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Abstract

Introduction: Chimeric antigen receptor T-cell (CAR-T) therapy is a modern breakthrough technology used in the treat-
ment of B-lineage lymphoid malignancies. These malignancies include acute lymphoblastic leukemia, non-Hodgkin
lymphoma, and plasma cell disorders. CAR-T therapy combines cellular therapy, gene therapy, and individualized
therapy. The objective of this paper was to review the latest clinical knowledge, and summarize the reported data
pertaining to vaccinations in patients after CAR-T therapy.

Material and methods: We carried out a review of published original studies as indexed in PubMed, and a review of
abstracts presented during major hematology meetings.

Results: Overall, 22 original studies were reviewed and considered suitable for analysis regarding the efficacy of vac-
cinations for patients who had received CAR-T therapy. Data was divided into three groupings: the efficacy of vaccina-
tion against coronavirus disease 2019 (COVID-19)/severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2);
the efficacy of vaccination against influenza; and the efficacy of post-CAR-T immunization persistence of vaccination
performed before CAR-T therapy. Humoral and cellular response to SARS-CoV-2 vaccination was positive for 36.5%
and 72.2% of patients, respectively. The positive response to the influenza vaccine was 40% when administered
prior to CAR-T therapy, as opposed to 31% after. Seroprotection for vaccine-preventable infections within 3-6 months
after CAR-T was comparable to that of the general population, although it was determined to be less effective against
specific pathogens (S. pneumoniae, B. pertussis, H. influenzae) in most patients.

Conclusions: In cases of incomplete immune reconstitution, there is a high likelihood of a limited response to vac-
cination. Regarding the SARS-CoV-2/COVID-19 vaccine, T-cell-induced protection is relatively significant. Therefore,
B-cell aplasia is not a contraindication for vaccination in CAR-T patients. The consensus of European Society of Blood
and Marrow Transplantation/European Hematology Association experts is that vaccination after CAR-T therapy is
beneficial in order to reduce the rates of infection, and eventually to improve clinical course.
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Introduction

Chimeric antigen receptor T-cells (CAR-T) therapy is a mod-
ern breakthrough technology used in the treatment of
B-lineage lymphoid malignancies including acute lympho-
blastic leukemia, non-Hodgkin lymphoma, and plasma cell
disorders. CAR-T therapy combines cellular therapy, gene
therapy, and individualized therapy. This treatment has
been shown to be highly effective and safe for patients with
an otherwise resistant, relapsing or refractory stage [1-5].
Even so, various complications can occur.

Approximately three to six months after commencing
CAR-T therapy, the immune recovery of T-cells has been
observed, while humoral response obviously occurs much
later [6, 7]. Nevertheless, in the majority of patients who
have achieved remission, B-lineage suppression and hy-
pogammaglobulinemia were present. This condition re-
sults from expected activity of anti-CD19 CAR-T cells [8, 9].
Prevention of infections is of great importance in these
patients [10, 11]. Supplementation of immunoglobulins
is also important, especially in children [12].

Thus far, little is known about the use of vaccinations
and the respective immune response in this cohort of pa-
tients. Therefore, the objective of this paper was to review
the current clinical knowledge and to summarize report-
ed data on vaccinations in patients after CAR-T therapy.

Material and methods

Design of study

Analysis and summary of available original data on the
efficacy of vaccinations in patients after therapy with CAR-T
cells, reported up to 28 February 2022.

Source data

Review of published original reports indexed in PubMed
and review of abstracts presented during meetings of
American Society of Hematology (ASH), American Society
of Transplantation and Cellular Therapy (ASTCT), Center
for International Blood and Marrow Transplant Research
(CIBMTR) Tandem Meetings and European Society of Blood
and Marrow Transplantation (EBMT) up to 28 February
2022 (including the 2022 ASTCT and EBMT meetings,
because these abstracts were already available online).
No vaccination issues were presented at the 4" European
CAR T-cell Meeting (10-12 February 2022).

Inclusion criteria

We included patients after CAR-T therapy, and original
data on humoral or cellular response to vaccination per-
formed 1) after, and 2) before, the application of CAR-T
therapy. Only studies reporting data of at least three
patients after CAR-T therapy, with available information

on their response to vaccination, were included in our
analysis.

Literature search and selection

A literature search was conducted by two researchers (TS,
JSa), and checked by all other study group members. The key
words used in data search were: ‘chimeric receptor antigen’
or ‘CAR-T" or ‘CAR T-cell’ as well as ‘vaccination’ or ‘vaccine’.
The following data was retrieved from these reports: vaccina-
tion target disease, number of patients included, analysis of
their response to vaccination, time elapsed between CAR-T
infusion and vaccination, type of response to vaccination
(humoral or cellular), and the response rate.

Definitions

m  CAR-T — lymphocytes T with chimeric antigen receptor
directed against B-cell antigens (CD19, BCMA).

m  BCMA—B-cell maturation antigen, analyzed in patients
with multiple myeloma.

m  CAR-T products (registered up to the end of 2021): tisa-
genlecleucel, axicabtagene ciloleucel, brexucabtagene
autoleucel, idecabtagene vicleucel, and lisocabtagene
maraleucel.

m Vaccination response — both humoral and cellular re-
sponse. Humoral response to vaccination was mea-
sured by the presence of specific antibodies. Cellular
response was measured by the presence of specific
T-cells.

® Immune reconstitution — absolute number of CD4 T-
-cells >0.2 x 10%/L, number of CD19 or CD20 positive
B-cells >0.2 x 10%/L, without concomitant cytotoxic or
immunosuppressive therapy.

Statistical analysis

Chi-square test of the Fisher exact test was used to analyze
the differences of categorical variables between groups.
0dds ratio (OR) and 95% confidence intervals (Cl) were
determined, if p-value was significant (<0.05).

Results

Reported data

Overall, 22 original studies were deemed suitable for analy-

sis of the efficacy of vaccinations in patients who had been

administered CAR-T therapy (Table I).

According to the objective and design of our study, data
were grouped and analyzed in three topics:

m efficacy of vaccination against coronavirus disease
2019 (COVID-19)/severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2);

m efficacy of vaccination against influenza;
efficacy of post-CAR-T immunization persistence of vac-
cination performed before CAR-T therapy.
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Table I. Potentially relevant and selected for analysis original reports on vaccination after chimeric antigen receptor T-cell (CAR-T) therapy

Source Period analyzed CAR-T reports
PubMed Up to 28.02.2022 6,135
ASH 2021 63" Annual Meeting, 388
11-14 December 2021,
Atlanta, USA
ASTCT 2022 2022 Tandem Meetings, 108
23-26 April 2022,
Salt Lake City, USA
EBMT 2022 48" Annual Meeting, 44

20-23 March 2022,
Prague, Czech Republic

Vaccination after Potentially relevant Selected for

CAR-T analysis
148 10 10
15 7 7
7 7 4
2 1 1

ASH — American Society of Hematology; ASTCT — American Society of Transplantation and Cellular Therapy; EBMT — European Society of Blood and Marrow Transplantation

Vaccination against COVID-19/
/SARS-CoV-2

A total of eight published studies and 11 meeting reports
were found relevant for this topic (Table Il) [6, 13-19]. Over-
all response to the SARS-CoV-2 vaccination was positive for
88/241 (36.5%) patients in criteria of humoral response,
and for 26/36 (72.2%) patients in criteria of cellular
response. Thus, patients after CAR-T therapy produced
a better cellular than humoral response after vaccination
against SARS-CoV-2, with OR = 4.5 (95% Cl = 2.1-9.8),
p <0.001 (Fisher exact test).

Vaccination against influenza

Only one study has been published [20], with 18 vaccinated
patients including five prior to and 13 after the adminis-
tration of CAR-T therapy. The time between vaccination
and CAR-T therapy was 14-29 days prior (n = 5) or 13-57
months following the infusion (n = 13). In this study, com-
mercially available inactivated influenza vaccines were used
in adult patients. Response to vaccination was measured
in the pre-CAR-T cohort 90 days following CAR-T therapy,
and in the post-CAR-T patients approximately 90 days after
vaccination. Humoral immunogenicity was analyzed and
response to vaccination was defined by hemagglutination
inhibition (HAI) titer. Seroprotection against influenza was
defined as an HAI titer 240. Response to vaccination was
2/5 (40%) before, and 4/13 (31%) after CAR-T.

Response to vaccine-preventable infections
after CAR-T therapy

In two studies, the proportion of patients with antibody
levels above a threshold value was analyzed for seropro-
tection for vaccine-preventable infections (Table Ill). Overall
humoral response within 3-6 months was comparable to
the general population. However, seroprotection for spe-
cific pathogens (Streptococcus pneumoniae, Bordetella
pertussis, Hemophilus influenzae) was found to be lacking
in most patients. Additionally, even with these different

patient cohorts, it was clear that protective seroconver-
sion decreased between the third and the sixth month
after CAR-T therapy. Walti et al. [21] underscored that
CD19-CAR-T cell recipients had better seroprotection than
BCMA-CAR-T cell patients. Neither total IgG concentration
over 4 g/L, nor immunoglobulin supplementation, was
associated with improved seroprotective IgG titers [21].
Prophylactic immunoglobulin replacement therapy did not
confer immunization protection (ASH #3857).

Discussion

From the introduction of CAR-T technology into the treat-
ment of patients with B-cell-lineage acute lymphoblastic
leukemia, then in non-Hodgkin lymphoma and multiple
myeloma, the question of how to prevent infections before,
during, and after CAR-T infusion has been a vital topic
in patient management [11, 22-24], although there is
a lack of evidence [10]. As a consequence of the COVID-19
pandemic, a new generation of vaccines was developed,
and a universal vaccination program was introduced
worldwide. By 1 March 2022, almost 5 billion people had
been vaccinated with at least one dose of the SARS-CoV-2/
/COVID-19 vaccine, 63.8% of the entire world population
(https://ourworldindata.org). Data on vaccination in CAR-T
patients is very limited, but more and more studies have
been presented at hematology, transplantation and cellular
therapy forums.

In our study, we have summarized the available data
regarding the response to vaccinations in patients who
had been administered CAR-T therapy. The overall humor-
al response to SARS-CoV-2/COVID-19 vaccine, based upon
18 studies, was 36.5%. A similar percentage was found in
a small cohort of patients vaccinated against influenza.
On the other hand, cellular response to the SARS-CoV-2/
/COVID-19 vaccine was much better, and reached 72.2%.
The importance of this result, based on three small stud-
ies, cannot be overstated [10, 25].
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Table 1l. Summary of reported data in abstracts and full papers on vaccination against coronavirus disease 2019 (COVID-19)/severe acu-
te respiratory syndrome coronavirus 2 (SARS-CoV-2)

Source Time of vaccination Follow-up

Final response

tients
inclu-
ded

tients
analy-
zed

after CAR-T (me-
dian, range)

ASH #254 23 20 401 (113-819) 6/20 (30%) No COVID-19 infection after 77 days
days (range: 49-127)
ASH #754 47 47 NA 11/47 (23.4%) Booster vaccination 5 months after
initial vaccination
ASH #1750 17 17 250 (32-881)days  13/17 (76.4%) MM higher titer response than NHL
ASH #1757 12 12 40.6 months 8/12 (66.7%) Vaccine-specific antibody was strongly
(1,230 days) associated with level of circulating B
cells
ASH #2504 8 8 >12 months 1/8 (12.5%) Treatment with CAR-T was associated
with lower immune response than HCT
ASH #2537 7 7 >12 months 1/7 (14.3%) Treatment with CAR-T was associated
with lower B titers
EBMT #P113 48 months 8/8 (100%) Cellular response
ASTCT #475 Within 12 months 0/6 (0%) No CAR-T recipients responded to first
after CAR-T therapy dose
ASTCT #264 11 10 NA 5/10 (prior) Antibody responses appeared more
prior prior 50% (n = 11/22 post) frequently later after CAR-T cell therapy
22 22 developed positive anti-
post post S IgG
CART 59% (n = 13/22 post) de-
veloped S-specific T cells
ASTCT #239 104 17 250 (32-881)days  13/17 (76.4%) More patients with MM had a higher
titer response to vaccine (>250 U/mL)
compared to NHL counterparts
ASTCT #476 11 3 250 (32-881)days 1(33.3%) At days 30 and 100 post HCT/CAR-T,
prior pre-cellular therapy titers were low in
most patients and decreased soon
post therapy
Ram et al. [13] 6 6 NA 1 (16.6%) humoral Humoral and cellular response was
5 (83.3%) cellular measured
Dahiya et al. [14] 18 18 33 (24-447) days 1 (5.5%) Antibody response to common patho-
gens (e.g. influenza, Epstein-Barr virus,
and tetanus toxoid) was preserved
Abid et al. [15] 10 10 4 (40%) After third dose
Ram et al. [16] 14 14 9 (3-17) months 5/14 (36%) Humoral immune response
Dhakal et al. [17] 14 14 24 (8-31) months 21% (3/14) Humoral immune response
BCMA- or CD138-CAR T: Humoral immune response
flrg]enberger etal. 12 12 NA 80% (4/5)
CD19 + CAR-T: 14% (1/7)
Gastinne et al. [19] 23 20 13 (4-27) months 30% (6/20) Humoral immune response
Tamari et al. [6] 7 7 218 (66-825) days 2 (28.5%) Humoral immune response
88/241 (36.5%) humoral Humoral and cellular response was
TOTAL 372 241 measured

CAR-T — chimeric antigen receptor T-cell; ASH — American Society of Hematology; MM — multiple myeloma; NHL — non-Hodgkin lymphoma; HCT — hematopoietic cell transplantation; EBMT — European Socie-

26/36 (72.2%) cellular

ty of Blood and Marrow Transplantation; ASTCT — American Society of Transplantation and Cellular Therapy; NA — not applicable; IG — immunoglobulin G; BCMA — B-cell maturation antigen
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Table llI. Seropositivity for routine immunization analyzed after chimeric antigen receptor T-cell (CAR-T) therapy

Vaccine-preventable infection Bansal et al. (ASH #3857) Wailti et al. [21]
Time +3 months +6 months
Number of patients 87 65
Streptococcus pneumoniae 14% 0%
Bordetella pertusis NA 0%
Hemophilus influenzae NA 15%
Hepatitis B 71% 39%
Hepatitis A 64% 43%
Mumps 86% 50%
Measles 86% 80%
Rubella 95% 90%
Varicella zoster virus (VZV) 98% 90%
Tetanus 100% 89%
Diphtheria NA 89%
Polio NA 89%

ASH — American Society of Hematology; NA — not applicable

Importantly, it seems that the interval between the in-
fusion of CAR-T cells and the day of vaccination did not in-
fluence the humoral response. Moreover, no development
of lymphopenia <1 x 10°/L was observed. We speculate
that the development of specific T-cell responses in CAR-T
recipients was essential, and more data will provide more
information about the humoral and cellular efficacy of
vaccination in this context. In the CAR-T cohort patients,
despite severe humoral immune deficiency, strong CD4+
T cell responses were observed, suggestive of a sufficient
protective immunity (ASH #1757). Therefore, following an-
ti-CD19 or anti-BCMA-CAR-T therapy, patients were able to
develop seroprotection which was comparable to that ob-
tained in the general population, despite hypogammaglob-
ulinemia [21]. Nevertheless, exceptions for several specific
pathogens, such as pneumococcus, were almost the rule.
Also, in BCMA-CAR-T treated patients, lower pathogen-spe-
cific antibodies rates were found [2]. This underscores the
need for vaccination, as well as forimmunoglobulin replace-
ment in these cohorts.

Obviously, the risk factors for a poor response to vac-
cination in CAR-T recipients are lymphopenia, hypogam-
maglobulinemia, and B-cell aplasia. Different information
was available about other factors which contributed to the
response to the vaccination. Compared to NHL, patients
with MM had a higher response to the vaccine (>250 U/
/mL) (ASH #1750). Vaccination prior to CAR-T therapy re-
sults in low (if any) antibody titers in most patients, and
to a decrease in these titers soon after therapy (ASTCT
#476). Importantly, responses appear similar in those vac-
cinated <6 months vs >6 months after treatment (ASTCT
#475), which justifies the indication for the SARS-CoV-2/

/COVID-19 vaccination as soon as three months af-
ter CAR-T infusion. With respect to the SARS-CoV-2/
/COVID-19 vaccination, response in seropositivity seemed
to be higher with the mRNA-1273 vaccine, and therefore
resulted in a higher spike of mMRNA content, as well as a lon-
ger duration of response compared to the BNT162b2 vac-
cine [6, 16-19, 26].

Some authors have emphasized the necessity of
an additional booster (third) dose of the SARS-CoV-2/
/COVID-19 vaccine, approximately five months after the
initial vaccination, in order to allow better immune recon-
stitution prior to vaccination (ASH #754, ASTCT #476). It
has previously been shown that a third dose of the an-
ti-COVID-19 vaccine in patients after CAR-T therapy B-cell
aplasia is safe, although a humoral response is achieved
in a limited number of patients [13]. There is data showing
that none of the CAR-T recipients with complete B-cell apla-
sia exhibited an anti-vaccine humoral response, although
cellular response was achieved in 83% of these patients
[13]. The third dose of the anti-SARS-CoV-2 mRNA vaccine
resulted in lower antibody response in males and cortico-
steroid recipients. The type of vaccine and the strategy of
vaccination had no impact [15].

Data indicates the added rationale for active immu-
nization of CAR-T recipients by the administration of vac-
cinations. We should clearly keep in mind that there are
contraindications for vaccinations with killed or inactivated
vaccine in patients with concurrent immunosuppressive or
cytotoxic therapy; and contraindications for live and non-live
adjuvant vaccines in the period <2 years post allogeneic
HCT, and up to eight months after the last dose of immu-
noglobulin replacement therapy [27-30].
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Table IV. Eligibility criteria for vaccination in patients receiving CD19-targeted chimeric antigen receptor T-cell (CAR-T) therapy (adapted

from [25])

Type of vaccination

Before CAR-T therapy

After CAR-T therapy

Influenza vaccine
therapy

Low likelihood of serological response when B-cell aplasia

SARS-CoV-19

Low likelihood of serological response when B-cell aplasia

Inactivated/killed
vaccines

Live and non-live
adjuvant vaccines

SARS-CoV-2 — severe acute respiratory syndrome coronavirus 2

The EBMT/European Haematology Association (EHA)
cooperative group of experts announced recommenda-
tions pertaining to the management of patients undergo-
ing therapy with CAR-T [12]. Their update [25] includes
recommendations for patient vaccinations (Table V).
These guidelines are applicable to both adults and chil-
dren [10, 25].

Based on the initial published data on vaccination
against influenza after CAR-T infusion [20], in cases of in-
complete immune reconstitution there is a high likelihood
of a lower response to vaccination [10]. However, this
might not be the case for the SARS-CoV-2/COVID-19 vac-
cine-induced protection, as it strongly relies on T-cell-me-
diated immunity. In this case, B-cell aplasia is not a con-
traindication for vaccination [10, 25]. On the other hand,
the T-cell threshold has not been determined. In order to
gain more knowledge, monitoring of post-vaccination re-
sponse is necessary. The consensus view of EBMT/EHA
experts is that vaccination in patients after CAR-T therapy
is beneficial in order to reduce the rates of infection, and
to eventually improve the clinical course [25]. Neverthe-
less, the use of these guidelines must adhere to specific
national schedules. Furthermore, an individualized ap-
proach based on a patient’s infection history together with
laboratory assessments of their humoral and/or cellular
immunity is necessary.

Novel active or passive immunization strategies are
needed for this population. Further research is expect-
ed. Predictors of response to vaccination, including de-
termination of the vaccine’s efficacy and safety, optimal
timing of vaccination, additional or booster doses of the
vaccine, and passive immune and pharmacological pro-
phylaxis and treatment, all need to be determined in
CAR-T patients.

Preferably vaccinate prior to CAR-T therapy

Preferably vaccinate 2 weeks prior to lymphodepleting

Patients should be vaccinated >3 months after
CAR-T
Immunological reconstitution is irrelevant

Patients should be vaccinated >3 months after
CAR-T

Immunological reconstitution is irrelevant

Patients should be vaccinated >6 months after
CAR-T and >2 months after immunoglobulin
replacement therapy

Patients should be vaccinated >1 year after
CAR-T

Full immunological reconstitution is mandatory

List of analyzed meeting abstracts

ASH #254. Thomas Gastinne, Amandine Le Bour-
geois, Marianne Coste-Burel et al. Antibody response
after one and/or two doses of BNT162b2 anti-SARS-
-CoV-2 mRNA vaccine in patients treated by CAR T-cells
therapy. American Society of Hematology 63 Annual
Meeting, Atlanta, 11-14 December 2021. Blood 2021;
138 (Suppl) 1: abstract 254.

ASH #754. Sabine Haggenburg, Birgit | Lissenberg-
-Witte, Robert S Van Binnendijk et al. For better or for
worse: COVID-19 vaccination during or early after (im-
muno-) chemotherapy or hematopoietic progenitor cell
transplantation. American Society of Hematology 63"
Annual Meeting, Atlanta, 11-14 December 2021. Blood
2021; 138, (Suppl) 1: abstract 754.

ASH #1750. Julia E Wiedmeier, Madiha Igbal, Javier
Munoz et al. Response to COVID-19 vaccination post-
CAR T therapy in patients with non-Hodgkin lymphoma
and multiple myeloma. American Society of Hematology
63" Annual Meeting, Atlanta, 11-14 December 2021.
Blood 2021; 138 (Suppl 1): abstract 1750.

ASH #1757. Kalpana Parvathaneni, Kyabeth Toress-Ro-
driguez, Wenzhao Meng et al. Adoptive immune re-
sponses to SARS-CoV-2 vaccination in CART19 treated
patients. American Society of Hematology 63" Annual
Meeting, Atlanta, 11-14 December 2021. Blood 2021;
138 (Suppl 1): abstract 1757.

ASH #2504. Ning Dong, Akriti G Jain, Elaine S Tan et al.
Immunogenicity of SARS-CoV-2 mRNA 1273 vaccine in
patients with lymphoid malignancies. American Society
of Hematology 63" Annual Meeting, Atlanta, 11-14 De-
cember 2021. Blood 2021; 138 (Suppl 1): abstract 2504.
ASH #2537. Lauren C Shapiro, Radhika Gali,
Astha Thakkar et al. Seroconversion rates after

\ www.journals.viamedica.pl/acta_haematologica_polonica



COVID-19 vaccination amongst patients with hemato-
logic malignancies: results of a rapid vaccination and
evaluation program in a minority rich, ethnically di-
verse inner city cohort. American Society of Hematology
63" Annual Meeting, Atlanta, 11-14 December 2021.
Blood 2021; 138 (Suppl 1): abstract 2537.

m ASH #3857. Radhika Bansal, Paschalis Vergidis, Pritish
K Tosh et al. Vaccine titers in lymphoma patients receiv-
ing chimeric antigen receptor T cell therapy. American
Society of Hematology 63 Annual Meeting, Atlanta,
11-14 December 2021. Blood 2021; 138 (Suppl 1):
abstract 3857.

m EBMT #P113. A Jarisch, E Wiercinska, S Huenecke
et al. Humoral and T cell immune responses to anti-
SARS-CoV-2 vaccines in pediatric & patients with an-
ti-CD19 CAR-T-induced B-cell aplasia. European Society
of Blood and Marrow Transplantation 48" Annual Meet-
ing, 19-23 March 2022, abstract P113.

m ASTCT #475. Marcie L Riches, Joshua A Hill, Michael
Martens et al. Humoral Immunogenicity of SARS-
CoV-2 vaccination in the first year after hematopoi-
etic cell transplant or chimeric antigen receptor T
cell therapy: a CIBMTR and BMT CTN study. Tandem
Meetings/American Society of Transplantation and
Cellular Therapy 2022 Annual Meeting, Salt Lake City,
23-26 April 2022; abstract 475.

m ASTCT #264. Michael A Gonzalez, Jim Boonyaratana-
kornkit, Atif Bhatti et al. Comparison of humoral and
T-cell response after SARS-CoV-2 vaccination among pa-
tients before and after chimeric antigen receptor-mod-
ified T cell (CAR-T cell) therapy. Tandem Meetings/
/American Society of Transplantation and Cellular Ther-
apy 2022 Annual Meeting, Salt Lake City, 23-26 April
2022; abstract 264.

m ASTCT #239. Julia Erin Wiedmeier-Nutor, Madiha
Igbal, Javier Munoz et al. Response to COVID-19 vac-
cination post-CAR T therapy in patients with non-Hod-
gkin lymphoma and multiple myeloma. Tandem Meet-
ings/American Society of Transplantation and Cel-
lular Therapy 2022 Annual Meeting, Salt Lake City,
23-26 April 2022; abstract 239.

m ASTCT #476. Gunjan L Shah, David J Chung, Roni Tamari
et al. Humoral response to COVID-19 vaccination giv-
en pre-cellular therapy wanes in patients after cellular
therapy: an argument for full reimmunization. Tandem
Meetings/American Society of Transplantation and Cel-
lular Therapy 2022 Annual Meeting,. Salt Lake City,
23-26 April 2022; abstract 476.
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