International Journal of Hematology (2023) 117:900-909
https://doi.org/10.1007/512185-023-03550-w

ORIGINAL ARTICLE q

Check for
updates

A comprehensive evaluation of humoral immune response to second
and third SARS-CoV-2 mRNA vaccination in patients with malignant
lymphoma

Tomotaka Suzuki' - Shigeru Kusumoto'® - Yoshiko Kamezaki? - Hiroya Hashimoto® - Nozomi Nishitarumizu' -
Yoko Nakanishi' - Yukiyasu Kato' - Akimi Kawai' - Naohiro Matsunaga’ - Toru Ebina' - Tomoyuki Nakamura' -
Yoshiaki Marumo' - Kana Oiwa' - Shiori Kinoshita' - Tomoko Narita' - Asahi Ito’ - Atsushi Inagaki' - Masaki Ri’ -
Hirokazu Komatsu' - Takashi Aritsu? - Shinsuke lida’

Received: 13 November 2022 / Revised: 23 January 2023 / Accepted: 24 January 2023 / Published online: 15 February 2023
© Japanese Society of Hematology 2023

Abstract

More information is needed regarding the efficacy of SARS-CoV-2 mRNA vaccines in immunocompromised populations,
including patients with malignant lymphoma. This study aimed to evaluate humoral responses to the second and third mRNA
vaccine doses in 165 lymphoma patients by retrospective analysis of serum SARS-CoV-2 spike protein antibody (S-IgG)
titers. Patients with S-IgG titers > 300, 10-300, and < 10 binding antibody units (BAU)/mL were defined as adequate respond-
ers, low responders, and non-responders, respectively. S-IgG titers > 10 BAU/mL were considered to indicate seroconversion.
After the second dose, 56%, 16%, and 28% of patients were adequate responders, low responders and non-responders, respec-
tively. Multivariate analysis revealed that being an adequate responder after the second dose was associated with receiving the
vaccine > 12 months after last chemotherapy, total peripheral lymphocyte count of > 1000/uL, estimated glomerular filtration
rate of > 50 mL/min/1.73 m2, and vaccine type (mRNA-1273). After the third dose, patients had significantly higher S-IgG
titers and a greater proportion achieved seroconversion. With this third dose, 26% of second-dose non-responders achieved
seroconversion and 68% of second-dose low responders became adequate responders. Subsequent SARS-CoV-2 mRNA
vaccinations may elicit an immune response in immunocompromised patients who do not initially respond to vaccination.
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Introduction

Owing to the successful development of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) mRNA
vaccines with initially high efficacy in preventing SARS-
CoV-2 infection [1, 2], it was expected that the coronavi-
rus disease 2019 (COVID-19) pandemic would soon be
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controlled. However, because of new SARS-CoV-2 variants
with increased transmission and immune escape abilities [3],
SARS-CoV-2 is far from being eradicated. Although the
effectiveness of mRNA vaccines in preventing SARS-CoV-2
infection is reported to be attenuated, severe COVID-19 is
still expected to be prevented by vaccination [4]. However,
vaccinated patients with hematological malignancies, par-
ticularly those receiving chemotherapy, developed serious
COVID-19 outcomes compared with vaccinated individuals
with an intact immune system [5]. In particular, patients with
malignant lymphoma who had received treatment targeting
B lymphocytes, such as anti-CD20 antibodies and Bruton’s
tyrosine kinase inhibitors (BTKi), showed quite low sero-
conversion rates [6-9]. Under such circumstances, booster
mRNA vaccination is expected to increase the immune
response against SARS-CoV-2 in patients with lymphoma.

This retrospective observational study aimed to evalu-
ate the humoral response to the second (dose 2) and third
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(dose 3) mRNA vaccine doses by measuring SARS-CoV-2
IgG antibodies using stored samples and its safety profile
in patients with lymphoma. In addition, we evaluated the
clinical outcomes of patients with COVID-19 in our cohort,
along with their acquired humoral responses.

Methods
Patients and methods

This retrospective observational study was conducted at
a single institution to evaluate the efficacy and safety of
SARS-CoV-2 mRNA vaccines in patients with lymphoma.
Patients with lymphoma of any histological subtype, who
were under treatment or undergoing regular medical check-
ups for their lymphoma at Nagoya City University Hos-
pital (NCUH), and who received at least two doses of the
SARS-CoV-2 mRNA vaccine (BNT162b2 or mRNA-1273)
were eligible. Other inclusion criteria were as follows: (1)
age> 18 years, (2) known vaccine type and time of mRNA
vaccination, and (3) available for stored serum sample col-
lection between 7 and 60 days, defined as time point (TP) 1,
after dose 2. The timing of sample collection depended on
the timing of the patient’s visit to the NCUH for a regular
check-up of lymphoma. Patients with a known history of
SARS-CoV-2 infection before dose 2 were excluded from
this study.

Among eligible patients, serum samples were collected
between 91 and 120 days (defined as TP2), 121 and 150 days
(TP3), and 151 days or later (TP4) after dose 2. In addi-
tion, serum samples between 7 and 90 days (TP5) after dose
3 were collected. The schema of sample collection in this
study is shown in Figure S1.

SARS-CoV-2 IgG antibodies against spike (S-IgG) and
nucleocapsid (N-IgG) proteins were measured using a highly
quantitative and reproducible assay, the HISCL® system
(Sysmex Corp., Kobe, Japan), as previously reported [10,
11]. This assay uses a fully automated immunochemistry
analyzer based on a chemiluminescence enzyme immu-
noassay methodology. All SARS-CoV-2 IgG antibodies
were measured at an outside laboratory (Sysmex Scientific
Laboratories, Kobe, Japan) blinded to the clinical informa-
tion. Patients with an N-IgG titer > 10 sysmex unit (SU)/
mL at TP1 were regarded as having had prior SARS-CoV-2
infection (for more information about the cut-off value of
positive N-IgG level, see Supplementary Methods) and were
excluded from this study. Furthermore, we also excluded
patients if they showed positive N-IgG titers in samples col-
lected after TP2 or later or if the patients were clinically
diagnosed with COVID-19 after dose 2. The clinical infor-
mation of patients was extracted from electronic medical
records, up to the cut-off date of July 31, 2022.

Information on patient-reported adverse reactions to
doses 2 and 3 was collected using a questionnaire distributed
in advance before each mRNA vaccination. Further informa-
tion regarding patient-reported adverse reactions is provided
in the Supplementary Methods.

This study was approved by the Institutional Review
Board of the NCUH. Written informed consent was obtained
from all participants to use their blood samples. This study
was conducted in accordance with the principles of the Dec-
laration of Helsinki.

Analysis

According to the S-IgG titers at TP1 and TPS, patients were
classified as non-responders (<10 binding antibody units
[BAU]/mL), low responders (> 10 and <300 BAU/mL),
and adequate responders (>300 BAU/mL) to doses 2 and
3 [12]. The cut-off level for defining an adequate responder
(=300 BAU/mL) was determined based on the previous
reports [13, 14]. Seroconversion was defined as acquiring
an S-IgG titer > 10 BAU/mL [12, 14]. S-IgG titers below the
sensitivity value (5 BAU/mL) were converted to 1 BAU/mL
for statistical analyses. The proportion of non-responders,
low responders, and adequate responders after doses 2 and
3 was assessed. In addition, serial changes in the S-IgG titer
over time were evaluated using samples obtained at TP1 up
to TP4. To compare S-IgG titers at different time points,
the geometric mean titer (GMT) obtained at each TP was
used. The estimated GMTs of TP2 to TP5 were calculated
using mixed-effects models for repeated measures to deal
with missing data.

In addition, clinical parameters associated with being an
adequate responder to dose 2 were evaluated (for further
information on clinical parameters assessed and statistical
analysis methodology, see Supplementary Methods).

Patient-reported adverse reactions after mRNA vacci-
nation were aggregated and described, without statistical
analysis. All statistical analyses were performed using SAS
version 9.4 (SAS Institute, Inc., Cary, NC, USA).

Results

After excluding one patient who had a positive N-IgG titer
at TP1, 165 patients with lymphoma were eligible for this
study. The patient flowchart is shown in Fig. 1. In Japan,
SARS-CoV-2 mRNA vaccination started from April 12,
2021, targeting older adults (> 65 years). Patients in our
cohort received the first vaccine dose between May 1, 2021
and September 20, 2021.

The clinical characteristics of the 165 eligible patients
are summarized in Table 1. The median age at dose 2 was
71 years (interquartile range [IQR], 63—77). The lymphoma

@ Springer



902

T. Suzuki et al.

eligible for this study

Patients with malignantlymphoma ’

N =166

Excluded: Patient with positive

S-1gG titer evaluated at TP1 ‘

‘ n=165

N-lgGatTP1,n=1

Low-responder, n = 26
k Adequate-responder,n = 93

Non-responder,
n=46

Serial change in S-1gG titer over time in low-
responder and adequate-responder, evaluated

Not evaluated at TP5 (n = 49)
Had COVID-19 or positive N-IgG, n =5

At TP2,n =50
AtTP3,n =53
At TP4,n =64

Lost to follow up,n=5

Did not receive third vaccine dose, n =17
Received third vaccination but without a stored
serum sample, n =19

S-1gG titer evaluated at TP5

n=116

Unknown status of the third vaccine dose, n =3

Fig. 1 Patient flowchart showing the progression of patients through
the study. 7P time point, S-/gG immunoglobulin G antibodies against
spike proteins of SARS-CoV-2, N-IgG immunoglobulin G antibodies
against nucleocapsid proteins of SARS-CoV-2, TP1 duration defined
as within 7-60 days after the second mRNA vaccine dose, TP2 dura-
tion defined as within 91-120 days after the second mRNA vaccine
dose, TP3 duration defined as within 121-150 days after the second

subtypes of the patients were as follows: aggressive B-cell
lymphoma (n=281, 49.1%), indolent B-cell lymphoma
(n=44, 26.7%, including one patient with chronic lymphoid
leukemia), peripheral T-cell lymphoma (n=27, 16.3%,
including one patient with mycosis fungoides), and Hodgkin
lymphoma (n=13, 7.9%). Fifty-four patients (32.7%) had
received chemotherapy within 12 months before dose 2; 43
of them had received chemotherapy, including anti-CD20
antibodies. Six patients were naive to chemotherapy before
receiving dose 2.

Response to dose 2 of mRNA vaccine

The median duration between dose 2 and TP1 sample col-
lection was 27 days (IQR, 17-39). At dose 2, 148 and 17
patients received BNT162b2 and mRNA-1273, respec-
tively. According to the S-IgG titer measured at TP1, 46
(28%), 26 (16%), and 93 (56%) patients were categorized as
non-responders, low responders, and adequate responders,
respectively. The median S-IgG titer of 165 patients was
545 BAU/mL (IQR, 1-2237).

Figure 2 shows the effect of the duration between the last
anti-CD20 antibody administration and dose 2 on the devel-
opment of S-IgG titers of each patient. An adequate humoral
immune response against SARS-CoV-2 can hardly be
expected with dose 2 in patients who received mRNA vac-
cination within 180 days after the last anti-CD20 antibody
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mRNA vaccine dose, TP4 duration defined as within 151 days after
the second mRNA vaccine dose until the third vaccine dose, TP5
duration defined as within 7-90 days after the third mRNA vaccine
dose, adequate responder, one with an S-IgG titer>300 binding
antibody unit (BAU)/mL; low responder, one with an S-IgG titer of
10-300 BAU/mL; non-responder, one with an S-IgG titer <10 BAU/
mL

treatment; only three (8.6%) achieved seroconversion with
the S-IgG titer just slightly above the cut-off value, and
no patient became an adequate responder. In contrast, six
patients were non-responders, even though they had received
the last anti-CD20 antibody > 18 months before dose 2.
The clinical characteristics of the patients are presented in
Table S1. Notably, four of them were also non-responders
to dose 3; the remaining two achieved seroconversion with
low titers (20.5 and 27.4 BAU/mL, respectively).
Multivariate logistic regression analysis revealed that
becoming an adequate responder was significantly associ-
ated with > 12 months of duration between the last chemo-
therapy administration and dose 2 (odds ratio [OR] 18.14;
95% confidence interval [CI] 6.03-54.59), mRNA-1273
vaccination (OR 8.55; 95% CI 1.33-54.94), absolute lym-
phocyte count > 1000/uL. (OR 3.37; 95% CI 1.14-9.92),
and estimated glomerular filtration rate (eGFR) > 50 mL/
min/1.73 m? (OR 4.16; 95% CI 1.31-13.23) (Table 2).

Serial changes in the S-1gG titer over time
in patients who achieved seroconversion after dose
2

Serial changes in S-IgG titers of the 119 patients who achieved
seroconversion are shown in Figure S2. Among the 119
patients, 50 samples from TP2, 53 samples from TP3, and
64 samples from TP4 were available. The GMT at TP1 was



A comprehensive evaluation of humoral immune response to second and third SARS-CoV-2 mRNA... 903
Table 1 Patient characteristics at the second mRNA vaccine dose (dose 2)
Response to dose 2
Factor Overall (N=165) Non/low responder Adequate responder p value
n=172) (n=93)

Age at dose 2, years [IQR] 71 [63-77] 73 [64-78] 70 [56-76] 0.046
> 65 years, n (%) 114 (69.1) 53 (73.6) 61 (65.6) 0.31
Sex, male:female, n 83:82 34:38 49:44 0.532
Disease

Aggressive B-cell lymphoma, n (%) 81 (49.1) 39 (54.2) 42 (45.2) 0.784

Indolent B-cell lymphoma, n (%) 44 (26.7) 22 (30.6) 22 (23.7)

T-cell lymphoma, n (%) 27 (16.4) 9(12.5) 18 (19.4)

Hodgkin lymphoma, n (%) 13 (7.9) 2(2.8) 11 (11.8)
Vaccine type, BNT162b2:mRNA-1273, n 148:17 69:03 79:14 0.036
Concurrent autoimmune disorder, n (%) 17 (10.3) 12 (16.7) 5(5.4) 0.021
Number of therapy lines prior to dose 2, n (%)

Before treatment 6 (3.6) 34.2) 3(3.2) 0.182

1 125 (75.8) 57 (79.2) 68 (73.1)

2 16 (9.7) 34.2) 13 (14.0)

3 or more 18 (10.9) 9 (12.5) 99.7)
Within 12 months since last chemotherapy, n (%) 54 (32.7) 45 (62.5) 99.7) <0.001
Prior anti-CD20 antibody therapy, n (%) 118 (71.5) 57 (79.2) 61 (65.6) 0.059
Within 12 months since the last anti-CD20 antibody 43 (26.1) 38 (52.8) 5(.4) <0.001

therapy, n (%)
Prior allogeneic stem cell transplantation, n (%) 11 (6.7) 2(2.8) 99.7) 0.115
Median white blood cell count, /uL. [IQR] (n=147) 5000 [4000-5950] 4900 [3550-5950] 5150 [4300-5925]
Median lymphocyte count/uL, [IQR] (n=147) 1406 [939-1867] 1170 [805-1783] 1586 [1213-1936]

With lymphocyte count < 1000/uL, n (%) 40 (27.2) 29 (43.3) 11 (13.8) <0.001
Median albumin level g/dL, [IQR] (n=147) 4.3 [4.0-4.5] 4.2[4.0-4.4] 4.3 [4.1-4.6]

With albumin level <4 g/dL, n (%) 36 (24.2) 20 (29.4) 16 (19.8) 0.184
Median eGFR level mL/min/1.73 m?, [IQR] (n=147) 66.1 [55.5-74.0] 64.4 [50.5-70.5] 69.1 [58.0-76.1]

With eGFR level <50 mL/min/1.73 m?, n (%) 27 (18.4) 16 (23.9) 11 (13.8) 0.137
Median serum IgG level mg/dL, [IQR] (n=157) 1002 [788-1260] 975 [648-1153] 1031 [844-1293]

With IgG level <790 mg/dL, n (%) 40 (25.5) 25 (36.2) 15 (17.0) 0.009
Median serum IgA level mg/dL, [IQR] (n=155) 143 [83-238] 116 [58-177] 176 [116-246]

With IgA level <83 mg/dL, n (%) 40 (25.8) 24 (35.8) 16 (18.2) 0.016
Median serum IgM level mg/dL, [IQR] (n=155) 57 [32-90] 55 [19-90] 58 [46-89]

With IgM level <32 mg/dL, n (%) 39 (25.2) 28 (41.8) 11 (12.5) <0.001

IQR interquartile range, eGFR estimated glomerular filtration rate, /g immunoglobulin

919 BAU/mL (95% CI 688-1227). The GMT decreased over
time until dose 3 was administered. The estimated GMT was

311 BAU/mL (95% CI 228-424) at TP2 (GM ratio to TP1,

0.34; 95% CI 0.28-0.40), 235 BAU/mL (95% CI 171-323)
at TP3 (GM ratio to TP1, 0.26; 95% CI 0.21-0.31), and
165 BAU/mL (95% CI 121-225) at TP4 (GM ratio to TP1,

0.18; 95% CI1 0.15-0.22).

Response to dose 3 of the mRNA vaccine (booster
vaccination)

Serum samples were collected from 116 patients after dose
3 at TPS5. The duration between doses 2 and 3 for the 116
patients was 225 days (IQR, 211-236). The median dura-

tion of dose 3 and sample collection was 33 days (IQR,
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Fig.2 The effect of the duration 100000
(day) between the last CD20
antibody administration and
the mRNA vaccine dose 2 1
on the development of S-1gG e 10000
titer. S-/gG immunoglobulin G 5
antibodies against spike proteins < 1000
of SARS-CoV-2, BAU binding m -
antibody unit, /QR interquartile - 300 Fccccerecereerenenieennns
range ﬂ_’,
= 100
fod
(]
n
1 bo— [YYYYY)
T T
Days between the last anti-CD20 antibody <90 91-180 181-270  271-360 2361
administration and the second mRNA vaccination n =24 n=11 n=5 n=3 n=75
(IQR) (1-1) (1-1)  (1-782) (874-1582) (294-3016)

Table 2 Univariate and multivariable analyses for factors associated with being adequate responder to second mRNA vaccine dose (dose 2)

Univariate analysis

Multivariable analysis

Factor Cut-off Odds ratio (95% CI) p Odds ratio (95% CI) p
Age <65 years -

> 65 years 0.68 (0.35-1.34) 0.27
Sex Male -

Female 0.80 (0.43-1.49) 0.486
Vaccine type BNT162b2 - -

mRNA-1273 4.08 (1.12-14.78) 0.033  8.55(1.33-54.94) 0.024
Concurrent autoimmune disorder ~ No - -

Yes 0.28 (0.10-0.85) 0.024  0.19 (0.03-1.17) 0.074
Duration between the last chemo- <12 months — —

therapy and dose 2 > 12 months or before treatment ~ 15.55 (6.74-35.91) <0.001 18.14 (6.03-54.59) <0.001

Prior allogeneic transplantation No - -

Yes 3.75 (0.78-17.93) 0.098  0.75 (0.13-4.44) 0.754
Lymphocyte count < 1000/uL - -

>1000/uL 4.78 (2.15-10.64) <0.001 3.37 (1.14-9.92) 0.028
Serum albumin <4 g/dL - -

>4 g/dL. 1.69 (0.80-3.60) 0.172  1.06 (0.33-3.11) 0.978
eGFR <50 mL/min/1.73 m? - -

>50 mL/min/1.73 m? 1.97 (0.84-4.60) 0.118 4.16(1.31-13.23) 0.016
Serum IgG level <790 mg/dL -

>790 mg/dL 2.77 (1.32-5.80) 0.007
Serum IgA level <83 mg/dL. -

> 83 mg/dL 2.51 (1.20-5.25) 0.014
Serum IgM level <32 mg/dL - -

>32 mg/dL 5.03 (2.26-11.15) <0.001 1.99 (0.67-5.97) 0.218

CI confidence interval, eGFR estimated glomerular filtration rate, /g immunoglobulin

Factors with p <0.2 in univariate analysis were tested in multivariable analysis
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19-52). For dose 3, 89 and 27 patients received BNT162b2
and mRNA-1273, respectively. The other 49 patients were
not evaluated for S-IgG titer after dose 3 for the following
reasons: five had clinical diagnosis of COVID-19 before
dose 3 or were positive for N-IgG, five were lost to follow-
up, 17 were without dose 3 administration, three were with
unknown status of dose 3, and 19 had received dose 3 but
were unavailable for a stored serum sample.

The median S-IgG titer of the 116 patients was
1997 BAU/mL (IQR, 21-6335). The S-IgG titers obtained
at TP1 (n=165) and TP5 (n=116) are shown in Fig. 3a.

Fig.3 a S-IgG titer obtained

af?er the sec%)nd and third a 100000
mRNA vaccine doses. b

Response to the third mRNA

vaccine dose in relation to the 10000

response to the second vaccine
dose. TP time point, S-IgG
immunoglobulin G antibod-
ies against spike proteins of
SARS-CoV-2, TPI duration
defined as within 7-60 days
after the second mRNA vaccine
dose, TP5 duration defined

as within 7-90 days after the
third mRNA vaccine dose;
adequate responder, those with
an S-IgG titer > 300 binding
antibody unit (BAU)/mL; low

S-1gG titer BAU/mL
3

According to the S-IgG titer measured at TP5, 26 (22%),
17 (15%), and 73 (63%) patients were categorized as non-
responders, low responders, and adequate responders,
respectively. The estimated GMT of S-IgG after dose 3 was
significantly higher than that obtained after dose 2 (GM ratio
to TP1, 3.23; 95% CI12.35-4.42) (p <0.001).

Of the 34 non-responders to dose 2, nine (26%) achieved
seroconversion after dose 3. Of the 19 low responders to
dose 2, 13 (68%) became adequate responders (Fig. 3b).
In contrast, four adequate responders to dose 2 demon-
strated low responses to dose 3; three of them had received

10 ..............’....................................

responder, one with an S-IgG nT-P165 nT-P1516
titer of 10-300 BAU/mL; non- (n = 165) (n=116)
responder, one with an S-IgG Median S-IgG titer, BAU/mL 545 1997
titer < 10 BAU/mL; IQR inter- (IQR) (1-2237) (21-6335)
quartile range, CI confidence Estimated GMT, BAU/mL 140 453
interval, GMT geometric mean (95% Ch (84-234) (254-808)
titer
100 _
n="y5
90
80
c 70
’q“_) 60 | Not evaluated
o)
g 50 n=46 | [] Adequate-responder
c
2 40 P Low-responder
0 59
=30 n=26 [ Non-responder
o
2 [ -
10 13 I
0 7/

Non-responder
to dose 2

Low-responder
to dose 2

Adequate-reponder
to dose 2
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rituximab-containing chemotherapy after dose 2, and the
remaining one had been receiving lenalidomide maintenance
therapy.

Figure S3 shows the effect of the duration between the
last anti-CD20 antibody administration and dose 3 on the
development of S-IgG titers in each patient. Of the patients
who received anti-CD20 antibodies within 180 days before
dose 3, three showed S-IgG titers > 10 BAU/mL. However,
all were adequate responders to dose 2 and had received
dose 2 before the first anti-CD20 antibody administration.
Therefore, the S-IgG titer detected after dose 3 was consid-
ered to be the remaining S-IgG titer acquired after dose 2 in
these three patients.

Patient-reported adverse reactions after dose 2
and 3 of mRNA vaccine

Ninety-nine and 93 patients completed the questionnaire
after receiving doses 2 and 3, respectively. The frequencies
of all-grade adverse reactions at doses 2 and 3 were very
similar; the top three frequent adverse reactions were pain
at the injection site (64% and 77%), fatigue (31% and 31%),
and fever (28% and 18%) after doses 2 and 3, respectively
(Figure S4). The frequency of grade 2/3 adverse reactions
was generally low; the most frequent grade 2/3 adverse reac-
tion was fatigue (8.1% and 9.6%, respectively) after doses 2
and 3. Moreover, four of 15 patients and three of 14 patients,
who developed any adverse reaction of grade 2/3 after doses
2 and 3, respectively, were non-responders; suggesting that
acquisition of humoral response was not associated with
stronger adverse reactions to mRNA vaccination.

COVID-19 outcomes in patients with lymphoma who
received the mRNA vaccine

Between dose 2 and dose 3, four patients (three adequate
responders and one non-responder to dose 2) were clini-
cally diagnosed with COVID-19 between January 2022
and February 2022, when the Omicron epidemic began in
Japan. Although the non-responder patient was admitted to
the NCUH because of strong fatigue, the severity of COVID-
19 was mild, and the patient was treated with sotrovimab
and fully recovered. Of the three adequate responders to
dose 2, the S-IgG titers obtained at TP3 or TP4 were 192
(obtained 5 days prior to COVID-19 development), 190
(obtained 2 months prior to COVID-19 development), and
1438 BAU/mL (obtained 40 days prior to COVID-19 devel-
opment), respectively, and all of them recovered without
any specific treatment for COVID-19. In addition, another
patient (adequate responder to dose 2) was considered to
have subclinical SARS-CoV-2 infection, which was revealed
by a positive N-IgG titer at TP5. The serum samples after
dose 3 in this patient and two of three adequate responders

@ Springer

were available; S-IgG titers were prominently elevated rang-
ing 13,200-17,000 BAU/mL with positive N-IgG titer. None
of the patients in our cohort died of COVID-19 during the
follow-up period.

Discussion

In this study, we comprehensively evaluated humoral
responses in patients with lymphoma who had received a
second and third dose of the SARS-CoV-2 mRNA vaccine.
Furthermore, we evaluated the safety of novel SARS-CoV-2
mRNA vaccines in patients with lymphoma. We found that
more patients acquired a higher S-IgG titer after dose 3
of mRNA vaccine than after receiving dose 2. A greater
proportion of patients achieved seroconversion after dose
3, which highlights the significance of receiving a booster
mRNA vaccination. In contrast, some patients, especially
those who had recently received anti-CD20 antibodies, could
not acquire an adequate humoral response even after dose
3. We could not evaluate the effect of BTKi on humoral
response due to the small number of patients (n=2) treated
with BTK:i in our cohort.

In this study, being an adequate responder to dose 2
was associated with parameters such as> 12 months of
duration between the last chemotherapy administration
and dose 2, total peripheral lymphocyte count > 1000/uL,
eGFR > 50 mL/min/1.73 m?, and vaccine type (mRNA-
1273). Patients who do not satisfy these parameters at dose
2 may be especially encouraged to receive a booster mRNA
vaccination to obtain a higher S-IgG titer, although gen-
erally, all patients with lymphoma are encouraged. In the
immunocompetent population, several observational stud-
ies revealed that mRNA-1273 resulted in higher antibody
production [15] in line with our study, and higher effective-
ness in preventing SARS-CoV-2 infection than BNT162b2
[16, 17]. However, whether this finding is extrapolated for
the third or fourth vaccinations needs to be evaluated. In a
large-scale prospective study to evaluate the efficacy and
safety of COVID-19 vaccination in patients with kidney dis-
ease, patients with chronic kidney disease stages G 4 or 5
(eGFR < 30 mL/min/1.73 m?) demonstrated lower—but not
significantly lower—mean S-IgG concentrations compared
to controls [13]. On the other hand, among kidney transplant
recipients, in a representative immunocompromised popula-
tion, eGFR levels were significantly lower in non-responders
than in responders [13]. The significance of decreased renal
function in antibody production against mRNA vaccination
in patients with malignant lymphoma needs to be further
investigated. We did not assess lymphocyte counts of spe-
cific lineages. Previous studies have reported that absolute
B-, CD4 T-, or natural killer-cell numbers are associated
with humoral responses to mRNA vaccination [7, 12, 18].
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Therefore, the higher lymphocyte counts in our patients
were possibly associated with the inclusion of those line-
ages of lymphocytes, which contributed to the acquisition
of humoral response. Some studies have reported that lower
serum immunoglobulin levels are associated with inadequate
humoral responses [7, 19]. However, lower immunoglobu-
lin levels were considered a confounding factor for recent
chemotherapy administration and were not identified as
significant in our multivariate analysis. We did not evaluate
the impact of clinical parameters on the efficacy of dose 3
because it was considered to be largely influenced by the
immune status induced by dose 2.

The SARS-CoV-2 mRNA vaccine was initially highly
effective in preventing SARS-CoV-2 infection [1, 2] but
seems to have limited efficacy in preventing infection against
the current Omicron strain of SARS-CoV-2. The vaccine
is still expected to prevent severe COVID-19 [4]. In our
cohort, four adequate responders to dose 2 were infected
with SARS-CoV-2; the COVID-19 severity was mild and
resolved without anti-SARS-CoV-2 therapy, although two
of them only retained S-IgG titers below the threshold of the
adequate titer (300 BAU/mL). This suggests that S-1gG titers
alone may not be important in preventing severe COVID-19,
in addition to the possibility that SARS-CoV-2 itself has
been attenuated by the Omicron strain [4]. As the mRNA
vaccine has been reported to induce humoral and cellular
immunological memory to the SARS-CoV-2 spike pro-
tein [20-23], it is possible that our patients who previously
responded to the mRNA vaccination could develop quick
immune responses through immunological memory, which
might contribute to the prevention of severe COVID-19.
Therefore, although S-IgG titers in our patients dramatically
decreased over time, as shown in previous studies including
healthy individuals [24], the optimal timing of additional
mRNA vaccination may be better determined by considering
the memory immunity status.

In contrast, the memory-mediated humoral response is
not expected to be triggered by SARS-CoV-2 infection in
patients who do not respond to the mRNA vaccine. Such
patients are good candidates for receiving the monoclonal-
antibody combination (tixagevimab and cilgavimab) for
prevention of COVID-19 [25]. In addition, establishing a
prompt diagnosis of COVID-19 and timely access to effi-
cient anti-COVID-19 medication [26-28] is indispensable.

Furthermore, vaccine-induced T-cell immunity in these
patients is expected to prevent severe COVID-19 [18, 21,
29]; nevertheless, further information is needed. Inter-
estingly, some patients in our study experienced strong
adverse reactions despite no humoral immunity acquisi-
tion. Takano et al. reported that the dynamics of dendritic
cell subsets correlated with severity of adverse reactions,
not with antibody production by mRNA vaccination [30].

Because dendritic cells play an important role in activating
T-cell immune response, our observations were possibly
due to the development of cellular immunity via dendritic
cell intervention, not just an allergic reaction. Further
investigation of the mechanisms of adverse reactions to
mRNA vaccines with novel modes of action is warranted.

This study has several limitations. First, because of the
small number of patients with COVID-19 in our cohort,
the impact of the humoral immunity acquired by the
mRNA vaccine on the clinical course of COVID-19 could
not be fully assessed. Second, the timing of the measure-
ment of the antibody titers after mRNA vaccination was
not uniform; however, it was considered to not affect the
determination of the patient being adequate responders.
Moreover, we believe that it was ethically unacceptable
to increase the number of hospital visits to evaluate anti-
body production during the COVID-19 pandemic. Finally,
we did not evaluate acquired cellular immunity through
mRNA vaccination.

Conclusion

This study highlighted the significance of booster SARS-
CoV-2 mRNA vaccination in patients with lymphoma and
emphasized the importance of establishing effective meas-
ures to prevent severe COVID-19 in patients who can-
not acquire an adequate humoral response after booster
vaccination.
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