization rate in patients diagnosed with hematologic malignancies. Analysis of the baseline characteristics that

could confer a risk to a reduced humoral immunization rate to the mRNA-1273 vaccine according to overall response rate in patients with basal negative serology immunization and

no previously known SARS-CoV-2 infection. Cl, confidence interval; CR, complete response; PR, partial response; SD/PD, stable disease/progressive disease.

In the allo-SCT population, the humoral response rate was 80.6%
(50 of 62). In these patients, only ex vivo CD34™ selection exhibited
an association with a lower humoral immunogenicity (P = .03).

Cellular response to the mRNA-1273 vaccine

Thirteen (48%) of the 27 patients with a history of COVID-19 and
10 asymptomatic patients had interferon-y—producing SARS-CoV-
2-reactive T cells before vaccination. In 87 patients, basal-specific
T-cell response was not available.

Patients with a history of COVID-19 and basal T-cell immunization
(n = 37 [13 lymphoma, 5 CLL, 8 MM, and 11 allo-SCT patients])
were excluded from the analysis to examine the cellular immunoge-
nicity of the vaccine.

In the whole cohort, 184 (79%) of 233 patients developed cellu-
lar immunity after the second dose of the mRNA-1273 vaccine

L b]OOd advances s FEBRUARY 2022 - VOLUME 6, NUMBER 3

(Figure 2). Age in the whole cohort was associated with a dimin-
ished cellular response; patients aged >65 years presented a cellu-
lar immunity in 73% (73 of 100) of the cases vs 83.5% (111 of
133) in younger patients (P = .05). Patients in response to therapy,
either complete or partial, developed higher rates of T-cell response
compared with those in stable or progressive disease (80.1% vs
63%, respectively; P = .03). The basal level of immunoglobulins did
not have an impact on the cellular response. However, as in the
case of humoral response, lymphopenia (ACL <1.0 X 10%L) at
time of vaccination was significantly associated with a lower cellular
response of 60% (21 of 35) vs 82.3% (163 of 198) in patients
with normal lymphocyte count (P = .004).

In the lymphoid malignancies and MM cohort, patients with MM and
CLL presented a high cellular immunization of 87.3% (48 of 55)
and 83% (39 of 47), respectively (supplemental Table 2). In the
case of lymphoma patients, the cellular response was preserved;
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Table 1. Patients’ baseline demographic and disease

characteristics (N = 270)

Parameter Value
Age, median (IQR), y 63 (53-71)
Female sex, N (%) 137 (561.5)
Previous symptomatic COVID-19 infection, N (%) 27 (10)
Previous antibody response to SARS-CoV2, N (%) 24 (8.9)
Previous interferon-y—producing SARS-CoV- 23 (8.5)
2-reactive T cells, N (%)
Underlying disease, N (%)

Lymphoid malignancies and MM cohort 200 (74.1)
CLL 52 (26)
Lymphoma 85 (42.5)
MM 63 (31.5)

allo-SCT 70 (25.9)

Treatment status, N (%)

Lymphoid malignancies and MM cohort
Treatment-naive 32 (16)
On current therapy/<6 mo 130 (65)
Off therapy =6 mo 38 (19)

allo-SCT
On current therapy/<6 mo 4 (5.7)
Prophylactic/therapeutic GVHD treatment 23 (32.9)

Type of treatment (current and <6 mo), N (%)

Lymphoid malignancies and MM cohort
Chemotherapy 8 (6.1)
Anti-CD20 monoclonal antibodies * 47 (36.2)

chemoimmunotherapy
BTK inhibitor 31 (23.8)
IMIDs 30 (23.1)
Other target therapies 14 (10.8)
allo-SCT
Target therapies 4 (5.7)
Immunosuppressive agents for GVHD 23 (32.9)
Previous treatment, N (%)

1 line 118 (59.6)

2 lines 57 (28.8)

=3 lines 23 (11.6)

Disease status of patients, N (%)
Complete response/partial response 206 (86.6)
Stable disease/progressive disease 32 (13.4)
Laboratory parameters, median (IQR)
Absolute neutrophil count, 10%/L 3.8 (2.5-4.8)
Absolute lymphocyte count, 10%/L 1.8 (1.2-2.8)

19G, mg/dL
IgM, mg/dL
IgA, mg/dL

Basal immunologic condition, N (%)
Leukopenia (WBC <4 X 10°/L)
Lymphopenia (ALC <1.0 X 10°/L)

833 (585-1081.8)
45 (27-85.75)
134.5 (60-201.8)

38 (14.1)
39 (14.4)
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Table 1. (continued)

Parameter Value
Neutropenia (ANC <2.0 X 109/L) 37 (13.7)
Low IgG (<700 mg/dL) 92 (34.1)
Low IgM (<40 mg/dL) 120 (44.4)
Low IgA (< 0 mg/dL) 78 (29.3)

Days between second dose of vaccine and antibody 26 (22-28)

test, median (IQR)

ALC, absolute lymphocyte count;ANC, absolute neutrophil count; WBC, white blood
cell count.

75% (54 of 72) of patients developed SARS-CoV-2-reactive T cells,
and this fact was directly related to the unaffected cellular response
observed in patients under treatment with anti-CD20 therapy, with
71.1% (27 of 38) of patients exhibiting a positive T-cell response.
However, when chemotherapy was associated with anti-CD20 ther-
apy, this response diminished to 50% (9 of 18).

Finally, in the allo-SCT population (n = 59), the cellular response
was 72.9% (43 of 59). Presence of active GVHD was related to a
lower cellular response: 55.6% (10 of 18) response rate vs 81.8%
(27 of 33) in patients without GVHD (P = .05). This situation was
directly related to the diminished cellular response induced by treat-
ment with immunosuppressive agents: 52.4% (11 of 21) with treat-
ment vs 85.3% (27 of 33) in patients without any treatment
(P =.02).

Analysis of coordination between cellular and
humoral immune response and the influence of
lymphocyte subpopulations

In our series, significant dissociation between the humoral and cellu-
lar responses was mainly observed in 2 scenarios: in lymphoma
patients treated with anti-CD20 therapy and in the context of immu-
nosuppressive therapy for GVHD (Figure 3).

In the case of lymphoma patients (n = 40) treated with anti-CD20
(humoral response of 17.1% and cellular response of 70%), the dis-
cordance rate between responses was 67.5%. Sixty percent (24 of
40) of patients obtained a cellular but not a humoral response, and
only 7.5% (3 of 40) obtained a humoral but not a cellular response.
Only 10% (4/40) of the patients presented both a cellular and
humoral response, and 22.5% (9 of 40) did not develop any
response to the vaccine.

In allo-SCT patients with immunosuppressive therapy for GVHD
(h = 21), the discordance rate was 28.6% because 6 patients
developed only a humoral response. We observed that 52.4% (11 of
21) of patients presented both a humoral and cellular response, and
19% (4 of 21) did not develop any response to the vaccine.

In view of these results, we hypothesized that the main cause of
impaired serologic response in patients treated with anti-CD20 was
the presence of B-cell aplasia before vaccination. Subsequently,
and to confirm this hypothesis, we studied the lymphoid subpopula-
tions by immunophenotyping of cryopreserved peripheral blood
mononuclear cells obtained before vaccination in 40 patients with
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Figure 2. Univariate analysis for cellular inmunization rate in patients diagnosed with hematologic malignancies. Analysis of the baseline characteristics
that could confer a risk to a reduced cellular immunization rate to the mRNA-1273 vaccine according to overall response rate in patients with basal negative serology and
T-cell immunization and no previously known SARS-CoV-2 infection. Cl, confidence interval; CR, complete response; PR, partial response; SD/PD, stable

disease/progressive disease.
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Figure 3. Proportion of concordance of humoral and cellular immune response to the mRNA-1273 vaccine according to baseline characteristics in patients
diagnosed with hematologic malignancies. CR, complete response; PR, partial response; SD/PD, stable disease/progressive disease.
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Figure 4. Humoral and cellular immune response rate according to lymphocyte subpopulations and administered therapy. (A) In patients undergoing treatment

with anti-CD20 therapy (n = 40), the influence of this monoclonal antibody's association with chemotherapy in the lymphocyte subpopulations and in the humoral or cellular
response to the vaccine was determined. Abnormal values were considered as follows: CD19, >0.10 X 10°%L; CD3, >0.7 X 10°/L; CD4, 0.3 X 10%L; CD8, 0.2 X 10%L;
and lymphopenia, 1.0 X 10%/L. (B) In allo-SCT patients (n = 59), the influence of treatment with immunosuppressive agents or target therapy in the lymphocyte

subpopulations and in the humoral or cellular response to the vaccine was determined.

lymphoma under treatment in the last 6 months with anti-CD20 ther-
apy. We observed that 92% (37 of 40) of these patients presented
a low count of CD19™ lymphocytes, with just 18% of them (7 of
40) developing specific anti-spike antibodies.

Conversely, 75% of these patients (30 of 40) had preserved CD3™
counts; if we selected only the patients who had received anti-
CD20 therapy alone without associated chemotherapy, the value
was higher (85% [23 of 27]). In accordance with these data, a cel-
lular response of 83% was observed in patients with normal CD3™
counts, whereas only 30% of patients (3 of 10) with diminished
CD3" counts obtained a positive cellular response (Figure 4).

In the allo-SCT cohort, a normal CD19" count was found in 79.2%
(38 of 48) of the patients who achieved a humoral response. Con-
versely, 4 (36.4%) of 11 patients with abnormal CD19" counts did
not develop a humoral response after vaccination.

It seems that the cellular response in allo-SCT may be influenced by
the number of CD4". We found that those patients who had low
levels of CD4™" presented a lower response to the vaccine (44.4%
vs 77.3%) (Figure 1).

Finally, we observed that 10 (62.5%) of 16 cellular nonresponders
were on treatment with immunosuppressive drugs for GVHD.

Discussion

Clinical trials have proven the humoral and cellular immunogenicity,
as well as 94.1% efficacy, with the mRNA-1273 vaccine in prevent-
ing COVID-19.""2%2% However, the lack of representation of immu-
nocompromised patients in these studies hinders the prediction of
the immunogenicity of the SARS-CoV-2 vaccine in hematologic
patients, particularly in the context of specific antineoplastic treat-
ments or SCT.

Our results confirm inferior humoral and cellular responses in hema-
tologic malignancies of 76.3% and 79%, respectively, compared
with a 100% rate of seroconversion and T-cell response previously
reported in healthy volunteers.?® However, despite this diminished
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immunogenicity, these results are encouraging and show similar or
even better results than other viral vaccines such as influenza A
(H1N1) (seroconversion, 54.3%; cellular response, 35.8%)2” or the
recombinant zoster vaccine (Shingrix, GlaxoSmithKline, Philadelphia,
PA) (seroconversion, 80.4%; cellular response, 83.7%) in hemato-
logic patients.®

Impaired humoral response, predominantly with the BNT162b2
mRNA vaccine, has also been described in patients with hemato-
logic malignancies,'?2°282° particularly in B-cell neoplasms, and
especially in the context of different immunosuppressive treatments.
In our cohort, patients with lymphoma, current treatment or treat-
ment during the last 6 months, treatment with anti-CD20 monoclo-
nal antibodies, lymphopenia, and low levels of immunoglobulins at
the time of vaccination were significantly associated with an inferior
humoral response. In agreement with our finding of a 53.4%
humoral response in lymphoma patients, Ghione et al'® and Lim
et al'® have also reported a low serologic response rate in this pop-
ulation. In our series, the main factor associated with the inferior
humoral response was treatment with anti-CD20 therapy. In those
patients, we observed the lowest rate of seroconversion, with only
17.1% developing antibodies; this response was expected by the
B-cell depletion caused by anti-CD20 and its adverse impact on the
production of antibodies.'®°

In CLL, Herishanu et al'® reported a humoral response rate of
39.5%; Roeker et al'® reported a rate up to 52% and Parry et al'®
a 75% rate. In these series, active treatment with BTK inhibitors and
anti-CD20 immunotherapy were correlated with a considerably
lower rate of antibody production, whereas younger age, treatment-
naive disease, and absence of active treatment were factors associ-
ated with a better humoral response to the vaccine.'*'3'® In our
cohort, patients with CLL did not exhibit an inferior response com-
pared with patients with other underlying malignancies.

It should also be noted that in our series, 35% of patients with CLL
were treatment naive, and all of them developed antibodies,
whereas 82% of CLL patients with active treatment were receiving
BTK inhibitors for a long period of time (median of 18 months). In
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addition, 89.2% of them had a complete/partial response to treat-
ment of their disease, and 57.1% of them had normal levels of
immunoglobulins. We observed a high humoral response in patients
treated with BTK inhibitors of 86.7% (data apparently contradictory
to those described by Herishanu et al'?); however, we must empha-
size that the methodology used to perform the antibody testing dif-
fers between the studies, and recently published data suggest a
higher humoral immunogenicity of the mRNA-1273 vaccine com-
pared with the BNT162b2 vaccine in healthy populations,3°3'
which could explain the higher seroconversion rate in our cohort.
We also measured serum anti-SARS-CoV-2 IgG antibodies and
verified that this response was quantitatively weaker, with lower lev-
els of anti-S antibodies compared with those treatment-naive CLL
patients (supplemental Figure 1).

Conversely, 94.6% of patients diagnosed with MM had a humoral
response. A total of 56.4% (n = 31) of patients were on active
treatment; it is remarkable that all 25 of the patients treated with
IMIDs developed a humoral response. Those results are compatible
with the findings described by Pimpinelli et al'” with an immuniza-
tion rate of 78.6% that improved to 92.9% in patients receiving
ongoing treatment with lenalidomide.

Beyond the recent data emerging regarding the humoral response
to SARS- CoV-2 vaccines in hematologic patients, immune
protection in seronegative patients could be mediated by T cells.
Rydyznski et al®® found that acquisition of adaptive immunity of
SARS-CoV-2-specific CD4* T cells was associated with lower
severity of COVID-19, and Bange et al®? showed that patients with
hematologic cancer with a greater number of CD8* T cells had an
improved survival from the infection despite an impaired humoral
immunity.

The majority (79%) of patients in our series developed a cellular
response after vaccination regardless of the hematologic disease.
Factors associated with lower probability of cellular response
included age >65 years, status of the hematologic disease (stable
or progressive disease), treatment with chemotherapy * anti-CD20
monoclonal antibodies, lymphopenia, or active GVHD and immuno-
suppressive therapy for GVHD.

We highlight the significant difference between a suboptimal
humoral response and a well-preserved cellular response to the vac-
cine in lymphoma patients, even if they were under treatment with B
cell-depleting therapy such as anti-CD20 antibodies. Patients with
lymphoma achieved a cellular response rate of 75.3% and 70% in
patients treated with antiCD-20 antibodies = chemoimmunotherapy
during the last 6 months. In line with these results, previous data
have shown discordance between production of neutralizing anti-
bodies and T-cell response in the context of the varicella zoster virus
vaccine®® and more recently in a small number of patients with mul-
tiple sclerosis on anti-CD20 therapy receiving SARS-CoV-2 mRNA
vaccination.** Through a flow-cytometric evaluation of lymphocyte
subpopulations, we confirmed that among the patients who had
received anti-CD20 therapy and had B-cell aplasia, 90.1% of the
humoral nonresponders presented a low CD19™ count. Meanwhile,
a preserved CD3" cell count was present in 75% of the cellular
responders; chemotherapy-induced leukopenia with a low count of
CD3" negatively influenced the cellular response. In this analysis,
we also observed that in the subgroup with allo-SCT, the lower cel-
lular response was associated with a lower CD4* count and with
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the use of immunosuppressive agents, reflecting both a quantitative
and a qualitative T-cell defect in these patients.

The basal immunologic status at the time of vaccination was one of
the more relevant factors associated with the response to the vac-
cine; however, although hypogammaglobulinemia had a significant
negative impact on the humoral response, this variable did not influ-
ence cellular response. Lymphopenia was correlated, however, both
with an impaired humoral and cellular response to the vaccine com-
pared with patients with a normal lymphocyte count.

Despite concerns regarding the capacity of immunization in allo-
SCT, this subpopulation of patients presented remarkable humoral
and cellular responses of 81% and 72.4%, respectively; these are
similar to the results recently described by Ram et al,>® in which
75% of patients after allo-SCT had evidence of a humoral response.
In this study, cellular response was evaluated in 37 patients and was
remarkably low (19%). In our cohort, cellular response indeed was
lower than the humoral response; active GVHD and current treat-
ment with immunosuppressive agents, as well as low CD4" counts,
were associated with this reduction. The lower CD4" T cells were
observed both in patients receiving immunosuppressive agents as
well as in patients who received a CD34™" selection. This reflects a
delayed immune reconstitution when using CD34" selection, which
represents an important disadvantage of this platform at the expense
of a decreased incidence of acute and chronic GVHD.3°3¢

In summary, our work shows a high rate of both humoral and cellular
response in patients with hematologic malignancies. However, low
levels of immunoglobulins, lymphopenia, treatment in the last 6
months, and particularly therapy with rituximab were associated with
an inferior humoral response, whereas age (>65 years), status of
the disease (in response vs active disease), lymphopenia, and
GVHD and immunosuppressive agents in the context of allo-SCT
were associated with an impaired cellular response. Patients with
these risk factors for a suboptimal immune response are likely to
require a booster dose of the vaccine. Moreover, these factors can
be taken into account to plan vaccination calendars accordingly. Of
note, a high percentage of seronegative patients receiving B
cell-depleting therapies developed cellular immunity that could offer
protection to COVID-19 severe disease. The efficacy of this cellular
immunity against SARS-CoV-2 infection should be clarified in addi-
tional studies.
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